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VIRTUALIZING CONSERVATION: EXPLORING AND DEVELOPING NOVEL 

DIGITAL VISUALIZATIONS FOR PREVENTIVE AND REMEDIAL 

CONSERVATION OF ARTEFACTS  

Eleni Kotoula 

 

Critical evaluation of the actions involved in conservation practice reveals that 

the limitations of traditional approaches for examination and treatment 

influence decision-making and affect the artefacts’ interpretation and display. 

Such problems demonstrate the technological needs and underlie the research 

aims for the development of scientific conservation and practice. This research 

evaluates the application of digital technology in conservation of antiquities and 

works of art by proposing alternative digital methodologies for examination, 

restoration and conservation documentation. Its value is demonstrated by case 

studies, covering a broad range of artefacts types and a variety of materials. The 

key elements of the proposed methodology are the following:  

• Development and application of computational imaging, computer vision 

and digitization techniques for enhanced examination and visual analysis 

• Graphical 3d modelling and physical 3d reproduction for interventive 

treatment  

• Workflows for digital and conventional conservation documentation 

This thesis addresses to what extent 3D technologies contribute to conservation 

objectives, defined as the balance of preservation, investigation and display, 

considering also the ethical and theoretical aspects.   





   

i 

 

Table of Contents 

List of tables .......................................................................................................................................................... ix 

List of graphs......................................................................................................................................................... xi 

List of figures ..................................................................................................................................................... xiv 

List of accompanying materials ................................................................................................................. xlii 

DECLARATION OF AUTHORSHIP .............................................................................................................. xliii 

Acknowledgements ......................................................................................................................................... xlv 

Part 1: Current digitization and imaging approaches .................................................................. 1 

Chapter 1: Introduction ................................................................................................................................... 1 

1.1 Conservation of antiquities and works of art .................................................... 1 

1.1.1 Applied conservation research .......................................................................... 4 

1.2 Scope and Contribution ...................................................................................... 5 

1.3 Computing and conservation practice ............................................................. 10 

1.3.1 Visual analysis .................................................................................................. 12 

1.3.2 Decision making, treatment proposal and intervention ................................ 14 

1.3.3 Conservation Documentation .......................................................................... 16 

1.4 Chapter outline ................................................................................................. 17 

Chapter 2: Digital technologies and conservation practice ................................................... 19 

2.1 Introduction ...................................................................................................... 19 

2.2 Conservation problems and dilemmas ............................................................. 19 

2.2.1 Preventive conservation ................................................................................... 19 

2.2.2 Remedial conservation ..................................................................................... 24 

2.2.2.1 Investigative cleaning, autopsies and micro-excavations ...................... 25 

2.2.2.2 Fragments identification .......................................................................... 27 

2.2.2.3 Gap filling .................................................................................................. 28 

2.2.2.4 Aesthetics of restoration-retouching ....................................................... 32 

2.2.2.5 Previous repairs, de- and re-restoration .................................................. 34 

2.2.3 Conservation documentation .......................................................................... 39 

2.2.3.1 Ethical and legal background ................................................................... 39 

2.2.3.2 Methodological issues .............................................................................. 40 

2.2.3.3 Problematic aspects .................................................................................. 43 

2.2.3.4 Digital preservation .................................................................................. 45 

2.3 Digital solutions ................................................................................................ 48 

2.3.1 Informational preservation .............................................................................. 48 

2.3.2 Digital technologies in remedial conservation ............................................... 49 

2.3.2.1 3d tomography ......................................................................................... 49 

2.3.2.2 Digital restoration ..................................................................................... 51 

2.3.2.3 Digital refitting .......................................................................................... 57 



 

ii 

 

2.3.2.4 3d search and analysis ............................................................................. 61 

2.3.2.5 3D printing ................................................................................................ 63 

2.3.2.5.1 Methodology ........................................................................................ 63 

2.3.2.5.2 Applications .......................................................................................... 74 

2.3.3 3d documentation ............................................................................................ 80 

2.3.3.1 Non-photorealistic rendering (NPR) ......................................................... 83 

2.3.3.1.1 Algorithmic Rendering ......................................................................... 85 

2.3.3.2 Scientific workflows .................................................................................. 87 

2.3.3.2.1 myExperiment, Open Provenance Graphs .......................................... 88 

2.3.3.2.2 CIDOC-CRM ........................................................................................... 89 

2.3.3.2.3 3D-COFORM .......................................................................................... 90 

2.3.3.2.4 The Digital Lab Notebook ................................................................... 91 

2.3.3.2.5 Patina of Notes (PoN) ........................................................................... 91 

2.3.4 Mixed reality approaches................................................................................. 92 

2.3.4.1.1 Haptics .................................................................................................. 93 

2.3.4.1.2 Automatic identification data capture techniques (AIDC)................. 96 

2.3.4.1.3 Perspective corrected projection ........................................................ 99 

2.4 Summary ........................................................................................................ 101 

Chapter 3: Digital capture of artefacts ............................................................................................ 105 

3.1 Introduction .................................................................................................... 105 

3.2 Capturing texture and colour: RTI ................................................................. 106 

3.2.1 Methodology ................................................................................................... 108 

3.2.1.1 Data capture ............................................................................................ 108 

3.2.1.2 Processing ............................................................................................... 110 

3.2.1.3 Viewing .................................................................................................... 112 

3.2.1.3.1 Rendering modes ............................................................................... 116 

3.2.2 Applications .................................................................................................... 117 

3.3 Capturing beyond visible ................................................................................ 120 

3.3.1 Hyper-multispectral Imaging ......................................................................... 120 

3.3.1.1 Methodology ........................................................................................... 121 

3.3.1.1.1 Equipment .......................................................................................... 121 

3.3.1.1.2 Set-up .................................................................................................. 121 

3.3.1.1.3 Processing multispectral images ...................................................... 123 

3.3.1.2 Applications ............................................................................................ 123 

3.3.1.2.1 Painted surfaces ................................................................................. 123 

3.3.1.2.2 Inscriptions ......................................................................................... 127 

3.3.1.2.3 Ceramics, glass and organics ........................................................... 130 

3.3.1.2.4 Conservation assessment .................................................................. 130 

3.3.1.2.5 Revealing manufacture evidence ...................................................... 131 



   

iii 

 

3.3.1.2.6 Multispectral imaging and instrumental analysis ............................ 132 

3.3.1.3 Terahertz Imaging .................................................................................. 132 

3.3.1.4 Advantages and disadvantages ............................................................. 134 

3.3.2 Radiography .................................................................................................... 136 

3.3.2.1 From conventional to digital radiography ............................................. 136 

3.3.2.2 X radiography (XR) .................................................................................. 136 

3.3.2.3 Neutron radiography (NR) ...................................................................... 139 

3.4 Capturing volume ........................................................................................... 141 

3.4.1 Computed tomography (CT) .......................................................................... 141 

3.4.1.1 Instrumentation ...................................................................................... 142 

3.4.1.2 Applications ............................................................................................. 144 

3.4.1.2.1 Organics .............................................................................................. 144 

3.4.1.2.2 Ceramics and Glass ............................................................................ 146 

3.4.1.2.3 Metals .................................................................................................. 148 

3.4.1.2.4 Stone ................................................................................................... 149 

3.4.1.3 CT and museum strategies .................................................................... 150 

3.4.2 Magnetic resonance imaging (MRI) ............................................................... 151 

3.4.2.1 Instrumentation ...................................................................................... 151 

3.4.2.2 Applications ............................................................................................. 152 

3.5 Capturing 3d data .......................................................................................... 154 

3.5.1 Laser scanning ................................................................................................ 155 

3.5.1.1 Triangulation scanning systems ............................................................ 155 

3.5.1.2 Applications ............................................................................................. 157 

3.5.2 Photogrammetry ............................................................................................. 159 

3.5.2.1 Software packages and applications ..................................................... 160 

3.5.2.2 Turn table approaches............................................................................ 161 

3.5.2.3 Applications ............................................................................................. 162 

3.6 Synergistic approaches to digital capture ...................................................... 163 

3.7 Summary ........................................................................................................ 167 

Part 2: Evaluating and enhancing digital conservation......................................................... 169 

Chapter 4: Proposals for enhancing digital conservation ................................................... 169 

4.1 Introduction .................................................................................................... 169 

4.2 Interrelationships between physical and virtual artefacts ............................ 170 

4.2.1 Physical and virtual artefacts: a critical approach ........................................ 170 

4.2.2 Implementing mixed reality approaches ...................................................... 173 

4.2.2.1 Haptics ..................................................................................................... 174 

4.2.2.2 RFID/NFC and QR codes ......................................................................... 176 

4.2.2.3 Projections ............................................................................................... 179 

4.3 Digital capture ................................................................................................ 181 



 

iv 

 

4.3.1 Comparative analysis ..................................................................................... 182 

4.3.1.1 Material issues ........................................................................................ 183 

4.3.1.2 Practical issues ........................................................................................ 184 

4.3.1.3 Economic issues ..................................................................................... 184 

4.3.1.4 Direct comparisons ................................................................................ 187 

4.3.1.4.1 Raking light and RTI visualization .................................................... 187 

4.3.1.4.2 Laser scanning and photogrammetry............................................... 188 

4.3.1.4.3 X and neutron imaging ...................................................................... 188 

4.3.1.5 Conservation actions & objectives ........................................................ 189 

4.3.2 Proposals for further development of digital capture techniques ............. 191 

4.3.2.1 RTI ............................................................................................................ 191 

4.3.2.2 PG ............................................................................................................. 193 

4.3.2.3 Software demands .................................................................................. 195 

4.4 Documentation ............................................................................................... 196 

4.4.1 3d conservation documentation ................................................................... 196 

4.4.2 Scientific workflows and systematic conservation documentation ............ 198 

4.5 Reflections on conservation theory ................................................................ 199 

4.6 Summary ........................................................................................................ 203 

Chapter 5: Virtual visual analysis ....................................................................................................... 205 

5.1 Introduction .................................................................................................... 205 

5.2 Selection criteria ............................................................................................. 206 

5.3 RTI ................................................................................................................... 220 

5.3.1 Methodology ................................................................................................... 220 

5.3.1.1 Data capture ............................................................................................ 220 

5.3.1.1.1 Microscopic RTI .................................................................................. 224 

5.3.1.1.2 Multispectral RTI ................................................................................ 230 

5.3.1.1.3 Transmitted RTI.................................................................................. 233 

5.3.1.2 Processing ............................................................................................... 236 

5.3.1.3 Viewing  and Annotations ...................................................................... 239 

5.3.2 Results and discussion .................................................................................. 239 

5.3.2.1 Paintings .................................................................................................. 239 

5.3.2.1.1 Painted panels .................................................................................... 239 

5.3.2.1.2 Canvas Testers ................................................................................... 251 

5.3.2.1.3 Canvas paintings ................................................................................ 259 

5.3.2.2 Archaeological materials ........................................................................ 274 

5.3.2.2.1 Stone ................................................................................................... 274 

5.3.2.2.2 Glass ................................................................................................... 278 

5.3.2.2.3 Mortars ............................................................................................... 281 

5.3.2.2.4 Ceramics ............................................................................................. 287 



   

v 

 

5.3.2.2.5 Organics .............................................................................................. 317 

5.3.2.2.6 Metals .................................................................................................. 337 

5.3.2.3 Numismatics ............................................................................................ 345 

5.3.2.3.1 Identification ....................................................................................... 345 

5.3.2.3.2 Condition reporting ........................................................................... 355 

5.3.2.3.3 Conservation documentation and monitoring ................................. 361 

5.3.2.4 Rendering modes .................................................................................... 367 

5.3.2.5 Digital image processing of RTI visualizations ..................................... 373 

5.4 PG .................................................................................................................... 381 

5.4.1 Visualization methodology ............................................................................ 381 

5.4.1.1 Data capture ............................................................................................ 382 

5.4.1.1.1 Data capture strategies ...................................................................... 382 

5.4.1.1.2 Lighting ............................................................................................... 386 

5.4.1.1.3 Microscopic PG ................................................................................... 387 

5.4.1.1.4 Multispectral PG ................................................................................. 388 

5.4.1.1.5 Transmitted PG ................................................................................... 388 

5.4.1.2 Processing ............................................................................................... 389 

5.4.1.2.1 Pre-processing .................................................................................... 389 

5.4.1.2.2 General workflow ............................................................................... 389 

5.4.1.2.3 Impact of processing quality and number of images ...................... 391 

5.4.1.2.4 Texture generation ............................................................................ 394 

5.4.2 Results and discussion ................................................................................... 398 

5.4.2.1 Paintings .................................................................................................. 398 

5.4.2.2 Archaeological materials ........................................................................ 404 

5.4.2.2.1 Ceramics ............................................................................................. 404 

5.4.2.2.2 Glass .................................................................................................... 411 

5.4.2.2.3 Metal .................................................................................................... 412 

5.4.2.2.4 Stone ................................................................................................... 415 

5.4.2.2.5 Textile ................................................................................................. 417 

5.4.2.3 Digital image processing ........................................................................ 418 

5.4.2.4 Virtual reconstruction ............................................................................. 422 

5.5 Evaluation ....................................................................................................... 426 

5.5.1 The evaluation framework ............................................................................. 426 

5.5.2 Evaluation results ........................................................................................... 430 

5.6 Conclusions ..................................................................................................... 436 

5.6.1 RTI’s contribution to conservation ................................................................ 436 

5.6.2 PG’s contribution to conservation ................................................................. 442 

5.7 Summary ........................................................................................................ 443 

Chapter 6: Virtual and physical reconstruction ......................................................................... 445 



 

vi 

 

6.1 Introduction .................................................................................................... 445 

6.2 Fragments matching ...................................................................................... 445 

6.2.1 Scope ............................................................................................................... 445 

6.2.2 Selection of study material and material evidence ...................................... 446 

6.2.3 Methodology ................................................................................................... 448 

6.2.4 Results and discussion .................................................................................. 449 

6.2.4.1 3d digitization ........................................................................................ 449 

6.2.4.2 Jug No 366 .............................................................................................. 454 

6.2.4.2.1 Manual fragments matching ............................................................. 454 

6.2.4.2.2 Semiautomatic digital fragments matching ..................................... 457 

6.2.4.3 Jug No 367 .............................................................................................. 462 

6.2.4.3.1 Semiautomatic fragments matching ................................................. 462 

6.2.4.3.2 Manual fragments matching approaches ......................................... 471 

6.2.5 Comparative analysis and evaluation ........................................................... 471 

6.2.5.1 Semiautomatic fragments matching approaches ................................. 471 

6.2.5.2 Manual and semiautomatic fragments matching approaches ............ 473 

6.3 Replacement of lost material .......................................................................... 474 

6.3.1 Scope ............................................................................................................... 474 

6.3.2 Selection of study material ............................................................................ 475 

6.3.3 Methodology ................................................................................................... 478 

6.3.4 Results and discussion .................................................................................. 479 

6.3.4.1 3d digitization ........................................................................................ 479 

6.3.4.2 Material evidence and typology ............................................................. 485 

6.3.4.3 Reconstruction dilemmas ...................................................................... 494 

6.3.4.4 Virtual reconstruction ............................................................................ 497 

6.3.4.5 Virtual aesthetic restoration .................................................................. 500 

6.3.4.6 3d printing design .................................................................................. 506 

6.4 Re- and de- restoration ................................................................................... 510 

6.4.1 Scope ............................................................................................................... 510 

6.4.2 Selection of study material ............................................................................ 510 

6.4.3 Methodology ................................................................................................... 511 

6.4.4 Results and discussion .................................................................................. 511 

6.4.4.1 Archives and literature research ............................................................ 511 

6.4.4.2 Material evidence .................................................................................... 513 

6.4.4.3 Values analyses ....................................................................................... 525 

6.4.4.4 Treatment proposal ................................................................................ 526 

6.4.5 Conclusions .................................................................................................... 531 

6.5 Summary ........................................................................................................ 531 

Chapter 7: Conclusions ............................................................................................................................. 533 



   

vii 

 

7.1 Introduction .................................................................................................... 533 

7.2 Virtualizing Conservation: a pragmatic approach ........................................ 533 

7.3 Guidelines for practice .................................................................................... 535 

7.1.1 Virtual restoration .......................................................................................... 535 

7.1.2 Digitization ..................................................................................................... 537 

7.1.2.1 Use ........................................................................................................... 539 

7.1.2.2 Data Capture and Processing ................................................................. 543 

7.1.2.3 Viewing, virtual analysis ......................................................................... 545 

7.1.3 Software and hardware .................................................................................. 546 

7.4 Recommendations for future research ........................................................... 547 

List of references ......................................................................................................................................... 550 

Appendices ....................................................................................................................................................... 619 

Appendix A ....................................................................................................................................................... 619 

A.1 Conservation Processes .................................................................................. 619 

A.1.1 Investigation ................................................................................................... 620 

A.1.2 Archives research ........................................................................................... 621 

A.1.3 Treatment proposal ........................................................................................ 621 

A.1.4 Conservation treatment ................................................................................. 621 

A.1.5 Conservation report ....................................................................................... 622 

A.1.6 Open Provenance Graphs ............................................................................... 623 

A.2 Traditional documentation and recording strategies .................................... 629 

A.2.1 Sketches .......................................................................................................... 629 

A.2.2 Drawings ......................................................................................................... 629 

A.2.3 Photography .................................................................................................... 630 

A.2.4 Casting ............................................................................................................ 630 

Appendix B ....................................................................................................................................................... 631 

B.1 Using replicas in conservation research ........................................................ 631 

Appendix C ....................................................................................................................................................... 633 

C.1 RTI case studies documentation ..................................................................... 633 

C.1.1 Paintings (replicas) ......................................................................................... 633 

C.1.2 Archaeological Materials ................................................................................ 634 

C.1.3 Numismatics RTI case study documentation................................................ 637 

C.2 PG case studies documentation ...................................................................... 638 

C.3 Manual Fragments matching case study documentation .............................. 639 

C.4 Replacement of lost material documentation ................................................ 645 

C.4.1 Geometry ......................................................................................................... 645 

C.4.2 Materials .......................................................................................................... 646 

Appendix D ...................................................................................................................................................... 647 

D.1 Guidelines for the digital library .................................................................... 647 



 

viii 

 

D.1.1 Structure ......................................................................................................... 647 

D.1.2 Contents .......................................................................................................... 647 

D.1.3 File formats and compatible software .......................................................... 648 

D.1.4 Naming convention ........................................................................................ 649 

Appendix E ....................................................................................................................................................... 651 

E.1 Design for a micro dome ................................................................................ 651 

E.1.1 Minimum requirements ................................................................................. 651 

E.1.2 Main components and additional features ................................................... 651 

E.1.3 Workflow for data capture ............................................................................. 652 

E.2 Recommendations for a virtual collaborative RTI environment .................... 652 

Appendix F ....................................................................................................................................................... 654 

F.1 Project Metadata............................................................................................. 654 

 

  



   

ix 

 

List of tables 

Table 1: The elements of conservation: A conceptual model (Watson, 2010, 

p.12). ............................................................................................................................... 3 

Table 2: Non digital, 2D digital capture techniques and 3D analogues. ..... 14 

Table 3: Conventional documentation and digital analogues. ..................... 80 

Table 4: Conservation problems and technological needs attributed to the 

basic treatment types and potential digital solutions. ............................................ 102 

Table 5: Conservation demands for efficient, affordable non-contact 

examination in correlation with RTI advantages. .................................................... 108 

Table 6: Comparative analysis of digital capture techniques. ................... 183 

Table 7: Critical evaluation of digital capture techniques according to their 

contribution in conservation objectives and actions............................................... 190 

Table 8: RTI synergies. .................................................................................. 192 

Table 9: Photogrammetric synergies............................................................ 193 

Table 10: Contribution of synergistic digital capture in conservation 

practice. ...................................................................................................................... 194 

Table 11: The stratigraphy of canvas testers. ............................................. 219 

Table 12: Fragment from Faenza maiolica jug 367. Complete RTI 

visualization. .............................................................................................................. 313 

Table 13: Recommendations for choosing the appropriate methodology 

based on most common shapes of vessels and vases. ........................................... 384 

Table 14: Number of images, quality settings and colour coding for the PG 

reconstructed 9 models. ............................................................................................ 391 

Table 15: Summary results for the PG capture of tester 3. Deeper tones of 

colour represent higher efficiency. ........................................................................... 404 

Table 16: Common features observed on objects related to degradation 

effects and categorization according to alterations in colour, optical properties, 

geometry and/or texture ........................................................................................... 428 

Table 17: Features selected for the evaluation of numismatics virtual visual 

analysis ....................................................................................................................... 429 

Table 18: Evaluation data for PG and comparison between 2D images and 

3D models.  KEY: 0=not existing, 1=existing and visible, 2=possible existing but 

not visible. .................................................................................................................. 431 

Table 19: Evaluation results from RTI visualization of objects from the 

Derveni Tombs. Categorization of features revealed and comparison between 2D 

images and RTIs. ........................................................................................................ 435 



 

x 

 

Table 20: The contribution of RTI methodologies in the examination of 

painted and glazed pottery ....................................................................................... 438 

Table 21: The contribution of RTI methodologies in the examination of 

canvas paintings and similar materials .................................................................... 439 

Table 22: The fragments from Jug 367 listed according to their volume in 

metric units, and attributed to a specific type based on their shape. ................... 464 

Table 23: Comparative analysis of software used for the semiautomatic 

digital refitting, based on the experimentation of the Jug No 366. ...................... 472 

Table 24: Advantages and disadvantages of the software tested, based on 

the experimentation of the Jug No 366. .................................................................. 472 

Table 25: Correlation of problematic aspects of manual and digital 

fragments matching in terms of integrity, durability and practicality. .................. 474 

Table 26: Dimensions for the reconstruction of the patera. ...................... 497 

Table 27: Values analysis. ............................................................................. 526 

Table 28: The role of virtualization in conservation ................................... 537 

Table 29: The value of digitization for major event in objects’ museum 

life.  ............................................................................................................................. 539 

Table 30: Recommendations for the use of standard and novel RTI 

digitization techniques. Key: green=highly recommended, blue=recommended, 

orange=low recommended, red=not recommended. .............................................. 541 

Table 31: Recommendations for the use of standard and novel PG 

digitization techniques. Key: green=highly recommended, blue=recommended, 

orange=low recommended, red=not recommended. .............................................. 543 

Table 32: Photographic equipment and software needed for standard and 

novel RTI and PG digitization techniques. ............................................................... 547 

Table 33: Paintings (replicas) RTI case study documentation .................... 633 

Table 34: Archaeological Materials RTI documentation (stone, glass, mortar 

and organics) .............................................................................................................. 634 

Table 35: Archaeological Materials RTI documentation (papyrus, silver, 

bronze and iron) ........................................................................................................ 635 

Table 36: Archaeological Materials RTI documentation (ceramics) ........... 636 

Table 37: Numismatics RTI case study documentation .............................. 637 

Table 38: PG case studies documentation (paintings and archaeological 

materials) .................................................................................................................... 638 

Table 39: Transcripts from the video files .................................................. 640 

Table 40: Transcript from the video files, for testing joins ....................... 643 

Table 41: Naming convention ....................................................................... 649 

 



   

xi 

 

List of graphs  

Graph 1: The aims of conservation displayed using the RIP balance diagram 

(Caple, 2000, p.34). ....................................................................................................... 2 

Graph 2: Correlation of conservation problems to needs (Graph author’s 

own)............................................................................................................................... 11 

Graph 3: Information that should be included in conservation records 

(Graph author’s own). .................................................................................................. 41 

Graph 4: Documentation needs (Graph author’s own). ................................ 43 

Graph 5: Problems and dilemmas attributed to preventive and remedial 

treatment (Graph author’s own). ................................................................................ 47 

Graph 6: Digital strategies in the service of preventive conservation (Graph 

author’s own). .............................................................................................................. 48 

Graph 7: 3d models design recommendations for 3d printing (Graph 

author’s own). .............................................................................................................. 64 

Graph 8: Digital capture techniques (Graph author’s own). ....................... 106 

Graph 9: Spectral imaging techniques (Graph author’s own). ................... 122 

Graph 10: The potential of haptics in conservation practice (Graph author’s 

own)............................................................................................................................. 176 

Graph 11: The potential of QR and RFID/NFC codes in conservation (Graph 

author’s own). ............................................................................................................ 179 

Graph 12: The potential of projections in conservation practice (Graph 

author’s own). ............................................................................................................ 181 

Graph 13: Digitization strategy criteria (Graph author’s own). .................. 182 

Graph 14: Comparative analysis of digital capture techniques based on the 

expertise needed for capture, processing and interpretation of the results, from 

low expertise (top) to high (below) (Graph author’s own). ..................................... 185 

Graph 15: Comparative analysis of digital capture techniques based on the 

time needed for capture and processing, from less (top) to more time consuming 

(below) (Graph author’s own). ................................................................................... 186 

Graph 16: Comparative analysis of digital capture techniques based on the 

cost for capture and processing, from less (top) to more time consuming (below) 

(Graph author’s own). ................................................................................................ 187 

Graph 17: The main advantages of 3d digitisation in examination 

documentation (Graph author’s own). ...................................................................... 198 

Graph 18: Uses of virtual reconstruction in treatment proposal 

documentation (Graph author’s own). ...................................................................... 198 



 

xii 

 

Graph 19: The RIP diagram (Caple, 2000, p.34). New mapping of digital 

capture techniques (Graph author’s own)................................................................ 201 

Graph 20: The RIP diagram (Caple, 2000, p.34). New mapping of digital 

restoration (blue arrows), virtual investigation techniques (red arrows) and 

digitization (green arrows) (Graph author’s own). .................................................. 202 

Graph 21: The RIP diagram (Caple, 2000, p.34). New mapping of digital 

applications in conservation practice. Orange: 3d replication methodologies as an 

alternative to moulding and casting. Red: projections as an alternative to aesthetic 

restoration operations. Green: virtual conservation and/or digitally enhanced 

conservation operations.  Blue: 3d printed detachable fills. Yellow: not destructive 

virtual investigation techniques (Graph author’s own). .......................................... 203 

Graph 22: Study material selection criteria (Graph author’s own). ........... 206 

Graph 23: Open Provenence Graph for H-RTI. Digital (yellow ovals) and 

physical things (blue ovals) that take part in the series of processes, either physical 

(green rectangles) or digital ones (red rectangles), as well as the relationships that 

are formed between them are represented (Graph author’s own)......................... 222 

Graph 24: Open Provenence Graph for Dome RTI (Graph author’s own). . 223 

Graph 25: Open Provenance Graph for microscopic RTI data capture (Graph 

author’s own). ............................................................................................................ 229 

Graph 26: Open Provenance Graph for IR-RTI data capture (Graph author’s 

own). ........................................................................................................................... 230 

Graph 27: Open Provenance Graph for reflected UV RTI data capture (below) 

(Graph author’s own). ................................................................................................ 231 

Graph 28: Open Provenance Graph for UV induced visible fluorescence RTI 

data capture (below) (Graph author’s own). ............................................................ 231 

Graph 29: Open Provenance Graph for Transmitted RTI data capture (Graph 

author’s own). ............................................................................................................ 235 

Graph 30: Open Provenance Graph of the H-RTI processing pipeline (Graph 

author’s own). ............................................................................................................ 237 

Graph 31: Open Provenance Graph of the Dome RTI processing pipeline 

(Graph author’s own). ................................................................................................ 238 

Graph 32: Parameters that influence the PG reconstruction (Graph author’s 

own). ........................................................................................................................... 381 

Graph 33: Flowchart for choosing the appropriate methodology for PG 

based on objects properties (Graph author’s own) ................................................. 383 

Graph 34: Open Provenance Graph for PG (Graph author’s own). ............. 390 

Graph 35: The point cloud density of the nine models reconstructed at low, 

medium and high quality settings with datasets of 41, 67 and 108 images (Graph 

author’s own). ............................................................................................................ 392 



   

xiii 

 

Graph 36: Occurrence of degradation effects in PG models virtual visual 

analysis (Graph author’s own). .................................................................................. 430 

Graph 37: Evaluation of RTI for numismatics virtual analysis before 

treatment (Graph author’s own). .............................................................................. 434 

Graph 38: Evaluation of RTI for numismatics virtual analysis after treatment 

(Graph author’s own). ................................................................................................ 434 

Graph 39: Evaluation of RTI for numismatics virtual analysis (Graph 

author’s own). ............................................................................................................ 434 

Graph 40: Operation sequence for actions involved in the fragmented 

matching and digital refitting experimentation (Graph author’s own). ................. 449 

Graph 41: The reconstruction process of the jug No 366 (Graph author’s 

own)............................................................................................................................. 454 

Graph 42: Occurrence of actions involved in the manual fragments’ 

matching (Graph author’s own). ............................................................................... 456 

Graph 43: Contribution of each criterion in successful matching of 

fragments (Graph author’s own). .............................................................................. 457 

Graph 44: Number of unsuccessful tests and successful matches for each 

criterion (Graph author’s own). ................................................................................. 457 

Graph 45: The reconstruction process of the jug No 367 (Graph author’s 

own)............................................................................................................................. 469 

Graph 46: Open Provenance Graph for semiautomatic fragments matching 

(Graph author’s own). ................................................................................................ 470 

Graph 47: The alternative restoration methodology proposed (Graph 

author’s own). ............................................................................................................ 479 

Graph 48: Main reconstruction dilemmas for the patera (Graph author’s 

own)............................................................................................................................. 495 

Graph 49: Main reconstruction dilemmas for the oinochoe (Graph author’s 

own)............................................................................................................................. 496 

Graph 50: Open Provenance Graph for the methodology proposed for 

replacement of lost material (Graph author’s own)................................................. 509 

Graph 51: Sundial’s 3d printing (Graph author’s own). .............................. 530 

Graph 52: OPM Graph of a conservation project (Graph author’s own). ... 623 

Graph 53: OPM Graph of artefacts’ registration (Graph author’s own). .... 624 

Graph 54: OPM Graph of examination (Graph author’s own). ................... 625 

Graph 55: OPM Graph of conservation treatment proposal (Graph author’s 

own)............................................................................................................................. 626 

Graph 56: OPM Graph of conservation treatment (Graph author’s own). . 627 

Graph 57: OPM Graph of conservation documentation (Graph author’s 

own)............................................................................................................................. 628 



 

xiv 

 

 

List of figures 

Figure 1: Handling session at the University of Oxford museums. Available 

from: http://www.museums.ox.ac.uk ........................................................................ 21 

Figure 2: Handling Museum Objects e-learning tool, welcome screen 

(Museum of London, 2013). Available from: 

http://www.museumoflondon.org.uk/Resources/e-learning/handling-museum-

objects/ ......................................................................................................................... 22 

Figure 3: Block of soil lifted from excavation (Image author’s own). .......... 26 

Figure 4: During micro-excavation (Image author’s own). ........................... 26 

Figure 5: Tools used for micro-excavation (Image author’s own). .............. 27 

Figure 6: Oinochoe, before and after joining (Image author’s own). .......... 28 

Figure 7: Pseudocypriote amphora (left) in need of gap filling due to 

instability (Images author’s own). .............................................................................. 29 

Figure 8: Bronze phiale before conservation (left) and after joining (right). 

Lost material needs to be replaced for safe handling and display (Images author’s 

own). ............................................................................................................................. 29 

Figure 9: Raking light image shows cracks on the filler material and flaking 

of adhesive on a restored ceramic (Image author’s own). ........................................ 30 

Figure 10: During replacement of lost material of a ceramic vase (Image 

author’s own). .............................................................................................................. 31 

Figure 11: Krater after joining and gap filling and before aesthetic 

restoration (Image author’s own). .............................................................................. 32 

Figure 12: Screenshot of the interactive feature developed at the J. Paul 

Getty Museum, presenting two different vase painting restoration approaches.  

Available from: 

http://www.getty.edu/art/exhibitions/fragment_to_vase/vase_interactive/vase.htm

l  ............................................................................................................................... 33 

Figure 13: Ceramic plate showing blackening of adhesive and 

reconstruction failure (Image author’s own). ............................................................ 35 

Figure 14: TInned ceramic plate, before (left) and after conservation (right), 

showing the limited cleaning approach followed in order to protect the fragile 

decoration (Image author’s own). ............................................................................... 36 

Figure 15: Removal of aged adhesive using a scarpel (left) and removal of 

old restorations (right) (Images author’s own). ......................................................... 38 



   

xv 

 

Figure 16: Oil Jar with a Deceased Youth Seated at a Tomb, associated with 

the group of Huge Lekythoi, about 400 B.C. Details of old repairs. Available from: 

http://www.getty.edu/art/exhibitions/fragment_to_vase/lekythos.html ............... 38 

Figure 17: X-ray imaging of a soil block from an archaeological excavation 

and the extracted metal belt. The block of soil, radiograph, 3d volume rendering 

and the object after conservation. Graphical abstract. Available from: 

http://link.springer.com/article/10.1186/s40494-015-0033-6 (Re et al., 2015). . 50 

Figure 18: Togatus statue of Caligula, Virginia Museum of Fine Arts (left) 

and 3D restoration model. The Digital Sculpture Project. Virtual World Heritage 

Laboratory. Available from: 

http://www.digitalsculpture.org/papers/abbe/abbe_paper.html ............................ 52 

Figure 19: Virtual Restoration with Image Inpainting Techniques, example 

from the Theran wall paintings. Computer Vision, Speech Communication & Signal 

Processing Group. National Technical University of Athens.  Available from: 

http://cvsp.cs.ntua.gr/research/thera/ ...................................................................... 52 

Figure 20: The Pietranico Madonna, initial status after the earthquake (left), 

digital restoration (right). (Arbace et al., 2012, pp. 335, 338). ............................... 53 

Figure 21: 3D model of the Lichfield Angel, a fragmented carved limestone 

panel with painted decoration virtually cleaned (top left) and restored (top right) 

and graphically and textually annotated with condition information (below) used 

for documentation and interpretation of condition, materials and techniques of its 

manufacture (Geary and Howe, 2009, pp.174, 172). ................................................ 54 

Figure 22: The Antikythera mechanism. Virtual reconstruction of the front 

gears and dials. The Antikythera Mechanism Research Project. Available from: 

http://www.antikythera-mechanism.gr/node/202 .................................................... 55 

Figure 23: An “island” of matching fragments from the Theran wall 

paintings (Papaodysseus et al., 2002, p. 1285). ....................................................... 59 

Figure 24: Placement of the wrist fragment using design patterns 

(Rousopoulos et al., 2011) .......................................................................................... 60 

Figure 25: Matches found on a spiral (left) and a white (right) data set, 

using a flatbed scanner to capture high-resolution images and normals and 3-D 

scanners to acquire geometry (Brown et al., 2008, p. 89). ...................................... 61 

Figure 26: 3D model of the wooden trough with three sections showing the 

detached core of the log and traces of fissuring and deformation (Hanke et al., 

2008, p.189). ................................................................................................................ 62 

Figure 27: Schematic representation of SLA. A moveable table (A), is placed 

initially at a position just below the surface of a vat (B) filled with liquid 

photopolymer resin (C). As the laser beam is moved in the X-Y directions guided 

by information from the CAD the resin solidifies (left). Available from: 



 

xvi 

 

http://www.additive3d.com/sl.htm and the Professional SLA 3d printer ProX TM 

950 (right). Available from: http://www.3dsystems.com/ ....................................... 65 

Figure 28: Schematic representation of SLS. A laser beam is traced over the 

surface of a powder (A), spread by a roller (B) over the surface of a build cylinder 

(C). (up)   Available from: http://www.additive3d.com/sls.htm ............................... 66 

Figure 29: SLS 3D printer sPro™ 230. Available from: 

http://www.3dsystems.com ........................................................................................ 66 

Figure 30: Schematic representation of LOM. The paper is unwound from a 

feed roll (A) onto the stack and bonded to the previous layer using a heated roller 

(B). The profiles are traced by an optics system that is mounted to an X-Y stage (C). 

After cutting the geometric features of a layer is completed, the excess paper is 

cut away (top) Available from: http://www.additive3d.com/lom.htm. Laminated 

Object Manufacturing Machine. Helisys LOM 1015 (below). .................................... 67 

Figure 31: FDM 3D printing. Material cartridges (a) supply plastic filament 

to the extrusion head (b). In the heated chamber (c), the head moves in the X- and 

Y-axes while liquefying and depositing material. The Z stage platform (d) moves 

down to give the part the third dimension. Available from: 

http://www.stratasys.com ........................................................................................... 68 

Figure 32: Comparison of commonly used 3d printing plastic materials 

(Tinkercad, 2015) ......................................................................................................... 69 

Figure 33: Wax 3D printing and lost wax casting methodology, schematic 

representation of the 3D printing process. A 3d printing material which is similar 

to wax is used.  Then a casted model is built (Imaterialise, 2014a) ....................... 70 

Figure 34: Bronze 3D printing methodology, schematic representation of 

the 3D printing process.  The model is built in layers (green state) and then it is 

cured in an oven (Imaterialise, 2014b) ...................................................................... 71 

Figure 35: 3d printed coin in gold plated brass material. Available from: 

http://www.shapeways.com ....................................................................................... 71 

Figure 36: Comparison of commonly used 3d printing metal materials 

(Tinkercad, 2015) ......................................................................................................... 72 

Figure 37: Ceramic 3D printing methodology, incorporating Z Corp printing 

technology, schematic representation of the 3D printing process (Imaterialise, 

2014c). The model is built layer by layer (green state), then placed in a drying to 

gain strength, and then glazed and cured in an oven again. ................................... 72 

Figure 38: 3d printed ceramics inspired by Southwest Native American 

pottery. Available from: http://www.washington.edu .............................................. 73 

Figure 39: The excess powder is removed from the chamber using a 

vacuum (left), and a binding agent is applied over the entire 3D print to add 



   

xvii 

 

stability (right). (Vaughan, 2012, Figures 14.5 and 14.6).  Available from: 

http://www.graphics.com/article-old/fundamentals-3d-printing-digital-models ... 74 

Figure 40: Marble relief from the Garden Temple at Ince Blundell Hall, 

Merseyside, original (left) and 3d printed replica (right) (Fowles, 2000, p.90-91) . 75 

Figure 41: Exhibition Installation of Slavery at Jefferson’s Monticello: 

Paradox of Liberty. Available from: http://nmaahc.si.edu ....................................... 76 

Figure 42: Reconstruction of a medieval skull with 3d printed missing part 

(Fantini et al., 2008, p.323) ........................................................................................ 77 

Figure 43: 3d printed model of the Newport Ship (during build) (Soe et al., 

2012, p.444) ................................................................................................................. 78 

Figure 44: Annotation interface (Echavarria et al., 2012, p. 46). ................. 82 

Figure 45: 3d model of an Attic lekythos viewed in 3dsa gallery. Available 

from:  http://3dsa.metadata.net/3dsa/ ..................................................................... 82 

Figure 46: The basic elements of line drawings; silhouette, contours and 

suggestive contours (from left to right).  Available from: 

http://gfx.cs.princeton.edu......................................................................................... 83 

Figure 47: Cross-hatching, and stippling (Winkenbach and Salesin, 1994, p. 

93).  ............................................................................................................................... 84 

Figure 48: The Sennedjem Lintel from the Phoebe A. Hearst Museum of 

Anthropology at the University of California, Berkeley. (a) AR composite image with 

color and surface normals at each pixel. (b) Exaggerated shading reveals fine 

surface details. (c) Darkening groves emphasizes large features. (d) Toon shading 

depicts shape features. (e) Labertian shading computed on the grayscale image 

conveys surface shape. (f) Suggestive contours present another method conveying 

shape. Illustrations by Dr. Corey Toler-Franklin. Available from: 

http://culturalheritageimaging.org ............................................................................ 87 

Figure 49: Representation of artifacts, processes and agents and their 

possible relationships (Moreau et al., 2011, p.744) ................................................. 89 

Figure 50: Example of Ariadne’s entities as instances of the CIDOC CRM 

(Naoumidou et al., 2008, p.8-10). .............................................................................. 90 

Figure 51: 3-D tactile experience of museum objects, which enables blind 

and visually impaired museum visitors to ‘touch’ 3-D scans of museum artefacts, 

presented with multimedia information support.  Available from: 

http://zeroproject.org ................................................................................................. 94 

Figure 52: The Senses in Touch II exhibit, developed by the the Computing 

Science Department and Hunterian Museum at Glasgow University, enables the 

haptic experience of objects such as coins, engraved Egyptian hieroglyphics and 

the cast of a dinosaur footprint (Brewster, 2000). .................................................... 94 



 

xviii 

 

Figure 53:  Haptic devices; Phantom Omni, desktop and premium by 

Sensable technologies. Available from: http://www.dentsable.com ....................... 95 

Figure 54: Using haptics in conservation training.  A backing removal 

simulation environment and interface created for paper conservation training 

(Geary and Sandy, 2004, p.429). ................................................................................ 96 

Figure 55: RFID/NFC and QR codes for the iconic painting of La Gioconda, 

Louvre Museum (uQRme, 2013). ................................................................................ 98 

Figure 56: QRator System diagram (Gray et al., 2012).Available from: 

http://www.museumsandtheweb.com/mw2012/papers/enhancing_museum_narra

tives_with_the_qrator_pr ............................................................................................. 98 

Figure 57: The Mejlby Stone (left) and the Holger the Dane (right). 

Installations using projections (Dalsgaard and Halskov, 2011, p. 1043-1044).... 100 

Figure 58: H-RTI capture (Cultural Heritage Imaging, 2013c, p.9). ........... 109 

Figure 59: RTI dome (Earl et al., 2011, p.148). ........................................... 110 

Figure 60: QuadriFlash Mantis, Smithsonian Museum Conservation Institute 

(Webb and Wachowiak, 2011, p.1). .......................................................................... 110 

Figure 61: RTI processing with the RTI Builder, screenshots (Image author’s 

own). ........................................................................................................................... 112 

Figure 62: PTM file viewed in RTI Viewer (ISTI-CNR/CHI) (left) and PTM 

Viewer (HP Labs) (right) (Image author’s own). ....................................................... 113 

Figure 63: RTI visualization of a gnathian skyphos in visible and ultraviolet 

spectral area viewed in InscriptiFact Viewer (USC) (Image author’s own). ............ 113 

Figure 64: Online RTI visualization of a tablet. Available from: 

http://materialobjects.com/ptm/viewer.html ......................................................... 114 

Figure 65: Online RTI visualizations of a tetradrachm from Amphipolis. 

Available from: http://vcg.isti.cnr.it/PalazzoBlu/ ................................................... 114 

Figure 66: RTI Viewer utilising bookmarks. Area of interest emphasized 

using the Highlight box and explained using notes (Image author’s own). ......... 115 

Figure 67: Detail, decorated side of the Hunters Palette (EA 20792, British 

Museum) showing evidence for re-carving (Piquette, 2011, p. 18). ...................... 117 

Figure 68: RTI image of the Julian Star coin (Mudge et al., 2005, p. 36). . 118 

Figure 69: RTI of painting showing normal lighting (left) and specular 

enhancement (right) (Wachowiak and Webb, 2010, p. 17). .................................... 119 

Figure 70: RTI Detail of a red-figure Attic vase from the Worcester Art 

Museum (Artal-Isbrand et al., 2011). ....................................................................... 119 

Figure 71: Detail of Psyche by G. F. Watts. IR Reflected (left) and 

transmitted (right) (Moutsatsou et al., 2011, p.57). ............................................... 122 

Figure 72: Visible, Infrared and FCIR image of painting, Perugino, Chapel of 

Saint Severo, 1520, Perugia, Italy (Douma, 2008). .................................................. 123 



   

xix 

 

Figure 73: Infrared image showing the pentimenti of the hand (Fischer and 

Kakoulli, 2006, p. 6). ................................................................................................. 124 

Figure 74: Visible (top) and UV fluorescence (below) image of an icon 

(Maino, 2007, p. 4). ................................................................................................... 125 

Figure 75: Visible (top) and visible induced infrared luminescence (below) 

image of a mummy cartonnage. Identification of Egyptian blue. Available from: 

http://www.penn.museum/sites/artifactlab ............................................................ 126 

Figure 76: UV-VIS-IR images the Dead Sea Scrolls from Israel captured by 

Dr. Greg Bearman. Available from: http://www.jenoptik-inc.com ......................... 127 

Figure 77: Damaged medieval manuscript, detail. Visible (left) and UV 

(right) image (Montani et al., 2012, p. 228). ........................................................... 128 

Figure 78: Fragment from the Book of the Dead of the Goldworker of 

Amun, Sobekmose. New Kingdom, Dynasty 18, ca. 1479-1400 B.C.E. Brooklyn 

Museum. Visible (top) and IR (below) image (Kapetanakis, 2010). ........................ 129 

Figure 79: Visible and UV image of an Islamic bowl from the Metropolitan 

Museum (Parry, 2013). ............................................................................................... 131 

Figure 80: Visible and Infrared image of a North African Late Punic/Early 

Roman bowl. (1) and (2) indicate zones of increased reduction (Verhoeven, 2008, 

p.3097). ...................................................................................................................... 132 

Figure 81: (a) Photographs of model objects. (b) Radiographs. (c) THz 

imaging. (d) Differential THz imaging (subtraction image between filled jar and 

empty one). (1) Empty pot, (2) pot with dried flowers, (3) pot with pine bark, (4) 

pot with hazel wood slice (11 mm thick), and (5) pot with white sand  (Bessou et 

al., 2012, p. 4178). .................................................................................................... 133 

Figure 82: Digital photograph (a) and THz image (b) of logo drawn with five 

different graphite pencil grades. Oblique lines around S: HB, C: 2B, N: 4B, R: 6B, S: 

8B (Abraham et al., 2009, p. 3106). ......................................................................... 134 

Figure 83: Digital images (left) and x-radiographs (right). Roman coin (top) 

(English Heritage, 2006, p. 3), icon (middle) (Lahlil and Martin, 2012, p. 335) and 

helmet (below) (Lehmann et al., 2005, p. 73). ........................................................ 138 

Figure 84: A neutron radiography system (Chankow, 1990, p. 74). ......... 139 

Figure 85: Roman hanging bronze lamp, digital image (top) and neutron 

radiograph (below) showing inside residue (Ryzewski et al., 2013, pp. 348-

349). ............................................................................................................................ 140 

Figure 86: Neutron radiograph of the helmet in Figure 83 (Lehmann et al., 

2005). .......................................................................................................................... 140 

Figure 87: 3D volume reconstruction of a painting on  wood attributed to 

Gentile da Fabriano (1385–1427) (up)Image of a reconstructed slice  showing the 

holes caused by woodworms (below) (Morigi et al., 2007, p.737). ....................... 145 



 

xx 

 

Figure 88: Greek vessel KFUG Dept. Arch. inv. G 56, image and CT cross-

sections.  The wall thickness varies, three separate sections joined together: the 

body, the mouth, and the cone end, are visible and cracks in the interior are 

identified (Karl et al., 2014). ..................................................................................... 146 

Figure 89: Champlevé enamelled Pyxis, Museum Vleeshuis, Antwerp, 

Belgium. Digital image and CT scan slice showing the difference in metalworking 

of the bottom and the lid (Linden et al., 2009). ...................................................... 147 

Figure 90: Porosity and variation of wall thickness in a ct slice of a bronze 

vessel (left) (Bonadies, 1994, p. 79). ........................................................................ 148 

Figure 91: CT scan view of a hoard of coins with the exterior pot removed 

(right) (Miles et al., 2012). Available from: http://acrg.soton.ac.uk/blog/1168/ 149 

Figure 92: 3D rendering of the pore network of Lecce stone, sample, 

scanned with micro-CT and reconstructed cross section of an untreated Lecce 

stone sample, scanned with nano-CT (Bugani et al., 2008). .................................. 150 

Figure 93: Hercules Pomarius, digital image and reconstructed neutron 

scans. (yellow= core material, grey=bronze) (Van Langh et al., 2009). ................ 152 

Figure 94: Buddha statue, comparison of digital image, neutron and CT 

scan (Chankow, 1990, p.95). .................................................................................... 153 

Figure 95: Triangulation laser scanning system (courtesy of Conservation 

Technologies, National Museums Liverpool) (left) (Barber et al., 2011, p.4). ....... 156 

Figure 96: The Ferryland Cross (left), the digitally reconstructed image 

(Logan et al., 2010, p.128-131)................................................................................ 158 

Figure 97: Saxon great square-headed brooch image and screenshot of the 

3d model (Barber et al., 2011, p.27). ....................................................................... 158 

Figure 98: 3d model acquisition system for three-dimensional modelling of 

small artefacts, consisting of a turn table, a camera and a computer (Yılmaz et al., 

2003). ......................................................................................................................... 162 

Figure 99: The roman Balteus and detail of 3d model obtainable through 

the use of ZScan system (Salonia et al., 2009, p.60-61). ....................................... 163 

Figure 100: One of the virtual PTM domes set up over the scanned Amazon 

in 3ds Max 2010 (Earl et al., 2010). ......................................................................... 165 

Figure 101: Underwater RTI visualization (Selmo, 2013). .......................... 165 

Figure 102: Chiusi, tomb of Scimmia, multispectral 3D (Palleschi, 

2013). ......................................................................................................................... 167 

Figure 103: Sceen shot from the Map Art Viewer tware (Carroll et al., 2013). 

Available from: https://www.youtube.com/watch?v=EJNG-yfe4ko ........................ 195 

Figure 104: Screen shot from the IIP MOO Viewer. An anonymous 16th 

Century painting entitled “The Lady Praying”. Louvre Museum. C2RMF. Available 



   

xxi 

 

from: http://merovingio.c2rmf.cnrs.fr/iipimage/iipmooviewer-

git/multispectral.html ................................................................................................ 196 

Figure 105: Alabaster alabasta from Derveni Tomb B.  Photograph from the 

Archive of the Archaeological Museum of Thessaloniki. ........................................ 208 

Figure 106: Glass alabastra from Derveni Tomb A. From left to right, A44 

height: 0.123m., A45 height 0.127m., A46 height 0.132m. Archaeological 

Museum of Thessaloniki. (Grammenos, 2004, p.240). ........................................... 209 

Figure 107: Core-formed alabastra of dark blue glass, decorated with dense 

feather pattern in white, blue and yellow from Derveni Tomb D. D31 height: 

0.089m. (left), D32 height 0.102m. (right). Archaeological Museum of 

Thessaloniki. (Image author’s own ........................................................................... 209 

Figure 108: Wall painting fragment from Derveni Tomb Z. Length 0.077m. 

(left) and small wall painting fragment from Derveni Tomb B. Archaeological (right) 

Museum of Thessaloniki (Image author’s own). ...................................................... 210 

Figure 109: Fragments of west slope vessel from Derveni Tomb C.  

Archaeological Museum of Thessaloniki. The rectangles demonstrate the areas for 

macro and microscopic RTI captures (Image author’s own). .................................. 211 

Figure 110: Gnathian skyphos. Height 8.5cm. University of Southampton 

Archaeological Collection. (Image author’s own). ................................................... 212 

Figure 111: Faenza maiolica fragments from jug 366 (top) and 367 (below). 

Southampton City Council Archaeological Collection (Image author’s own). ....... 213 

Figure 112: Red figure pelikes H2, Derveni Tombs. Height 0.030 m. 

Archaeological Museum of Thessaloniki (Image author’s own). ............................ 213 

Figure 113: Red figure pelikes C1, Derveni Tombs. Height 0.255 m. 

Archaeological Museum of Thessaloniki (Image author’s own). ............................ 214 

Figure 114: Group of gilded and/or painted ceramic roundels with the head 

of Athena Parthenos, from Derveni Tomb B. Archaeological Museum of 

Thessaloniki (Image author’s own). .......................................................................... 214 

Figure 115: Leather fragments with textile imprints (B109) (left) and burnt 

leather fragment with holes at serial arrangement for sewing (right) (A21). Derveni 

Tombs. Archaeological Museum of Thessaloniki (Image author’s own). .............. 215 

Figure 116: Incised ivory plaques fragments. Detail of Eros with remnants 

of colour blue and red decoration (E7a) (left) and detail of woman's clothing with 

remnants of red colour (E8b) (right). Derveni Tombs. Archaeological Museum of 

Thessaloniki (Image author’s own). .......................................................................... 215 

Figure 117:  The Derveni Papyrus fragments, digital images, recto (top) 

verso (below). Archaeological Museum of Thessaloniki (Image author’s own). .... 216 

Figure 118: Leather attached to a copper alloy ring (top left).Fragments of 

bronze mirror (Z32) diam. 5cm (top right). Knife, length 0.24m (B106) (middle). 



 

xxii 

 

Gold gilded silver sheet in the shape of shield with scene of a Macedonian shield, 

diam. 0.036m. (A19) (below). Derveni Tombs. Archaeological Museum of 

Thessaloniki (Image author’s own). .......................................................................... 217 

Figure 119: Ceramic vessels. Gnathian chous (left) black glazed chous 

without handle (right). The archaeological Collection of the University of 

Southampton (Image author’s own). ........................................................................ 220 

Figure 120: Geometric kantharos. The archaeological Collection of the 

University of Southampton (Image author’s own). .................................................. 220 

Figure 121: Microscopic H-RTI laboratory data capture set-up. The object is 

placed under a microscope equipped with a camera and a monitor. The 

positioning of the tiny glossy ball is possible using plasteline or modelling clay. 

Archaeological Museum of Thesssaloniki (Image author’s own). .......................... 224 

Figure 122: Microscopic H-RTI laboratory data capture set-up. The object is 

placed under a microscope equipped with a camera. The positioning of the tiny 

glossy ball is possible by sticking a pin with tiny glossy ball into a sheet of 

polyethylene (plastazote) foam sheet. By manually moving a pen light around the 

object microscopic images illuminated from different lighting positions can be 

captured. Archaeological Museum of Amphipolis (Image author’s own). ............. 225 

Figure 123: The first experimental wooden mini-dome in use in the 

Archaeological Museum of Thessaloniki (Image author’s own). ............................ 226 

Figure 124: The mini-dome in use in the Archaeological Museum of 

Thessaloniki (Image author’s own). .......................................................................... 227 

Figure 125: Digital images and graphical representation of the mini-dome 

(Image author’s own). ................................................................................................ 228 

Figure 126: The mini-dome’s assembly (Image author’s own). ................. 228 

Figure 127: The dome can be turned up to 90 degrees (Image author’s 

own). ........................................................................................................................... 229 

Figure 128: The RTI arm in use in the Archaeological Museum of 

Thessaloniki (Image author’s own). .......................................................................... 232 

Figure 129: Graphical representation of set up for transmitted RTI capture 

with the dome method (Image author’s own). ........................................................ 233 

Figure 130: Set up for transmitted RTI data capture using two cameras 

method (Image author’s own). .................................................................................. 234 

Figure 131: Snapshots of the RTI viewer - screen view after merging images 

of two different datasets captured using the dome method, before processing 

(Image author’s own). ................................................................................................ 236 

Figure 132: Annotation Utility, RTI Viewer (Image author’s own). ............ 239 



   

xxiii 

 

Figure 133: Icon, replica, digital image (top left) and RTI visualizations. RTI 

highlights the texture of the painting, emphasizing the brush strokes, 

emphasizing the brush strokes (Image author’s own). ........................................... 240 

Figure 134: Icon, replica, detail of gold gilded area. Clockwise from top left, 

digital image, and RTI visualization in default, and specular enhancement 

rendering mode (Image author’s own). .................................................................... 241 

Figure 135: The icons, digital images desaturated (left) and IR images 

(right) (Image author’s own). ..................................................................................... 242 

Figure 136: Details of red, blue and sienna colour in digital image (left), 

desaturated (middle) and IR image (right) (Image author’s own). .......................... 242 

Figure 137: Icon, detail, RTI (left) and IR-RTI visualization (right) 

emphasizing the vertical crack (Image author’s own). ............................................ 243 

Figure 138: Icon, detail, RTI (left) and IR-RTI visualizations (right) 

emphasizing the texture of the substrate (Image author’s own). .......................... 244 

Figure 139: Icon, details, RTI (top) and IR-RTI visualizations (below) 

emphasizing cracks in the application of the gold leaf (Image author’s own). .... 244 

Figure 140: Icon, details, RTI (left) and IR-RTI visualizations (right) (Image 

author’s own). ............................................................................................................ 245 

Figure 141: Icon, comparison of normal maps in the visible (left) and 

infrared spectral area (right) (Image author’s own)................................................. 246 

Figure 142: Icons, comparison of visible and FCIR images (Image author’s 

own)............................................................................................................................. 248 

Figure 143: Colour testers of historic pigments. Digital image (up) IR image 

(middle) and FCIR image (below) (Image author’s own). ........................................ 249 

Figure 144: Painted panel, replica. Comparison of visible, desaturated, 

infrared and FCIR images (clockwise from top left) (Image author’s own). ........... 250 

Figure 145: Comparison of visible (up) and FCIR (below) images (left), 

visible RTI (up) and FCIR RTI (below) snapshots (right) (Image author’s own). ..... 251 

Figure 146: Canvas testers 1 (left), 2 (middle), 3 (right). Digital images, 

visible (top), reflected infrared (2nd row), transmitted visible (3rd row) and 

transmitted infrared (below) (Image author’s own). ................................................ 252 

Figure 147: Tester No 3, reflected digital image, trans illumination image 

and RTI visualization with and without ambient light (clockwise from top left) 

(Image author’s own). ................................................................................................ 253 

Figure 148: Canvas testers 1 (left), 2 (middle), 3 (right). RTI visualizations 

(Image author’s own). ................................................................................................ 254 

Figure 149: Tester No 3. Transmitted RTI visualizations in different 

rendering modes (Image author’s own). .................................................................. 255 



 

xxiv 

 

Figure 150: Tester No 3, transmitted IR-RTI visualizations (Image author’s 

own). ........................................................................................................................... 256 

Figure 151: Tester No 3, comparison of transmitted digital image (left) and 

transmitted RTI visualization (right) (Image author’s own). ................................... 257 

Figure 152: Tester No 3, reflected visible RTI without (left) and with (right) 

transmitted illumination (Image author’s own). ...................................................... 258 

Figure 153: Oil on canvas, replica, front-side, clock wise from top left, 

digital image (reflected light), digital desaturated image, transmitted IR image and 

transmitted visible image (Image author’s own). .................................................... 260 

Figure 154: Oil on canvas, replica, backside transmitted visible images (top) 

and transmitted IR images (below) (Image author’s own). ..................................... 261 

Figure 155: Oil on canvas, replica, backside, digital image, desaturated 

image, trans-irradiation and trans illumination image (clockwise from top left) 

(Image author’s own). ................................................................................................ 262 

Figure 156: Oil on canvas, replica, detail, digital image (top left) and RTI 

visualizations (Image author’s own). ........................................................................ 263 

Figure 157: Oil on canvas, replica, digital image, RTI visualization, normal 

map and RTI visualization in psecular enhancement rendering mode (clockwise 

from top left) (Image author’s own). ........................................................................ 264 

Figure 158: Oil on canvas, replica, detail, digital image (top) and RTI 

visualization (below) (Image author’s own). ............................................................ 265 

 Figure 159: Canvas oil painting, replica. digital image, RTI visualization 

(up) and IR-RTI visualizations (below) (Image author’s own).................................. 266 

Figure 160: Oil on canvas, replica. Transmitted digital image (top left) and 

transmitted RTI visualizations (Image author’s own). ............................................. 268 

Figure 161: Oil on canvas, replica, detail, transmitted RTI visualizations 

(Image author’s own). ................................................................................................ 269 

Figure 162: Oil on canvas, replica, detail, transmitted RTI visualizations 

(Image author’s own). ................................................................................................ 270 

Figure 163: Detail, comparison of reflected and transmitted light digital 

images (left) and RTI visualizations (middle, right).  Digital reflected image (up, 

left) and normal RTI visualizations (up, middle and right). Transmitted digital 

image (below, left) and transmitted RTI visualizations (bellow, middle and right) 

(Image author’s own). ................................................................................................ 271 

Figure 164: Canvas oil painting, replica. Transmitted digital image, 

transmitted RTI visualization, transmitted IR-RTI visualization and transmitted IR 

image (clockwise from top left) (Image author’s own). .......................................... 272 



   

xxv 

 

Figure 165: Canvas oil painting, replica. RTI visualizations (top), IR-RTI 

visualization (middle) and transmitted IR-RTI visualization (below)  (Image author’s 

own)............................................................................................................................. 273 

Figure 166: Alabaster alabastron, Derveni Tombs, B61. Archaeological 

Museum of Thessaloniki Digital image (left) and RTI visualization of the base 

(right) (Image author’s own). ..................................................................................... 274 

Figure 167: Alabaster alabastron, Derveni Tombs, B61. Digital image of the 

vessel’s upper body (left) and RTI visualization (right) (6,6 cm length) (Image 

author’s own). ............................................................................................................ 275 

Figure 168: Alabaster alabastron, Derveni Tombs, A84 (0.086 m length). 

Archaeological Museum of Thessaloniki. Digital image (top) and RTI visualizations 

of details (below) (Image author’s own). .................................................................. 275 

Figure 169: Alabaster alabastron, Derveni Tombs A84 (0.09 m length). 

Archaeological Museum of Thessaloniki. Details of encrustations and 

decolouration areas. Digital images (top) and RTI visualizations (middle, below) 

(Image author’s own). ................................................................................................ 276 

Figure 170: Alabaster alabastron handles, Derveni Tombs, from group A84, 

detail 1cm. Archaeological Museum of Thessaloniki. Digital image (left) and RTI 

visualizations (middle, right) (Image author’s own). ............................................... 277 

Figure 171: Glass alabastron, Derveni Tombs D31. Archaeological Museum 

of Thessaloniki. Digital image (top) and RTI visualization of details (below) (Image 

author’s own). ............................................................................................................ 278 

Figure 172: Glass alabastron, Derveni Tombs D31. Digital image (up) and 

RTI visualization of details (down) (Image author’s own). ...................................... 279 

Figure 173: Glass alabastron, D32. Digital image (up), RTI visualization 

(below) (Image author’s own). ................................................................................... 279 

Figure 174: Glass alabastron, D32. Digital image (up) and RTI visualization 

of details (down) (Image author’s own). ................................................................... 280 

Figure 175: Glass alabastron, D32. RTI visualization of loss and pitted 

surface (Image author’s own). ................................................................................... 280 

Figure 176: Wall painting fragments, Z42. 10cm length. Comparison 

between PTM (top) and a standard computer graphic approximation (below) (Image 

author’s own). ............................................................................................................ 281 

Figure 177: RTI visualizations of detail (Image author’s own). .................. 282 

Figure 178: Details of the fingerprints, RTI visualization (Image author’s 

own)............................................................................................................................. 282 

Figure 179: Wall painting fragments Z42, digital image (top), IR images at 

720nm (below left) and 950 nm (below right) (Image author’s own). ................... 283 



 

xxvi 

 

Figure 180: Wall painting fragments B108, digital image (top), IR images at 

760nm (below left) and 850 nm (below right) (Image author’s own). ................... 284 

Figure 181: Wall painting fragments Z41, clockwise from top left, digital 

image, FCIR image, IR images at 950 nm, 850 nm and 720 nm (Image author’s 

own). ........................................................................................................................... 284 

Figure 182: Comparison of visible (top) and IR-RTI Visualization (below) 

(Image author’s own). ................................................................................................ 285 

Figure 183: Comparison of visible (top) and IR-RTI Visualization (below) 

(Image author’s own). ................................................................................................ 286 

Figure 184: Black-glazed ceramic skyphos Z29. Diameter 0.078 m. RTI 

visualizations (Image author’s own). ........................................................................ 287 

Figure 185: Macroscopic H-RTI visualizations of west slope ceramic 

fragments from Derveni, fragment from skyphos (3cm across) with emphasised 

incisions (red arrows) and adjacent concavities (yellow arrows) (left) and fragment 

from kylix (2cm across) with emphasized a surface anomaly under the rim, 

possibly created by the fingers of the potter or by a sponge (right) (Image author’s 

own). ........................................................................................................................... 289 

Figure 186: Fragment of the skyphos C3e (0.8cm across), clockwise from 

top left, microphotograph, normal map, and RTI visualizations (Image author’s 

own). ........................................................................................................................... 290 

Figure 187: Fragments of the skyphos C3e (top) and cylix C3th II (bottom), 

microscopic RTI visualizations (Image author’s own). ............................................ 290 

Figure 188: Red figure pelike, C1. RTI visualizations revealing a relief line 

passing over the black background (Image author’s own)..................................... 291 

Figure 189: Red figure pelike, C1. RTI visualizations revealing the outline 

and black glaze brush strokes (Image author’s own). ............................................ 292 

Figure 190: Red figure pelike H2. RTI visualizations emphasizing the 

outlines of the human figure (Image author’s own). .............................................. 292 

Figure 191: Red figure pelike H2. RTI visualizations underlining the three- 

dimensionality of the relief lines (Image author’s own). ........................................ 293 

Figure 192: Red figure pelikes.  Detail revealing surface topography and 

damage (Image author’s own). ................................................................................. 293 

Figure 193: Red figure pelike H2. Detail, RTI visualization emphasizing 

incisions developed during construction possible from the ceramic wheel and 

revealing the preparatory drawing (Image author’s own). ..................................... 294 

Figure 194: Pseudo-Cypriote Amphora. Height 0.281 m. Digital image (left), 

desaturated image (middle) and IR image (right) (Image author’s own). .............. 295 

Figure 195: Detail, red figure pelike H2. Digital image (left) and RTI 

visualization (middle) and IR-RTI visualization (right) (Image author’s own). ....... 296 



   

xxvii 

 

Figure 196: Detail, red figure pelike H2. Digital image (left) and RTI 

visualization (middle) and IR-RTI visualization (right) (Image author’s own). ....... 296 

Figure 197: Gnathian skyphos, details, RTI visualization emphasizing 

fingerprints in the areas of the handle (Image author’s own). ............................... 297 

Figure 198: Gnathian skyphos, details, RTI visualization revealing marks 

possibly created by the ceramic wheel (Image author’s own). ............................... 297 

Figure 199: Gnathian skyphos, comparison of digital images (left) and 

normal maps (right) in visible (top) and infrared spectral area (below) (Image 

author’s own). ............................................................................................................ 298 

Figure 200: Gnathian skyphos, detail, UV induced visible fluorescence 

(Image author’s own). ................................................................................................ 299 

Figure 201: Gnathian skyphos, UV induced visible fluorescence (Image 

author’s own). ............................................................................................................ 300 

Figure 202: Gnathian skyphos, UV induced visible fluorescence normal map 

(Image author’s own). ................................................................................................ 301 

Figure 203: Gnathian skyphos, Ultraviolet induced visible fluorescence RTI 

visualizations in specular enhancement rendering mode (Image author’s own). . 302 

Figure 204: Gnathian skyphos, UV Reflected RTI visualization (Image 

author’s own). ............................................................................................................ 303 

Figure 205: Gnathian skyphos, RTI visualizations in specular enhancement 

rendering mode, comparison of visible, infrared at 950nm, ultraviolet induced 

visible fluorescence and reflected ultraviolet (clockwise from top left)  (Image 

author’s own). ............................................................................................................ 304 

Figure 206: Gnathian skyphos, Normal maps, comparison of visible, 

infrared at 950nm, ultraviolet induced visible fluorescence and reflected ultraviolet 

(clockwise from top left)  (Image author’s own). ..................................................... 305 

Figure 207: Faenza maiolica ceramic shred, RTI visualizations in specular 

enhancement rendering mode (top) and normal maps (below) (Image author’s 

own)............................................................................................................................. 306 

Figure 208: Detail of Faenza maiolica ceramic shred, RTI visualization in 

specular enhancement rendering mode (Image author’s own). ............................. 307 

Figure 209: Tin glazed ceramic shred, RTI visualization in specular 

enhancement rendering mode (Image author’s own). ............................................ 307 

Figure 210: Faenza maiolica ceramic shred, detail, RTI visualization in 

specular enhancement rendering mode (top) and normal map (below) (Image 

author’s own). ............................................................................................................ 308 

Figure 211: Faenza maiolica shreds, comparison of visible desaturated (left) 

and and IR images (right) (Image author’s own). .................................................... 309 



 

xxviii 

 

Figure 212: Faenza maiolica shreds. Comparison of visible (top) and IR-RTI 

visualization (below) (Image author’s own). ............................................................ 310 

Figure 213:  Faenza maiolica shreds. Comparison of visible (top) and IR-RTI 

visualization (below) (Image author’s own). ............................................................ 311 

Figure 214: Faenza maiolica shreds. Comparison of visible (top) and IR-RTI 

visualization (below) (Image author’s own). ............................................................ 312 

Figure 215: Gilded roundel, digital image (top left) and RTI visualizations 

(Image author’s own). ................................................................................................ 314 

Figure 216: Gilded roundel, digital image (top left) and RTI visualizations 

(Image author’s own). ................................................................................................ 314 

Figure 217: Gilded roundel, digital image (top left) and RTI visualizations 

(Image author’s own). ................................................................................................ 315 

Figure 218: Gilded roundel, digital image (top) and RTI visualizations 

(below) (Image author’s own). .................................................................................. 316 

Figure 219: Wood fragment part of a wreath. Digital image (left) and RTI 

visualizations (right) (Image author’s own). ............................................................ 317 

Figure 220: Leather fragment attached to a copper alloy ring (A114). 

Length 4cm. Digital image (top) and RTI visualizations of details (down) (Image 

author’s own). ............................................................................................................ 318 

Figure 221: Leather fragment with textile imprints (B109). RTI visualization 

(Image author’s own). ................................................................................................ 318 

Figure 222: Burnt leather fragment with holes at serial arrangement for 

sewing (A21), RTI visualization (Image author’s own). ........................................... 319 

Figure 223: Burnt leather fragment with holes at serial arrangement for 

sewing (A21). RTI visualization (Image author’s own). ........................................... 319 

Figure 224: Leather fragment of a belt/strap. 1 cm. Digital image (top left) 

and RTI visualizations (top right, below) (Image author’s own). ............................ 320 

Figure 225: Leather fragment of a belt/strap. 1 cm. Digital image (top left) 

and RTI visualizations (top right, below) (Image author’s own). ............................ 320 

Figure 226: Incised ivory plaque fragment (E7a). Detail of Eros with 

remnants of colour decoration (blue and red). Digital images (top) and RTI 

visualizations of details (middle, down) (Image author’s own). ............................. 321 

Figure 227: Incised ivory plaque, fragment (E8a). Detail of young male with 

remnants of red colour.  Microscopic image of fragment 1.5 cm. (top left), RTI 

visualizations (top right) and normal map (below) (Image author’s own). ............ 322 

Figure 228: Incised ivory plaque, fragment (E8b). Detail of woman's 

clothing with remnants of red colour. Microscopic image of 1 cm (top left) RTI 

visualizations (top right) and normal map (below) (Image author’s own). ............ 323 



   

xxix 

 

Figure 229: Incised ivory plaque, fragment (E8b). Microscopic image (top) 

and normal map (below) (Image author’s own). ...................................................... 324 

Figure 230: Bone handle of knife (0.24m). Digital image (top) and RTI 

visualizations of detail (down) (Image author’s own).............................................. 325 

Figure 231: The Derveni Papyrus. Digital image excluded from RTI dataset 

because of reflections of the flash on the mount (Image author’s own). .............. 327 

Figure 232: Detail of Derveni Papyrus fragment, comparison of digital 

image (left) and RTI visualization (right) (Image author’s own). ............................ 327 

Figure 233: Detail of Derveni Papyrus fragment, RTI visualizations 

emphasizing damage and alterations of the papyrus material (Image author’s 

own)............................................................................................................................. 328 

Figure 234: Detail of Derveni Papyrus fragment, RTI visualization 

emphasizing criss-cross papyrus pattern (Image author’s own). ........................... 329 

Figure 235:  Detail of Derveni Papyrus fragment, RTI visualization 

emphasizing the joins of previous conservation treatment (Image author’s 

own)............................................................................................................................. 329 

Figure 236: Detail of Derveni Papyrus fragment, RTI visualizations in 

specular enhancement rendering mode at the edges of RTI space (Image author’s 

own)............................................................................................................................. 330 

Figure 237: Detail of Derveni Papyrus fragment, RTI visualizations in 

specular enhancement rendering mode at less extreme angles with maximum 

specularity and minimum diffuse colour (Image author’s own). ............................ 331 

Figure 238: The Derveni Papyrus fragments, comparison between RTI 

visualizations in image unsharp masking (top), multi-light (middle) and specular 

enhancement rendering mode (below) (Image author’s own). ............................... 332 

Figure 239: Details of Derveni Papyrus fragment, RTI visualizations, 

comparison of renderings in visible (left) and IR spectral area (right) (Image 

author’s own). ............................................................................................................ 333 

Figure 240: Details of Derveni Papyrus fragment, RTI visualizations, 

comparison of renderings in visible (left) and IR spectral area (right) (Image 

author’s own). ............................................................................................................ 334 

Figure 241: Derveni Papyrus fragment, comparison of digital images (left) 

and RTI visualizations (right) in visible (top) and IR spectral area (below) (Image 

author’s own). ............................................................................................................ 334 

Figure 242: Derveni Papyrus fragment, digital image (top left) and trans 

illumination image (top right), trans illumination RTI renderings (middle) and trans 

irradiation RTI renderings (below) (Image author’s own). ...................................... 335 

Figure 243: Bronze mirror, fragment, Z32. RTI visualization of details 

(Image author’s own). ................................................................................................ 337 



 

xxx 

 

Figure 244: Bronze female head Z13. Digital image and RTI visualizations 

(Image author’s own). ................................................................................................ 338 

Figure 245: Bronze mirror, fragment, Z32. Microscopic detail. Visible area: 

1,2 cm. Microphotograph (left) and RTI (middle, right) (Image author’s own). .... 338 

Figure 246: Gold gilded bronze leaf, part of a wreath. Fragment 1cm. 

Digital images (left) and RTI visualizations (right) (Image author’s own). ............ 339 

Figure 247: Iron fragment. Digital images (top) and RTI visualization (down) 

(Image author’s own). ................................................................................................ 340 

Figure 248: Bone handle with iron decoration. RTI visualizations (Image 

author’s own). ............................................................................................................ 340 

Figure 249: Board fragment. Digital image (top) and RTI visualizations 

(middle) and normal map (down) (Image author’s own)......................................... 341 

Figure 250: Gold gilded silver sheet in the shape of shield with scene of a 

Macedonian shield, diameter 3,6 cm. RTI visualizations (Image author’s own). .. 342 

Figure 251: Microscopic image (top) and RTI visualization (below) (Image 

author’s own). ............................................................................................................ 343 

Figure 252: Microscopic image (top) and RTI visualizations (middle, below) 

(Image author’s own). ................................................................................................ 344 

Figure 253: 1/8 stater of Phillip II, gold, reverse, Derveni, Tomb D.  

Visualization after treatment. RTI visualization (Image author’s own). ................. 345 

Figure 254: Silver diobol of Macedonian Kingdom (Coin no 13). 

Archaeological Museum of Amphipolis. Visualization before conservation 

treatment.  Digital images (top) RTI visualizations in specular enhancement mode 

(middle) and normal maps (below) (Image author’s own). ..................................... 346 

Figure 255: Copper alloy coin (Coin no 8). Diam. 14mm. Archaeological 

Museum of Amphipolis. Visualization after conservation treatment. RTI 

visualizations (top) and normal maps (below) (Image author’s own). ................... 347 

Figure 256: Silver roman imperatorial denarius (Coin no 20). Diam. 19 mm. 

Archaeological Museum of Amphipolis. Visualization after conservation treatment. 

Digital image (top left) and RTI visualization in specular enhancement mode (top 

right) and normal map (below) (Image author’s own). ........................................... 348 

Figure 257: Silver coin. Possibly denarious of the family of Repousias (Coin 

no 21). Diam. 17 mm . Archaeological Museum of Amphipolis. Visualization after 

conservation treatment.Digital image (top left), normal map (top right) and RTI 

visualization in specular enhancement mode (below) (Image author’s own). ...... 349 

Figure 258: Copper alloy coin (Coin no 1). Diam. 18mm.  Archaeological 

Museum of Amphipolis. Visualization after conservation treatment. Digital images 

(top) RTI visualizations in specular enhancement mode (middle) and normal maps 

(below) (Image author’s own). .................................................................................. 350 



   

xxxi 

 

Figure 259: Copper alloy coin (coin no 19). Archaeological Museum of 

Amphipolis. Visualization before conservation treatment Digital images (top), RTI 

visualizations in specular enhancement mode (middle) and normal maps (below) 

(Image author’s own). ................................................................................................ 351 

Figure 260: Copper alloy coin. (Coin no 23). Diam. 26mm.  Archaeological 

Museum of Amphipolis. Visualization before conservation treatment Digital image 

(left), RTI visualization in specular enhancement rendering mode (right) (Image 

author’s own). ............................................................................................................ 351 

Figure 261: Copper alloy coin (coin no 25). Diam. 26mm. Archaeological 

Museum of Amphipolis. Visualization before conservation treatment. Digital 

images (top), RTI visualizations in specular enhancement mode (middle) and 

normal maps (below) (Image author’s own)............................................................. 352 

Figure 262: Copper alloy coin. (Coin no 6). Diam. 18mm. Archaeological 

Museum of Amphipolis. Visualization before and after conservation treatment. 

Digital images before and after conservation (left) RTI visualizations (middle) and 

normal maps (right) (Image author’s own). ............................................................. 353 

Figure 263: Copper alloy coin (Coin no 7). Diam. 15mm. Archaeological 

Museum of Amphipolis. Visualization before and after conservation treatment. 

Digital images (top) RTI visualizations in specular enhancement mode (middle) and 

normal maps (below) (Image author’s own)............................................................. 354 

Figure 264: Copper ally coin (coin no 12). Diam. 18mm. Archaeological 

Museum of Amphipolis.  Visualization after conservation treatment. Digital images 

(left) and RTI visualizations (right) (Image author’s own). ...................................... 355 

Figure 265: Copper ally coin (Coin no 18). Diam. 23mm. Archaeological 

Museum of Amphipolis. Visualization before conservation treatment. Digital image 

(top left), RTI visualization (top right) and normal map (below) (Image author’s 

own)............................................................................................................................. 356 

Figure 266: Copper ally coin (Coin no 18). Diam. 23mm. Archaeological 

Museum of Amphipolis. Visualization before conservation treatment. Digital image 

(top left) and RTI visualizations (Image author’s own) (Image author’s own). ...... 357 

Figure 267: Silver coin, Etruscan, possibly from Luca. Diam. 22mm. The 

Simmoneschi Collection, Exh. No 27. Coin as if lighted from above (left) and RTI 

visualizations (right). RTI file available online through 

http://vcg.isti.cnr.it/PalazzoBlu/ .............................................................................. 358 

Figure 268: Gold coin, Carthaginian series. Diam. 20mm. The Simmoneschi 

Collection, Exh. No 38. Coin as if lighted from above (top and middle) and RTI 

visualizations (below). RTI file available online through 

http://vcg.isti.cnr.it/PalazzoBlu/ .............................................................................. 359 



 

xxxii 

 

Figure 269: Cast bronze coin. Oval sextans. Etruscan. Diam. 29mm. The 

Simmoneschi Collection, Exh. No 30. Coin as if lighted from above (left) and RTI 

visualizations (middle, right).  RTI file available online through 

http://vcg.isti.cnr.it/PalazzoBlu/ .............................................................................. 360 

Figure 270: Cast bronze coin. Uncia. Diam. 27mm. The Simmoneschi 

Collection, Exh. No 2. Coin as if lighted from above (left) and RTI visualizations 

(right).  RTI file available online through http://vcg.isti.cnr.it/PalazzoBlu/ ......... 360 

Figure 271: Copper alloy coin (coin no 3). Diam. 13mm. Archaeological 

Museum of Amphipolis. Digital images (left), RTI visualizations (middle) and 

normal maps (right) (Image author’s own). ............................................................. 361 

Figure 272: Copper alloy coin of the Koinon of Macedon. Diam. 26 mm. 

Coin no 23. Reverse digital images (left) and RTI visualization (middle) and normal 

maps (right) before conservation (top) and after conservation treatment (below) 

(Image author’s own). ................................................................................................ 362 

Figure 273: Copper alloy coin. Coin no 18. Diam. 23mm. Reverse. Digital 

images before and after treatment (top), RTI visualization (middle) and normal 

maps (below) (Image author’s own). ........................................................................ 363 

Figure 274: Copper alloy coin. Diam. 22 mm. Coin no 22. (Image author’s 

own). ........................................................................................................................... 364 

Figure 275: Copper alloy coin. Coin no 4. Diam. 17mm. Digital image 

before, during and after treatment (top) RTI visualizations (middle) and normal 

maps (below) (Image author’s own). ........................................................................ 365 

Figure 276: Copper alloy coin no 5. Diam. 22mm. Reverse (top) obverse 

(bellow). Digital images before (left), during (middle) and after mechanical cleaning 

(Image author’s own). ................................................................................................ 366 

Figure 277: Incised ivory plaques visualised in RTI format in specular 

enhancement rendering mode. The value of the kd parameter is increasing from 

left to right (top), the value of the ks parameter is increasing from left to right 

(middle), the value of the N parameter is increasing from left to right (down) 

(Image author’s own). ................................................................................................ 369 

Figure 278: Silver discs and bronze mirror detail visualised in RTI format in 

diffuse gain rendering mode. The value of the parameter gain is increasing from 

left to right (Image author’s own). ........................................................................... 370 

Figure 279: Alabaster alabastron visualised in RTI format in image unsharp 

masking rendering mode. The value of the parameter gain is increasing from left 

to right (Image author’s own). .................................................................................. 370 

Figure 280: Red figure pelike H2, detail, visualised in RTI format in 

coefficient unsharp unsharp masking rendering mode. The value of the parameter 



   

xxxiii 

 

gain is increasing from left to right. Infrared RTI 950nm  (top), visible (down) 

(Image author’s own). ................................................................................................ 371 

Figure 281: Red figure pelike H2, detail, visualised in RTI format in 

luminance unsharp masking rendering mode. The value of the parameter gain is 

increasing from left to right. Infrared RTI 950nm (top), visible (down) (Image 

author’s own). ............................................................................................................ 371 

Figure 282: Glass alabastron visualised in RTI format in normal unsharp 

masking rendering mode. The value of the parameter gain is increasing from left 

to right. Environment 25% (top), 50% (middle) and 75% (down) (Image author’s 

own)............................................................................................................................. 372 

Figure 283: The Derveni papyrus fragment (top) and detail of the red figure 

pelike H2 (down) visualised in RTI format. Infrared RTI. Snapshots in default (left) 

and multi-light enhancement rendering mode (right) (Image author’s own). ....... 373 

Figure 284: Coin, digital image (top left), normal map (top middle), trace 

contours filter (top right), emboss filter (below left) find edges filter (below middle) 

and sketch filter (below right) RTI visualizations processed in Photoshop (Image 

author’s own). ............................................................................................................ 374 

Figure 285: Coin, detail, trace contours filter (left), sketch filter (middle) 

and find edges filter (right). RTI visualizations processed in Photoshop (Image 

author’s own). ............................................................................................................ 374 

Figure 286: Applying trace contours fitter to a digital image of a coin (up) 

and an RTI visualization in specular enhancement rendering mode (below). The 

value of the filter is increasing from left to right. Processed in Photoshop (Image 

author’s own). ............................................................................................................ 375 

Figure 287: Coin, illustration produced by applying trace contour filter 

before (left) and after cleaning (right). RTI visualizations processed in Photoshop 

(Image author’s own). ................................................................................................ 376 

Figure 288: Detail of Faenza maiolica fragment. Application of the find 

edges filter to digital image (top) and RTI visualization (below). Processed in 

ImageJ (Image author’s own). .................................................................................... 377 

Figure 289: Icon, visible (left) and IR (right). Applying find edge and trace 

contours filters to normal maps and RTI visualizations (Image author’s own). .... 378 

Figure 290: Gnathian skyphos, detai. find edges filter Application of the 

find edges filter to digital image (left) and UV-RTI visualization  (right). Processed 

in ImageJ (Image author’s own). ............................................................................... 379 

Figure 291: Silver disc, RTI Visualization (top) and blending RTI 

visualization with filtered image (right) (Image author’s own). .............................. 379 

Figure 292: Derveni Papyrus fragment, detail. RTI Visualization, filtered 

images and image overlay of filtered images (clockwise from top left). ............... 380 



 

xxxiv 

 

Figure 293: Schematic representation of method 1. The camera is moving 

around the object resulting in different views of artefact (Image author’s own). 382 

Figure 294: Schematic representation of method 2. The camera is static 

and the object is moving around its axis (Image author’s own). ........................... 382 

Figure 295: Data capture of an amphora fragment following method 2-a 

(top) and 2-b (below) (Image author’s own). ........................................................... 384 

Figure 296: Camera distribution for mehod 1 (left) and method 2 (right) 

(Image author’s own). ................................................................................................ 385 

Figure 297: Comparison of method 1 (left) and method 2 (right) 

reconstructions, front side of the vessel (Image author’s own). ............................ 385 

Figure 298: Comparison of method 1 (left) and method 2 (right) 

reconstructions. Base of the vessel (Image author’s own). .................................... 385 

Figure 299: Ganthian skyphos, detail, renderings from models created with 

method 2 with (right) and without (left) soft box (Image author’s own). .............. 387 

Figure 300: USB microscope stands for easy micro PG data capture (top). 

USB microscope, stand and light pad used (below) Available from: 

http://www.dino-lite.com/web/index.html ............................................................. 388 

Figure 301: 3d reconstruction workflow (Image author’s own). ................ 389 

Figure 302: The nine models, renderings in 3ds max, top views. The colour 

key is presented in Table 2 (Image author’s own). ................................................. 393 

Figure 303: The nine models, renderings in 3ds max, bottom views. The 

colour key is presented in Table 2 (Image author’s own). ..................................... 393 

Figure 304: The nine models, renderings in 3ds max, side views. The 

colour key is presented in Table 2 (Image author’s own). ..................................... 394 

Figure 305: comparison of generic left and orthophoto right. In the 

orthophoto false texture generation is evident in the interior (1) and the base (2) 

of the vessel (Image author’s own). ......................................................................... 395 

Figure 306: Rendering in 3ds max of incomplete medieval jug with generic 

average (left) and mosaic (right) blending mode (Image author’s own). .............. 396 

Figure 307: Rendering in 3ds max of incomplete medieval jug with generic 

spherical texture generation.  Arrow indicates area of false texture generation 

(Image author’s own). ................................................................................................ 397 

Figure 308: Rendering in 3ds max of incomplete medieval jug with max 

(left) min (right) intensity. Unrealistic colour visualization (Image author’s 

own). ........................................................................................................................... 397 

Figure 309: Tester 3, normal PG renderings (Image author’s own). ......... 399 

Figure 310: Tester 3, trans illumination PG renderings (Image author’s 

own). ........................................................................................................................... 399 

Figure 311: Tester 3, IR PG renderings (Image author’s own). .................. 399 



   

xxxv 

 

Figure 312: Tester 3, transmitted  irradiation PG renderings (Image author’s 

own)............................................................................................................................. 399 

Figure 313: Detail of Tester 3. Micro-PG, renderings of mesh and textured 

PG model (middle and below). Normal PG model (top left) and microphotograph 

(top right) (Image author’s own). .............................................................................. 400 

Figure 314: Tester 3, comparison of writing legibility, clockwise from top 

left, normal model, IR-model, trans irradiation and trans illumination model. 

Colour renderings (Image author’s own). ................................................................ 401 

Figure 315: Tester 3, comparison of writing legibility, clockwise from top 

left, normal model, IR-model, trans irradiation and trans illumination model. 

Greyscale renderings (Image author’s own). ............................................................ 402 

Figure 316: Tester 3, comparison of the substrate visualization in normal 

(left) and IR (right) PG models (Image author’s own). ............................................. 403 

Figure 317: Tester 3, comparison of writing legibility, clockwise from top 

left, normal model, IR-model, trans irradiation and trans illumination model. 

Greyscale renderings (Image author’s own). ............................................................ 403 

Figure 318: Amphora processing phase, cameras orientation, Agisoft 

Photoscan screenshots (Image author’s own). ........................................................ 405 

Figure 319: Amphora processing phases, sparse and dense point cloud 

(top) mesh and textured model (below). Agisoft Photoscan screenshots (Image 

author’s own). ............................................................................................................ 405 

Figure 320: Skyphos processing, masking of image in Agisoft Photoscan, 

camera orientation, Agisoft Photoscan screenshots (Image author’s own). ......... 406 

Figure 321: Skyphos processing, mesh and dense point cloud. Agisoft 

Photoscan screenshots (Image author’s own). ........................................................ 406 

Figure 322: Amphora fragment, renderings of textured and mesh PG 3d 

models (Image author’s own). ................................................................................... 407 

Figure 323: Geometric kantharos, renderings of textured and mesh PG 3d 

models (Image author’s own). ................................................................................... 408 

Figure 324: Detail of gnathian skyphos, renderings of textured and mesh 

PG 3d models (Image author’s own). ........................................................................ 408 

Figure 325: Detail of geometric kantharos, visible (top) desaturated 

(middle) and IR image (below) (Image author’s own). ............................................. 410 

Figure 326: Comparison of renderings of 3d model of geometric kantharos 

in the IR (left) and visible (right) spectral region (Image author’s own). ............... 411 

Figure 327: Sundial processing phases (clockwise from top left) camera 

orientation, point cloud, mesh and textured model (Image author’s own). ......... 412 

Figure 328: Microscopic PG phases (from left to right) point cloud, mesh 

and textured model (Image author’s own). .............................................................. 413 



 

xxxvi 

 

Figure 329: Microphotographs, silver coin, detail, captured with microscope 

lights on (left) and off (right) (Image author’s own). .............................................. 413 

Figure 330: Renderings from PG model of sundial fragment (Image author’s 

own). ........................................................................................................................... 414 

Figure 331: image captured under uncontrollable lighting in the British 

Museum (Image author’s own). ................................................................................ 415 

Figure 332: Misalignment of the images from the base (Image author’s 

own). ........................................................................................................................... 415 

Figure 333: Drum 3 processing phases (Image author’s own). ................. 416 

Figure 334: Renderings from PG models of Folkton Drums No 2 and 3 

(Image author’s own). ................................................................................................ 417 

Figure 335: Illustrations for section of geometric cantharos created in 3ds 

max based on the PG 3d model (Image author’s own). .......................................... 418 

Figure 336: Illustrations created from PG 3d model, Neo-punic Amphora 

fragment (Image author’s own). ............................................................................... 419 

Figure 337: Dimensional analysis based on 3D model. The height (top) the 

diameter (below) of the foot of the skyphos is 0.01 and 0.026m respectively 

(Image author’s own). ................................................................................................ 420 

Figure 338: Side view and section of sundial showing the deformation of 

the object (Image author’s own). .............................................................................. 421 

Figure 339: Virtual reconstruction of gnathian skyphos. Non-photorealistic 

rendering created in 3ds Max. The new additions were rendered in red, yellow and 

green (Image author’s own). ..................................................................................... 422 

Figure 340: Van der Werff 2 Amphora type. Image retrieved from the digital 

resource of Roman Amphora of the University of Southampton ........................... 423 

Figure 341: Virtual reconstruction of the amphora, detail. Non-

photorealistic rendering created in 3ds Max (Image author’s own). ..................... 423 

Figure 342: Virtual reconstruction of the amphora handle, detail. Rendered 

in 3ds Max (Image author’s own). ............................................................................ 424 

Figure 343: Virtual reconstruction of the amphora, rendered in 3ds Max 

(Image author’s own). ................................................................................................ 424 

Figure 344: Chous with a missing handle (left) complete chous (right). 

Renderings created in 3ds Max (Image author’s own)............................................ 425 

Figure 345: Attachment of handle from complete chous (Image author’s 

own). ........................................................................................................................... 425 

Figure 346: Virtually restored chous. Renderings created in 3ds Max (Image 

author’s own). ............................................................................................................ 426 

Figure 347:  Drawing of the jug No 366 and 367 (Brown, 2002, p.72). ... 447 



   

xxxvii 

 

Figure 348: North Italian Sgraffito jug fragments in Faenza Maiolica with 

blue-ladder medallions No 366 (Fabric 1450- SOU 124 176), outside (left) and 

inside (right) from the Southampton city Council, Arts & Leisure (Image author’s 

own)............................................................................................................................. 447 

Figure 349: North Italian Sgraffito jug fragments in Faenza Maiolica No 367 

(Fabric 1450- SOU 128 43), outside (left) and inside (right) from the Southampton 

city Council, Arts & Leisure (Image author’s own)................................................... 448 

Figure 350: CT scan renderings for the handle of jug No 366, horizontal 

sections of the handle in VG Studio max (Image author’s own). ........................... 450 

Figure 351: CT scan renderings for the handle of jug No 366, vertical 

sections of the handle in VG Studio max (Image author’s own). ........................... 451 

Figure 352: CT scanned fragment of the base of vessel 366,rendered using 

volume rendering techniques in VG Studio max, Phong (top), Isosurface (middle), 

Volume renderer scatter (below) (Image author’s own). ......................................... 452 

Figure 353: CT scanned fragment, visualizations of details showing the 

preservation of the glaze in VG Studio max (Image author’s own)........................ 453 

Figure 354: CT scanned fragment, detail showing cracks in the area of the 

handle in VG Studio max (Image author’s own). ..................................................... 453 

Figure 355: Details of still image from the video Group_A.mov, clock wise 

from top left, selection of fragments based on their shape (see frame 00:12), 

testing for joins (see frame 00:21), matching (see frame 00:26) and securing the 

join (see frame 00:41) (Image author’s own). .......................................................... 455 

Figure 356: Details of still image from video Group_B.mov. Testing 

fragments based on their colour/ painted design (see frame 1:02) (Image author’s 

own)............................................................................................................................. 456 

Figure 357: Details of still image from video Group_I.mov. Testing 

fragments based on their texture (see frame 1:00) (Image author’s own). .......... 456 

Figure 358: Using the align tool in MeshLab (Image author’s own). ......... 459 

Figure 359: Alignment and distribution of fragments in 3ds max using max 

script (Image author’s own). ..................................................................................... 461 

Figure 360: Using the Fragment Reassembler software, screenshot (Image 

author’s own). ............................................................................................................ 462 

Figure 361: names assigned to each fragment of the jug No 367 (Image 

author’s own). ............................................................................................................ 463 

Figure 362: Parts of the body screenshot of Fragments Reassembler (Image 

author’s own). ............................................................................................................ 466 

Figure 363: The parts of the base, screenshot of Fragments Reassembler 

(Image author’s own). ................................................................................................ 466 



 

xxxviii 

 

Figure 364: the parts of the rim (4R1, 3R1, 1R2) screenshot of Fragments 

Reassembler (Image author’s own). ......................................................................... 466 

Figure 365: Parts of the handle (3R2, 2R1) screenshot of Fragments 

Reassembler (Image author’s own). ......................................................................... 467 

Figure 366: Part of the upper body screenshot of Fragments Reassembler 

(Image author’s own). ................................................................................................ 467 

Figure 367: Virtual reassembly of the groups in Fragments Reassembler. 

Clockwise from top left, matching fragments of the rim and the upper body, 

matching fragments of the lower body, matching remaining fragments of the body 

and final reconstruction (Image author’s own). ...................................................... 468 

Figure 368: Base fragments. Hampshire Museums (Image author’s 

own). ........................................................................................................................... 475 

Figure 369: A cast bronze hollow ribbed tube and an animal’s head. 

Hampshire Museums (Image author’s own). ........................................................... 476 

Figure 370: A handle with a female head at the base, possibly medusa (left) 

and the upper part of a jug with trefoil rim. Hampshire Museums (Image author’s 

own). ........................................................................................................................... 476 

Figure 371: Highly corroded fragments. Hampshire Museums (Image 

author’s own). ............................................................................................................ 477 

Figure 372: Miscellaneous fragments. Hampshire Museums (Image author’s 

own). ........................................................................................................................... 477 

Figure 373: Cast bronze Roman patera with a fluted handle terminating in a 

rams head and large cast bronze jug. From main burial one, one of two early 2nd 

century AD Romano-British burials discovered at Turner's Hall Farm.  Available 

from: http://www.stalbansmuseums.org.uk ........................................................... 478 

Figure 374: Renderings of the oinochoe handle in VG studio max (Image 

author’s own). ............................................................................................................ 480 

Figure 375: Renderings of the oinochoe body in VG studio max (Image 

author’s own). ............................................................................................................ 480 

Figure 376: Sections of the oinochoe handle in VG studio max (Image 

author’s own). ............................................................................................................ 481 

Figure 377: Sections of the oinochoe handle in VG studio max (Image 

author’s own). ............................................................................................................ 482 

Figure 378: Sections of the oinochoe rim in VG studio max (Image author’s 

own). ........................................................................................................................... 483 

Figure 379: Sections of the oinochoe in VG studio max (Image author’s 

own). ........................................................................................................................... 484 

Figure 380: Comparison of different renderings in VG studio max (Image 

author’s own). ............................................................................................................ 484 



   

xxxix 

 

Figure 381: Colour rendering of the oinochoe handle in VG studio max 

(Image author’s own). ................................................................................................ 485 

Figure 382: Solid bronze patera handle terminating in a ram's head.1st C. 

length 12.6cm, diam. 1.7 cm. British Museum, Department of Greek and Roman 

antiquities, Museum number 1814,0704.907 Available from: 

http://www.britishmuseum.org/research.aspx ....................................................... 486 

Figure 383: Hollow bronze patera handle terminating in a ram's head. 1st 

C.  length 16.2cm, diam. 2.5 cm. British Museum, Department of Greek and 

Roman antiquities, Museum number 1814,0704.906 Available from: 

http://www.britishmuseum.org/research.aspx ....................................................... 486 

Figure 384: Copper alloy patera handle. In form of ram's head from Hod 

Hill. Length: 15.6, diam. 2.2 cm. British Museum, Department of Britain, Europe 

and Prehistory, Museum number 1893,0601.472 Available from: 

http://www.britishmuseum.org/research.aspx ....................................................... 486 

Figure 385: Cast bronze handle of patera with ram’s head terminal from 

Bratislava-Devin, overall length 12.5cm (Kraskovska, 1978, p.49). ....................... 487 

Figure 386: Cast bronze Roman patera and detail of ram's head handle 

terminal  discovered at Turner's Hall Farm Wheathampstead, Hertfordshire, in 

March 2002. 44 BC - AD 400. Photo numbers PX1761 and PX1284 Available from: 

http://www.stalbansmuseums.org.uk ...................................................................... 487 

Figure 387: Bronze saucepan or shallow patera with a fluted handle 

terminating in a dog's head handle from Italy, Naples. Length: 34.9 centimetres. 

British Museum, Department of Greek and Roman antiquities, Museum number 

1856,1226.700. Available from: http://www.britishmuseum.org/research.aspx 487 

Figure 388: Bronze patera, early 1st century A.D. Length: 37.5 cm. 

AccessionNumber: 1989.281.87 Available from: 

http://www.metmuseum.org/collection .................................................................. 488 

Figure 389: Shallow bronze sacrificial patera with horizontal handle and 

out-turned rim on a low foot-ring and with a central raised umbo bordered with 

concentric cycles. The handle terminates in a dog’s head. Height 3.9cm, rim 

diameter 19.8 cm, base diameter 7.3cm, length of handle 13.8 cm. Eggers type 

155 (Kraskovska, 1978, p. 75). ................................................................................. 488 

Figure 390: Shallow bronze sacrificial patera with horizontal handle and on 

a low foot-ring and with a umbo. The handle terminates in a ram’s head. Rim 

diameter 25.8 cm, base diameter 12.5 cm, length of handle 12.1 cm. Eggers type 

155 (Kraskovska, 1978, p. 78). ................................................................................. 489 

Figure 391: Bronze oinochoe with handle decorated with a figure of the 

wine-god Bacchus as a child (right). Height 17.78 cm. British Museum, Department 



 

xl 

 

of Greek and Roman antiquities, Museum number 1856,1226.656 Available from: 

http://www.britishmuseum.org/research.aspx....................................................... 490 

Figure 392: Small cast bronze Roman jug. There is a cow figure at the neck 

of the jug, and the handle terminates in a gorgon head. From burial two, one of 

two early 2nd century AD Romano-British burials discovered at Turner's Hall Farm. 

Available from: http://www.stalbansmuseums.org.uk ........................................... 490 

Figure 393: Large cast bronze Roman jug. The figure at the neck of the jug 

may be Silenus, a god of wine similar to Bacchus, a suitable choice for a wine jug. 

From main burial one, one of two early 2nd century AD Romano-British burials 

discovered at Turner's Hall Farm, Wheathampstead, Hertfordshire Photo number 

PX1103 PX1099 Available from: http://www.stalbansmuseums.org.uk ............... 491 

Figure 394: Bronze oinochoe with the handles terminating in a female head 

at the top and a satyr's mask on the body. 420BC-400BC. Ancient Greek. Height: 

16.51 cm. British Museum, Department of Greek and Roman antiquities, Museum 

number 1884.0806.1.  Available from: 

http://www.britishmuseum.org/research.aspx....................................................... 491 

Figure 395:  Polhov Gradec (SI), dépôt 2 [1883], c. 350/425, retrieved from 

the online encyclopaedia of small finds Available from: 

http://artefacts.mom.fr/en/home.php .................................................................... 492 

Figure 396: Bronze small finds attributed to a patera. Cambridge, Clay 

Farm (GB) (Evans 2008, p.164, pl.3.13) (left) and Villetelle, Ambrussum (34), 

applique isolée (Feugère 1986a, p.98, fig. 78, n°13)(right). Examples retrieved 

from the online encyclopaedia of small finds Available from: 

http://artefacts.mom.fr/en/home.php .................................................................... 493 

Figure 397: Habitat rural, region (Canny) example retrieved from the online 

encyclopaedia of small finds (left) Available from: 

http://artefacts.mom.fr/en/home.php.  Feet from bucket from Slovenia, length 6.6 

cm, width 2.4 cm. (Kraskovska, 1973, p.63) (right). .............................................. 493 

Figure 398: Bronze feet associated to jug shapes. Example retrieved from 

the online encyclopaedia of small finds Available from: 

http://artefacts.mom.fr/en/home.php .................................................................... 494 

Figure 399: Drawing of the vessel, side and top view, created in 3D Studio 

max (Image author’s own). ....................................................................................... 498 

Figure 400: Rendering of the vessel, side view, created in 3D Studio max 

(Image author’s own). ................................................................................................ 498 

Figure 401: Rendering of the vessel, top view, created in 3D Studio max 

(Image author’s own). ................................................................................................ 499 

Figure 402: Proposed reconstruction of the oinochoe. Rough estimation of 

curvature and height based on the surviving evidence (Image author’s own). .... 500 



   

xli 

 

Figure 403: Screenshot from 3d studio max, showing the distance views of 

the whole vessel (top) and the details (below). Clockwise from top left, view from 

Camera001, 002, 004 and 003 (Image author’s own). ........................................... 501 

Figure 404: Renderings with a material that resembles the optical 

properties of the Plexiglas applied to the modelled parts. Distance views (top) and 

details (below) (Image author’s own). ...................................................................... 502 

Figure 405: Renderings with a greenish material that resembles the optical 

properties of matt plastic or painted gypsum applied to the modelled parts. 

Distance views (top) and details (below) (Image author’s own). ............................ 502 

Figure 406: Renderings with an image of the handle as diffuse colour map. 

Distance views (top) and detail (below) (Image author’s own). .............................. 503 

Figure 407: Renderings with a cellular diffuse colour map applied to the 

modelled parts. Distance views (top) and detail (below) (Image author’s own). ... 504 

Figure 408: Renderings with a cellular diffuse colour map with different 

tiling applied to the modelled parts. Distance views (left) and details (right) (Image 

author’s own). ............................................................................................................ 505 

Figure 409: Rendering of the restored handle created in 3D Studio max 

(Image author’s own). ................................................................................................ 507 

Figure 410: Renderings from different views of the modelled missing part 

created in 3D Studio max (Image author’s own). .................................................... 508 

Figure 411: Iron pocket sundial fragments (Image author’s own). ........... 510 

Figure 412: The nocturnal sundial (left) and its assembly (right) (Waugh, 

1973). .......................................................................................................................... 513 

Figure 413: Equatorial sundial, top (left) and side view (right) (Waugh, 

1973). .......................................................................................................................... 513 

Figure 414: Microscopic details of numerals, clear visualization of the 

stippling in a relatively well preserved area (Image author’s own). ....................... 514 

Figure 415: Microscopic details of numerals, indication of stippling in a 

damaged area (Image author’s own). ....................................................................... 514 

Figure 416: Accumulation of deposits, dirt and salts in the interface 

between the iron and the chalk (Image author’s own). ........................................... 515 

Figure 417: Deposits, encrustation and corrosion products on the surface, 

microphotograph (Image author’s own). .................................................................. 515 

Figure 418: Cracks, microphotograph (Image author’s own). ................... 516 

Figure 419: Area of loss, microphotograph (Image author’s own). ........... 516 

Figure 420: Sundial fragment, digital, greyscale image (top) and IR image 

(below) (Image author’s own). ................................................................................... 517 

Figure 421: Sundial fragment, digital, greyscale image (top) and IR image 

(below) (Image author’s own). ................................................................................... 518 



 

xlii 

 

Figure 422: Digitised radiographs. Image for the Archive of the 

Southampton City Council, Arts & Heritage............................................................. 519 

Figure 423: The sundial, detail, clock wise from top left, digital image, RTI 

visualization in default and specular enhancement rendering mode and normal 

map. RTI provide enhanced visualization of the surface topography, including the 

sundial furniture and degradation features (Image author’s own). ....................... 520 

Figure 424: The sundial, clock wise from top left, digital image, RTI 

visualization in default and specular enhancement rendering mode and normal 

map. RTI Visualizations emphasizing damage, cracks and encrustations (Image 

author’s own). ............................................................................................................ 521 

Figure 425: The sundial, clock wise from top left, digital image, RTI 

visualization in default and specular enhancement rendering mode and normal 

map (Image author’s own). ....................................................................................... 522 

Figure 426: The sundial, RTI visualization with hour’s line revealed (Image 

author’s own). ............................................................................................................ 523 

Figure 427: The sundial, RTI visualization with hour’s line revealed (Image 

author’s own). ............................................................................................................ 523 

Figure 428: The two fragments, non-photorealistic rendering. A) Highly 

unlikely scenario of positioning the small fragment on top of the larger one. B and 

C) Most likely scenario of positioning the small fragment upside down, on top of 

the larger one (Images author’s own). ..................................................................... 524 

Figure 429: First interpretation of the sundial, sketches. Image for the 

Archive of the Southampton City Council, Arts & Heritage. ................................... 525 

Figure 430: Renderings of the sundial. Nocturnal sundial (Image author’s 

own). ........................................................................................................................... 527 

Figure 431: Renderings of the sundial. Equatorial sundial (Image author’s 

own). ........................................................................................................................... 528 

Figure 432: Names assigned to fragments of jug No 366 ......................... 639 

 

 

List of accompanying materials 

A USB stick containing the Digital Library (see Appendix D for structure of the digital 

library, contents, file formats and naming convention) is submitted as accompanying 

material.  

  



   

xliii 

 

DECLARATION OF AUTHORSHIP 

I, Eleni Kotoula, declare that this thesis and the work presented in it are my own and 

has been generated by me as the result of my own original research. 

Virtualizing Conservation: Exploring and Developing Novel Digital Visualizations for 

Preventive and Remedial Conservation of Artefacts 

I confirm that: 

1. This work was done wholly or mainly while in candidature for a research degree 

at this University; 

2. Where any part of this thesis has previously been submitted for a degree or any 

other qualification at this University or any other institution, this has been 

clearly stated; 

3. Where I have consulted the published work of others, this is always clearly 

attributed; 

4. Where I have quoted from the work of others, the source is always given. With 

the exception of such quotations, this thesis is entirely my own work; 

5. I have acknowledged all main sources of help; 

6. Where the thesis is based on work done by myself jointly with others, I have 

made clear exactly what was done by others and what I have contributed 

myself; 

7. Parts of this work have been published as:  

Kotoula, E. (2013) Microscopic RTI of gilded silver discs from the Derveni tombs, 

Macedonia, Greece. IN: Duffy, S. (ed.) Multi-light Imaging for Heritage Applications. 

English Heritage, 21–23.  

Kotoula, E. (2013) Application of RTI in Museum Conservation. IN: Earl, G., Sly, T., 

Chrysanthi, A., Murrieta-Flores, P., Papadopoulos, C., Romanowska, I. and Wheatley, D. 

(eds.) Archaeology in the Digital Era. Volume II. E-Papers from the 40th Annual 

Conference of Computer Applications and Quantitative Methods in Archaeology (CAA), 

Southampton, 26-29 March 2012. Amsterdam: Amsterdam University Press, 232-240. 

Kotoula, E. and Earl, G. (2015) Integrated RTI Approaches for the Study of Painted 

Surfaces. IN: Giligny, F, Djindjian, .F., Costa, L. Moscati, P. and Robert, S. (eds.) 

CAA2014. 21st Century Archaeology. Concepts, methods and tools. Proceedings of the 



 

xliv 

 

42nd Annual Conference on Computer Applications and Quantitative Methods in 

Archaeology, Paris, 22-25 April 2014, Oxford: Archaeopress,123-134 

Kotoula, E. and Earl, G. (2015) Digital Research Strategies for Ancient Papyri: A Case 

Study on Mounted Fragments of The Derveni Papyrus. IN: Giligny, F, Djindjian, .F., 

Costa, L. Moscati, P. and Robert, S. (eds.) CAA2014. 21st Century Archaeology. 

Concepts, methods and tools. Proceedings of the 42nd Annual Conference on Computer 

Applications and Quantitative Methods in Archaeology, Paris, 22-25 April 2014, 

Oxford: Archaeopress 145-156. 

 

Date: 1 September 2015 

 

 

 



   

xlv 

 

Glossary  

Algorithmic rendering is a mathematical method that can apply selected 

mathematical “filters” to a sequence of digital photographs of a cultural or 

natural history subject. The result is a new digital image of the subject 

disclosing its features in a new and useful way. 

Augmented reality (AR) refers to a system in which the user views and acts 

within an enhanced version of the real world. The enhancements are virtual 

(computer-generated), and can include objects or information.  

Automatic identification and data capture (AIDC) is a group of methods for 

automatic identification of objects, collecting data about them, and entering 

that data directly into computer systems, such as Radio Frequency 

Identification (RFID) and bar codes. 

Bidirectional reflectance distribution function (BRDF) describes how a 

material interacts with light, defines a material’s property to distribute light, 

characterises the colour of a surface as a function of incident light according to 

the direction of a viewing. 

Bump mapping stimulates the surface irregularities without the need for 

geometric modification. 

Computer vision is the science of endowing computers or other machines 

with vision, or the ability to see.  

Diffuse colour mapping is a common materials modelling technique. The map 

assigns a pattern or texture to a material's diffuse colour. The colours of the 

map replace the material's diffuse colour component.  

Haptics is a vibration or other tactile sensation received from a computer or 

electronic device.  

Hemispherical Harmonics (HSH) is a model of distribution across a 

hemisphere of directions. 

MAXScript is the built-in scripting language for Autodesk
 ® 

3ds Max
 ® 

and 

Autodesk
 ® 

3ds Max
 ® 

Design. 
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Mesh is a collection of vertices, edges and faces that defines the shape of an 

object. 

Mixed reality (MR) refers to a system that combines real and virtual objects 

and information (Bowman, 2008).   

Normal is a unit vector that is perpendicular to the plane tangent to the 

surface at the given point. It is usually taken to be pointing outward away from 

the surface.  

Normal map consist of red, green, and blue values translates to x, y, and z 

coordinates, allowing a 2D image to represent depth and fake lighting details 

based on the colour associated with the 3D coordinate.  

Point cloud is a cloud of points, a set of data points in 3d space intended to 

represent the external surface of an object. 

Rendering is the conversion of a high-level object-based description into a 

graphical image for display. 

Soft-box is commonly used photographic equipment which provides a diffused 

soft light. 

Specular enhancement is one of the rendering modes available in software 

used to access rti and ptm files. The specular enhancement algorithm 

separates the shape-based reflections and the diffuse RGB colour.  

Specular imaging is a set-up used for photographic documentation of 

artefacts. According to the position of the light source and the camera in 

relation to the object, either parallel or opposite, the specular properties of the 

object can be documented. 

Texture mapping is the technique used to enhance a 3d model by warping a 

2D texture map onto its surface.  

Trans-illumination RTI is a computational visualization of an object derived 

from a dataset of transmitted images captured in the visible spectral area. The 

camera records the visible light transmitted through the object.  
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Trans-irradiation RTI computational visualization of an object derived from a 

dataset of transmitted images captured in the near infrared spectral area. The 

camera records the radiation transmitted through the object. 

Virtual reconstruction/restoration is defined as the reconstruction/ 

restoration of something not physically existing but made by software to 

appear to do so.   

Virtualization is defined as the conversion to a computer-generated simulation 

of reality, a virtual version of something. 

Visualization is defined as the process of making something visible to the eye. 

The process of creating digital surrogates that can be viewed in order to 

represent the appearance of things. 

 

  

http://www.oxforddictionaries.com/definition/english/simulate#simulate__9


 

xlviii 

 

Acknowledgements 

I would like to record my deep appreciation and gratitude to my supervisor 

Professor Graeme Earl. In addition, my thanks go to Dr Despoina Ignatiadou for 

her recommendations regarding the artefacts from the Derveni Tombs and to 

the Archaeological Museum of Thessaloniki for providing access to such an 

interesting collection. I am grateful to Aikateriki Peristeri and Maria Kyranoudi 

for their support regarding the numismatics case study in the Archaeological 

Museum of Amphipolis. Particular thanks are due to Dr Andrew Meirion Jones, 

Dr Alistair Pike, Professor David Peacock, Kirk Martinez, David Allen, and Jill 

Woolrich. My thanks must also go to the staff of the University of 

Southampton, the Archaeological Museums of Amphipoli and Thessaloniki and 

The British Museum, the Hamshire City Council, the Hampshire Wardrobe and 

the muvis centre.  

This research was inspired whilst I was working as a conservator for the 

Archaeological Institute of Macedonian and Thracian Studies in the laboratories 

of Archaeological Museum of Thessaloniki in archaeological material excavated 

by Basiliki Misailidou-Despotidou and Eleni Trakasopoulou. I am grateful to 

them as well as to the Head of Conservation department of the Museum, 

Androniki Kapizioni and the conservators Sonia Athanasopoulou and Vasiliki 

Michalopoulou. 

My gratitude goes to my family, Theodoros, Chrisi and Maria for their support 

and encouragement.  Maria, Stella and Gogo also come in for extra thanks for 

their friendship over the past years. I would also like to thank all of my 

colleagues for the inspirational conversation during my time at Southampton, 

as well as my friends and housemates. Last but not least I would like to thank 

George.  



 

 

1 

 

Part 1: Current digitization and imaging 

approaches 

Chapter 1:  Introduction 

1.1 Conservation of antiquities and works of art 

The conservation of antiquities and works of art is caught between the double 

function of artefacts; as both resources for archaeological and historical 

information and as displayable objects; as it attempts to control the processes 

of decay, minimise deterioration, and prevent alterations and damage. The 

cornerstone of conservation is the requirement for long term preservation, 

balanced with the needs to investigate and interpret, access, use, display and 

reveal objects and their attributed values. These ideas were reflected on the RIP 

(Revelation-Investigation-Preservation) balance diagram
1

 (Graph 1), a triadic 

graph which presents the aims of conservation (Caple, 2000) and the 

conservation conceptual model
2

 (Watson, 2010) (Table 1) According to the first 

Article of the Professional Guidelines published by the European Confederation 

of Conservators-Restorers’ Organizations (ECCO, 2002), the role of 

conservation is not restricted to the ‘preservation of cultural heritage for the 

benefit of present and future generations’, but also covers ‘the perception, 

appreciation and understanding of cultural heritage in respect of its 

environmental context and its significance and physical properties’. Hence, 

conservation treatment takes into consideration contradictory aspects of 

                                           

1

 The triadic graph incorporates the three opposing goals; revelation, investigation and 

preservation and includes main conservation actions, such as recording, non-

destructive and destructive analysis, gap filling, in painting and recording as well as 

the basic conservation sub disciplines, those of archaeological and fine art 

conservation. In each corner of the triangle an extreme conservation action is located; 

the destructive analysis for investigation, reburial for preservation and in painting for 

the revelation. Actions of less extreme character are located in the space between 

these extremes. 

2

 The matrix presents the main conservation objectives; accessibility, durability, 

integrity and practicality related to four conservation actions, namely investigation, 

intervention, prevention and communication. In the intersection boxes the sub actions 

executed in the service of conservation objectives are presented.   



 

2 

 

artefacts, both the material and the conceptual, the tangible and the 

intangible, and not only the scientific but also the aesthetic (Pye, 2001). 

 

 

 

Graph 1: The aims of conservation displayed using the RIP balance diagram 

(Caple, 2000, p.34). 
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Table 1: The elements of conservation: A conceptual model (Watson, 2010, 

p.12). 
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Ward (1986) recalls the words of a speaker in the Hungarian Institute of 

Conservation and Methodology of Museums during the 1970s, which 

characterised conservation-restoration interventions as ‘a race against time’. In 

such a race every alteration, form of damage and evidence should be carefully 

examined, in order to lead to conclusions regarding characterization of the 

object and its condition.  These features, which are formed during the 

artefacts’ ‘life’, are the basic components for the exploration of the biography 

of the artefact
3

. Moreover, the same features, in addition to the intangible 

aspects of the artefact, determine the goal of treatment and treatment type 

(conservation decision making). The changes introduced during treatment, 

after discovery, and throughout the artefact’s museum life, including treatment 

history, not only in appearance (including geometry, colour and texture), but 

also in chemical structure, are among the most influential processes that 

determine the artefact’s future, and dramatically affect its interpretation. 

Remedial treatment has a direct influence on chemical and physical properties 

of the objects, while preventive conservation or environmental preservation 

activities affect the object indirectly, as they can change its condition by 

altering its environment (see also Appendix A1). As a result, conservation can 

be understood as an open window to the artefact’s past, and one of the most 

influential parameters for its future. There is no doubt that it is necessary to 

fully understand every conservation operation as an episode of unique 

significance during an artefact’s lifetime (Appelbaum, 2007).  

1.1.1 Applied conservation research 

Applied conservation research aims to development alternative methods, able 

to efficiently deal with an artefact’s conservation problems complexity. The 

new strategies under development have to be in accordance with 

conservation’s ethical and theoretical background, taking under consideration 

the ideas of post-minimal intervention as an attitude (Villers, 2004) and re-

treatability (Appelbaum, 2007), so as to secure the durability and protect the 

material and aesthetic integrity of the object, as well as its intellectual 

meaning. Moreover, the proposed methodologies have to respect conservation 

                                           

3

 The idea of artefact biographies has been extensively discussed in literature (Schiffer 

and Miller, 1999; Gosden and Marshall, 1999; Jones, 2002)  
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objectives by providing enhanced accessibility to artefacts, whilst being 

practical, cost-effective and affordable. However, meeting conservation 

objectives, usually conflicting ones, is not a straightforward process, due to 

the sensitive balance between the ethical considerations and practicalities of 

conservation. The way the ethical and theoretical basis of conservation informs 

practice, while conservators are in search of the ideal state
4

 of the artefact, 

results in conservation dilemmas, which have been a matter of scientific 

controversy and debate. For example, in case of objects with long biographies 

conservation decisions may lead to different ideals states, each one 

emphasizing the appearance of the object in different events.   

Conservation theory has discussed the multi-level relation of science and 

technology with conservation.  The development of physicochemical 

techniques (art diagnostics, archaeometry, materials’ characterization) and the 

application of scientific methodology in conservation enforced objectivity. The 

relatively unbalanced contribution of science in ‘resolving dramatic 

conservation problems’, or in other words the tendency to ‘keep away from the 

dangerous domain of practical conservation’ (Vaccaro et al., 1996, p. 427), 

was criticised in the conservation literature, as was the damage caused by the 

unjustified sense of the superiority of technology, and as a result the 

‘modernization’ of materials and processes without accurate scientific 

justification (Vaccaro et al., 1996, pp. 426). Hence, the need to ‘develop 

conservation processes and materials and test them by application’, as 

proposed by Pye (2001, p.180) as a prerequisite for their successful 

implementation in conservation, is reasonable. 

1.2 Scope and Contribution 

The history of conservation demonstrates that attitudes have changed, and the 

modern conservator has little in common with his/her predecessors. The 

development of a scientific methodology replaced the empirical knowledge of 

the past. Imitative conservation was followed by the purism movement, which 

                                           

4

 The concept of ideal state has been a milestone is conservation theory and decision-

making methodology. It is defined as a past, evidence-based state of an artefact that 

best represents its values (Appelbaum, 2008).  
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afterwards gave way to minimalistic approaches towards conservation
5

. We are 

experiencing the post-minimal conservation era, where there is greater 

acceptance of virtual restoration. Nevertheless, the latter has been criticized as 

being largely a substitute for the proposed intervention, and not an active tool 

that takes part in conservation operations, which are not only the most 

demanding field but also the one that has received in general the least 

contribution (Ashley-Smith, 2000).  Consequently, practical techniques should 

be developed, which meet the needs of complex treatment dilemmas, and 

bridge the gap between pure scientific knowledge and useful solutions, 

achieving hi-tech conservation
6

 with high-efficiency results (Munoz-Vinas, 

2005). 

This thesis builds on these ideas, and assesses computer applications in 

conservation methodology. It introduces the concept of conservation 

virtualization in an attempt to provide advanced digital analogues to traditional 

techniques, which overcome the deficiencies and problematic aspects of 

conservation methodology. It aims to demonstrate the contribution of digital 

technology by emphasizing individual aspects of conservation practice, 

including recording and documentation, examination and investigation as well 

as remedial treatment. It attempts to provide an insight into the relationship 

between traditional approaches and computational tools, as well as between 

the physical, virtual artefact and the conservator. All the methodologies under 

discussion are restricted to the use of non-invasive techniques, which are in 

accordance with contemporary museum standards and conservation ethics, 

and meet the needs of conservation objectives.   

The scope of the thesis is the enhancement of conservation methodology 

through virtualization; meaning the (1) development of computational imaging 

techniques for enhanced examination and visual analysis, (2) assisting 

interventive treatment with 3d modelling and 3d reproduction techniques and 

(3) supporting conservation documentation via workflows and virtual 

                                           

5

 For a discussion about the history of conservation see, for example, Conti (2007) and 

Keck (1996).  

6

 The term hi-tech conservation was introduced in conservation literature by Munoz-

Vinas, closely related the use of a large amount of resources for the conservation of 

specific object (2005, 203).  
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reconstruction. This thesis answers two key research questions: does 

conservation virtualization: actually exist, and if it does, is it acceptable? There 

is an obvious parallel with the edited volumes ‘Reversibility: does it exist?’ 

(Oddy and Carroll, 1999) and ‘Restoration: is it acceptable?’ (Oddy, 1994). 

Now, almost two decades after the publication of these volumes, society and 

the cultural heritage sector have changed. New ideas emerged, and 

conservation has achieved a more mature level of development, especially in 

terms of the available technology, as recent advances have revealed new 

horizons and propelled new applied conservation research. Revisiting these 

research questions from a contemporary perspective, using novel technologies, 

is crucial, because the same ethical background is the guiding principle for the 

development of new conservation practices.  

This thesis brings together knowledge from conservation theory and practice, 

as well as expertise from the fields of computer visualization and imaging. The 

contributions are not limited to conservation, but intended to be relevant to 

the cultural heritage sector in general, including artefact studies and 

museology. The contributions are also relevant to the field of archaeological 

computing. This research goes beyond the typical limits of archaeological 

computing, such as appreciation, virtual reconstruction, computational analysis 

and replication, as it aims at a transformation of original archaeological 

material in the physical world, not only in virtual environments. There is also a 

contribution in the area of computer applications via the development of novel 

imaging and digitization techniques. Considering the high level of complexity 

of artefacts and their conservation needs, computer applications in 

conservation practice is an area of research with great potential for the further 

development of computational methodologies, which can potentially be 

applicable in other scientific fields as well.  

At a theoretical level this thesis contributes to conservation by providing a 

summary of the main problematic aspects of practice and conservation 

dilemmas, including preventive conservation, recording and documentation, 

visual analysis and interventive treatment (section 2.2). Moreover, it presents 

an overview of the current state of research and practice in the field of digital 

restoration, digitization, computational analysis and documentation in 

conservation (section 2.3). This overview is missing from the conservation 
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literature, even if there is a long list of publications focused on individual 

aspects of the methodology.   

Also, it provides a review of the published work for digital capture techniques 

(Chapter 3), including the imaging in the visible (section 3.2), infrared and 

ultraviolet spectral region (section 3.3.1), as well as radiography (section 

3.3.2), 3d visualization (section 3.5) and volume rendering techniques (section 

3.4), not limited to their straight application, but also covering synergistic 

approaches to digital capture of artefacts (section 3.6).  

It critically approaches the digital capture techniques, and provides a 

comparative analysis based on conservation needs (section 4.3.1). 

Undiscovered areas for improvement and problematic aspects are defined, 

leading to a list of proposals for the development of low-cost and easy 

techniques, with a particular emphasis on conservation objectives (section 

4.3.2). Because computational tools are not designed to deal with the 

complexity of conservation needs, the aim is to propose necessary 

transformations and develop new methodologies, able to provide solutions to 

conservation dilemmas and answers to technological problems. Moreover, this 

thesis presents a critique for the potential of virtual and physical artefacts, 

covering the contradictory issues of debate for their use in conservation 

(section 4.2.1). The implementation of novel mixed-reality approaches in 

conservation is also proposed, in order to bridge the gap between virtual 

reality and the physical world, and overcome practical conservation problems 

(section 4.2.2). The proposed techniques are mapped on RIP schemas, and 

their potential to alter the dynamics of conservation is clearly defined (section 

4.5).  Enhanced 3d strategies and systematization approaches for conservation 

documentation are presented (section 4.4).  

At the experimental level the proposed methodologies are applied to a 

carefully selected, complex, highly deteriorated and demanding group of 

artefacts, covering a variety of material and artefacts types (section 5.2). An 

evaluation methodology is designed and implemented, so as to reach safe 

conclusion about the efficiency of the novel methodologies tested. The key 

research question is the ability of the proposed enhanced digitization and 

imaging techniques to facilitate virtual visual analysis (Chapter 5). The latter is 

the first step towards the virtualization of conservation, which is extended to 
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the virtualization of remedial treatment, with the experiments dealing with 

fragment matching, replacement of lost material and re- de- restoration case 

studies (Chapter 6). 

The main contributions at the experimental level are the evaluation of virtual 

visual analysis and the virtualization of remedial treatment. The former is 

facilitated via the development of new methodologies such as the microscopic, 

multispectral, trans illumination and irradiation reflectance transformation 

imaging (RTI) (section 5.3) and photogrammetry (PG) (section 5.4). This 

experimentation includes the design of new devices for data capture (section 

5.3.1.1.1) and the application of an evaluation framework (section 5.5). 

Although the standard RTI and PG methodologies are increasingly being used 

in cultural heritage, no attempt has, to my knowledge, been made for any type 

of formal evaluation as far as the benefits for conservation are concerned. This 

is a significant drawback in the understanding of the limitation of the 

techniques, their development and successful implementation in conservation 

practice. This thesis aims to overcome this deficiency, gain a better 

understanding of the abilities and limitations of the techniques, and 

consequently lead to their broader appreciation and more focused 

applications. 

The virtualization of remedial conservation (Chapter 6) is focused on three 

common conservation operations; the fragments’ identification (section 6.2), 

gap-filling (section 6.3) and de- re-restoration (section 6.4). The alternative 

gap-filling methodology proposed is facilitated via the 3d digitization and 

virtual reconstruction, followed by 3d printing. In that sense the whole 

restoration process can potentially be transferred to a virtual environment, 

indicating a significant step towards preventive conservation, eliminating the 

risk of handling and manual operations, while at the same time it provides 

advanced options for conservation decision making. The re- and de- restoration 

case study is included in an attempt to approach conservation decision making 

virtually. The framework, derived from conventional conservation treatment 

transferred to a virtual conservation laboratory, is a novel approach not tested 

before in the numerous virtual reconstruction case studies presented in the 

literature. Similarly, the comparative analysis of digital and manual execution 

of conservation operations has never been explored, even if computer 
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scientists have achieved many developments in the field of digital refitting and 

automatic fragments matching, using as case study demanding problems and 

iconic artefacts. The comparative analysis of digital refitting for digital 

fragments matching and traditional fragments identification for manual 

fragments matching does not have as its goal the comparison of the outcomes. 

It is well known that the same result can be achieved both manually and 

digitally. On the contrary the scope is to compare the processes themselves. 

Focusing on the methodological aspects in such experimentation can 

potentially enhance our understanding about the interrelationships between 

the physical and virtual objects and the conservator. In order to achieve this 

goal, the use of semi-automatic fragments matching is preferred instead of 

digital refitting algorithms. The methodological comparison is not restricted to 

the fragment matching methodology, but also includes the documentation 

strategies for both virtual and physical operations.  

1.3 Computing and conservation practice 

In conservation the main contribution of archaeological computing has been 

the visual representation of objects, for recording, documentation and 

dissemination as well as virtual reconstruction. Although these are considered 

to be valuable contributions to the field, many issues have not been yet 

addressed. Informational preservation has been the focus of computer 

application and no attempts have been made towards the virtualization of 

conservation. The only practical operation which has been explored so far is 

fragments matching, which due to computer constraints cannot fulfil the 

conservation requirement of practicality (see section 2.2.2.2 for a discussion 

about fragments matching problems and section 2.3.2.3 for a literature review 

on digital refitting). Considering the high level of complexity of artefacts and 

their conservation needs, computer applications in conservation practice is an 

area of research with great potential for the further development of 

computational methodologies. It should be considered as an action of respect 

towards the remnants of the past, which encapsulates the notion, the ideas 

and the vision of contemporary conservation theory.   

The main reasons to include digital applications are relevant to a broad area of 

conservation practice, such as visual analysis, decision making and treatment 
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proposal, conservation intervention, documentation and dissemination (Graph 

2). The following list summarizes the demands of conservation practice.   

 Efficient and affordable examination techniques as the complexity of 

artefacts cannot be dealt with effectively using conventional approaches  

 Limited human-object interaction due to the fragility of artefacts 

 Justification and testing of treatment proposal in accordance with 

conservation practice 

 Development of better interventive treatment methodology able to 

overcome the deficiencies of conventional approaches 

 Systematization as the discipline matures, novel treatment methodologies 

are developed and new schemes for digital documentation for artefacts and 

processes have emerged. 

 

 

Graph 2: Correlation of conservation problems to needs (Graph author’s own).  
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In the following sections, areas of conservation practice with particular interest 

for the present thesis are introduced and the potentials of 3d technology are 

presented.  

1.3.1 Visual analysis  

Undoubtedly visual analysis is a milestone in conservation practice, which 

seeks to provide data relevant to structure, materials and manufacture, 

damage and use of the object (Fell and Watson, 2008). Any ineffectiveness may 

have an impact on the material and its integrity, by enforcing inappropriate 

conservation decision making, which may eventually lead to misinterpretation 

of the object. Optical microscopy, hyper-multispectral imaging and 

radiographic techniques are the most common visual analysis tools (Caple, 

2006; Fischer and Kakoulli, 2009; Biek, 1963; Lang and Middleton, 1997)  

The inadequate preservation of artefacts, their fragility and often their 

uniqueness and rarity, result in strict museum policies towards human-object 

interaction, and hence limited access to the archaeological and/or historical 

evidence for researchers. Conventional visualization methodologies cannot 

meet the level of detail required for conservation visual analysis. Hence, there 

is a clear need for the development of non-contact and non-destructive 

examination techniques, able to facilitate effective virtual visual analysis.  

Although visual analysis tools contribute in the examination of the artefacts, 

they lack adequate three-dimensional representation, one of the most crucial 

aspects for the perception of objects. A characteristic example is the case of 

radiography (section 3.3.2), which is the most rapidly advancing technique in 

the field, able to provide 3d solutions via the use of 3d tomography, one of the 

most valuable tools for the examination and investigation of objects (section 

3.4). Nevertheless, 3d alternatives for microscopy and multispectral imaging 

able to assist conservation are either at an early stage of development or rarely 

used.  For example, microscopic examination, considered as the eyes of 

conservators (Oddy, 1982), is largely affected by the correct perception of 

three-dimensionality. During stereomicroscopic examination in increased 

magnification, a significant reduction in the depth of field is observed, leading 

to a false two-dimensional effect, which does not represent reality (Caple, 

2006). Also, lighting is important in visual analysis and in particular in 
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microscopy, as directional light emphasises texture and enables better 

appreciation of a material’s appearance. Brill states that  

“Normal light illumination exists when light beams of equal intensity are 

incident onto the surface at more or less a right angle. No textual 

shadows appear in this light…..if light is projected across a surface, 

textures cast shadows and show sharp relief” (Brill, 1980, p.101).  

A potential solution would be the use of 3d microscopes, primarily used for 

biomedical imaging, but in practical terms it is impossible due to the high level 

of expertise required, the cost and computational power necessary to process 

the datasets. Three dimensional microscopes are high technology equipment 

and can only be found in specialised centres. In many cases the sample needs 

to be prepared in advance. From the above it becomes obvious that the state of 

3d microscopy research cannot provide solutions to the perception of three-

dimensionality at the microscopic level for conservation purposes at the 

moment. This is a field of great potential for conservation, and future research 

may potentially lead to useful discoveries. The need for experiencing the third 

dimension also applies to other visual analysis tools, such as multispectral 

imaging. Nevertheless, the research toward the development of 3d 

multispectral approaches is limited.  

Advanced digital analogues of traditional non-digital techniques can assist in 

examination and analysis of materials, as well as in condition assessment. 

Their contribution in the perception of three-dimensionality of objects is 

practically indispensable (Table 2). In the visible range spectrum, 

computational imaging can provide valuable information about surface 

morphology, such as tool marks, alterations-anomalies of the surface, 

remnants of organic materials, unrecognisable decorative features and 

composition. Moreover, they can be used for the examination of modern 

additions and for condition monitoring, in order to study alterations to the 

artefacts, degradation mechanisms and past conservation treatment effects. 

Beyond the visible, the application of multispectral computational imaging 

enable the enhanced exploration of hidden features, while nuclear and 

computed tomography are powerful techniques for an in depth analysis of 

volumes and inner structure of artefacts.  
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Table 2: Non digital, 2D digital capture techniques and 3D analogues.  

NON-DIGITAL 2D 3D 

Drawing 

Film photography 
Imaging 

RTI 

Photogrammetry 

Laser scanning 

Film multispectral 

photography 

Hyper-multispectral 

imaging 

Multispectral RTI 

Multispectral 3D 

Film radiography Radiography 
Computed Tomography, 

Nuclear Tomography 

 

The use of these technologies in conservation practice is presented in section 

2.3, following a detail analysis in Chapter 3. The novel developments of these 

techniques proposed in this study are presented in section 4.3.2, and their 

application and evaluation in Chapter 5.  

1.3.2 Decision making, treatment proposal and intervention  

Because of the nature of conservation intervention, dilemmas are common.  In 

this research the following contradictory matters of scientific debate will be 

considered:  

 preservation versus use 

One of the main conservation objectives is providing access to artefacts for 

those who can benefit from them, both the academic community and the 

public. However, this use may lead to alterations and sometimes irreversible 

damage. Following a strict preservation strategy for museum collections can 

ensure their long-term stability, but simultaneously will isolate them from 

people, limiting their use for the present generation while securing their 

material integrity for the future researchers and museum visitors (for a 

discussion see section 2.2.1). 

 de-and re restoration dilemma 

The removal of previous treatments is a risky operation. The potential benefit 

of re-treatment should be taken under consideration without underestimating 

the significance of the previous restoration for the object’s biography, even if it 

is not appropriate by contemporary museum standards (for a discussion see 

section 2.2.2.5).  
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 re-treatability 

Interventive conservation treatment alters the appearance and the chemical 

properties of the object. The reversibility of such treatment and the future re-

treatability of the object is a practical and ethical dilemma for conservators.  

 restoration operations 

Restoration operations such as joining, reshaping, gap-filling and retouching 

are among the most controversial processes of conservation. Their execution 

has been a matter of scientific debate and their ‘acceptability’ still remains 

under discussion (see section 2.2.2).   

In addition to the already briefly mentioned ethical dilemmas there are a 

number of challenging practical issues for conservators in the area of 

preventive conservation (handling, storage and replication), remedial 

conservation (investigative cleaning, autopsies, micro-excavations and 

fragments identification) and restoration (joining fragments, gap-filling and 

retouching). Conservators seek to find the best approach in order to ensure the 

preservation of the object, without diminishing its research value and possible 

uses, taking into consideration any evidence, material and non-material. The 

conservation decision making is of equal importance to the treatment itself, 

and a most challenging task which demands objective judgement.  

During this stage 3d technology can assist in reaching a compromise in the 

case of complicated research projects. Computer graphics can test hypotheses 

and assure the most appropriate treatment. Furthermore, they can justify 

treatment proposals, in case of demanding projects, considering that the 

advances of computer graphics made ultra-realistic visualization possible. 

During conservation digital technologies can monitor and test operations in 

order to avoid irreversible damage. Less attention has been devoted to the 

incorporation of digital tools in conservation practice, which can potentially 

lead to enhanced conservation treatment, and overcome some practical 

limitations of traditional approaches in accordance with ethical requirements. 

In the future computer graphics and 3d printing technologies will probably 

represent and reproduce reality even more accurately, and their 

implementation will be more affordable and popular. These problems are 

analysed in Chapter 2 along with their digital solutions.  
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1.3.3 Conservation Documentation  

Conservation data and experience sharing, presentation and dissemination by 

means of appropriate and informative forms of publicity are crucial issues for 

conservation documentation. Such reports are of great importance for the 

preservation of cultural heritage and for the development of conservation 

science and practice. Data relevant to past conservation operations should be 

retrieved. Condition reporting and, if required, re-restoration of artefacts is 

more effective when accompanied by appropriate documentation of previous 

restoration. Issues related to condition monitoring and comparison as well as 

materials compatibility can be examined, conclusions for past conservation 

strategies, materials and equipment used can be recovered.  

There is a clear interest in the study of the museum lifetime biography of 

independent artefacts and specific collections, as well as the study of the 

development of conservation strategies. Open source science, workflows and 

provenance graphs, as well as the use of advanced technologies that enable 

easy online data sharing can improve common practices of archives research, 

documentation and dissemination-presentation of conservation projects. In 

particular, the adaptation of the techniques already mentioned will provide 

faster, up-to-date and more effective retrieving of trustworthy and meaningful 

data. Dissemination and presentation of data will become easier and faster. 

The ability of such technologies to safeguard data, in order to avoid 

dissemination of inappropriate, misleading, illegal or unauthorised 

information, is also worth mentioning. Considering the multidisciplinary nature 

of conservation, and the involvement of experts and researchers derived from 

different disciplines, co-operation is fundamental.  The potential scientific co-

operation automation provided by workflows in addition to the preservation of 

digital records and their provenance can improve documentation practices.  

Conservation documentation is discussed in section 2.2.3, including the ethical 

and legal background (section 2.2.3.1) current practices (section 2.2.3.2), 

problematic aspects (section 2.2.3.3) as well as the major issue of digital 

preservation (section 2.2.3.4). The potential of digital technology for 

documentation purposes is discussed in section 2.3.3. Proposals for computer 

visualization for conservation documentation purposes, provenance and 
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systematization are presented in section 4.4 and are evaluated in Chapters 5 

and 6.  

1.4 Chapter outline  

This thesis is divided in two parts. Part one presents the digitization and 

imaging approaches currently in use in conservation practice, and part two 

presents and evaluates the digital conservation methodology proposed. An 

outline of the thesis is provided below.  

Part one: Current digitization and imaging approaches  

Chapter 1: Introduction  

Chapter 1 is an introductory chapter, which presents the aims, contributions 

and structure of the present research. It provides the reader with the necessary 

background information and discusses technological problems and ethical 

issues raised, underlining the needs for the development of an enhanced 

methodology.   

Chapter 2: Digital technologies and conservation practice   

Chapter 2 presents the problematic aspects and dilemmas in conservation 

regarding the three basic types of conservation treatment, interventive 

conservation, preventive conservation and restoration and conservation 

documentation. It then discusses digital technologies used to overcome these 

problems.  

Chapter 3: Digital artefacts capture  

Chapter 3 focuses on techniques for digital capture of texture and colour, 

beyond visible, 3D and volume data. The requirements, technical background 

and applications of each recording strategy are examined, along with the 

proposed synergies in the published bibliography, providing an overview of the 

digital capture of artefacts. 

 

Part two: Evaluating and enhancing digital conservation  

Chapter 4: Introduction to part two 

Chapter 4 investigates the interactions between virtual and physical artefacts, 

and identifies areas requiring improvement and gaps in digital processes 

regarding digital capture and documentation. It proposes novel methodologies 

for digital capture and explores the implementation of mixed reality 
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approaches in conservation. It then maps the proposed techniques in RIP 

schemas so as to define the methodological changes proposed.  

Chapter 5: Virtual visual analysis   

Chapter 5 describes the experimental procedures for RTI and PG data capture 

and processing and evaluates the techniques based on the results on selected 

material studies.  

Chapter 6: Virtual and physical reconstruction 

Chapter 6 presents a methodological comparison of the manual process for the 

identification of fragments and joining and the digital process for virtual 

reconstruction. It investigates conservation decision making and restoration of 

incomplete artefacts via digital strategies. 

Chapter 7: Conclusions and recommendations for further work   

Chapter 7 summarises the experimental findings and reaches conclusions 

regarding the application of digital techniques in conservation. It addresses the 

issues discussed in the whole thesis, and proposes a new methodology for the 

study and conservation of artefacts. It then indicates the future directions of 

research in the field. 
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Chapter 2:  Digital technologies and 

conservation practice 

2.1 Introduction  

In the field of conservation virtual restoration has been criticized as being 

largely a substitute for a proposed intervention but not an active tool in 

conservation practice (Ashley-Smith, 2000). The application of digital 

reconstruction in conservation is discussed in this chapter, in order to draw 

attention to the new strategies, enriched with computational tools, which 

provide practical solutions and overcome the disadvantages of traditional 

techniques. Three-dimensional technologies can potentially play an actual role 

in interventive conservation treatment, restoration and preventive 

conservation.  

In the following section contemporary preventive conservation measures, 

remedial conservation and documentation approaches are presented, 

emphasizing the problematic aspects of practice. Technological needs are also 

discussed, as well as the potential of digital technology to overcome these 

problems.  

2.2 Conservation problems and dilemmas  

2.2.1 Preventive conservation 

Prevention includes managing risks, undertaking steps so as to prevent or 

minimise the possibility of undesirable future states (Ashley-Smith, 1999). 

Historically the attitude towards preventive conservation has changed in 

accordance with museum and research practices. During the nineteenth and 

the beginning of the twentieth century protection measures were limited. 

Between the 1930s and the 1990s ideas of safe handling evolved. Although the 

guiding principle is that the objects should be subjected to the minimum of 

handling (Organ, 1968), changing views about the role of the museum and 

their relations with communities suggest that there is a clear demand for 

closer public interaction with the collections. The value of collecting and 
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safeguarding artefacts is respected, but the artefacts and their educational 

value is not the fundamental role of the museum. It is the ‘spaces, artefacts, 

visitors, and its place embedded within popular culture’ that form the museum 

experience and reflect the ideas and notion of New Museology (Stephen, 2001, 

p.298). 

Touching is considered as the most important interaction between humans and 

objects (Paterson, 2007).  

‘We need touch to understand objects in three-dimensional space, and to 

fully appreciate an object we are required to handle it… Combined with 

our other senses, we are able to understand the objects in a way that we 

would not have been able to understand by sight alone’ (Butler and 

Neave, 2008, p.133).  

Based on the above, there is a growing need for handling collections and closer 

interaction between visitors and artefacts (Figure 1). The advantages of 

handling objects have been discussed in the literature, including ‘The Power of 

Touch: Handling Objects in Museum and Heritage Contexts’ (Pye, 2007) and the 

‘Touch in Museums: Policy and Practice in Object Handling’ (Chatterjee et al., 

2008). Museums’ policies towards interaction with the collections have been 

criticized in a number of articles (Candlin, 2004; 2006). The main advantages 

of handling, based on Walker’s research (2013), are the enhanced learning and 

understanding of objects through touch, enabling also self-interpretation and 

bringing down barriers. Moreover, the handling of ancient or historic objects is 

a unique experience that connects us to the present and the past, and 

promotes a sense of respect for the material culture of past civilizations 

(Walker, 2013, pp.144-146). In addition to handling collections and closer 

public interaction with objects there is now a growing number of travelling 

exhibitions (Caple, 2011).  Consequently, the need for careful handling and 

development of alternative approaches for accessing the objects are pressing. 
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Figure 1: Handling session at the University of Oxford museums. Available 

from: http://www.museums.ox.ac.uk  

 

Parallel to the hands-on museum movement (Caulton, 1998), the hands-off 

conservation movement and the ideas of preventive conservation emerged. As 

a result of this paradox, controversial opinions towards interaction with 

artefacts appeared and the preservation-versus-use debate emerged. Moreover, 

the appreciation of handling collections and their more intense use in 

museums makes the handling of objects a timely issue which highlights the 

dilemma of preservation versus use. Even before modern conceptual schemas 

arose, codes of ethics discussed the balance between the social need to use 

the artefacts and their preservation. Scholars underline the vulnerability of 

museum collections to mishandling (Costain, 2011), and note that the 

consequences may be either complete loss or minor repairable damage. 

Moreover, they emphasize the potential loss of evidence due to improper 

handling (Miles, 2011). Contemporary museum standards are directed towards 

avoiding damages from handling, by recommending limited physical 

interaction, especially in the case of vulnerable artefacts, in order to forestall 

deterioration. Conservators try to avoid the obvious risk from physical 

interaction with artefacts as much as possible, particularly for objects in a poor 

state of preservation and/or vulnerable material types. For that reason, 

handling objects should be considered only when it is necessary. Manuals have 

been published by cultural organization (Pouliot et al., 2013; Shelley, 1987) 

and training sessions are provided, including e-learning tools (Museum of 

London, 2013) (Figure 2).  

http://www.museums.ox.ac.uk/drupal7/content/object-handling-opportunities
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Figure 2: Handling Museum Objects e-learning tool, welcome screen (Museum 

of London, 2013). Available from: 

http://www.museumoflondon.org.uk/Resources/e-learning/handling-museum-

objects/   

 

It is conservators’ duty to provide access to artefacts so that they can be used 

by scholars and the public, but Ree (2009) reasonably states that 

‘there is no point in keeping collections immaculate if you do not let 

anyone consult them, but you cannot do without exposing them to 

conditions that are liable to damage them and curtail their lease of life’ 

(Ree, 2009, p.3).  

Almost a decade earlier, Uprichard, a conservator from the British Museum, 

commented on this issue by stating that  

‘if the only function of the museum is to preserve collections, we’d have 

put them in a room, we’d lock them in a controlled environment and 

throw away the key’ (Candlin, 2004, p.76).  

http://www.museumoflondon.org.uk/Resources/e-learning/handling-museum-objects/
http://www.museumoflondon.org.uk/Resources/e-learning/handling-museum-objects/
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This scenario has not been the conservators’ choice so far, as they deeply 

appreciate the need to use collections, and see accessibility as one of the four 

major conservation objectives.  

The advantages of handling should not be overlooked for the sake of long term 

preservation of artefacts, but there is a need for careful, purposeful handling.  

Even after training, handling is not possible for fragile and rare museum 

artefacts, as it threatens their material integrity and may cause irreversible 

damage
7

. An alternative solution, when originals are not available or cannot 

withstand handling, is the use of replicas. Replication is a common practice for 

the protection and safeguarding of the original artefacts.  It has been proposed 

as a means of preservation for safe storage and display of fragile objects. The 

best approach in cases of challenging preservation, such as uncontrollable 

environmental conditions and extremely bad conservation states, is to record, 

copy and store securely the replica or to replace the original with the replica 

(Caple, 2000). It is also worth noting that the visual or written records are 

responsible for the preservation of a vast amount of knowledge from previous 

generations. Thanks to reproductions of artefacts, information related to 

cultural heritage has been saved after natural disasters or wars. Replicas have 

been proposed as an alternative to restoration, and in that sense they support 

the ideas of minimum intervention (Pye, 2001). Their value also goes beyond 

the scope of preservation, as replicas contribute significantly in education, 

archiving and recording. Worth mentioning is also the strong commercial 

interest for replicated museum objects. Traditional moulding and casting 

techniques used for the preparation of reproductions may potentially harm 

antiquities, as they require contact with the original material. In practical 

terms, their application to fragile artefacts is a demanding and time-consuming 

process that exposes artefacts to risk, even if protective facing is applied. The 

use of various tools and equipment may scratch or mark the surface, dislodge 

or remove pieces.  

                                           

7

 However, it is well known that touching artefacts is not the only museum practice that 

may have damaging effects on objects. For example, studies have proved that museum 

lighting is responsible for degradation, both thermal and photochemical. For this 

reason research pointed out adequate lighting strategies so as to provide the 

necessary lighting for the appreciation of artefacts without causing damage (Schaeffer, 

2001; Druzik, 2004). 
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The available digital tools for safe interaction with artefacts are presented in 

section 2.3.1, where the use of informational preservation in conservation via 

3d digitization and printing are presented, as well as in section 2.3.4, where 

mixed reality approaches, such as haptics, tagging and projections are 

examined. 3d printing is discussed in section 2.3.2.5 and digitization 

techniques are presented in Chapter 3.  

2.2.2 Remedial conservation 

Conservation is grounded on the interaction between the artefact and the 

conservator. No cultural heritage discipline is more physically close to artefacts 

than conservators of antiquities and works of art. Although interaction with 

objects is a fundamental part of archaeological and historical research in 

general, including discovery, study, analysis and exhibition, it is the 

conservator that has the privilege, or sometimes the curse, of physically 

interacting with objects at a level not achieved by other museum professionals, 

both qualitatively and quantitatively.  This is not only because the conservation 

operations involve lengthy interaction with objects, considering that 

conservation is a time consuming process, but also because this interaction 

introduces alterations, either on the appearance by cleaning operations or in 

the composition of artefacts by applying consolidation.   

 

Also, conservation is a multisensory process. During investigation the 

conservator not only examines the object visually, but also uses tactile 

interaction in an attempt to explore its condition and its needs, and identify 

evidence of manufacture and use. There is a long list of properties of materials 

and objects that can be assessed through touch, using either hands or hand 

tools, such as temperature, moisture or dryness, stickiness, waxiness, 

resilience and texture. Moreover, irregularities, flaking and powdering surface, 

density and weight informs us about the objects condition (Pye, 2004). Organ 

(1968, p.11) reasonable states that ‘tactile sense is in such common use that 

its sensitivity is seldom brought to notice’. Even if the tactile interaction during 

examination can be omitted, it is inevitable in remedial conservation treatment 

and restoration, for example during cleaning, joining, and gap-filling and 
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retouching. The success of such operations lies on the skills of conservators, 

as well as their knowledge, to make decisions and solve dilemmas.  

The alterations introduced to the material aspects of the artefact, as a result of 

conservation processes, suggest a qualitative difference between the 

conservator’s interaction with artefacts and other museum specialists and the 

public. Conservation is not just an experience, as is the public’s interaction 

with artefacts. It is not only a critical appreciation of the artefact, as is the 

archaeological and material culture approach. Conservation goes one step 

further by applying changes to the artefact itself intentionally, so as to 

preserve material evidence, safeguard aesthetic integrity and investigate the 

biography of the artefact.  

 

‘…For if historians can revise their diagnoses and value judgements at 

any moment, the formulations of which remain entirely discursive, the 

conservator, on the contrary has always to carry out his decisions on the 

object itself’  (Philipot, 1983, p.227). 

Indeed, reversibility is impossible in practical terms. According to Smith (1999, 

p.9) ‘in a minefield of ethics, philosophical debate and professional practice’ 

reversibility is ‘an unattainable ideal’ while for Schinzel (1999, p.43) it is 

‘Utopian…a paradigm of paradox… an illusion’.  In that sense removability or 

re-treatability are proposed instead of reversibility (Appelbaum, 2007; Munoz-

Vinas, 2005). 

 

The problematic aspect of common conservation and restoration operations, 

such as autopsy, micro-excavation and investigative cleaning, gap-filling, 

aesthetical restoration, fragments matching and the de- re- restoration 

dilemmas are presented in the following sections.   

2.2.2.1 Investigative cleaning, autopsies and micro-excavations 

Archaeology has gained a vast amount of information by applying processes 

such as archaeological autopsy, micro-excavation and investigative cleaning
8

  

                                           

8

 These are operations that are similar in nature although differing considerably in 

scale. Excavation can be considered as a similarly destructive, non-reversible process, 

too.  
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(Figure 3). At the same time their destructive, non-reversible interventionist 

character should not be neglected (Figure 4-5). Even when highly skilled 

professionals are employed, following appropriate tools and techniques for 

these ‘micro-archaeology’ operations, including careful recording, mechanical 

controllable means and additional stabilization, this type of operation may 

endanger the materials integrity, especially for fragile materials of an organic 

nature or highly deteriorated ones (Cronyn, 2003, pp.63-64). Apart from the 

high risk of such operations, another disadvantage of this practice is that the 

whole process is time consuming, and expertise is needed for judgement and 

decision making. It is important to stress that in many cases conservators 

come to the disappointing conclusion that these difficult and risky operations 

were unnecessary because of the quality of the findings. Hence, there is a 

demand for alternative non-destructive, reversible, safe cost- and time- 

effective techniques for the execution of archaeological autopsies, micro-

excavations and investigative cleaning.  

 

Figure 3: Block of soil lifted from excavation (Image author’s own).  

 

Figure 4: During micro-excavation (Image author’s own). 
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Figure 5: Tools used for micro-excavation (Image author’s own).  

See section 2.3.2.1 for the use of 3d tomography for enhanced investigative 

operations. In addition, digital capture techniques (Chapter 3), such as 

capturing volume (section 3.4) and data beyond the visible (section 3.3) are 

useful for digital micro-excavation and non-invasive inspection of artefacts. In 

Chapters 5 and 6, the case studies presented, demonstrate the efficiency of 

the proposed methodogies.  

2.2.2.2 Fragments identification 

It is common for archaeological material to survive in a deteriorated condition, 

fragmented and incomplete. A fracture may have taken place intentionally in 

antiquity, at a time when the object was destroyed or not useful anymore, or 

unintentionally, for example because of physical disasters. Fracture is a result 

of normal material degradation when buried, especially in cases of fragile 

materials. Apart from the ancient fractures, objects may break during 

excavation or transportation to the museum. This phenomenon is less 

common now, but unfortunately the human factor remains an agent of 

deterioration, considering the changes introduced to the artefacts’ 

environment by excavation.   

An object in fragmentary state may be reconstructed, making this process one 

of the most common remedial conservation activities. There is no doubt that 

reconstruction is a fundamental part of conservation, and its contribution to 

archaeological research is of great significance. It throws light on the 

interpretation of the archaeological site, the determination of its use and the 

technology of our ancestors. The skills for the successful execution of this 

process are considered essential. Moreover, although ceramic sherds are the 

vast majority of fragments for reconstruction (Figure 6), fracture does occur in 
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all material types, being common for glass, wall paintings, bone and ivory, 

stone, metal, as well as for archival materials, leather and textiles.  

   

Figure 6: Oinochoe, before and after joining (Image author’s own). 

 

Conservators use the excavation data, previous knowledge about known 

artefacts types, decorative elements, and evidence of manufacture, 

degradation pattern, geometry, volume and texture of the fragments as tools 

for reconstruction. This manual procedure for fragments’ matching is a 

painstaking, time- and space-consuming operation, even for dedicated, 

experienced professionals. Manual search provides sufficiently effective results 

when the number of fragments is reasonable and the overall condition of the 

material permits excessive manual handling. In cases with large groups of 

fragments the results are rather disappointing, considering the time and 

expertise needed. Further complexity is introduced by the missing fragments. 

A literature review on digital refitting research and applications can be found in 

section 2.3.2.3 and an evaluation of available tools for semiautomatic 

fragments matching is presented in section 6.2.  

2.2.2.3 Gap filling  

The replacement of lost material is one of the most crucial operations 

necessary due to structural and aesthetic reasons. After restoration the object 

becomes more accessible for research and display. But the process of gap-

filling is problematic due to practical and ethical issues, such as the 

productivity of materials and techniques, long term performance, safety and 

ethical limitations of restoration. Reconstruction without filling the gaps of the 

object can be damaging, because of the asymmetrical stress put on the edges, 

or the physical instability of the conjoined shreds (Cronyn, 2003). Incomplete 
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objects are usually incomprehensible and not aesthetically appealing, so 

restoration is inevitable so as to protect their aesthetic integrity, and to make 

them accessible for both professionals and the public (Figure 7-8).  

 

Figure 7: Pseudocypriote amphora (left) in need of gap filling due to instability 

(Images author’s own). 

    

Figure 8: Bronze phiale before conservation (left) and after joining (right). Lost 

material needs to be replaced for safe handling and display (Images author’s 

own). 
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The material used for filling should be safe to use, reversible, durable, of 

appropriate strength and density, capable of modelling or casting and 

adjustable to the object. It should not be contaminated and not shrinkable 

after curing or ageing. Their thermal expansion rate must be compatible with 

the object (Buys and Oakley, 1996).  Nevertheless, it is well known that the 

materials used for such operations may lead to future reconstruction failure. A 

characteristic example is the deterioration of acrylic and vinyl adhesives, as a 

result of depolymerisation, oxidation and hydrolysis, under the effect of 

physical (temperature, pressure, radiation) chemical (oxygen, pollution) and 

biological (microorganisms) processes, which leads, by means of undesirable 

reactions, in discoloration (yellowing), white blooming, changes in volatility, 

solubility, tensile strength and pH, decay, distress (Horie, 2011). Another 

problem encountered is the bad cohesion between original and filling material, 

mainly caused by dimensional changes of the filler, accompanied by cracks on 

the restored gap. Consequently, there is a high possibility of fracture and loss 

of original material (Figure 9).  

 

Figure 9: Raking light image shows cracks on the filler material and flaking of 

adhesive on a restored ceramic (Image author’s own).  
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Conservators have analysed the problems encountered and presented the 

techniques employed for the replacement of lost material in glass (Davison, 

2003; Fisher and Norman, 1987; Risser, 1997) ceramics (Barov, 1988; Geschke, 

2004; Kariya, 1997), leather (Kite and Thomson, 2006), wood (Grattan and 

Barclay, 2010; Podmaniczky, 1998) stone (Griswold and Uricheck, 1998; Nagy, 

1998) and metals (Lane, 1974).  

Traditional methods for filling gaps subject the object to physical and 

mechanical pressure (Figure 10). Considering the shape of the object, and the 

condition and type of material, the applications of these methodologies may 

not be feasible. Moreover, their acceptability in case of fragile objects and 

vulnerable material types are under question. Conservation science research is 

directed towards the improvement of conservation materials, so as to 

overcome the problems already mentioned. In addition, the development of 

new restoration techniques for gap filling is a prosperous field of research. 

 

 

Figure 10: During replacement of lost material of a ceramic vase (Image 

author’s own).  

 

3d printing is proposed as an alternative to traditional approaches for gap 

filling, as discussed in section 2.3.2.5 at theoretical level and in section 6.3 at 

practical level.   
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2.2.2.4 Aesthetics of restoration-retouching  

Treatment is a compromise between material and aesthetic integrity, 

investigation needs, display demands, respect towards the historical and 

archaeological evidence and the authenticity of the object. In painting and 

retouching are considered as the most challenging conservation tasks because 

of the controversies and scientific debates over aesthetic restoration. Even if 

the scientific discussion had examined various methods and techniques, the 

aesthetics of restorations remain a matter of subjective judgement and debate.  

Replaced missing material, without in-painting or non-retouched objects, may 

be visually distracting and not aesthetically pleasing (Figure 11). For that 

reason conservators often choose to colour the fills or the damaged areas. 

According to Elston (1990, p.78), the most crucial aspect of aesthetic 

restoration is to ‘find suitable aesthetic systems that preserve the individual 

values intrinsic in each case while minimizing disturbing losses’. To what 

extent should the in-painted area be adjusted to the surroundings, so the 

viewer can gain an impression of the original appearance of the object, and 

clearly discern the authentic part?  One of the most widely accepted rules is 

‘the six-inches six-feet’ (Oddy, 1992, p.11), which comes in accordance with 

contemporary practice and is followed by major organizations such as the 

British Museum (Smith, 1998). Any damage repair should be discernible to an 

observer six inches, but not six feet, away. 

 

Figure 11: Krater after joining and gap filling and before aesthetic restoration 

(Image author’s own).  
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Nevertheless the degree of in-painting and retouching varies (Figure 12). 

Usually the restoration is visible to the naked eye on close inspection, but 

sometimes substitution of fragments and complete re-painting can be seen 

(Koob, 1998) while many intermediate approaches from monotone shades to 

close colour matching are exhibited in museums and presented in restoration 

studies. From the various alternatives of retouching and in-painting, uniform 

monotone colouring close to the original colour of all the filled gaps, so as to 

distinguish the filled areas from the original ones, without in-painting chips 

and break lines or adding any detail of the lost decoration, was preferred in a 

number of cases, including the red-figure vase of the Benaki Museum. Other 

available options were to use a lighter tone for the fills so they would stand out 

more in all areas (Theofanopoulou and Tossiou, 2007). Also in-painting can be 

used for the elimination of wear. For example, cracks and lacunae in the 

original fragments of the Kyknos krater in the Metropolitan Museum were 

filled, levelled and coloured to match the terracotta background (Barov, 1988).  

More intense restoration approaches include in-painting of decoration features. 

 

Figure 12: Screenshot of the interactive feature developed at the J. Paul Getty 

Museum, presenting two different vase painting restoration approaches.  

Available from: 

http://www.getty.edu/art/exhibitions/fragment_to_vase/vase_interactive/vase.

html  

http://www.getty.edu/art/exhibitions/fragment_to_vase/vase_interactive/vase.html
http://www.getty.edu/art/exhibitions/fragment_to_vase/vase_interactive/vase.html


 

34 

 

The more the conservator follows interventionist approaches, the more the 

objects become accessible, providing a complete and less disrupted view, but 

simultaneously ethical considerations arise, because the intervention should 

stop when hypothesis starts. Conservators are aware that archaeological - 

historical evidence as a basis for restoration is required so as to respect the 

material integrity, the aesthetic values and historical message of the 

fragmentary authentic material. Even when there is evidence for the original 

appearance of the artefact the restoration is still challenging, because of the 

practical problems which arise in replicating lost material, especially when it 

comes to elegant decorative features. In practical terms the blending of colours 

and materials so as to resemble the authentic appearance is highly 

problematic. The artistic skills of the conservator, in addition to the aesthetic 

restoration techniques, are being used so as to successfully execute such 

operations. However, the aesthetically pleasing appearance of restorations 

relies totally on subjectivity, and cannot be considered a result of scientific 

judgement.  

Digital restoration, discussed in section 2.3.2.2 can assist in solving aesthetic 

restoration problems.  

 

2.2.2.5 Previous repairs, de- and re-restoration  

Artefacts, as part of a museum collection, undergo a series of treatments 

during their existence. Previous conservation and restoration operations or old 

repairs leave ‘marks’ or physical signs of being in the museum, which offer 

valuable information about the object’s biography. They have spiritual or 

historical significance.  At the same time those repairs can be unstable, 

aesthetically displeasing or even cause damage to the object (Figure 13).   
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Figure 13: Ceramic plate showing blackening of adhesive and reconstruction 

failure (Image author’s own).  

 

Excavated artefacts have undergone cleaning treatments, either in situ or in 

conservation laboratories, in order to determine their material and decoration 

and investigate their typology and dating. A limited number of finds fall in the 

exception of artefacts buried in unique conditions, which preserve their 

original appearance up to a certain point. In the vast majority of cases cleaning 

operations alter significantly the appearance of artefacts, by means of 

subtraction of encrustations, corrosion layers, dust and other deposition of 

particles. Simultaneously, deep cleaning destroys data of great importance, 

such as residues of food in vessels, sensitive organic remains, engravings and 

inscriptions etc. For example, the archaeological evidence is permanently lost 

when pottery undergoes chemical cleaning by means of strong acid solutions. 

Nowadays, semi or fully mineralised organic matter, as well as traces of 

organics and impressions on metals, especially iron, are subjected to 

thoroughgoing research. But Caple (2009) reasonably states that previous 

generations failed to anticipate these techniques, and would have cleaned 

them, because for them evidence had different criteria. Another example is the 

cleaning of tinned ceramics, which removed remnants of tin decoration (Figure 

13). Recent research dealt with these artefacts in the region of Macedonia, 

making use of non-destructive analytical techniques in order to determine any 
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remnant tin (Kotitsa, 2012). Moreover, deep cleaning can act as a positive 

catalyst of deterioration. Acid cleaning, stripping methods and electrolytic 

cleaning are responsible for severe damage to bronzes. Even less extensive 

mechanical cleaning may affect the stability of bronze surfaces.  The cleaning 

of the protective patina of metals re-energises active corrosion on areas which 

are believed to have acquired a certain level of stability.  

 

 

Figure 14: TInned ceramic plate, before (left) and after conservation (right), 

showing the limited cleaning approach followed in order to protect the fragile 

decoration (Image author’s own).   

 

A problem strongly related to the change in conservation practice is the 

presence of fragments, which belong to the same artefacts in different 

conservation states. The identification of fragments is a long standing problem 

in conservation. Sometimes it is impossible to determine the correct 

positioning of each fragment, or even worse, to group some fragments as 

parts of the same object. As a result, some fragments are deeply cleaned while 

others were left in museum store-rooms. Conservators face a practical and 

ethical dilemma: aesthetics and authenticity versus preservation. For example, 

a red-green corroded handle on a highly reflective yellowish metal surface is 

not aesthetically pleasing but it represents the authentic appearance of the 

vessel. Deep cleaning of the handle in order to suit the vessel goes against 

ethics and contemporary conservation theory, and has negative influence on 

preservation.  
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The expansion of the ideas of minimum intervention in the previous decades 

found vigorous supporters, and has dramatically influenced everyday 

conservation practice. In the case of previous repairs, such as gap filling and 

retouching, the presence of deficiencies, either manufacture mistakes or 

deterioration effects, is common. Typically those deficiencies are flaking, 

discoloration, scratches and minor losses or holes in the structure, coarse 

texture or excessive height. Structural problems mainly derived from bad 

cohesion between the original and filling material. Dimensional changes of the 

filler result in cracks on the restored gap and problematic cohesion. 

Consequently, there is a high possibility of fracture and loss of original 

material. Sometimes, the filling hides original material, which is not acceptable 

according to conservation ethics, because it insults the authenticity of the 

artefact. Another interesting case is the discovery of fragments which belong 

to already filled areas of artefacts.  

Koob (1998) presented a number of materials used for filling large and small 

gaps in the past, and highlighted the significance of identifying these materials 

and understanding their properties. First of all, the conservator has to 

successfully detect the presence of old repairs. Some of them are easily 

discernible because of the well-known ageing phenomena attributed to 

materials commonly used in the past, while others are confusing and difficult 

to recognise using common examination methodologies. For that reason, 

thorough examination can contribute to successful identification of previous 

repairs.  Ultraviolet fluorescence techniques can be of great help in doing this. 

Afterwards, phenomena hidden beneath signs should be revealed and 

identified, in order to proceed to interpretation: to attribute phenomena and 

signs to instances of artefacts’ ‘life cycle’. The proper interpretation of such 

information contributes significantly to our knowledge and can be of great 

help for re-treatment decision making. Problematic aspects of re-conservation 

projects are insufficient documentation, the extent of operations and 

reconstruction failure.  

At the same time, the removal of the unacceptable restoration may be a risky 

process, due to the application of physical force and the use of solvents (Figure 

15). Moreover, even after removal of previous restoration, the artefact will have 

to face another cycle of operations for gap filling purposes, once again under 
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physical and chemical pressure. The risk encountered in the removal of 

restoration and the potential benefit of re-treatment should be taken under 

consideration, without underestimating the significance of previous restoration 

for the object’s biography, even if it is not appropriate by contemporary 

museum standards. A characteristic example is the de- and re-conservation of 

a large jar at the Getty, due to the darkening of old conservation materials 

(shellac) and the misalignment of fragments (Figure 16). 

   

Figure 15: Removal of aged adhesive using a scarpel (left) and removal of old 

restorations (right) (Images author’s own).  

  

  

Figure 16: Oil Jar with a Deceased Youth Seated at a Tomb, associated with the 

group of Huge Lekythoi, about 400 B.C. Details of old repairs. Available from: 

http://www.getty.edu/art/exhibitions/fragment_to_vase/lekythos.html  

 

The analysis of problems of previous repairs invokes technological needs and 

raises theoretical and ethical questions, and hints at the difficulty and the level 

of expertise needed in order to meet the needs of re-treatment projects.  There 

is a need for advanced documentation techniques, enhanced examination and 

analysis and development of alternative methodologies so as to overcome de-

conservation dilemmas. A case study presented in section 6.3 is dealing with 

http://www.getty.edu/art/exhibitions/fragment_to_vase/lekythos.html
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de- and re-restoration problems using advanced digital tools instead of 

traditional methodology.  

Available digital solutions regarding the problematic aspects of remedial 

treatment are presented in section 2.3.2, where recent developments in the 

field of 3d tomography, digital refitting, 3d search and analysis and 3d printing 

are presented along with digital restoration applications. The way these 

techniques alter the dynamics of conservation is discussed in section 4.5. 

2.2.3 Conservation documentation   

Documentation is a cornerstone of archaeology, as it is in all scientific fields. 

Museum documentation is not only concerned with the material composition of 

objects but also with the documentation of the collecting process, both for 

museum professionals and the public (Desvallées and Mairesse 2010). 

Documentation can be understood as an ever growing knowledge activity, 

based on multidisciplinary cooperation, which consists of research, recording, 

evaluating, interpreting, correlating, archiving, managing, and disseminating 

information. In that way the records are valuable tools for monitoring, 

understanding, and conservation (Addison et al., 2005). In the following 

sections the ethical and legal background of conservation, the methodologies 

currently in use and their problematic aspects are presented.  

2.2.3.1 Ethical and legal background  

Documentation is an obligation which includes the production and 

maintenance of ‘accurate, complete, and permanent records of examination, 

sampling, scientific investigation, and treatment’ according to the American 

Institute for Conservation of Historic and Artistic works (1994, p.9). The 

preservation and sharing of such records and experience is an action which 

contributes to the growth and progression of the profession to the highest 

standards by continuing to develop knowledge and skills, as stated in the Code 

of Ethics and Rules of Practice published by the United Kingdom Institute for 

Conservation (1996). Besides, documentation, consisting of the accurate 

pictorial and written record of all procedures carried out during conservation 

and the rationale behind them, is an obligation for conservators according to 

major international organizations, such as the United Nations Educational, 
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Scientific and Cultural Organization (UNESCO), the International Institute for 

Conservation of Historic and Artistic Works (IIC), the International Council on 

Monuments and Sites (ICOMOS) and the International Council of Museums- 

Committee for Conservation (ICOM-CC).  

Codes of Ethics, International Charters and Documents have over time set the 

legal and ethical limits of documentation. The earlier attempt to draw down the 

principles of conservation was the Sixth International Congress of Architects, 

which took place in Madrid, 1904.  In this oldest international document the 

intention to preserve any existing documentation and its strong connection 

with the original can be observed in an immature way. Later, the Athens 

Charter for the restoration of Historic Monuments, 1931, underlined the need 

for documentation.  In the Venice Charter, 1964, the documentation in the 

form of critical and analytical reports, illustrated with drawings and 

photographs, was emphasized.  The Burra Charter in 1979, revised in 1999, 

apart from the already mentioned ideas of documentation, stressed the 

protection of the records and the fact that they should be publicly available. It 

was not until the 11th ICOMOS General Congress in Sofia in 1996 that 

recording came into focus. It explained the reasons and responsibility for 

recordings, providing details on planning, content, management, 

dissemination and sharing of records. In particular, and important for the 

present study, are the recommendations for the Protection of Moveable 

Cultural Property (1978), where systematic documentation is considered as a 

measure for the prevention of risks.  

2.2.3.2 Methodological issues 

Cronyn (2003) emphasizes three major reasons for conservation 

documentation, focusing on the long term preservation of the artefact, the 

development of conservation methodology and material-based interpretation. 

Proper recording and documentation of material evidence in conservation 

records provide invaluable information for the study and interpretation of the 

artefact. Conservation records ensure long-term preservation and assist in 

preventive conservation and re-treatment of the artefact. Caple provides a 

more detailed analysis stating that recording and documentation ‘marks one of 

the crucial changes from craft to a profession’ (2006, p.6). 



 

 

41 

 

According to contemporary museum standards the conservation record should 

cover the examination, treatment plan, treatment and preventive conservation. 

As shown in Graph 3 the documentation of examination includes identification 

information, description of structure and materials, condition and history of 

the object. The conservation record should describe and justify the treatment 

proposal, including the potential risks encountered. The treatment 

documentation consists of the description of techniques or procedures and 

materials applied, in addition to the nature and the extent of the alterations 

introduced to the object, along with any necessary additional information. The 

preventive conservation documentation, usually the last section of 

conservation records, provides data about health and safety and the overall 

stability of the object, as well as recommendations for environmental 

conditions, handling, storage and display of objects.  

 

Graph 3: Information that should be included in conservation records (Graph 

author’s own). 

 

Conservation documentation methodology has to employ different techniques 

in order to be efficient. Visual records have to be of the appropriate level in 

order to not only present the material evidence effectively, but also to be 
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useful for the artefact’s interpretation (see section 2.3.3.1 and chapter 3 for a 

review of visualization methodologies, section 4.3 for further analysis and 

proposals for development and Chapter 5 for the evaluation of virtual visual 

analysis) . Moreover, conservation records add to the professional body of 

knowledge and are useful by the institutions who possess the objects, as well 

as by other professionals. Their appropriate dissemination is vital and their 

accessibility is a necessity. Otherwise, records cannot fulfil their goal 

completely. In order to be efficient and accessible, a certain degree of 

systematization is needed, which leads to scientific co-operation and advanced 

dissemination along with better structured, higher quality data (see section 

2.3.3.2 for current systematization approaches and 4.4.2 for advanced 

alternative options available). However, practical aspects of documentation 

should be taken under consideration, as documentation strategies have to be 

affordable and time- and cost-effective, in order to be fully incorporated in 

conservation.  

The conservation record is closely related to the various aspects of the object’s 

biography. It forms part of the history of the object, as the conservation event 

is part of its museum life and simultaneously depicts and describes its history, 

as data regarding its manufacture, use, decay and previous repairs are 

revealed.  The record should reflect its dual nature, without overestimating 

either the earlier history of the object or its recent one. Provenance of the 

artefact, as conceived by archaeological terminology as well as provenance of 

the data, regarding the technological terminology, should be incorporated in 

the conservation record, which is intended to preserve the metadata of the 

whole project. In particular, in case of treatment proposals, the versatility of 

records is highly accredited as a means to test hypotheses and justification. 

See section 5.3.2.3.3 for a case study of advanced conservation documentation 

and monitoring in numismatics. 

Condition assessment of artefacts is a common practice in museums, which 

ensures the safeguarding of the material integrity of the artefacts exhibited, 

loaned or stored. Such actions are dictated by the unstable nature of artefacts, 

whatever the environmental conditions. Hence, the record has to be 

expandable, so as to include description of artefacts as inevitable changes and 

alterations take place. The need for expandability of records is analogous to 
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the fundamental rule of re-treatability of objects. Another issue of great 

significance is the permanence of records. Conservators consider the long-term 

effect of materials used in conservation and seek to employ those materials 

and techniques with the best properties. Similarly, the record, being part of the 

artefact, needs to be maintained for future generations. Documentation needs 

are summarised in Graph 4.  

 

 

Graph 4: Documentation needs (Graph author’s own). 

 

2.2.3.3 Problematic aspects 

The strategies employed in museums and cultural heritage organizations do 

not manage to fully meet the documentation needs discussed above (for an 

overview of traditional documentation techniques see Appendix A2). Their 

main disadvantages are summarised as follows:  

 They fail to depict the amount of detail needed because they lack 

accuracy.  

 They do not provide data about three-dimensionality. The limited 

pictorial 2D representation excludes the third dimension, the one most 



 

44 

 

critical in the understanding of material characteristics and decoration 

details.   

 Their level of objectivity is questionable due to the fact that it depends 

on the designer’s or photographer’s judgement. 

 There is an obvious lack in a generally approved documentation system. 

 Accessibility to conservation archives is restricted. 

 

Another crucial issue for conservation documentation is the misconception of 

practicality. Cultural organizations usually prefer low-cost, quick and easy to 

perform documentation strategies which provide minimum level records. The 

most widely used documentation systems include basic level information for 

the artefact provenance, its description, condition and treatment, along with 

digital images inserted in the word file. Questions arise whether a record, 

which is insufficient, difficult to be retrieved from the museums’ archive, and 

non-accessible for the conservation community, fulfils any use other than the 

simplest identification of the artefact. These types of recording strategies, 

although generally considered as practical solutions, are actually time 

consuming and impractical. Due to their inefficiency, they turn out to be 

useless because they do not meet the original scope and potential of 

documentation, which is to provide a comprehensive guide to every aspect of 

the artefact for future generations.   

In the case of large excavation projects, where a tremendous variety and 

quantity of artefacts are involved, the documentation of treatment and 

condition may be occasionally omitted, due to pressing deadlines for the 

completion of the conservation project and the proper archaeological 

interpretation of artefacts.  It is usual for previous operations to be neglected 

and largely not documented (Dooijes and Nieuwenhuyse, 2009). Undoubtedly, 

the fragmentarily documented operations provide an insufficient description of 

the collections’ museum life. It constrains the progress of the conservation 

profession as a whole, especially in the case of conservation methodological 

treatment and aging research. The lack of information creates a knowledge 

gap and a communication problem for the conservator and the object. 

Condition assessment becomes more problematic, and the overall judgement 

of alterations, including patina, restoration, deterioration, damage, and 

characterization of deterioration phenomena is complicated. Conservators will 
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be worried about the absence of information concerning the object’s overall 

resistance and its weak points.  

Of course, the materials and the procedures used in previous operations are 

important factors to consider when designing new ones, because of 

compatibility and reversibility issues. Previous repairs, neither documented nor 

based on sound scientific knowledge, are witnesses of the skills of past 

conservators, who worked without the technological means of modern 

conservators (Skinner, 2009). The study of old repairs can be seen as 

recognition of their contribution to the protection of cultural heritage. 

Moreover, these records reflect not only skills and technological means, but 

also attitudes and ideas towards the collections. In that way, recording 

strategies reflect the society during which these were created (Caple, 2006). 

The use of 3d documentation provides enhanced visualization compared to 2d 

representations (section 2.3.3) and offers the possibility for advanced 

illustrations (section 2.3.3.1). The systematization approaches currently 

available are presented in section 2.3.3.2.  

2.2.3.4 Digital preservation   

The preservation of documentation and conservation records is an obligation 

for conservation according to relevant codes of ethics. The longevity of 

materials and methods used for the production and use of records is a 

necessity, which cannot be fulfilled via digital means solely (AIC, 1994). As a 

result the accepted strategies employ both physical and electronic media. The 

Andrew W. Mellon Foundation organised a meeting in New York in 2006, where 

the shift from print to digital forms of documentation, as well as management 

and dissemination, were discussed. The digitization of conservation records 

found a wide acceptance and was characterised as desirable, especially in the 

case of degrading forms of documentation, such as photographs and 

radiographs. However, paper documentation is considered a necessity, which 

cannot be overlooked by any digital strategy (Rudenstine and Whalen, 2006). 

Traditional means of documentation are subject to material degradation. For 

example, transparencies, largely used for pictorial documentation, gradually 

deteriorate over time leading to inaccurate colour representation (Martinez et 
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al., 2002). Photographs are also subject to deterioration under incorrect 

environmental conditions (Lave ́drine, 2009). Paper and archival material are 

vulnerable due to decomposition of organic matter and biological attack 

(Ogden, 1999). Hence, the longevity of textual and pictorial data on 

conservation reports is negatively influenced by the inevitable process of 

material degradation. Actions of environmental control can postpone the life 

span but it is well known that degradation cannot be totally reversed. As a 

result traditional museum archives cannot assure the preservation of 

knowledge for future generations.   

Similarly, the long-term preservation of digital documentation is problematic 

too (Corrado and Moulaison, 2014). This has been considered as the main 

disadvantage of digital imaging for conservation reports because issues of 

digital records preservation and maintenance remain unresolved. The digital 

media today cannot secure data preservation for more than a few years, while 

conservation records need to be maintained for at least two treatment 

generations from now, approximately 100 years. The main aspects of data 

permanence are data formatting and storage medium (Staimer, 2012). 

A conservation record is a selection of textual, pictorial and numerical data in 

different formats, including word files, pdfs, digital images, drawings and 

graphs.  Access to these datasets is dictated by the combination of hardware 

and software, and the mediation of technology and data, which provides safety 

to data preservation as long as the technology and data interact. Preserving the 

files is a difficult but feasible task, but preserving the same technology, the 

digital process so as to access the file, is impossible due to the rapid 

development of the IT industry. Processes, such as migration and emulation
9

 

commonly used by archivists, have limitations regarding their sustainability, 

accessibility and practicality (Heslop et al., 2002). The storage media used are 

not appropriate for long term preservation because of the permanence of the 

data on the medium, the medium’s susceptibility to environmental factors and 

its resilience or immutability (Staimer, 2012). 

                                           

9

 Migration means moving data to a different format, change in media internal 

structure, from one version of an application to a later version, or from one application 

to another. Emulation means the use of one system to reproduce the functions and 

results of another system (Pearce-Moses, 2005).  
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Useful recommendations for widely accepted format such as TIFF (Tagged 

Image File Format), production of stable hardcopies, archiving on an external 

hard drive, and well-organized digital archives are followed by cultural heritage 

organizations (Kushel, 2002). These recommendations are good starting 

points, but cannot be used as a panacea. There are aspects of digital 

conservation documentation, such as 3D digitised virtual artefacts that cannot 

be reproduced in a hardcopy format. If they do, they present neither their 

original functionality nor their characteristic advantages of interactivity, 

communication-presentation-dissemination quality and versatility-

expandability. A solution to the problem of digital permanence is the 

standardization of records, management policies and procedures. However, 

digital applications in conservation, especially those in 3D, are still in an early 

phase of development. They can be better conceived as experimentations 

rather than common practices in conservation methodology.    

The problems already discussed, and dilemmas regarding preventive and 

remedial conservation and conservation documentation, are summarised in 

Graph 5. 

 

Graph 5: Problems and dilemmas attributed to preventive and remedial 

treatment (Graph author’s own). 
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2.3 Digital solutions 

This section relates the problematic issues presented above to available 

technologies so as to define the level of interference of digital techniques in 

solving conservation problems.  

2.3.1 Informational preservation  

3D digitization limits unnecessary handling, improving the preservation of the 

original artefacts. Computational tools provide options for enhanced and non-

contact interaction with the archaeological materials. Furthermore, 3d 

digitization, modelling and 3d printing can improve the storage facilities 

through the production of appropriate storage cases. Replication via 3d 

printing can be used as an alternative to moulding and casting. Consequently, 

digital technology provides an alternative methodology able to deal efficiently 

with preventive conservation problems discussed in section 2.2.1. The role of 

digital technology is considered as a preventive conservation measure, which, 

in addition to other strategies employed in museums, such as environmental 

monitoring, ensures the preservation of material culture (Graph 6).  

 

Graph 6: Digital strategies in the service of preventive conservation (Graph 

author’s own). 
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Imaging and digitization techniques are discussed in chapter 3. Proposals for 

developments to meet conservation objectives are presented in chapter 4, and 

the evaluation of imaging techniques on selected material, in a fragmentary 

state which requires advanced preventive conservation care, is presented in 

chapter 5.  

2.3.2 Digital technologies in remedial conservation  

Computational tools assist also in the execution of remedial conservation 

operations via the use of advanced digital capture techniques, virtual 

reconstruction and 3d printing. As discussed in section 2.2.2 the execution of 

such operations following the conventional methodology is in many cases 

problematic. In the following section the most useful techniques based on 

current practice will be discussed.  

2.3.2.1 3d tomography  

In general digital capture techniques enhance the examination of artefacts and 

minimise manual execution of operations.  In regard to examination and visual 

analysis, digital capture techniques bring to light features of the artefacts that 

may have been underestimated or not considered by conventional means of 

examination (see Chapter 3 for an overview of digital capture techniques). 

Hence, advanced computational tools enable better understanding of artefacts, 

and by extension a more meaningful interaction with them. 

 3d tomography overcomes the limitations of manual conservation and 

provides an alternative to cleaning operations in traditional investigations, 

micro-excavations and archaeological autopsies (Stelzner et al., 2010, Re et al., 

2015) (Figure 17). A detailed discussion and literature review about the use of 

3d tomography is located in section 3.4.1.  
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Figure 17: X-ray imaging of a soil block from an archaeological excavation and 

the extracted metal belt. The block of soil, radiograph, 3d volume rendering 

and the object after conservation. Graphical abstract. Available from: 

http://link.springer.com/article/10.1186/s40494-015-0033-6 (Re et al., 2015).  

 

The advantages of digital micro excavations via tomographic techniques are 

summarised as follows: 

 Digital micro-excavations enable improved preservation of 

archaeological material, avoiding actions which may threaten their 

material integrity, so it is considered to be a preventive conservation 

measure. The conservator and curator may choose not to execute the 

physical autopsy if the data revealed from 3D scanning show that the 

materials hidden inside are in a poor conservation state and cannot 

withstand physical manipulation.  

 Digital micro-excavations enable evidence-based conservation decision 

making, avoiding judgements based on general knowledge. For 

example the possible presence of valuable and sensitive material 

inside funerary pots is based on general knowledge about burial 

customs. The actual presence of valuable and fragile archaeological 

artefacts inside the pot, revealed from digital micro-excavation, is an 

evidence-based conclusion. Adequate actions can then be undertaken 

in light of the findings.  

http://link.springer.com/article/10.1186/s40494-015-0033-6
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 Digital micro-excavations are cost-effective. Conservators are able to 

choose not to devote the amount of time and skills in cases where 

digital micro excavation revealed the absence of valuable contents 

inside blocks of soil and pots.   

A critical discussion of advantages and limitations of 3d tomography compared 

to other digital capture techniques can be found in section 4.3.1.    

2.3.2.2 Digital restoration 

The contribution of virtual reconstruction in remedial conservation tools is 

primarily the virtual execution of impractical or ethically forbidden 

conservation treatments and assisting in decision-making and conservation 

dilemmas through visualization. Operations can be applied virtually in 3D 

models and the results can aid decision making and enrich or justify treatment 

proposals. Conservation hypotheses can be tested virtually, avoiding the 

handling required for traditional approaches. Digitization and virtual 

reconstruction/restoration of artefacts for conservation purposes is proposed 

in various cases, such as those involving extreme dimensions and weight, or 

fragile, unstable, complex artefacts, whose restoration presents technological 

problems or raises ethical issues (Figure 18).  

The role of digital technology in solving conservation problems has been 

discussed in the literature, although this field of research remains largely 

unexploited. The earliest operations are those of simple processing of images 

of paintings, crack removal, virtual cleaning and virtually joining portions of 

paintings. The data provides valuable information for the conservator and 

curator for assessing the options for real treatments (Barni et al., 2005) (Figure 

209). More recently, rapid technological developments enable a more effective 

use of digitization technologies and 3D graphic modelling in conservation.  In 

the case of the Pietranico Madonna (Figure 200), the advanced application of 

virtual reconstruction assisted in the examination and reassembly of the 

broken pieces, as well as appreciation of the polychrome decoration (Arbace et 

al., 2012). Interestingly enough this approach is not a novelty in conservation. 

It has been used in Italy since the 1970s (Huber et al., 2009; Melillo, 2013), but 

the use of 3d technology signals a significant improvement in the methodology 

in terms of treatment planning, risk assessment and accuracy.  
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Figure 18: Togatus statue of Caligula, Virginia Museum of Fine Arts (left) and 

3D restoration model. The Digital Sculpture Project. Virtual World Heritage 

Laboratory. Available from: 

http://www.digitalsculpture.org/papers/abbe/abbe_paper.html 

 

 

Figure 19: Virtual Restoration with Image Inpainting Techniques, example from 

the Theran wall paintings. Computer Vision, Speech Communication & Signal 

Processing Group. National Technical University of Athens.  Available from: 

http://cvsp.cs.ntua.gr/research/thera/  

http://www.digitalsculpture.org/papers/abbe/abbe_paper.html
http://cvsp.cs.ntua.gr/research/thera/


 

 

53 

 

 

Figure 20: The Pietranico Madonna, initial status after the earthquake (left), 

digital restoration (right). (Arbace et al., 2012, pp. 335, 338). 

 

Also, laser scanning and reproduction technologies assisted in paintings 

conservation, in a demanding project of restoring the bio-deteriorated wooden 

support of a badly damaged 400-year-old crucifixion painting, part of a 

wooden epitaph from a church at Rothenstein in Germany (Ioannides and Wehr, 

2002). Another example is the Lichfield Angel; a fragmented carved limestone 

panel with painted decoration, which was recorded and represented in 

exceptionally fine detail. Textual and graphical annotations of high resolution 

three-dimensional scan models were used for the documentation. Conservation 

professionals can access and interpret information about the condition, 

materials and technique of its manufacture. This project enhanced people’s 

understanding of the function of the sculpture within the lost monument and 

provided a reconstruction of its original appearance (Geary and Howe, 2009) 

(Figure 21).  
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Figure 21: 3D model of the Lichfield Angel, a fragmented carved limestone 

panel with painted decoration virtually cleaned (top left) and restored (top 

right) and graphically and textually annotated with condition information 

(below) used for documentation and interpretation of condition, materials and 

techniques of its manufacture (Geary and Howe, 2009, pp.174, 172).  
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Also, 3d modelling enables the simulation and testing of the function of 

objects, providing views of artefacts difficult to approach using traditional 

means, such as the virtual reconstruction of four ancient clocks from different 

Italian regions (Pennestrì et al., 2006). Three dimensional computer graphics 

can introduce ancient scientific instruments with great historical and cultural 

interest, like the Schickard calculator, to the public. These applications provide 

interactivity, as a visitor may perform calculations with it and watch its 

gearwheels move as Schickard did (Hanisch et al., 2000). The most reknowned 

example is the virtual restoration of the Antikethyra Mechanism (Figure 22).  

 

Figure 22: The Antikythera mechanism. Virtual reconstruction of the front 

gears and dials. The Antikythera Mechanism Research Project. Available from: 

http://www.antikythera-mechanism.gr/node/202  

 

Worth mentioning is the application of virtual reconstruction in de- and re-

restoration dilemmas, where conservators face practical and ethical dilemmas: 

aesthetics and/versus authenticity and/versus preservation (see section 2.2.2.5 

for a discussion on de- and re-restoration problems). The treatment can be 

focused on the long-term preservation of cultural heritage, following 

preventive conservation environmental measures, while the original 

appearance of the artefact can be appreciated in its digital version, with 

http://www.antikythera-mechanism.gr/node/202
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respect to authenticity. This approach is in accordance with ethics and 

contemporary conservation theory, because it encourages the preservation of 

the original material, and simultaneously the presentation of its authentic 

appearance without neglecting the history of the object, expressed via its 

previous restoration. Moreover, any risks encountered in complex remedial 

treatment are avoided. Consequently, virtual reconstruction safeguards both 

material and aesthetic integrity, while simultaneously enhancing investigation 

and enabling better preservation. For example, the surface layer of a 

Renaissance painted cassoni damaged by over-cleaning would require 

extensive reconstruction, an action considered unacceptable according to 

codes of ethics. Digital reconstruction provided a view of the object in a more 

authentic state, closer to the original intention of the artist (Kerr, 2008). 

Application of digital techniques in conservation practice is in accordance with 

the principles of conservation, and enables the protection of physical artefacts 

in a way superior to traditional approaches. Giusti (1999), in a discussion of 

the reversibility of restoration of stone artefacts, referred to the actions of 

replication, and although she expressed her scepticism about the removing of 

the original statues from their setting, she concluded that protecting the 

fragile works of art from the agents of deterioration and preserving them, until 

more environmentally and technologically advanced future conservators took 

action, is a strategy that respects the principle of reversibility. Nowadays, 

replication can be achieved more reliably than in the past by means of 3d 

printing, so as to protect the physical artefact for future generations of 

conservators. Moreover, virtual conservation enables the testing of restoration 

hypotheses, the experimentation with different restoration scenarios. Digital 

capture techniques provide tools for revelation operations to be executed 

virtually, and investigation and research activities to be conducted non-

destructively.  Considering the above, although reversibility is still not 

completely achieved, just like Smith had predicted (1999), there is no doubt 

that contemporary conservators can be closer to this ideal state than previous 

generations.  

 

Digital restoration case studies are presented in section 5.4.2.4 and in Chapter 

6.   
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2.3.2.3 Digital refitting  

The development of working methodologies for digital refitting of fragments is 

of fundamental importance for archaeological research, and it is considered as 

one of the most valuable contributions of archaeological computing in 

conservation practice (see section 2.2.2.2 for a discussion of fragments 

matching problems). Computer-aided reconstruction of archaeological objects 

is a complex signal processing problem, which cannot be compared to any 

other type of jigsaw puzzle. The latter has been discussed in the literature 

from the 1960s, but these approaches do not provide a solution to the 

problem of archaeological fragments matching, although it can help as a 

starting point for future developments. The main problem is that the nature of 

archaeological material, with its particular characteristics, is unique.  The core 

differences are briefly summarised in the following list: 

 The original shape, referred to as frame, and decoration of the object is 

not known 

 The fragments found do not necessarily correspond with a complete 

artefact. Some fragments may have been lost and the presence of gaps 

of various sizes is common  

 Even well preserved material has signs of deterioration, which are not 

uniform in the surface of the object. Some fragments may have been 

deteriorated more than others, even if they are neighbouring pieces of 

the same object  

 The complex three-dimensionality may result to wired matches, such as 

overlapping of fragments.  

 

The categorization of matching techniques in two groups is proposed: 

‘apictorial’ (shape based, contours matching), and ‘pictorial’ (colour and 

texture based approaches). The latter analyses the visual content of the 

fragments, using either solely texture based approaches or a combination of 

texture and shape data (Kleber and Sablatnig, 2009). Another classification 

usually discussed is the 2D and/or 3D reconstruction problem.  

An approach to puzzle solving focuses on fracture junction, usually T or Y 

shaped, meaning the points where three fragments join and form a correct 
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match (Goldberg et al., 2002). The general reconstruction scenario, proposed 

by Huang (2006), is a repetition of a four step process: data segmentation, 

feature selection, pairwise matching and multi-piece matching. Sagiroglou and 

Erçil (2006) presented a surface texture and picture approach for 2D 

reconstruction, by expanding the boundary of each piece using in painting and 

texture synthesis methods, and maximizing the correlation based on matching 

feature values obtained from these predicted regions. Huang (2006) presented 

a method for automatic reassembly of fractured 3D solids based on geometric 

information of fracture surfaces of the fragments. The methodologies 

proposed are based on different aspects of the data, ranging from surface 

markings to surface intrinsic characteristics (Cohen et al., 2010). 

The condition of archaeological material does not allow curve matching, 

following classical approaches. Elastic curve matching is an alternative method, 

able to deal with weathered fragments, as it detects each point correspondence 

between a pair of fragments boundaries (Willis and Cooper, 2008). Another 

method proposed for eroded surfaces is segmentation based on the Cone 

Curvature feature, which yields a flexible measure of curvature in solids (Adán 

et al., 2012). Additional knowledge of typology has been used for classification 

of fragments (Gilboa et al., 2004), while other approaches are based on 

volumetric models (Kampel and Sablatnig, 2003). 

Willis and Cooper (2008), on their review of computational reconstruction, 

referred to systems for 3D reconstruction of pottery, based on measurements 

of their outer surfaces, outer fracture curves, and their junctions. They 

consider this Bayesian method as the most efficient, because they make use of 

the entire fragment outer surface and are able to solve multiple puzzles 

simultaneously (Willis and Cooper, 2008). 

Considering the computational cost of processing, multi-scale approaches have 

been developed. Initially, incorrect matches are identified by coarse fragments 

fracture representation, and then the processing is repeated with limited 

fragments at higher detail (Willis and Cooper, 2008). In an experiment with 5 

broken ceramic tiles, with a total of 112 fragments, the algorithm, based on 

the shapes of their outlines, started with 166.626 initial pairs, and returned 

277 pairs, of which 46 were true (da Gama Leitao and Stolfi, 2002). 
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The reconstruction of the Theran wall paintings attracted the attention of 

computer scientists, who have proposed different computer-aided 

reconstruction methodologies. The Theran wall painting fragments form an 

explicit dataset for experimentation, due to the quantity and quality of 

fragments, as well as the archaeological significance and the well-structured 

research on the site, from its discovery until the present days.   

An approach to the problem of reconstruction was tested on two groups of 

fragments of 262 and 936 pieces. The fragments are photographed and the 

contour is obtained, in an attempt to extract the maximum possible 

information from their contour shape. The fragment of the greater number of 

contour pixels (“reference”) has a fixed position, while the others (rotating 

fragments) are rotating in order to find the orientation of the contour that form 

an “island” of matching fragments (Figure 23). The resulting “artificial” 

fragment can be visually inspected using image processing tools.  Gaps 

between fragments and alteration due to decay and damage of fragments were 

computed so as to minimise the incorrect matching. The final results reported 

60% correct matching versus 40% accidental matching (Papaodysseus et al., 

2002). The weakest point of this methodology is that colour continuation, 

subject and thematic continuity, three dimensional features and texture were 

not taken under consideration.  

 

 

 

 

 

 

Figure 23: An “island” of matching 

fragments from the Theran wall 

paintings (Papaodysseus et al., 2002, 

p. 1285). 
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The thematic content of the Theran drawings was encountered in a couple of 

alternative methodologies proposed by Rousopoulos (2011), focused on 

fragments of the third floor of the house called ‘Xeste 3’, mainly decorated 

with black and blue stripes. The first approach, based on the artist’s intention 

to draw parallel lines/stripes, resulted in the reconstruction of more than 25 

pairs of fragments. However, the authors state that the reconstruction of any 

drawing with repeated patterns can be benefited by this approach, even in case 

of gaps. Based on the fact that the design follows a parallel-lines pattern with 

various widths due to the inaccuracy of the manual painting, this approach 

estimates whether a set of fragments derive from the same wall painting. The 

second methodology uses a set of geometric prototypes, spiral, hyperbolae 

and ellipses, produced by guides/stencils, in order to reconstruct wall 

paintings with missing fragments. It was successfully applied to the “gathering 

of crocus” wall-painting, and on fragments from the internal walls of the 

uppermost floor of Xeste 3. If the design pattern of fragments falls within the 

geometric stencils proposed, the fragments are positioned correctly, so as to 

fit the same schema (Rousopoulos et al., 2011) (Figure 24). Brown, focusing on 

a 3-D shape-matching algorithm method rather than contours and thematic 

content mentioned above, tested the efficacy of repeated ICP alignments in 

comparison to the ribbon matcher.  The latter methodology proved not only 

more efficient, but also much faster (Brown et al., 2008) (Figure 25). The 

analysis and simulation of fracture patterns appears to be a promising 

direction for future research in the computer-aided reconstruction of wall 

paintings (Shin et al., 2012). 

 

 

 

 

Figure 24: Placement 

of the wrist fragment 

using design patterns 

(Rousopoulos et al., 

2011) 
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Figure 25: Matches found on a spiral (left) and a white (right) data set, using a 

flatbed scanner to capture high-resolution images and normals and 3-D 

scanners to acquire geometry (Brown et al., 2008, p. 89).  

 

Archaeological artefacts reconstruction is focused largely on pottery 

reconstruction (Kampel and Sablatnig, 2004; Marie and Qasrawi, 2005).  Other 

material types included in virtual reconstruction tests are architectural stone 

fragments (Milojevic et al., 2005; Velios and Harrison, 2007) and wall paintings 

(Brown et al., 2008; Papaodysseus et al., 2002; Rousopoulos et al., 2011). 

Another area worth considering is the work of forensic science in documents 

reconstruction (Butler et al., 2012; De Smet, 2008). Other material types have 

been explored at a lesser extent, even if the potential benefit from automatic 

reassembly is significant. For example, the demanding issue of glass 

reconstruction has been disregarded. Archaeological and historical glass is 

extremely fragile and has a much higher chance of fracture than other material 

types. Even if the quantity of excavated glass cannot be compared to pottery, 

its reconstruction is much more demanding, because of the fragility of the 

material and the stricter rules applied in handling. A possible explanation is 

the problems encountered in digital capture of glass, because of its reflectivity 

and translucency. 

A semiautomatic digital refitting case study is presented in section 6.2.  

2.3.2.4 3d search and analysis  

The development of methods for 3D search and analysis are of particular 

importance for classification, but also for conservation and artefact studies, 

considering their efficiency in non-contact retrieval of information regarding 
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technological, morphological-morphometric and volumetric analysis as well as 

digital refitting.  

A sufficient amount of work has been done in the field of facial reconstruction, 

based on either facial anatomy, or the average soft-tissue measurements, or 

the combination of both. The later methodology helped scientists obtain the 

physiognomy of a well-preserved, completely wrapped mummy, based on 

three-dimensional CT data (Cesarani et al., 2004). Other examples in the 

literature are the reconstruction of the face of Dante Alighieri, the application 

of geometric and morphometric analysis in the case of Angelo Poliziano 

(Benazzi et al., 2009), and the virtual reconstruction of faces of Byzantine icons 

(Lanitis et al., 2012). The virtual reconstruction of fossil skulls, since its 

emergence in 1995, has received attention too (Fantini et al., 2008).  

The analysis of 3D models can assist conservation studies and lead to 

conclusions about materials degradation. In the cases of very fragile objects, 

scanning and digitization can be completed shortly after their recovery. This 

enables documentation of the object before the start of conservation 

operations, which can affect the appearance of the object, introducing changes 

due to shrinking, chemical treatment or mechanical strain. The virtual model of 

the artefact can be used for 3d mapping and for a metrical evaluation of 

different layers, and for the determination of volume, volumetric weight and 

manmade traces (Hanke et al., 2008) (Figure 26).  

 

Figure 26: 3D model of the wooden trough with three sections showing the 

detached core of the log and traces of fissuring and deformation (Hanke et al., 

2008, p.189). 
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Of extreme significance is the ability to analyse 3d shapes, and perform 

searches based on similarity of 3d shape and surface, in order to quantitatively 

measure complete artefacts or parts of them (Funkhouser et al., 2003). There 

is no doubt that the complexity and variability of cultural heritage artefacts is a 

challenging task for 3D-shaped analysis algorithms, while at the same time the 

potential of successful application can greatly enhance current conservation 

practices. A necessary step in the retrieval process is the transformation of 

data, and the extraction of descriptors so as to characterize features of 3D 

objects, which can be categorised in three groups based on their form: the 

feature vectors, histogram statistics and structural graphs. Characteristic 

examples or relevant applications are the study of stone tool technology (Abel 

et al., 2011), ceramics and bone (Drenth and Mom, 2009; Rowe et al., 2003). 

2.3.2.5 3D printing  

Apart from visualization, digital restoration and refitting, 3d technology offers 

opportunities for fabrication of physical objects directly from CAD data sources 

via rapid prototyping or 3d printing. Computer Numerically Controlled (CNC) 

processes are based on the removal of material in order to achieve the final 

shape, while 3d printing methods add material layer after layer (Kamrani and 

Nasr, 2005). The greatest advantage of 3d printers is that they are able to 

realize design and accuracy with more versatility than any other mode of 

production, human or machine.  

2.3.2.5.1 Methodology 

The whole process can be divided into three steps; the 3d modelling, the 3d 

printing and the post processing.  

2.3.2.5.1.1 3d modelling: Designing models for 3d printing 

The preparation of your model for 3d printings includes the testing of 

structural integrity and size of the model according to the requirements for the 

final print, taking under consideration the design constraints according to the 

chosen material and 3d printing method. Before exporting the model to a 3d 

printable format it is necessary to check your geometry so as to avoid open 

meshes (Vaughan, 2012) (Graph 7).  
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Graph 7: 3d models design recommendations for 3d printing (Graph author’s 

own).  

 

2.3.2.5.1.2 Instrumentation  

There are two main types, the selective deposition printers and the selective 

binding printers. The former deposit layers of raw materials while the later 

binds raw materials using heat or light to solidify power or a light sensitive 

polymer (Lipson and Kurman, 2013). 3d printing technologies such as 

stereolithography, selective laser sintering, inkjet powder printing, and 

laminated object manufacturing use binding processes, while fused deposition 

modelling and polyjet use deposition processes. The most common 

technologies are the stereolithography, the selective laser sintering and the 

fused deposition modelling (Warnier et al., 2014)  

•3d software can run simulations, such as gravity analysis and finite element 
analysis useful for testing the weight distibution and stresses applied to your 
model using real world physics

STRUCTURAL INTEGRITY

•The size of your model  is relevent to the available 3d printer (size of the 
printer bed) and the requirements for the final print. In case of large object 
consider printing separate parts and assemble them afterwards

SCALE 

•Check the minimum wall thickness according to the desired material and the 
presence of protruding elements , create escape holes in case of hollow 
objects, design support structures

DESIGN CONSTRAINTS 

•Unify normals direction, close holes, fix non-manifold edges 

CLEAN UP YOUR MESH

•Use 3d printable format (most common formats are the .stl and the .obj)

EXPORT
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In stereolithography (SLA) the raw material, fluid resin, is hardened by UV or 

laser (photopolymerisation). It was developed during the 80’s and the first 

commercial desktop-class SLA 3d printer appeared in 2012. The advantages 

are the surface quality and accuracy (Figure 27).  

 

Figure 27: Schematic representation of SLA. A moveable table (A), is placed 

initially at a position just below the surface of a vat (B) filled with liquid 

photopolymer resin (C). As the laser beam is moved in the X-Y directions 

guided by information from the CAD the resin solidifies (left). Available from: 

http://www.additive3d.com/sl.htm and the Professional SLA 3d printer ProX 

TM 950 (right). Available from: http://www.3dsystems.com/  

 

Selective Laser Sintering (SLS) powders are bound together and form solid 

objects using a high powered laser. SLS has found applications in industry and 

creates durable, uniform quality objects. Nevertheless, it is not as detailed as 

other techniques. Available materials are metal, plastic, elastomers, ceramic, or 

glass (Kruth et al., 2003). SLS was developed during the 80’s and 

commercialized at the early 90’s. 3d Systems and EOS are large manufacturers 

of SLS 3d printers. It is expected that more accessible instruments will be 

 

http://www.additive3d.com/sl.htm
http://www.3dsystems.com/
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available soon, because of the expiration of the patent (Warnier et al., 2014) 

(Figure 28-29).   

 

Figure 28: Schematic representation of SLS. A laser beam is traced over the 

surface of a powder (A), spread by a roller (B) over the surface of a build 

cylinder (C). (up)   Available from: http://www.additive3d.com/sls.htm  

 

Figure 29: SLS 3D printer sPro™ 230. Available from: 

http://www.3dsystems.com  

 

Sheets of raw materials, usually plastic or paper and less commonly metal, are 

fused or laminated using heat and pressure. Then cut into the desired shape 

by a computer-controlled laser or knife. The strongest advantages of this 

technology are the low cost, the speed of manufacture, the well-known and 

readily available materials and the absence of size restrictions. Nevertheless, 

LOM is not popular because of lack in accuracy compared to other 3d printing 

http://www.additive3d.com/sls.htm
http://www.3dsystems.com/
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methods. Helisys of Torrance, California, USA (now Cubic technologies) who 

invented LOM continues to further develop the method, by providing new 

materials such as metals and post-processing methods (Figure 30).   

 

 

Figure 30: Schematic representation of LOM. The paper is unwound from a 

feed roll (A) onto the stack and bonded to the previous layer using a heated 

roller (B). The profiles are traced by an optics system that is mounted to an X-Y 

stage (C). After cutting the geometric features of a layer is completed, the 

excess paper is cut away (top) Available from: 

http://www.additive3d.com/lom.htm. Laminated Object Manufacturing 

Machine. Helisys LOM 1015 (below). 

 

http://www.additive3d.com/lom.htm
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One of the most common and the cheapest 3D printing methods is the fused 

deposition modelling (FDM). The raw material is a spool of thermoplastic wire, 

which is melted and placed by the printer’s nozzle. The use of thermoplastics 

lead to fabricated objects with mechanical strength but usually post processing 

is necessary so as to avoid the layering on the surface. It was developed in the 

80’s and commercialised by Stratasys (Figures 31). 

 

Figure 31: FDM 3D printing. Material cartridges (a) supply plastic filament to 

the extrusion head (b). In the heated chamber (c), the head moves in the X- and 

Y-axes while liquefying and depositing material. The Z stage platform (d) 

moves down to give the part the third dimension. Available from: 

http://www.stratasys.com  

 

Of particular importance for the quality of the 3d printed object are not only 

the materials and instrumentation but also the layer resolution and print time. 

A thick layer resolution results in a decrease in print time, while fine layer 

resolution is more time consuming and creates a better surface quality. The 

speed settings on the printer are also crucial for the quality and surface finish 

http://www.stratasys.com/
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of print. For example, according to Evans (2012), the Ultimaker 3d printer
10

 

with a resolution of 0.03mm at a speed rate of 300mm/s can create high 

quality prints.
 

2.3.2.5.1.3 Materials  

The most common printing material used is plastic, either thermosetting or 

thermoplastic
11

. The former category is used by SLA 3d printers while the latter 

is used by laser sintering. ABS thermoplastic models provide the best 

dimensional accuracy, usually using the FDM technology. Another option for 

3d printing is the elastomers
12

, which provide the manufactured object with a 

degree of flexibility. Models in polyamide, made from a granular powder, with 

a granular look and slightly porous surface, fall in this category. They are 

constructed by the SLS process. Although polyamide allows for complex design 

and does not have the limitations of other materials it absorbs moisture. 

Hence, special treatment of the model is required for its use in restoration. 

Also, models can be printed in transparent resin using the SLA technology 

(Figure 32).  

 

Figure 32: Comparison of commonly used 3d printing plastic materials 

(Tinkercad, 2015)  

                                           

10

 The Ultimaker 2 3d printer is capable of printing up to a .02mm resolution and is 

considered the fastest, highest resolution FDM (fused-deposition modeling) printer on 

the market today. It costs $2,499.00.   

11

 Thermosetting plastics refer to a range of polymer materials that cure to a stronger 

form. Thermoplastics are polymer materials that can be repeatedly softened through 

heating and hardened again by cooling. 

12

 Elastomers have the ability to undergo deformation under the influence of a force 

and regain their original shape once the force has been removed. 
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Gold and silver objects can be 3d printed using the wax 3D printing and lost 

wax casting
13

 technology (Figure 33). The gold material is a 14k solid gold 

mixed with copper alloy available in different colours; a very bright yellow 

gold, a deeper gold with a reddish rose tinge and a white gold. For silver, the 

material is a solid Sterling silver, made of 92.5% pure silver and 7.5% of 

copper. Small decorative models like coins, medals and statues can be printed 

either with the wax 3d printing method or in bronze powder, although bronze 

printing is still under research (Figures 34-35). During the additive 

manufacture of the model each layer is dried and the model is cured in an 

oven. The model can be printed in raw or polished in bronze. The 3d printed 

bronze objects follow different corrosion rates than the manual-crafted bronze 

objects (Imaterialise, 2013). Other available metal 3d printing materials are the 

stainless steel and titanium. The latter is one of the strongest 3d printing 

materials available and it of offers advanced possibilities for printing detailed 

models with a minimum wall thickness of 0,2mm (Figure  36). 

 

Figure 33: Wax 3D printing and lost wax casting methodology, schematic 

representation of the 3D printing process. A 3d printing material which is 

similar to wax is used.  Then a casted model is built (Imaterialise, 2014a)  

                                           

13

 This idea is well known in archaeology as the lost wax technique had been applied 

since antiquity. 
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Figure 34: Bronze 3D printing methodology, schematic representation of the 

3D printing process.  The model is built in layers (green state) and then it is 

cured in an oven (Imaterialise, 2014b)  

 

Figure 35: 3d printed coin in gold plated brass material. Available from: 

http://www.shapeways.com 

 

http://www.shapeways.com/
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Figure 36: Comparison of commonly used 3d printing metal materials 

(Tinkercad, 2015)  

Ceramic printed models are made from an alumina-silica powder with a 

porcelain and silica finish and glazing. After printing the model inside its 

powder bed it is dried in an oven, a process that increases its strength. Then, 

the model is cleaned from excess powder, fired again and pre-glazed.  The 

final step is again a firing-glazing process, which is a second coating (Figures 

37-38). The firing may result in shrinking, cracking and wrapping and is 

considered as a difficult step in the 3d printing process. Different recipes for 

ceramic materials have been tested so as to achieve durable objects using 

firing temperatures up to 1,260 degrees Celsius. At least two firing stages took 

place. The printed material is porous and glazing can be applied to the surface.  

Also, another firing is proposed for decorations (Hoskins, 2012; Pugh and 

Balistreri, 2014). The ceramic prints were used for casting too. Researchers are 

exploring the possibilities of replicating Egyptian Faience techniques using 3d 

printing and one firing stage (Hoskins and Huson, 2013).   

 

 

Figure 37: Ceramic 3D printing methodology, incorporating Z Corp printing 

technology, schematic representation of the 3D printing process (Imaterialise, 

2014c). The model is built layer by layer (green state), then placed in a drying 

to gain strength, and then glazed and cured in an oven again.  
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Figure 38: 3d printed ceramics inspired by Southwest Native American pottery. 

Available from: http://www.washington.edu 

 

Glass printing is similar to the process for metals. Glass particles are bound 

with organic binder and oven cured. Following the firing over 750 degrees 

Celsius the binder evaporates and the object’s density increases. The 

temperature dictates the porosity of the final product. This feature is similar to 

normal glass production.  At low firing temperatures, the density is higher.  

Shrinkage about 10% is observed after firing. The material is not smooth as 

regular glass is. The resulting material can be opaque or translucent frosted 

white. The 3d printing of completely translucent glass is not possible yet. Its 

surface is porous and rougher, though a smooth and shiny appearance is 

achieved by a process of glazing (Marchelli et al., 2011). The research is 

directed to the printing of multi materials and heterogeneous materials. The 

various parts of a product’s geometry will have different properties without the 

need to re-assembly (Huang et al., 2013; Zolfagharifard, 2013). 

2.3.2.5.1.4 Post processing  

The 3d printed parts can be further processed so as to acquire the desired 

properties, mainly its optical properties and its strength. The amount of 

processing depends on the 3d printing technique, resolution and print time as 

well as on the requirements of the 3d printing project.  Usually the first post 

http://www.washington.edu/
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processing operation is the removal of support structures and excess material. 

Polishing, glazing and dying are among the most common post processing.  

Dying, by immersing the model in a bath containing colour pigment, is a 

manual process that includes washing of the model, preparation of the 

pigment and dissolving it into warm water, and finally immersion of the model 

for almost 20 minutes. It is also possible to paint the model using a spray 

paint, where the colour tone and the glossiness/reflectivity of the surface can 

be determined. Also, glazing can be applied to the surface as well as polishing 

by mechanical smoothing. Although post processing may enhance the optical 

properties, surface detail may be lost and edges will be rounded. Post 

processing operation may require more time than the actual 3d printing. 

Electro-plating, sealing and chemical treatment enhance the mechanical 

properties, adding strength and durability to the printed pieces (Creatz3D, 

2015) (Figure 39).  

 

Figure 39: The excess powder is removed from the chamber using a vacuum 

(left), and a binding agent is applied over the entire 3D print to add stability 

(right). (Vaughan, 2012, Figures 14.5 and 14.6).  Available from: 

http://www.graphics.com/article-old/fundamentals-3d-printing-digital-models   

 

2.3.2.5.2 Applications  

2.3.2.5.2.1 Archaeological applications 

3D digitization and 3D printing provides an alternative methodology, which 

employs not only non-contact operations, in accordance with preventive 

conservation standards, but also accurate, affordable and easy methodologies 

http://www.graphics.com/article-old/fundamentals-3d-printing-digital-models
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for replication (see section 2.2.1 for a discussion on preventive conservation 

problems including handling and replication issues).  

3d printing is not a new technology, as demonstrated by the earlier 

applications of stereo lithography in the cultural heritage sector (Arnold and 

McAllister, 1998). Advances in computing power, new design software, new 

materials and affordable cost have resulted in its rapid development (Lipson 

and Kurman, 2013). Characteristic examples are the applications of rapid 

prototyping for archaeofaunal remains (Niven et al., 2009) human skeletons 

(Allard et al., 2005) sculptures (Arnold and McAllister, 1998; Fowles, 2000; 

Happa et al., 2009; Earl et al., 2009; Wachowiak and Karas, 2009; Celani et al., 

2009) (Figure 40), and architectural parts (Richens and Herdt, 2009), delicate 

objects, such as the Ferryland cross (Logan et al., 2010) and cuneiform tablets 

(Lipson and Kurman, 2013).  The exhibition 3D: Printing the Future, at 

London's Science Museum, where 600 3d printed items are on display, is a 

wonderful opportunity to explore the future possibilities that 3D printing 

might offer to museums. Moreover, the Smithsonian exhibition “Slavery at 

Jefferson’s Monticello: Paradox of Liberty” presents a 3d printed life-size statue 

of Thomas Jefferson (Institute of Industrial Engineers, 2012) (Figure 41). 

 

Figure 40: Marble relief from the Garden Temple at Ince Blundell Hall, 

Merseyside, original (left) and 3d printed replica (right) (Fowles, 2000, p.90-91) 
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Figure 41: Exhibition Installation of Slavery at Jefferson’s Monticello: Paradox 

of Liberty. Available from: http://nmaahc.si.edu  

 

2.3.2.5.2.2 Applications in conservation 

These advantages are of great importance in replication of artefacts, but there 

is also a strong potential in the area of computer-aided reconstruction and 

rapid prototyping/3d printing for restoration and gap-filling of artefacts (see 

section 2.2.2.3 for a discussion on gap filling problems).  Virtual 

reconstruction and replication of missing parts can be a more effective 

methodology for artefact restoration, as it overcomes problems encountered 

with traditional approaches. The main advantage is that the whole operation is 

executed in a controlled virtual environment providing results much more 

accurate than manual approaches. It is totally non-contact, throughout the 

process, from data capture and processing to 3d printing of the missing 

fragment, enabling the reconstruction and/or replication even for fragile 

vulnerable artefacts. There is the option of creating attachable parts, with 

specific geometric characteristics, in order to fit the original artefact without 

adhesives.   

http://nmaahc.si.edu/
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This is a promising methodology for solving the gap filling problems, and 

adequate testing is needed, because, although it could be used in 

reconstruction of the works with a controllable level of fidelity to the original 

(Taylor et al., 2002), its contribution in restoration treatment is limited. A 

wooden support from a church at Rothenstein in Germany was badly damaged 

by insects, and remained a wafer-thin layer of wood, unable to fulfil its 

structural goals. The digitization and milling of the new material provide a 

replacement support capable to fulfil its goal (Ioannides and Wehr, 2002).  

The missing part of the digital model of a badly damaged medieval skull was 

virtually reconstructed and the custom-designed model was directly fabricated 

by means of the RP process. Virtual or physical reconstitution of hominid fossil 

skulls, discovered in different regions of the world, help palaeo-

anthropologists to reconstruct the genealogic tree of the evolution of man and 

to better understand, the diversity of the Homo Erectus species (Fantini et al., 

2008) (Figure 42).   

 

Figure 42: Reconstruction of a medieval skull with 3d printed missing part 

(Fantini et al., 2008, p.323) 
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Another project aimed at the restoration of the Opus sectile floor in the chapel 

of St. Restituta. 3-D laser scanner technology and rapid prototyping enabled 

the creation of a virtual model in resin of the imprint of the flooring upon 

which the recovered slabs and tesserae can be placed (Casaril et al., 2006). 

Moreover, 3d printing was used in the large scale conservation projects of the 

reconstruction of a fifteenth-century ship. The material used to make the 3d 

print was chosen to have similar elastic and plastic deformation properties as 

the original wood and could therefore be employed under similar stresses (Soe 

et al., 2012) (Figure 43).  

 

Figure 43: 3d printed model of the Newport Ship (during build) (Soe et al., 

2012, p.444) 

 

Apart from replication and restoration 3d printing can also contribute in the 

examination of artefacts. An interesting application is the combination of 

medical 3D imaging with rapid prototyping techniques in forensic Imaging 

(Ebert et al., 2011). Conservation can benefit equally from 3d printing, as the 

replication can be combined with advanced imaging technologies in order to 

fabricate not only the artefact’s surface but also its internal structure. Three 

dimensional technology enables the capturing of 3d, volume, texture and 



 

 

79 

 

colour as well as data beyond the visible (these methodologies will be 

discussed in 0). With 3d printing these data can be linked to the physical 

world. The advantages of this strategy are the more efficient examination and 

interpretation of data. Moreover, the physical 3d printed model can serve as a 

replica of the artefacts’ structures, which is not subjected to the degradation in 

the same rate as the original one. Considering that academic institutions 

consist of the one-third of 3d printers market (Jones, 2012), we expect the 

broader application of 3d printing in research in the near future.  

One of the most critical aspects for the application of 3d printing for 

conservation purposes is the 3d printing materials. This is of interest in 3d 

printing of artefacts for replication and manufacturing of internal structures. By 

applying special treatment, post-finishing steps and materials the creation of a 

model with specific optical properties is possible, although the cost will be 

higher. The texture, the weight, the temperature can be adjusted to resemble 

the original, so as to create a convincing replica, but the material composition 

and the ageing properties cannot be controlled. The 3d printed materials 

should be tested in advance before applied to fragmented artefacts. 

Considering that these materials are rather new, they have not been tested and 

their ageing properties are not fully identified yet
14

. This issue becomes a very 

crucial factor in case of 3d printing of missing parts of artefacts for restoration 

purposes, because the printed object is in contact with the original fragmented 

artefact. The requirements for materials to be used as fillers in objects 

restoration should be taken in to consideration. In general important features 

are the aesthetics of the restoration, its reversibility and re-treatability, as well 

as the strength, density, durability, shrinkage and thermal expansion of the 

filler. The long lasting performance of the filler, which should not be subjected 

to physical and chemical changes, nor interact and contaminate the original 

fragmented object, is essential.   

                                           

14

 It is assumed that modern plastic 3d prints degradation might be similar to other 

plastic material, but there is no evidence for this. For plastics degradation in museums 

collections see (Shashoua, 2008).  
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A case study on the use of 3d printing in remedial treatment is presented in 

section 6.3 and 6.4.  

2.3.3 3d documentation  

Nowadays, the principle of documentation of aims, processes and results for 

future conservation and examination is well understood and appreciated. As a 

result, research is focussed on a relatively long list of three-dimensional 

techniques for recording, as well as a number of computational photography 

tools. These techniques made it possible to document and integrate the many 

forms of documentation. The documentation is closer than ever to 

environmental documentation, which is a combination of the various scientific 

documentation approaches (Addison et al., 2005). Table 3 presents the most 

widely used traditional documentation techniques and their digital analogues.    

Table 3: Conventional documentation and digital analogues. 

Conventional  Digital 

Sketches , drawings Non-photorealistic rendering, Algorithmic rendering 

Photography Computational imaging, 3d digitization 

Casting 3d printing 

Paper documentation Scientific workflows, provenance, systematization 

 

3d-digitazation transfers documentation to a new level of excellence, as 

demonstrated by earlier applications of 3D computer graphics in cultural 

heritage (Callieri et al., 2005). 3D recording is a more efficient method for 

documentation and dissemination, not only because 3D models can be 

presented in many ways, as still images or animations, but also because the 

user can acquire the chosen view from a variety of angles interactively. It is 

suggested that digital methods are more objective and accurate than 

traditional ones. Digital records are influenced by known computational and 

user limitations, while traditional techniques depend on unpredictable human 

perception. Therefore, the resulting datasets are more sustainable and of 
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greater value to subsequent researchers (Richens and Herdt, 2009). A 

comparative analysis between traditional and digital documentation strategies 

leads to the safe conclusion that digital tools perform better in terms of 

efficiency, accessibility, provenance, systematization and versatility. 

Considering the objective of practicality, affordable, easy and practical digital 

documentation options are available, but simultaneously there are high-cost 

techniques, whose execution is difficult.  

Unlike traditional recording techniques, 3d models can be enriched with online 

explanations so as to link the spatial representation of the 3D shape with other 

related information (Echavarria et al., 2012) (Figure 44). However, the semantic 

annotation of 3d data is not yet standardised, and the vast majority of 3d 

annotation refer to a problematic geographic definition of the 3d model, and 

by extension the original artefact. Most of them refer to 3d points or whole 

objects, while there is a clear need for adding annotations to points, segments 

and surface regions of 3d objects. The  3DSA (3D Semantic Annotation) 

system, based on the Open Annotation Collaboration (OAC) data model, 

includes features for adding exchangeable and re-usable annotations to points, 

surface regions or segments of 3D digital artefacts. This project, focused on 

3d semantic annotation for 3d models of cultural heritage, managed to provide 

a useful tool for annotation and comparison of museum objects and artefacts, 

by assigning relationships between the different aspects of objects, such as 

dimensional comparison (Yu et al., 2011; Hunter and Gerber, 2010) (Figure 

45). The 3d annotation can provide a better understanding of objects’ 

condition compared to traditional condition reporting. According to Echavarria 

(2012, p.46), 3d annotation ‘has the potential to provide heritage professional, 

looking at the preservation of these monuments and sculptures, a more 

effective tool to assess their risk and take further actions if needed’. For that 

reason the annotated 3d space allows the user to open different version of the 

3d model, representing the artefact in different condition and annotate them 

accordingly. This functionality is not only useful for preservation, monitoring 

and condition reporting, but can equally enhance remedial conservation 

operation documentation. In that sense the historical record of the object 

visualised in 3d form can be tracked and annotated for future investigation, as 

well as for evaluation of treatment.  
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Figure 44: Annotation interface (Echavarria et al., 2012, p. 46).  

 

Figure 45: 3d model of an Attic lekythos viewed in 3dsa gallery. Available from:  

http://3dsa.metadata.net/3dsa/ 

 

 

 

http://3dsa.metadata.net/3dsa/
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Three-dimensional digitization offers the opportunity of ultrarealistic and/or 

non-photorealistic rendering. The former is the advanced digital analogue of 

photography while the latter is an alternative for drawings and archaeological 

illustrations.  

2.3.3.1 Non-photorealistic rendering (NPR) 

The archaeological illustrative tradition and the contribution of illustration in 

documentation (shape, decoration and surface details), explanation of form 

and function as well as interpretation makes illustration a positive, if not 

necessary, addition to conservation reports.  However, traditional illustrations 

are lacking in accuracy and are influenced by subjective judgement, resulting 

in documentation problems as discussed in section 2.2.3.3 (see also A.2.2). 

NPR emerged during the 1990s, as the opposite of photorealistic rendering, 

having as a goal to imitate traditional illustration (Rusinkiewicz et al., 2008) 

(Figure 46). Since then considerable progress has been made towards 

reproducing traditional pen-and-ink techniques for rendering 3D objects 

(Isenberg et al., 2006). While NPR attributes of artistic creativity and aesthetics 

have been discussed, for the purposes of conservation and artefact studies it is 

the comprehensibility and clarity that stands out as the most distinguished 

features. Line drawings are the simplest NPR technique. The basic elements of 

line drawings are silhouettes or contours, with creases and suggestive 

contours.  The most common used drawing elements are the hatching and 

stippling (Rusinkiewicz et al., 2008) (Figure 46). 

 

Figure 46: The basic elements of line drawings; silhouette, contours and 

suggestive contours (from left to right).  Available from: 

http://gfx.cs.princeton.edu 

http://gfx.cs.princeton.edu/
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Figure 47: Cross-hatching, and stippling (Winkenbach and Salesin, 1994, p. 

93).  

 

The stronger advantage of NPR over traditional drawing is the enhanced 

description of detail and the clear depiction of shape, resulting in tighter 

images with a less sketchy look. NPR provides a realistic and three-dimensional 

looking drawing, because of the better shading and lighting, as well as the 

highly detailed stippled and/or cross-hatched images. Hence the better 

illustration of complex artefacts, difficult to achieve with traditional drawings, 

is possible (See section 5.4.2.3 for examples). Also notable is that NPR is able 

to simulate archaeological illustrative tradition. The most commonly used 

elements of traditional drawings, hatching and stippling, can be reproduced. 

Contrary to traditional illustrations, NPR is flexible, being able to provide 

illustrations of digitised artefacts in various forms for different purposes (e.g. 

book, poster, display).  In that way, different aspects of the illustration become 

apparent to viewers, and might lead them to different conclusions about the 

objects. Different parameters can be applied to the portrayed information for 

changing viewing contexts.  

Nevertheless, computer generated illustrations have been criticised for being 

too perfect and sterile due to less variation in their lines or stipples. Moreover, 

the expertise needed is not yet considered a standard skill for museum 

professionals, although the new generation of archaeological illustrators is 

familiar with these techniques. It seems likely that the future of archaeological 

illustration is the NPR techniques, due to their ability to provide improved 

communication of information. Algorithmic rendering (AR) is one of the most 

promising future techniques.  
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2.3.3.1.1 Algorithmic Rendering  

Algorithmic Rendering (AR) is a computational photography tool and an NPR 

technique, currently under development, and is complementary to RTI, since 

both techniques share the same data sets.  The final outcomes of the project 

would be an open source tool, able to provide a variety of different 

illustrations, underlining different features of the photographed surfaces. 

Merging and mathematical transformation of the data in the form of image 

sequence, results in an information-rich visualization and a new digital 

representation, in accordance with cultural heritage recording and 

documentation needs.  The resulting visualization cannot be compared to any 

individual image. Important features are presented in a new and useful way, 

assisting the examination of artefacts and leading to an advanced perception 

of three-dimensionality, surface shape, detail, material, and colour (Cultural 

Heritage Imaging, 2012). 

A sequence of images with reflective spheres under different illumination is 

being captured. The AR process generates images with Red, Green, Blue, and 

Normal information (RGBN images) with per-pixel colour and surface shape 

information. The RGBN information is being processed using signal processing 

“filters”, resulting in a variety of different visualizations of the same dataset, 

useful for the documentation of complex objects. The processor of AR, based 

on non-photorealistic rendering of RGBN data, was developed at Princeton 

University (Toler-Franklin et al., 2007). 

The "Automated Documentation and Illustration of Material Culture through 

the Collaborative Algorithmic Rendering Engine (CARE)" project by Princeton 

University and Cultural Heritage Imaging (CHI) will result in an open source 

tool, the Collaborative Algorithmic Rendering Engine (CARE), able to create 

accurately rendered drawings from the same photographic data sets that are 

used in Reflectance Transformation Imaging (RTI). Having as advantages 

minimal user effort, cross-site collaborative visualization design and 

provenance data tracking, the CARE will overcome problems in the field of 

digital cultural heritage. RGBN images are less computationally expensive, 

considering storage and time, in comparison to 3D models, while they 

represent three-dimensionality efficiently.  
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The AR technique is not yet released; as a result the published examples are 

limited and originate from the original research of Rusinkiewicz and Toler-

Franklin, provided by CHI (Cultural Heritage Imaging, 2012). The principles and 

ideas of AR have been presented (Mudge et al., 2008; Schroer and Mudge, 

2012) and the application of this technology is believed to lead digital cultural 

heritage applications to a mature level and contribute to conservation as well.  

The automatic application of different signal processing filters on the RTI 

dataset will result in different representations. In the example of the 

Sennedjem Lintel from the Phoebe A. Hearst Museum of Anthropology at the 

University of California six different illustrations are available. Exaggerated 

shading reveals fine surface details, the darkening groves emphasizes large 

features, “toon shading” depicts shape features, “Labertian shading” computed 

on the grayscale image conveys surface shape and suggestive contours present 

another method conveying shape. The petroglyph example from the Legend 

Rock Site in Wyoming demonstrates the ability of AR’s “Exaggerated Shading 

Technique” to enhance details covered by patina. The mathematical 

transformations will not be limited to colour information, such as image-

processing software, but will include the rich surface-structure information 

contained in the surface normals. The user will choose from the list of the 

available filters and will be able to adjust the parameters of each filter and 

combine them, in order to create an adequate illustration for the imaged object 

(Figure 48). The CARE will provide the necessary provenance data for the 

created illustrations (Cultural Heritage Imaging, 2012). 

For the purposes of this thesis new NPR and image enhancement approaches 

have been developed (Chapter 5).  
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Figure 48: The Sennedjem Lintel from the Phoebe A. Hearst Museum of 

Anthropology at the University of California, Berkeley. (a) AR composite image 

with color and surface normals at each pixel. (b) Exaggerated shading reveals 

fine surface details. (c) Darkening groves emphasizes large features. (d) Toon 

shading depicts shape features. (e) Labertian shading computed on the 

grayscale image conveys surface shape. (f) Suggestive contours present 

another method conveying shape. Illustrations by Dr. Corey Toler-Franklin. 

Available from: http://culturalheritageimaging.org 

 

The most widely used method for systematization of documentation is the 

collection management systems in the form of databases, which are searchable 

and provide opportunities for fast and easy comparative analysis and statistics, 

and encourage communication of conservation related information.  

Conservation related documentation is sometimes a part of the collection 

management system, although conservation specific systems have been 

developed and are in use in many museums and cultural organizations. 

Questions arise as to whether these systems can meet the needs of 

conservation in terms of 3d recording and documentation.   

2.3.3.2 Scientific workflows  

There is no doubt that the contribution of computers and communication 

technology in scientific research methodology is increasing, and digital 

http://culturalheritageimaging.org/Technologies/Algorithmic_Rendering/
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components are now integral parts of research. Apart from digital preservation 

(section 2.2.3.4) the need for automation becomes apparent because of the 

quantity of scientific digital data, their complexity and the need for systematic 

analysis of results. Many and diverse scientific disciplines, involved in 

acquisition, manipulation and processing of large amounts of complex data, 

have already introduced scientific workflows in research practice, in order to 

overcome this problem.  Workflows can be characterised as the coordinator of 

a multi-task process, where task is software and process is a series of 

structured activities, accompanied by appropriate documentation. Experience 

proved that workflows can provide a solution in scientific problem-solving and 

decision-making. This is achieved by in silico experimentation, cross-checking 

of results and run simulations with various datasets from different sources. 

Workflows enhanced scientific cooperation, because they can be reused, 

avoiding reinvention. The lifecycle of a workflow is the following: design, 

setup, execution, monitoring, refinement, share and reuse. 

2.3.3.2.1 myExperiment, Open Provenance Graphs  

The Virtual Research Environment myExperiment (Goble and De Roure, 2007) 

was developed in order to support and facilitate free sharing of workflows, 

methods and data among scientists on the web. The assistance provided by 

myExperiment is a valuable and useful tool for the successful retrieving of data 

among well characterised and established methods.  In a context like this the 

scientific community is concerned more than at any other time in the past for 

the provenance of data. Open Provenance Model (OPM) (Moreau et al., 2011) 

explains and describes the processes in which digital data and things with a 

physical existence have been involved, and which results in their present state. 

The co-presence of digital and physical data is of great value for conservation 

documentation. According to OPMs visual representation, artifacts (=physical 

or digital objects-DEF1) are represented as ellipses; processes (actions-DEF2) as 

rectangles and agents (catalysts of a processes-DEF3) as octagons. 

Dependencies or causal relationships between artifacts, processes and agents 

are represented by arcs or edges, where the source is the effect and the 

destination points the cause (DEF4).  These relationships can be:  

 used by (DEF5) 

 was generated by (DEF6) 



 

 

89 

 

 was triggered by (DEF7) 

 was derived from (DEF8) 

 was controlled by (DEF9) 

 

The processes can be further explained by roles assigned to edges (DEF10). 

Roles are required in case of ‘was Generated By’ and ‘was Controlled By’. 

Provenance graph can present different levels of details. More and less detailed 

descriptions of processes can coexist. In a pair of such overlapping accounts, 

the more detailed sub-graph is called refinement of the other.  An OPM Graph 

can optionally include time annotations (Moreau et al., 2011) (Figure 49). OPM 

graphs are used in order to document the novel methodologies proposed in 

this thesis (Chapter 5-6).  

 

Figure 49: Representation of artifacts, processes and agents and their possible 

relationships (Moreau et al., 2011, p.744) 

 

2.3.3.2.2 CIDOC-CRM 

The CIDOC Conceptual Reference Model (“CRM”) is an object–oriented domain 

ontology able to formalise the semantics of museum archive documentation 

and enhance heterogeneous data interchange.  The CIDOC CRM consists of 

superclasses, classes and properties hierarchy, enables the integration of 

information from different sources, is flexible and extensible, empirical and 

descriptive (CIDOC-CRM, 2014). Ariadne Conservation Documentation System, 
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developed in the department of Conservation of Antiquities and Works of Art 

(SAET), Technological Educational Institution (TEI) of Athens, incorporates the 

CIDOC CRM concepts and relationships (Naoumidou et al., 2008) (Figure 50). 

The guidelines for labelling and marking, as well as registration of objects in 

museums, are also of great help and can serve as a basis for the definition of 

the conservation CIDOC-CRM.   

 

 

Figure 50: Example of Ariadne’s entities as instances of the CIDOC CRM 

(Naoumidou et al., 2008, p.8-10). 

 

2.3.3.2.3 3D-COFORM 

The EPOCH research agenda was dealing with issues of documentation and 

standardization, relevant to those discussed above. The aims of the project, 

among others, are the definition/classification of shape characterization in 

representations for CH, the definition of a sustainable 3D file format and 
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methods for generic, stable, and detailed 3D mark-up as well as 3D querying, 

provenance and processing history (Arnold and Geser, 2008). The annotation 

scenario of the 3D-coform project aiming at establishing links between 3D 

artefacts, bibliography or any other multimedia information about the artist or 

the object is of particular interest for conservation documentation. In the 

annotation scenario of the V&A museum, the following operation sequence was 

proposed (3D COFORM, 2013):  

 3d acquisition  (secondary 3D artefact) 

 Restoration 

 3d acquisition  (primary 3D artefact) 

 Conservation reporting in the form of annotations in the 3d models 

 Add links between the two 3d artefacts. In future scans new 

annotations are used to describe differences over time. 

 

2.3.3.2.4 The Digital Lab Notebook  

The digital lab notebook is a tool under construction by CHI which is expected 

to assist metadata management easily and in accordance with everyday 

working principles and digital tools. In that way, the records are more 

scientifically reliable and can be further used and better preserved for future 

use and re-use. A core feature of the digital lab notebook is the ‘digital 

provenance’ or ‘empirical provenance’, which includes metadata and 

processing history of digital representations, providing an advanced 

understanding of their role and, in that way, increasing their impact on the 

scientific community. The digital lab notebook can be beneficial for the quality, 

the accuracy and acceptance, collaborative distribution of digital surrogates 

avoiding false interpretations and considerably improving documentation 

(Cultural Heritage Imaging, 2013a; Mudge et al., 2008; 2007). The digital lab 

notebook is expected to revolutionise research and lead documentation to an 

advanced level.  

2.3.3.2.5 Patina of Notes (PoN) 

PoN is an information management system, accessible through web browsers 

on computers and smart phones, part of the PATINA project. Through PoN 
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researchers can collect, organise and browse their data, which can be linked to 

open form notes and notes, keeping track of the provenance of information 

(Costanza et al., 2013; Jewell et al., 2012). 

2.3.4 Mixed reality approaches  

In the previous sections the usefulness of digital technology in solving 

conservation problems is discussed, where the digital artefact is one of the 

main components alongside the original. The distinction between digital and 

real artefact is that the latter can be experienced with senses other than the 

visual, i.e. sound, smell and touch (Newell, 2012). With the tremendous 

advances in computer science there is a broader application of virtual reality 

and computer graphics in museums. Contemporary museum activity includes 

new media in a transformed democratized museum environment that 

encourages deeper engagement between visitors and artefacts (Henning, 

2008). Among the most widespread methods and tools are the advanced 

imaging strategies for digitization and Web3D, including either the virtual, 

augmented and mixed reality
15

 exhibitions or handheld devices (Sylaiou et al., 

2009). 

There is no doubt that conservation can benefit from bridging the gap between 

the physical and the digital via augmented and mixed reality technology. 

Digitization brings the physical artefact closer to the conservator, by 

enhancing examination, analysis and documentation, and by providing 

assistance in conservation dilemmas. Three dimensional reconstructions and 

reproduction made possible the execution of operations considered as 

impossible by earlier generation of conservators, such as the digital refitting 

and replication. In the 21st century the goal is to bring the virtual into closer 

alignment with the physical world (Lipson and Kurman, 2013).  This from a 

                                           

15

 Augmented reality (AR) refers to a system in which the user views and acts within an 

enhanced version of the real world. The enhancements are virtual (computer-

generated), and can include objects or information. Mixed reality (MR) refers to a 

system that combines real and virtual objects and information (Bowman, 2008).  
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conservation perspective applies to the virtual execution of operations and to 

the blending of the virtual and the physical. In that way the virtual artefact may 

inherit some values form the original and the original may be enhanced by 

digital elements. Huge steps have been made towards the virtual execution of 

operation, regarding micro-excavations, fragments matching and condition 

recording. Considering that conservation operations are interactive processes 

executed on non-static physical objects, they are highly unlikely to be 

transformed into the virtual space using static and stable visual 

representations. On the contrary, the blending of the physical with the virtual 

can be potentially realised by means of tagging, 3d projection, haptic and 3d 

printing technology. Although these technologies have been used in museums, 

they have never been applied in a way that befits conservation objectives.   

 

The advances of digital technology signal an opportunity to meet a 

compromise between access and preservation. Mixed reality, 3D modelling and 

3D printing have significant potential to provide working solutions to the 

preservation versus use dilemma. Recently, because of technological 

advancements, these technologies are more easily adopted, and provide 

solutions which would be impossible using conventional methods. In that 

sense Clavir’s (2002, p.64) questions ‘whether “museum use” necessitates 

physical use or whether its intention can be accomplished in a manner more 

compatible with preserving the physical object’ needs to be revisited. This 

thesis argues that there is a way to achieve this by means of digital technology.  

 

In the following sections three main attributes of mixed reality approaches that 

can be adopted by conservation; haptic technology, tagging and projections, 

will be analysed and examples from the current practice will be presented.  

2.3.4.1.1 Haptics  

Haptics provides an innovative form of interaction between humans and 

information (Bergamasco et al., 2002), increasing the ability to conceptualize 

3D shapes, by imitating the forces that we would feel if we physically interact 

with the object, in either virtual or mixed environments (Butler and Neave, 

2008). Zimmer and Jefferies describe haptic and original 3d artefacts as an 

analogy to a picture and its digitised version (Zimmer and Jefferies, 2007).  
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Haptics ‘allowed the freedom to trial ideas and explore through the artistic 

process’ because even ‘If the artist wishes to change their mind with regard to 

an aspect of the art piece, they are free to do so’ (Butler and Neave, 2008, 

p.135). In other words this technology provides the ability ‘to feel textures and 

shapes of virtual objects, modulate and deform objects with a very high degree 

of realism’ (Brewster 2005, p.3) (Figures 51-52). 

 

 

Figure 51: 3-D tactile experience of museum objects, which enables blind and 

visually impaired museum visitors to ‘touch’ 3-D scans of museum artefacts, 

presented with multimedia information support.  Available from: 

http://zeroproject.org  

 

Figure 52: The Senses in Touch II exhibit, developed by the the Computing 

Science Department and Hunterian Museum at Glasgow University, enables the 

http://zeroproject.org/
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haptic experience of objects such as coins, engraved Egyptian hieroglyphics 

and the cast of a dinosaur footprint (Brewster, 2000). 

For example the PHANToM system could resemble the feel of a three 

dimensional object from all sides, imitating the physical contact (Zimmer and 

Jefferies, 2007) (Figure 53). Another interesting application, with strong impact 

on transforming the virtual haptic object, is the integration of a Chinese 

calligraphy brush as a 3D interaction tool (Song et al., 2005). Moreover, 

Bergamasco (2002) discusses the ability of such virtual environments to 

recover information about other objects that are related in a way to the object 

under haptic exploration. In conservation this technology has found limited 

use, focused on training (Geary and Sandy, 2004) (Figure 54). Potential uses of 

haptics in conservation are presented in section 4.2.2.1. 

 

  

 

Figure 53:  Haptic devices; Phantom Omni, desktop and premium by Sensable 

technologies. Available from: http://www.dentsable.com  

 

http://www.dentsable.com/
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Figure 54: Using haptics in conservation training.  A backing removal 

simulation environment and interface created for paper conservation training 

(Geary and Sandy, 2004, p.429). 

 

2.3.4.1.2 Automatic identification data capture techniques (AIDC) 

The connection between the virtual and the physical world has been explored 

by researchers by means of automatic identification and data capture (AIDC) 

techniques. They enable fast, easy and accurate data collection methods, 

storage and analysis of the data.  AIDC methods include technologies such as 

barcodes, Quick Response codes, Radio-Frequency Identification (RFID) and 

Near Field Communication (NFC).  

1D barcodes are universally recognized codes used in our everyday life 

because of their speed and accuracy. Their disadvantage is limited space for 

storage. This lead to the development of 2D barcodes, referred to as quick 

response (QR) codes by Denso Wave Corporation in 1994.  QR codes contain 

information in both directions and are able to encode several types of data.  
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They can be generated easily online and printed on low cost printers with 

normal paper. OR codes can be accessed easily using mobile phones or QR 

code readers, which displays, manipulates, or stores the information. QR code 

can store 7,089 characters for numeric data, 4,296 characters for 

alphanumeric data or 2,953 bytes for binary data. Another AIDC method is the 

RFID, which stores and retrieves data from an identification chip by means of 

radio waves. It is a short-range wireless communication type, useful for 

distances less than 100 meters. Near Field Communication (NFC) is an AIDC 

method, similar to RDIF that falls in the category of short-range high frequency 

wireless communication technology. Contrary to RDIF, NFC can be used in 

distances less than 10 cm, providing a more secure option (Vazquez-Briseno et 

al., 2012). 

The industrial use of QR Codes and RFID/NFC tags has been increased in the 

last few decades. Nowadays, their use in other fields is explored so as to link 

the physical world with the virtual one, and enhance the interaction between 

people and things. The contextual QR codes aim to personalise the information 

to each user of the code according to the location, time, and kind of device 

detected, environment and task. The specific information displayed to each 

user is an enhanced option for the development of the tasks. According to 

Rouillard (2008, p.54) the context-aware features ‘is a way to capture and 

distribute a tremendous amount of information in a simple, quick and efficient 

manner’. Object hyperlinking is another way of linking the physical and the 

virtual world. Tags on physical objects with, that contain a URL, drive the user 

to digital data and online resources about objects (Vazquez-Briseno et al., 

2012). 

RFID/NFC and QR codes have been used to enhance visits to museums. For 

example these technologies were used in the Louvre (Figure 55), the Stuttgart’s 

Mercedes-Benz Museum, the Genoa’s Wolfsoniana Museum, the National 

Museum in Krakow and the Musee du Quai Branly in Paris. The Tales of Things, 

a collaborative project among several universities in the United Kingdom, 

connects the physical objects with digital data by means of QR codes and 

mobile devices.  Tales of Things tags had been employed in museums, so as to 

help visitors interact with objects and express their opinion about the 

exhibition (Weber and Weber, 2010). The exhibition Scotland: A Changing 
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Nation displays 80 objects, tagged with QR codes, enabling visitors to add 

their own data via the Tales of Things Website (National Museums of Scotland, 

2014). The QRator, a joint project with UCL Centre for Digital Humanities, 

Centre for Advanced Spatial Analysis and UCL Museums, follows the ideas of 

the Tales of Things by allowing members of the public to add their own 

comments about museum objects (UCL, 2011) (Figure 56). Potential uses of 

tagging in conservation are presented in section 4.2.2.2. 

 

 

Figure 55: RFID/NFC and QR codes for the iconic painting of La Gioconda, 

Louvre Museum (uQRme, 2013). 

 

 

Figure 56: QRator System diagram (Gray et al., 2012).Available from: 

http://www.museumsandtheweb.com/mw2012/papers/enhancing_museum_n

arratives_with_the_qrator_pr  

 

http://www.museumsandtheweb.com/mw2012/papers/enhancing_museum_narratives_with_the_qrator_pr
http://www.museumsandtheweb.com/mw2012/papers/enhancing_museum_narratives_with_the_qrator_pr
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2.3.4.1.3 Perspective corrected projection 

In the previous section techniques that allow retrieving data, interaction and 

information exchange between the physical object and digital records via 

mediating devices, such as mobile phones, have been presented.  In this 

section projections on physical objects are being discussed in an attempt to 

augment the physical artefact by blending it with the virtual one. Three-

dimensional projection, based on the further development and combination of 

existing technologies, has been considered an evolutionary type of mixed 

augmented reality (Dalsgaard and Halskov, 2011). 

The uniform or diffuse reflectance and the planar, multi-planar or simple 

parametric geometry of conventional screens used for display guarantee image 

quality. But in the case of projections on physical objects the absence of ideal 

reflectance and geometry may lead to colour, intensity and geometry 

distortions, in the form of inter-reflections, diffuse and specular reflections, 

regional defocus effects, refractions. Computer vision techniques and 

computer graphics approaches need to be implemented so as to overcome 

such problems. Geometric distortion of projected images can be solved with 

geometric projector-camera registration techniques. Projective texture 

mapping is sufficient for uniformed coloured surfaces but more precise 

registration techniques, geometric warping, radiometric compensation, multi-

focal projection, and the correction of general light modulation effects, are 

required for textured surfaces with complex geometry and spatially varying 

reflectance, colour and intensity (Bimber et al., 2008). 

The precise calibration of the projectors and lighting is a difficult task in a 

museum environment, and this is one of the most challenging aspects of its 

application in cultural heritage. Three dimensional projections were mostly 

used to augment or transform the built environment, and to a lesser extent to 

objects. Their main contributions are to enhance or emphasize physical 

aspects of objects to transform their materiality. Using different strategies the 

simple physical content can be enhanced with complex virtual elements or vice 

versa, while the virtual and the physical elements can be fully or loosely 

connected (Falck and Halskov, 2013). 
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In the case of Holger the Dane researchers brought the statue into life by 

presenting the legends about the statue by means of 3d projections.  Making 

use of computer graphics techniques they manipulated the shadows of digital 

elements projected on the statue, creating interesting illusions. Moreover, 

particle systems created realistic effects, for example the reflections of the 

simulated fire and dust on the statue.  The use of 3-D projection transformed 

the perception of space and materials. Visitors perceived the materiality of the 

physical object, emphasized by virtual elements (Halskov and Dalsgaard, 

2011). The Mejlby stone installation at the Kultur Historisk Museum in Randers 

used projections so as to narrate the story of an engraved stone.  In addition to 

the projections audio and light in the installation room add to the dramatic 

effect. Animations provide data on the historical events and the carvings are 

depicted on the physical stone. In one of the animations, the time passing was 

simulated, by presenting the different environmental conditions that efface the 

carvings from the surface of the stone (Halskov and Dalsgaard, 2011) (Figure 

57). Potential uses of projections in conservation are presented in section 

4.2.2.3. 

  

Figure 57: The Mejlby Stone (left) and the Holger the Dane (right). Installations 

using projections (Dalsgaard and Halskov, 2011, p. 1043-1044) 
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2.4 Summary  

The main applications of digitization, virtual reconstruction, 3d printing and 

documentation, as well as the mixed reality approaches in conservation and 

artefacts studies presented, refer to the current state of research in the field, 

which has expanded with tremendous speed. We are expecting further 

development of methodologies and advanced operations, including 

documentation, dissemination and communication, preventive conservation 

practices, visualization and analysis. The comparison of traditional approaches 

and advanced technological virtual reconstruction techniques demonstrates the 

potential benefit for the field of cultural heritage. This is manifested by the 

increased cooperative projects of cultural heritage professionals and computer 

scientists, which are providing promising results.  

Table 4 summarises the context of the present chapter, by briefly presenting 

the conservation problems and technological needs attributed to each one of 

the three basic treatment types, along with potential digital solutions. The 

application of digital capture techniques, virtual reconstruction and 3D printing 

can meet the technological needs for preventive conservation, and help 

conservators deal more efficiently with the preservation versus use dilemma. In 

addition the potential loss of evidence due to conservation/restoration 

operations can be minimised in case of advanced visualization and digital 

conservation. Moreover, although physical conservation is restricted to only 

one conservation strategy, resulted in one conserved object, digital 

conservation can simultaneously provide different versions of the conserved 

object by visualizing the ideal states for different points in objects life. In 

practical terms this can be achieved, to a certain extent, with the available 

computational tools, although there are still areas for improvement. Proposals 

exploring this are presented in Chapter 4 at a theoretical level. An evaluation 

of virtualization as part of the conservation process, in terms of preventive 

conservation and visual analysis, is presented in Chapter 5 and extended to 

areas of interventive treatment and restoration in Chapter 6.  
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Table 4: Conservation problems and technological needs attributed to the 

basic treatment types and potential digital solutions. 

Conservation Problems 
Technological 

Needs  
Digital solutions 

 mishandling  

Non-contact 

methodologies for 

interaction with the 

archaeological 

material 

 Digital 

representation  

 3d digitization 

 Mixed reality 

approaches  

 physical contact 

replication, moulding 

and casting 

Non-contact 

replication 

techniques 

 3D digitization  

 Virtual 

reconstruction   

 3D printing  

 time consuming and 

non-safe operations (e.g. 

Investigative cleaning, 

autopsies and micro 

excavations) 

Safe, easy, 

affordable and 

effective alternative 

methodologies 

 3D tomography 

 time-consuming, difficult 

and usually unsuccessful 

operations (e.g. 

fragments identification) 

 Digital refitting 

 unpractical operations 

(e.g. extreme weight and 

dimensions) 

 Digital 

representation  

 Virtual 

reconstruction 

 ethical considerations 

(de- and re-restoration 

problems, previous 

repairs, extensive 

operations) 

 Potential loss of evidence 

(different conservation 

options for the various 

‘ideal’ states of an 

object) 

 ethical considerations 

regarding the extend 

and the type of 

retouching  

 practical and ethical 

considerations regarding 

the technique, materials 

and extend of gap-filling 

 3D digitization  

 Virtual 

reconstruction   

 3D printing of 

missing parts 
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The digital solutions presented in the present chapter overcome practical 

limitations of traditional approaches regarding the time and space required for 

their execution and safety concerns. Moreover, the virtual execution of 

operations respects the material integrity of the physical artefact and is in 

accordance with ethical considerations. This is possible using the existing 

technology, but the economic considerations and the access of conservation 

professionals to the advanced digital technologies is a barrier for their 

adoption. In particular, in the field of digital refitting there is still on-going 

work to provide a working solution to the fragments matching conservation 

problem. The field of restoration, due to the ethical considerations of 

retouching and in-painting, in addition to practical problems of the 

replacement of missing parts, can be benefited at a great extent, if not the 

most, by the application of virtual reconstruction and 3d reproduction. 

Nevertheless, these methodologies are not yet practiced to any great extent.  

There is no doubt that the technological expertise needed, and the equipment 

required for the execution of such techniques, goes beyond the field of 

conservation as it is conceived today. Conservation nowadays is considered, 

generally, as an amalgam of science, art and craft. Conservation in the future 

should be expanded in terms of science and closer cooperation with scientific 

fields such as computer science and 3D graphics is expected.  In that way the 

future conservator will be able to face the challenges of new digital techniques 

so as to successfully meet conservation objectives. Among all the changes 

introduced, the most crucial difference, from a conservator’s point of view, is 

the virtual execution of operations.  It is worth mentioning that the human-

object interaction in conservation practice has decreased in the last few 

decades (Ashley-Smith, 2009), and has for some time been considered as a 

characteristic feature of the future conservator (Toracca, 1982, p.444) 

A prerequisite for virtualizing conservation is the digitization of artefacts. The 

analysis and categorization of the long list of digitization techniques along 

with applications in cultural heritage with a particular emphasis on 

conservation are discussed in the following chapter.  
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Chapter 3:  Digital capture of artefacts 

3.1 Introduction 

This chapter is an overview of techniques for the digital capture of artefacts, 

which is a milestone for the concept of conservation virtualization. Although it 

becomes apparent from the literature review that these techniques have been 

applied successfully in the field of conservation and artefact studies, the vast 

majority of studies are published in a diverse context, and usually do not 

emphasise the potential for conservation practice. Nevertheless, it is crucial for 

conservators to be aware of the methodologies available, the nature and the 

abilities of the techniques, and by extension the type and quality of the 

visualizations produced. Also of particular interest are the issues involved in 

their application, and the general recommendations about each strategy based 

on case studies from the published bibliography, which covers a variety of 

material types. Apart from the straight application of digital capture (sections 

3.2-3.5), synergistic approaches (section 3.6) are presented. The proposed 

integrative approaches demonstrate not only that research has come to a 

mature state of development, and is able to provide holistic approaches 

towards digital capture, but also the challenges of computer applications in 

cultural heritage.  

The digital capture techniques are presented and categorised according to 

their ability to visualise texture and colour, features beyond the visible, 

volumes and 3d data (Graph 8), followed by a discussion about the application 

of synergistic approaches.  For each category the most commonly applied 

techniques are discussed. For each technique the main principles are 

presented, as well as the necessary equipment, and a selection of case studies 

from the literature.  
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Graph 8: Digital capture techniques (Graph author’s own). 

3.2 Capturing texture and colour: RTI  

The known visible light photographic techniques for conservation are raking, 

specular (axial or oblique), transmitted, dark-field and edge-illumination 

imaging, as well as close up photography, and photomicrography (Warda et al., 

2011). One of the most recent additions to this list is Reflectance 

Transformation Imaging (RTI). RTI (Mudge et al., 2005) and the most common 

fitting algorithm, Polynomial Texture Mapping (PTM), developed in 2001 at 

Hewlett Packard Laboratories (Malzbender et al., 2001), are non-destructive, 

DIGITAL 

CAPTURE 

TECHNIQUES 

Texture and 

colour
RTI

3d data

Laser scanning 

Photogrammetry

Beyond visible

hyper-multispectral 

imaging

Radiography

Volume

CT
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affordable and easy imaging techniques, useful for conservators, 

archaeologists, and curators and find specialists.  

RTI is an interactive relighting technique, a synthetized image derived from a 

sequence of raking light images. The user can select to view the object under 

examination as if it was lighted from different directions, to apply digital 

imaging filters, to change the intensity of lights. This enables a detail 

examination of the surface topography and a viewing experience that fills the 

gap between two dimensional digital photographs and three dimensional 

models.  During viewing the user can save two dimensional images in .jpg 

format (snapshots). The RTI snapshots included in this study (Chapter 5) were 

carefully selected so as to emphasize characteristics of the object under 

discussion, such as the degradation phenomena or the decorative features. In 

addition an attempt was made to include different rendering modes, so as to 

explore the advantages and limitations of each one.   

Polynomial Texture Maps and Reflectance Transformation Images provide 

increased realism, including surface colours, self-shadowing, sub-surface 

scattering and inter-reflections, in comparison to bump and traditional texture 

mapping.  Via RTI, experts and the public can experience views of the artefacts 

in a new way that is superior to visual examination or handling. RTI is a more 

holistic approach for photographic documentation than other techniques in the 

visible spectrum.  Also, RTI advantages, as summarised by Macdonald (2011) 

fulfil conservation demands for efficient, affordable non-contact examination 

(Table 5). By extending Lehoux’s (2013) point of view, that in the not-too-

distant future, when RTIs will be the standard means of consulting ancient 

inscriptions of all sorts, one can foresee its application in artefacts of a broad 

variety of types and materials. 
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Table 5: Conservation demands for efficient, affordable non-contact 

examination in correlation with RTI advantages.  

Conservation demands RTI advantages 

efficient examination 

techniques 

 

 Higher resolution on the object 

surface than obtainable with 3D 

scanners 

 No data loss caused by shadows and 

specular highlights 

 Clear representation of 3D shape 

characteristics 

limited human-object 

interaction 

 Non-contact acquisition of data 

 Visualisation through interactive 

viewing tools 

affordable examination 

techniques 

 Simple image processing pipeline 

 Open source software 

 Affordable equipment 

 

3.2.1 Methodology  

3.2.1.1 Data capture  

PTMs and RTIs can be created by the dome method (Malzbender et al., 2001) 

or the Highlight-based method (Mudge et al., 2006). The latter is able to 

capture data regardless of the size of the objects, without any special 

instrumentation. Highlight RTI captures a series of raking light images of a 

static object, accompanied with one or two glossy balls with a static digital 

camera at constant exposure. The necessary equipment includes a digital SLR 

camera, a tripod, a light source and a glossy sphere, whose dimension is 

relative to the size of the object under examination (Figure 58). The accurate 

execution of the procedure, as described in detail in the Guide to Highlight 

Image capture (Cultural Heritage Imaging, 2013c), assures the successful 

completion of data acquisition.  The quantity of images captured varies from 

40 to 80 (Earl et al., 2010). However, datasets of 48 images present a minimal 

loss of resolution (Hamiel and Yoshida, 2012).   
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Figure 58: H-RTI capture (Cultural Heritage Imaging, 2013c, p.9). 

 

The dome RTI is an automatic data capture method, which decreases time for 

capture - processing, and leads to better, more precise results. Various dome 

designs have been presented (Hewlett Packard, 2005; Malzbender et al., 2006) 

while the design of a PTM Acquisition Device has been studied by Nemmeth 

(2009). The RTISAD Project has developed two domes; a larger one, 1m in 

diameter (Figure 59), and a portable miniature dome, 25cm in diameter (Earl et 

al., 2011). A Mini-Dome created by the Katholieke Universiteit Leuven is 

suitable for small artefacts, such as cuneiform tablets, coins, textiles and 

paintings (Klein and Schwartz, 2010). A compromise between the highlight and 

the dome method is the use of rotation rings or mechanical arms for the 

automatic moving of light. Characteristic examples are the ‘light-arm’ by the 

National Gallery in London (Hewlett Packard, 2005) and the Quadri Flash 

Mantis by the Imaging Studio of the Museum Conservation Institute (MCI) 

(Webb and Wachowiak, 2011) (Figure 60). 
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Figure 59: RTI dome, University of Southampton (Earl et al., 2011, p.148). 

 

Figure 60: QuadriFlash Mantis, Smithsonian Museum Conservation Institute 

(Webb and Wachowiak, 2011, p.1). 

Proposals for further development of RTI data capture methodologies are 

presented at theoretical level in section 4.3.2.1 and at practical level in section 

5.3.1.1.   

3.2.1.2 Processing  

The technique performs sampling and modelling of the reflectance function 

independently for each pixel, enabling the user to change the material 

properties of objects in the scene (Malzbender et al., 2004). The BRDF, the 

Bidirectional Reflection Distribution Function describes how a material interacts 

with light, defines a material’s property to distribute light, characterizes the 

colour of a surface as a function of incident light according to the direction of 

a viewing. Spherical harmonics (SH) and polynomial texture maps (PTM) are 
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used for representing BRDFs (Gunawardane et al., 2009). Full spherical 

representation is not necessary and the use of hemispherical harmonics (HSH) 

is proposed (Elhabian et al., 2011). 

The data processing methodology uses the RTI builder software, developed by 

the University of Minho in collaboration with CHI in 2009. The predecessor of 

RTI builder was the LpTracker software, developed in 2008, which allowed the 

creation of LP, HLT and PTM files with a set of images. Since then the 

RTIBuilder software has been developed, including features for cropping, 

creating different size PTMs and managing the processing by implementing 

different operation sequences, or by reprocessing an existing dataset.   

After loading the files the user can add metadata for the project, which are 

stored in the project log file. In the case of highlight RTI, images are loaded 

and saved, the sphere is selected and added by the user and then the program 

executes sphere and highlight detection. Finally, the PTM fitter or HSH fitter 

completes fitting and results in artefacts visualised in polynomial texture map 

or reflectance transformation imaging format (*.ptm or *.rti), using either the 

polynomial texture map, developed by HP researchers, or the hemispherical 

harmonics fitter (Mudge et al., 2008), developed at the University of California, 

in collaboration with CHI and T. Malzbender (Figure 61). In the case of dome 

RTI, the builder uses a pre-built lighting position file and continues with fitting. 

The University of California Santa Cruz developed a specific file format for the 

viewing of different viewports of the same artefact. The multi-view RTI file 

format is actually a set of RTIs with the .mview extension
16

.  

                                           

16

 More details can be found in the guide to highlight image processing (Cultural 

Heritage Imaging, 2011). 
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Figure 61: RTI processing with the RTI Builder, screenshots (Image author’s 

own).  

3.2.1.3 Viewing  

PTM and RTI files can be viewed via specialized software. The RTI viewer (ISTI-

CNR/CHI RTIViewer) (Cultural Heritage Imaging, 2013b) is compatible with 

both .ptm and .rti files, while the PTM viewer (HP Labs PTM Viewer) (Lyon, 

2004) (Figure 62) supports only .ptm files. Both pieces of software enable 

interactive manipulation of the lighting position and enhancement of the final 

outcomes through different rendering modes. The combination of two .ptm 

files into one has proved to be useful for comparative study, as it enables the 

user to zoom simultaneously in on two .ptm files (Piquette and Macdonald, 

2012).The InscriptiFact Standalone Viewer
17

 developed at the University of 

Southern California offers similar functionality (Figure 63).  A similar result, 

although without simultaneous zooming ability, can be acquired via digital 

                                           

17

 For more details see http://ruth.usc.edu:7060/inscriptifact_standalone.html 
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image merging, just after data capture using the dome method and before 

processing.  

   

Figure 62: PTM file viewed in RTI Viewer (ISTI-CNR/CHI) (left) and PTM Viewer 

(HP Labs) (right) (Image author’s own). 

 

Figure 63: RTI visualization of a gnathian skyphos in visible and ultraviolet 

spectral area viewed in InscriptiFact Viewer (USC) (Image author’s own). 

 

Research has been directed into the development of online RTI viewers. The 

first online PTM viewer was presented by Clifford Lyon in 2004. Via the 

interactive Kiosk developed by the Visual Computing Lab of the CNR a large 

group of coins and medallions can be viewed online (Palma and Callieri, 2013; 

Palma et al., 2013). Although this online viewer does not have the capabilities 

of the desktop viewers, such as different rendering modes or snapshot ability, 

it enables the easy sharing of RTI files, as well as zooming and additional 

information on each coin accompanied with, maps and images of 

archaeological sites and finds. A wordpress plugin, created by Pagi and based 
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on the Material Objects viewer, allows for the embedding of RTI datasets within 

any website (2011)
18

.  

 

Figure 64: Online RTI visualization of a tablet. Available from: 

http://materialobjects.com/ptm/viewer.html  

 

Figure 65: Online RTI visualizations of a tetradrachm from Amphipolis. 

Available from: http://vcg.isti.cnr.it/PalazzoBlu/  

 

The annotations are of extreme importance for the application of RTI in 

artefacts examination. Annotations encourage scientific cooperation among 

curators, artefact specialists, archaeological scientists and conservators. Each 

                                           

18

 There is on-going research by the Archaeological Computing Research Group of the 

University of Southampton on the development of an online RTI viewer, which 

combines the IIP Moo Viewer capabilities and an annotation tool. 

http://materialobjects.com/ptm/viewer.html
http://vcg.isti.cnr.it/PalazzoBlu/
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museum professional can add annotations about material culture, 

archaeological provenance, interpretations of the artefacts, composition, 

material evidence and condition according to their expertise.  The annotated 

RTI file is not only a record of the object, but an examination record, which can 

be virtually re-examined by other professionals.  As such it includes the 

specialists’ knowledge; its educational and scientific uses are extended and 

extra values are attributed not only to the RTI file but also to the visualised 

artefact.  

The first step towards the development of annotated RTIs is the annotation 

box link, which enables the addition of textual descriptions (Earl et al., 2011). 

The latest release of RTI Viewer software includes useful features for 

annotations (Figure 66). The numeric parameters values are displayed in the 

screen, enabling the accurate description and reproduction of a specific view of 

the visualised object. Each snapshot is accompanied by an XML file, where the 

specific numeric parameter values are displayed.  The user can save the entire 

set of parameters that describe a specific view and add comments via the 

bookmarking views feature. All the data are saved in a XML file, while they 

remain visible in the RTI file. The bookmarks enable the use of a Highlight Box 

on the image, so as to highlight areas of particular interest. The whole set of 

bookmarks are presented in a list, enabling easy manipulation of bookmarks 

and associated notes (Cultural Heritage Imaging, 2013b). 

 

Figure 66: RTI Viewer utilising bookmarks. Area of interest emphasized using 

the Highlight box and explained using notes (Image author’s own).  
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3.2.1.3.1 Rendering modes  

Apart from the default the viewing software provide different rendering modes, 

which enable mathematical enhancement of the RTI image. The specular 

enhancement is the most frequently used, as it is provided by both available 

examples of viewing software and is also included in the latest release of the 

RTI Builder. Its main advantage is the improved perception of the surface 

shape. This is achieved because the specular enhancement algorithm separates 

the shape-based reflections and the diffuse RGB colour. By using the available 

parameters, based on the Phong reflectance model, the user can adjust the 

diffuse RGB colour information Kd, the shape-based reflections Ks, and the size 

of the area encompassed by individual specular reflections N. The main 

disadvantage of the specular enhancement rendering mode is the false 

visualization of colour information (Cultural Heritage Imaging, 2013b). The 

diffuse gain rendering mode exaggerates the surface texture by increasing the 

height and depth changes. In that way it enhances the perception of surface 

shape features, but simultaneously introduces changes in the RGB colour 

representation. The value of the diffuse gain can be adjusted using the gain 

parameter (Cultural Heritage Imaging, 2013b). In RTI the sharpening rendering 

modes apply an unsharp mask to the normal data, so as to detect and 

underline variation in texture and colour. The image unsharp masking mode 

results in an edge contrast effect, by applying a mask to the image colour data. 

The normal unsharp masking exaggerates surface contrast by masking the 

normal image and colour data. The luminance unsharp masking emphasizes 

depth discontinuities while the coefficient unsharp masking underlines 

reflectivity discontinuities (Cultural Heritage Imaging, 2013b). The goal of the 

multi-light enhancement modes, available in static and dynamic mode, is to 

create a more complete rich of detail visualization, avoiding areas of deep 

shadows and little or no detail, even in low angles. The algorithm divides the 

image into tiles, and for each of them chooses light direction in accordance 

with the chosen energy function, relevant to the neighbouring light direction 

(Cultural Heritage Imaging, 2013b). 
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3.2.2 Applications  

Previous work has already proved that RTI significantly contributes to analysis, 

conservation and representation (Earl et al., 2010). There are many interesting 

applications in the field of cultural heritage, based on its ability to acquire and 

represent the 3D reflectance properties of objects. Related projects are the 

Antikythera Mechanism (Freeth et al., 2006), the RTISAD Project of the 

University of Southampton and the University of Oxford (Earl et al., 2011) and 

RTI in art conservation, a collaboration between the Fine Arts Museums of San 

Francisco and Cultural Heritage Imaging (CHI).  

The technique has found applications in a broad range of material and 

artefacts types, including epigraphy and study of ancient documentary 

artefacts (Earl et al., 2011), incisions in bone (Purdy et al., 2011), stone 

(Piquette, 2011; Gabov and Bevan, 2011), rock art (Duffy et al., 2010; Mudge et 

al., 2006), statues (Earl et al., 2009), wood (Karsten and Earl, 2010) and fossils 

(Hammer et al., 2002) (Figure 67). The size of the objects under examination is 

irrelevant, and varies from large objects (Corsini et al., 2006) to microscopic 

features (Kotoula, 2013). 

 

Figure 67: Detail, decorated side of the Hunters Palette (EA 20792, British 

Museum) showing evidence for re-carving (Piquette, 2011, p. 18). 

RTI is considered to be a powerful documentation tool for numismatic studies.  

It is a valuable tool for coins identification, regarding problems of small size, 

low relief detail and material preservation. Previous work in the field of RTI in 

numismatic studies demonstrated advantages in identification and 

documentation issues in comparison to traditional approaches, as well as 
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improved communication and dissemination abilities (Mudge et al., 2005) 

(Figure 68). Since then the application of RTI has been applied to coins dated 

back from ancient to Byzantine times (Goskar and Earl, 2010; Palma and 

Callieri, 2013) 

 

Figure 68: RTI image of the Julian Star coin (Mudge et al., 2005, p. 36). 

 

The application of PTM in the National Gallery proved that the technique 

provides detailed visual representations of the paintings and mock ups and 

enables researchers to detect and display features related to materials and 

techniques employed by the artists, such as brush strokes, signatures, wood 

grain, pentimenti as well as damage, such as craquelure, cracks, general and 

point surface deformations-distortions (Padfield et al., 2005). RTI was 

employed in the study of Henry O. Tanner paintings (Baade et al., 2012), Lovis 

Corinth and the Adoration of the Shepherds by Domenico Beccafumi (1545-50) 

(Castriota and Serotta, 2011). Also, RTI revealed the relief lines and dots, 

characteristic feature of the red figure technique, and enabled researchers of 

the Worcester Art Museum to reach conclusions about the tool used during the 

decorative process (Artal-Isbrand et al., 2011) (Figure 69-70).  
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Figure 69: RTI of painting showing normal lighting (left) and specular 

enhancement (right) (Wachowiak and Webb, 2010, p. 17).  

 

Figure 70: RTI Detail of a red-figure Attic vase from the Worcester Art Museum 

(Artal-Isbrand et al., 2011). 
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Proposals for further development of RTI and application in a broad variety of 

artefact and material types can be found in be found in sections 4.3.2. The 

proposed methods are presented in section 5.3.1 trialed in section 5.3.2 and 

evaluated in section 5.5 leading to conclusions regarding the contribution of 

RTI in conservation practice in section 5.6.1.  

3.3 Capturing beyond visible 

3.3.1 Hyper-multispectral Imaging 

Areas of the electromagnetic spectrum, which are not visible to the human eye, 

i.e. the infrared and the ultraviolet, have been used for the examination of 

artworks and antiquities. 

Infrared imaging provides information about layering of painted artefacts and 

works of art, epigraphy on textile, wood, stone, metals, and ceramics. It 

penetrates aged and/or oxidised varnishes and colour layers. It reveals stages 

of the creation of an artefact, details hidden beneath coloured varnishes or 

degradation effects, such as encrustations. It is extremely helpful for the 

detection of “pentimenti”, under-drawings and over-paintings (older or 

modern). Also, it assists identification and differentiation of materials. It is 

used in authenticity studies and condition reports. The vast majority of 

publications relevant to multispectral imaging, and in particular in the IR 

region of spectra, are dealing with painted works of art, canvas paintings and 

painted wood panels, as well as with documentary artefacts.  

Ultraviolet imaging provides an easy way to characterize materials and 

examine surfaces. Not only the presence of surface coating, over-paintings and 

other modern additions can be determined, but also the conservation state of 

these can be examined and recorded. Flaking losses and abrasions of an 

invisible transparent varnish, modern repairs, and techniques of 

manufacture/application of materials can also be easily investigated (Warda et 

al., 2011). Verhoeven and Schmitt (2010) refer to applications of NUV in the 

study of documentary artefacts, faded inks, pigments, ceramics, tapestries, 

textiles, paintings and sculptures.  
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3.3.1.1 Methodology   

3.3.1.1.1 Equipment  

Infrared imagers can be used for more specialised applications as their 

sensitivity range is from 950nm to 2500nm. Modified DSLR cameras (Digital 

single-lens reflex) and digital cameras with CCD (charge-coupled device) and 

CMOS (complementary metal-oxide semiconductor) image sensors have a 

sensitivity from 350nm up to 1000nm, covering the near infrared region of 

interest for conservation and artefacts studies . Multispectral imaging with 

digital cameras requires the attachment of filters (Warda et al., 2011).  For 

infrared, imaging filters that absorb visible and transmit infrared are used. 

There is a long list of filters of that type, which transmit longer or shorter 

wavelengths in the infrared region, from 720nm to 1000nm.  For ultraviolet 

imaging UV transmitter filters are necessary. Other filters and combinations 

can be employed in specialised set-ups of multispectral imaging. The choice of 

filter depends on the characteristics of the artefacts and the scope of the 

multispectral examination. The most easy and safe lighting options with better 

performance is the use of IR and UV LED lights.  

3.3.1.1.2 Set-up  

The most common techniques are the reflected UV and IR imaging. The 

transmitted IR imaging technique is useful in case of translucent materials, 

canvas paintings, mounded papyri, photographic material, and works of art on 

paper or archival material, because it eliminates reflections from the outer 

surface, leading to enhanced results (Gavrilov et al., 2008). Transmitted 

imaging (TI) techniques, proposed for the first time in the 1970s (Cornelius, 

1977) and further developed during the 1980s (Kushel, 1985), are considered 

as standard photographic techniques for the examination of artworks.  In TI 

the camera records the radiation transmitted through the surface under 

investigation. Trans illumination and irradiation is useful for the examination 

of the painting history of works of art, and for condition reporting. Notable is 

the efficiency of TI in providing evidence for craqueleure. Moreover, TI 

differentiated successfully the painting techniques applied as well as the 

variable thickness of the painted layers in the different areas of painted 

surfaces (Cucci et al., 2012) (Figure 71).  
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Figure 71: Detail of Psyche by G. F. Watts. IR Reflected (left) and transmitted 

(right) (Moutsatsou et al., 2011, p.57).  

Visible induced infrared luminescence and ultraviolet induced visible 

fluorescence imaging are other set-ups used for specialised applications. The 

less common technique for multispectral examination is the photo-induced 

fluorescence digital imaging. Among this group of techniques, best known for 

the study of painted surfaces, binders and varnishes is the ultraviolet (UV)-

induced fluorescence imaging in the visible (VIS) range, rather than the VIS-

induced fluorescence imaging (Graph 9). 

 

Graph 9: Spectral imaging techniques (Graph author’s own). 
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3.3.1.1.3 Processing multispectral images  

Further processing of spectral images presents interesting applications for 

cultural heritage, such as the false colour IR and UV imaging.  False Colour IR 

(FCIR) technique combines visible RGB colour and infrared imaging. It is based 

on the different response of materials to infrared radiation.  It employs a 

simple processing pipeline, which includes the substitution of the red channel 

in the RGB image by the IR, the green by the red, and the blue by the green. 

The UV analogue is the False Colour reflected UV (FCUV), presented by 

Aldrovandi in 2005. It uses a technique similar to the FCIR channel substitution 

schema. FCIR and FCUV (Alexopoulou et al., 2013; Buoso et al., 2009; Hoenige, 

1991; Knox et al., 1997; Moon et al., 1992; Warda et al., 2011) have been used 

for materials differentiation and characterization, especially for painted works 

of art and pigments research (Figure 72). 

 

Figure 72: Visible, Infrared and FCIR image of painting, Perugino, Chapel of 

Saint Severo, 1520, Perugia, Italy (Douma, 2008). 

 

3.3.1.2 Applications 

3.3.1.2.1 Painted surfaces 

Near infrared bands are particularly useful for damage assessment and for 

revealing the under drawings (preparatory sketch) beneath the paint layers and 

for the determination of painting techniques for the sketch, enabling 

authentication purposes and art history studies (Liang, 2011). Original features 
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covered by restorations and delamination can be observed (Gavrilov et al., 

2008), characterization and mapping of pigments and inks is possible, and the 

study and differentiation of organic binding media in cases of multispectral 

imaging of painted artefacts and drawings can also be determined (Fischer and 

Kakoulli, 2006) (Figure 73). A characteristic example is the application of 

multispectral imaging in mural fragments from the Late Classic Maya 

civilization, which provides an insight into Mayan painting techniques and 

enhancement of details, offering also the opportunity for virtual decolouring of 

colour layers based on the different response of pigments in different ranges 

of spectrum enables (Kamal et al., 1999). In canvas paintings the most 

appropriate method is the transmitted IR and NIR imaging (Moutsatsou et al., 

2011). 

 

Figure 73: Infrared image showing the pentimenti of the hand (Fischer and 

Kakoulli, 2006, p. 6).  

 

The vast majority of published research in ultraviolet imaging refers to 

paintings. This is reasonable because of the ability of UV to identify 

retouching-over painting (Daniilia et al., 2008, Lahlil and Martin, 2012; Stratis 

et al., 2013; Webber, 2008). Moreover, ultraviolet imaging can be of great 

assistance in studies of varnishes, because of the range of responses of 
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different types of varnish to UV radiation. Old natural resin varnishes fluoresce 

unlike newer ones, providing a tool for material differentiation, even if their 

optical properties under visible light are similar (Figure 74). Townsend (2010) 

discusses the evidence for varnishes using ultraviolet imaging techniques. 

From the close examination in ultraviolet of the cross sections of paintings of 

British artists from the nineteenth century in the Tate, the original varnish and 

the historical treatment, including selective varnish cleaning and over painting, 

were detected (Townsend, 2010).   

 

 

 

Figure 74: Visible (top) and UV fluorescence (below) image of an icon (Maino, 

2007, p. 4). 
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The visible induced infrared luminescence is useful for the examination of 

documents and characterization of pigments, such as cadmium pigments, 

yellow and madder lake and Egyptian blue. Verri (2009) proposed this 

technique for the mapping of Egyptian blue, Han blue and Han purple 

pigments. It is also possible to differentiate other pigments with similar 

reflective properties in the visible spectrum, such as Egyptian blue and 

Egyptian green (Verri et al., 2009).  The application of ultraviolet-induced 

visible fluorescence imaging in commonly found materials in museum 

collections has been discussed in the literature (Grant, 2000) (Figure 75).  

 

 

Figure 75: Visible (top) and visible induced infrared luminescence (below) 

image of a mummy cartonnage. Identification of Egyptian blue. Available from: 

http://www.penn.museum/sites/artifactlab 

http://www.penn.museum/sites/artifactlab
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Proposed developments of infrared RTI and PG for the study of paintings are 

presented in sections 5.3.2.1 and 5.4.2.1 respectively. 

3.3.1.2.2 Inscriptions  

Multispectral imaging has been used to document and improve the reading of 

ancient inscriptions, as demonstrated by numerous successful applications, 

including papyri (Alexopoulou et al., 2013), Dead Sea Scrolls (Knox et al., 

1997) (Figure 76), palimpsests (Easton et al., 2003) and ink-written texts on 

pottery fragments (Faigenbaum et al., 2012). Multispectral imaging enhances 

the legibility of faded texts, even in cases of charred and partially burnt 

artefacts. It has been reported that UV imaging gave the best results of a range 

of multispectral imaging techniques applied on a damaged medieval 

manuscript (Montani et al., 2012) (Figure 77). It is reasonable that Goltz 

(2012), in his review paper for the instrumental study of historical inks, refers 

to the use of multispectral and hyper spectral imaging for the assessment of 

inks in historical documents. 

 

Figure 76: UV-VIS-IR images the Dead Sea Scrolls from Israel captured by Dr. 

Greg Bearman. Available from: http://www.jenoptik-inc.com   

 

http://www.jenoptik-inc.com/
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Figure 77: Damaged medieval manuscript, detail. Visible (left) and UV (right) 

image (Montani et al., 2012, p. 228). 

 

Apart from the improved readability the material differentiation is of great 

importance for the study and conservation of ancient documents. For example, 

in the case of the Egyptian papyrus from the collection of the Brooklyn 

Museum, the carbon black text absorbs infrared radiation and appears intense. 

However, in contrast, the iron oxide red pigment is faded due to the low 

absorption of iron in the infrared spectral region (Kapetanakis, 2010) (Figure 

78). The different response of materials to radiation can differentiate texts 

written in different historical periods (Maino, 2007). A characteristic example is 

the Archimedes Palimpsest (Easton et al., 2003) and the multispectral 

examination of an 11th century AD palimpsest (Balas et al., 2003). Of 

particular interest for conservation is the differentiation of ink and damage by 

means of multispectral and false colour imaging, especially under near infrared 

radiation, which was reported in the case of highly deteriorated and fragile 

papyrus fragments (Alexopoulou et al., 2013). 
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Figure 78: Fragment from the Book of the Dead of the Goldworker of Amun, 

Sobekmose. New Kingdom, Dynasty 18, ca. 1479-1400 B.C.E. Brooklyn 

Museum. Visible (top) and IR (below) image (Kapetanakis, 2010). 

 

Proposed developments of infrared RTI for the study of documentary artefacts 

are presented in section 5.3.2.2.5, demonstrated by the Derveni Papyrus RTI 

case study. 
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3.3.1.2.3 Ceramics, glass and organics 

Although paintings and documentary artefacts are more often examined by 

means of multispectral imaging, the contribution in non-destructive 

examination of other material types is notable, because of the ability of IR to 

penetrate saline encrustations, resinous crusts and other forms of patina found 

on pottery and glass. Ultraviolet spectral light can assist the examination of 

organic materials, such as textiles. Taking into consideration that UV 

fluorescence diminishes with age, an initial comparative dating is possible. 

Also, untreated fibres can be identified (Marsh, 1978).   

In the case of chemically treated, painted or dyed textiles ultraviolet radiation 

can assist the examination of pigments and dyes applied. A well-known 

example of multispectral imaging in textiles is the Turin shroud. Researchers 

have been lead to the conclusion that the different colours of yarn are best 

observed in ultraviolet photographs. Another interesting outcome of the 

ultraviolet examination of the shroud is the definite rejection of the hypothesis 

that the hair left an image on the material, based on the absence of 

fluorescence in the area near the hair (Fanti et al., 2005). 

Proposed developments of infrared RTI and PG for the study of ceramics are 

presented in sections 5.3.2.2.4 and 5.4.2.2.1 respectively. 

3.3.1.2.4 Conservation assessment  

Spectral imaging has been used in order to capture and visualize features 

which are invisible to the naked eye, such as the detection of damage, past 

intervention and retouches. Ultraviolet can document restoration, such as 

repairs and joins in ceramics, even in the case of fully imitative restoration 

approaches. Although the latter is not advisable, according to restoration 

ethics, it was a common practice in the past; as a result it is particularly useful 

for the assessment of previous undocumented repairs (Figure 79). 

Also, it can provide a valuable tool in the assessment of conservation 

treatments. Multispectral imaging can assist conservation examination and 

monitoring as minor colour differences can be detected. Alterations introduced 

during conservation operations or damage can be determined and visualised, 

providing a better understanding of the material ageing phenomena, as well as 
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for the processes used in order to pace their rate, as demonstrated by 

applications on marble, paper, parchment and wall paintings (Liang, 2011). A 

characteristic example is the experimentation on an old manuscript, cleaned 

by laser, which pointed out that at 380nm the cleaning process can be 

examined and the alterations introduced in the material, beyond the visible, 

can be visualised (Balas et al., 2003). 

 

Figure 79: Visible and UV image of an Islamic bowl from the Metropolitan 

Museum (Parry, 2013). 

 

3.3.1.2.5 Revealing manufacture evidence 

Other issues of crucial importance, such as construction techniques, can be 

examined via spectral examination. Verhoeven (2008) provides examples of 

NIR images of ceramics with paints and inks. Moreover, this work shows that 

infrared imaging can show the areas more exposed to reduction during the 

firing process, or due to the incineration of organic material and/or 

decomposition of calcite inclusions, which appear differentiated in comparison 

to the visible image (Verhoeven, 2008) (Figure 80).  Also worthy of mention are 

UV applications in authenticity and bio-deterioration studies.  Authentication 

studies for stone, alabaster, bone and ivory artefacts can be assisted by UV 

imaging because of the difference in the response of newly cut and old 

material (Marsh, 1978). 
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Figure 80: Visible and Infrared image of a North African Late Punic/Early 

Roman bowl. (1) and (2) indicate zones of increased reduction (Verhoeven, 

2008, p.3097). 

 

3.3.1.2.6 Multispectral imaging and instrumental analysis  

Baldia and Jakes (2007) reasonably propose the application of multispectral 

imaging techniques prior to sampling for destructive physicochemical 

analyses, in order to select samples of different chemical compositions. They 

presented as an example a degraded turquoise colorant on textile, but the 

same approach can be similarly useful in the case of leather or wood painted 

artefacts. Similarly, microscopic ultraviolet examination assisted the selection 

of the samples for XRF analysis of fifteenth- and sixteenth-century Italian 

drawings in the Metropolitan Museum of Art (Dahm, 2010). This effective 

examination methodology can assure better results, providing an enhanced 

sampling strategy.  

3.3.1.3 Terahertz Imaging  

THz radiation penetrates nonpolar and nonmetallic materials, such as organic, 

plastics and ceramics, and visualizes hidden features. Among its stronger 

advantages is the lack of irradiation risks. It is less explored than other 

spectral bands and THz technology is less advanced, including materials, 

detectors and sources. This phenomenon is described as the ‘THz gap’. (Lee, 

2009, Kawase et al., 2010). Nevertheless, THz imaging has attracted recently a 

lot of attention, mainly as a technique complementary to CT.  For example it 

has been used for the study of a mummified ancient Egyptian hand (Öhrström 
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et al., 2010), for the characterization of the stratigraphy of corrosion layers in 

copper alloy artefacts (Jackson et al., 2014), for the analysis of pigments and 

painted surfaces (Fukunaga et al., 2009), architectural parts, such as wall 

fragments (Walker et al., 2013), pottery (Bessou et al., 2012; Caumes et al., 

2011) ( Figure 81) and inks (Abraham et al., 2009) (Figure 82).   

 

 

Figure 81: (a) Photographs of model objects. (b) Radiographs. (c) THz imaging. 

(d) Differential THz imaging (subtraction image between filled jar and empty 

one). (1) Empty pot, (2) pot with dried flowers, (3) pot with pine bark, (4) pot 

with hazel wood slice (11 mm thick), and (5) pot with white sand  (Bessou et 

al., 2012, p. 4178). 
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Figure 82: Digital photograph (a) and THz image (b) of logo drawn with five 

different graphite pencil grades. Oblique lines around S: HB, C: 2B, N: 4B, R: 

6B, S: 8B (Abraham et al., 2009, p. 3106).   

 

3.3.1.4 Advantages and disadvantages  

The advantages of multispectral imaging techniques for artefacts diagnostic 

examinations are the following: 

 they reveal significant information for condition reporting and 

manufacture 

 they assist material characterization and differentiation  

 they can be applied to a broad range of material and artefact types 

 there are no size constrains, although microscopic hyper-multispectral 

techniques are not very common 

 in situ capture is possible, with easily transportable equipment, 

although within the museum environment data capture is easier and 

more practical and efficient due to the controlled environment and 

lighting  

 the computational and equipment cost is relatively low compared to 

other non-destructive testing techniques 

 the level of expertise required is relatively low compared to other non-

destructive testing techniques and museum professionals are familiar 

with this kind of examination 
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A critical aspect for the application of hyper-multispectral imaging in cultural 

heritage is that radiation is an agent of deterioration for antiquities and works 

of art, which causes colour and strength change to organic materials, such as 

paper, cotton, linen, wood, parchment, leather, silk, wool, feathers, hair, oils, 

glues, gums, resins, plastics and dyes (Thomson, 1994). Physical processes, 

such as oxidation, cross linking, breaking of chemical bonds and colour 

changes occur due to the electronic excitation of materials by visible and UV 

radiation (Ginell, 1994). Shortwave UV plays a more significant role than visible 

and IR radiation for the physicochemical degradation of archaeological 

materials by initiating oxidative reactions, depending on the materials’ 

composition and temperature and the presence of other substances (Goffer, 

1979). But for the more sensitive materials the reduction of visible radiation is 

also important, as both UV and visible radiation can cause damage (Thomson, 

1994). Infrared radiation causes molecular vibrational and rotational excitation 

and is responsible for a rise in temperature (Ginell, 1994), which increases the 

rate of deterioration as well as other physical properties, such as age 

embrittlement. Also, it causes expansion, favours biological activity, and above 

all leads to drying (Thomson, 1994). Brill discusses the mechanical damage, 

such as shrinkage, wrapping, peeling and cracking, due to infrared radiation in 

case of wood, glass, ceramics and wax objects, as well as in ivory, paper, 

parchment, leather and textiles (Brill, 1980). Appropriate lighting is a necessity 

for the safe hyper-multispectral examination of artefacts. LEDs are considered 

to be the most convenient and safe choice (Ishii et al., 2008), which have found 

application in museums beyond simple illumination of artefacts (Viénot et al., 

2011). Photodegradation is a popular and timely research topic (see for 

example Macchia et al., 2013; Bussiere et al., 2014), but it will not be 

examined further because it goes beyond the scope of the present study.   

In order to perform an advanced technical examination of the inner 

morphology of artworks hyper-multispectral imaging should be combined with 

other non-destructive testing techniques, the most common being radiographic 

examination, which will be discussed in the following section.  

Application of multispectral imaging and novel IR and UV visualization 

methodologies can be found in Chapter 5.   
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3.3.2 Radiography   

X, neutron and gamma radiography are considered complementary techniques, 

although gamma rays have significant disadvantages and so their use in 

cultural heritage is limited. Owing to that, for the purposes of the present 

study, x-radiography and neutron radiography will be discussed. 

3.3.2.1 From conventional to digital radiography 

Radiography provides an insight into the internal structure of objects and has 

found many applications in cultural heritage. Nowadays digital detectors and 

radiographic film are both in use. A standard image capture method in 

archaeology is the production of conventional film radiographs, because they 

are not costly and many research institutions already possess the conventional 

radiographic equipment. The cost of digital systems is still high, while the 

image quality of budget systems does not meet the needs of archaeological 

applications (English Heritage, 2006). In the future digital radiography will 

become the common practice for archaeological archives. Until then 

digitization of film radiographs have been proposed and practiced by many 

institutions (O’Connor and Maher, 2001). 

3.3.2.2 X radiography (XR) 

XR visualises the internal structure of objects due to its ability to show density 

variations, assisting condition reporting and revealing manufacture evidence as 

well as ancient and modern repairs.  It has been used for coins identification, 

determination of corrosion state (Bork, 2011; Goodburn-Brown and Jones, 

1998) and the study of ceramics (Berg, 2011) including complex projects, 

dealing with wall thickness and porosity distribution (Pierret et al., 1996), as 

well as a great variety of artefact types, such as painted artefacts and icons 

(Lahlil and Martin, 2012), mummified corpses, such as the iceman (Gostner et 

al., 2011) and organic materials (Yoder, 2013), bone and composite objects in 

order to define manufacture techniques and repairs. The contribution of XR in 

the study of ancient metal working techniques is notable, as it reveals details 

about casting (Scott and Dodd, 2002) and fusion techniques, enabled the 

detection of material differentiation and hidden fractures (Franceschi et al., 

2004). In the case of highly corroded, even completely mineralised, metal 
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objects the information obtained provides a long-term visual record which is 

not comparable to other techniques for identification, classification and dating 

(Figure 83). 

English Heritage (2006) summarises the benefits of XR as follows: 

 visual record of shape, technology and condition 

 aid to identification 

 non-interventive  

 non-destructive  

 cost-effective 

 long-term record of deteriorating objects 

 

 

Nevertheless XR of gold, silver and lead has some drawbacks, because these 

metals appear nearly opaque to X-rays. In case of materials that are not well 

addressed by x-radiography, neutron radiography can be used as a 

complementary technique for the investigation of internal structure of objects.   
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Figure 83: Digital images (left) and x-radiographs (right). Roman coin (top) 

(English Heritage, 2006, p. 3), icon (middle) (Lahlil and Martin, 2012, p. 335) 

and helmet (below) (Lehmann et al., 2005, p. 73).  
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3.3.2.3 Neutron radiography (NR) 

During the last few decades there have been an increased number of NR 

applications (Figure 84) for the detection of hydrogen like organic materials, 

corrosion products and metals, in particular heavy metal lead. The sensitivity 

of NR in the detection of hydrogenous materials such as water, water-logged 

ceramics, organic materials such as wood or water-logged wood, plants, seeds, 

food remnants, leather, textiles, paper, fragrances, tar, and resins is 

remarkable. In addition the transparency of technical metals such as copper, 

tin, iron, bronze, lead as well as rock materials, minerals and glass, ceramics 

should be noted. Making use of the above characteristics, NR has been used to 

uncover fine structures inside thick metal layers and for the detection of 

materials of organic nature hidden inside metals (Rant et al., 2006). This 

provides an insight into manufacture, condition reporting, and conservation 

and authenticity studies. A characteristic example is the exploration of the 

manufacture techniques of a bronze head found in Switzerland. The 

determination of two stages of production, primary, the metal casting and, 

secondary, the filling with lead, would be impossible using other means of 

investigation (Lehmann, 2006). In the presence of heavy metals, Pb, Sn, Cu on 

thick objects along with corrosion layers, as well as organic materials, such as 

resins, adhesives and lacquers, NR and neutron tomography is proposed. But 

when Co or Ag is present, neutron analysis should be avoided due to radio 

activation of the object (Lehmann et al., 2010) (Figure 85-86). 

 

Figure 84: A typical neutron radiography system (Chankow, 1990, p. 74).  
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Figure 85: Roman hanging bronze lamp, digital image (top) and neutron 

radiograph (below) showing inside residue (Ryzewski et al., 2013, pp. 348-

349). 

 

Figure 86: Neutron radiograph of the helmet in Figure 83 (Lehmann et al., 

2005). 
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Characteristic of NR’s potential for conservation is the examination of 

conservation operations in stone, particularly sandstone and limestone 

samples, in order to explore the penetration of consolidants and water 

repellents. The visualisation of the penetration depth of the organic 

conservation products enabled the assessment of the conservation operations 

efficiency (Cnudde et al., 2007). In a recent, similar project, the application of 

10% Paraloid® B-72 in acetone by brushing and immersion was tested on two 

ancient ceramic tiles, reaching the conclusion that the former method is more 

efficient (Prudêncio et al., 2012). The ability of neutrons imaging to visualise 

the penetration and distribution of organic conservation products inside 

archaeological materials can be used as a tool for the improvement of 

conservation techniques. 

3.4 Capturing volume 

Radiography made possible the imaging of internal features of objects, 

however one of its significant limitations is that three-dimensional inner 

structures of the objects are represented by two-dimensional images. Another 

disadvantage is that the superimposition of structures leads to poor contrast. 

In that way important evidence for the complete investigation of the object 

remains unrevealed.  CT, which is the mathematical reconstruction of three-

dimensional images from x-ray pictures, overcomes these limitations of X-

radiography and provides a much better overall examination and visualization 

of the object.  In CT scans the contrast in the image is greatly improved and 

depth information is provided by three dimensional models (Michael, 2001). 

Similarly, Magnetic Resonance Imaging (MRI) overcomes the limitations of the 

NR. 

3.4.1 Computed tomography (CT) 

CT was introduced in the late 1960s / early 1970s, rooted in experiments on 

medical radiological applications. It was a revolutionary diagnostic technique 

which found tremendous appreciation by the international medical community. 

The first industrial and research application was conducted during the 1970s, 

but it was not until the 1980s that the technique was used in cultural heritage 

(Reimers and Riederer, 1984). 
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3.4.1.1 Instrumentation 

The CT scanning systems used in the early 1970s, referred to as first 

generation, were really slow because they had a single detector and employed 

translate and rotate motions. In 1974 the second generation CT scanners were 

less time demanding because of the fan-beam of x-rays and the small number 

of detectors which simultaneously capture multiple projections.  Third 

generation scanners, installed in late 1975, equipped with 1000 individual 

detectors, which rotate along with the  x-ray tube, were wide enough to make 

translation unnecessary. This CT proved highly successful and still remains the 

basic configurement. By 1976 fourth generation scanners employed 5000 

individual detectors around the object to be scanned and the only rotational 

component is the x-ray tube. The fifth generation involved magnetic fields 

instead of mechanical motion enabling faster data acquisition. An alternate CT 

strategy, which became popular by the mid-1990’s, is the helical or spiral CT. 

This type of scan owes its name to the helix-like motion of the x-ray tube in 

relation to the object which is moving through the gantry, while the x-ray tube 

and detectors rotate continuously. The most advanced version of spiral CT is 

the multi-slice helical scanner, where four parallel banks of detectors capture 

multiple slices simultaneously (Goldman, 2007; Michael, 2001). Apart from the 

medical CT scanning equipment, there is also the industrial one available. The 

main difference lies in the voltage of the X-rays of the tubes, which is much 

higher, up to 450 kV for industrial scanning, while for medical CT it is 160Kv 

(Bonadies,1994). 

As demonstrated by the brief historical note on the technological development 

of CT, the field is experiencing on-going development, given impetus by CT 

medical imaging capabilities. The CT scanning is a complex process and its 

successful execution requires a high level of expertise. It involves pre-

processing followed by image reconstruction using CT reconstruction 

algorithms (Azhari, 2010). However, multidisciplinary cooperation and 

advances in computer science steadily improved the quality and speed of 

generation of 3D x-ray images, enabling the role of the CT scanner to expand 

into the field of archaeology, mostly for the study of mummies, but also of 

other archaeological artefacts such as clay tablets, scrolls, pottery, glass, 

bronze statues, swords, fossils and paintings (Hughes, 2011).   
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Morigi (2010) and Casali (2005) presented portable CT scanning systems and 

applications for large objects, which are of extreme significance for the 

broader implementation of CT in cultural heritage. Applications on large 

wooden statues provided information on previous repairs, putties, nails, 

screws and joining techniques. The conservation state was also reported in 

detail, including depth of cracks, loss of cohesion or separation between the 

various parts of the objects assembly, and attack from woodworms in the form 

of holes in the interior of the wood (Morigi et al., 2010). Another success was 

the attempt to scan a large globe, of a diameter of about 2.2 m, located at 

Palazzo Vecchio in Florence. The inner structure of the globe and its iron 

assembly were visualised, although questions still remain about the presence 

of another material inside the globe (Casali et al., 2005). This application is 

important, not only because of the size, shape and historical value of the 

object, nor due to its specific findings, but because it deals with field of 

conservation which is not «classical». Globes are artefacts of composite 

material types, not yet exhaustively examined and documented. As a result 

conservation operations cannot follow the rules of other artefact types. Also, 

the demand on XCT samples of tiny details in the microscopic or nanoscopic 

range is equally important. Micro-tomography uses micro-focus or nanofocus 

X-ray sources or synchrotron light, and has been applied in a wide range of 

material types successfully, such as stone, glass, papyrus, wood and bone.  X-

ray tubes with low focal spots operate at low current and the voltage does not 

exceed 150 kV (Bradley and Creagh, 2006). 

The physical properties of the object under examination, such as density, as 

well as the required resolution, dictate the choice of instrumentation (Morigi et 

al., 2010). Hence, medical CT suitable for the human body can be used 

successfully for cultural heritage applications in artefacts which provide 

similarities in size, composition and density to the human body. Characteristic 

examples are mummies and wooden statues. However, metals, such as bronze, 

cannot be CT scanned with medical equipment, because the necessary voltage 

for penetration of the X-rays of these tubes is much higher than that of the 160 

kV provided by medical CT equipment (Bradley and Creagh, 2006). Several 

applications proved that this problem can be solved easily by industrial CT, 

which provides a voltage up to 450 kV.  Among them are the XCT of blocks of 
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soil (Ebinger-Rist et al., 2011) and bronzes (Bonadies, 1994). The most 

demanding projects and complex materials have used synchrotron light as 

radiation sources, apart from the micro-and nano-focus and industrial tubes, 

already mentioned above. Synchrotron sources accelerate electrons inside a 

ring-shaped device, which emit synchrotron radiation using bending magnets. 

The energy produced by this continuous radiation is intense, and adequate for 

high density samples, as well as for faster data acquisition at high spatial 

resolutions, resulting in high quality results (Bertrand et al., 2012; Zhang et al., 

2012). In case of complex, flat, multi-layered objects laminography is the 

proposed method of CT scanning (Janssens et al., 2010). 

3.4.1.2 Applications  

3.4.1.2.1 Organics 

Since 1977 CT has been largely used in palaeopathological research, the study 

of ancient mummies (Zweifel et al., 2009).  Human and animal remains and 

fossils were the first objects of cultural heritage and/or archaeological 

importance to be examined (Conroy and Vannier, 1984). Via CT the fragility of 

the bones can be documented (Larkin, 2010) and features of extreme 

importance for mummification, such as the materials and the quality of layers 

on the skull, can be examined. Also, the use of CT as a valuable tool in dating 

has been reported (Troalen, 2011). Moreover, CT scanning in case of mummies 

can provide valuable information about age, sex, stature, diseases and burial 

practices. Hence, it can offer a broader understanding of ancient civilizations, 

such as the study of Chachapoyas mummies from Peru (Friedrich et al., 2010). 

Scientists have detected even prostate cancer in a Ptolemaic Egyptian mummy 

(Prates et al., 2011).  

Organic materials, including wood and canvas paintings, and documentary 

artefacts, such as papyrus and wooden statues, have been CT scanned as well. 

Researchers from the University of Bologna in Italy performed CT scanning on 

two painted wood panels by Gentile da Fabriano. Previous restorations, such as 

stucco fillings, were documented and the conservation state was recorded. A 

long transverse crevice and interior holes were detected. In addition, 

quantitative analyses of damage from microbial infestation were made possible 

(Morigi et al., 2007) (Figure 87).  Another important application of X-ray CT 
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technology in diagnostic examination is the study of paintings, which present a 

different geometry and stratigraphy compared to other types of museum 

objects. Different layers can be examined and hidden details can be 

documented (Janssens et al., 2010). Moreover, the technique has been applied 

to ancient and modern bow-stringed instruments for quality analysis and 

overall characterization (Sodini et al., 2012). Another interesting case study is 

the application of the technique to waterlogged wooden artefacts, in order to 

reveal the complex microstructure of the material and the penetration of 

organic polymers used for conservation operations (Bugani et al., 2009). Micro-

CT was also used in order to virtually unroll ancient scrolls and read the hidden 

text, so as to overcome practical problems of physical manipulation (Baumann 

et al., 2008; Lin and Seales, 2005). Applications also included reading of 

sealed clay envelopes with cuneiform writing (Applbaum and Applbaum, 2005). 

 

 

Figure 87: 3D volume reconstruction of a painting on  wood attributed to 

Gentile da Fabriano (1385–1427) (up)Image of a reconstructed slice  showing 

the holes caused by woodworms (below) (Morigi et al., 2007, p.737). 
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3.4.1.2.2 Ceramics and Glass  

In ceramic studies the use of CT is mainly focused on the production of 

accurate profile drawings for closed shapes and the measurement of capacity. 

There is no doubt that the development of shapes is a fundamental issue in the 

study of ancient ceramics. According to previous research, CT offers a much 

more effective way to perform profile studies, providing not only faster but 

also more accurate results. Especially in the case of closed-shapes ceramic 

vessels CT traditional approaches are the most efficient. Also, CT can broaden 

our knowledge about pottery-making techniques, via the visualization of the 

inner structure, which reveals techniques and tools used by our ancestors. The 

quality assessment of the ceramic can be conducted easily, based on 

observation of homogeneity, air bubbles and cracks. Attachment of parts of 

the ceramics, foot, neck or handles, as well as restoration operations and 

presence of other materials can be noted, assisting authentication studies. One 

of the most significant findings of this research is the determination of the use 

of ceramics, such as the double- walled jar with an internal system of channels 

(Jansen et al., 2001) (Figure 88). 

 

 

Figure 88: Greek vessel KFUG Dept. Arch. inv. G 56, image and CT cross-

sections.  The wall thickness varies, three separate sections joined together: 

the body, the mouth, and the cone end, are visible and cracks in the interior 

are identified (Karl et al., 2014). 
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CT has been also applied in the micrometre range with interesting results in 

glasses and enamels. Its application to enamelled metal artefacts for 

authentication purposes gave satisfactory results, as enamel composition, 

structure and metalworking differs between original and non-original parts. 

Moreover, condition reporting is also crucial in cases of such fragile artefacts 

as the painted enamel plate. Porosity problems, cracks and cavities, were 

documented and measured (Linden et al., 2009) (Figure 89). In the case of 

corroded glass μCT can assist in the determination of the degree of corrosion 

and in the evaluation of the success of the conservation operations. The 

corrosion layers can be detected and characterised (Mees et al., 2009). 

Considering the fragility of archaeological glass, which makes traditional 

operations not only time consuming but also impossible sometimes, CT is a 

valuable tool, because it provides data about the location, the quantity, and 

geometry of glass fragments, assisting their physical recovery. Another 

advantage of the use of CT is the most accurate reconstruction of the burial 

with its grave offerings, which enabled advanced documentation and more 

reliable archaeological conclusions (Jansen et al., 2006). For a ceramics CT 

scanning case study see section 6.2.4.1.  

 

 

Figure 89: Champlevé enamelled Pyxis, Museum Vleeshuis, Antwerp, Belgium. 

Digital image and CT scan slice showing the difference in metalworking of the 

bottom and the lid (Linden et al., 2009). 
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3.4.1.2.3 Metals 

Industrial CT scanning was used for the examination of manufacturing 

techniques, ancient casting methods, and condition reporting of bronzes 

(Bonadies, 1994). In this study CT scans reveal and locate variations in the 

thickness and porosity problems of metal vessels, as well as repairs-

restorations, either modern, such as the case of a screw, or ancient ones 

(Figure 90). The study of interior and exterior structures and stratigraphy, 

manufacture evidence and material identification was the focus of another 

study of XCT applied in metal artefacts buried in soil blocks (Ebinger-Rist et al., 

2011). From the demonstrated case studies the ability of XCT to offer solutions 

to conservation problems, providing accurate and fast data without 

endangering the material integrity of the objects under examination, is 

stressed. Another useful application of the technique is for fragile composite 

objects, such as an iron spatha and a sword, including metal and organic 

components. 3D CT was also applied in Bronze Age weapons, and in particular 

in a 3000 years old sword with a broken blade, discovered in Austria, in order 

to detect the cause of the breakage and to study manufacturing techniques 

(Modlinger, 2011). The inscription on a pocket watch from a shipwreck, which 

was not recognisable due to corrosion, as well as other mechanical details, 

were identified using micro-CT (Troalen, 2011). Finally, the study of the 

Antikythera Mechanism, the ancient Greek astronomic device, included CT 

scanning of the surviving fragments (Freeth et al., 2006). 

 

Figure 90: Porosity and variation of wall thickness in a ct slice of a bronze 

vessel (left) (Bonadies, 1994, p. 79).  
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X-ray computed tomography is a promising technique in numismatics, 

assisting identification as well as revealing the dimensions, shape, internal 

defects and density (Bork, 2011). A comparison between XCT images of 

corroded coins at Queen’s University and traditional cleaning, using 

mechanical operations, revealed that micro-focus X-ray CT assists identification 

significantly, and provides better, more detailed images, depending on the 

metal alloy (Nguyen, 2011; Sullivan, 2011).  Moreover, recent research proved 

that computed tomography can record accurately each individual coin of a 

hoard, assisting in measurements and providing a secure method for 

identification (Miles et al., 2012) (Figure 91). For a bronze CT scanning case 

study see section 6.3.4.1.  

 

Figure 91: CT scan view of a hoard of coins with the exterior pot removed 

(right) (Miles et al., 2012). Available from: http://acrg.soton.ac.uk/blog/1168/  

3.4.1.2.4 Stone  

The study of stones and building materials is possible using CT. The internal 

structure and the overall characterization of stones, such as the network of 

pores, can be visualised and analysed, both qualitatively and quantitatively 

(Bugani et al., 2008) (Figure 92). This research highlights the effectiveness of 

CT in conservation treatments monitoring and conservation materials testing. 

Limestone and sandstone, which usually suffer from salt weathering, were the 

subject of another CT study, which aimed to visualize and analyse the 

distribution of crystals (Witte et al., 2008). The use of micro and/or nano-

tomograph is considered important in the case of CT studies of stones, in 

regard to conservation materials effectiveness and diagnostic examination. 

http://acrg.soton.ac.uk/blog/1168/
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Figure 92: 3D rendering of the pore network of Lecce stone, sample, scanned 

with micro-CT and reconstructed cross section of an untreated Lecce stone 

sample, scanned with nano-CT (Bugani et al., 2008). 

 

3.4.1.3 CT and museum strategies 

Researchers have adopted contradictory positions regarding museum 

strategies in the field of CT scanning. Hudges (2011) proposes the acquisition 

of transportable CT scanning equipment for museums along with high 

resolution digital imaging, in order to map the photos onto the 3D surface of 

the artefact generated from the 3D reconstructions. However, the acquisition 

of such expensive equipment has been considered unnecessary, and instead 

collaborations with medical centres, hospitals and labs appeared as the most 

cost effective solution (Applbaum and Applbaum, 2005).  Both options have 

their advantages and disadvantages. The former position’s strongest point is 

the ability of museum professionals to execute limitless scans, an action which 

promotes research. On the other hand the cost of acquisition, maintenance 

and employment of specialized professionals is a drawback. The latter option 

restricts research potential, considering that it is medical scans that are 

popular all over the world. This type of scanning equipment is appropriate for 

ceramics, which was the focus of this specific research, but it is not adequate 

for materials of greater density, such as metals.  

The CT scanning results of maiolica ceramics and roman bronzes for the 

purposes of this study are presented in sections 6.2.4.1 and 6.3.4.1 

respectively  
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CT scanning used to affect the thermo luminescence (TL) signal, but modern 

equipment reduces the exposure time and uses low energy x-rays, so the 

impact is believed to be unmeasurable (Ghysels, 2014).  In general, there is no 

relevant research, with convincing evidence regarding the impact of x-rays in 

the TL signal. In particular, in the case of the ceramics CT scanned for this 

study, the application of TL was not of interest, considering the safe dating of 

the jugs based on stylistic analysis and the reference sample of soil from the 

excavation. Until now the use of TL for dating and authenticity studies (Cosma 

et al., 2006, Bakraji et al, 2013, Bortolot, 1994) is not practiced in great 

extent.  

3.4.2 Magnetic resonance imaging (MRI) 

From the above presented literature review one can easily understand the 

significance of CT scanning in the study of artefacts. Nevertheless other 

techniques have been developed, such as magnetic resonance imaging (MRI), 

which uses a radio-frequency waves and a strong magnetic field to visualize 

structures inside the object under examination, reveal features of equal 

importance for the study of artefacts. MRI, invented in 1973 and first used 

during the 1980s, gives different information about structures than cannot be 

seen with a computed tomography, for example the visualization of 

hydrogenous materials deep inside thick layers of heavy metals. These 

visualizations are used so as to define the best treatment, to present inner 

structures and enhance our understanding about objects (Biro et al., 2011). 

3.4.2.1 Instrumentation  

In MRI the strong magnetic field is created either temporarily by electric 

current passed through coiled wires or by permanent magnets. The atomic 

nuclei are aligned because of the strong magnetic field (resonance). A 

transmitter/receiver sends and received radio waves. Radio signal disturbs 

their axis of rotation. Radio waves are generated as the nuclei return to the 

base line states. After processing of these signals digital images are produced. 

The most important advancements in MRI technology are the scanning speed, 

resolution and accuracy as a result of the improved computer 3D algorithms 

and hardware.  
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3.4.2.2 Applications  

Neutrons can penetrate most of the common metals and detect wood, resin, 

adhesives, lacquer, and moisture even in low concentrations inside them.  Also 

the homogeneity of the alloy, the casting process and corrosion can be 

analysed. Characteristic examples are a Roman sword, where according to 

Lehmann (2006, p.24) ‘x-rays reveals the structure of sword and sheath, 

whereas the neutron image also shows the wooden part of the sheath and the 

resin used in the restoration’.  Worth mentioning is the value of MRI in case of 

high lead concentration, where CT scanning is not possible (Lehmann, 2006). 

An interesting application of the MRI is the differentiation of the exact wax 

casting technique employed (Van Langh et al., 2009) (Figures 93-94).  

 

 

Figure 93: Hercules Pomarius, digital image and reconstructed neutron scans. 

(yellow= core material, grey=bronze) (Van Langh et al., 2009). 
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Figure 94: Buddha statue, comparison of digital image, neutron and CT scan 

(Chankow, 1990, p.95). 

 

After 2000 MRI found application in the study of mummies. The study of 

hydrated mummies is considered an effective non-invasive diagnostic tool as it 

produces especially clear images. Characteristic example is the application on 

a 17th century mummy found in Korea. Overall, the quality of the MR images 

from the hydrated mummy was superb and the scientific value of MRI in the 

study of hydrated mummies should not be underestimated (Shin et al., 2010). 

MRI is a very useful tool for assessing the condition of mummies (Gostner et 

al., 2011). It has been applied in an Iron Age body, the Grauballe Man, from 

Denmark showed a tissue of uniform structure. Low signal areas of a diameter 

of around 1 mm with individual distances of 3-10 mm were revealed, created 

by plant roots which penetrated the tissue (Stødkilde-Jørgensen et al., 2008). 

Successful application to dehydrated materials is considered a significant step 

for the broader application of MRI in archaeology. The earlier examples applied 

in Egyptian mummies appeared last decade due to the advances of MR 

scanners.  Of great importance is also the development of mobile NMR, which 

enables in situ data capture. The technique is able to identify tempera and oil 

medium in paintings assisting authenticity studies (Karlik et al., 2007; Ruhli, 

2007). 

Apart from mummies, another area of research which has been benefited by 

MRI is the study of stones.  MRI made possible to determine porosity, pore-size 
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distribution, changes of structural porosity, assisting significantly condition 

monitoring. Also the performance of water-repellent agents in hydrophobic 

treatment can be evaluated (Borgia et al., 2000; Cainaiti et al., 2005). The 

potential of MRI in conservation is not yet examined in depth and future 

application can significantly enrich our knowledge about artefacts biography as 

well as materials for conservation and treatments. As far as organic and 

composite artefacts are concerned MRI can provide data about their internal 

structure. In the case of inorganic porous materials MRI can evaluate the 

success of treatment and the performance of materials used. 

3.5 Capturing 3d data 

The study of cultural heritage objects remains inefficient if their three-

dimensionality is not taken under consideration. This is because the most 

interesting features, in terms of art history, conservation and artefact studies 

are hidden in a three dimensional coordinate’s world, rather than in two 

dimensions. This is not restricted to complex artefacts. Even objects largely 

considered as mainly two-dimensional, such as paintings, have very interesting 

three dimensional features. Brush strokes have a minor, though important, 

third dimension, which, if examined, can lead to conclusions about painting 

techniques and materials used in the past. Even the application of the varnish 

is a record whose documentation is crucial for the overall characterization of a 

painting. Apart from art historical studies, features which dictate the condition 

of the painting, as craquelure, cracks and loss of cohesion between the paint 

layers or the paint and the substrate are observed as slight deformations.  

At this point the importance of 3-D recording for documenting, analysing, and 

safeguarding cultural heritage is well understood, and the huge range of new 

possibilities is under examination, as demonstrated by the continuous research 

and development of the field. Three dimensional models are primarily used for 

documentation, preservation and broadened access, but their contribution is 

also valuable in research, and for enriching context (Wachowiak and Webb, 

2012). Two methodologies for capturing 3d data will be explored, laser 

scanning and photogrammetry.  
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3.5.1 Laser scanning  

Laser scanning is extensively used for 3D recording in the field of cultural 

heritage, as it provides the acquisition of 3D data in a relatively short time. 

Bohler and Marbs define the laser scanner as a device that collects 3D 

coordinates of any surface automatically and systematically at high rate and in 

real time (Böhler et al., 2004).   

Laser scanners acquire 3D data creating point clouds. These points can 

reconstruct a triangular mesh, representing the shape of the object or surface, 

including RGB values for each point. In triangulation systems the laser beam, 

either a spot or a line, is projected onto the object to be scanned. The object 

then reflects the beam, which focuses on the lens of a receiving sensor. The 

sensor is usually a CCD camera. In the terrestrial time of flight or phase-

comparison laser scanning systems the laser beam deflected by the rotated 

mirror reflects into the object surface and returns to the receiving optics. The 

time of flight system calculates the distance using the time it takes for the 

beam to return. The phase comparison system measures the difference 

between the emitted and the received laser pulses, rather than on the time of 

flight. Furthermore, The Laser Range Scanner records rotation angles around 

the y- and z-axes, creating quickly a highly-accurate series of sampled points in 

3-space.  

3.5.1.1 Triangulation scanning systems  

For the purposes of the present research triangulation scanning systems are of 

significance (Figure 95). Other available types, such as time of flight and phase 

comparison, have found applications in other fields of cultural heritage, 

especially in architectural and landscape studies, but are not used for portable 

antiquities. The operating principle of triangulation scanners is 3D recording 

by triangulating the position of laser light. The set up may employ the position 

of the artefact on a turntable plate or adjustment of the scanner on a 

mechanical arm. The overall accuracy of such approaches is around 50 

microns. An alternative, less accurate technique employs the use of 

mirrors/prisms for the automatic measurement of the beam (Barber et al., 

2011). 
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Figure 95: Triangulation laser scanning system (courtesy of Conservation 

Technologies, National Museums Liverpool) (left) (Barber et al., 2011, p.4). 

 

Accuracy is a basic requirement for the application of 3d graphics in cultural 

heritage. In artefacts studies, considering the size of the objects and the level 

of detail required, the high accuracy of the model obtained guarantees its 

usability. There is published literature on testing of accuracy and quality of 

different 3D laser scanner systems (Mechelke et al., 2007).  The accuracy, 

along with the resolution, forms the basic characteristics of laser scanners. 

Each type of laser scanning has its advantages and disadvantages.  

A basic limitation of the triangulation scanning system is that a clear view for 

both the source and sensor is needed, in order to see the surface point 

currently being scanned. Also, surface reflectance properties affect the quality 

of data that can be obtained. Simple laser scanners offer poor results when the 

object under examination has unreflective surfaces, as no range value can be 

computed. When the object surface is highly reflective, surfaces or dust 

particles interfere, so that the range values turn to be skewed. Also, for 

materials with characteristic subsurface scattering, it proved to be ineffective. 

Another limitation is the fact that triangulation scanning systems generate 

extremely large datasets. The presence of bright sunlight can affect the data 

acquisition process; as a result it is more appropriate for interior scanning.   
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Computer software is necessary in the operation, processing, visualization and 

utilization of the laser scanning data. This software is usually designed in 

order to be compatible with large volumes of 3D measurements. The laser 

scanner software combines the sensor- signal with the known separation 

between it and the mirror, computing an array of depth values. The created 

point cloud turned into useful 3D data, a 3D model, through the registration 

process. All the individual range images were registered or aligned in a single 

coordinate system. The three dimensional viewer offers the ability of 

performing simple transformations. A simple desktop PC may be inappropriate 

for the manipulation of the laser scanning output, because it acquires high 

computing power. Other computer requirements are a 3D graphics accelerator, 

a RAM memory, a hard disk, a good quality monitor and a processor.  

3.5.1.2 Applications  

Baribeau (1995) emphasised the usefulness of laser scanning in providing 

access to collections and enhancing measurement, comparison and study of 

artefacts. Nowadays, there is a long list of research projects that used laser 

scanning as a digital capture recording technique. The most renowned 

example is the application of laser scanning in Michelangelo’s statues (Levoy et 

al., 2000) and cuneiform tablets (Anderson and Levoy, 2002; Kumar et al., 

2003). Laser scanning has been used for a large variety of artefacts types, such 

as skeletal material (Kuzminsky and Gardiner, 2012). 

Among the most interesting applications of laser scanning in artefacts studies 

was the case of a gilded bronze Anglo-Saxon brooch (Figure 96). It was 

scanned using arm-mounted triangulation-based laser scanning. The scanning 

equipment had a 70mm stripe width with an accuracy of +/-0.1mm at a 

working distance of 50mm. Because of the fine detail and the reflectance 

properties of the material further processing was necessary. The laser power 

during scanning was not stable enough to capture complete data light and 

dark areas (Barber et al., 2011). The laser scanning of the Ferryland cross is 

also worth mentioning (Logan et al., 2010) (Figure 97). Of great interest for 

conservation is Kottke’s research, which underlines the practical, hardware and 

scanning limitations in stone degradation monitoring at the micro-scale. 

Furthermore, she proposes cloud-to-cloud surface, profile or section 
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comparisons and the use of the point cloud as a referencing model in a 

database for dissemination, communication and documentation of large scale 

projects (Kottke and Hinchman, 2009).   

 

Figure 96: The Ferryland Cross (left), the digitally reconstructed image (Logan 

et al., 2010, p.128-131). 

 

 

Figure 97: Saxon great square-headed brooch image and screenshot of the 3d 

model (Barber et al., 2011, p.27). 

 

The translucency of surfaces poses problems for the laser scanning 

application, because of light scattering. Similarly reflectivity, which leads to 

specular light reflection, may result in problematic data capture. The scanning 

equipment has been developed and successful applications on shiny or 

translucent objects have been presented (Rodrigues and Kormann, 2012), but 

these materials are still considered as the most difficult to capture. The use of 

sprays or powder is not acceptable for cultural heritage artefacts, because of 

the contamination of the original material and the need to apply soap for their 
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removal.  The Scanning from Heating (SFH) method proposed for transparent 

materials, such as glass (Eren, 2010), requires heating of the object and as a 

result may introduce unwanted alterations or even damage to the artefacts, 

therefore its application in cultural heritage is limited.   

3.5.2 Photogrammetry 

The term photogrammetry appears in the literature in 1867, while the first 

International Society for Photogrammetry (ISP) was founded in 1910 and 

renamed in the 1980s as the International Society for Photogrammetry and 

Remote Sensing (ISPRS) (Kucukkaya, 2004). The ISPRS cooperates with the 

International Scientific Committee for Documentation of Cultural Heritage 

(CIPA), one of the international committees of ICOMOS (International Council 

on Monuments and Sites), having as a goal the enhancement of surveying 

methodologies, and in particular the advanced recording, monitoring, 

preservation and restoration of architectural monuments, objects or sites. This 

signals the recognition of the contribution of photogrammetry and remote 

sensing in archaeological research.  

Although photogrammetry can be applied at a very wide range of scales, a 

widely known categorisation is Aerial and Close-range Photogrammetry (CRP), 

according to the location of the camera in relation to the imaged object. 

Although the former found many applications in cultural heritage, it goes 

beyond the scope of the present study, as it is strongly connected to 

topographic photogrammetry, terrain, excavation models, buildings and large 

architectural structures, far away from portable antiquities and museum 

conservation practices.  

On the contrary, CRP, or Image Based Modelling (IBM), used to describe the 

construction of a three dimensional model of an object from two dimensional 

images, where the camera is mound on a tripod or it is hand held, has been 

applied for digital capture of archaeological artefacts and works of art. The 

difference in 3D digitization of cultural heritage between objects and 

monuments has been discussed (Pavlidis et al., 2007). However, the most 

widespread use has been for monuments, historic buildings and facades rather 

than portable antiquities. It has been used for documentation, monitoring of 
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structural problems and authentication studies, as it provides advanced 

volumetric perception and enhanced material description (Yilmaz et al., 2007).   

IBM is the most complete, economical, portable, and flexible, as well as widely 

used technique for 3D modelling. But of course there are problematic aspects. 

Fully automated procedures are criticized as useful for visualizations but 

inappropriate for documentation, because they lack accuracy. Other options to 

be considered are the semi-automated, where human intervention is necessary 

for processing. Their great advantage is their ability to deal with complex 

geometry, while the necessary level of human interaction can be considered as 

a drawback (Remondino and El-Hakim, 2006). Hence, the conclusion can be 

drawn that fully automated application cannot meet conservation needs, where 

the accuracy and complexity of artefacts reaches higher levels than ordinary 

cultural heritage recording and documentation needs. On the other hand the 

presence of a long list of software for photogrammetry and image based 

modelling is promising. 

3.5.2.1 Software packages and applications  

Low cost commercial or even free software with affordable equipment succeeds 

in 3D modelling of archaeological structures, such as the case of the temple 

G1 of the archaeological area of MySon in Vietnam, providing valuable results 

for restoration design (Barazzetti et al., 2011). Within conservation, 

photogrammetry can play a significant role, basically because of its flexibility. 

The photogrammetric dataset can be reprocessed and reused, in order to 

create a variety of representation for different purposes (Lagerqvist, 1999). 

There are several photogrammetric software packages available either at low 

cost or for free:  

 Photo Modeler Scanner, distributed by Eos Systems, (Eos Systems, 2014)   

 Agisoft Photoscan is capable for textured 3D model extraction (Agisoft, 

2014) 

 Microsoft Photosynth (Microsoft, 2014) 

 The Evo suite, the ZScan instrumental survey system and the stereo-

photogrammetric System, Cyclop II, by Menci Software (Menci Software, 

2013) 
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 the ARC 3D web service developed by the VISICS research group of the 

K.U.Leuven in Belgium (VISICS K.U.Leuven, 2014)   

 the ORPHEUS/ORIENT, of the Vienna University of Technology (Vienna 

University of Technology, 2014)  

 Autodesk 123D Catch (Autodesk, 2014) 

 Smart3DCapture Scanner, designed by ACUTE 3D (Acute 3d, 2013) 

 

3.5.2.2 Turn table approaches  

For complex objects the creation of 3D model from 2D imaging is problematic, 

and there is a need for careful design of the imaging environment, including 

the geometry, lighting, and background in relation to surface properties. An 

image acquisition system, adequate for small artefacts, is proposed, consisting 

of a turn table, a digital camera and a computer. By rotating the turn table, 

where the object is located, images are taken, which finally are used in order to 

create the shape as a triangular mesh and the appearance as a texture map 

(Yılmaz et al., 2003) (Figure 98). Similarly, the position of the object on a turn 

table, and the successive capturing of images with a stable camera, has been 

proposed for the creation of three-dimensional models of objects. In that way 

the camera’s location can be accurately calculated. One image was captured on 

every 10°, resulting in 36 images. After simple processing and rather limited 

human interaction, the 3D object is created with Surfer 6.01. CAD programmes 

can be employed for further editing of the model (Jacobs and Tsioukas, 2004). 

The two strategies presented above use a similar image capture approach, 

while the algorithms employed for 3D model generation differ. Both have been 

proposed for small artefacts. The common feature is the rotation of artefacts. 

However, questions arise about the risks of such capturing methodology and 

the safety of artefacts during rotation. Contemporary museum standards may 

not allow the endangering of objects integrity, and consequently this data 

acquisition approaches should be approached cautiously for the safeguarding 

of cultural heritage. Hence, the use of turn tables is not recommended. 

Instead, data capture with static objects and moving cameras is the most 

appropriate methodology.  
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Figure 98: 3d model acquisition system for three-dimensional modelling of 

small artefacts, consisting of a turn table, a camera and a computer (Yılmaz et 

al., 2003). 

 

3.5.2.3 Applications  

The digitising project of the wooden statue of Maddalena by Donatello, which 

survived the flood of 1966, is an interesting case study because of its size, 

around 1.80 meters, as well as its complex three-dimensionality. These 

features, in addition to the high need for accuracy, lead to various problems 

during the acquisition procedure, which employed a close-range digital 

photogrammetry software (ShapeCapture). Moreover, photogrammetry enabled 

the dimensional verification on the 3-D model, improving the alignment 

procedure (Guidi et al., 2004). 

An application of a photogrammetric-computer vision methodology for 3D 

documentation of excavated archaeological features, including skeletal 

remains, gave accurate results without the drawback of necessary human 

intervention. A set of digital images with sufficient overlap was captured, and 

the rest of the process was performed automatically in order to align the 

images, calculate a point cloud and texture map the model. It was 

characterised as a cost-effective, scientifically reliable approach, which is an 

improvement compared to traditional techniques (De Reu et al., 2012).   
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For Microsoft Photosynth, an image browser for 3D photo models, a set of 

images from 20 to 300, or sometimes more, needs to be uploaded in order for 

the software to analyse them and reconstruct a 3D point cloud.  The process of 

downloading a point cloud and further processing to a 3D object 

reconstruction is described by Pomaska, using Wireshark, a network protocol 

analyzer, and a Python script, to convert the binary files into text files, mesh 

lab and blender software (Pomaska, 2009). Digital photogrammetry  with the 

ZScan enables quick and high quality data capture, even at the millimetre 

range, and proved to be useful for archaeological, architectural and historic–

artistic artefacts (Salonia et al., 2009) (Figure 99). 

 

Figure 99: The roman Balteus and detail of 3d model obtainable through the 

use of ZScan system (Salonia et al., 2009, p.60-61). 

Proposals for further development of photogrammetry can be found in section 

4.3.2.2. The proposed visualization methodologies are trialed in section 05.4, 

and evaluated in section 5.5, leading to conclusions regarding the contribution 

of PG in conservation in section 5.6.  

3.6 Synergistic approaches to digital capture  

There is an obvious trend in research directed towards synergistic approaches 

to digital capture. The combinations of technologies lead to more efficient 

digital capture and presents new possibilities for research. Examples of 

combined methodologies have been proposed for already known techniques, 

such as photogrammetry, laser scanning, RTI and multispectral imaging.   

Interestingly enough, synergistic approaches are evident also in new 
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techniques under development, such as the AR technique (for a discussion 

about AR see section 2.3.3.1.1), which acts complementary to RTI, sharing the 

same datasets. So, the idea of combined use of technology to gain maximum 

information has found a place, not only in separate applications and case 

studies, but also in the development of new techniques.  

RTI can be used as an explicit example for an analysis of synergistic 

approaches, because it is flexible enough to implement different photographic 

set-ups, according to the needs of the photographed object.  

‘While RTI is effective for surfaces where texture (carving or engraving) is 

the primary means of data storage, other methods have to be found for 

situations where colour contrast is key, as with ink on parchment or 

papyrus’ (Lexoux, 2013, p.114).  

Multispectral RTI provides a practical solution for this problem. It is 

complementary to normal RTI technique, with significant potential for a broad 

area of materials and artefacts types, including painted surfaces, canvas, 

documentary artefacts, engraved stones in poor conservation condition, 

restored glass artefacts, painted or engraved ceramics with encrustations, 

mortars, paper and archival material. The experimentation for the 

simultaneous capture of both spectral and textural data by Hewlett-Packard 

and Cultural Heritage Imaging (CHI) researchers reached the conclusion that 

the technique is feasible (Redman and Mudge, 2007). CHI has been 

experimenting with multispectral RTI and conservators emphasised its research 

potential (Castriota and Serotta, 2011).  IR and UV RTI have been applied to an 

oil painting, as appears in the RTIiCAN blog, with the Osiris IRR 

camera/scanner (Gabov, 2010). A combined RTI and infrared methodology was 

used for the study of ancient Dead Sea scrolls, in order to reveal the text and 

examine the condition of the parchment. This successful project demonstrated 

a promising methodological approach for the study of documentary artefacts, 

but also the necessity for further experimentation (Caine and Magen, 2011). 

An interesting approach combining IR imaging, RTI and dense-range 

photogrammetry in a mosaic pattern has been proposed for a 19th century 

British painting of large dimensions (Bennet, 2013). 



 

 

165 

 

The datasets from RTI do not necessarily originate from a dslr camera.  The 

virtual RTI method is an alternative to normal RTI which provides the 

opportunity to the viewer to interact with 3d data using the RTI methodology. 

The virtual RTI is a combination of Polynomial Texture Mapping and other 

reflectance transformation techniques with photogrammetry and non-contact 

digitising. Instead of physical domes or rotation arms, the virtual RTI uses 

animated virtual domes, which leads to a sequence of rendering of the 3d 

model, processed using the same methods as normal RTIs (Earl et al., 2010) 

(Figure 100). One of the most exciting recent developments in data capture is 

the Underwater RTI. David Selmo, from the Centre for Maritime Archaeology, 

University of Southampton, completed data capture in a pool (Selmo, 2013). 

This successful application has great potential for the broader appreciation of 

RTI as a diagnostic and recording tool in underwater environments (Figure 

101).  

 

Figure 100: One of the virtual PTM domes set up over the scanned Amazon in 

3ds Max 2010 (Earl et al., 2010). 

 

Figure 101: Underwater RTI visualization (Selmo, 2013). 
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It is also worth mentioning the large number of research articles about 

combinations and comparisons of laser scanning and photogrammetric 

approaches for cultural heritage documentation (Boehler and Marbs, 2004; 

Grussenmeyer et al., 2008; Ioannidis and Tsakiri, 2003; Lambers et al., 2007; 

Kadobayashi et al., 2004). For buildings and sites, laser scanning and/or 

photogrammetric techniques can lead to similar results for flat and regular 

shaped objects (Grussenmeyer et al., 2008) or complex geometry and irregular 

shape building components (Yastikli, 2007). 

Kadobayashi et al, after comparison and experimentation on the combined use 

of laser scanning and photogrammetry on Byzantine ruins, proposed combined 

approaches based on practical experience, accumulated know-how and the 

requirements of each project (Kadobayashi et al., 2004). Similarly, a 

combination of scanning and photogrammetric techniques is recommended 

when line- and surface-based structures have to be captured (Boehler and 

Marbs, 2004). The combination of different techniques can lead to successful 

results in the case of complex structures. Cracks and degradation phenomena 

on materials can be captured and distinguished in the final visualisation 

(Núñez Andrés et al., 2012). Lambers (2007) reports successful results from 

the combination of photogrammetry and laser scanning, underlining the 

efficiency and the flexibility of such approaches, as well as the opportunity to 

examine different levels of resolution and different viewing angles, leading to 

an enhanced multi-level architectural, structural, and functional study of 

archaeological sites. In the case of a marble statue, comparisons of laser 

scanning and photogrammetric techniques conclude that the former is faster 

and fully automated (Ioannidis and Tsakiri, 2003). A combination of 

photogrammetry and laser scanning enabled the successful three dimensional 

recording of a demanding type of artefact made of transparent plastic, at a 

millimetre level of accuracy. The improved documentation of two sculptures, 

recorded following this combination technique, was greatly appreciated by 

conservators (Robson et al., 2008). 

Among the proposed combinations of approaches are photogrammetric 

techniques for object shape and texture and laser scanning of the object’s 

surface (Radosevic, 2010). In an architectural survey, the main structure was 

captured by photogrammetry, while for the final details laser scanning was 
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used. However, there are other methods of integration of the two techniques 

still to be exploited (Guarnieri et al., 2005). For example, in the statue of Pepi, 

researchers document the seams and rivets with photogrammetry, and 

continue with measurements based on laser scanned data.  This combination 

provided enhanced information for the artefact, useful for its restoration, 

conservation, technological investigation and documentation (Heinz, 2002). 

There is a growing interest for the recording of 3d data with multispectral 

texture, as it is believed that these augmented models can enhance the 

analysis and study of artefacts, in particular for conservation purposes (Simon 

et al., 2013).  The first multispectral laser scanner prototype has been used for 

the non-destructive diagnostic examination of damages on building surfaces 

(Hemmleb et al., 2006). The ICCOM-CNR has applied the multispectral 3d 

technique to wall paintings from the tomb of Scimmia (Palleschi, 2013). During 

the SUMUS (System for 3d Multispectral Imaging) project the multispectral 3d 

methodologies has been applied for the restoration of the Annunciation of 

Benozzo Gozzoli. Although multispectral 3d capture is feasible and can 

provide useful data, it has found limited applications, mainly due to the 

problems in capturing and processing of the multispectral 3d data (Figure 

102). 

 

Figure 102: Chiusi, tomb of Scimmia, multispectral 3D (Palleschi, 2013). 

3.7 Summary  

Contemporary practice has shown that the recording and examination of 

objects of art and antiquity can be performed using a variety of modern 

technologies. This chapter presented an overview of artefacts digital capture 

techniques for capturing texture and colour, data beyond the visible, 3d data 
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and volume. Although many new scientific techniques and technology were 

introduced in the second half of the twentieth century, conservation was slow 

to adopt them, but eventually did so in order to reduce speculation and 

deduction (Fotakis et al.  2007). This trend applies to the application of digital 

techniques too.  Although research has been directed towards the application 

and further development of these techniques, a comparative analysis based on 

their capabilities and limitations from a conservator’s perspective is missing, 

and there is a large area for improvement in the field of digital capture of 

artefacts so as to meet conservation objectives. The critical evaluation of these 

methodologies, based on their contribution to conservation objectives and 

actions, as well as proposals for further development, are discussed at a 

theoretical level in the following chapter.  
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Part 2: Evaluating and enhancing digital 

conservation 

Chapter 4:  Proposals for enhancing digital 

conservation  

4.1 Introduction  

In part one the digital technologies used in current digitization and imaging 

practices were presented and their potential discussed via a list of digital 

solutions to common conservation and restoration problems. Artefacts’ 

digitization (Chapter 3) and the application of digital techniques in 

conservation practice (Chapter 2) are crucial for the broader application of 

digital technology by the cultural heritage sector in general, and by the 

conservation community in particular. The focus of this chapter is to introduce 

the proposed developments of digital applications in conservation at a 

theoretical level.  

Following the literature review on digital capture techniques in Chapter 3, a 

comparative analysis of digital capture techniques, and proposals for the 

developments of digital capture, based on conservation needs, are presented 

in section 4.3, in an attempt to facilitate visual analysis. The virtualization of 

visual analysis can potentially enhance current practices of human-object 

interaction, for both museum professionals and the public, and is considered 

to be a prerequisite for the novel methodologies to be incorporated more 

effectively in conservation practice. Following the discussion on conservation 

documentation problems and digital solutions in Chapter 2 (sections 2.2.3 and 

2.3.4), the role of 3d documentation in conservation is defined and novel 

systematic documentation approaches are proposed in section 4.4. Then, the 

way these ideas are reflected on conservation theory is presented via new 

mapping on RIP schemas in section 4.5. 

Apart from methodological issues, the interrelationship between physical and 

virtual artefacts needs to be examined in order to determine the role of 
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virtualization in conservation.  In order to achieve this goal it is necessary to 

draw a distinct line between the virtual reality and the physical world. In that 

sense a critique about the physical and the virtual artefacts (section 4.2.1) from 

the conservation perspective is the initial point for a discussion about the 

changes introduced via the virtualization, which influences the museum sector 

as a whole. In an attempt to bridge the gap between the physical and the 

virtual artefact the implementation of mixed reality approaches is proposed. 

The opportunities offered by mixed reality approaches are also presented 

(section 4.2.2).  

4.2 Interrelationships between physical and virtual 

artefacts 

The way conservation participates in the construction of knowledge based on 

ethics and a rationalistic scientific approach, as well as the inter-relationship 

between conservator and objects, has been discussed in the conservation 

literature.  

‘Conservation focuses on the preservation of cultural knowledge in 

objects, the authentication of which creates an inseparable bond between 

the conservator and the conserved object’ (Malkogeorgou, 2011, p.443).  

Do virtual objects represent another level of the bond between objects and 

conservators, or is their role solely the vehicle or the medium for the 

successful execution of a conservator’s project?  This still remains a question 

to be answered. Nevertheless, the analysis of interrelationships between virtual 

and physical artefacts, in the following section, will highlight the potential for 

an enhanced conservation museum strategy towards preservation and 

restoration of artefacts. This enhanced relationship can potentially improve the 

museum’s effectiveness, and also support its social responsibilities for public 

access without sacrificing the safety of artefacts. 

4.2.1 Physical and virtual artefacts: a critical approach  

The contemporary ideas of minimal loss of potential meanings (Munoz-Vinas, 

2005) or post- minimal intervention (Villers, 2004), which express the 

development of minimal intervention, are embodied in the digital approaches 
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towards conservation. As discussed in Chapter 2 (for conventional conservation 

methodology problems and digital solutions see section 2.2 and 2.3), via 

virtual artefacts the material integrity is protected and the interaction of the 

conservator with the original physical artefact is limited, reducing risks and 

potential damage from reconstruction failure, mishandling and display. Virtual 

models of artefacts enable better preservation and substantially improve the 

re-treatability of original artefacts. The interventive operations on the authentic 

materials are limited, as revelation activities are mainly executed virtually. The 

value of the object, its intellectual meaning, is better protected and has a 

higher chance of correct interpretation, because the examination of the 

physical signs is enhanced, thanks to advances in digital tools. The original 

material is preserved in the most objective way, without being affected by 

subjective judgement.  

Nevertheless, there are aspects of the real object that 3d modelling cannot 

capture. In terms of authenticity there is an obvious difference between the 

replica and the original, but a values analysis
19

 manifests the huge gap between 

replicas and real artefacts. Although the aesthetic and educational value of real 

and virtual objects is the same, the artistic, historical, research and scientific, 

age, sentimental, monetary, and rarity values are differentiated. The virtual 

model fails to preserve the physical evidence of past civilizations (Caple, 

2009). The process of digitization and modelling is not synonymous with 

material preservation, and as a strategy does not provide an ultimate solution 

to the preservation problem, although it contributes to present and future re-

investigation indirectly, by providing a secure environment for the original 

artefact, neither contaminated by chemicals nor further deteriorated. 

In that way, the original is transferred in an advanced re-examinable state for 

future scientists. The potential benefit for material culture specialists when 

they study the virtual model is the opportunity for improved research, both 

qualitatively and quantitatively. But the actual remains of ancient civilizations, 

the physical evidence, should be preserved, using experience and knowledge 

                                           

19

 Values analysis is a method proposed by Appelbaum (2007) and has never been 

applied in order to gain a better understanding of virtual artefacts before. 
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from preventive restoration and conservation treatment, in addition to virtual 

reconstruction.  

It has been argued that informational preservation
20

 does not create an 

improved state of conservation for the original object, which becomes more 

readily dispensable for some people (Munoz-Vinas, 2005). This sceptical 

approach towards computer applications in conservation uses the basic 

argument that the digital object and its possible replication can lead to the 

artefact being treated with ignorance. This opinion is based on the fact that the 

virtual reconstruction does not ensure the physical preservation of the original 

artefact, though it does not necessarily follow that the original will end up in a 

less favourable state. Just as virtual museums cannot replace physical ones, 

but are considered to be reflections and extension of the latter (Sylaiou et al., 

2009), the virtual object is an extension of the physical one. Furthermore, the 

virtual and the original object are created to fulfil different goals in different 

historical times and under different circumstances, so they should not be seen 

as antagonists, but as complementary approaches (Newell, 2012). 

A virtual reconstruction of an artefact cannot diminish the overall value of the 

original. This approach can be considered as a general critique to conservation, 

and not solely against digital applications. Questions arise whether or not each 

interpretation is based on accurate scientific data. Considering that these 

actions are executed by professionals, the respect for cultural heritage in 

general, and for archaeological evidence in particular, should be taken for 

granted. If this is not the case, the fear of misleading interpretations may apply 

not only to virtual restoration and physical reconstruction, but also to remedial 

conservation treatments, the latter being more dangerous because they may 

cause irreversible alterations to the artefact’s material integrity. However, 

despite these dubious views about virtual reconstruction and conservation 

practice, the profession is now mature enough to realise the advantages of 

digital recording techniques, and the integration of digital techniques in 

conservation is welcomed. Furthermore, the acceptance of this critique against 

digital restoration means that the scientific community will deny all the other 

                                           

20

 Informational preservation is defined as the conservation related record producing 

activity which enables the virtual representation of an artefact (Munoz-Vinas, 2005). 



 

 

173 

 

basic objectives of conservation, by underestimating material integrity and 

durability issues. At the same time this will signal disapproval of the 

foundations of the profession. 

Moreover, ideas against virtual reconstruction contradict the multidimensional 

contemporary approaches to conservation, which are reflected in professional 

guidelines. There is no doubt that material preservation is the cornerstone of 

conservation as well as interpretation, considering that every action taken is a 

result of a particular interpretation. The success of conservation operations 

depends on the conservators’ ability to understand the interaction between 

material and non-material information. Denying other methods of 

interpretation outside the object is a lost opportunity to understand the object 

better, to distinguish the ‘ideal state’ and proceed to better treatment 

(Appelbaum, 2007). In addition to the virtual artefact the implementation of 

mixed reality approaches provides an advanced level of communication 

between the conservator and the original artefact. These techniques were 

introduced in section 2.3.4 and will be critically approached from a 

conservation perspective in the following section.  

4.2.2 Implementing mixed reality approaches  

Barker and Smithen (2008) demonstrated the challenges for balanced 

preservation and use in order to facilitate the complete museum experience. 

They refer to the future of museum practice providing different scenarios, by 

assuming the exaggerated or limited valorisation of authenticity and material 

integrity. Nevertheless, they predict that the most likely scenario stands in the 

middle stating that 

 ‘the conservator will likely remain guardian of the “ideal” state of an 

object, and indeed will continue to add his or her voice to the debate on 

what this “ideal” state is; in practice, though, she or he will be prepared to 

accommodate less than ideal conditions so that the work completes its 

function by being seen and experienced’ (Barker and Smithen, 2008, 

p.102).  

The use of technologies, which made possible the closer alignment of the 

physical and the virtual words, such as tagging, haptic, projections and 3d 
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reproductions, are issues of great importance, in the explorations of this 

‘ideal’ state and their application can significantly assist in solving 

conservation dilemmas.  

‘(Biology) moves from a discipline primarily devoted to observation and 

experimentation to one reliant for new advances on the manipulation and 

analysis of digital data and models’ (Frischer, 2011, p.27). 

However, the example of biology, can hardly find total appreciation in 

conservation because, as Brandi (1963) noted, conservation needs to be loyal 

to the material form of artefacts. Mixed-reality approaches bridge the gap 

between the physical and the virtual world.  As discussed in section 2.3.4.1.1 

haptics provide an innovative form of communication between humans and 

digital artefacts, providing the opportunity to experience the virtual world via 

touching. Tagging (2.3.4.1.2) enables the easy and fast data collection and 

sharing and 3d projections (2.3.4.1.3) can create illusions to the viewer, 

blending the physical object with virtual reality scenes. The conservation 

potential of these technologies has not been evaluated yet and will be 

discussed in the following sections.  

4.2.2.1 Haptics  

Zimmer and Jefferies’ (2007, p.1189) prediction that haptic technology ‘will 

change the notion of space and of Interaction’ is fully justifiable. This 

technology can potentially change the notion of interaction with the object in 

conservation and restoration activities.  The work already published on the 

application of haptic virtual reality environments in conservation is limited and 

focuses on conservation training rather than practice. Geary proposes a haptic 

virtual reality environment for simulating conservation operations so as to 

provide an enhanced training tool for paper conservation, including visual, 

aural and touch stimuli (Geary and Sandy, 2004).   

 

But haptics can potentially be a valuable tool for conservation purposes other 

than training. The option to do and undo virtually an operation is a more 

efficient and safer reconstruction methodology in comparison to the 

contemporary common practice of physical joining and separation of pieces. In 

the case of fragile material types, such as glass with thin layers, this is 
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undoubtedly of utmost importance, considering the practical problems of 

physical restoration. In addition, virtual execution of operations enables 

conservators to store information about previous stages of the artefact, during 

a virtual exploration, leading to better documented operations. At the same 

time improved categorization, stylistic analysis and dating is possible, 

especially for the reconstruction of fragmented artefacts, where decision 

making should be justified by evidence, as well as by archaeological materials 

found intact.  

 

Although this can be done in front of a computer screen, the ability to feel 

such actions is considered advantageous, because it makes use of the valuable 

conservator experience of handling real objects and instinctual choices 

employed.  Hence, the use of haptic technology offers the possibility to 

significantly improve the process of virtual reconstruction / digital restoration 

of artefacts. Nevertheless, the main drawback of this methodology is the high 

cost and technological needs.  

 

According to Hespanha (2000) the haptic application in many cases demands 

that users interact with each other as well as with other objects during 

explorations in a virtual environment. In this virtual haptic world diverse kinds 

of devices can be used, making possible the simultaneous collection and 

broadcasting of information to multiple users in a network (Hespanha et al., 

2000). This virtual haptic collaboration can potentially revolutionise the way 

specialists study objects and communicate their ideas with their colleagues. 

For conservation such interaction between professionals and the objects is 

synonymous to a unique experience, meaning that in practice it is not possible 

for two conservators to examine the physical artefact at the same time. Virtual 

haptic collaboration introduces new ideas, which may transform contemporary 

approaches and well accepted methodologies, apart from geographical limits, 

preventive conservation issues and time constraints, which would not be 

considered a drawback. Moreover, this virtual collaborative haptic environment 

encourages a more active collaboration and broadens the appreciation of 

artefacts.  
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From the above, it becomes apparent that conservation virtualization, which is 

the focus of this research, can be benefited by the use of haptics technology, 

particularly the field of examination, preventive conservation and virtual 

reconstruction (Graph 10). Similarly, RFID/NFC and QR codes offer 

opportunities primarily for enhanced documentation by combining effectively 

the physical object with relevant visual and textual data.  

 

Graph 10: The potential of haptics in conservation practice (Graph author’s 

own).  

 

4.2.2.2 RFID/NFC and QR codes 

The previous implementation of RFID/NFC and QR codes in museums are 

focused on museum guides (section 2.3.4.1.2). The potential of these 

technologies in conservation has not been explored yet, although conservation 

can equally benefit from such applications. In particular RFID/NFC and QR 

codes can be used for labelling, conservation reporting-condition and 

environmental monitoring, as well as during interventive conservation.  

Tags can be used instead of traditional labels on objects (alphanumeric codes 

written or attached to the objects, which specify provenance information) or 

boxes. In that way collection storage and management can significantly 

improve. The tags can be linked to the collection database where object related 

information can be retrieved and analysed by the user. Time consuming 

actions, such as searching in storerooms among thousands of artefacts can be 
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accelerated. In large conservation projects, for example when hundreds of 

fragments need to be identified, each one is being labelled. The information 

written on the label is crucial for the archaeological interpretation, for the 

determination of the causes of damage and the reconstruction of the history of 

the monument. The use of tags as labels enables the easier management of 

such a large scale project and may lead to safer conclusions.  

Considering that RFID systems cannot only identify objects, but can also 

retrieve information about their location and status (Tan, 2010), their 

application is important for condition reporting. During collection condition 

surveys the conservator can easily access data from previous surveys and 

compare them to the present state of the artefacts via object hyperlinking 

between the object and its conservation records. In that sense the conservator 

reports not only become more accessible but also become more usable. These 

technologies can assist environmental monitoring. Via AIDC techniques the 

physical object can be linked to a globally accessible virtual object that 

contains both current and historical information on that object’s physical 

properties and sensory context (Welbourne et al., 2009). The tags can be 

linked to the environmental conditions, retrieving data about the 

environmental parameters of storerooms or displays, so as to achieve effective 

and easy environmental monitoring of the areas of interest and condition 

reporting of the artefacts.  

The link between the conservation biography of objects and conservation 

operations to the object themselves can be generated in a way similar to the 

ideas of Tales of Things and Internet of Things. The latter can be defined as:  

‘Things have identities and virtual personalities operating in smart spaces 

using intelligent interfaces to connect and communicate within social, 

environment, and user contexts’ or as ‘Interconnected objects having an 

active role in what might be called Future Internet’ (EPPoSS, 2008, p.4).  

In the Internet of Things era the interaction between human and things, and 

between things themselves will be possible (Tan, 2010). The Conservation 

Tales of things and/or the Tales of conservation processes can be produced as 

well. The main contribution, apart from the connection between physical 

objects and digital data, will be the development of a huge amount of 
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information related to conservation operations and conservation related 

information about each object. This data can be used by contemporary 

conservators as well as future generations as a basis for the evaluation of 

success of specific conservation treatment methodologies.  

Although it is expected that this data will be of great interest to museum 

professionals (conservators, curators and objects specialists), the interest of 

the public in the museum’s activities behind the scenes should not be 

underestimated. Previous experience has already proved that the public is 

interested in conservation activities, which is illustrated by the success of the 

exhibition ‘In the artefact lab’ of the Pennsylvania Museum in the United States, 

where museum visitors seek to explore the conservation history of objects, 

either in the open window sessions or via the web site (Penn Museum, 2012). 

Similarly, the #DigitalInvasions project follows a bottom-up approach asking 

from members of the public to communicate their experience in Italian 

museums and sites through the use of web and social media (Invasioni Digitali, 

2014).  

If AIDC techniques provide data about conservation, they can raise awareness 

in the public. Such actions support the opening of the museums to the public, 

in a way that has not been practiced yet to any extent.  It is highly likely that 

the museum visitors will embrace these activities with enthusiasm because 

they will retrieve data at a depth and a level not comparable to the usual 

museum visit.  Considering the open storeroom visits, these technologies can 

transform a usual walk around the museums stores to an adventurous 

exploration of objects, which may not be on display yet, and may never be, 

because of limited display space. The use of personalised codes can provide 

overall control of the level of information available to its user, so as to lead to 

a meaningful interaction between humans and objects, according to their 

needs.   

One of the most challenging applications could be the use of tags during 

interventive conservation. The development of context aware tags may enable 

the integration of digital refitting and manual fragment matching, a strategy 

which is expected to provide optimum results. Although the previously 

mentioned conservation application of AIDC techniques is possible with the 

available technology, and without high cost or demand for high level of 
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expertise, their implementation in remedial treatment requires closer 

collaboration with experts and maybe technological advancements not yet 

achieved.  

From the above it becomes apparent that the use of codes can contribute to 

conservation documentation, by improving the way the conservator explores 

storerooms and archives. The public engagement can be also another benefit 

from the use of such technologies (Graph 11). In the field of remedial 

treatment the implementation of tagging is proposed in this thesis, although 

there are concerns regarding the applicability due to the cost and expertise 

needed. 

 

Graph 11: The potential of QR and RFID/NFC codes in conservation (Graph 

author’s own).  

 

The following section refers to the use of projections, introduced in section 

2.3.4.1.3, which aims to a better visitor experience and is proposed as an 

alaternative to traditional restoration and interventive treatment.  

 

4.2.2.3 Projections  

The Projection Augmented reality can be used as an alternative to conservation 

operations, by employing either static or dynamic projections. There are 

restoration operations executed only for aesthetic purposes, such as in 

painting and retouching. The use of projections instead of actual painting on 
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the surface of the object not only succeeds in preserving the aesthetic integrity 

of the object, but also minimises the operations on the object itself, thus 

respecting its authenticity.  

Sometimes revelation operations, such as cleaning and removal of depositions, 

are executed only for aesthetic reasons, because these obscuring features 

need to be removed for the object to be appreciated. Considering that during 

the manual removal features, either by mechanical or chemical means, there is 

the danger of removing evidence or altering the appearance of the object 

unintentionally, these operations are executed in a limited way. Also, in many 

cases conservators have acquired, by means of digital imaging, the features 

hidden beyond the visible. Projection of this data on the surface is an 

alternative to such operations. Considering that the methods are advancing, 

such an approach may enable future conservators to execute such an 

operation in a superior way.  

In case of incomplete objects, when there is no need for structural support, 

this approach is an alternative to gap-filling, as the projections can create the 

illusion of the object being complete. Even if the stability of the object requires 

the replacement of lost material, the projection can represent the appropriate 

texture so as to overcome technical problems in the reproduction of the part. 

Projections, in the case of de- and re-restoration dilemmas, have great 

potential, as they can provide solutions to the problems of old restorations, 

which are usually not aesthetically pleasing, and help conservators avoid the 

risks of de-conservation.  

The dynamic, non-static and/or video projections can represent the object at 

different stages, in order to understand not only its materiality, but also the 

way it was used. This may include the visualization of the ageing biography of 

the object under different conditions and alterations during its lifetime, such 

as over-paintings. For conservation purposes, it will be important to also 

visualize the appearance of the object as it was discovered, before and after 

conservation, as well as the different restoration scenarios, in case of opposing 

hypotheses of its original appearance.  

The proposed implementation of projections in conservation are summarised 

in Graph 12.  
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Graph 12: The potential of projections in conservation practice (Graph author’s 

own).  

 

4.3 Digital capture  

The field of conservation is undoubtedly one of the most, if not the most, 

demanding in terms of digital capture techniques, because of the needs for 

limited human-object interaction, high quality and affordable visualization and 

analysis. The dilemma of choosing the adequate strategy is obvious, and there 

is no single answer to that question, considering that the ideal capturing 

method for each project depends on many parameters, such as the artefact’s 

needs, the expertise of the cultural heritage organization, the time available 

and required, and the equipment and computational costs (Graph 13).  

The digitazation strategy criteria will be analysed in the following sections in 

an attempt to provide a critique towards digital capture. This is more than 

necessary nowadays, because the methodologies are developing rapidly and 

there is a rise in the demand for applications in cultural heritage. Moreover, 

the differences between them are significant, and dictate the information 

derived from their application, making it impossible to judge the capture 

techniques using straight comparative approaches. On the contrary, an attempt 

to propose successful synergies as well as comparisons, when appropriate, is 

highly recommended. 

 

 

projections

intervention

aesthetic restoration

gap-filling

communication conservation narrative
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Graph 13: Digitization strategy criteria (Graph author’s own).  

 

4.3.1 Comparative analysis  

The comparative analysis, presented in Table 6, demonstrates the variety of 

available techniques for digital capture. The most important feature in judging 

the effectiveness of digital capture techniques is how effective they are for the 

digitization of various material types. Material properties, including optical 

properties, such as reflectivity and translucency, as well as chemical properties, 

such as material type and composition, should be taken into consideration. 

strategy criteria

material issues

composition

optical properties

economic issues

equipment

expertise

time

practical issues

size/weight

conservation and 

preservation state

research issues
scope of 

digitazation
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Table 6: Comparative analysis of digital capture techniques. 

TECHNIQUE 

PORTABILITY 

OF 

EQUIPMENT 

SIZE 

TEXTURE 

ACQUISITION 

MATERIAL OF 

DIGITIZATION 

RTI ✓ 

all 

 

✓ all 

HYPER-

MULTISPECTRAL 

IMAGING 

✓ No 

Primarily objects 

of complex 

stratigraphy 

X-RADIOGRAPHY ✓ 

limited 

 

No Problematic for 

gold, silver and 

lead due to 

opacity to x-rays  

CT No ✓ 

NEUTRONS 

RADIOGRAPHY 

✓ 

limited 

No 

Problematic for 

cobalt and silver 

due to radio-

activation 
MRI No ✓ 

LASER SCANNING ✓ 

all 

✓ Problematic for 

highly reflective 

and translucent 

materials 

PHOTOGRAMMETRY ✓ ✓ 

 

4.3.1.1 Material issues  

RTI is the most flexible technique of all, as there is no issue, even in the case 

of reflective and translucent materials, which usually present problems in laser 

and/or photogrammetric capture. The analysis of objects of complex 

stratigraphy, which present a combination of materials, may benefit most from 

the application of multispectral techniques. Radiographic techniques are 

powerful methods for examination beyond the visible light spectrum, but X-

radiography of gold, silver and lead is not recommended due to their opacity 

to x-rays. Also, the radio-activation of cobalt and silver limits the applications 

of NR in these materials.  
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4.3.1.2 Practical issues 

Practical issues, such as the size of the object and the ability to perform 

capture in situ, need to be considered. One of the main advantages of digital 

capture techniques, apart from CT and MRI, is the portability of equipment, 

which is important if the technique is to be implemented in museums, cultural 

heritage organizations or even in excavations. Although portable tomographic 

systems have been developed, only a limited number of case studies at an 

experimental level has been conducted to date. There are no size restrictions 

for RTI, multispectral imaging, laser scanning and photogrammetry. On the 

contrary, the size of the object should fit the dome in case of RTI data capture 

using the dome method. There are some restrictions for radiographic capture, 

while in the case of CT and MRI not only the size, but also the weight, of the 

objects should be considered before capture. Another important aspect is the 

ability of digital techniques to capture the texture of the visualised objects. 

Radiographic techniques are not effective in texture acquisition. Rather, RTI, 

laser scanning and photogrammetry can efficiently capture the surface 

topography, while CT and MRI succeed in capturing the texture of the internal 

structure of objects.  

4.3.1.3 Economic issues 

The economic aspects are of great importance for digital capture, including not 

only the cost, but also the time and expertise needed for capture, processing 

and interpretation of the results (Graphs 14-16).  

Computational imaging digital capture can be completed easily without 

previous knowledge thanks to the useful guides available online. Of course 

experience is valuable and can lead to better results. For multispectral imaging 

data capture and processing a basic understanding of multispectral cameras 

and necessary filtration is required. Most conservation training courses include 

relevant modules. Similarly, for X-radiography systems, the expertise needed is 

usually covered in conservation courses. For laser scanning specialised 

knowledge is required for the completion of data capture, due to the 

equipment involved, and processing of data. Finally, tomographic techniques 

cannot be completed without the involvement of experts, because the 

instrumentation for data capture is really complex, and the processing of raw 
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data requires advanced computer knowledge. Even after the reconstruction, 

the user needs to know the basics of 3D software so as to effectively examine 

the models.   

.   

Graph 14: Comparative analysis of digital capture techniques based on the 

expertise needed for capture, processing and interpretation of the results, 

from low expertise (top) to high (below) (Graph author’s own). 

 

Regarding time, hyper-multispectral imaging, and radiography provide quick 

results, followed by computational imaging techniques. However laser 

scanning, CT and MRI are the most time consuming. A typical RTI dataset can 

be captured, processed and viewed in a couple of hours, or even quicker, 

depending on the experience of the person capturing the data. For 

photogrammetry data capture is easy and straightforward, but processing of 

the dataset can last days, in case of large datasets processed with slow 

computers. Laser scanning data capture and processing requires even more 

time. Finally, a typical CT scan takes at least a day, and its processing requires 

a powerful computer.   
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Graph 15: Comparative analysis of digital capture techniques based on the 

time needed for capture and processing, from less (top) to more time 

consuming (below) (Graph author’s own). 

 

The hardware and software costs vary considerably. For photogrammetry 

standard photographic equipment is necessary. For RTI low cost object can be 

used as targets. The data capture can be completed with all dslr cameras, but 

high resolution cameras are preferred. Multispectral imaging techniques and 

laser scanning are considered techniques of medium cost. Finally, tomographic 

systems are expensive.   
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Graph 16: Comparative analysis of digital capture techniques based on the cost 

for capture and processing, from less (top) to more time consuming (below) 

(Graph author’s own). 

 

4.3.1.4 Direct comparisons 

4.3.1.4.1 Raking light and RTI visualization 

A comparison of the outcomes of RTI and the photographic documentation 

techniques demonstrate the impressive capabilities of RTI. Traditional raking 

light imaging, a well-known and widely used photographic technique for the 

examination of archaeological objects and works of art, is the predecessor of 

RTI. This parallel is more than obvious, because the RTI dataset is actually a 

series of raking light images.  Research results indicated that the 

disadvantages of raking light cannot be overlooked. Raking light examination 

should not be considered in the case of vulnerable and fragile artefacts, 

because the handling required for a complete examination contravenes basic 
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conservation rules and codes of ethics, as it may cause damage. Also, the 

results are rather disappointing, because of the large number of raking light 

images needed for a complete examination, and the problems caused by the 

manipulation and examination of the captured images.  No single captured 

image can demonstrate the characteristic features of archaeological objects, 

such as three-dimensionality and geometric complexity, in addition to the 

surface topography of deteriorated material. Also, the specular enhancement 

capability of RTI viewers can be compared to the specular axial or oblique 

illumination imaging technique. Moreover, the ability to change the specular 

parameters in the viewer enables enhanced recording and examination. RTI 

combines successfully raking and specular illumination imaging techniques. 

Not only does it record surface anomalies, traditionally captured by specular 

illumination, but also the depth or height or surface texture, usually 

documented with RTI. 

4.3.1.4.2 Laser scanning and photogrammetry 

Although the laser scanning technology is advancing rapidly, having reached 

high levels of precision, their application for museum conservation purposes is 

limited due to the high cost of quality equipment. It is true that in terms of 

geometry the photogrammetric models are not as accurate as laser scanned 

ones, but the cost and the expertise necessary for laser scanning is much 

higher than photogrammetry, which provides a cost effective solution to 3d 

data capture,  due to the lower prices of equipment involved in capture, the 

open source programmes available for data processing, the transportability of 

the technique, the low level of expertise needed, and the high resolution and 

colour fidelity in addition to the ease of use. 

4.3.1.4.3 X and neutron imaging 

By comparing the quantity and variety of applications of x and neutron imaging 

in archaeology and cultural heritage, one can easily understand the expanded 

use of the former technique. CT still remains the most commonly used strategy 

(Michael, 2001; Azhari, 2010). The main reasons for that were the limited 

accessibility of cultural heritage organizations to neutron sources, the absence 

of efficient modern neutron imaging equipment and the radio-activation of the 

object (Rant et al., 2006). It should be noted that nuclear imaging is not as 
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easily adapted for cultural heritage purposes as x-ray techniques, considering 

that many cultural heritage institutions have x-ray radiographic equipment in 

their labs, along with professionals trained to use them. Moreover, the cost of 

MRI is another limitation for its broader application in cultural heritage.  

However, in projects where the applications of X-ray imaging proved to be 

insufficient, neutron sources provide solutions. Undoubtedly the application of 

X-ray and neutron imaging in synergy can guarantee the success of a project, 

due to the many aspects of artefacts studies and conservation that can be 

explored (Lehmann, 2006). The ability to combine images from photon based 

and neutron imaging application is a promising technology for future 

applications (Osterloh et al., 2007). 

4.3.1.5 Conservation actions & objectives 

The critical evaluation of the contribution of the techniques in conservation 

requires a closer look to the conservation objectives and actions. Table 7 

presents a critical evaluation of digital capture techniques according to their 

contribution in conservation objectives and actions involved in conservation.  

 Practicality 

In terms of practicality RTI and photogrammetry are considered more valuable 

because of their ease of use. In particular, the dome RTI methodology enables 

easy and quick data capture and processing. Similarly, new software for 

photogrammetric reconstruction offering oprions for relatively fast data 

capture and processing.   

 Communication 

All digitazation techniques are useful for communication purposes, but it 

seems that that RTI, laser scanning and photogrammetry are stronger 

communication tools, because they are useful to a broader audience, and not 

strictly to professionals. The virtual artefacts derived from such techniques do 

not require previous knowledge, making them ideal for public engagement.  

 Accessibility  

All digital captures technologies transfer artefacts to a more accessible state, 

either by providing surface, volume, 3d or data beyond the visible.  
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 Durability and Integrity  

Similarly, their contribution in safeguarding integrity and preservation of 

artefacts is different, but of equal significance, meaning that RTI, laser 

scanning and photogrammetry are techniques that can be substituted for 

conventional artefact examination, while data beyond the visible and 3d 

volume can be substituted for interventive operations. The former group 

consists of techniques largely considered as examination tools, while the latter 

refers to investigation techniques. Their contribution depends on the 

requirements of each conservation project. For example, in the case of 

cleaning and removal of encrustation and corrosion products RTI, laser 

scanning and photogrammetry are more useful. In the case of micro-

excavations these techniques are not as valuable as radiography, CT and MRI.  

Considering the above, in general, computational imaging and laser scanning 

are common techniques for artefact digitization, and more likely to assist in 

artefact preservation (durability), while techniques that provide data beyond 

the visible and 3d data, used mainly for investigation purposes, best safeguard 

the artefact’s integrity.  

Table 7: Critical evaluation of digital capture techniques according to their 

contribution in conservation objectives and actions.  

 RTI 

Hyper-

multi-

spectral 

radiography  

Laser 

scanning 

Photo-

grammetry 

CT/ 

MRI 
x-rays  Neutron 

accessibility 

Texture 

and 

colour 

data 

Data beyond visible 
Geometry, texture and 

colour  

3d 

volume 

data 

durability ✓    ✓ ✓  

integrity  ✓ ✓ ✓   ✓ 

practicality ✓     ✓  

communication ✓    ✓ ✓  
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4.3.2 Proposals for further development of digital capture techniques 

Although the field of artefacts digital capture has managed to provide valuable 

techniques for conservation, there are still undiscovered areas and future 

developments that can enhance methodological approaches. The goal of this 

research is to propose affordable and easy to use digital capture 

methodologies, so as to cover the complexity of artefacts, which present a 

variety of material types, decorations styles, shape and dimensions. From the 

literature review one can see that research has been directed to synergistic and 

comparative approaches between laser scanning and photogrammetry, while 

the synergies between other digital captures technologies are not as actively 

explored.  

4.3.2.1 RTI 

The combination of RTI with transmitted, multispectral imaging and 

microscopy are areas that should be further exploited in order to use the RTI 

to its full potential. The proposed techniques, along with their main potential 

and materials/artefacts types that can primarily benefit from this, are listed in 

Table 8. RTI synergies are of significant value for visual analysis because they 

enrich the microscopic, multispectral and transmitted imaging with data about 

the texture of the objects, assisting in the perception of three-dimensionality, 

an issue of great importance for the characterization of materials, diagnostic 

examination and analysis. Microscopic RTI in particular can catalogue the 

shape and topography of the various components of artefacts at a microscopic 

scale. Trans illumination and trans irradiation RTI can document structure of 

translucent materials (paper, canvas), their condition (repairs, abrasions, 

losses) and painting techniques used.  FCIR/FCUV RTI can be useful for 

simultaneous capture of texture and materials characterization/ differentiation. 

The list of materials and artefacts types in Table 8 is not explicit, but presents 

those artefacts that can benefit the most by the application of RTI synergies. 

The proposed RTI synergies can visualise texture in various spectral areas 

(multispectral RTIs), using different lighting conditions and magnifications 

(normal, macroscopic and microscopic RTI), in different conservation states, 

before, during or after conservation.  
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Synergistic techniques are expected to contribute in conservation objectives by 

strengthening the role of digital techniques in terms of the actions involved in 

conservation, meaning investigation, prevention, intervention and 

communication. In Chapter 5 the proposed methodologies are trialled and 

evaluated.  

Table 8: RTI synergies. 

 RTI dataset POTENTIAL 
MATERIALS /ARTEFACTS 

TYPES 

Micro 

RTI 

Micro-

photographs 

To catalogue the shape 

and topography of the 

various components of 

artefacts at a 

microscopic scale. 

all 

Trans 

RTI 

Transmitted 

light images 

To document structure 

of materials( paper, 

canvas), condition 

(repairs, abrasions, 

losses) and painting 

techniques 

Translucent materials, canvas 

paintings, mounded papyri, 

photographic material, and 

works of art on paper or 

archival material etc. 

IR Trans 

RTI 

Transmitted 

Multispectral 

images 

To reveal texture of  

hidden features, 

obscured by linings, 

mounts of inks and 

pigments, such as under 

drawings, inscriptions, 

watermarks etc. 

Artworks on paper, paintings, 

mounded papyri,  archival 

material etc. 

Multis-

pectral  

RTI 

Multispectral 

images 

To capture texture of 

artefacts beyond the 

visible 

Engraved stones in poor 

conservation condition, 

restored glass artefacts, 

painted or engraved ceramics 

and with encrustations, 

mortars, painted surfaces, 

paper and archival material, 

documentary artefacts  

False 

Colour 

Multi-

spectral  

RTI 

FCIR and/or 

FCUV images 

For simultaneous capture 

of texture and materials 

characterization/ 

differentiation  

Painted surfaces, wall 

paintings, panel paintings, 

canvas paintings, painted 

ceramics, paper and archival 

material, papyrus, parchment,  
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The proposed techniques will be trialed and evaluated in section 5.3. 

4.3.2.2 PG 

Three-dimensional digital capture using synergistic methodologies can be 

further explored. Considering economic and practical issues involved in laser 

scanning, photogrammetry is considered an area useful research for 

conservation. Photogrammetry already provides three dimensional data, but its 

combination with microscopy, and the comparison of the results and 

combinations with microscopic RTI, can lead to the proposal of the most 

appropriate methodology for microscopic visual analysis. Other combined 

photogrammetric approaches, such as 3d multispectral and virtual RTI, 

although proposed, have not received the necessary attention yet. Limited case 

studies have been presented. The results of such approaches are not restricted 

to art diagnostics and visual analysis, but can also assist in treatment 

proposals, and conservation-restoration intervention. The proposed 

photogrammetry based synergies are presented in Table 9, as well as the 

expected outcomes. Computational imaging synergies and laser scanning 

provide advanced representation of artefacts, and may potentially be powerful 

communication tools. The proposed techniques will be trialed and evaluated in 

section 5.4. 

Table 9: Photogrammetric synergies.  

PROPOSED SYNERGIES OUTCOME 

Multispectral imaging 3d digitization of artefacts beyond the visible 

RTI 

Enhance 3d digitization quality/ reprocessing 

of captured data 

Laser scanning Enhance 3d digitization quality 

Optical microscopy/ photo- 

micrographs 

3d digitization of microscopic features 

Transmitted imaging 

3d digitization of artefacts trans illumination 

properties 
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The relative absence of synergies between microscopy, RTI, multispectral 

imaging and photogrammetry should not be considered as gap in the digital 

capture process, owing to the fact that the vast majority of work presented is 

focused on visualization. Limited work has been conducted on conservation 

visual analysis and diagnostic examination. Moreover, the focus is not on 

treatment proposal and conservation- restoration intervention, with the 

exception of digital refitting which has been examined more than other 

applications.   

Characteristic examples of such contributions may potentially be those listed 

in Table 10. Multispectral RTI assists the investigation of artefacts. Microscopic 

RTI and micro-photogrammetry enhances microscopic examination and 

preventive conservation. CT/ MRI and virtual RTI contribute in investigation, 

and may substitute interventive operations. 

Table 10: Contribution of synergistic digital capture in conservation practice. 

Conservation 

actions 

Proposed 

technique 

Conventional 

and digital not 

synergistic 

approaches 

Outcome of 

synergistic 

approach 

Conclusion 

investigation 
Multispectral  

RTI 

Multispectral 

imaging 

RTI 

RTI includes 

textual and 

spectral 

information 

Added value as 

an investigation 

tool 

prevention 

Microscopic 

RTI & 

Photo- 

grammetry 

Optical 

microscopy 

RTI 

The digital 

artefact 

combines 

microscopic 

level of detail 

and advanced 

perception of 

three 

dimensionality 

Added value as 

a preventive 

conservation 

measure, less 

human-object 

interaction, less 

handling 

intervention 
CT & Virtual 

RTI 

x-radiography 

autopsy 

RTI 

The digital 

artefact 

enables virtual 

autopsies of 

artefacts 

More efficient 

digital execution 

of conservation 

operations 

communication 

Photo-

grammetry & 

laser scanning 

& RTI 

Photo-

grammetry 

Laser scanning 

RTI 

Enhanced 

accuracy 

representation 

of artefacts 

Advanced 

quality 

representation 

for 

communication 

purposes 
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4.3.2.3 Software demands 

Besides the further development of digital capture techniques proposed in 

sections 4.3.2.1 and 4.3.2.2 there is a rise in demand for improved interaction 

between humans and digital visualizations. The relationship between the 

human and the virtual artefact, considering the available software, is 

problematic. The different visualizations conceptually form one entity, and 

should be examined simultaneously so as to provide better results.  

Nowadays one of the working solutions to overlay the images in a dynamic and 

accessible way is Map Art Viewer, a GIS based specialised software (Carroll et 

al., 2013) (Figure 103). The IIP MOO Viewer offer more flexibility than image 

overlay and synchronised viewing, as it enables online publication for high 

resolution images (Pillay, 2011) (Figure 104). These are useful tools for the 

virtual examination of digital visualization of static files. Nevertheless, the 

results of virtual examination of artefacts should be connected to the virtual 

and the original artefact, considering that all these components form the 

museum history of the object, which should be easily accessible and available. 

The best way to achieve this goal is to provide online access to digital files and 

connections between them and the original artefact. 

 

Figure 103: Sceen shot from the Map Art Viewer tware (Carroll et al., 2013). 

Available from: https://www.youtube.com/watch?v=EJNG-yfe4ko  

https://www.youtube.com/watch?v=EJNG-yfe4ko
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Figure 104: Screen shot from the IIP MOO Viewer. An anonymous 16th Century 

painting entitled “The Lady Praying”. Louvre Museum. C2RMF. Available from: 

http://merovingio.c2rmf.cnrs.fr/iipimage/iipmooviewer-git/multispectral.html 

 

4.4 Documentation 

In Part one the documentation problems (section 2.2.3) and current 

approaches (section 2.3.3) are presented, along with an overview of the 

techniques for digital capture of artefacts (Chapter 3). In the previous section 

these techniques were critically approached (section 4.3.1) and proposals for 

new developments (section 4.3.2) were discussed. Apart from the development 

of advanced visualization methodologies there is the need for their 

implementation in documentation strategies. The scope of the following 

sections is to define the role of advanced visualization techniques in 

conservation (section 4.4.1) and propose useful tools for the systematization 

of documentation procedures (4.4.2).  

4.4.1 3d conservation documentation  

The superiority of digital documentation is strengthened by the new 

capabilities offered to the conservator by virtual reconstruction. The potential 

uses of virtual reconstruction in the documentation application field are not 

limited to the visualization of the artefact in its current state. Considering that 

http://merovingio.c2rmf.cnrs.fr/iipimage/iipmooviewer-git/multispectral.html
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artefacts are subjected to continuous change, three dimensional virtual 

reconstructions can restore their appearance in previous and future states. A 

characteristic example of such virtual restoration operations is the virtual 

repainting of sculptures (Pieraccini et al., 2001; Pintilie, 2011; Beale, 2014). On 

the other hand, it is also possible to visualise an artefact’s future states, when 

further degradation or restoration operations may take place. These 

approaches would have been impossible without the contribution of digital 

technology, because traditional means of archaeological illustration cannot 

fulfil the needs for photorealistic and physically accurate visualizations in a 

world of 3d coordinates. It has been argued, with some justification, that the 

visualization of artefacts in their historical time ‘take on a scientific value in its 

own right, restoring its value as historical testimony to the civilisation’ 

(Gabellone, 2009, p.114) and that three-dimensional information can be used 

to present the artwork in a manner that is closer to the artist’s intent (Hess and 

Robson, 2010). 

The monitoring of an artefact’s state by means of 3d computer graphics is 

relevant, due to artefacts’ unstable nature. The scientific, accurate and 

carefully planned documentation of the changes introduced to artefacts’ 

appearance, as part of artificial ageing experiments, or as simple condition 

surveys, can contribute to conservation science knowledge, and drawing 

conclusions about the development of ageing phenomena and the parameters 

that affect them.  

The main advantages of 3d digitization in examination documentation, as 

shown in Graph 17, are the improved dissemination of records, an advanced 

level of accuracy, as well as the objectivity and the interactivity introduced by 

the 3d models in the examination documentation. The potentials of integrating 

3d digitization and virtual reconstruction in treatment proposal are presented 

in Graph 18. The range of new possibilities with the visualization of the 

expected results of treatment, and the treatment alternatives, can lead to 

improved decision making, while the visualization of future and previous 

stages of the artefact make possible the documentation of the artefacts 

biography, in a way superior to traditional approaches. In the case of treatment 

documentation 3d digitization and virtual reconstruction can visualise, in a 

more meaningful way, the alterations introduced to the object, along with any 
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necessary additional information in the form of annotations. It appears that the 

contribution of 3d digital documentation is of less importance in the case of 

preventive conservation documentation, as the advantages do not refer to the 

quality of the actual documentation, but to the systematization of data. This is 

not a trivial point, but it cannot be compared to the outcomes of the digital 

documentation of examination, treatment proposal and treatment.  

The use of RTI as a tool to document treatment and monitor the conservation 

state is presented in chapter 5. The documentation of digital and manual 

refiting, virtual reconstruction is presented in chapter 6.  

 

Graph 17: The main advantages of 3d digitisation in examination 

documentation (Graph author’s own).  

 

Graph 18: Uses of virtual reconstruction in treatment proposal documentation 

(Graph author’s own). 

4.4.2 Scientific workflows and systematic conservation documentation  

Following the discussion in section 2.3.3.2 improved workflows can benefit 

conservation methodology, following the example of other disciplines, such as 

disemmination-communication-

presentation quality
accuracy

interactivity objectivity

Examination 

documentation

visualises the expected results of 

treatment 
visualises treatment alternatives

visualises expected future stages of 

artefacts 

documents previous stages of the 

artefacts biography before treatment

Treatment Proposal
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chemistry, where digital data and physical samples are basic components of 

research. This thesis argues that the expansion of digital technology opens 

new perspectives in conservation research and practice. Scientific workflows 

can support conservation operations, and above all, their contribution is vital 

in the area of documentation. The workflows, such as the Open Provenance 

Graphs, can act as guidelines for the appropriate implementation of 

methodologies.  In order to contribute in conservation OPM Graphs should be 

in accordance with policy documents for conservation-restoration and reflect 

the ideas of the existing Charters and best practice guides, use precise 

scientific terminology, and incorporate a high level of technical knowledge 

related to conservation operations. For example, OPM Graphs for conservation 

processes can be found on Appendix A1.   

 

In particular, in case of relatively new and not yet established digital 

techniques, workflows can be a valuable tool and take the role of master plans 

for conservation laboratories. The successful implementation of the 

methodologies includes expertise that goes beyond traditional conservation 

training. For that reason, the successful documentation of processes involved 

in conservation virtualization, and furthermore their dissemination in a 

meaningful way, are issues of crucial importance for their further development 

and broader appreciation within the conservation community. Considering the 

above, the proposed methodologies in the following chapters are accompanied 

by systematic documentation that takes the form of OPM graphs.  

4.5 Reflections on conservation theory  

This chapter a list of proposals for further developments of digital capture and 

documentation approaches have been presented, along with a discussion on 

interrelationships between physical and virtual artefacts. These ideas are new 

for the field of conservation and there is a clear need for trial and evaluation, 

which will be the focus of Chapters 5 and 6. Simultaneously, the exploration of 

their relevance to conservation theory and the interrelationships formed 

between traditional approaches, new digital techniques and conservation 

objectives is also a necessity.  
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One of the most efficient methods to describe and represent visually the main 

concepts of conservation is the RIP (Revelation-Investigation-Preservation) 

balance diagram, a triadic graph which presents the aims of conservation by 

incorporating its three opposing goals; revelation, investigation and 

preservation (Caple, 2000).  The original mapping of RIP balance diagram, as 

proposed by Caple (2000), includes main conservation actions, such as 

recording, non-destructive and destructive analysis, gap filling, in painting and 

recording  as well as the basic conservation sub disciplines, those of 

archaeological and fine art conservation. In each corner of the triangle an 

extreme conservation action is located; the destructive analysis for 

investigation, reburial for preservation and in painting for the revelation. 

Actions of less extreme character are located in the space between these 

extremes. In that way complex conservation actions are expressed visually in a 

systematic and comprehensible way. The RIP triadic graph offers the 

opportunity to the conservator to describe the whole conservation process as 

well as all the individual actions carried out. The absence of numerical scales 

or absolute values should not be considered as a disadvantage, because the 

diagram seeks to identify the interrelationships formed between the various 

conservation actions. Kemp (2009) reasonably states that this schema 

represents the dynamics in designing and executing conservation actions, with 

each corner being a core idea in conservation methodology. For these reasons 

the RIP triadic graph offers the opportunity to discuss the role of digital 

techniques in conservation practice, express their potential and relate them to 

traditional-conventional practices in an effective and comprehensible way.  

The mapping of digital capture techniques in the RIP triangle is presented in 

Graph 19. While conventional recording covers an area between preservation 

and investigation, the mapping of the application of digital capture techniques 

covers an expanded area, which includes non-destructive analysis and 

recording. Digital capture techniques assist in revelation, due to their ability to 

reveal features of artefacts without sacrificing material and aesthetic integrity, 

acting at the same time as preventive conservation measures, while the 

opportunity to perform more effective artefact analysis than traditional 

techniques is provided.   
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Graph 19: The RIP diagram (Caple, 2000, p.34). New mapping of digital 

capture techniques (Graph author’s own). 

 

As shown in the Graph 20, the digital solutions proposed alter the dynamics of 

conservation actions. While traditional approaches towards restoration are 

mapped closer to the revelation corner, the execution of these operations 

using 3d digitization, modelling and 3d printing are forced towards the 

investigation and preservation corner, due to their research potential and their 

efficiency as preventive conservation measures (blue arrows). Conventional 

investigative cleaning and relevant destructive operations are mapped close to 

the investigation corner, which are moved towards the revelation and 

preservation corners if executed virtually (red arrows). In general digital 

analogues to traditional operations, as represented in the Graph 21, tend to 

avoid extremes and manage to balance between and contribute to the core 

ideas of conservation. 
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Graph 20: The RIP diagram (Caple, 2000, p.34). New mapping of digital 

restoration (blue arrows), virtual investigation techniques (red arrows) and 

digitization (green arrows) (Graph author’s own). 
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Graph 21: The RIP diagram (Caple, 2000, p.34). New mapping of digital 

applications in conservation practice. Orange: 3d replication methodologies as 

an alternative to moulding and casting. Red: projections as an alternative to 

aesthetic restoration operations. Green: virtual conservation and/or digitally 

enhanced conservation operations.  Blue: 3d printed detachable fills. Yellow: 

not destructive virtual investigation techniques (Graph author’s own). 

4.6  Summary  

In this chapter the interrelationships between physical and digital artefacts, as 

well as mixed reality approaches, were discussed. Also, a comparative analysis 

of digital capture techniques, and proposals for their further development and 

documentation, aiming at virtual visual analysis, were presented. A reflection 

on these novel methodologies in conservation theory was presented, leading to 

new mappings of RIP schemas. These proposals will be trialed and evaluated in 

the following chapters.   
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Chapter 5:  Virtual visual analysis 

5.1 Introduction 

The purpose of this chapter is to evaluate the efficiency of RTI and PG in 

meeting conservation objectives, with particular emphasis on conservation 

visual analysis. Although these techniques are increasingly being used in 

conservation, the lack of evaluation studies limits their research potential. The 

research question is whether the use of these techniques enhances our 

understanding of artefacts and facilitates virtual visual analysis. In order to 

achieve this goal a novel evaluation methodology has been developed, based 

on key aspects of conventional conservation methodology.  

In addition, integrated RTI and PG methodologies have been developed, 

focused mainly on the synergy of RTI and PG with microscopy, multispectral 

and transmitted imaging techniques, so as to meet conservation needs for 

limited human-object interaction, high quality and affordable visual analysis, 

microscopic levels of detail and advanced documentation. These 

methodologies were tested in an attempt to provide complementary enhanced 

visualizations. One of the most obvious conservation needs, identified even in 

the earlier stages of this research, was the microscopic level of detail required 

for conservation, considering that microscopic lenses are considered as an 

extension of the conservator’s eyes. The applicability, practicality, and 

efficiency of microscopic RTI and PG approaches need to be tested. Similarly, 

the multispectral imaging techniques, largely used for visual analysis of 

artefacts, were applied in RTI and PG methodologies in order to investigate 

whether the combination of technologies leads to more efficient digital 

capture, and present new possibilities for research.  

The application of the proposed methodologies on a variety of material and 

artefacts types aims at defining the potential of RTI and PG in respect to the 

decay, use and manufacture evidence of each specific group.  Of particular 

interest is the experimental RTI capture of coins before, after and during 

conservation, in an attempt to test the efficiency of RTI as a conservation 

monitoring and treatment documentation tool.   
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5.2 Selection criteria 

The case studies were selected based on general criteria, such as dimensions, 

geometry, conservation and preservation state, in an attempt to cover a variety 

of different material types and optical properties (Graph 22). In that sense 

objects with different decoration and manufacture techniques were captured.  

 

Graph 22: Study material selection criteria (Graph author’s own). 

 

For the evaluation of RTI in archaeological materials recording and 

examination, artefacts from the Derveni Tombs were selected.  The Derveni 

Tombs, discovered in 1962, are considered to be one of the most significant 

archaeological sites in Northern Greece because of the numerous rich grave 
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offerings and the important location in the ancient Mygdonian city of Lete, on 

the pass of Via Egnatia. The cemetery consists of seven graves, and according 

to the excavation publication is dated back to 320-300 or 310-290 BC. They 

present a variety of types of artefacts, including vases and vessels, weapons, 

harness equipment, sport and training objects, furniture, jewellery, cosmetics, 

figurines, toys and a limited number of coins (Themelis and Touratsoglou, 

1997).  The whole collection is either exhibited or stored in the Archaeological 

Museum of Thessaloniki, in stable and controlled environmental conditions. 

According to the archive of the museums’ conservation department the grave 

offerings were cleaned with water, recorded, grouped and joined just after 

excavation in 1962. Re-conservation on part of the collection took place during 

the ‘80s and the ‘90s. This study provides an overview of RTI in the study of 

artefacts, owing to the fact that the Derveni cemetery presents an exceptional 

range of various material and artefacts types, in different conservation and 

preservation states. 

In tombs A, D, B and E of the Derveni cemetery a large number of alabaster 

alabastra, elongated, narrow-necked flasks, with rounded bases and broad 

rims, were discovered in a variety of sizes, either complete or in fragmentary 

state (Themelis and Touratsoglou, 1997) (Figure 105).  Capturing fragments of 

alabaster alabastra and complete vessels offers the opportunity to evaluate the 

efficiency of RTI and microscopic RTI in conservation examination. Another 

interesting feature is the detection of tool marks and other manufacture 

evidence using RTI, considering the published work on experimental studies 

regarding the making of stone vessels (Stocks, 1993; Vargiolu et al., 2007) 

which indicates that their production consists of the following steps: shaping 

of the rock with stone and metal tools, marking the position of drilling, core 

drilling and boring the interior and polishing the exterior (Hodges, 1976; 

Hood, 1994) (section 5.3.2.2.1).  
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Figure 105: Alabaster alabasta from Derveni Tomb B.  Photograph from the 

Archive of the Archaeological Museum of Thessaloniki. 

 

For glass the decision to capture two glass core-formed alabastra of dark blue 

glass, decorated with a dense feather pattern in white, blue and yellow, with 

dulled surface and restoration areas, was based on their poor state of 

preservation, which required an advanced level of recording (Figures 106-107). 

Moreover, the detection of manufacture evidence is particularly interesting in 

this artefact type because of the different scenarios that have been discussed 

by researchers. Ignatiadou (2009) states that the use of granulated glass 

results in a glass material with different properties; full of hundreds air 

bubbles and translucent. These results would have been impossible using 

other proposed techniques. Moreover, the air bubbles act as initial points for 

material degradation. The initial pitting phenomenon is expanded; the glass 

material loses its cohesion and stability, due to mineralisation, resulting in 

powdering and fracture. The application of RTI can potentially shed light on the 

making of these vessels and confirm or reject the manufacture sequence 

mentioned above (5.3.2.2.2).  
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Figure 106: Glass alabastra from Derveni Tomb A. From left to right, A44 

height: 0.123m., A45 height 0.127m., A46 height 0.132m. Archaeological 

Museum of Thessaloniki. (Grammenos, 2004, p.240). 

 

Figure 107: Core-formed alabastra of dark blue glass, decorated with dense 

feather pattern in white, blue and yellow from Derveni Tomb D. D31 height: 

0.089m. (left), D32 height 0.102m. (right). Archaeological Museum of 

Thessaloniki. (Image author’s own 
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Wall painting fragments with colour decoration were discovered in tombs B and 

Z. The walls of the chamber of tomb B were coated with two colours of lime 

plaster in two zones of equal width (0.80 m). The lower zone was red and the 

upper white, decorated with a continuous guilloche of olive branches with blue- 

red leaves and black berries. Tomb Z, a pit grave, was plastered on the inside 

(Themelis and Touratsoglou, 1997). The wall painting fragments selection for 

the purposes of this study was based on their different level of preservation 

and the colour variation (Figure 108) (section 5.3.2.2.3). 

 

 

Figure 108: Wall painting fragment from Derveni Tomb Z. Length 0.077m. (left) 

and small wall painting fragment from Derveni Tomb B. Archaeological (right) 

Museum of Thessaloniki (Image author’s own). 

 

The study devoted particular attention to ceramic vessels, where different 

conservation states - fragmented, complete and restored vessels - were 

included, as well as vessels with varying decoration (section 5.3.2.2.4).  The 

West Slope vessels, named after the large amount of over-painted pottery 

found on the West Slope of the Acropolis, have a characteristic painted and 

incised decoration on the black glazed background, and were used throughout 

the eastern Mediterranean during the Hellenistic era. Capturing at macroscopic 

and microscopic level fragments of west slope wares can provide a solution to 

dating problems discussed in the literature. As proposed by Rotroff (1991), the 

study of the decoration is key for refining chronology. In such an approach the 

poor state of preservation, not only due to common degradation but also 

because of the nature of West Slope painting, is problematic. The flaking of the 

painted designs, and sometimes of the entire decoration, is a common 
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phenomenon. Another feature that needs to be revisited using RTI is the use of 

relatively thick colour for the yellow-tan details, which in comparison to the 

white is obvious, discussed by Cook (1997) in his study of Greek vase painting 

(Figure 109).   

 

Figure 109: Fragments of west slope vessel from Derveni Tomb C.  

Archaeological Museum of Thessaloniki. The rectangles demonstrate the areas 

for macro and microscopic RTI captures (Image author’s own).  

 

Vase, vessels or fragments of red-figure, gnathian (Figure 110) and Faenza 

maiolica tin-glazed wares (Figure 111) were examined, so as to evaluate the 

application of RTI to different painting techniques and styles. The red-figure 

pelike (storage-jar) H2 (Figure 112) is attributed to the Painter of the Wedding 

Procession, and the scene is visible, although the surface shows discolouration, 

stain, salt efflorescence, colour loss, gaps and pits. On the contrary, in the case 

of the pelike C1 (Figure 113), attributed to the group G, the scene is 

indiscernible, because of the overall poor state of conservation, the large 

restored areas and the highly deteriorated surface with a large amount of 

colour loss. The characteristic features of red-figure vases are not easily 

detected using traditional documentation and recording methodologies. Cook 

(1997) noticed this deficiency, and in particular the fact that the relief lines are 
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not evident in usual archaeological reproductions. Corbett (1965, p.21) clearly 

states that ‘it is impossible to light the vase so that all parts of the sketch show 

clearly at the same time’. Specular and raking light photographing techniques 

have been proposed in order to successfully represent the surface variations 

(Clark et al., 2002; Corbett, 1965). An incomplete gnathian skyphos of 

unknown provenance from the archaeological collection of the University of 

Southampton is also included in this study. It is put together from fragments, 

and the application of multispectral RTI is of interest so as to evaluate its 

efficiency in the examination of previous repairs. In addition, fragments of 

Faenza maiolica jugs in different preservation states were captured, in an 

attempt to test the ability of RTI in condition reporting and examination of tin-

glazed wares.  

 

 

Figure 110: Gnathian skyphos. Height 8.5cm. University of Southampton 

Archaeological Collection. (Image author’s own). 
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Figure 111: Faenza maiolica fragments from jug 366 (top) and 367 (below). 

Southampton City Council Archaeological Collection (Image author’s own).   

 

Figure 112: Red figure pelikes H2, Derveni Tombs. Height 0.030 m. 

Archaeological Museum of Thessaloniki (Image author’s own). 
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Figure 113: Red figure pelikes C1, Derveni Tombs. Height 0.255 m. 

Archaeological Museum of Thessaloniki (Image author’s own). 

 

Apart from vases and vessels, other types of ceramics were used as a case 

study. A characteristic example is the group of gilded and/or painted ceramic 

roundels with the head of Athena Parthenos, discovered in Tomb B (Figure 

114). The different decoration styles, either painted or gold gilded, and states 

of preservation, in addition to their small size (diameter 0,022m) makes them 

an appropriate case study for the macro and microscopic RTI evaluation.  

 

Figure 114: Group of gilded and/or painted ceramic roundels with the head of 

Athena Parthenos, from Derveni Tomb B. Archaeological Museum of 

Thessaloniki (Image author’s own). 
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Organics form a very demanding material group in conservation, and as a 

result objects made of wood, leather (Figure 115), skeletal material (Figure 

116), and a fragment of the Derveni papyrus (Figure 117), are included in this 

study as well (section 5.3.2.2.5).  Also, capturing composite objects is another 

area of interest, where degradation effects such as the mineralization and 

replacement of organic material can be analysed via RTI visualizations.   

         

 

Figure 115: Leather fragments with textile imprints (B109) (left) and burnt 

leather fragment with holes at serial arrangement for sewing (right) (A21). 

Derveni Tombs. Archaeological Museum of Thessaloniki (Image author’s own). 

            

Figure 116: Incised ivory plaques fragments. Detail of Eros with remnants of 

colour blue and red decoration (E7a) (left) and detail of woman's clothing with 

remnants of red colour (E8b) (right). Derveni Tombs. Archaeological Museum 

of Thessaloniki (Image author’s own). 
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Figure 117:  The Derveni Papyrus fragments, digital images, recto (top) verso 

(below). Archaeological Museum of Thessaloniki (Image author’s own). 
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In the case of metal objects, a variety of materials was tested, including objects 

made of bronze, iron, silver and gold, so as to present a variety of different 

optical properties and corrosion phenomena (Figure 118) (section 5.3.2.2.6). 

Of particular interest was the evaluation of RTI in numismatics, focused on 

examination, conservation documentation, identification and preventive 

conservation because of their small size and the low relief detail. For the 

purposes of this case study, ancient Greek and Roman coins were selected for 

further investigation and cleaning monitoring (section 5.3.2.3).  

        

 

 

Figure 118: Leather attached to a copper alloy ring (top left).Fragments of 

bronze mirror (Z32) diam. 5cm (top right). Knife, length 0.24m (B106) (middle). 

Gold gilded silver sheet in the shape of shield with scene of a Macedonian 

shield, diam. 0.036m. (A19) (below). Derveni Tombs. Archaeological Museum 

of Thessaloniki (Image author’s own). 
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Oil paintings and wood painted panels, as well as colour testers, were used to 

assess the infrared and transmitted imaging, along with RTI (section 5.3.2.1).  

Considering the efficiency of transmitted imaging in canvas paintings, 

examination of a selection of canvas testers and two paintings were used as a 

case study for the transmitted RTI experimentation. Painted panels are the 

most appropriate study material for initial experimentation for the 

development of a multispectral RTI diagnostic methodology, as previous work 

has proved the benefits of multispectral examination on paintings, due to their 

interesting stratigraphy. The application of RTI in icons is a promising area of 

research, because icons present interesting surface topographies, which are 

difficult to capture and examine using conventional methods, due to their 

planar shape and their reduced three-dimensional characteristics, along with 

the gold or silver gilded areas. Moreover, icons layering structure, as well as 

the interesting colour palette used by artists, can stimulate those using RTI 

technology to create methodological innovations. It is also notable that RTI can 

be an excellent addition to the icons’ examination protocol, which has 

developed via thorough research, either destructively, using analytical methods 

(Raman spectroscopy, SEM-EDX, GC-MS) or preferably non-destructively (optical 

microscopy, multi-spectral imaging, X-radiography, computer aided 

tomography, XRF).  Nevertheless, icons are an artefact type which has received 

minimal attention with RTI applications. Zányi (2007) underlined the 

inefficiency of photography or active 3D range scanning in capturing gold, 

silver leafs and tempera painting technique of icons. Their case study of the 

apse mosaic at the Angeloktisti Church at Kiti, Cyprus, although it did not 

include experimentation on icons, highlighted the efficiency of RTI in capturing 

gold, silver and glass tesserae, providing an advanced perception and enabling 

explorations of the various different views of the mosaic  

The icons used in this study are modern replicas, created using the traditional 

materials and techniques of Byzantine egg-tempera painting, as well as oil 

paintings on canvas (for a discussion about the use of replicas in conservation 

research see Appendix B). The use of replicas and testers is entirely reasonable 

for the purposes of the present research from an ethical perspective. Although 

the methodologies consist entirely of non-destructive techniques, the initial 

testing of the proposed methodologies in replicas is an ethical and respectful 

approach towards original artefacts. Hence, unnecessary manipulation of 
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authentic artefacts is avoided, minimising, in that way, the risks. Also, in 

practical terms, this approach offers the opportunity for unlimited capture 

tests in a more controlled environment than the museum lab, and as a result 

provides the necessary data for the development of an improved diagnostic 

methodology. Considering museum policies, the limited time provided with 

access to the authentic artefacts, especially in case of the artefacts on display, 

as well as the geographical distribution of authentic artefacts used as case 

studies, the use of replicas is considered a valuable addition to the present 

research.  

A series of purpose build testers were included in this study, enabling us to 

discuss the major issue of over painting.  Each layer was painted with a certain 

stroke direction, horizontal, vertical and diagonal. Hence each layer’s texture is 

differentiated. Moreover, the response to IR radiation of each pigment differs, 

from a transparent pigment in the 2nd layer to a totally opaque one in the 4th 

layer. This situation presents a growing level of difficulty for transmitted IR 

radiation and RTI. Table 11 presents the stratigraphy of canvas testers.  

Table 11: The stratigraphy of canvas testers. 

Tester 

No 

1
st

  layer 2
nd

 layer 3
rd

 layer 4
th

 layer 

1 RTI written 

in carbon 

black 

Cadmium red 

– horizontal 

painting 

strokes 

Cement green – 

vertical painting 

strokes 

Raw ombre –

diagonal 

painting 

strokes 

2 - 

3 - - 

 

For PG reconstruction artefacts of different optical properties were selected. 

Ceramics with different reflectivity have been selected, such as a coarse ware 

ceramic fragment from a neopunic amphora, and a painted geometric 

kantharos, glack glazed gnathian pottery vessels with painted and incised 

decoration (Figures 119-120), so as to define the efficiency of PG as a 3d 

digitization technique. The translucent monochrome glass vessel, the highly 

reflective silver coin and the bronze fragments and the stone objects, whose 

surfaces present different levels of reflectivity, were also captured to fulfil this 
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goal. Further to this, objects with different shapes and level of geometric 

complexity have been used, as well as objects which present a variety of 

degradation phenomena and are in different preservation state (section 0).  

 

Figure 119: Ceramic vessels. Gnathian chous (left) black glazed chous without 

handle (right). The archaeological Collection of the University of Southampton 

(Image author’s own). 

 

Figure 120: Geometric kantharos. The archaeological Collection of the 

University of Southampton (Image author’s own). 

5.3 RTI 

5.3.1 Methodology 

5.3.1.1 Data capture 

The methodologies used for reflectance data capture were the Highlight RTI 

and the dome method. In addition to normal H-RTI and dome RTI, an auxiliary 

mechanical arm and the microscopic H-RTI, as well as a mini dome suitable for 

macroscopic and microscopic RTI were tested. Open Provenance graphs were 



   

221 

 

used to represent graphically the processes that take place, the physical and 

the digital components that are either used or generated (Graphs 23-24).  

 One of the most significant components encouraging the development and 

adoption of RTI has been the flexibility of its methodology. Different imaging 

set-ups, such as transmitted imaging, infrared and ultraviolet imaging as well 

as optical microscopy can be implemented, presenting new possibilities for 

research, which are also able to benefit from a broad related literature on 

image processing, computer vision and graphics. The integrated RTI 

methodologies proposed will be presented in the following sections.  
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Graph 23: Open Provenence Graph for H-RTI. Digital (yellow ovals) and physical 

things (blue ovals) that take part in the series of processes, either physical 

(green rectangles) or digital ones (red rectangles), as well as the relationships 

that are formed between them are represented (Graph author’s own).  
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Graph 24: Open Provenence Graph for Dome RTI (Graph author’s own). 
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5.3.1.1.1 Microscopic RTI 

Microscopic RTI can be captured either with the Highlight RTI method or with a 

mini-dome method. Initially, the microscopic Highlight RTI method was tested.   

The equipment used included a microscope equipped with a camera, a pen 

light, straight sewing pins with ball-shaped, glossy, plastic heads and sharp 

point, plastazote foam sheet (material commonly used in museums for storage 

of fragile items) and modelling clay or plasteline.  The laboratory set-up for 

microscopic H-RTI is depicted in Figures 121-122. 

 

Figure 121: Microscopic H-RTI laboratory data capture set-up. The object is 

placed under a microscope equipped with a camera and a monitor. The 

positioning of the tiny glossy ball is possible using plasteline or modelling clay. 

Archaeological Museum of Thesssaloniki (Image author’s own). 
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Figure 122: Microscopic H-RTI laboratory data capture set-up. The object is 

placed under a microscope equipped with a camera. The positioning of the tiny 

glossy ball is possible by sticking a pin with tiny glossy ball into a sheet of 

polyethylene (plastazote) foam sheet. By manually moving a pen light around 

the object microscopic images illuminated from different lighting positions can 

be captured. Archaeological Museum of Amphipolis (Image author’s own). 

 

The application of highlight image capture technique under magnification is 

much more demanding than normal H-RTI. Setting up the scene for 

microscopic RTI capture requires the best use of the available space. The 

glossy plastic-headed pins were used as highlight targets because of their 

variety of head sizes (1–4mm diameter) and lengths (20–50mm), the low price 

and the easy positioning with plasteline or modelling clay, or by sticking the 

pin into a sheet of polyethylene (plastazote) foam sheet. A polyethylene sheet 

is recommended because it also provides the necessary support for the object 

being examined. Another problem is that the microscope arms block some of 

the light from specific directions (almost 25% of the lighting positions). 

Alternative types of microscope should be considered. The millimetre-level 

accuracy in light-to-subject distance required for microscopic RTI is extremely 

difficult to achieve, considering that the light-to-subject distance should be 4× 

the diameter of the subject. A rotation ring or a mini dome would speed data 

acquisition and increase the quality of captured data.  
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Micro-dome lighting would better address the problems listed above, so it is 

recommended. Based on the above observation, an experimental microscopic 

RTI dome was built. The first one was a simple wooden structure, equipped 

with 18 LED light positioned in 3 different angles (Figure 123). Following 

promising results, a more complex metal dome, suitable for microscopic data 

capture, was designed and built (Figure 124). The second dome is capable of 

capturing 64 microscopic images, four images from different angles to the 

object’s plane, from each of the 16 positions of the periphery of the dome. The 

dome can be turned 90 degrees, in order to place the artefact securely on a 

stable plate. A metallic ring, joined with the dome, is located over the artefact 

plate. The metallic dome, equipped with four LED lights, is moving clockwise 

around the artefact’s plate. It is impossible for the moving dome and the ring 

to be separated or to touch the artefact (Figures125-127). Apart from 

microscopic RTI, the same dome can also be used for macroscopic RTI data 

capture, for example for coins or small fragments. The process of microscopic 

RTI data capture is represented in Graph 25. 

 

Figure 123: The first experimental wooden mini-dome in use in the 

Archaeological Museum of Thessaloniki (Image author’s own). 
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Figure 124: The mini-dome in use in the Archaeological Museum of 

Thessaloniki (Image author’s own). 
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Figure 125: Digital images and graphical representation of the mini-dome 

(Image author’s own). 

 

Figure 126: The mini-dome’s assembly (Image author’s own). 
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Figure 127: The dome can be turned up to 90 degrees (Image author’s own). 
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Graph 25: Open Provenance Graph for microscopic RTI data capture (Graph 

author’s own). 
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5.3.1.1.2 Multispectral RTI 

A complete multispectral RTI visualization includes additional captures in the 

infrared and ultraviolet spectral region. The Highlight RTI multispectral 

datasets were captured with a UV-VIS-IR modified DSLR camera, a range of 

filters and IR or UV radiation sources.  These methodologies were tested in the 

conservation laboratory of the Archaeological Museum of Thessaloniki and the 

Archaeological Imaging laboratory of the University of Southampton. The IR-RTI 

data set is comprised of a series of infrared images captured with a range of 

filters (720nm, 760nm, 850nm, 950nm).  The reflected ultraviolet RTI datasets 

were captured with a UV transmitter filter (HOYA 330) and an IR barrier 

(SCHOTT BG 38). The ultraviolet induced visible fluorescence RTI datasets were 

captured with an IR and an UV barrier (B+W 021) filter.  The subjects were 

irradiated by IR light emitting diodes (LED) or a UV flash from different angles. 

The processes of multispectral RTI data capture are represented in Graphs 26-

28.  
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Graph 26: Open Provenance Graph for IR-RTI data capture (Graph author’s 

own). 
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Reflected UV RTI data capture
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Graph 27: Open Provenance Graph for reflected UV RTI data capture (below) 

(Graph author’s own). 

UV induced visible fluorescence RTI data capture
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Graph 28: Open Provenance Graph for UV induced visible fluorescence RTI data 

capture (below) (Graph author’s own). 
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An arm for advanced data capture of medium size objects, proved to be 

helpful. A cylindrical base provides a secure foundation for a vertical axis. The 

arm can follow a vertical and clockwise movement, assisting data capture in 

that way. The radiation source can be securely placed on the arm’s additional 

extension so as to be positioned in different points of the arm, having various 

orientations (Figure 128).  

 

Figure 128: The RTI arm in use in the Archaeological Museum of Thessaloniki 

(Image author’s own). 
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5.3.1.1.3 Transmitted RTI  

The transmitted RTI methodology is inspired by transmitted photography, a 

setup proposed for conservation documentation of translucent materials, 

canvas paintings, mounded papyri, photographic material, and works of art on 

paper or archival material. The transmitted RTI is created from a series of 

images captured with transmitted illumination and/or radiation and a lighting 

positions file. It was tested in the visible and the infrared spectral area. Three 

different data capture strategies were tested: transmitted-dome-RTI, highlight 

transmitted RTI, and a two-camera methodology.  

The transmitted-dome-RTI methodology requires the use of a modified dome 

(Figure 129). A normal dome positioned upside down was used for testing. The 

only modification was the addition of a stand so as to support the dome in an 

upside down position. The dome method is recommended for transmitted data 

capture due to the ease of use, and considerably less time being needed for 

data capture and processing, and moreover the quality of data captured.  

 

Figure 129: Graphical representation of set up for transmitted RTI capture with 

the dome method (Image author’s own). 

The capture of highlight transmitted RTI datasets requires pre-capturing of the 

lighting positions as well as the accurate marking of these positions, in order 

to be used during data capture and processing of the transmitted RTI data. 

This process is very time-consuming and mismarking the lighting positions is 

very easy. One of the techniques tested for transmitted-H-RTI employs two 

cameras (Figure 130). One camera is focused on one side of the object. The 

second one is placed on the opposite side and is focused on the shiny sphere 

beside the object. The latter acquires the necessary data for the construction 
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of the light position file, while the former captures the object under 

examination in transmitted illumination. The advantage of the two cameras 

method is that the lighting positions and the transmitted RTI dataset are 

captured simultaneously, minimising the possibility for mismarking the 

lighting positions. Nevertheless, the technique is impractical in particular for 

trans irradiation applications, where not only two cameras but also two 

different light sources are necessary. At least two people (if not three) need to 

be employed.  

 

Figure 130: Set up for transmitted RTI data capture using two cameras method 

(Image author’s own). 

An alternative option is the use of a light arm in predefined lighting positions. 

The lighting position (lp) file can be obtained by pre-capturing a sphere from 

specific lighting positions, which can be re-used for capturing the RTI dataset 

images. In the case of artefacts where only low angle lights are employed, such 

as glass mounded works of arts (papyri and paintings are most commonly 

found in museum collections), placing the object on a Plexiglas base and 

moving the light around the object at the height of the object and slightly 

beneath enables the acquisition of a set of transmitted photographs.  

The transmitted RTI data capture is represented in Graph 29. 
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Graph 29: Open Provenance Graph for Transmitted RTI data capture (Graph 

author’s own). 

 

 

 



 

236 

 

 

5.3.1.2 Processing  

The data processing methodology uses the RTIbuilder software. In case of 

Highlight RTI, images are loaded and saved, the sphere is selected and added 

by the user, and then the program executes sphere and highlight detection. 

Finally, the Polynomial Texture Map (PTM) or the Hemispherical Harmonics 

(HSH) fitter completes fitting and results in artefacts visualised in polynomial 

texture map or reflectance transformation imaging format (*.ptm or *.rti), 

using either the polynomial texture map, developed by HP researchers, or the 

hemispherical harmonics fitter, developed at the University of California, in 

collaboration with CHI and T. Malzbender (Graph 30). In the case of dome RTI, 

data capture and processing is different because each dome has a pre-build 

lighting position file. There is no need to add spheres to the scene in the data 

acquisition stage. During processing the builder uses the pre-build lighting 

position file and continues with fitting (Graph 31).  

Processing of microscopic and multispectral RTI datasets follows the same 

methodology with visible RTI. In case of infrared and ultraviolet RTI, the images 

were processed following the common recommendations (transition to 

greyscale) before the RTI processing. Similarly, for FCIR-RTI the visible and IR 

dome RTI datasets were initially processed, following the FCIR and then the RTI 

methodology.  

The combination of two RTI datasets into one via digital image merging just 

after data capture, using the dome method, and before processing proved to 

be useful for comparative purposes, as it enables the user to simultaneously 

examine two sides of the same 

object (Figure 131).  

 

 

Figure 131: Snapshots of the 

RTI viewer - screen view after 

merging images of two different 

datasets captured using the 
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dome method, before processing (Image author’s own). 
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Graph 30: Open Provenance Graph of the H-RTI processing pipeline (Graph 

author’s own).  
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Graph 31: Open Provenance Graph of the Dome RTI processing pipeline (Graph 

author’s own). 
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5.3.1.3 Viewing  and Annotations 

PTM and RTI files were viewed via specialized software, such as the RTI viewer 

(ISTI-CNR/CHI RTIViewer) and the PTM viewer (HP Labs PTM Viewer). The files 

were annotated using the annotation utility in the latest release of the RTI 

viewer software (Figure 132) (see section 3.2.1.3 for a discussion on viewing 

.rti and .ptm files).  

 

Figure 132: Using the Annotation Utility, RTI Viewer (Image author’s own).   

5.3.2 Results and discussion 

5.3.2.1 Paintings 

5.3.2.1.1 Painted panels  

RTI visualization of icons emphasises surface anomalies of low relief details. 

Characteristic features, such as brush strokes, can be detected and areas with 

discontinuities can be easily documented (Figure 133). Thorough RTI 

examination of the surface topography reveals signs, which provide an insight 

into manufacture, such as gold gilding technique (Figure 134). Hence, RTI can 

be extremely useful for diagnostic examination, investigation of painting 

techniques and condition reporting.
21

 

                                           

21

 See  Digital Library, folder section5.3, files REP_PWOO_I1_BW-VIS_MA-H.rti and 

REP_PWOO_I2_VIS-MA-H.ptm  
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Figure 133: Icon, replica, digital image (top left) and RTI visualizations. RTI 

highlights the texture of the painting, emphasizing the brush strokes, 

emphasizing the brush strokes (Image author’s own).  
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Figure 134: Icon, replica, detail of gold gilded area. Clockwise from top left, 

digital image, and RTI visualization in default, and specular enhancement 

rendering mode (Image author’s own). 

 

The icons’ IR examination reveals the preparation sketch and presents an 

insight into pigments and colour layers. Details of the final brushing disappear, 

providing an enhanced view of the preparatory drawing (Figure 135). The 

pigments used present a variety in transparency in IR radiation, from the 

opaque black background to the transparent clothing of St John. In the visible 

monochrome image, there is no clear differentiation between the grey tone of 

the red, the sienna and the blue colours. On the contrary there is an observable 

difference in the response of the red and the sienna and blue colour on the 

infrared image (Figure 136). 
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Figure 135: The icons, digital images desaturated (left) and IR images (right) 

(Image author’s own). 

 

Figure 136: Details of red, blue and sienna colour in digital image (left), 

desaturated (middle) and IR image (right) (Image author’s own). 
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The IR-RTI of the icon, taking into consideration their planar shape and their 

reduced three-dimensional characteristics, gave interesting results, revealing 

hidden features and the preparatory drawing. IR-RTI by penetrating the varnish 

layer, the texture of the substrate can be observed. RTI reveals the texture of 

the varnish applied, while in the IR-RTI renderings the texture of the substrate 

is visible, along with its deformations, such as the vertical crack on the area of 

the basket (Figures 137-138).  Areas where the colours have not been applied 

uniformly due to surface variation of the substrate become obvious, as well as 

crack in the application of the gold leaf (Figure 139). The preparatory lines, 

along with their texture, can be examined. Final brushing of details disappears, 

emphasizing the three dimensional properties of the preparatory drawing 

(Figure 140). The best means of comparison between normal and IR RTI is the 

normal maps in the visible and infrared spectral areas (Figure 141)
22

.  

 

 

Figure 137: Icon, detail, RTI (left) and IR-RTI visualization (right) emphasizing 

the vertical crack (Image author’s own). 

                                           

22

 See Digital Library, folder section5.3, files REP_PWOO_I1_IR-850-MA-H.rti and 

REP_PWOO_I2_IR-760-MA-H.rti. For comparisons with the visible RTI visualization, see 

files REP_PWOO_I1_BW-VIS_MA-H.rti and REP_PWOO_I2_VIS-MA-H.ptm 
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Figure 138: Icon, detail, RTI (left) and IR-RTI visualizations (right) emphasizing 

the texture of the substrate (Image author’s own). 

 

Figure 139: Icon, details, RTI (top) and IR-RTI visualizations (below) 

emphasizing cracks in the application of the gold leaf (Image author’s own). 
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Figure 140: Icon, details, RTI (left) and IR-RTI visualizations (right) (Image 

author’s own). 
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Figure 141: Icon, comparison of normal maps in the visible (left) and infrared 

spectral area (right) (Image author’s own). 

 

This case study serves to show the potential of RTI in the study of painted 

panels.  Apart from the interesting conclusions regarding methodological 

issues, the difference between authentic material and replicas should be noted. 

Alterations and damage present in the authentic artworks results in an 

advanced level of complexity in the study of icons. Yellowed varnishes, 

depositions, losses and cracks have a tremendous effect in the appearance of 

the artwork. It is expected that the application of the proposed methods in the 

study of original artworks would maximise the information obtained.  

5.3.2.1.1.1 False colour IR-RTI 

A selection of historic pigments’ testers was imaged in order to check their 

response in infrared radiation. The different interaction between colours and 

infrared radiation leads to different levels of transparency in the infrared 

image. Pigments that transmit IR appear transparent under IR radiation. On the 

contrary pigments that absorb IR radiation appear totally opaque. Other 
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pigments present a medium transparency, as they transmit part of the infrared 

radiation. Apart from the chemical composition of the pigments, other factors 

that affect the penetration ability of IR are the thickness of the colour layer and 

the material used as a binder, such as egg, water, oil, gum etc.  

Visible, infrared and FCIR images of historical pigments, constructed using the 

traditional egg-tempera technique, demonstrate the different levels of 

transparency in IR radiation and the variety of pseudo-colours produced from 

FCIR. The latter reaffirms the results of previous FCIR studies in pigment 

identification. The blue and green colours appear reddish or grey in case of 

azurite. Yellow colours in FCIR are derived from red-orange pigments.  Among 

them, vermillion produces the brighter, most impressive yellow tones.  Dark 

yellow brownish colours result in pale green, while lemon yellow turn to white. 

Umber and raw sienna remains brown, even if it acquires a brighter tone. A 

possible explanation for the differentiations is the variation in granularity, 

which can appear as different colour in FCIR or/and the mixture of different 

pigment for the creation of the wanted colour hue and the material used as 

binder. Figures 142-143 present comparisons of visible and FCIR images of 

icons and colour testers.  

A replica from a wall painting decoration scene of the Tomb of Menna in Egypt 

was the trial artefact for the first experimental FCIR-RTI.  The reflected infrared 

image provides information about the layering of the painted artefact and 

reveals details hidden beneath colour. The IR radiation penetrates thin outer 

colour layers and reveals a number of lines, originally parts of the preparatory 

sketch. The FCIR image provides an insight into the composition of the 

pigments used (Figures 144).  

The comparison of the normal visualizations leads to the conclusion that the 

FCIR RTI and visible RTI files reveals the same texture morphology. Their 

difference lies in the colours. FCIR-RTI can encapsulate in the same file data 

related to the texture and an initial indication about the chemical composition 

of the pigments. This development can assist in artefacts’ examination. The 

simultaneous examination of surface topography in addition to the colour 

variations enhances the examination of painted surfaces and provides an 

improved method for viewing FCIR images (Figures 145). 
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Figure 142: Icons, comparison of visible and FCIR images (Image author’s 

own). 
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Figure 143: Colour testers of historic pigments, egg-tempera technique. Digital 

image (up) IR image (middle) and FCIR image (below) (Image author’s own).  
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Figure 144: Painted panel, replica. Comparison of visible, desaturated, infrared 

and FCIR images (clockwise from top left) (Image author’s own). 
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Figure 145: Detail, comparison of visible (up) and FCIR (below) images (left), 

visible RTI (up) and FCIR RTI (below) snapshots (right) (Image author’s own). 

 

5.3.2.1.2 Canvas Testers  

The legibility of the writing depends on the properties of the overlapping 

layers, its thickness and the composition of the pigments used. In reflected 

visible images the inscription hidden beneath the colour layer or layers is 

hardly visible. In reflected IR images the legibility depends on the transparency 

of the pigments in IR radiation in addition to the surface topography. In tester 

3 the readability of the inscription is clear, while in testers 2 and 1 the 

inscription can hardly be read. In transmitted images the readability in general 

is enhanced. In transmitted visible images the readability is enhanced 

compared to the reflected examples, while in the transmitted infrared images 

the results are further enhanced compared to the transmitted visible ones 

(Figure 146). The ambient light is crucial in transmitted imaging as shown in 

Figure 147.   
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Figure 146: Canvas testers 1 (left), 2 (middle), 3 (right). Digital images, visible 

(top), reflected infrared (2nd row), transmitted visible (3rd row) and 

transmitted infrared (below) (Image author’s own). 
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Figure 147: Tester No 3, reflected digital image, trans illumination image and 

RTI visualization with and without ambient light (clockwise from top left) 

(Image author’s own). 

 

RTI reveals the inscription by emphasizing the surface topography of the 

testers due to the visualization of the texture
23

. In the IR-RTI snapshots the 

reading is enhanced in all testers
24

. In the case of testers 3 and 2 the enhanced 

visualization was expected because of the known response of the pigments 

used. However, the superior performance of IR-RTI in tester 2 in comparison 

with the digital image was surprising. The most notable result is that of tester 

1.  Even with the presence of 3 colour layers, including one that appears 

opaque to IR and one of medium transparency, IR-RTI leads to satisfying 

results (Figure 148). 

                                           

23

 See Digital Library, folder section5.3,  file REP_PCAN_T123_VIS_MA_H.rti  

24

 See Digital Library, folder section5.3,  file REP_PCAN_T123_IR-760_MA_H.rti 
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Figure 148: Canvas testers 1 (left), 2 (middle), 3 (right). RTI visualizations 

(Image author’s own). 

 

Transmitted RTI enhances the results of transmitted imaging. The variation of 

colour applied on the canvas due to the painting technique, can be examined, 

as areas with fewer colours applied are emphasized.  This enables the 

advanced examination of painting technique and the superior perception of the 

painted surface. The comparison of transmitted images and transmitted RTI 

visualizations suggests that the main contribution of transmitted RTI lies in its 

enabling of the perception of three-dimensionality which occurred in 

transmitted illumination and/or irradiation of artefacts. In particular tester 3, 

due to the limited number of colour layers applied, is an explicit example for 

transmitted RTI in the visible spectrum
25

 (Figures 149-151).  

                                           

25

 See Digital Library, folder section5.3,  file REP_PCAN_T3_T-VIS_MA_MD2.ptm 
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Figure 149: Tester No 3. Transmitted RTI visualizations in different rendering 

modes (Image author’s own). 
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Figure 150: Tester No 3. Trans IR-RTI visualizations (Image author’s own). 
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Figure 151: Tester No 3, comparison of transmitted digital image (left) and 

transmitted RTI visualization (right) (Image author’s own). 
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On the contrary, transmitted irradiation in the infrared spectral area in synergy 

with RTI is a more appropriate methodology for surfaces with more complex 

stratigraphy, such as the case of the testers 1 and 2. The experimentation with 

canvas testers clearly demonstrates that trans illumination and irradiation can 

significantly improve the methodology for diagnostic examination and 

detection of over painting. Capturing normal RTIs of canvas paintings placed 

on light boxes is another modification of the basic technique that can be used 

as a complimentary methodology (Figures 152).   

     

Figure 152: Tester No 3, reflected visible RTI without (left) and with (right) 

transmitted illumination (Image author’s own). 

 

The stroke direction is a feature that characterises stylistic techniques, and is 

crucial for comparisons among paintings and discrimination of painting 

techniques. The different imaging set-ups used in the experimentation enables 

a thorough examination of painting strokes. In tester 3 and 2 the strokes were 

detectable in all imaging set ups. However, the most useful one was the 

transmitted visible image for tester 3.  However, for tester 2 the transmitted IR 

image was preferred as far as the painting style was concerned, as it highlights 

not only the vertical strokes of the green colour but also the horizontal strokes 

of the hidden red layer.  In tester 1 the transmitted images present a chaotic 

picture in the case of strokes, while the reflected IR is the most descriptive 

image, which emphasize the diagonal direction of strokes clearly.  
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Simultaneously, capturing of the canvas testers presents the opportunity to 

detect the efficiency of the already presented methodologies in condition 

reporting and conservation documentation. The most interesting results are 

that of tester 1, where transmittance enables the detection of craquellere. This 

feature was not at all observable in reflected visible images, while only major 

cracks were slightly detectable in reflected IR image. The RTI visualizations 

significantly enhanced the results of imaging, and enabled the thorough 

examination of surface deformations, including the craquellere pattern. 

 

5.3.2.1.3 Canvas paintings  

In addition to the canvas testers, replica oil tempera paintings were imaged 

with normal RTI, IR-RTI, Transmitted RTI and Transmitted IR-RTI. Transmitted 

imaging (TI) techniques enable the examination of the painting history of 

artworks. Transmitted images record the surface under different lighting 

conditions, and as a result specific features of the painting technique, such as 

the brush strokes, the variable thickness of the painted layers across the 

surface, the basic lines of the drawing, which act as a preparatory drawing, are 

documented.  Such visualizations would have been impossible using reflected 

imaging techniques.  

TI has been applied in both surfaces of the painting. Undoubtedly the result of 

TI in the latter is more impressive, because in reflected light the surface of the 

back side does not provide any implication about the drawing (Figures 153-

155). Considering the excellent state of preservation of the artworks under 

examination the efficiency of TI in condition reporting cannot be presented. 

However, neither evidences of craquelere nor other deformations of the 

painted surface or the substrate has been detected, even under transmitted 

illumination, which is considered as the most appropriate methodological 

approach for this kind of investigation.  
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Figure 153: Oil on canvas, replica, front-side, clock wise from top left, digital 

image (reflected light), digital desaturated image, transmitted IR image and 

transmitted visible image (Image author’s own). 
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Figure 154: Oil on canvas, replica, backside transmitted visible images (top) 

and transmitted IR images (below) (Image author’s own). 
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Figure 155: Oil on canvas, replica, backside, digital image, desaturated image, 

trans-irradiation and trans illumination image (clockwise from top left) (Image 

author’s own). 
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Normal RTI reveals the surface topography. The dominating feature in the 

canvas depicting the nude girl is the texture of the canvas, which is clearly 

visible in RTI visualizations. The stronger strokes are also obvious, such as 

those in the area of the mouth, and the limited number of brush strokes on the 

hair, created in different modes in comparison to the rest of the surface 

(Figures 156-158)
26

. Due to the different response of the pigments in IR 

radiation, the IR-RTI enables better characterization of areas of the painting 

and emphasizes preparatory lines, which appear softer in visible RTI. One of 

the most characteristic examples is the visualization of the lines in the door 

depicted on the background of the left side of the canvas (Figure 159). 

 

Figure 156: Oil on canvas, replica, detail, digital image (top left) and RTI 

visualizations (Image author’s own). 

                                           

26

 See Digital Library, folder section5.3, file REP_PCAN_1-VIS_MA_H.rti 
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Figure 157: Oil on canvas, replica, digital image, RTI visualization, normal map 

and RTI visualization in psecular enhancement rendering mode (clockwise from 

top left) (Image author’s own). 
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Figure 158: Oil on canvas, replica, detail, digital image (top) and RTI 

visualization (below) (Image author’s own). 
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Figure 159: Canvas oil painting, replica. digital image, RTI visualization (up) 

and IR-RTI visualizations (below) (Image author’s own). 
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In trans illumination RTI the crucial parameter that governs the results is the 

thickness and the opacity of the painting layer. Its reflectance properties, such 

as the gloss, affect the results but to a lesser extent. The direction, the shape, 

the thickness of the painting strokes can be observed. Moreover, conclusions 

about the materials (tools, mediums, pigments) and the painting techniques 

can be reached. As the surface is virtually relighted in transmitted mode the 

areas with the larger quantities of colour applied and the stronger strokes 

appear not to be differentiated. Instead the areas which present a certain 

degree of translucency appear more or less lighted, in accordance to the 

direction and the location of the light beneath the surface under examination. 

In that way the visual result is differentiated in each trans illumination RTI 

snapshot, and the viewer experiences the transmittance properties of the 

surface in a superior way to transmitted imaging, mainly due to the perception 

of three dimensionality of the painting. This feature can be characterised as a 

pseudo-three dimensionality of transmitted RTI because the texture revealed 

does not come in accordance with the actual texture of the surface, but it is 

the result of the virtual relighting of the translucent areas of the painting. 

Hence, the pseudo-three dimensionality of transmitted RTI should not be 

confused with the ability of normal RTI to emphasize textures (Figures 160-

162)
27

. 

In IR-RTI the crucial parameter, in addition to the thickness of the paint layer, is 

the composition of the pigment
28

. Transmitted imaging in synergy with RTI 

leads to a better appreciation of the properties of painting techniques. In the 

transmitted IR-RTI the visualizations produced emphasize the same features as 

the trans illumination, but are further enriched by the penetrative qualities of 

IR radiation. The comparison of the visualizations produced from the RTI 

methodologies reveals the different features of the painting emphasized. The 

multispectral RTI methodologies, either reflected or trans irradiation, are of 

great value in terms of diagnostic examination. The reflected IR-RTI 

emphasizes the texture of the surface beneath the visible and enables the 

advanced perception of the surface topography. However, the transmitted IR-

RTI underlines the basic lines of the drawing enabling an in depth examination 

                                           

27

 See Digital Library, folder section5.3, file REP_PCAN_1_T-VIS-MA-H.ptm  

28

 See Digital Library, folder section5.3, file REP_PCAN_1_T-IR-850-MA-H.ptm  



 

268 

 

of the application of the colour and providing evidence for the painting history 

of the artwork.   Hence, for a complete RTI visualization of canvas paintings 

and similar artworks trans illumination and trans irradiation in addition to 

multispectral imaging is recommended (Figures 163-165). 

 

Figure 160: Oil on canvas, replica. Transmitted digital image (top left) and 

transmitted RTI visualizations (Image author’s own). 
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Figure 161: Oil on canvas, replica, detail, transmitted RTI visualizations (Image 

author’s own). 
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Figure 162: Oil on canvas, replica, detail, transmitted RTI visualizations (Image 

author’s own). 
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Figure 163: Detail, comparison of reflected and transmitted light digital images 

(left) and RTI visualizations (middle, right).  Digital reflected image (up, left) 

and normal RTI visualizations (up, middle and right). Transmitted digital image 

(below, left) and transmitted RTI visualizations (bellow, middle and right) 

(Image author’s own).  
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Figure 164: Canvas oil painting, replica. Transmitted digital image, transmitted 

RTI visualization, transmitted IR-RTI visualization and transmitted IR image 

(clockwise from top left) (Image author’s own). 
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Figure 165: Canvas oil painting, replica. RTI visualizations (top), IR-RTI 

visualization (middle) and transmitted IR-RTI visualization (below)  (Image 

author’s own). 
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5.3.2.2 Archaeological materials  

5.3.2.2.1 Stone 

RTI provides an enhanced view of the surface morphology of stone vessels
29

. In 

the case of the alabaster alabastron B61, it enables advanced examination of 

the morphology of the base of the vessel, emphasizing its shape (Figure 166). 

Undoubtedly, our knowledge about manufacturing techniques can be enhanced 

through the study of the surface morphology because striations, either interior 

or exterior, are important evidence of manufacture techniques. Consequently, 

the large numbers of parallel lines on the exterior of the alabaster, which is 

difficult to see under normal light because of the low relief and the 

deterioration effects revealed through RTI, are important evidence of the 

technology of manufacture. Also, the inscription KY is emphasized (Figure 

167). Fragments of the vessels’ bodies discovered in Tomb A, which present a 

variety of preservation, were examined with the macroscopic highlight RTI 

method, which enable enhanced visualization of the surface deformation and 

damage, such as alterations, salt efflorescence and discoloration (Figures 168-

169).  In the case of small fragments of approximately 1 cm, microscopic dome 

RTI proved useful for the examination of minor details. The most interesting 

examples were the visualizations of the handles, which reveal their 

morphology and tool marks (Figure 170).   

 

Figure 166: Alabaster alabastron, Derveni Tombs, B61. Archaeological Museum 

of Thessaloniki Digital image (left) and RTI visualization of the base (right) 

(Image author’s own). 

                                           

29

 See Digital Library, folder section5.3, files AMTH_GR_ALA_A84_VIS-MI-MD1.rti and 

AMTH_GR_ALA_B61_VIS-MA-H.rti 
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Figure 167: Alabaster alabastron, Derveni Tombs, B61. Digital image of the 

vessel’s upper body (left) and RTI visualization (right) (6,6 cm length) (Image 

author’s own). 

 

 

Figure 168: Alabaster alabastron, Derveni Tombs, A84 (0.086 m length). 

Archaeological Museum of Thessaloniki. Digital image (top) and RTI 

visualizations of details (below) (Image author’s own). 
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Figure 169: Alabaster alabastron, Derveni Tombs A84 (0.09 m length). 

Archaeological Museum of Thessaloniki. Details of encrustations and 

decolouration areas. Digital images (top) and RTI visualizations (middle, below) 

(Image author’s own). 
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Figure 170: Alabaster alabastron handles, Derveni Tombs, from group A84, 

detail 1cm. Archaeological Museum of Thessaloniki. Digital image (left) and RTI 

visualizations (middle, right) (Image author’s own). 
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5.3.2.2.2 Glass 

The advanced visualizations of surface anomalies in the case of the glass 

vessels indicate RTI’s efficiency in condition reporting
30

. RTI visualizations of 

two restored glass alabastra reveal excessive restoration treatment, 

emphasizing areas where the filler covers the original material (Figures 171-

172). As well, the yellow and white glass thread used for the dense feather 

decoration pattern and other surface irregularities, such as cracks and losses, 

can be documented via RTI (Figures 173-174). In addition, RTI emphasized 

surface details and provides support for proposed methods of fabrication 

(Figure 175). A characteristic example is the correlation of the fabrication 

techniques to the surface appearance of glass and its degradation phenomena. 

In this case study the use of granulated glass is confirmed by RTI 

visualizations.   

 

Figure 171: Glass alabastron, Derveni Tombs D31. Archaeological Museum of 

Thessaloniki. Digital image (top) and RTI visualization of details (below) (Image 

author’s own). 

                                           

30

 See Digital Library, folder section5.3, files AMTH_GR_GL_D32a_VIS-MA-H.rti and 

AMTH_GR_GL_D32b_VIS-MA-H.rti 
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Figure 172: Glass alabastron, Derveni Tombs D31. Digital image (up) and RTI 

visualization of details (down) (Image author’s own). 

 

 

Figure 173: Glass alabastron, D32. Digital image (up), RTI visualization (below) 

(Image author’s own). 
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Figure 174: Glass alabastron, D32. Digital image (up) and RTI visualization of 

details (down) (Image author’s own). 

 

 

Figure 175: Glass alabastron, D32. RTI visualization of loss and pitted surface 

(Image author’s own). 
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5.3.2.2.3 Mortars 

Through RTI irregularities, related to degradation, encrustation, depositions, 

losses and cracks can be documented, as demonstrated by the comparison 

between PTM and standard computer graphic approximation (Figure 176). RTI 

is a tool for the exploration of stratigraphy, even in cases of badly deteriorated 

fragments. Also, RTI can provide an insight into painting techniques as colour 

application can be studied in detail non-destructively and more efficiently than 

traditional techniques (Figure 177). Details, such as the fingerprints marks on 

the surface of a ceramic roundel attached to the wall painting fragment, are 

revealed (Figure 178)
31

. 

 

Figure 176: Wall painting fragments, Z42. 10cm length. Comparison between 

PTM (top) and a standard computer graphic approximation (below) (Image 

author’s own). 

 

                                           

31

 See Digital Library, folder section5.3, file AMTH_GR_MOR_Z42_VIS-MA-H.rti 
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Figure 177: RTI visualizations of detail (Image author’s own). 

 

Figure 178: Details of the fingerprints, RTI visualization (Image author’s own). 
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Infrared imaging of fragments from wall-paintings from tombs Z and B leads to 

interesting results. In the reflected infrared image at 720 nm and above a 

sufficient amount of visible light is detected. As a result the label is visible in 

this low intensity IR image, while it disappears at 860 and above. The response 

of blue colour is similar to that of the white at 760 nm and above, but it is 

highly differentiated at 950 and above. In case of the highly deteriorated 

fragments, the presence of depositions and colour losses result in low contrast 

images under IR radiation. Moreover, FCIR imaging enables initial material 

characterization, indicating that the blue pigment used form the ancient 

painter of the Derveni Tombs was Egyptian blue (Figures 179-181). The IR-RTI 

provides an insight into the texture of the wall painting fragments without the 

obscuring encrustations visible under normal illumination but invisible under 

infrared radiation. Notable are the clearer visualization of the substrate and the 

differentiation of colours (Figure 182-183)
32

. 

 

 

 

Figure 179: Wall painting fragments Z42, digital image (top), IR images at 

720nm (below left) and 950 nm (below right) (Image author’s own). 

                                           

32

 See Digital Library, folder section5.3, files AMTH_GR_MOR_Z42_IR-950-MA-H.rti and 

AMTH_GR_MOR_Z42_IR-760-MA-H.rti. For comparisons see the RTI file in the visible 

area file  AMTH_GR_MOR_Z42_VIS-BW-MA-H.rti  
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Figure 180: Wall painting fragments B108, digital image (top), IR images at 

760nm (below left) and 850 nm (below right) (Image author’s own). 

        

 

Figure 181: Wall painting fragments Z41, clockwise from top left, digital image, 

FCIR image, IR images at 950 nm, 850 nm and 720 nm (Image author’s own). 
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Figure 182: Comparison of visible (top) and IR-RTI Visualization (below) (Image 

author’s own). 
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Figure 183: Comparison of visible (top) and IR-RTI Visualization (below) (Image 

author’s own). 
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5.3.2.2.4 Ceramics  

RTI is an enhanced documentation technique for ceramic vessels. Previous 

treatment, gap-filling, crumbling material, rough surface finish with scratches, 

pits and losses are documented, assisting in condition reporting. The signs 

from the wheel, and in the case of black glazed pottery the strokes from the 

additions of the glaze, can be examined (Figure 184), but undoubtedly the 

most important contribution of RTI refers to vessels with painted and/or 

incised decoration, because of their complex surface topography. For that 

reason west-slope, red-figure, gnathian and Faenza maiolica vessels have been 

examined.   

 

Figure 184: Black-glazed ceramic skyphos Z29. Diameter 0.078 m. RTI 

visualizations (Image author’s own). 
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Two West Slope vessels in fragmentary state, a skyphos (C3e) and a kylix (C3th 

II) were visualised in RTI form at macroscopic and microscopic scale. The state 

of preservation of the paint decoration was poor, although the pattern was still 

recognizable. Even in cases of total loss, colour remained as a ghost on the 

surface of the glaze. RTI offered an insight into the West Slope decoration 

technique, and enables the advanced study of relief detail by emphasizing even 

on minor surface variations. Barely recognizable remains of colour, areas 

where colour had been either totally or partially lost, were highlighted. 

Moreover, in the case of yellow-tan details, the relatively thick colour used in 

comparison to the white became obvious in the RTI visualizations, providing 

evidence for Cook’s explanation about Greek vase painting (1997). A few 

potters’ tools are known, mainly the scraper, shaper, severing and measuring 

tools (Schreiber, 1999). Via RTI the shape and morphology of the different 

textures created by different tools and tool marks can be studied, providing 

evidence for the vase construction and decoration techniques used. 

Macroscopic RTI visualizations in our study revealed a number of incisions and 

emphasized adjacent concavities on the lower part of the body of the skyphos 

(black arrows).  In the kylix RTI emphasized a surface anomaly under the rim, 

possibly created by the fingers of the potter or by a sponge (Figure 185).  

 

Microscopic RTI enables the study of the shape of these incisions and can help 

define tool marks. For example, the microphotograph revealed the presence of 

4 lines in the central motif of the skyphos, whilst microscopic RTI 

visualizations enable the characterisation and further study of these lines. All 

of them were shown to be incised, with the three lower ones also painted. The 

salt efflorescence, the small pits and the remnants of colour from the leaves on 

the surface complicate the study of the tool marks in the two lower incisions. 

There is no doubt that they were made with circular scrapers, though for the 

lower one was made a large tool. Both of them were rigid, considering that the 

width of the incisions is the same. From the horizontal lines on the inside of 

the incisions one can assume that the tools’ surfaces were not very smooth. 

The upper incision is made with the edge of a sharp rigid scraper, while the 

second is larger and must have been made with a similar tool, but with 

stronger incision by the potter’s hand (Figure 186).  
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The triangular tool used for the incisions of the kylix is easily detectable in the 

microscopic RTI visualizations, and the orientation of the potter’s hand 

direction can be identified.  In both vessels the yellow leaves’ additions were 

the last step, usually covering other details of the decoration (Figure 187). 

Application of RTI and micro-RTI indicated that RTI is an excellent tool for the 

revelation of incised and painted decoration of West Slope wares, and also 

assisted in condition assessment. Scratches on the surface, flaking of the glaze 

and other alterations and damage were easily recognizable. 

 

 

Figure 185: Macroscopic H-RTI visualizations of west slope ceramic fragments 

from Derveni, fragment from skyphos (3cm across) with emphasised incisions 

(red arrows) and adjacent concavities (yellow arrows) (left) and fragment from 

kylix (2cm across) with emphasized a surface anomaly under the rim, possibly 

created by the fingers of the potter or by a sponge (right) (Image author’s 

own). 
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Figure 186: Fragment of the skyphos C3e (0.8cm across), clockwise from top 

left, microphotograph, normal map, and RTI visualizations (Image author’s 

own). 

 

Figure 187: Fragments of the skyphos C3e (top) and cylix C3th II (bottom), 

microscopic RTI visualizations (Image author’s own). 
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RTI proved a valuable tool for the examination of the red figured technique 

vase painting technique. Painting techniques can be examined, such as relief 

lines, outlines, sketch lines, raised dots, and remnants of the black glaze 

(Figures 188-191). The texture is underlined, including features of extreme 

importance, such as surface damage losses, scratches, pits, alterations, 

discontinuities of the paint and the glaze, craqueleure and depositions (Figure 

192). Manufacture evidence can be investigated, such as incisions from the 

ceramic wheel and lines of the preparatory drawing (Figure 193). 

 

Figure 188: Red figure pelike, C1. RTI visualizations revealing a relief line 

passing over the black background (Image author’s own). 

 

 



 

292 

 

Figure 189: Red figure pelike, C1. RTI visualizations revealing the outline and 

black glaze brush strokes (Image author’s own). 

 

Figure 190: Red figure pelike H2. RTI visualizations emphasizing the outlines 

of the human figure (Image author’s own). 
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Figure 191: Red figure pelike H2. RTI visualizations underlining the three- 

dimensionality of the relief lines (Image author’s own). 

 

Figure 192: Red figure pelikes.  Detail revealing surface topography and 

damage (Image author’s own). 
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Figure 193: Red figure pelike H2. Detail, RTI visualization emphasizing 

incisions developed during construction possible from the ceramic wheel and 

revealing the preparatory drawing (Image author’s own). 

 

IR imaging proved to be a useful contribution in the examination of red-figure 

vases and a pseudo Cypriote amphora (Figure 194). The painted pattern of the 

amphora is emphasized and the leaves are differentiated from the background. 

The black and brown parallel lines appear more vivid, while in contrast the 

reddish and the whitish ones fade out. IR imaging provides an alternative view 

of the artefact, full of information, which can assist investigations of 

manufacturing technology, including materials and techniques, as well as 

condition reporting.  In the IR image the deposition and saline encrustations, 

as well as the white colour appear eliminated, resulting in an enhanced 

visualization. 
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Figure 194: Pseudo-Cypriote Amphora. Height 0.281 m. Digital image (left), 

desaturated image (middle) and IR image (right) (Image author’s own). 

 

RTI provides an enhanced view of the artefacts under examination, which was 

significantly improved by the implementation of IR-RTI. Restored areas are also 

highlighted, providing evidence for previous repairs. While these 

characteristics appear partly hidden and obscured under visible light, they are 

emphasised in IR-RTI. As shown in Figure 195, the restored area is not 

discernible in digital image. In the normal RTI visualization it is visible and in 

the IR-RTI rendering the modern addition is clearly differentiated.  The relief 

lines were highlighted, providing an enhanced view of the preparatory drawing, 

as well as the three dimensionality of the painted pattern. Considering that 

they were used to outline figure and details, IR-RTI views of the painted scene 

are particularly informative (Figure 196). Hence, IR-RTI provides the 

opportunity not only for enhanced condition reporting and documentation, but 

also examination of painting techniques and stylistic comparison of artefacts.  
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Figure 195: Detail, red figure pelike H2. Digital image (left) and RTI 

visualization (middle) and IR-RTI visualization (right) (Image author’s own). 

 

Figure 196: Detail, red figure pelike H2. Digital image (left) and RTI 

visualization (middle) and IR-RTI visualization (right) (Image author’s own). 

 

RTI visualization of the gnathian skyphos enabled detailed examination of the 

surface properties
33

.  In the area of the handle the tiny lines reveal the pressure 

applied by the person who crafted for the skyphos when they attached the 

handle (Figure 197) and in the area of the body marks of the ceramic wheel are 

                                           

33

 See Digital Library, folder section5.3, files USOU-UK_CER_GNb_VIS_MA-H.rti and 

USOU-UK_CER_GNa_VIS_MA-H.rti 
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observable (Figure 198).  The infrared image of a detail from the skyphos 

demonstrates a differentiation in the response of the black glaze in the 

infrared radiation as a result of its poor state of preservation. Comparisons of 

the normal maps reveals the enhanced visualization of low relief detail, 

particularly in the lower area of the body, as well as the clearer representation 

of the wheel marks covered by encrustations in the upper area of the body 

(Figure 199)
34

.   

 

Figure 197: Gnathian skyphos, details, RTI visualization emphasizing 

fingerprints in the areas of the handle (Image author’s own). 

 

Figure 198: Gnathian skyphos, details, RTI visualization revealing marks 

possibly created by the ceramic wheel (Image author’s own). 

                                           

34

 See Digital Library, folder section5.3, file USOU-UK_CER_GNa_IR-850_MA-H.rti 
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Figure 199: Gnathian skyphos, comparison of digital images (left) and normal 

maps (right) in visible (top) and infrared spectral area (below) (Image author’s 

own). 
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The ultraviolet induced visible fluorescence image reveals the remains of 

conservation materials on the surface of the ceramic skyphos and the previous 

repairs, because of the visible fluorescence emission of common adhesives 

used (Figure 200).  It is known that in static UV induced visible fluorescence 

imaging the axial positioning of the radiation source, as well as moving the 

handheld radiation units around, are actions usually undertaken to facilitate 

improved documentation of objects and better perception of features revealed. 

The UV induced visible fluorescence RTI enables the user to virtually move the 

radiation source around the object leading to numerous different visualizations 

(Figures 201-203)
35

. In that way the conservator can reach a better 

understanding about the morphology of the previous repairs. Furthermore, by 

applying different rendering modes (see section 3.2.1.3.1 for a discussion on 

rendering modes), these features are emphasized.   

 

Figure 200: Gnathian skyphos, detail, UV induced visible fluorescence (Image 

author’s own). 

                                           

35

 See Digital Library, folder section5.3, files USOU-UK_CER_GNa_UVF_MA-H.rti and 

USOU-UK_CER_GNb_UVF_MA-H.rti 
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Figure 201: Gnathian skyphos, UV induced visible fluorescence (Image author’s 

own). 
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Figure 202: Gnathian skyphos, UV induced visible fluorescence normal map 

(Image author’s own). 
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Figure 203: Gnathian skyphos, Ultraviolet induced visible fluorescence RTI 

visualizations in specular enhancement rendering mode (Image author’s own). 
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Reflected UV-RTI offers the opportunity for enhanced examination of subtle 

surface variations. In the case of the skyphos, these variations are the remains 

of the conservation materials, the differentiations of the glaze due to its poor 

preservation and the salts’ efflorescence. The UV-RTI provided in a single file a 

combination of axial and UV imaging (Figure 204)
36

. It is notable that the axial 

positioning of radiation sources in reflected UV imaging is ‘advantageous’ and 

is proposed for recording of scratches and smudges (Warda et al., 2011, 

p.161). By applying the specular enhancement rendering mode and additional 

setting of the parameters the findings appear emphasised (Figure 205). The 

normal maps produced are complete representations of the surface 

topography of the surface in the ultraviolet region (Figure 206).   

 

 

Figure 204: Gnathian skyphos, UV Reflected RTI visualization (Image author’s 

own). 
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 See Digital Library, folder section5.3, file USOU-UK_CER_GNb_UVR_MA-H.rti 
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Figure 205: Gnathian skyphos, RTI visualizations in specular enhancement 

rendering mode, comparison of visible, infrared at 950nm, ultraviolet induced 

visible fluorescence and reflected ultraviolet (clockwise from top left)  (Image 

author’s own). 
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Figure 206: Gnathian skyphos, Normal maps, comparison of visible, infrared at 

950nm, ultraviolet induced visible fluorescence and reflected ultraviolet 

(clockwise from top left)  (Image author’s own). 
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In the Faenza maiolica ceramic sherd the most interesting feature revealed 

from the RTI visualization was the surface anomaly-curvature, which may be 

associated to the lack of attachment of the glaze to the body as well as the 

three dimensionality of the low relief detail of the painted designs (Figure 207). 

Also, the network of cracks of the glaze, and the tiny blisters, were not visible 

in the digital images but appeared emphasized in the RTI renderings (Figure 

208)
37

. The enhanced visualization and the perception of three dimensionality 

of the cracks pattern introduced by RTI can assist the study of the history of 

the object. For example, careful observation of the cracks’ morphology reveals 

that their edges are straight, and by extension indicates the well-known 

phenomenon of crazing of glazes, which has been discussed extensively in the 

conservation literature. If the cracks had formed a different pattern with 

rounded edges, they would have been associated with cracking before the 

setting of the glaze. RTI visualization of the sherds covered with soil and 

deposits emphasized the painted pattern which was hardly visible in the digital 

images (Figure 209). In detail images the surface anomalies, the scratches, the 

surface topography of the deposits and the rough, porous ceramic texture in 

the areas where the glaze was missing can be observed (Figure 210). 

 

Figure 207: Faenza maiolica ceramic shred, RTI visualizations in specular 

enhancement rendering mode (top) and normal maps (below) (Image author’s 

own). 

                                           

37

 See Digital Library, folder section5.3, file SCC-UK_CER_366-1-VIS-MA-H.rti  
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Figure 208: Detail of Faenza maiolica ceramic shred, RTI visualization in 

specular enhancement rendering mode (Image author’s own). 

 

Figure 209: Tin glazed ceramic shred, RTI visualization in specular 

enhancement rendering mode (Image author’s own). 
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Figure 210: Faenza maiolica ceramic shred, detail, RTI visualization in specular 

enhancement rendering mode (top) and normal map (below) (Image author’s 

own). 
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Infrared imaging of the ceramic sherd covered with superficial dirt and 

deposits reveals the painted design. In case of the clean sherd the preparatory 

drawing and the application of colour can be examined. In the presence of 

different colours, their varying response can assist in materials differentiation 

and characterization (Figure 211). Infrared RTI visualizations reveal the three 

dimensional characteristics of the paint layer, while the layer of depositions 

appear significantly eliminated due to the penetration ability of infrared 

irradiation, as demonstrated by the comparison of RTI renderings between the 

visible and IR spectral area from the same light parameters (Figure 212). 

Infrared radiation penetrates the paint layer and the cracking of the substrate 

is revealed (Figures 213-214)
38

. A complete RTI visualization includes captures 

in the visible, infrared and ultraviolet spectral region. Different visualizations 

emphasise a range of features, as shown in the example of a Faenza maiolica 

fragment in Table 12. 

 

Figure 211: Faenza maiolica shreds, comparison of visible desaturated (left) 

and and IR images (right) (Image author’s own). 

 

                                           

38

 See Digital Library, folder section5.3, file SCC-UK_CER_366-1-IR-850-MA-H.rti 
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Figure 212: Faenza maiolica shreds. Comparison of visible (top) and IR-RTI 

visualization (below) (Image author’s own). 
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Figure 213:  Faenza maiolica shreds. Comparison of visible (top) and IR-RTI 

visualization (below) (Image author’s own). 
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Figure 214: Faenza maiolica shreds. Comparison of visible (top) and IR-RTI 

visualization (below) (Image author’s own). 
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Table 12: Fragment from Faenza maiolica jug 367. Complete RTI visualization. 

 

Apart from vases and vessels other types of ceramics can be benefited by RTI 

visualization. A characteristic example is the group of gilded and/or painted 

ceramic roundels with the head of Athena Parthenos, discovered in Derveni 

Tomb B. Because of the small size of the roundels (diameter 0.022m) macro 

and microscopic RTI technique was used, which enable documentation of 

craquelure, flaking and loss of red colour layer, flaking, loss and cracking of 

gold decoration, salt efflorescence and depositions and examination of the 

facial features (Figure 215-218)
39

. 

                                           

39

 See Digital Library, folder section5.3,  files AMTH_GR_CER_A99a_VIS-MI-H.rti, 

AMTH_GR_CER_A99b_VIS-MI-H.rti, AMTH_GR_CER_A99c_VIS-MI-H.rti, 

AMTH_GR_CER_A99d_VIS-MI-MD2.rti and AMTH_GR_CER_A99e_VIS-MI-MD1.rti 
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Figure 215: Gilded roundel, digital image (top left) and RTI visualizations 

(Image author’s own). 

 

Figure 216: Gilded roundel, digital image (top left) and RTI visualizations 

(Image author’s own). 
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Figure 217: Gilded roundel, digital image (top left) and RTI visualizations 

(Image author’s own). 
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Figure 218: Gilded roundel, digital image (top) and RTI visualizations (below) 

(Image author’s own). 
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5.3.2.2.5 Organics  

RTI is a useful tool in case of organic excavated materials, which call for 

advanced non-contact documentation and examination due to their unstable 

nature. In wood fragments shrinkage, warping and cracking as well depositions 

can be observed. Also, the identification of the grain direction, significant 

information for the examination of wood, is possible through RTI (Figure 219). 

In leather artefacts
40

 RTI enables examination of degradation effects, such as 

splits, tears, shrinkage, cracking, encrustation, depositions and interesting 

phenomena, such as mineralization
41

 and delamination (Figures 220-223). 

Microscopic details can lead to the detection of use evidence. For example, 

loss of the original material of a belt/strap around the inner hole and 

diagonally to the peripheral diameter indicates alteration caused by friction 

(Figures 224-225). In skeletal material
42

 RTI can locate and document physical 

damage and decoration, offering possibilities for enhanced examination. 

Losses of original material, pits and depositions can be documented. It can 

also assist revelation activities, emphasizing incised lines and remnants of 

colour decoration, while the discrimination between engravings and damage 

becomes easier (Figures 226-230). 

 

Figure 219: Wood fragment part of a wreath. Digital image (left) and RTI 

visualizations (right) (Image author’s own). 

                                           

40

 See Digital Library, folder section5.3, files AMTH_GR_LEA_A21_VIS-MA-H.rti, 

AMTH_GR_LEA_A21_VIS-MI-MD1.rti and AMTH_GR_LEA_B114_VIS-MI-MD1.rti 

41

 See Digital Library, folder section5.3, file AMTH_GR_COM_B114_VIS-MA-H.rti 

42

 See Digital Library, folder section5.3, files AMTH_GR_IVO_E7_VIS-MA-H.rti, 

AMTH_GR_IVO_E8a_VIS-MI-MD1.rti and AMTH_GR_IVO_E8b_VIS-MI-MD1.rti 
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Figure 220: Leather fragment attached to a copper alloy ring (A114). Length 

4cm. Digital image (top) and RTI visualizations of details (down) (Image 

author’s own). 

 

 

Figure 221: Leather fragment with textile imprints (B109). RTI visualization 

(Image author’s own). 
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Figure 222: Burnt leather fragment with holes at serial arrangement for sewing 

(A21), RTI visualization (Image author’s own). 

 

 

Figure 223: Burnt leather fragment with holes at serial arrangement for sewing 

(A21). RTI visualization (Image author’s own). 
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Figure 224: Leather fragment of a belt/strap. 1 cm. Digital image (top left) and 

RTI visualizations (top right, below) (Image author’s own). 

   

 

Figure 225: Leather fragment of a belt/strap. 1 cm. Digital image (top left) and 

RTI visualizations (top right, below) (Image author’s own). 
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 Figure 226: Incised ivory plaque fragment (E7a). Detail of Eros with remnants 

of colour decoration (blue and red). Digital images (top) and RTI visualizations 

of details (middle, down) (Image author’s own). 
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Figure 227: Incised ivory plaque, fragment (E8a). Detail of young male with 

remnants of red colour.  Microscopic image of fragment 1.5 cm. (top left), RTI 

visualizations (top right) and normal map (below) (Image author’s own). 
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Figure 228: Incised ivory plaque, fragment (E8b). Detail of woman's clothing 

with remnants of red colour. Microscopic image of 1 cm (top left) RTI 

visualizations (top right) and normal map (below) (Image author’s own). 
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Figure 229: Incised ivory plaque, fragment (E8b). Microscopic image (top) and 

normal map (below) (Image author’s own). 
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Figure 230: Bone handle of knife (0.24m). Digital image (top) and RTI 

visualizations of detail (down) (Image author’s own). 
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Fragments of the Derveni papyrus roll, discovered carbonized in the remains of 

a funeral pyre, are preserved glass-mounted, sandwiched between two sheets 

of glass. One glass mount was captured with reflected and transmitted 

illumination and infrared radiation, resulting in a series of RTI files
43

. The recto 

(front side) was captured with visible reflected illumination and infrared 

radiation at 720nm, 850nm and 950nm. The verso (back side) was captured 

with reflected visible light and infrared radiation at 850nm, as well as with 

trans illumination and trans irradiation at 850nm. The initial hypothesis for the 

RTI visualization of the Derveni papyrus, based on previous experience in the 

field of reflectance transformation technologies, was that RTI would enhance 

the study of the papyrus, due to its ability to emphasize texture and colour. 

However, following the exact mainstream methodology as explained in the 

guide for H-RTI, data capture was not possible. The reflections of the flash on 

the glass mount resulted in unacceptable images (Figure 231). However, this 

phenomenon occurs only with wider angles, so the H-RTI procedure was 

applied but using only a subset of potential capture data, where the incident 

illumination angle was low.  

 

 

                                           

43

 See Digital Library, folder section5.3, files AMTH_GR_PAP_VIS-H.rti, AMTH_GR_PAP_T-

VIS-H.rti and AMTH_GR_PAP_IR-950-H.rti 
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Figure 231: The Derveni Papyrus fragments, digital image excluded from RTI 

dataset because of reflections of the flash on the mount (Image author’s own). 

The comparison between the digital images and the RTI visualization 

demonstrates that RTI visualization is an improved method for the study of 

ancient texts (Figure 232). It is a common practice for scholars to move the 

papyrus in their hands, in order to reveal the letters due to the different 

reflectance properties of the matte ink and the shiny papyrus background 

(Janko 2002).  RTI offers the opportunity to perform this examination virtually 

avoiding any human-object interaction.  

 

Figure 232: Detail of Derveni Papyrus fragment, comparison of digital image 

(left) and RTI visualization (right) (Image author’s own). 

 

Apart from the study of the texts, a complete visual analysis is possible via RTI, 

including examination of the manufacture techniques as well as determination 

of papyrus condition and conservation needs. As shown in Figure 233, RTI 

visualization emphasizes damage and alterations on the surface of the papyrus 

material, such as cracks, losses, flaking and distortions. In that sense RTI can 

be used as a tool, so as to monitor the extent of the on-going deterioration, 

and guide conservation treatment. Moreover, RTI can document areas in need 

of repair and twisted fibres, assisting the process of realignment in the correct 

position. Another advanced option for research provided by RTI is the 

examination of the papyrus fibres and the study of the criss-cross pattern 

(Figure 234). Comparative RTI analysis of papyrus fragments visualised in RTI 

form can help researchers reach conclusions regarding different papyrus 
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manufacture techniques. In addition, previous repairs such as joins can be 

documented (Figure 235). Considering that the vast majority of previous 

repairs are not documented, RTI can assist in understanding the papyrus’s 

biography by revealing signs of treatments or operations executed in the past.     

 

 

Figure 233: Detail of Derveni Papyrus fragment, RTI visualizations emphasizing 

damage and alterations of the papyrus material (Image author’s own). 
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Figure 234: Detail of Derveni Papyrus fragment, RTI visualization emphasizing 

criss-cross papyrus pattern (Image author’s own). 

 

 

Figure 235:  Detail of Derveni Papyrus fragment, RTI visualization emphasizing 

the joins of previous conservation treatment (Image author’s own). 
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Virtual relighting of the glass mounted DP fragment emphasizes different 

features. For example, using the specular enhancement rendering (Malzbender 

et al., 2004) at the edges of RTI space emphasizes the texture of the papyrus, 

the criss-cross pattern and the irregularities introduced due to degradation and 

conservation treatment (Figure 236).  The writings appear clearer in 

sharpening or in specular enhancement rendering mode at less extreme angles 

with maximum specularity and minimum diffuse colour and highlight size 

(Figure 237). The multi-light rendering mode successfully underlines both 

texture and writing (Figure 238).  

 

Figure 236: Detail of Derveni Papyrus fragment, RTI visualizations in specular 

enhancement rendering mode at the edges of RTI space (Image author’s own). 
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Figure 237: Detail of Derveni Papyrus fragment, RTI visualizations in specular 

enhancement rendering mode at less extreme angles with maximum 

specularity and minimum diffuse colour (Image author’s own). 
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Figure 238: The Derveni Papyrus fragments, comparison between RTI 

visualizations in image unsharp masking (top), multi-light (middle) and 

specular enhancement rendering mode (below) (Image author’s own). 
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In the Derveni Papyrus RTI case study the IR-RTI emphasises the three 

dimensional characteristics of the object and consequently assists the Derveni 

papyrus examination, while the texts can be examined more efficiently. The 

enhanced view of the papyrus fragment under examination, provided by RTI 

and IR imaging, was significantly improved by the implementation of IR-RTI. 

The legibility of the writings is particularly enhanced as shown in Figures 239 

and 240. Also, the three dimensionality of the papyrus is emphasized. Via IR-

RTI, the distortion of both the papyrus and its backing on the verso can be 

documented and examined (Figure 241). This distortion, caused probably by 

the backing material, should be monitored so as to avoid further fractures of 

the papyrus fragment. 

Trans illumination RTI provides an enhanced RTI visualization, complementary 

to reflected RTI.  It proved particularly useful for the visualization of the back 

side of the papyrus fragments which was covered by the backing material 

(Figure 242). The features highlighted were the fractures and incorrectly 

aligned fibres, as well as fibre structure and joins between sheets of papyrus.   

 

Figure 239: Details of Derveni Papyrus fragment, RTI visualizations, 

comparison of renderings in visible (left) and IR spectral area (right) (Image 

author’s own). 
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Figure 240: Details of Derveni Papyrus fragment, RTI visualizations, 

comparison of renderings in visible (left) and IR spectral area (right) (Image 

author’s own). 

 

Figure 241: Derveni Papyrus fragment, comparison of digital images (left) and 

RTI visualizations (right) in visible (top) and IR spectral area (below) (Image 

author’s own). 
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Figure 242: Derveni Papyrus fragment, digital image (top left) and trans 

illumination image (top right), trans illumination RTI renderings (middle) and 

trans irradiation RTI renderings (below) (Image author’s own). 

 

RTI enhances the readability of the texts and overcomes problems such as 

buckling and identification of edges. RTI in the infrared spectral region is 

particularly useful in case of blackened papyri in a carbonised state, as 

demonstrated by the IR-RTI renderings of the DP fragments. Trans irradiation 

RTI approaches can assist the detection of writings covered by backing 

materials. Also, RTI visualization enables the study of papyri without any 

interaction with the fragile papyrus material. This is of great importance 

because of the vulnerability of the papyri and the necessary manipulation 

involved in conventional artefacts examination. Virtual study of the papyrus 

not only protects its material integrity but is also more effective than physical 

examination because of the ability to virtually relight and apply different filters 
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using the available rendering modes so as to create the appropriate 

visualizations.  

The potential of RTI applications in papyri is not limited to the enhanced 

legibility.  RTI can successfully overcome the problems caused by the presence 

of the mounts regarding the visual analysis. Moreover, it is a powerful 

condition-reporting and documentation tool. For example joins, repairs, the 

state of preservation of the inks, misalignments, missing fibres and patterns 

can be emphasized in RTI visualizations.  The application of microscopic RTI is 

a promising technique for the study of the papyri. It is expected, based on 

research with other materials, that the results of microscopic examination of 

abraded surfaces of palimpsests and corrosive inks would be enhanced by 

micro RTI.  

The synergy of RTI, infrared imaging and trans illumination-irradiation 

enhances the readability of texts and assists the overall diagnostic examination 

of the papyrus, the examination of the manufacture techniques, the 

determination of its condition and its possible conservation needs. The 

resulting range of views of the Derveni papyrus increase our understanding of 

its artistic, historic and cultural heritage significance, and are useful for 

documentation, presentation, and communication and research purposes. 

Considering the low cost of the necessary equipment, the freely available 

software for processing and viewing *rti and/or *ptm files, the low level of 

expertise necessary for data capture in addition to the flexibility of RTI 

technology, which can adopt different set ups in order to cover the 

visualization needs of artefacts of different type, there is no doubt that RTI is a 

very useful methodology for documentation and recording. The application of 

the technique in the infrared spectral area demonstrate RTI’s potential in 

diagnostic documentation and condition reporting, while trans illumination and 

irradiation RTI makes possible the visualization of features hidden behind 

backing materials. The enhanced readability of RTI snapshots compared to 

digital images offers the opportunity for enhanced optical character 

recognition of ancient texts, especially those in a poor state of preservation. 

The increased interest of the scientific community in the development of OCR 

software capable of reading ancient Greek, and the modern text mining 
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approaches, used in combination with the advanced RTI visualizations can 

assist the study of ancient texts.   

5.3.2.2.6 Metals  

In metals RTI visualization emphasize patinas, encrustations and depositions, 

pitting, cracking, crevices and warts, decoration, manufacture details, 

scratches and losses, assisting in understanding the artefact and its condition.  

Bronze fragmentary artefacts from tomb Z visualised in RTI form demonstrate 

the advanced documentation and examination potential (Figures 243-244)
44

. 

Microscopic details offer an insight in manufacture details, striations and 

enable the examination of small fragments (Figure 245).  Handling can 

endanger fragile fragments such as the gold gilded bronze leaf, originally part 

of a wreath. RTI visualization ensures accessibility to the archaeological 

material for conservators, archaeologists, curators and finds specialists without 

human object interaction (Figure 246).  

 

Figure 243: Bronze mirror, fragment, Z32. RTI visualization of details (Image 

author’s own).  

                                           

44

 See Digital Library, folder section5.3, files AMTH_GR_COP_Z32a_VIS-MA-H.rti, 

AMTH_GR_COP_Z32a_VIS-MI-H.rti and AMTH_GR_COP_Z32b_VIS-MA-H.rti 
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Figure 244: Bronze female head Z13. Digital image and RTI visualizations 

(Image author’s own).  

 

 

 

 

Figure 245: Bronze mirror, fragment, Z32. Microscopic detail. Visible area: 1,2 

cm. Microphotograph (left) and RTI (middle, right) (Image author’s own). 
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Figure 246: Gold gilded bronze leaf, part of a wreath. Fragment 1cm. Digital 

images (left) and RTI visualizations (right) (Image author’s own).  

 

In iron artefacts RTI leads to better understood and more advanced 

documentation of depositions and encrustations, physical damage 

characterization (Figure 247), decorative elements, surface features (Figure 

248), manufacture or fabrication and previous treatment evidence (Figure 

249)
45

. Similarly RTI is useful in case of silver artefacts, not only because of 

their reflective optical properties but also because of their physical 

characteristics (material softness). Microscopic RTI proved to be a valuable tool 

for documentation and condition reporting of a group of highly corroded and 

burnt gilded pieces of silver sheet in circular shape with repoussé scene of a 

Macedonian shield (Themelis and Touratsoglou, 1997). It reveals minor 

                                           

45

 See Digital Library, folder section5.3, file AMTH_GR_COM_B118_VIS-MA-H.ptm 
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anomalies, scratches, gaps and pits, assisting physical damage examination 

and characterization. Decorations elements of low relief become apparent and 

are distinguished from depositions, encrustations or corrosion.  Areas with 

striped texture on the backside of the discs may indicate contact with textile 

(Figures 250-252)
46

. 

 

Figure 247: Iron fragment. Digital images (top) and RTI visualization (down) 

(Image author’s own). 

 

 

Figure 248: Bone handle with iron decoration. RTI visualizations (Image 

author’s own).  

                                           

46

 See Digital Library, folder section5.3, file AMTH_GR_SIL_A19a_VIS-MI-MD1.ptm, 

AMTH_GR_SIL_A19b_VIS-MI-MD1.rti and AMTH_GR_SIL_A19c_VIS-MI-MD1.rti 
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Figure 249: Board fragment. Digital image (top) and RTI visualizations (middle) 

and normal map (down) (Image author’s own).  
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Figure 250: Gold gilded silver sheet in the shape of shield with scene of a 

Macedonian shield, diameter 3,6 cm. RTI visualizations (Image author’s own). 
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Figure 251: Microscopic image (top) and RTI visualization (below) (Image 

author’s own). 
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Figure 252: Microscopic image (top) and RTI visualizations (middle, below) 

(Image author’s own). 
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5.3.2.3 Numismatics  

RTI’s contribution in numismatics will be analysed in this section, focusing on 

identification, condition reporting and conservation monitoring.  

5.3.2.3.1 Identification  

Identification of coins due to their small size and the minor low relief details is 

a demanding task. The highly reflective gold and silver surface, or poor states 

of preservation, adds an extra level of complexity. A significant methodological 

improvement for effectively capturing minor details is the application of 

microscopic dome RTI. Characteristic examples which demonstrates 

microscopic RTI’s efficiency in coins’ visualization is a gold stater from Derveni 

Tomb D. On the reverse of the coin the capital double I legend is unclear in the 

microphotograph, however this detail is emphasized on the microscopic RTI 

visualization
47

 (Figure 253). The legend on the silver diobol of the Macedonian 

Kingdom is not recognizable in the digital images, but becomes legible in the 

RTI renderings, created using the mini-dome method and macroscopic means. 

Notable is the fact that each letter is approximately 1mm (Figure 254).  

 

Figure 253: 1/8 stater of Phillip II, gold, reverse, Derveni, Tomb D.  

Visualization after conservation treatment. RTI visualization (Image author’s 

own). 

                                           

47

 See Digital Library, folder section5.3,  file AMTH-GR_GOL_D2_rvs_AC_VIS-MI-MD1.ptm 
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Figure 254: Silver diobol of Macedonian Kingdom (Coin no 13). Archaeological 

Museum of Amphipolis. Visualization before conservation treatment.  Digital 

images (top) RTI visualizations in specular enhancement mode (middle) and 

normal maps (below) (Image author’s own). 
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RTI visualization proved effective, not only in the case of reflective materials 

and small coins, such as diobols and staters, but also assisted the 

identification and dating of corroded and worn coins. Legends become legible 

and designs are emphasized in RTI visualizations, even if the surface of the 

coin is worn (Figure 255), pitted 
48

(Figures 256-258) and has suffered losses
49

 

(Figure 259). In some cases the poor preservation of the coin makes its 

identification impossible, but RTI still provide a clearer picture of its texture, 

leading to enhanced visualization. The technique proved particularly 

interesting not only after cleaning but also before conservation treatment. 

Although the coin surface is partly covered by corrosion products the legends 

and designs become discernible
50

 (Figures 260-261).   

 

Figure 255: Copper alloy coin (Coin no 8). Diam. 14mm. Archaeological 

Museum of Amphipolis. Visualization after conservation treatment. RTI 

visualizations (top) and normal maps (below) (Image author’s own). 

                                           

48

 See Digital Library, folder section5.3, file AMA-GR_SIL_20_rvs_AC_VIS-MA-MD2.rti 
49

 See Digital Library, folder section5.3, files AMA-GR_COP_19_rvs_BC_VIS-MA-MD2.rti 

and AMA-GR_COP_19_obv_BC_VIS-MA-MD2.rti 

50

 See Digital Library, folder section5.3, files AMA-GR_COP_23_obv_BC_VIS-MA-MD2.rti 

and AMA-GR_COP_25_rvs_BC_VIS-MA-MD2.rti 
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Figure 256: Silver roman imperatorial denarius (Coin no 20). Diam. 19 mm. 

Archaeological Museum of Amphipolis. Visualization after conservation 

treatment. Digital image (top left) and RTI visualization in specular 

enhancement mode (top right) and normal map (below) (Image author’s own). 
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Figure 257: Silver coin. Possibly denarious of the family of Repousias (Coin no 

21). Diam. 17 mm . Archaeological Museum of Amphipolis. Visualization after 

conservation treatment.Digital image (top left), normal map (top right) and RTI 

visualization in specular enhancement mode (below) (Image author’s own). 
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Figure 258: Copper alloy coin (Coin no 1). Diam. 18mm.  Archaeological 

Museum of Amphipolis. Visualization after conservation treatment. Digital 

images (top) RTI visualizations in specular enhancement mode (middle) and 

normal maps (below) (Image author’s own). 
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Figure 259: Copper alloy coin (coin no 19). Archaeological Museum of 

Amphipolis. Visualization before conservation treatment Digital images (top), 

RTI visualizations in specular enhancement mode (middle) and normal maps 

(below) (Image author’s own). 

 

 

Figure 260: Copper alloy coin. (Coin no 23). Diam. 26mm.  Archaeological 

Museum of Amphipolis. Visualization before conservation treatment Digital 

image (left), RTI visualization in specular enhancement rendering mode (right) 

(Image author’s own).  
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Figure 261: Copper alloy coin (coin no 25). Diam. 26mm. Archaeological 

Museum of Amphipolis. Visualization before conservation treatment. Digital 

images (top), RTI visualizations in specular enhancement mode (middle) and 

normal maps (below) (Image author’s own). 

 

One of the most interesting findings of the numismatic RTI case study 

emerged from comparison with the RTI’s before and after treatment. Although 

the digital images of the coins before and after treatment differ considerably, 

with the latter being far more informative about the coin, this is not always the 

case for the RTI visualisations.  In cases of uniform corrosion RTI visualizations 

before cleaning succeed in revealing the surface topography of the coin. The 

comparison of pre and post treatment RTI visualization reveals minor 

differences. Post treatment digital images of the coins reveal the same data for 

coins identification with pre-treatment RTI visualizations
51

 (Figures 262-263).  

                                           

51

 See Digital Library, folder section5.3, files AMA-GR_COP_6_obv_AC_VIS-MA-MD1.rti, 

AMA-GR_COP_6_obv_BC_VIS-MA-MD1.rti, 
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Figure 262: Copper alloy coin. (Coin no 6). Diam. 18mm. Archaeological 

Museum of Amphipolis. Visualization before and after conservation treatment. 

Digital images before and after conservation (left) RTI visualizations (middle) 

and normal maps (right) (Image author’s own). 

                                           

AMA-GR_COP_6_rvs_AC_VIS-MA-MD1.rti and AMA-GR_COP_6_rvs_BC_VIS-MA-MD1.rti 
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Figure 263: Copper alloy coin (Coin no 7). Diam. 15mm. Archaeological 

Museum of Amphipolis. Visualization before and after conservation treatment. 

Digital images (top) RTI visualizations in specular enhancement mode (middle) 

and normal maps (below) (Image author’s own). 
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5.3.2.3.2 Condition reporting  

RTI not only assists identification and dating but also enhances examination 

and condition reporting of surface effects, such as corroded (Figure 264), 

pitted surfaces with encrustations - depositions and scratches (Figures 265-

266)
52

 and surface loss, caused due to ageing and/or burial or contact with 

other materials or due to conservation treatment. The most characteristic 

example of the latter is the silver roman imperatorial denarius of Julius Caesar 

minted in North Africa in 47–46 BC. The stripped, porous, rough surface, which 

was emphasised in RTI visualizations, is indicative of chemically cleaning 

(Figure 256).  

 

Figure 264: Copper ally coin (coin no 12). Diam. 18mm. Archaeological 

Museum of Amphipolis.  Visualization after conservation treatment. Digital 

images (left) and RTI visualizations (right) (Image author’s own). 

                                           

52

 See Digital Library, folder section5.3, files AMA-GR_COP_18_obv_AC_VIS-MA-MD2.rti, 

AMA-GR_COP_18_obv_BC_VIS-MA-MD2.rti and AMA-GR_COP_18_rvs_AC_VIS-MA-MD2.rti 

and AMA-GR_COP_18_rvs_BC_VIS-MA-MD2.rti 
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Figure 265: Copper ally coin (Coin no 18). Diam. 23mm. Archaeological 

Museum of Amphipolis. Visualization before conservation treatment. Digital 

image (top left), RTI visualization (top right) and normal map (below) (Image 

author’s own). 
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Figure 266: Copper ally coin (Coin no 18). Diam. 23mm. Archaeological 

Museum of Amphipolis. Visualization before conservation treatment. Digital 

image (top left) and RTI visualizations (Image author’s own) (Image author’s 

own).  
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RTI visualisations of coins from the Simmoneschi Collection (Pisa, Italy), 

available on line through the interactive kiosk 

(http://vcg.isti.cnr.it/PalazzoBlu/) developed by the CNR, gave the opportunity 

for detecting these degradation phenomena on coins via a completely virtual 

examination. Although the main idea of the developers were the opening of 

the collection to the public, the web RTI visualizations of the coins open new 

horizons for comparison of preservation and conservation treatment 

methodologies, and can act as a catalyst for an open conservation dialog 

regarding conservation and numismatics research. Characteristic examples of 

interest from a conservation condition reporting point of view were the losses, 

depositions, scratches and cracks detected in coins’ surfaces, features which 

cannot be visualised effectively in digital images (Figures 267-270).  

 

Figure 267: Silver coin, Etruscan, possibly from Luca. Diam. 22mm. The 

Simmoneschi Collection, Exh. No 27. Coin as if lighted from above (left) and 

RTI visualizations (right). RTI file available online through 

http://vcg.isti.cnr.it/PalazzoBlu/  

http://vcg.isti.cnr.it/PalazzoBlu/
http://vcg.isti.cnr.it/PalazzoBlu/
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Figure 268: Gold coin, Carthaginian series. Diam. 20mm. The Simmoneschi 

Collection, Exh. No 38. Coin as if lighted from above (top and middle) and RTI 

visualizations (below). RTI file available online through 

http://vcg.isti.cnr.it/PalazzoBlu/  

http://vcg.isti.cnr.it/PalazzoBlu/
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Figure 269: Cast bronze coin. Oval sextans. Etruscan. Diam. 29mm. The 

Simmoneschi Collection, Exh. No 30. Coin as if lighted from above (left) and 

RTI visualizations (middle, right).  RTI file available online through 

http://vcg.isti.cnr.it/PalazzoBlu/  

 

Figure 270: Cast bronze coin. Uncia. Diam. 27mm. The Simmoneschi 

Collection, Exh. No 2. Coin as if lighted from above (left) and RTI visualizations 

(right).  RTI file available online through http://vcg.isti.cnr.it/PalazzoBlu/    

 

RTI ability to underline surface variations can be helpful to the examination of 

coins, a process that may lead to interesting conclusions about various aspects 

of the coin, such as its manufacture and use. For example, enhanced RTI 

visualization can help conservators distinguish cracks among other defects, 

study their form and potentially reach conclusions about a coin’s manufacture. 

For example, it is known that surface cracking is strongly connected to 

minting. According to the bibliography, radial cracking indicates coins 

http://vcg.isti.cnr.it/PalazzoBlu/
http://vcg.isti.cnr.it/PalazzoBlu/
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hammered to shape, while crack irregularities, such as those on Figure 271, 

are considered a result of striking (Goodbrown-Brown, 1998). 

 

 

Figure 271: Copper alloy coin (coin no 3). Diam. 13mm. Archaeological 

Museum of Amphipolis. Digital images (left), RTI visualizations (middle) and 

normal maps (right) (Image author’s own). 

 

5.3.2.3.3 Conservation documentation and monitoring  

RTI visualizations of coins before cleaning documented the state of 

conservation, while those captured after conservation intervention evaluate the 

success of such a treatment
53

. The goal of numismatic conservation is to 

remove the active corrosion products, which can cause further degradation, 

even under controlled environmental conditions, in addition to revealing the 

representations and legends. This helps safeguard material integrity, and to re-

establish aesthetic values, so that the exhaustive examination of the coins’ 

surface after conservation is imperative. Hence, RTI’s ability to emphasize 

                                           

53

 See Digital Library, folder section5.3,  files AMA-GR_COP_22_rvs_AC_VIS-MA-MD2.rti, 

AMA-GR_COP_22_rvs_BC_VIS-MA-H.rti and AMA-GR_COP_23_rvs_AC_VIS-MA-MD2.rti, 

AMA-GR_COP_23_rvs_BC_VIS-MA-H.rti 
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texture is a valuable tool. For example, as shown in Figure 272-274, the 

relatively smooth surface obtained after treatment indicates that no further 

action was required, for preservation, identification or aesthetic reasons.  

 

Figure 272: Copper alloy coin of the Koinon of Macedon. Diam. 26 mm. Coin 

no 23. Reverse digital images (left) and RTI visualization (middle) and normal 

maps (right) before conservation (top) and after conservation treatment (below) 

(Image author’s own). 
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Figure 273: Copper alloy coin. Coin no 18. Diam. 23mm. Reverse. Digital 

images before and after treatment (top), RTI visualization (middle) and normal 

maps (below) (Image author’s own). 
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Figure 274: Copper alloy coin. Diam. 22 mm. Coin no 22. (Image author’s 

own). 
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Also, RTI visualizations of coins, not only pre- and post- but also during 

treatment, capture the coins’ “museum life”, an inseparable part of its 

biography, and can be used as means for cleaning monitoring and 

conservation documentation
54

 (Figure 275-276). Taking into consideration that 

RTI viewing is comparable to the original artefact examination experience, the 

object visualization in relation to time and change before, after and during 

conservation intervention is recommended. This approach befits archaeological 

and conservation ethics and succeeds in capturing the objects "non-static" 

nature. 

 

Figure 275: Copper alloy coin. Coin no 4. Diam. 17mm. Digital image before, 

during and after treatment (top) RTI visualizations (middle) and normal maps 

(below) (Image author’s own). 

                                           

54

 See Digital Library, folder section5.3, files AMA-GR_COP_4_obv_AC_VIS-MA-MD1.rti,  

AMA-GR_COP_4_obv_BC_VIS-MA-MD1.rti, AMA-GR_COP_4_obv_DC_VIS-MA-MD1.rti and 

AMA-GR_COP_5_obv_AC_VIS-MA-MD1.rti, AMA-GR_COP_5_obv_BC_VIS-MA-MD1.rti, 

AMA-GR_COP_5_obv_DC_VIS-MA-MD1.rti, AMA-GR_COP_5_rvs_AC_VIS-MA-MD1.rti, 

AMA-GR_COP_5_rvs_BC_VIS-MA-MD1.ptm and AMA-GR_COP_5_rvs_DC_VIS-MA-MD1.ptm 
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Figure 276: Copper alloy coin no 5. Diam. 22mm. Reverse (top) obverse 

(bellow). Digital images before (left), during (middle) and after mechanical 

cleaning (Image author’s own). 
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5.3.2.4 Rendering modes 

The RTI visualization may lead to images that present features different to the 

common digital images. Although this phenomenon is the power of the 

technique it does not come without its limitations. It is recommended for RTI 

users to address critically features which appear strange based on previous 

knowledge about artefacts, materials’ optical properties, damage or alteration. 

The interpretation of such features requires special attention and, if possible, 

implementation of other techniques to avoid misleading conclusions.  

There are no restrictions in the manipulation of RTI files, and every user can 

make its own discoveries, exploring the various components of artefacts. The 

crucial point in the whole process is to keep metadata for the visualizations 

produced by the software, including the *ptm and *rti general files and the 

single renderings (snapshots) from each lighting condition under each 

rendering mode employed. This approach is the logical and sophisticated 

manner of experiencing RTIs. If the metadata process is overlooked, the 

visualised digital artefact will display neither a useful nor a trustworthy version 

of the original, with limited research potential for the scientific community. 

The features included in the latest version of RTI viewer software are 

particularly helpful towards not only the annotation of RTI files but also the 

distribution of metadata about each rendering.  

The quantity of artefacts captured and the variety of material and artefacts 

types allow us to reach generic conclusions about the application of rendering 

modes in RTI visualizations. This approach does not intend to restrict the 

interactivity of the RTI by proposing specific methodologies for viewing. The 

goal is to provide general recommendations so as to lead to more efficient and 

focused RTI experiences for museum professionals. For the purposes of the 

present study each RTI was viewed initially in the default rendering view. 

According to the findings of this first inspection, attention was focussed on 

specific portions of the RTI image using zoom and pan. Then different 

rendering modes were tested in order to virtually investigate features of the 

artefacts under examination. 

In the RTI examples from the Derveni cemetery the specular enhancement 

rendering mode was used in the vast majority of material and artefacts types 
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and contributed significantly in the interpretation of RTI’s. In stone RTI 

visualisations the specular enhancement rendering mode was used for the 

improved representation of the base shape as well as for the irregularities on 

the stone surface, encrustations and depositions. In the glass alabastra the 

specular enhancement enabled better visualisation of the feather pattern. For 

ceramics it provides advanced documentation of the red-figure technique 

features, such as the relief lines, and in the case of the ceramics roundels 

enabled the visualisation of the facial characteristics. Also, it helps 

discrimination between areas with different optical properties, assisting in that 

way the differentiation of materials.  It is particularly useful for the study of 

coins. In skeletal material the specular enhancement successfully documents 

the presence of surface deformation, damage, losses and scratches. In 

documentary artefacts, and especially the Derveni Papyrus, it gave valuable 

information about the geometric characteristics and shape of the fragments.  

The specular enhancement mode was largely used in the evaluation of success 

of infrared RTI’s, because the less colour information the more objective the 

comparison between visible RGB colour and monochrome infrared RTI’s (Figure 

277). The diffuse gain rendering mode successfully underlines details. It may 

result in totally unrealistic images, which resemble drawings rather than 

photographic documentation (Figure 278).   The image unsharp masking is 

useful for the visualisation of low relief detail of manufacture evidence and 

damage. A characteristic example is its application for the visualization of 

striations in alabaster vessels and the textile imprints in metals (Figure 279).  

The coefficient unsharp masking is a very good condition reporting option as it 

emphasizes reflectivity discontinuities (Figure 280).  The luminance unsharp 

masking is useful for condition reporting and stylistic examination of artefacts 

because it underlines depth discontinuities (Figure 281).   Even in the case of 

infrared RTI, where the depth of the inner layers of artefacts are less obvious, 

luminance unsharp masking succeeds in visualizing depth variation. The 

normal unsharp masking emphasizes the geometry features and as a result it 

is valuable for the visualization of deformation and physical damage, such as 

pitted surfaces (Figure 282). The multi-light enhancement mode is useful for 

the visualization of vases and other artefacts types of complex geometry, 

where large portions of the artefact may be in shadow. But their most valuable 

contribution is in the visualization of the mounted papyrus, where the only 
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available light directions were extremely low, due to the presence of the mount 

(Figure 283). 

 

Figure 277: Incised ivory plaques visualised in RTI format in specular 

enhancement rendering mode. The value of the kd parameter is increasing 

from left to right (top), the value of the ks parameter is increasing from left to 

right (middle), the value of the N parameter is increasing from left to right 

(down) (Image author’s own). 

  



 

370 

 

 

Figure 278: Silver discs and bronze mirror detail visualised in RTI format in 

diffuse gain rendering mode. The value of the parameter gain is increasing 

from left to right (Image author’s own). 

 

Figure 279: Alabaster alabastron visualised in RTI format in image unsharp 

masking rendering mode. The value of the parameter gain is increasing from 

left to right (Image author’s own). 
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Figure 280: Red figure pelike H2, detail, visualised in RTI format in coefficient 

unsharp unsharp masking rendering mode. The value of the parameter gain is 

increasing from left to right. Infrared RTI 950nm  (top), visible (down) (Image 

author’s own). 

 

Figure 281: Red figure pelike H2, detail, visualised in RTI format in luminance 

unsharp masking rendering mode. The value of the parameter gain is 

increasing from left to right. Infrared RTI 950nm (top), visible (down) (Image 

author’s own). 
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Figure 282: Glass alabastron visualised in RTI format in normal unsharp 

masking rendering mode. The value of the parameter gain is increasing from 

left to right. Environment 25% (top), 50% (middle) and 75% (down) (Image 

author’s own). 
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Figure 283: The Derveni papyrus fragment (top) and detail of the red figure 

pelike H2 (down) visualised in RTI format. Infrared RTI. Snapshots in default 

(left) and multi-light enhancement rendering mode (right) (Image author’s 

own). 

 

5.3.2.5 Digital image processing of RTI visualizations 

Digital image processing of RTI visualizations can lead to useful illustrations 

that highlight specific features of the visualised objects. This experimentation 

was inspired by previous work on image processing (Brognara et al., 2013; 

Raskar, 2004) mental ray contours (Earl et al., 2011), maximum entropy 

calculation (Malzbender and Ordentlich, 2005), the CARE tool (see section 

2.3.3.1.1 for a discussion) and normals based illustration (Toler-Franklin et al., 

2007).   

In the coin example (Figure 284) the illustrations produced give a clear picture 

of the surface texture and may be useful for interpretation and presentation. 

Not only the legend appears even more discernible but also the surface 

anomalies due to corrosion is visualised too. The trace contour, find edges and 

the sketch filters are useful for the illustration of the legends and designs and 

surface texture (Figure 285). Find edges and trace contours filters produce 

similar effects by identifying transition areas. The difference is that find edges 
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in Photoshop emphasises edges with dark strong lines. The sketch filter 

resamples artistic sketching. For illustrations produced from coins RTI 

visualizations, the most useful features were the preservation of details and 

the adjustment of the thickness of the lines.   

  

 

Figure 284: Coin, digital image (top left), normal map (top middle), trace 

contours filter (top right), emboss filter (below left) find edges filter (below 

middle) and sketch filter (below right) RTI visualizations processed in 

Photoshop (Image author’s own). 

 

 

Figure 285: Coin, detail, trace contours filter (left), sketch filter (middle) and 

find edges filter (right). RTI visualizations processed in Photoshop (Image 

author’s own). 
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The trace contour filter creates visualizations that resemble contour maps by 

creating thin outlines in transition areas of brightness. Comparison of the 

same filtering approach applied to a digital image and RTI visualization in 

specular enhancement rendering mode demonstrates that the illustrations 

produced based on RTI are clear representations of the legend and the design 

(Figure 286). The value of filter parameter has an impact on the visualization 

produced. In case of lower values the legend and the design are more 

discernible, while increased value of the filter leads to the visualization of 

surface anomalies of lower relief detail. The former serves as a stylistic 

representation of the coin, while the latter is an illustrative representation of 

the coin’s surface including not only features useful for identification and 

dating but also features useful for the characterization of the corrosion and 

conservation state.  

 

 

Figure 286: Applying trace contours fitter to a digital image of a coin (up) and 

an RTI visualization in specular enhancement rendering mode (below). The 

value of the filter is increasing from left to right. Processed in Photoshop 

(Image author’s own). 
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The illustrative visualization of surface anomalies due to corrosion is shown in 

Figure 287, in the comparison of the visualization produced from the 

application of trace contours filter before and after cleaning. The former 

demonstrates the visualization of depositions, encrustations and other surface 

anomalies due to corrosion with lines, covering almost the whole surface of the 

coin. 

 

Figure 287: Coin, illustration produced by applying trace contour filter before 

(left) and after cleaning (right). RTI visualizations processed in Photoshop 

(Image author’s own). 

 

Find edges and trace contour filters proved to be a useful tools for the clearer 

identification of differences between digital images and RTI visualization. For 

example as discussed in section 5.3.2.2.4 in case of Faenza maiolica fragments 

RTI renderings reveal the craqueleure. Comparison of visualizations produced 

by applying the find edges filter in digital image and RTI visualization 

emphasizes the network of cracks (Figure 288). Also filtering RTI visualizations 

in the visible and infrared spectral area assists the comparative analysis of the 

artwork. For example the texture of the substrate in the IR RTI visualization 

after applying find edge and trace contours filters is emphasized by the 

horizontal lines as opposed to the smooth texture in the visible visualization. 

Using the same methodology different visualizations can be produced (Figure 

289). In addition, this stylistic representation can be used for the 

demonstration of visual analysis results because of their efficiency in 
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emphasizing details. A characteristic example is the UV induced visible 

fluorescence RTI visualization of the skyphos, shown in Figure 290. The 

application of find edges filter results in outlines of the remnants of the 

conservation materials.  These examples demonstrate that the subtractive 

illustration approach may be useful for interpretation and explanation of the 

results of multispectral RTI. Via blending and superimposing the filtered data 

with the normal RTI snapshot an illustration, stylistic representation of the 

object can be produced (Figure 291-292).  

 

Figure 288: Detail of Faenza maiolica fragment. Application of the find edges 

filter to digital image (top) and RTI visualization (below). Processed in ImageJ 

(Image author’s own). 
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Figure 289: Icon, visible (left) and IR (right). Applying find edge and trace 

contours filters to normal maps and RTI visualizations (Image author’s own).  
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Figure 290: Gnathian skyphos, detai. find edges filter Application of the find 

edges filter to digital image (left) and UV-RTI visualization  (right). Processed in 

ImageJ (Image author’s own). 

 

  

Figure 291: Silver disc, RTI Visualization (top) and blending RTI visualization 

with filtered image (right) (Image author’s own). 
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Figure 292: Derveni Papyrus fragment, detail. RTI Visualization, filtered images 

and image overlay of filtered images (clockwise from top left).  

 

The already presented examples lead to the conclusion that filtering RTI 

visualizations may be useful for documentation, analysis and demonstration 

purposes. There is a clear need of meticulous documentation of the processing 

filters applied to each illustration produced. The development of an improved 

version of RTI Viewer, with which will incorporate standard image processing 

filters will provide assistance in documentation of filtering and will provide an 

easy way to produce not only RTI visualizations but also stylistic illustrations of  

artefacts. At the same time the incorporation of filtering option to viewers in 

addition to further experimentation will enable the development of guidelines 

so as to avoid confusing illustrations.  
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5.4 PG 

5.4.1 Visualization methodology  

The quality of the photogrammetric reconstruction depends on methodology in 

relation to the characteristics of the object; including its surface properties, 

geometry and conservation state (Graph 32). The key elements of the 

methodology are the data capture and processing. These parameters will be 

analysed in the following sections.   

 

Graph 32: Parameters that influence the PG reconstruction (Graph author’s 

own). 
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5.4.1.1 Data capture 

5.4.1.1.1 Data capture strategies 

Two different data capture strategies were employed. The first one (method 1-

Figure 293) follows the recommendations of photogrammetric software, as the 

object is static, positioned on a table and the camera is moving around the 

object, capturing images from different angles which create a virtual 

hemisphere. For the second methodology (method 2-Figure 294) the object is 

moving, following a rotation movement around its vertical axis and the camera 

is static. After a complete rotation the camera is positioned on an angle and 

the object is again moving around its axis.  

 

Figure 293: Schematic representation of method 1. The camera is moving 

around the object resulting in two different views of artefact (Image author’s 

own). 

 

Figure 294: Schematic representation of method 2. The camera is static and 

the object is moving around its axis (Image author’s own). 
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Method 2 is an easier and faster data capture approach but it is not feasible in 

all objects. Method 2 is proposed in the case of materials that can be moved or 

rotated easily and with safety, meaning not extremely fragile and with a centre 

of mass at a relatively low height. It is highly recommended in case of 

reflective objects, as the option to perform capture in a controlled environment 

provides a high quality dataset.  Method 1 is recommended in case of materials 

that cannot be moved or rotated easily, such as very large or fragile objects.  

Graph 33 presents a flow chart for choosing the appropriate data capture 

strategy based on the already mentioned criteria, mainly the size, fragility and 

optical properties of the object.  

Is the object difficult to 
move?

Method 1

Method 2

Is the centre of mass in a low 
height in the volume of the 

object?

Is the surface reflective?

yes

yes

yes

no

no

no

 

Graph 33: Flowchart for choosing the appropriate methodology for PG based 

on objects properties (Graph author’s own) 
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In order to capture the base of the object all the images can be processed 

together in the photogrammetric software. The base of the object can be 

captured by position it upside down (method 2-a). A compromise is to turn the 

object on its side and place it on a foam stand in order to support the object 

(method 2-b) (Figure 295).  One should take in to consideration the geometric 

complexity of each object, in order to decide the capture strategy. Table 13 

recommends the most appropriate data strategy for common vessel shapes.  

. 

Figure 295: Data capture of an amphora fragment following method 2-a (top) 

and 2-b (below) (Image author’s own). 

 

Table 13: Recommendations for choosing the appropriate methodology based 

on most common shapes of vessels and vases. 

Method 1 Method2-a Method2-b 

Large vessels (e.g. 

amphoras) 

Lebes gamikos 

Loutrophoros  

 

Stamnos 

Bell, column and calyx crater  

Skyphos 

Kantharos 

Phiale 

Plate 

Lekanis 

Pyxis (opened) 

Pelike 

Hydriai 

Volume Krater 

Oinochoe 

Choes 

Lekythos 

Alabastron 

Askos 

Pyxis (closed) 

Phyton  
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Two datasets, quantitatively and qualitatively similar, were captured following 

methods 1 and 2.  After image alignment in Agisoft photoscan the camera 

distribution for method 2 is more structured (Figure 296). Method 1 results in 

a lower quality reconstruction, as it fails to visualize the surface texture. For 

example, in the front side of the vessel model 1, the texture appears too 

rough, while on the bottom the labels are not visible (Figures 297-298). 

 

Figure 296: Camera distribution for mehod 1 (left) and method 2 (right) (Image 

author’s own). 

 

Figure 297: Comparison of method 1 (left) and method 2 (right) 

reconstructions, front side of the vessel (Image author’s own). 

 

Figure 298: Comparison of method 1 (left) and method 2 (right) 

reconstructions. Base of the vessel (Image author’s own). 
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5.4.1.1.2 Lighting  

Lighting is a crucial parameter in photogrammetry, and capturing images in a 

controlled lighting environment is preferred. Sudden changes in lighting 

between captures diminish the quality of the model. This is of great 

significance in case of reflective materials, such as glazed ceramic surfaces, 

because the reflections on the black glaze on the images results in 

unacceptable models, particularly in terms of geometry. Among the most 

common problems are the creation of models with large holes and unrealistic 

texture.   

Gnathian pottery is a characteristic style which presents a reflective appearance 

because of the presence of black glaze. Gnathia pottery, named after the large 

quantities of it found in Egrazia, Apulia, Southern Italy, during the late fourth 

to the early third century BC, has a distinctive decoration pattern with 

geometric and floral motifs (vine pattern) including grapes, leaves, and tendrils 

produced by added colour over the black glaze, and sometimes incisions.  

A Corinthian-type gnathian skyphos, a deep bodied drinking cup with a plain 

rim, low foot and two horizontal handles below the rim, was used as a case 

study. On one side there is a band of white egg-pattern on the rim, and below 

this is a band of wavy lines also in white, a row of white dots and a red stem 

followed by a highly stylized grapevine pattern. The back side features a single 

white wreath with an incised stem. It belongs to the middle-late Gnathian style. 

It might be work of the Knudsen group because of its shape and decoration 

scheme. The absence of tendrils and leaves from the upper side of the red 

stem, as well as the total separation of the vine and the stem, are characteristic 

of the work of Knudsen group according to Green (2001).   

The skyphos was captured using method 2 with and without a soft box. Both 

datasets were processed using the same settings.  Comparison of models 

captured with and without the soft box reveals that the former is a better 

method in for reflective materials. In the resulting model without soft box the 

details from the painted and incised decoration on the upper body, close to the 

rim, are not visualised, the texture appears rough and unrealistic and there are 

areas with holes on the lower part of the body. However, geometry and surface 
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detail decoration features are visible in the model, when a soft box was used 

(Figure 299).  

 

Figure 299: Ganthian skyphos, detail, renderings from PG models created 

following method 2 with (right) and without (left) soft box (Image author’s 

own).  

5.4.1.1.3 Microscopic PG 

The data capture is based on the methodologies described in the previous 

section. In case of normal microscopes equipped with a camera only method 2 

can be used. This requires handling of the object under the microscope lenses, 

which is difficult in practical terms because of the small size. Moreover, it is 

highly likely for the samples to be fragile and not able to withstand such 

manipulation. In order to overcome the already mentioned disadvantage of 

normal microscopes, the use of USB microscopes is recommended. A set of 

images can be captured by simply moving the USB microscope around the area 

to be captured. This is a demanding process because some camera positions 

may be overlooked and images may be blurry due to the manual movement. 

USB microscopes equipped with touch sensitive buttons can be useful.  

Preferably the microscope can be attached to a stand with vertical and 

horizontal adjustment and rotation capability. The AM211 Dino-Lite USB 

microscope has been used for testing this methodology, as well as a backlight 

pad and a stand (Figure 300).  Modern versions of USB microscopes include 

useful features for microscopic photogrammetry, such as the adjustable 

polarization for suppressing glare from reflective materials and switchable LED 
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lights, and come with resolution of up to 5 megapixel and magnification of up 

to 500x magnification.  

 

Figure 300: USB microscope stands for easy micro PG data capture (top). USB 

microscope, stand and light pad used (below) Available from: http://www.dino-

lite.com/web/index.html  

5.4.1.1.4 Multispectral PG 

Multispectral photogrammetry combines the ability of multispectral imaging to 

reveal features beyond the visible with the 3d modelling capabilities of 

photogrammetry. Data capture can be completed using a modified UV-VIS-IR 

dslr camera, adequate filters and radiation sources.  

5.4.1.1.5 Transmitted PG 

Transmitted photogrammetry combines the results of trans illumination and 

trans irradiation with the 3d modelling capabilities of photogrammetry. For 

trans illumination data capture, the object is placed on a light table and the 

acquisition can be completed following the basic methodology. 

http://www.dino-lite.com/web/index.html
http://www.dino-lite.com/web/index.html
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5.4.1.2 Processing  

5.4.1.2.1 Pre-processing  

Features depicted in the background of the images are processed while the 

point cloud is being built. Although these features can be subtracted from the 

model during processing in Agisoft photoscan software using masks, pre-

processing of images and in particular removing the background of images 

using appropriate software (e.g. Photoshop, Corel etc.) is recommended. This 

pre-processing facilitates easier use of masks at a later stage of processing 

because the user can select the areas easily. Sometimes after pre-processing 

the use of masks becomes unnecessary. Models created without pre-

processing of images require post processing. This procedure is laborious and 

the precise deletion of unnecessary data is difficult.  

5.4.1.2.2 General workflow 

Images are aligned based on common points found on images. A sparse point 

cloud and the camera positions are computed. The user can inspect the 

distribution of images around the object. In case of incorrect alignment the 

user can choose to realign the photos, indicating a set of correctly aligned 

images. The next step is the computation of the dense point cloud and the 

reconstruction of the geometry. Finally, texture is built and the object is ready 

to be exported or viewed (Figure 301). The process of PG reconstruction is 

represented in Graph 34.   

 

    

Figure 301: 3d reconstruction workflow (Image author’s own). 
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Graph 34: Open Provenance Graph for PG (Graph author’s own). 

 



   

391 

 

5.4.1.2.3 Impact of processing quality and number of images  

Nine reconstructions were created for the kantharos at different processing 

settings (low, medium, high) and with different number of input images (41, 

67 and 108 images)
55

. Red colour was used for the renderings of low quantity 

datasets, green for medium quantity and blue for large datasets. Darker 

colours were used for high quality processing, lighter tones for medium quality 

and pale tones for low quality (Table 14).  As expected, the quality of the 

model is enhanced with the ascending number of images and the use of high 

quality settings in processing. As shown in Graph 35, the use of high quality 

settings has a tremendous impact on the point cloud of the reconstructed 

model. The use of high quality settings tends to reconstruct point clouds up to 

4 times more dense than medium quality settings.  

Although these findings were expected based on software recommendations 

and previous work, no attempt has been made so far towards the evaluation of 

photogrammetic reconstruction for conservation purposes.  

Table 14: Number of images, quality settings and colour coding for the PG 

reconstructed 9 models. 

                                           

55

 See Digital Library, folder section 5.4, files USOU-UK-CER-KA_high settings_41 

images.psz, USOU-UK-CER-KA_high settings_67 images.psz, USOU-UK-CER-KA_high 

settings_108 images.psz, USOU-UK-CER-KA_low settings_41 images.psz, USOU-UK-CER-

KA_low settings_67 images.psz, USOU-UK-CER-KA_low settings_108 images.psz, USOU-

UK-CER-KA_medium settings_41 images.psz, USOU-UK-CER-KA_medium settings_67 

images.psz, USOU-UK-CER-KA_medium settings_108 images.psz 

Model No No of images Quality Pseudo-colour in NPR renderings 

1 41 low  

4 Medium  

7 High  

2 67 low  

5 Medium  

8 High  

3 108 low  

6 Medium  

9 High  
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Graph 35: The point cloud density of the nine models reconstructed at low, 

medium and high quality settings with datasets of 41, 67 and 108 images 

(Graph author’s own).  

All datasets were aligned correctly, apart from a dataset of a limited number of 

images processed at low quality settings (model 1). The geometry was poorly 

represented in low quality models (models 2 and 3). For example, the chip 

missing from the base is not visible and the handle is not reconstructed 

accurately. Only an indication of the join which goes vertically down the rim is 

observable. In medium quality settings the representation of the geometry was 

acceptable but fine surface topography is not visualised (models 4-6). When 

high quality settings were used the texture can be reconstructed even with a 

limited number of images (model 7). Of course the use of complete datasets 

provides the opportunity to detect minor details (models 8-9). From visual 

comparison there are slight differences between the model reconstructed from 

67 and 41 images in medium quality settings (model 5 and 6). Also the models 
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of 67 and 41 images at high quality settings are quite similar (model 8 and 9) 

(Figure 302-Figure 304).   

 

Figure 302: The nine models, renderings in 3ds max, top views. The colour key 

is presented in Table 2 (Image author’s own). 

 

Figure 303: The nine models, renderings in 3ds max, bottom views. The colour 

key is presented in Table 2 (Image author’s own). 



 

394 

 

 

Figure 304: The nine models, renderings in 3ds max, side views. The colour 

key is presented in Table 2 (Image author’s own). 

In general high quality models provide a clear representation of surface shape 

and texture. They are useful for conservation documentation, examination and 

monitoring purposes, when the visualization of detail is of great importance. 

When this kind of visualization is not considered necessary and a simple 

representation of the geometry of the vessel is adequate, such as shape based 

typology studies, medium quality settings can be used for the reconstruction, 

so as to save processing time, computational power and storage. These are 

general purpose models useful for archaeological visualization and 

dissemination. Finally, models reconstructed at low quality settings are of 

limited use in the archaeology and cultural heritage sector.   

5.4.1.2.4 Texture generation  

Four main options are available for texture mapping; generic, orthophoto 

(texture generation based on orthographic projection), single photo (texture 

generation based on one photo) and keep uv (texture generation based on 

current parameterization). Apart from the texture generation parameters 

already discussed, Agisoft software provides the opportunity to choose from a 

list of different blending modes of the images for the generation of the texture 

atlas, such as mosaic, average , min and max intensity and spherical. In the 

Mosaic mode the software uses the most appropriate photo for texture 
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mapping while in the Average mode it uses the average value of all pixels from 

individual photos. In mix and max intensity the pixels of minimum and 

maximum intensity are selected respectively. In the spherical mode the 

software maps the texture assuming that the object has a spherical shape.  

Single and keep uv texture mapping options result in problematic and 

incomplete texture generation and are therefore inappropriate. Generic and 

orthophoto provide a complete texture mapping, with the former considered 

the most appropriate for ceramics, because of their circular shape. 

Comparative examination of generic and orthophoto texture generation of an 

incomplete medieval jug from Southampton demonstrates that the former is a 

better approach, and reveals the problems occurred due to orthographic 

projection on the ceramic. In particular false texture was generated for the 

interior and the base of the vessel (Figure 305). Experimentation reveals that 

the best option for blending was the mosaic and the average mode. Although 

there are slight differences, the former proved to be the most accurate option 

for blending mode (Figure 306). Spherical, min and max intensity lead to 

unacceptable results (Figure 307-Figure 308). 

 

Figure 305: comparison of generic left and orthophoto right. In the orthophoto 

false texture generation is evident in the interior (1) and the base (2) of the 

vessel (Image author’s own). 
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Figure 306: Rendering in 3ds max of incomplete medieval jug with generic 

average (left) and mosaic (right) blending mode (Image author’s own). 
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Figure 307: Rendering in 3ds max of incomplete medieval jug with generic 

spherical texture generation.  Arrow indicates area of false texture generation 

(Image author’s own).   

  

Figure 308: Rendering in 3ds max of incomplete medieval jug with max (left) 

min (right) intensity. Unrealistic colour visualization (Image author’s own). 
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5.4.2 Results and discussion
56

 

5.4.2.1 Paintings 

A canvas tester used as a case study for RTI experimentations (section 

5.3.2.1.2) was used for the experimentation on PG. The, normal, infrared, trans 

illumination, trans irradiation and microscopic PG methodologies were applied.  

In the normal PG model the variation on the texture of the canvas is visualised 

and the individual brush strokes of the writings can be identified in the mesh 

model (Figure 309).  Capturing a PG dataset when the object is placed on a 

light table provides us with a series of transmitted images, where the brush 

strokes and the writing appear emphasized. Similarly, in the resulting model 

both the writings and the application of colour are more discernible (Figure 

310). The main features revealed in the IR image of the testers were the 

texture of the canvas and the legibility of the writing. The same features are 

detectable in the PG model in the IR spectral area (Figure 311). The tester was 

also captured under trans irradiation and the legibility of the writings is 

enhanced in the resulting model, as happens in the still images (Figure 312). A 

detail was also captured using a USB microscope leading to the detailed 3d 

reconstruction of a small area of the tester, which revealed features such as 

cracqueleure, and tiny losses at the level of millimetres, difficult to visualise 

using macroscopic means (Figure 313).  
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 See Digital Library, folder section 5.4 
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Figure 309: Tester 3, 

normal PG renderings 

(Image author’s own). 

 

 

 

Figure 310: Tester 3, 

trans illumination PG 

renderings (Image 

author’s own). 

 

 

 

 

 

Figure 311: Tester 3, 

IR PG renderings 

(Image author’s own). 

    

 

 

 

 

Figure 312: Tester 3, 

trans irradiation PG 

renderings (Image 

author’s own). 
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Figure 313: Detail of Tester 3. Micro-PG, renderings of mesh and textured PG 

model (middle and below). Normal PG model (top left) and microphotograph 

(top right) (Image author’s own). 
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The four models were compared based on the  readability of the writing, the 

visualization of the substrate and the painting layer.  The writing is legible in 

all the models, but it appears to be emphasized in those captured under 

transmitted light. This is evident in the comparison of the mesh models, where 

the relief detail of the writing is emphasized in the trans-illuminated model. 

Not only the surface topography, but also the comparison of the textured 

models leads to this conclusion. In particular, the trans irradiation models 

provide the best results because of the contrast between the carbon black 

pigment used for the writings, which appear opaque in the infrared, and the 

red pigment which appears transparent (Figure 314). 

 

 

Figure 314: Tester 3, comparison of writing legibility, clockwise from top left, 

normal model, IR-model, trans irradiation and trans illumination model. Colour 

renderings (Image author’s own). 
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The substrate was visualised more effectively in the reflected IR model. The 

canvas texture is emphasized as the infrared radiation penetrates the colour 

layer.  An indication is also given by the other models (Figure 315). 

The painting strokes appear clearly in the normal model, but the trans 

illumination enables a more complete study. The application of colour can be 

examined through the differences of the width of the painting layer.  Moreover, 

the trans illumination reveals the cracking of the paint layer. The IR model 

does not provide any detail about the painting stokes, as they appear only as 

shadows (Figures 316-317).  

 

Still imaging can provide evidence for the study of the features already 

described, but their visualization in 3d space offers opportunities for enhanced 

study and advanced documentation by providing an improved representation 

of the three dimensionality of the painting surface. Results are summarised in 

Table 15. 

 

 

Figure 315: Tester 3, comparison of writing legibility, clockwise from top left, 

normal model, IR-model, trans irradiation and trans illumination model. 

Greyscale renderings (Image author’s own).  
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Figure 316: Tester 3, comparison of the substrate visualization in normal (left) 

and IR (right) PG models (Image author’s own). 

 

 

Figure 317: Tester 3, comparison of writing legibility, clockwise from top left, 

normal model, IR-model, trans irradiation and trans illumination model. 

Greyscale renderings (Image author’s own). 
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Table 15: Summary results for the PG capture of tester 3. Deeper tones of 

colour represent higher efficiency.  

 DETECTION 

OF THE 

OVERPAINTED 

WRITING  

MATERIALS AND TEXHNIQUES CONDITION 

REPORTING  

SUBSTRATE 

VISUALIZATION 

STROKES 

DETECTION 

IMPASTO CRAQUELURE LOSSES 

NORMAL       

NORMAL 

MICROSCOPIC 

      

REFLECTED IR       

TRANS VISIBLE       

TRANS IR       

 

5.4.2.2 Archaeological materials  

5.4.2.2.1 Ceramics  

In case of the amphora fragment and the geometric kantharos it was easy to 

capture appropriate data for 3d model reconstruction as the optical properties 

of the material are ideal, meaning the textured, not shiny surface of coarse 

ceramic ware. Although the objects have complex shapes handling was easy 

due to their stable state and reasonable size.  As a result method 2 was 

preferred for data capture. For the amphora, in order to acquire a complete 

dataset of images all over the object, foam was used for positioning the object 

at the correct position. In total 169 images were captured for the amphora and 

108 for the kantharos. Before loading the photos pre-processing is 

recommended so as to delete unwanted background in Photoshop. Processing 

uncompressed images is preferred but the necessary processing time and 

computational power needed is significantly higher. In order to overcome this 

problem the images were processed in JPG format. The photos were aligned 

successfully (Figures 318-319).  
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Figure 318: Amphora processing phase, cameras orientation, Agisoft 

Photoscan screenshots (Image author’s own). 

 

Figure 319: Amphora processing phases, sparse and dense point cloud (top) 

mesh and textured model (below). Agisoft Photoscan screenshots (Image 

author’s own). 
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Contrary to the kantharos and the amphora, the skyphos surface is shiny 

because of the presence of black glaze, so it was captured with a soft box. 

Instead of pre-processing there is the option to apply masks in the 

photogrammetry software so as to avoid confusion of images and incorrect 

reconstructions. Finally, after masking, 102 images were aligned successfully 

(Figures 320-321).  

 

 

Figure 320: Skyphos processing, masking of image in Agisoft Photoscan, 

camera orientation, Agisoft Photoscan screenshots (Image author’s own). 

 

 

Figure 321: Skyphos processing, mesh and dense point cloud. Agisoft 

Photoscan screenshots (Image author’s own). 
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3d models of the vessels reveal losses, not only in case of missing parts but 

also abrasion and flaking. Other processes responsible for losses, such as 

spalling (a surface degradation in which tiny particles detach and fall off) or 

pigmentation cannot be detected.  However, this type of degradation will be 

recognizable by the differentiation in texture. Alterations and surface damage 

such as pits, chips, craquellere, scratches and cracks are easily detectable. The 

presence of stains causing discoloration of surfaces can be noticed, but it 

should not be compared by the differentiations in colour introduced by poor 

lighting during data capture.  The presence of foreign material on surfaces in 

the form of accretions, depositions, and efflorescence is distinguishable. Also, 

the remains of conservation materials may be noticeable. Manufacture 

evidence can be revealed, such as maker’s marks, usually fingerprints in the 

area of the handles, inclusions and burnish marks, imperfections in the gloss 

occurred due to uneven, either too low or too high temperature in the kiln 

(Figures 322-324).  

 

Figure 322: Amphora fragment, renderings of textured and mesh PG 3d 

models (Image author’s own). 
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Figure 323: Geometric kantharos, renderings of textured and mesh PG 3d 

models (Image author’s own). 

 

Figure 324: Detail of gnathian skyphos, renderings of textured and mesh PG 

3d models (Image author’s own). 



   

409 

 

Analysis of the results from virtual examination of 4 ceramic vessels reveals 

that the features that occurred mostly and were observed in the PG models 

were the old labelling, manufacture evidence and decoration details. Moreover 

characteristic alterations and/or damages were recorded such as chipped, 

discoloured-stained surfaces with deposits-encrustations at a flaking state, as 

well as abrasions, inclusions, losses, split/fractured and cracked objects. To a 

lesser extend accretions, fingerprints, scratches and disjoined fragments were 

observed.  

The disadvantages of 3d models regarding conservation examination of 

ceramics are relevant to material aspects other than the optical properties. 

Characteristic examples are the weight, temperature and humidity of the 

object, which indicate the condition of the artefact and can’t be accessed 

virtually. In addition, the instability is among the features that cannot be 

accessed virtually. Physical contact is necessary so as to lead to sound 

conclusions regarding weak joins and similar features.  In case of objects 

captured using a soft-box approach the reflectivity of the surface is not 

visualised accurately. The PG models of both gnathian vessels appear 

unrealistically dull and it is difficult to define the severity of loss of lustre, 

which is an alteration-damage feature that should be recorded and taken under 

consideration in visual analysis.  

In the geometric kantharos areas which were originally painted, even if the 

colour is totally lost, appear slightly differentiated in texture and colour in the 

visible spectral area. However, this differentiation is more vivid in the infrared, 

as well as the faded painted designs, which appear to be emphasized. The 

infrared model of the pot enables an enhanced method for examination, not 

only because of the advanced legibility of the designs, but also because of the 

ability to study them in a 3d space (Figures 325-326). 
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Figure 325: Detail of geometric kantharos, visible (top) desaturated (middle) 

and IR image (below) (Image author’s own). 

 



   

411 

 

 

Figure 326: Comparison of renderings of 3d model of geometric kantharos in 

the IR (left) and visible (right) spectral region (Image author’s own). 

 

5.4.2.2.2 Glass  

Interaction between light and glass causes a combination of optical 

phenomena; refraction, transmission and reflection of light. As a result it is 

impossible to calculate the camera alignment and reconstruct the model. The 

solution proposed for data capture of other reflected surfaces with the soft box 

proved to be insufficient in the case of glass. The resulting models are 

unacceptable.  
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5.4.2.2.3 Metal  

The iron sundial fragment is very fragile and it is highly likely to further 

deteriorate if it is turned upside down. Moreover, the other part of the sundial 

is the chalk material, applied for secure lifting, which is of low importance for 

the study of the object. For these reasons, only one side was captured using 

method 1 (Figure 327). 

 

Figure 327: Sundial processing phases (clockwise from top left) camera 

orientation, point cloud, mesh and textured model (Image author’s own). 

 

For the coin microscopic data capture was tested and gave results of low 

quality. Problems encountered during the data capture were the uncontrollable 

lighting conditions, as the microscope lights couldn’t be turned off in this 

specific USB microscope model, and because the movement of the microscope 

caused blurring in a number of images (Figures 328-329). 
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Figure 328: Microscopic PG phases (from left to right) point cloud, mesh and 

textured model (Image author’s own). 

 

 

Figure 329: Microphotographs, silver coin, detail, captured with microscope 

lights on (left) and off (right) (Image author’s own).   

 

Via virtual examination of metals many forms of corrosion damage can be 

identified. In general 3d models can successfully visualise general corrosion, as 

identified by the presence of uniform rust as well as other forms of patination 

such a tarnishing, dulling, staining or discoloration. Localised corrosion, 

usually appearing in the form of pitting which penetrates into the metal, is 

identifiable as well. Similarly, crevices can be observed, in particular when they 

are associated with solids deposited on a surface, a phenomenon usually 

referred to as deposit attack. Environment assisted cracking corrosion 
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phenomena in the form of stress corrosion cracking are observable.  In case of 

the sundial the 3d model successfully visualises both physical and chemical 

damage. The features observed were the following (Figure 330):  

 Cracks and distortions,  

 discoloured- stained surface, 

 deposits-encrustations and accretions,  

 faking/delamination, 

 decoration-incisions (partly visible), 

 missing parts-losses and  

 local corrosion. 

 

 

Figure 330: Renderings from PG model of sundial fragment (Image author’s 

own). 
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5.4.2.2.4 Stone  

Data capture was performed according to method 2. The lighting conditions 

were uncontrollable, including open windows and a number of artificial lighting 

sources in the room (Figure 331). For drum 3 a large number of images (144) 

were captured, and a further 108 for drum 2. An initial attempt to align the 

images without pre-processing or masking resulted in incomplete 

reconstruction. The main issue was the misalignment of the images from the 

base (Figure 332).  A second attempt to align the images after masking proved 

to be successful. Areas with reflection were masked so as to avoid unrealistic 

reconstruction. The results were acceptable (Figure 333). 

 

Figure 331: image captured under uncontrollable lighting in the British 

Museum (Image author’s own). 

 

Figure 332: Misalignment of the images from the base (Image author’s own). 
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Figure 333: Drum 3 processing phases (Image author’s own). 

 

Via virtual examination loss of stone material can be detected. Selective 

weathering is observable because of the morphological changes introduced. 

For example the distinctive patterns of alveolar weathering and pitting can be 

easily differentiated.  Also, anthropogenic impact weathering, such as 

scratches, can be located. Discoloration, soiling and encrustation are among 

the phenomena that can be identified. In the Folkton drums models of the 

following phenomena were observable (Figure 334):  

 old labelling,  

 manufacture evidence,  

 decoration,   

 scratches,  

 discoloured-stained surface, 

 chipped areas-losses 

 pitting and 

 material interface damage.  
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Figure 334: Renderings from PG models of Folkton Drums No 2 and 3 (Image 

author’s own). 

 

5.4.2.2.5 Textile 

The textile was captured with method 1 because it is too fragile to withstand 

any manipulation and handling. Data capture was performed both with and 

without back light. The microscopic PG models of the textile, similar to the 

coins one, cannot be used for virtual conservation assessment, as the texture 

is poorly visualised resulting in unrealistic reconstructions, mainly due to the 

combination of reflectivity and uncontrollable lighting conditions during 

capture.  
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5.4.2.3 Digital image processing  

Another advantage is the opportunity to create illustrations, profiles and 

sections much easier than following the conventional approaches. Different 

forms of visualization for sections of vessels can be produced in 3ds max and 

other similar 3d software (Figure 335) while further processing of these 

renderings can result in illustrations similar to the traditional ones (Figure 

336). Also, the opportunity to perform dimensional study of the artefact is an 

enhanced option compare to 2d approaches, even in areas which are difficult 

or impossible to measure (Figure 337). The ease of use and the productions of 

detailed illustration which would be impossible using other methods can be 

demonstrated in the case study of the sundial. The deformation of the object is 

visible in the profile and section illustration, which are produced simply by the 

application of a slicing tool (Figure 338).     

 

Figure 335: Illustrations for section of geometric cantharos created in 3ds max 

based on the PG 3d model (Image author’s own). 



   

419 

 

 

 

Figure 336: Illustrations created from PG 3d model, Neo-punic Amphora 

fragment (Image author’s own). 
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Figure 337: Dimensional analysis based on 3D model. The height (top) the 

diameter (below) of the foot of the skyphos is 0.01 and 0.026m respectively 

(Image author’s own).  
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Figure 338: Side view and section of sundial showing the deformation of the 

object (Image author’s own).  
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5.4.2.4 Virtual reconstruction 

3d digitised artefacts can lead to virtual reconstruction using 3d modelling 

techniques (see section 2.3.2.2). Depending on the type of the reconstruction, 

the resulting models find various uses (see 4.4.1). For example the non-

photorealistic rendering of the virtually restored skyphos shown in Figure 339, 

can be useful for treatment proposals and documentation, as it emphasizes the 

new additions.  

 

Figure 339: Virtual reconstruction of gnathian skyphos. Non-photorealistic 

rendering created in 3ds Max. The new additions were rendered in red, yellow 

and green (Image author’s own).  

 

Beyond documentation, virtual reconstruction assists in case of difficult 

remedial conservation operations. In the case of the amphora the physical 

restoration would be time-consuming because of the size and the large area 

that needs to be restored. After classification of the fragment (Figure 340), via 

3d modelling, the missing area can be designed so as to match the geometry 

of the original ceramic material (Figure 341).  In case of symmetrical features 

replication is extremely easy in 3d software (Figure 342).  By applying an 

appropriate material to the replicated part, the final virtual reconstruction, 

shown in Figure 343, represents the object as if it has been physically restored. 
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Figure 340: Van der Werff 2 Amphora type. Image retrieved from the digital 

resource of Roman Amphora of the University of Southampton 

 

Figure 341: Virtual reconstruction of the amphora, detail. Non-photorealistic 

rendering created in 3ds Max (Image author’s own). 
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Figure 342: Virtual reconstruction of the amphora handle, detail. Rendered in 

3ds Max (Image author’s own).   

 

Figure 343: Virtual reconstruction of the amphora, rendered in 3ds Max (Image 

author’s own).  
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For the purposes of the present study two vessels of similar type (chous) were 

3d digitised using PG. Both have plump shape, a trefoil mouth and a single 

handle. The one is incomplete and the other is complete (Figure 344). Via 3d 

modelling the handle of the complete vessel can be virtually removed, scaled 

and attached to the incomplete vessel (Figure 345). In order to represent the 

chous as if it was complete not only the geometry but also the materials need 

to be reconstructed. This process is similar to conventional restoration 

operation, but easier to execute. The material of the body was replicated and 

applied to the handle, resulting in the final virtual reconstruction of the chous 

(Figure 346). More advanced application of 3d modelling and virtual 

reconstruction are discussed in Chapter 6.  

 

Figure 344: Chous with a missing handle (left) complete chous (right). 

Renderings created in 3ds Max (Image author’s own). 

 

Figure 345: Attachment of handle from complete chous (Image author’s own). 
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Figure 346: Virtually restored chous. Renderings created in 3ds Max (Image 

author’s own). 

 

5.5 Evaluation  

Simple visual comparison gives a general idea about the application of RTI and 

PG.  The use of a formalised evaluation methodology assists the analysis of 

results, and can potentially help in defining the effectiveness and the limitation 

of the techniques, and lead to safe conclusions based on the collected data 

regarding their application in conservation. In order to set up an evaluation 

framework the criteria-parameters and the sample that will be used needs to 

be determined.  

5.5.1 The evaluation framework 

The objects visualised for the purposes of the present study were used as a 

sample for the evaluation. The deterioration of different material types is 

related to physical damage and chemical deterioration, and can take various 

forms under the influence of air pollution, salts, and bio-deterioration. The 

colour, texture and morphology of surfaces can be associated to known 

degradation phenomena and corrosion types. A long list of features is 

observable offering valuable information for an objects’ characterization. The 

most common phenomena observed on materials are categorised based on the 

differentiation in colour and other optical properties, the geometry and the 

texture morphology (Table 16).   
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For the numismatics case study the set of parameters was carefully selected so 

as to cover this specific field of study. In addition to the parameters relevant to 

corrosion and damage of metals, a set of criteria were applied for 

identification, manufacture and use evidence. The readability of the legend and 

the enhancement of the design were the identification criteria used. The 

manufacture parameters seek to identify relevant evidence, such as the striking 

angle. Further analysis of the observed features can reveal information about 

the previous treatments as well as use evidence (Table 17).  

For the painted surfaces the selected parameters for the evaluation are based 

on stratigraphy; the varnish, paint layer and substrate, and they include 

features related to physical damaged already mentioned in the general 

evaluation parameters.   
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Table 16: Common features observed on objects related to degradation effects 

and categorization according to alterations in colour, optical properties, 

geometry and/or texture 

Features Alterations   

Corrosion, Soiled surface, Formation of 

corrosion products, Salts efflorescence 

Colour, Other optical properties, 

Geometry, Texture 

Delamination, Disjoined, Glue failure, Pustules 

of corrosion, warty corrosion 

Geometry, Texture 

Abrasion-scratches, Accretions-depositions-

crusts, Bronze disease or localised chloride 

corrosion, Manufacture evidence, Mould 

Colour, Other optical properties 

Texture 

Decoration /stratigraphy, Material interface 

damage 

Colour, Texture 

Adhesive residue, Dirty/dusty/ Superficial 

dirt/dulling/loss of lustre, Iridescence, 

Tarnishing 

Colour, Other optical properties 

Discoloured-Stained-Faded-Yellowed Colour 

Friable – Powdery, Loss, Restoration materials’ 

remains,  Rough surface, weeping surface 

Other optical properties, texture 

Break/ Split / Fracture, Brittle/ embrittled, 

Cracks, Distorted, Severe loss-fragmentation, 

Spalling - break up and detachment of 

fragments into wedges and flakes 

Geometry 

Fingerprints, Flaking, Grazed, Holes/pitting, 

Stripping - early treatments, Blistered 

surfaces, Crumbly disintegration 

Texture 
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Table 17: Features selected for the evaluation of numismatics virtual visual 

analysis  

FEATURES      KEY 

IDENTIFICATION  LG 

DS 

LG=LEGEND  

DS=DESIGN 

AM=ADDITION OF NEW 

MATERIAL 

ENC=ENCRUSTATION 

DP=DEPOSITIONS 

AC=ACCRETIONS 

UC=UNIFORM 

CORROSION 

LC=LOCAL 

CORROSION 

AC= ACTIVE 

CORROSION 

ML=MATERIAL LOSS 

FL=FLAKING 

PT=PITTING 

CR=CRACKS 

SC=SCRATCHES 

WA=WARTS 

MD=MINOR 

DEFORMATIONS 

ST=STRIKING 

EVIDEVCE 

MAD=MAJOR 

DEFORMATIONS 

WA=WARTS 

ADDITION OF 

MATERIAL 

ENC 

DP 

CORROSION AC 

UC 

LC 

AC 

WA 

MATERIAL LOSS FL 

PT 

ML 

DEFORMATION MD 

MAD 

CR 

SC 

STRIKING  ST 

 

Although the sample collected is large, especially for RTI evaluation, and the 

criteria are carefully selected, it is impossible to cover all the possible cases, 

due to the uniqueness of finds. No one artefact is exactly like another one. 

Moreover, the process of evaluation of virtual visual analysis is to a certain 

extent subjective, depending on the evaluator, and similar to conventional 

visual analysis. It should be noted that sometimes artefacts may look perfectly 

sound to the naked eye, while below the surface the material has lost its 

cohesion. Also, the inherent instability and odour of objects cannot be 

assessed virtually via digital representations. These features may exist but are 

not detectable using virtual visual analysis.  
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5.5.2 Evaluation results  

Discolouration and stains as well as labelling are easily observable via PG. Loss 

of lustre is not as easily detectable, in cases when the dataset was captured 

using the soft box approach, such as the black glazed pottery. Decoration and 

manufacture evidence, such as fingerprints, can be examined virtually. Damage 

and other features that take the form of geometric transformation is visualised 

effectively, such as splits-fractures, missing parts, losses, holes, distortions 

and disjoins. Chipped and cracked objects are also well represented in PG 

models, as well as abrasions and inclusions. Similarly, deposits, encrustations 

and corrosion, especially in the form of localised corrosion, can be examined 

virtually. In addition, adhesive residues and material interface damage are 

among the features that can be visualised perfectly in 3d models. Scratches, 

flaking and delamination can be detected, depending on the extent of damage.  

This evaluation is based on PG 3d models reconstructed from complete 

datasets using high quality processing. The results are summarised in Table 

18. Further analysis indicates that higher occurrence of degradation effects in 

PG models is associated with detection of (1) colour differentiation, (2) 

geometry, (3) texture, (4) other optical properties and texture, (5) colour and 

texture, (6) colour other optical properties and texture and (7) a combination 

of all the parameters. The geometrical transformation and the features 

evidenced by alterations in colour-optical properties and texture are dominant, 

followed by those depending on texture differentiations (Graph 36).  

 

Graph 36: Occurrence of degradation effects in PG models virtual visual 

analysis (Graph author’s own). 

Colour

Geometry

Texture

Other optical
properties and texture

Colour and texture
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Table 18: Evaluation data for PG and comparison between 2D images and 3D 

models.  KEY: 0=not existing, 1=existing and visible, 2=possible existing but 

not visible.  

FEATURES 

Ceramics Metal Stone    

K
A

N
T

H
A

R
O

S
 

A
M

P
H

O
R

A
 

C
H

O
U

S
 

G
N

A
T

H
I
A

 

S
K

Y
P
H

O
S
 

G
N

A
T

H
I
A

 

S
U

N
D

I
A

L
 

D
R

U
M

3
 

D
R

U
M

2
 

2D IMAGE 3D MODEL 

Discoloured-

stained  
1 1 1 1 1 1 1 

√ √ 

Labelling 1 1 1 1 0 1 1 √ √ 

Decoration   1 0 1 1 1 1 1  √ 

Manufacture 

evidence 
1 1 0 1 0 1 1 

 √ 

Chipped 1 1 1 1 0 0 1  √ 

Cracked 1 1 1 1 1 0 0  √ 

Deposits-

encrustations  
1 1 1 1 1 0 0 

 √ 

Losses 1 0 1 1 1 0 1 √ √ 

Scratched 1 1 0 0 0 1 1  √ 

Flaking/ 

Delaminating 
1 1 1 0 1 0 0 

 √ 

Split/fractured 1 1 0 1 1 0 0 √ √ 

Abrasions 1 1 1 0 0 0 0  √ 

Inclusions 1 1 1 0 0 0 0  √ 

Accretions 0 0 1 1 1 0 0  √ 

Loss of lustre 1 1 2 2 0 0 0 √ √ 

Fingerprints 1 0 0 1 0 0 0  √ 

Adhesive 

residue 
0 0 0 1 0 0 0 

 √ 

Disjoined 1 0 0 0 0 0 0  √ 

Holes 0 0 0 1 0 0 0 √ √ 

Material 

interface 

damage  

0 0 0 0 0 0 1 

 √ 

Corroded 0 0 0 0 1 0 0 √ √ 

Distorted 0 0 0 0 1 0 0  √ 

Weak joins 2 0 0 2 2 2 2 - - 

Inherent 

instability 
2 2 2 2 0 0 0 

- - 

 

 



 

432 

 

Two dimensional digital images and PG models provide identical results in 

features related to colour differentiation, such as discolouration/staining. This 

is reasonable considering that the colour information for the texture 

generation in 3d models derived from digital images. The visualization of other 

optical properties of objects in 3d models, such as glossiness, depends on the 

data capture followed. The reflectivity of surfaces is represented in two 

dimensional images more realistically than in 3d models when data capture is 

performed with a soft box. Alterations in shape and form, such as fractures, 

losses and holes can be distinguishable in two dimensional images although 

the ability to study them in 3d space provides enhanced perception of the 

condition of the artefact. Less obvious alterations of geometry and texture are 

visualised in a more effective way in the three dimensional model than in the 

static two dimensional image.  Worth mentioning is that these features are of 

crucial importance for the conservation examination. Although drawings are 

common in conservation documentation a direct comparison with virtual visual 

analysis is impossible. Drawings represent the understanding of the 

viewer/illustrator and can be considered interpretative documentation. 

Nevertheless, it is difficult to represent features related to colour information 

in drawings, while geometrical information, such as form and shape can be 

documented using standard drawing techniques.  

Through RTI visualizations features evidenced by colour, such as 

discolouration, staining and yellowing can be detected effectively. Similarly, 

features associated by texture alterations, such as blistered surfaces, crazed, 

crizzling, crumbly disintegration, fingerprints, flaking, grazed, holes/pitting 

and stripping - early treatments are represented successfully in RTI 

visualizations. Although RTI is not the appropriate methodology for 

documenting major geometrical transformations, break, splits, fractures, 

brittle surfaces, cracking, distortions, fragmentation and spalling can be 

examined virtually. More interesting is the enhanced visualization of features 

characterised by combinations of alterations, such as those related to both 

geometry and texture modifications. Characteristic examples in this category 

are the delamination, disjoins, glue failures, insect damage and warty 

corrosion. Other features are evidenced by the study of colour and texture, 

such as the decoration, the stratigraphy and the material interface damage. 

The colour and the other optical properties, revealed via RTI, are crucial for the 
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characterization of adhesive residues, iridescence, tarnishing as well as 

superficial dirt, dulling and loss of lustre. Also, the study of optical properties 

other than colour in addition to the surface morphology examination reveals 

the rough, friable – powdery, weeping surfaces, losses and restoration 

materials’ remains. The combined RTI study of texture and optical properties 

documents abrasion-scratches, accretions, depositions, crusts, manufacture 

evidence, mould and bronze disease or localised chloride corrosion. By 

examining simultaneously all the categories the formation of corrosion 

products and salt efflorescence can be characterised and the soiling can be 

differentiated from original surfaces (Table 19).  

Features related to colour (discolouration, staining, yellowing) and other 

optical properties (superficial dirt, loss of lustre, tarnishing, adhesive residue) 

are visualised effectively in both two dimensional images and RTIs. Similarly, in 

cases of major geometrical transformations results are quite similar. On the 

contrary, when the study of the texture is key for the interpretation of surface 

features, RTI is a better technique for documentation and recording (Table 19).  

In the numismatics RTI case study the most dominant features observed were 

those related to coin identification, meaning the enhancement of legibility of 

legends and designs. Data relevant to the characterization of corrosion (active, 

local, uniform and warts) and loss of material (flaking-delamination and pitting) 

were also common. Deposits-encrustations and deformation of coins were 

features observed at a lesser extent. For the coins’ visualizations before 

treatment, features for the characterization of corrosion and the addition of 

new material are common, followed by the material losses and deformations. 

After treatment the visualised coins revealed material losses and deformations 

to a great extent. However the corrosion characterization was observed to be 

significantly eliminated compared to the results before treatment. Finally the 

addition of material reached minimum levels (Graphs 37-39).  
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Graph 37: Evaluation of RTI for numismatics virtual analysis before treatment 

(Graph author’s own). 

 

 

Graph 38: Evaluation of RTI for numismatics virtual analysis after treatment 

(Graph author’s own). 

 

Graph 39: Evaluation of RTI for numismatics virtual analysis (Graph author’s 

own).  
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Table 19: Evaluation results from RTI visualization of objects from the Derveni 

Tombs. Categorization of features revealed and comparison between 2D 

images and RTIs.  

Category  Features  2D  IMAGES  RTIs  

Colour Discolouration/staining /yellowing √ √ 

Geometry Break/ Split / Fracture 

Brittle/embrittled 

Cracks/ Spalling/ Torn 

Distorted 

Severe loss-fragmentation  

√ √ 

Texture Blistered surfaces 

Crazed 

Crizzling  

Crumbly disintegration 

Fingerprints 

Flaking 

Grazed 

Holes/pitting  

Stripping - early treatments 

 √ 

Geometry and 

texture 

delamination 

Disjoined 

Glue failure 

Insect damage 

Pustules of corrosion - warty corrosion 

 √ 

Colour and 

texture 

Decoration /stratigraphy 

Material interface damage 

 √ 

Colour and 

other optical 

properties 

Adhesive residue 

Dirty/dusty/ Superficial dirt/dulling/loss 

of lustre 

Iridescence 

Tarnishing  

√ √ 

Other optical 

properties and 

texture 

Friable – Powdery/ Rough surface/ 

Weeping surface 

Loss 

Restoration materials’ remains 

 √ 

Texture and 

other optical 

properties and 

colour   

Abrasion-scratches  

Accretions-depositions-crusts 

Bronze disease or localised chloride 

corrosion 

Manufacture evidence 

Mould 

 √ 

Colour, 

geometry and 

texture  

Formation of corrosion products 

Salts efflorescence  

Soiling 

 √ 
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5.6 Conclusions  

Considering the above, the conclusion that virtual analysis cannot substitute 

for conventional one can be affirmed, however the combination of virtual and 

conventional methods can assure the best results. Visual assessment of PG 

models and RTI visualizations is recommended as a complementary method, 

but it can’t be a panacea, because there are features that cannot be visualised 

effectively. For that reason, other methods than the visual should be employed. 

Of course, knowledge of the nature of the environment and the composition of 

the material can also assist in this virtual exploration.  

5.6.1 RTI’s contribution to conservation  

Application of RTI in artefacts derived from the Derveni tombs  leads to better 

understood and more advanced documentation of depositions and 

encrustations, physical damage, inscriptions and engravings, impressions, 

decorative elements, wear evidence, surface features, working, manufacture or 

fabrication evidence and previous treatment evidence.  Based on the findings 

of the numismatics RTI research, the identification and dating, condition 

reporting, conservation documentation and cleaning monitoring are the areas 

where the application of RTI enhances the current research methodology of 

numismatics. The application of RTI in the study of painted surfaces, 

demonstrated by examples of painted wood panels, canvas paintings, wall-

painted fragments and painted pottery underlined the usefulness of RTI in 

examination, recording, documentation and analysis of decay features and 

manufacture evidence. Complete RTI visualization, depending on the 

characteristics of the object, may include the following integrated RTI 

approaches:  

 microscopic RTI,  

 normal RTI, 

 reflected UV-RTI, 

 UV induced visible fluorescence RTI, 

 IR-RTI, 

 trans illumination RTI and 

 trans irradiation RTI.  



   

437 

 

 

The microscopic RTI, captured either with the Highlight RTI method and 

preferably with a mini RTI dome, combines the advantages of close up 

photography and photomicrography with those of RTI. In that way, microscopic 

RTI made it possible to catalogue the shape and topography of the various 

components of artefacts at a microscopic scale.  Microscopic RTI provides an 

improved way for assessing objects microscopically. This technological 

development, proposed in this thesis, is of particular importance for 

conservation practice. Before applying microscopic RTI technique, it is useful to 

examine the object using normal RTI so as to define the areas of interest and 

the magnification needed.   

The enhanced view of the artefacts under examination, provided by RTI and 

multispectral imaging, was significantly improved by the implementation of IR-

RTI and UV-RTI, where the texture and three dimensionality features of the 

inner or outer layer are highlighted. The synergy of RTI and IR and/or  UV 

imaging, results in an enhanced methodology for non-destructive examination 

of antiquities and works of art, and leads to different views of excavated 

artefacts, as well as painted works of art, which can be used for 

documentation, presentation, communication and research purposes. This was 

demonstrated by case studies on painted surfaces, including archaeological 

materials and works of art. This research consists of the most in-depth study 

for the application of multispectral RTI in conservation practice presented so 

far in conservation literature. RTI visualization of Gnathia and Faenza maiolica 

ceramics, covering the whole spectrum, demonstrates the advantages of 

multispectral RTI instead of multispectral imaging. The contribution is briefly 

summarised in Table 20.  
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Table 20: The contribution of RTI methodologies in the examination of painted 

and glazed pottery  

RTI 

METHODS 

CONTRIBUTION 

RTI 

 Captures the texture of the surface 

 Emphasizing decoration elements and decay features  

IR-RTI 

 Penetrates outer surface layer and reveals a clear 

picture of the three dimensionality of the inner layer 

 Emphasizing manufacture evidence  

 Decoration patterns may be emphasized depending on 

materials’ response to IR radiation 

UV-RTI 

 Emphasizes subtle variations in the outer layer that are 

not clear in the visible spectral area 

 Reveals episodes of the museum life of the artefact 

 Reveals manufacture evidence and decay relevant to 

varnish layer or glazes 

MICRO-RTI 

 Captures micro surface variation  

 Reveals manufacture evidence, decay features and 

decoration elements at a microscopic level 

 

Transmitted RTI’s main potential is to document the structure of materials 

(paper, canvas), their condition (repairs, abrasions, losses) and painting 

techniques, and to reveal the texture of hidden features, obscured by linings, 

mounts or inks and pigments, such as under drawings, inscriptions and 

watermarks, assisting in that way in the perception of three-dimensionality, 

which is an issue of great importance for the characterization of materials, 

diagnostic examination and visual analysis. Table 21 presents the basic points 

of interest for the application of RTI methodologies, and summarizes their 

contribution to the examination of canvas paintings and similar materials. 
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Table 21: The contribution of RTI methodologies in the examination of canvas 

paintings and similar materials 

RTI METHODS CONTRIBUTION 

RTI 

 

 Captures the texture of the surface.  

 Emphasizes the three dimensionality of the painting 

layer.  

 Captures the texture of the substrate and the 

preparatory drawing only when thin paint layers have been 

applied.  

 Useful in condition reporting for the detection of 

deformations and other imperfections due to chemical, 

physical or biological damage.  

IR-RTI 

 

 Captures the texture beneath the visible due to IR 

penetration ability.  

 Emphasizes the three dimensionality of the paint layer 

according to the response of the pigments in IR irradiation.  

 Captures the texture of the substrate and the 

preparatory drawing clearly.  

 Emphasizes hidden features.   

 Useful in condition reporting for the detection of 

deformations and other imperfections in the layer beneath 

the surface. 

TRANS 

ILLUMINATION 

RTI 

 

 Captures the texture of the substrate and the variability 

of the paint layer.  

 Emphasizes areas of an increased translucency. Reveal s 

painting techniques.  

 Captures the preparatory drawing in when thin paint 

layers have been applied.  

 Useful in condition reporting for the detection of 

deformations and other imperfections, mainly mechanical 

shocks and physical damage, such as cracks, craquelere etc.  

TRANS 

IRRADIATION RTI 

 

 Captures the texture of the substrate and the 

preparatory drawing clearly.  

 Emphasizes the paint layer in case of pigments 

transparent or translucent in IR irradiation.  

 Useful in condition reporting for the detection of 

deformations and other imperfections, mainly mechanical 

shocks and physical damage, such as cracks, craquelere etc.  

 Successful in the detection of over painting.  
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RTI helps to explore the biographies of artefacts by enabling advanced 

examination of manufacture and use evidence, decay and conservation 

operations.  

 Manufacture evidence: The study of the surface morphology reveals 

important evidence of the technology of manufacture used by our 

ancestors, which is hard to see under normal light, because of low relief 

and deterioration effects.  

 Use evidence: In addition, identifying use evidence on artefacts is the 

most rigorous part of an examination, either because some objects have 

had only burial use or because decay patterns and/or conservation 

operations, such as cleaning, have covered and eliminated signs of use.  

It is a challenge for conservators to identify use evidence, often critical 

for the interpretation of the object.  

 Decay: RTI’s ability to emphasize surface variation can enhance visual 

analysis and offer advanced condition reporting 

 Conservation operations: RTI can be used in order to examine the 

conservation state of previous repairs, as restored areas more or less 

present differentiations in texture, easily captured with RTI. 

Deficiencies, loss of cohesion and other reconstruction failure 

phenomena of the filling or/and the original object, hardly seen with the 

naked eye, appear more clearly with RTI.  

 

Considering the objectives of a conservation project RTI can contribute 

significantly to: prevention, investigation, examination and analysis, 

documentation, communication, dissemination and presentation.  

 Prevention: Due to the lack of preventive conservation measures, 

artefacts may rapidly age and degrade. Apart from the control of 

environmental conditions, mishandling is one of the factors of long-term 

deterioration, responsible for damage after excavation. In general, less 

handling of artefacts is recommended. RTI is considered a completely 

non-destructive technique, because it requires no physical contact with 

the original material. Its role as a preventive conservation measure is 

significant in cases of vulnerable artefacts in fragmentary condition and 

with a poor conservation state, because RTI visualization considerably 
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limits the amount of physical contact with the original material, while it 

delivers archaeological information more effectively than the artefact 

itself, and thus limits the risk of damage caused by handling. 

 Investigation, examination and analysis:  RTI is a useful tool for 

examination and analysis. Via normal,  macroscopic, microscopic, 

reflected or transmitted  visible and multispectral RTI, the observed 

phenomena, related to manufacture, use, decay and conservation, can 

be better understood, and hence lead to enhanced visual analysis either 

pre- or post-treatment. It reveals minor anomalies, scratches, gaps and 

pits, assisting physical damage examination and characterization. 

Decoration elements with low relief become apparent and are 

distinguished from depositions, encrustations or corrosion.  Areas of 

different texture may indicate important archaeological material 

evidence, which will determine the interpretation of the object. 

Considering that the proposal of treatments is based on the 

interpretation and analysis of data provided by examination, the success 

of any conservation activity is strongly influenced by our ability to 

gather large amounts of high quality data. 

 Documentation, communication, dissemination and presentation: RTI 

can substitute traditional documentation, mainly hand-drawings and 

photographs, which proved to be insufficient in the case of complicated 

artefacts, low relief details and reflective materials. It fulfils 

communication, dissemination and presentation needs, as RTI and PTM 

files can be published via the World Wide Web. In addition, the 

annotation tool, an outcome of the RTISAD project, which was further 

developed for the last release of the RTIViewer software, enhances 

scientific cooperation and online collaborative research. 

 

The artefact visualised in RTI form is not just a static record of the artefact, but 

effectively facilitates virtual visual analysis without physical interaction, even if 

the physical artefact in the state it was visualised does not exist anymore, or 

has been altered due to human intervention or materials degradation. From the 

above it becomes apparent that RTI is a virtual examination tool, rather than 

just a recording technique.  
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5.6.2 PG’s contribution to conservation  

For the critical evaluation of the contribution of PG in conservation these 

primary objectives and actions should be considered.  

 Accessibility-durability-integrity: 3D models are the most accessible 

format for a complete virtual artefacts examination. This is of particular 

importance in case of objects of extreme size and/or fragility. In these 

cases the virtual examination is proposed as the most appropriate 

method so as to ensure the durability and integrity of the object and 

avoid any damage due to handling.  In addition, it is useful for remote 

areas when geographic constrains limit access to the archaeological 

material.  

 Communication: Conservators can easily communicate conservation 

projects in the form of 3d models online, either between experts or to 

the public. In that sense, there is no doubt that scientific collaboration 

can be significantly enhanced.   

 Practicality: The reconstruction of 3d models with PG is more practical 

than other 3d digitization methods. 

 

PG and in particular integrated PG approaches can be useful for the 

investigation of artefacts as they combine the ability of multispectral and 

transmitted imaging to reveal features and the 3d artefacts inspection. This 

kind of visualization assists in appreciating the features revealed and their 

interpretation. In that sense it is not just a different presentation approach for 

transmittance and infrared data, but an investigation tool and a useful addition 

to the examination protocol. Application of microscopic PG can enhance the 

virtual examination of artefacts and is crucial for the application of the 

technique in conservation practice for recording, documentation, and 

conservation monitoring and treatment assessment. The preliminary results 

presented are promising. The equipment needed is common equipment used 

in conservation laboratories, and conservation professionals are familiar with 

its use. Moreover, considering that open source software is available for 

processing, it is highly likely that this technique can be widely used in the 

future. Moreover, the 3d digitization of an object at a particular stage of its 

lifetime, e.g. before cleaning or during the development of corrosion 
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phenomena, and the comparison with models created at different stages, can 

be useful in condition monitoring, conservation documentation and treatment 

assessment.  

Nevertheless, the level of detail needed for conservation is far beyond the vast 

majority of 3d museum’s online collections.  The time needed for data capture 

and processing does not allow the photogrammetric reconstruction of large 

collections. As a result there is a need for the development of more 

straightforward approaches for capture and processing. There is an option to 

design special devices for data capture, in order to facilitate easier acquisition 

of high quality datasets. Moreover, the development of on time PG models 

would facilitate the broader application of the technique. Worth mentioning are 

the enhancement of surface detail on photogrammetry models by mapping RTI 

visualizations.    

5.7 Summary 

In the present chapter the application of digital techniques of RTI and PG for 

conservation recording and virtual visual analysis were considered. First, this 

chapter explored the synergy of H-RTI and optical microscopy, resulting to a 

prototype mini-dome suitable for micro- and macroscopic RTI capture. Second, 

potential use of multispectral RTI has been identified via the case studies 

presented. Third, synergies, not explored before, between RTI and FC as well 

as RTI and trans illumination and irradiation has been proposed and evaluated. 

Fourth, in terms of PG, different data capture strategies have been tested for 

lab 3d recording, including microscopic, infrared and transmitted PG.  These 

novel applications and innovative uses of visualization technologies were 

applied to a broad variety of artefacts, evaluated and finally safe conclusions 

for their contribution in conservation were reached. Proposals for the 

enhancement of RTI and PG applications in conservation will be presented in 

Chapter 7.  

In the following chapter the application of virtual and physical reconstruction 

using digital technologies will be discussed, with particular emphasis on 

fragments identification, replacement of lost material, de- and re-restoration 

dilemmas, in an attempt to identify the contribution of digital techniques in 

remedial treatment. 
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Chapter 6:  Virtual and physical 

reconstruction 

6.1 Introduction 

The scope of this chapter is to evaluate the use of digital technologies in 

conservation treatment that promote conservation virtualization, which is the 

focus of this thesis. The operations that will be tested are fragments’ 

identification (see section 2.2.2.2 for a discussion on fragments’ identification 

problems), replacement of lost material (see section 2.2.2.3 for a discussion on 

gap filling problems) and re- de-conservation operations (see section 2.2.2.4 

for a discussion on de- and re- restoration dilemmas). Particular emphasis has 

been devoted to these operations because of the potential of digital technology 

to contribute to the conservation workflow.  Also, fragments’ identification is 

one of the most common conservation operations that pose problems for 

conservators. The replacement of lost material is a controversial issue, and 

arguments about de- and re- conservation are well-known dilemmas in 

conservation. In addition to PG, RTI, in this chapter computed tomography, 3d 

modelling and 3d printing are employed. These techniques are being used for 

museum and archaeological research, but their application in solving 

conservation problems has been limited. The chapter is structured in three 

case studies, each of them devoted to a conservation operation; fragments’ 

identification, replacement of lost material and re- de-restoration dilemma. 

6.2 Fragments matching 

6.2.1 Scope 

The main goal of the experimentation on manual and digital semiautomatic 

fragments matching approaches is to compare the processes involved in these 

operations and correlate them to conservation objectives. Via this 

experimentation the common points, as well as the differences, between them 

can be understood, and offer an insight into the virtualization of digital 

fragments’ identification.   
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6.2.2 Selection of study material and material evidence 

Two similar late medieval North Italian Sgraffito jugs in Faenza Maiolica in a 

fragmentary state, with blue-ladder medallions, were used as a case study for 

the experimentation and comparison of manual and semi-automatic fragments 

matching.  These vessels were selected because the degree of fragmentation is 

appropriate to provide insight into the process of fragments matching and 

concentrate on the methodological issues, which would have been impossible 

if a large number of fragments to be matched were considered. In the selected 

material the jugs are incomplete and the fragments are not well preserved, as 

demonstrated by the worn edges and the flaking-loss of decoration. The vast 

majority of the digital fragments matching approaches presented in the 

literature used archaeological material of an advanced degree of fragmentation 

as case studies (see section 2.3.2.3 for a literature review on digital refitting 

research and applications). This is understandable, considering that these 

studies had as their goal to test and demonstrate the efficiency of the new 

algorithms developed.  

According to Brown (2002), both jugs, No 366 (Fabric 1450- SOU 124 176) and 

367 (Fabric 1450- SOU 128 43) are late medieval maiolica, c. 1490-1510, 

probably from Faenza, with medallions on the front depicting piscine 

zoomorphic designs painted with blue and orange mineral pigments on a tin-

glazed opaque background. Some fragments were joined, but most of the joins 

collapsed, as indicated by the remnants of adhesives on the edges. The 17 

fragments attributed to the jug No 366 have been obviously cleaned. They 

comprise two fragments from the base, four fragments from the rim and 

several fragments of the body. In contrast the 29 fragments from jug No 367 

were covered by encrustation and earth deposits, including 3 fragments from 

the base, 3 fragments from the rim, 2 from the handle and 21 from the body 

(Figures 347-349).  
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Figure 347:  Drawing of the jug No 366 and 367 (Brown, 2002, p.72). 

  

Figure 348: North Italian Sgraffito jug fragments in Faenza Maiolica with blue-

ladder medallions No 366 (Fabric 1450- SOU 124 176), outside (left) and inside 

(right) from the Southampton city Council, Arts & Leisure (Image author’s own).  
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Figure 349: North Italian Sgraffito jug fragments in Faenza Maiolica No 367 

(Fabric 1450- SOU 128 43), outside (left) and inside (right) from the 

Southampton city Council, Arts & Leisure (Image author’s own).   

6.2.3 Methodology  

The two jugs selected are similar in terms of decoration and shape. All the 

fragments followed the same 3d digitization strategy. In order to enable an 

unbiased reconstruction the different approaches were applied in different 

times. The operation sequence is presented in Graph 40.  For the jug No 366, 

the manual matching was followed by the digital. The manual fragments 

matching operation was video recorded and video transcripts have been 

produced in order not only to analyse the whole procedure and the individual 

actions that took place, but also to be used as guides for the digital fragments 

matching. The second phase of the experiment for the jug No 366, enables the 

analysis of the strengths and weak points of the available software for digital 

refitting. Of particular interest was their effectiveness in managing the project 

and correct alignment of fragments.  For jug No 367, the digital fragments 

matching was executed first, followed by the manual. Lessons learned from the 

second phase of the reconstruction of jug No 366 are crucial for the semi-

automatic digital refitting. In addition, other available options for the 

completion of the virtual reconstruction will be tested. The second phase of the 
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experimentation for jug No 367 consists of the manual fragments matching of 

the vessel and the evaluation of the results of the digital reconstruction.  

 

Graph 40: Operation sequence for actions involved in the fragmented matching 

and digital refitting experimentation (Graph author’s own). 

 

6.2.4 Results and discussion 

6.2.4.1 3d digitization  

CT was chosen as the appropriate 3d digitization strategy for the purposes of 

the present experimentation, based on the material properties of the 

fragments. CT scanning not only succeeds in capturing the volume
57

 but also 

offers the opportunity to study the internal structure of the ceramics (see 

section 3.4.1.2.2 for a discussion on CT applications on ceramics). The most 

                                           

57

 See Digital Library, folder section6.2, folder SCC_UK_CER_FM366-DigitisedFragments 

for the digitised fragments of jug No 366 and folder SCC_UK_CER_FM367-

DigitisedFragments for the digitised fragments of jug No 367.  
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interesting finding was the morphological study of the vessel’s handle, which 

reveal a large void (Figures 350-351). This finding provides an insight into the 

manufacture and forming of the vessel.  It would have been impossible to 

acquire this information non-destructively. In addition the CT scanned 

fragments can be rendered using volume rendering techniques that afford the 

opportunity to expose different parts of their volume, by modifying the 

opacity, as shown in Figure 352. The Phong renderer presents the object as 

solid. The isosurface presents the object as if the ceramic material is less 

dense, emphasising the volume of the glaze. The volume renderer scatter 

presents the glaze as if it is translucent. Details, such as the preservation of 

the glaze and cracks, can be examined in detail (Figures 353-354). Although 

the determination of composition and provenance goes beyond the scope of 

the present study, the capabilities of CT in this area of research should be 

noted. The reconstructed CT scan model can be further analysed in the future.   

 

 

Figure 350: CT scan renderings for the handle of jug No 366, horizontal 

sections of the handle in VG Studio max (Image author’s own). 
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Figure 351: CT scan renderings for the handle of jug No 366, vertical sections 

of the handle in VG Studio max (Image author’s own). 
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Figure 352: CT scanned fragment of the base of vessel 366,rendered using 

volume rendering techniques in VG Studio max, Phong (top), Isosurface 

(middle), Volume renderer scatter (below) (Image author’s own).  
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Figure 353: CT scanned fragment, visualizations of details showing the 

preservation of the glaze in VG Studio max (Image author’s own). 

 

Figure 354: CT scanned fragment, detail showing cracks in the area of the 

handle in VG Studio max (Image author’s own). 
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6.2.4.2 Jug No 366 

6.2.4.2.1 Manual fragments matching 

From the 17 shreds, attributed to jug No 366 only one remains unidentified 

and there is no doubt that it belongs to another pot.  Fragments of the lower 

part of the body are missing as well as small fragments of the base and the 

rim. From the careful observation of the videos
58

, transcript in excel was 

created which enable the quantitative analysis of the project (see Appendix 

C3). The Graph 41 presents a diagram for the reconstruction of jug 366.   

 

Graph 41: The reconstruction process of the jug No 366 (Graph author’s own). 

                                           

58

 See Digital Library, folder section6.2, folder SCC_UK_CER_FM366_Manual, files 

Group_A.mov, Group_B.mov, Group_C.mov, Group_D.mov, Group_E.mov, 

Group_F.mov, Group_G.mov, Group_H.mov, Group_I.mov, Group_K.mov, Group_L-

M.mov, Group_N.mov and Tests_2-R2.mov 
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The actions executed during manual fragments matching were the following: 

1) observation, 2) selection of fragments with possible joins, 3) testing joins, 4) 

matching fragments and 5) securing joins temporarily. Figure 355 shows the 

execution of these actions in case of two fragments from the base. As shown 

in Graph 42 almost half of the actions involved in the project were relevant to 

testing for joins, while the occurrence of other actions is significantly lower. 

Along with instinct choices, the criteria used for manual fragments matching 

during the selection of the fragments were 1) the shape, 2) the painted design/ 

colour, 3) the texture and 4) the texture and shape (Figures 356-357). As 

shown in Graph 44, 60% of the successful matches were found based on shape, 

followed by 20% based on painted design. Other parameters lead to fewer 

matches and were mainly employed in case of repetitive unsuccessful tests. In 

Graph 44, the vertical axis represents the tests executed during searching for 

matches. The horizontal axis shows the criteria used. The red and blue bars 

depict tests resulting in successful and unsuccessful matches respectively. In 

both cases this comparison reveals that shape and painted design/colour were 

among the most frequently used criteria for searching joins, followed by shape 

and texture
59

.   

 

Figure 355: Details of still image from the video Group_A.mov, clock wise from 

top left, selection of fragments based on their shape (see frame 00:12), testing 

for joins (see frame 00:21), matching (see frame 00:26) and securing the join 

(see frame 00:41) (Image author’s own). 

                                           

59

 See Digital Library, folder section6.2, folder SCC_UK_CER_FM366_Manual, file 

USS_UK_CER_FM366.xlsx 
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Graph 42: Occurrence of actions involved in the manual fragments’ matching 

(Graph author’s own).  

 

Figure 356: Details of still image from video Group_B.mov. Testing fragments 

based on their colour/ painted design (see frame 1:02) (Image author’s own). 

 

 Figure 357: Details of still image from video Group_I.mov. Testing fragments 

based on their texture (see frame 1:00) (Image author’s own). 
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Graph 43: Contribution of each criterion in successful matching of fragments 

(Graph author’s own).  

 

Graph 44: Number of unsuccessful tests and successful matches for each 

criterion (Graph author’s own). 

 

6.2.4.2.2 Semiautomatic digital fragments matching 

For the semiautomatic fragments matching of jug No 366 three different 

pieces of software, MeshLab (ISTI-CNR, 2014b), 3ds Max (Autodesk, 2014) and 

Fragments Reassembler (ISTI-CNR/3DCOFORM, 2014), were employed. Their 

effectiveness in managing the project and alignment of fragments will be 

examined.  
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6.2.4.2.2.1 MeshLab 

MeshLab, developed at the Visual Computing Lab at the ISTI-CNR institute, is 

an advanced mesh processing system for automatic and user  assisted 

editing, cleaning, filtering and converting and rendering of large unstructured 

3D triangular meshes (ISTI-CNR, 2014a). The layer dialog enables managing 

the scene, where each fragment appears in its own layer and transformation 

matrix. The alignment process in MeshLab, originally developed for the 

alignment of laser scan data, uses the ICP (Iterated  Closed  Point) algorithm 

(ISTI-CNR 2014a). The user identifies one fragment of the fixed mesh as the 

base of the reconstruction and a second fragment as a moving mesh. At least 4 

pairs of points, given by the user, provide the necessary information for the 

algorithm to find the best rigid transformation that bring the points of Moving 

mesh onto the corresponding points on the Fixed mesh (Figure 358).  

Although, in theory, this process is feasible, and all fragments can be aligned 

successively over those already aligned, in practice this semiautomatic 

reconstruction operation is problematic. First, this process is not flexible. The 

user cannot modify the points of joins, and the procedure should be repeated 

from the beginning if a pair of points is given by mistake. Second, this method 

is inefficient in case of voids between fragments, whether they are larger or 

smaller. This is a significant disadvantage, particularly in cases of worn edges, 

which is almost always the case with archaeological fragments. Third, it is 

difficult to take into consideration the colour of the fragments and the painted 

designs, because the align tool does not enable the visualization of materials. 

Fourth, in the case of large number of fragments and/or high resolution 

meshes, the processing time becomes longer and technical problems arise. In 

order to overcome these problems, the best option is to create groups of 

fragments, flatten the meshes, export them as one file and proceed to the 

reconstruction having a significantly reduced number of fragments.  
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Figure 358: Using the align tool in MeshLab (Image author’s own). 
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6.2.4.2.2.2 3ds Max 

3ds Max is a powerful 3d design software which provides comprehensive 

modelling, animation, simulation and rendering solutions. Managing the digital 

refitting project, where each object in the scene represents a pottery sherd, is 

easy because of the use of summary statistics and scene explorer. These 

features display statistics and provide useful information about the current 

scene, meaning the number of objects, the total vertices and faces of mesh. 

The objects can be sorted in a list by category and object name, assigned 

material name, and type of material, object vertex and face counts. Further 

options for sorting, filtering, and selecting objects, as well as additional 

functionality for renaming, deleting, hiding, and freezing objects, as well as 

creating and modifying object hierarchies are provided by the Scene Explorer.  

The alignment of the fragments using the available 3ds Max tool proved 

problematic. Precise positioning of a fragment relative to another is difficult. 

The options provided by max script offered advanced functionality in moving 

and rotating objects. In case of actions that have been already scripted, such 

as the arrangement according to size, max script proved to be particularly 

useful (Figure 359). The main disadvantage is that complicated actions, such 

as the matching of fragments, are difficult to execute because the necessary 

scripts are not developed yet. Even if the necessary resources for the 

development of scripts are available, it is difficult to script fragments 

matching, because this requires an advanced level of knowledge of the 

scripting language.  In order to exploit all the available options an extensive 

search on the available scripts was completed. I have been unable to find any 

relevant scripts already developed. 
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Figure 359: Alignment and distribution of fragments in 3ds max using max 

script (Image author’s own). 

 

6.2.4.2.2.3 Fragment Reassembler 

Fragment Reassembler is a computer-assisted method for virtual reassembly of 

fragmented objects developed at Visual Computing Laboratory - ISTI – CNR.  

The software finds the best match between two fragments based on 

constraints given by the user, using a global energy minimization that 

considers all the pieces involved in the reconstruction process at once. It is 

based on a hierarchical system, where two fragments matched form a group, 

to which a third fragment or group of fragments can be attached. The user can 

move/transform the initial points, offering the opportunity to align fragments, 

even if they are severely damaged or eroded (Palmas et al., 2013). Among its 

disadvantages is the absence of efficient ways to manage the project, as well 

as practical problems usually occurring in the reconstruction process, mainly 

because the software is still in beta version, an early stage of development 

(Figure 360)
60

.  

                                           

60

 See Digital Library, folder section6.2, folder SCC_UK_CER_FM366_Semiautomatic 
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Figure 360: Using the Fragment Reassembler software, screenshot (Image 

author’s own). 

 

6.2.4.3 Jug No 367 

6.2.4.3.1 Semiautomatic fragments matching  

The lessons learned from the reconstruction of Jug No 366 were valuable for 

the semiautomatic fragments matching of jug No 367, whose fragments had 

not been identified manually. Hence, the digitised fragments were imported to 

3ds Max, making use of the advanced option for managing the project and 

then the alignment were executed using Fragments Reassembler.  

The 28 fragments attributed to jug No 367 were imported to 3ds Max (see 

Figure 361 for names assigned to digitised fragments), and using the measure 

utility the total volume was calculated. Then the volume was compared to the 

estimated volume of a complete pot of similar type, leading to the conclusion 

that almost 30 % of the vessel’s volume is missing. By estimating the amount 

of missing material of the ceramic vessel, the conservator can gain a better 

understanding of the expected outcome of the reconstruction. The fragments 

were also grouped based on their shape using max script. This initial 

categorization concerns mainly larger fragments because these were more 

likely to be attributed to a specific type based on their shape. Based on this 

grouping the fragments were categorised in to five groups, three fragments 
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from the base, two fragments from the rim, two fragments of the handle, three 

fragments of the upper body and one fragment of the body (Table 22).  

 

Figure 361: names assigned to each fragment of the jug No 367 (Image 

author’s own).  
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Table 22: The fragments from Jug 367 listed according to their volume in 

metric units, and attributed to a specific type based on their shape. 

  Name volume description 

  367_2_R4 39209.72 base 

  367_3_R1 32322.59 rim 

  367_3_R2 30902.19 handle 

  367_3_R3 28381.16 base 

  367_4_R1 26569.53 rim 

  367_2_R3 24715.29 body 

  367_2_R1 15491.53 handle 

  367_3_R4 14674.85 upper body 

  367_3_R6 14243.9 upper body 

  367_1_R17 13697.6 upper body 

  367_4_R3 10656.04 base 

  367_2_R2 9235.91 body 

  367_4_R2 8801.76 body 

  367_3_R5 8061.05 body 

  367_1_R16 7839.36 body 

  367_1_R2 6815.4 rim 

  367_1_R8 6365.28 body 

  367_1_R10 5369.21 body 

  367_1_R15 5028.26 body 

  367_1_R1 4699.66 rim 

  367_1_R7 4668.8 body 

  367_1_R3 3501.84 body 

  367_1_R4 3386.9 body 

  367_1_R6 3154.76 body 

  367_1_R12 1794.13 body 

  367_1_R5 1733.35 body 

  367_1_R11 1523.22 body 

  367_1_R14 875.53 body 
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The selected fragments were aligned based on their geometry-shape, colour, 

and ceramic wheel marks leading to the construction of 5 groups; fragments of 

the body (Figure 362)
61

, the base (Figure 363)
62

, the rim (Figure 364)
63

, the 

handle (Figure 365)
64

 and the upper body (Figure 366)
65

. The alignment was 

executed in Fragments Reassembler. One of the remaining smaller fragments 

is part of the rim while the others were attributed to the body of the vessel. 

The virtual matching of these groups of joined fragments leads to the virtual 

reconstruction of the pot as shown in Figure 367 and in Graph 45
66

. The 

curvature and profile assisted the correct positioning of the remaining 

fragments. Finally, two fragments were not identified, probable due to their 

severely damaged edges. An Open Provenance Graph describes the process for 

semiautomatic fragments matching (Graph 46). 

 

                                           

61

 See Digital Library, folder section6.2, folder SCC_UK_CER_FM367_Semiautomatic, 

files SCC_UK_CER_FM367_body_reconstructed.obj and 

SCC_UK_CER_FM367_body_reconstructed. aln 

62

 See Digital Library, folder section6.2, folder SCC_UK_CER_FM367_Semiautomatic, 

files SCC_UK_CER_FM367_base_reconstructed.obj and 

SCC_UK_CER_FM367_base_reconstructed. aln 

63

 See Digital Library, folder section6.2, folder SCC_UK_CER_FM367_Semiautomatic, 

files SCC_UK_CER_FM367_rim_reconstructed.obj and 

SCC_UK_CER_FM367_rim_reconstructed. aln 

64

 See Digital Library, folder section6.2, folder SCC_UK_CER_FM367_Semiautomatic, 

files SCC_UK_CER_FM367_handle_reconstructed.obj and 

SCC_UK_CER_FM367_handle_reconstructed. aln 

65

 See Digital Library, folder section6.2, folder SCC_UK_CER_FM367_Semiautomatic, 

files SCC_UK_CER_FM367_upperbody_reconstructed.obj and 

SCC_UK_CER_FM367_upperbody_reconstructed. aln 

66

 See Digital Library, folder section6.2, folder SCC_UK_CER_FM367_Semiautomatic, 

files SCC_UK_CER_FM367.obj and SCC_UK_CER_FM367. aln 
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Figure 362: Parts of the body screenshot of Fragments Reassembler (Image 

author’s own). 

 

Figure 363: The parts of the base, screenshot of Fragments Reassembler 

(Image author’s own). 

 

Figure 364: the parts of the rim (4R1, 3R1, 1R2) screenshot of Fragments 

Reassembler (Image author’s own). 
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Figure 365: Parts of the handle (3R2, 2R1) screenshot of Fragments 

Reassembler (Image author’s own). 

 

 

Figure 366: Part of the upper body screenshot of Fragments Reassembler 

(Image author’s own). 
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Figure 367: Virtual reassembly of the groups in Fragments Reassembler. 

Clockwise from top left, matching fragments of the rim and the upper body, 

matching fragments of the lower body, matching remaining fragments of the 

body and final reconstruction (Image author’s own).  
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Graph 45: The reconstruction process of the jug No 367 (Graph author’s own).  
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Graph 46: Open Provenance Graph for semiautomatic fragments matching 

(Graph author’s own). 
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6.2.4.3.2 Manual fragments matching approaches 

The findings of the virtual reconstruction were assessed physically following 

the traditional manual methodology, resulting in exactly the same fragments’ 

identification. Due to the fact that the object has been already digitally 

restored, 3d modelling can assist the physical restoration in a number of ways. 

First, the digitally restored model can support the treatment proposal. Second, 

there is no need for extensive physical interaction with the fragments, 

considering that the exact positioning of each fragment is known. Third, using 

simple 3d modelling tools, a model of the inside of the object can be created 

and 3d printed in transparent material. This can act as a support for the 

positioning of the fragments, assist in the organisation of fragments and also 

allow the use of less quantity of adhesives for gluing. This is considered an 

advance digital alternative to the method proposed for the reconstruction of 

the glass beakers by Fisher and Norman (1987). Fourth, the missing parts can 

be modelled and 3d printed in an attempt to enhance the physical restoration 

of the object. This will be further examined in section 6.3.  

 

6.2.5 Comparative analysis and evaluation  

6.2.5.1 Semiautomatic fragments matching approaches 

The comparative analysis of the three approaches assessed in the 

semiautomatic fragments matching of jug No 366 is summarised in Tables 23-

24. 3ds Max is the most powerful software in terms of managing the project, 

because of the advanced options provided for selection, grouping and viewing 

the fragments. Similar capabilities, although with less functionality, exist in 

MeshLab. Fragments Reassembler proved to be the least useful in managing 

the project. For the alignment of fragments the tool specially developed for 

these operations, Fragments Reassembler, proved to be the most efficient. A 

similar result can be achieved using MeshLab, but the whole process is much 

more time consuming and limited to well-preserved fragments. It is highly 

unlikely to achieve the same or a similar result using 3ds Max, because of the 

limited functionality of the alignment tools provided.  It is worth mentioning 

that MeshLab and Fragments Reassembler are open source while the 3ds max 
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software is commercial. Moreover, the advanced options provided by the latter 

require in-depth knowledge and familiarity with 3d software. 

 

Table 23: Comparative analysis of software used for the semiautomatic digital 

refitting, based on the experimentation of the Jug No 366.  

SOFTWARE  MANAGING THE PROJECT  ALIGNMENT OF 

FRAGMENTS  

3ds Max  High functionality  Inefficient  

MeshLab Medium functionality Medium efficiency 

Fragments 

Reassembler  

Low functionality Efficient  

 

Table 24: Advantages and disadvantages of the software tested, based on the 

experimentation of the Jug No 366. 

SOFTWARE Advantages Disadvantages 

3ds Max 

Advanced options for 

managing the project 

Powerful tool for virtual 

reconstruction 

Expensive 

Difficult to use 

Requires high 

computational power 

MeshLab 

Free 

Medium efficiency in aligning 

damaged fragments 

-Efficient in aligning well 

preserved fragments 

Difficult to use for non-

experienced users 

Fragments 

Reassembler 

Free  

Efficient in aligning 

fragments 

Easy to use 

Limited functionality in 

managing the project 

Only useful for 

alignment 

In development stage-

beta version-problems 

in use 
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6.2.5.2 Manual and semiautomatic fragments matching approaches 

The fragments matching, as a core conservation operation, made the 

artefacts more accessible and understandable, whether it was executed 

physically or in a virtual environment, although the processes differ from a 

methodological perspective. An analysis of the semi-automatic and manual 

fragments matching reveals the parallels in terms of durability, integrity 

and practicality.  There is an analogue here between the practical problems 

that arise in physical and virtual worlds. The problems of fragility and 

extreme dimensions have been discussed in the literature in cases of 

reconstruction of material in poor states of preservation, highly 

fragmented and/or large architectural parts. These problems govern the 

methodological approach and negatively influence the outcomes of the 

process. Although digital restoration provides a solution, the practicalities 

of digital refitting are similarly problematic. The computational power 

required for digital refitting of high resolution 3d digitised fragments, 

especially when a large number of fragments are considered, is high and 

slows down the process considerably. There is a need to compromise, 

reducing the resolution in order to overcome software and hardware 

constraints. 

From a preventive conservation perspective the manual approach provides 

limited flexibility to the conservator. In particular complex reconstruction 

operations might cause risks to the material. Managing risks in interventive 

treatment is more demanding than managing the risks of 3d digitisation. 

In addition, the long-term structural and chemical integrity of the 

reconstructed object, compared to the digital preservation of the replica 

(either digital or physical-3d printed one), is more unpredictable.  Hence, 

the digital reconstruction is advantageous from a strictly preservation or 

prevention point of view. Similarly, the digital approach is preferable for 

communication purposes. 3d models and audio-visual material from the 

digital execution of fragments matching operation can be disseminated 

easier for publication, documentation, training and outreach (Table 25).   
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Table 25: Correlation of problematic aspects of manual and digital fragments 

matching in terms of integrity, durability and practicality.  

 Manual Digital 

Integrity  Intervention risks   Material digitization risks  

Durability  Long term performance of 

reconstruction  

Digital preservation  

Practicality  Fragility, Extreme dimensions Software and hardware 

constrains 

 

6.3 Replacement of lost material  

6.3.1 Scope 

In this case study an alternative approach for the replacement of lost material 

incorporating 3d digitization, 3d modelling and 3d printing is presented. The 

goal of this experimentation is to evaluate the proposed methodology, 

considering that the application of virtual reconstruction using 3d printing has 

been applied to limited case studies focused on large objects and mainly 

without intending physical restoration.  The virtual reconstructions presented 

in the literature never encountered the problems of aesthetic restoration. In 

this experimentation medium sized and fragile objects, whose restoration 

using traditional approaches is problematic, are used as case studies. Although 

the traditional methodology of ‘the six-inches six-feet’ is widely used in 

museum conservation (see section 2.2.2.4), I have been unable to find 

examples of its applications in virtual reconstructions. This method can 

potentially enable us to define the appropriate properties of the filler. This 

experimentation also offers the opportunity to model the process of 

restoration.  
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6.3.2 Selection of study material  

Incomplete bronze vessels are used as case studies for the virtual restoration 

and physical reconstruction. The restoration of the selected artefacts following 

traditional approaches is problematic due to aesthetic and practical reasons, 

because of the optical properties of the materials, their geometric complexity, 

the dimensions, the fragility and the poor preservation of the fragments.  

Highly corroded bronze items in a fragmentary state from the Baughurst 

excavation, a Roman grave, were used as a case study. In particular the 

fragments are (Figures 368-372): 

 two base fragments: a cast, hollow ribbed tube and an animal’s head  

 a handle with a female head at the base, possibly medusa and the upper 

part of a jug, with trefoil rim 

 five highly corroded thin bronze sheets and 

 miscellaneous small bronze finds. 

 

 

Figure 368: Base fragments. Hampshire Museums (Image author’s own). 

a 

b 
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Figure 369: A cast bronze hollow ribbed tube and an animal’s head. Hampshire 

Museums (Image author’s own). 

 

 

Figure 370: A handle with a female head at the base, possibly medusa (left) 

and the upper part of a jug with trefoil rim. Hampshire Museums (Image 

author’s own). 
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Figure 371: Highly corroded fragments. Hampshire Museums (Image author’s 

own).  

 

Figure 372: Miscellaneous fragments. Hampshire Museums (Image author’s 

own). 

 

From the surviving fragments an oinochoe (wine jug) with trefoil rim and a 

patera (a pan with a straight horizontal handle) can be identified with certainty.  

The two vessels for a group similar to the one discovered at Turner's Hall Farm, 

Wheathampstead, Hertfordshire, in March 2002 (Figure 373), as well as in 

Croatia and all over the Roman Empire. Although these objects are made for 

domestic use, the set of oinochoe - patera as a grave offering may suggest 

ritual significance (Jovanović 2010). The poor preservation state, the severe 

corrosion, the extended fragmentation and the large areas of loss make the 

correct alignment of the fragments and the physical restoration impossible 

following traditional methodologies. Three-dimensional modelling offers the 

possibility not only for safe manipulation and testing, avoiding physical 

handling, but also increased accuracy, which have been impossible in case of 

physical restoration. 
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Figure 373: Cast bronze Roman patera with a fluted handle terminating in a 

rams head and large cast bronze jug. From main burial one, one of two early 

2nd century AD Romano-British burials discovered at Turner's Hall Farm.  

Available from: http://www.stalbansmuseums.org.uk  

6.3.3 Methodology 

The proposed alternative method incorporates the following steps, as shown in 

the Graph 47. The fragments of the vessels were 3d digitised, virtually joined 

and digitally restored via the modelling of the missing parts. Archives research 

and literature review are necessary so as to achieve evidence based 

reconstruction. The modelling of the missing fragments aims not only at the 

creation of detachable fills, but also the addition of features which can enable 

the safe position of the fills without the use of adhesive materials. The exact 

geometry and the ideal optical properties of the fill can be examined in detail 

and defined. A series of models was created in an attempt to identify which are 

the best optical properties of the fill. The models, when compared to each 

other, lead to conclusions regarding the most appropriate approach. The 

comparison will be based on the 6 inches 6 foot rule.  

http://www.stalbansmuseums.org.uk/
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Graph 47: The alternative restoration methodology proposed (Graph author’s 

own). 

6.3.4 Results and discussion 

6.3.4.1 3d digitization  

In order to acquire more information and detailed 3d models of the fragments, 

the CT scanning method was preferred (see section 3.4.1.2.3 for application of 

CT scanning on metals). CT scanning results in detailed 3d digitization of the 

fragments shown in Figures 374-375
67

. As well, CT enabled the study of the 

morphology and shape of the fragments, as indicated by the cross sections 

(Figures 376-379). The opportunity to study internal structures, and the 

available options in VG studio max to visualise variation in the metal material 

using pseudo colour volume rendering techniques, is also important.  As 

shown in Figures 380-381, the formation of different copper oxides due to 

                                           

67

 See Digital Library, folder section6.3, folder 

HMS_UK_COP_PATERA_DigitisedFragments 
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corrosion and cracking, indicative of the manufacture process (casting) are 

clearly observable.  

 

Figure 374: Renderings of the oinochoe handle in VG studio max (Image 

author’s own). 

 

Figure 375: Renderings of the oinochoe body in VG studio max (Image author’s 

own). 
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Figure 376: Sections of the oinochoe handle in VG studio max (Image author’s 

own).  
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Figure 377: Sections of the oinochoe handle in VG studio max (Image author’s 

own). 
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Figure 378: Sections of the oinochoe rim in VG studio max (Image author’s 

own). 
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Figure 379: Sections of the oinochoe in VG studio max (Image author’s own). 

 

Figure 380: Comparison of different renderings in VG studio max (Image 

author’s own). 
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Figure 381: Colour rendering of the oinochoe handle in VG studio max (Image 

author’s own).  

6.3.4.2 Material evidence and typology  

The shape and ornaments of handles provide important evidence for their 

typological categorization. From the surviving evidence the hollow ribbed tube 

and the animal’s head terminal are attributed to the fine examples of shallow 

patera of Eggers types 154 or 155
68

.  Similar examples of handles with ram’s 

head terminals are presented in Figures 382-385. The vessel, based on 

complete similar examples and on Eggers typology, is a flat or umbilicus 

bottomed bowl without a foot-ring (Type 154) or with foot-ring Type (155). A 

variant of this type includes a ring fitted in front of the handle, fixed on the 

body by a soldered clip. Complete similar vessels are presented in Figures 386-

390. 

                                           

68

 Eggers, in his 1951 publication "Der Römische Import Im Freien Germanien", 

introduced a basic typology for patera with handles terminating at an animal’s head. 

Dave Webb research is focused on refining a typology of different patera types 

(http://www.archdiggers.co.uk/Patera_Introduction.aspx). 
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Figure 382: Solid bronze patera handle terminating in a ram's head.1st C. 

length 12.6cm, diam. 1.7 cm. British Museum, Department of Greek and 

Roman antiquities, Museum number 1814,0704.907 Available from: 

http://www.britishmuseum.org/research.aspx  

 

Figure 383: Hollow bronze patera handle terminating in a ram's head. 1st C.  

length 16.2cm, diam. 2.5 cm. British Museum, Department of Greek and 

Roman antiquities, Museum number 1814,0704.906 Available from: 

http://www.britishmuseum.org/research.aspx  

 

Figure 384: Copper alloy patera handle. In form of ram's head from Hod Hill. 

Length: 15.6, diam. 2.2 cm. British Museum, Department of Britain, Europe and 

Prehistory, Museum number 1893,0601.472 Available from: 

http://www.britishmuseum.org/research.aspx  

 

http://www.britishmuseum.org/research.aspx
http://www.britishmuseum.org/research.aspx
http://www.britishmuseum.org/research.aspx
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Figure 385: Cast bronze handle of patera with ram’s head terminal from 

Bratislava-Devin, overall length 12.5cm (Kraskovska, 1978, p.49). 

 

 

Figure 386: Cast bronze Roman patera and detail of ram's head handle 

terminal  discovered at Turner's Hall Farm Wheathampstead, Hertfordshire, in 

March 2002. 44 BC - AD 400. Photo numbers PX1761 and PX1284 Available 

from: http://www.stalbansmuseums.org.uk  

 

Figure 387: Bronze saucepan or shallow patera with a fluted handle 

terminating in a dog's head handle from Italy, Naples. Length: 34.9 

centimetres. British Museum, Department of Greek and Roman antiquities, 

Museum number 1856,1226.700. Available from: 

http://www.britishmuseum.org/research.aspx  

http://www.stalbansmuseums.org.uk/
http://www.britishmuseum.org/research.aspx
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Figure 388: Bronze patera, early 1st century A.D. Length: 37.5 cm. Accession 

Number: 1989.281.87 Available from: http://www.metmuseum.org/collection  

 

Figure 389: Shallow bronze sacrificial patera with horizontal handle and out-

turned rim on a low foot-ring and with a central raised umbo bordered with 

concentric cycles. The handle terminates in a dog’s head. Height 3.9cm, rim 

diameter 19.8 cm, base diameter 7.3cm, length of handle 13.8 cm. Eggers type 

155 (Kraskovska, 1978, p. 75). 

 

http://www.metmuseum.org/collection
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Figure 390: Shallow bronze sacrificial patera with horizontal handle and on a 

low foot-ring and with a umbo. The handle terminates in a ram’s head. Rim 

diameter 25.8 cm, base diameter 12.5 cm, length of handle 12.1 cm. Eggers 

type 155 (Kraskovska, 1978, p. 78). 

 

The second handle with the female head at its end is attributed to an oinochoe-

jug with trefoil rim. This is probably a variant of an "oinochoe type 1" because 

of the distinctive trefoil mouth, but with a slightly elevated and curved handle 

instead of a high vertical one. This type is well known because of the large 

variety of the ceramic jugs surviving, which had their origins in bronze vessels. 

The body may be ovoid, globulous, and bulbous or of S shape profile. Similar 

examples from the British and the St Albans Museum are presented in Figures 

391-394.  
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Figure 391: Bronze oinochoe with handle decorated with a figure of the wine-

god Bacchus as a child (right). Height 17.78 cm. British Museum, Department 

of Greek and Roman antiquities, Museum number 1856,1226.656 Available 

from: http://www.britishmuseum.org/research.aspx 

 

Figure 392: Small cast bronze Roman jug. There is a cow figure at the neck of 

the jug, and the handle terminates in a gorgon head. From burial two, one of 

two early 2nd century AD Romano-British burials discovered at Turner's Hall 

Farm. Available from: http://www.stalbansmuseums.org.uk  

http://www.britishmuseum.org/research.aspx
http://www.stalbansmuseums.org.uk/
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Figure 393: Large cast bronze Roman jug. The figure at the neck of the jug 

may be Silenus, a god of wine similar to Bacchus, a suitable choice for a wine 

jug. From main burial one, one of two early 2nd century AD Romano-British 

burials discovered at Turner's Hall Farm, Wheathampstead, Hertfordshire Photo 

number PX1103 PX1099 Available from: http://www.stalbansmuseums.org.uk  

    

Figure 394: Bronze oinochoe with the handles terminating in a female head at 

the top and a satyr's mask on the body. 420BC-400BC. Ancient Greek. Height: 

16.51 cm. British Museum, Department of Greek and Roman antiquities, 

Museum number 1884.0806.1.  Available from: 

http://www.britishmuseum.org/research.aspx  

 

http://www.stalbansmuseums.org.uk/
http://www.britishmuseum.org/research.aspx
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The base fragment (fragment b) must come from the patera because of its 

decoration on both sides.  It is highly likely for a base of an open shape vessel 

(patera) rather than a closed one to be decorated. Moreover, the other base 

fragment (fragment a), being plain from the one side and decorated with 

concentric cycles on the other side, is attributed to the oinochoe, as it 

resembles the one presented in Figure 395.  

 

Figure 395:  Polhov Gradec (SI), dépôt 2 [1883], c. 350/425, retrieved from the 

online encyclopaedia of small finds Available from: 

http://artefacts.mom.fr/en/home.php  

 

From the miscellaneous small bronze finds the two mounts and the pelta foot 

are of particular interest. Evans has presented similar objects discovered at 

Clay Farm in Cambridge, as well as Feugère and Canny (Figures 396-397), and 

attributed them to the patera shape. A small pelta-shaped vessel foot with 

detached ends of articulated arms from the Archaeological Museum in Split, 

similar to the one under examination, is the foot of a trulla according to 

Jovanovic (2010), who associates the pelta-shaped feet with this specific vessel 

type. Kraskovska (1978) interprets a similar small find from Slovenia as a foot 

of a bucket, while similar feet have been associated with jugs attributed to a 

patera according to the Online Encyclopedia of Archaeological Small Finds 

(http://artefacts.mom.fr/en/home.php) (Figure 398).  

http://artefacts.mom.fr/en/home.php
http://artefacts.mom.fr/en/home.php
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Figure 396: Bronze small finds attributed to a patera. Cambridge, Clay Farm 

(GB) (Evans 2008, p.164, pl.3.13) (left) and Villetelle, Ambrussum (34), 

applique isolée (Feugère 1986a, p.98, fig. 78, n°13)(right). Examples retrieved 

from the online encyclopaedia of small finds Available from: 

http://artefacts.mom.fr/en/home.php                                             

 

Figure 397: Habitat rural, region (Canny) example retrieved from the online 

encyclopaedia of small finds (left) Available from: 

http://artefacts.mom.fr/en/home.php.  Feet from bucket from Slovenia, length 

6.6 cm, width 2.4 cm. (Kraskovska, 1973, p.63) (right).  

http://artefacts.mom.fr/en/home.php
http://artefacts.mom.fr/en/home.php
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Figure 398: Bronze feet associated to jug shapes. Example retrieved from the 

online encyclopaedia of small finds Available from: 

http://artefacts.mom.fr/en/home.php    

 

6.3.4.3 Reconstruction dilemmas  

The following list summarises the reconstruction dilemmas for the patera and 

reveals the complexity of this restoration project:  

 What is the total length of the handle? 

 What is the height? 

 What is the diameter of the foot? 

 What is the diameter of the rim? 

 Is the foot part of the patera? If yes, which is its correct position?  

 Are the mounts parts of the patera? If yes, which are their correct 

positions?  

 Which of the thin bronze sheets, if any, are parts of the patera? 

 

The following list summarises the reconstruction dilemmas for the oinochoe:  

 Which is the exact shape-curvature of the missing area of the body? 

 Which is the diameter of the base? 

 Which is the height? 

 Which of the thin bronze sheets, if any, are parts of the oinochoe?  

 

The main reconstruction dilemmas are described in Graphs 48 and 49.  

http://artefacts.mom.fr/en/home.php
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Min.=12cm
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Graph 48: Main reconstruction dilemmas for the patera (Graph author’s own).  
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Graph 49: Main reconstruction dilemmas for the oinochoe (Graph author’s 

own). 
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6.3.4.4 Virtual reconstruction 

The total length of the two handle parts is 12.4 cm (8.7+3.7 cm) while the 

length of handles of similar type varies from 12 to 16.8 cm. Hence, the length 

of the missing part is approximately between 1 and 4cm. The diameter of 

tubes varies from 1.7 to 2.8 cm based on the examples already referred to, 

while the diameter of the fragment is 2.5cm. The diameter of the surviving 

fragment of the base is around 8 cm. It is likely that this measurement 

corresponds to the diameter of the foot, because of the tensions in area of 

connection between the body and the foot may have caused the fracture. In 

addition, this value is in accordance with the diameter of the foot in similar 

examples (from 7 to 12.5 cm.). Considering the curvature at the end of the 

fragment that attaches to the body and the height, which is less that 4cm 

based on complete examples, an estimated value of the diameter of the foot 

can be set. Similarly, the known diameter of the rim from complete vessels 

(from 20 to 25.8 cm), the maximum height and the curvature of the body can 

be used so as to set an estimated value for the diameter of the rim. 

Considering the above the final dimensions of the reconstructed vessel were 

defined (handle length=14.5cm, diameter rim=19.5cm, height=5.3cm, 

diameter base=8.5cm) (Table 26)
69

. 

Table 26: Dimensions for the reconstruction of the patera.  

 Known 

value 

Maximum value 

from examples  

Minimum value 

from examples  

Estimated 

value 

Handle 

length  

12.4 16.8 12 14.5 

Handle diameter 2.5 2.8 1.7 2.5 

Height - 4 - 5.3 

Rim diameter - 25.8 20 19.5 

Foot diameter - 12.4 7 8,5 

 

A number of renderings were produced, such as non-photorealistic renderings 

(Figure 399) and renderings of the complete vessel (Figures 400-401).  

                                           

69

 See Digital Library, folder section6.3, file HMS_UK_COP_PATERA.max 



 

498 

 

 

  

Figure 399: Drawing of the vessel, side and top view, created in 3D Studio max 

(Image author’s own). 

 

Figure 400: Rendering of the vessel, side view, created in 3D Studio max 

(Image author’s own). 
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Figure 401: Rendering of the vessel, top view, created in 3D Studio max (Image 

author’s own). 

 

From the shape of the surviving part of the body, the conclusion that the 

oinochoe has an oval or globular body can be reached. Regarding the handle, 

its shape leads to the conclusion that it resembles the one depicted in the 

Figure 310. The maximum diameter as well as the height of the oinochoe’s 

surviving part is around 14 cm, and the handle’s length is 13 cm, while the 

lower part of the oinochoe’s body is missing. Considering the above, the 

missing part of the body extends from the end of the handle height in the area 

of the shoulder to the base. This area covers almost half or one third of the 

total height. Its curvature is unknown. The surviving part of the base has a 

radius of around 2.3 cm with a slight indication of a curved area that may 

define its edge. Modelling of the missing lower body part is problematic 

because of the distortions. In order to represent the body of the oinochoe as 

symmetrical, as it should have been, it is inevitable that original material must 

be covered. Otherwise the reconstructed part would be modelled in a way that 

follows the distortions of the original material or slightly smaller as shown in 

Figure 402.  



 

500 

 

 

Figure 402: Proposed reconstruction of the oinochoe. Rough estimation of 

curvature and height based on the surviving evidence (Image author’s own). 

 

6.3.4.5 Virtual aesthetic restoration  

The virtual aesthetic restoration aims to define the appropriate appearance of 

the fill. In order to achieve this goal a series of materials was created. Via the 

comparison of renderings the user can evaluate the success of the aesthetic 

restoration. In order to transfer the 6 foot 6 inches rule in a virtual 

environment, cameras were positioned so as to produce close up and distance 

renderings as shown in Figure 403. The former focus on the details of the 

handle and the base, while the latter produce top and perspective views of the 

whole vessel.   
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Figure 403: Screenshot from 3d studio max, showing the distance views of the 

whole vessel (top) and the details (below). Clockwise from top left, view from 

Camera001, 002, 004 and 003 (Image author’s own). 

 

The renderings with a material that resembles the optical properties of 

Plexiglas (Figure 404), in terms of colour and translucency, was used as an 

initial point for the experimentations. A restoration like this would succeed in 

the representation of shape of the vessel and would make it accessible and 

understandable to the viewer.  Nevertheless, its aesthetic quality resembles 

neither complete examples nor the artefact in its historical form. Similarly, the 

application of a simple greenish colour (Figure 405) creates an unrealistic 

appearance.  
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Figure 404: Renderings with a material that resembles the optical properties of 

the Plexiglas applied to the modelled parts. Distance views (top) and details 

(below) (Image author’s own). 

 

Figure 405: Renderings with a greenish material that resembles the optical 

properties of matt plastic or painted gypsum applied to the modelled parts. 

Distance views (top) and details (below) (Image author’s own). 
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In contrast, for the handle the application of a diffuse colour map gives much 

more realistic results (Figure 406). The viewer can distinguish the modern 

addition even from the distance renderings. However, this is not possible when 

a cellular diffuse colour map, which combines brown and greenish hues, was 

applied (Figure 407). The latter proved to be the most appropriate material, 

because it is clearly discernible in the close ups, while in the distance 

renderings it is not distinguishable from the original material. For the missing 

part of the body of the patera a cellular material was used. As shown in Figure 

408 the different tiling of the map has an impact on the appearance of the 

restored vessel. 

 

Figure 406: Renderings with an image of the handle as diffuse colour map. 

Distance views (top) and detail (below) (Image author’s own). 
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Figure 407: Renderings with a cellular diffuse colour map applied to the 

modelled parts. Distance views (top) and detail (below) (Image author’s own). 
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Figure 408: Renderings with a cellular diffuse colour map with different tiling 

applied to the modelled parts. Distance views (left) and details (right) (Image 

author’s own). 
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6.3.4.6 3d printing design  

The modelled detachable fills can be 3d printed and attached to the original 

parts (see section 2.3.2.5 for an overview on 3d printing). Particular attention 

should be devoted to the geometric accuracy of the 3d printed parts. 

Deformations occurred during and/or after the printing, loss of details during 

post processing and low resolution and or high speed 3d printing would result 

in mismatch or bad cohesion between the original and the fabricated part. In 

such case the only way to use the 3d print would be its manual reshaping, if 

this is possible, considering its shape, material and size. Hence, high 

resolution and low speed 3d printing with materials that provide better 

representation of detail and careful 3d modelling following the guidelines are 

recommended.   

Another crucial issue is the interaction between the 3d print and archaeological 

object. Similarly to conventional restoration methodology (see section 2.2.2.3), 

the materials used as fillers should not encourage further degradation and 

contamination. Fragmented, incomplete and restored artefacts are not suitable 

for handling session, so the requirements of the material are limited to its 

optical and chemical and mechanical properties. The desired colour can be 

achieved, either by using the appropriate colour finishing or by attaching a 

printed image of the desired colour on the surface of the 3d print. The 

mechanical properties (strength, density etc.) of the 3d printing material are 

known and their performance can be calculated with finite element analysis
70

 

and other more specialised simulation techniques, in order to avoid forces that 

may cause damage to the object. Considering that plastic is lighter than metal, 

it is expected to meet the requirements of conservation for the bronze vessels.  

Due to the lack of research on the interaction between 3d printing and 

archaeological materials, the only available solution is to propose the closest 

approximate to conservation materials used in conservation. Considering the 

current state of research plastics are preferred because they are the more 

                                           

70

 Finite element analysis is a computational method for simulation of real-world 

forces. Specialised software is being used for such simulations (ansys, autodesk) and 

applications in archaeology and artefacts’ studies have been presented (Foecke et al., 

2010; Levy and Dawson, 2009; Hein and Kilikoglou, 2015).  
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advanced materials in terms of 3d printing and they have more controllable 

properties. Nevertheless, it is difficult to find a material that fulfils all the 

requirements. For example, the use of an acrylic based plastic material, 

recommended for the fabrication of detailed products
71

 is not strong enough. 

Other materials that present better mechanical properties are not suitable for 

detailed models
72

. A potential solution to this problem is the use of multi-

materials
73

, because they can fulfil the requirements in terms of optical and 

mechanical properties. For example, the 3d print part that is actually in contact 

with the original can be printed in a material that presents best chemical 

properties, in order to avoid degradation and contamination. The other part 

can be printed in a material that best matches the optical properties of the 

original. Another option is the use of multi-materials for the positioning of the 

3d printed part instead of using adhesives. In case of the modelled missing 

part of the handle, the parts that should be inserted can be 3d printed in 

elastic plastic material so as to be attached to the original parts.  The visible 

part of the handle can be 3d printed either in metal or in plastic (Figure 409-

410). The proposed methodology proposed is represented in the Open 

Provenance Graph 50.  

 

Figure 409: Rendering of the restored handle created in 3D Studio max (Image 

author’s own).  

                                           

71

 For example the detail plastic (http://www.shapeways.com/materials/detailed-

plastic) and frosted detail plastic (http://www.shapeways.com/materials/frosted-

detail-plastic) both provided by shapeways.    

72

 For example the strong plastic material provided by shapeways 

http://www.shapeways.com/materials/strong-and-flexible-plastic 

73 For more details of multi-materials research see Vidimče et al. (2013).  

 

http://www.shapeways.com/materials/detailed-plastic
http://www.shapeways.com/materials/detailed-plastic
http://www.shapeways.com/materials/frosted-detail-plastic
http://www.shapeways.com/materials/frosted-detail-plastic
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Figure 410: Renderings from different views of the modelled missing part 

created in 3D Studio max (Image author’s own).  

 



   

509 

 

C
T

 S
C

A
N

N
IN

G
 D

IG
IT

A
Z

A
T

IO
N

 
KEY

R
E

P
LA

C
E

M
E

N
T

 O
F

 L
O

S
T

 M
A

T
E

R
IA

L 

fragments

CT scanning Processing
Apply colour 
information

3dreshaper

obj  and mtl files

CT scanned 
reconstruction of 

volume

CT scanning 
hardware 

CT 
scanning 

expert

Was Triggered by Was Generated by Was controlled by Used

Physical artefacts
Digital

artefacts
Manual processes

 agent 
controls 

processes
Digital processes 

Digital 
conservator

obj  files

vgi files jpg files

CT scanning 
software 

Software: IImageJ, 
VGImax

Insert in 3ds max 

Literature review

Modelling missing 
parts

Applying materials 
to modelled parts 

Close up and 
distance renderings

max file stl file

Create cameras 

3d printing 
Define appropriate 

colour

Fabricated missing 
part 

Assemble 
fragments/
restoration  Virtually restored 

artefact (max-file) 

Physically restored 
object 

 

Graph 50: Open Provenance Graph for the methodology proposed for 

replacement of lost material (Graph author’s own). 
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6.4 Re- and de- restoration 

6.4.1 Scope  

For the third case study the main goal is to use the techniques discussed 

throughout the thesis in an attempt to define an ideal state, balance the 

conservation objectives and lead to a better treatment proposal, taking in to 

account methodologies derived from conventional conservation practice.   

6.4.2 Selection of study material 

A highly corroded iron pocket sundial was used as a case study (Figure 411) in 

an attempt to explore the possibilities of virtual reconstruction and physical 

replication in case of de- and re- restoration projects. The iron pocket circular 

sundial was selected due to its complexity and advanced level of difficulty in 

terms of conservation decision making, considering the poor preservation 

state, the old conservation operations as well as the interest in its use. It is 

highly corroded and extremely fragile. It survives in two parts, in a mass of 

compacted chalk material. The physical structure of a sundial which casts the 

shadow (gnomon), which usually lies on the dial plate or face, is lost. Similarly, 

the hour line, numerals and furniture are hardly discernible. 

 

Figure 411: Iron pocket sundial fragments (Image author’s own). 
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6.4.3 Methodology 

For the re- and de- restoration case study the conservation treatment 

methodology (characterization grid, values analysis, timeline) proposed by 

Appelbaum (2009) will be enriched with the digital components discussed in 

the previous sections, as well as the digital capture techniques presented in 

Chapter 5 (PG and RTI).  

For recording and documentation of the sundial fragments and revealing the 

material evidence microscopy, multispectral Imaging, PG and RTI were 

employed. All the relevant documents from the institutional archive were 

studied, including the excavation data and notes and the conservation reports, 

in order to understand the object biography. Archives and literature research 

was conducted in an attempt to select data regarding sundials, including 

manufacturing technology, materials and use and typology.  Based on the 

information selected and analysed the ‘ideal’ state of the artefact will be 

defined, in an attempt to reach a compromise between conservation objectives. 

Finally, the appropriate treatment proposal will be presented.  

6.4.4 Results and discussion 

6.4.4.1 Archives and literature research  

According to the museum documentation and the entry about the sundial in 

the archaeology object database (find no A.2000.134.300), the object is dated 

around the 15th century AC. It was unearthed in the excavation of the Woollen 

Hall, Castle Way (SOU 393), a 12
th

 century family house with a 13
th

 century 

vaulted cellar below. The intensive occupation from the 900’s until 1940 ended 

after the house was destroyed by a massive fire. Excavation revealed the wealth 

of the owners of the house, possibly rich merchants, who possessed exotic 

imported objects, such as Italian and French pottery and glass vessels and fine 

metal work.  Through documentary evidence, the owner of the house, a 

wealthy merchant called Agnes Overy, was identified. The object was 

transferred to Salisbury conservation centre and underwent preliminary 

conservation treatment, including removing the wet soil, cleaning, joining with 

HMG cellulose nitrate and consolidation with Paraloid B72. Mechanical damage 

caused during cleaning was also consolidated. Margret Brooks noted the 
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fragility of the object, which was reduced to a brittle, bubbly corrosion at the 

back and grey residual iron on the front. In the conservation report the 

lamination of the surface was stated clearly: ‘...the object has split into two 

upper and lower slices and they are not object or cover or lid’ (Southampton 

City Council, Arts and Leisure Archive).  

The sundial is one of the oldest instruments for telling the date and measuring 

time from the position of the Sun. During the 15th and the 16th century, 

Germany, and in particular Nuremberg and Augsburg, were the main 

production centres for portable sundials (Freitag, 2011). Also, this instrument 

was very popular in medieval and early modern Europe, and remained an 

essential item for many people until the 19th century. During the Middle Ages 

only a limited number of people could afford to own a sundial, while the vast 

majority calculated time by listening to the bells of the local church, or by the 

position of the sun in relation to local landmarks (Eagleton, 2005). Waugh 

(1973) refers to the need for portable sundials for travellers who want to keep 

track of time into the early seventeenth century, when pocket watches became 

more reliable and less expensive. Although sundials were luxury objects for 

that time, various types of inexpensive portable dials were used by common 

people.  

Portable sundials existed in various types, including cylinder, tablet, cubic, 

cross, equatorial and ring as well as nocturnal sundials. These transportable 

sundials include some means of orienting the dial, and they are often either 

universal or capable of being read at a number of fixed latitudes. Nocturnal 

sundials were widely used by sailors. They consist of three parts. The first one 

is a circular disc divided around its edge in 12 divisions, representing the 

months. The second is a slightly smaller disc with 24 divisions, one for each 

hour of the day. The third part is a cursor that passes though the centre of the 

pivot plate (Figure 412). The equatorial sundial has a similar division in its face 

so as to represent the hours of the day, with 15 angles for each hour and a 

gnomon set perpendicular to the dial plate in the centre of the dial. To use it in 

the winter the dial must have the same numbering on the back side of the 
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plate (Figure 413)
74

. Pocket equatorial dials were popular in Ausberg, Germany. 

The dial furniture, other than the hours line and the meridian, are additional 

lines and features which are not absolutely necessary for telling the time 

(Waugh, 1973). 

      

Figure 412: The nocturnal sundial (left) and its assembly (right) (Waugh, 1973). 

  

Figure 413: Equatorial dial, top (left) and side view (right) (Waugh, 1973). 

 

6.4.4.2 Material evidence  

Microscopic examination of the sundial fragments revealed details of the 

decoration and degradation phenomena. The stippling was evident in well 

preserved areas, although an indication can be seen in the case of severely 

damaged letters (Figures 414-415).  The surface is covered by deposits, 

encrustations, materials from the excavation environment and corrosion 

                                           

74

 The website of The British Sundial Society is a useful resource for more details on 

sundials (http://sundialsoc.org.uk/) 
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products (Figures 416-417). Severe physical damage, in the form of cracks and 

losses, were also evident. A difference in reflectivity due to the presence of 

films of conservation materials and glues in the areas of the cracks were 

documented (Figures 418-419).  

 

Figure 414: Microscopic details of numerals, clear visualization of the stippling 

in a relatively well preserved area (Image author’s own). 

 

Figure 415: Microscopic details of numerals, indication of stippling in a 

damaged area (Image author’s own). 
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Figure 416: Accumulation of deposits, dirt and salts in the interface between 

the iron and the chalk (Image author’s own). 

 

Figure 417: Deposits, encrustation and corrosion products on the surface, 

microphotograph (Image author’s own). 
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Figure 418: Cracks, microphotograph (Image author’s own). 

 

Figure 419: Area of loss, microphotograph (Image author’s own). 

In greyscale images the hole in the centre of the sundial is hardy recognised, 

while in the infrared images it is clearly differentiated from the metal material 

(red arrows-Figures 420-421). One of the most interesting features was the 

enhanced legibility of certain numerals in the infrared spectral area (yellow 

arrows). But this phenomenon is not uniform, as other details and numerals 

appear less distinctive in infrared images (green arrows). This demonstrates 
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the complex corrosion pattern that has been formed, with various depositions, 

corrosion products, and crusts of different chemical compositions on the 

surface of the sundial.   Certain corrosion products appear opaque in IR 

images. The digitised old x-radiographs emphasize the absence of other 

materials (e.g. brass) and the corrosion of the sundial (Figure 422).  

 

Figure 420: Sundial fragment, digital, greyscale image (top) and IR image 

(below) (Image author’s own). 
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Figure 421: Sundial fragment, digital, greyscale image (top) and IR image 

(below) (Image author’s own). 
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Figure 422: Digitised radiographs. Image for the Archive of the Southampton 

City Council, Arts & Heritage.   

 

RTI can support documentation and examination as demonstrated in chapter 5. 

RTI has not yet been applied to sundials, with the exception of a portable 

bronze sundial from the collection of the British Museum (Bevan et al., 2013), 

although there is no doubt that the technique can significantly enhance the 

study of this object type. In this context, because of the complexity and the 

fragmentary nature of the sundial’s face, RTI visualization aimed not only to 

enhance the legibility of the inscriptions, but also to determine the condition 

of the object. RTI visualizations assist in documentation and condition 

recording, and enhance our understanding of its conservation state non-

destructively, thus avoiding any form of interaction with the material or 

handling. An attempt was made to distinguish the hour line and the numerals 

as well as the furniture on the sundials plate or face. These features, referred 

to as furniture (declination lines, compass rose, mottoes, date, maker's name 

and latitude) are crucial for the understanding of the object and its use. 

However, they are hardly recognisable because of the poor state of 

preservation (Figures 423-425). The month’s line was the only furniture feature 

revealed in both fragments (Figures 426-427), while the degradation, cracks, 

deposits, corrosion products and losses were documented
75

.   

                                           

75

 See Digital Library, folder section6.4, files SCC_UK_IROa_SUN_MA-H.rti and 

SCC_UK_IROb_SUN_MA-H.rti 
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Figure 423: The sundial, detail, clock wise from top left, digital image, RTI 

visualization in default and specular enhancement rendering mode and normal 

map. RTI provide enhanced visualization of the surface topography, including 

the sundial furniture and degradation features (Image author’s own). 
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Figure 424: The sundial, clock wise from top left, digital image, RTI 

visualization in default and specular enhancement rendering mode and normal 

map. RTI Visualizations emphasizing damage, cracks and encrustations (Image 

author’s own). 



 

522 

 

  

Figure 425: The sundial, clock wise from top left, digital image, RTI 

visualization in default and specular enhancement rendering mode and normal 

map (Image author’s own). 
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Figure 426: The sundial, RTI visualization with hour’s line revealed (Image 

author’s own). 

 

Figure 427: The sundial, RTI visualization with hour’s line revealed (Image 

author’s own). 
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In addition, the 3d model created using PG gave us a better understanding 

about the shape, emphasizing the curvature of the fragments and enabling 

dimensional analysis. It also offered the opportunity to test, in a virtual 

environment, the results of the conservation assessment contacted in 1989 by 

the Conservation Centre in Salisbury. The two fragments were positioned as 

indicated by the conservation report, leading to two different scenarios. In the 

first scenario the small fragments were placed on the top of the larger one 

while in the second one, the small fragments were positioned upside down 

(Figure 428). As show in the non-photorealistic renderings the first scenario is 

highly unlikely compared to the second one, because of the similar curvature 

of the fragments if positioned in this way.  

 A

 B

 C 

Figure 428: The two fragments, non-photorealistic rendering. A) Highly unlikely 

scenario of positioning the small fragment on top of the larger one. B and C) 

Most likely scenario of positioning the small fragment upside down, on top of 

the larger one (Images author’s own). 
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Although the original reports present the object as having a concave shape, 

due to the distortion of the fragments it is impossible to reach safe 

conclusions regarding the original shape. According to the initial 

interpretation, the fragments were parts of an equatorial sundial (Figure 429).  

However, there is no reliable evidence that the sundial was of this particular 

type. This hypothesis is based on the assumption that the numbers 0-8 and 4-

12 are engraved on the face of the sundial. Nevertheless, the visible lines do 

not correspond to Latin numerals, but they are part of the furniture, used to 

divide the ring into 12 divisions.  Based on the material evidence the fragments 

are probably parts of a nocturnal sundial assembly.  

 

Figure 429: First interpretation of the sundial, sketches. Image for the Archive 

of the Southampton City Council, Arts & Heritage.  

6.4.4.3 Values analyses  

Values analyses can help us define the goal of treatment. The state of 

preservation minimises the art and aesthetic value of the sundial. The highly 

corroded matter covers any sign that can be useful for the aesthetic 

appreciation of the object. Although the presence of sundials with elaborated 

furniture, which are considered as pieces of art, is confirmed by museum 

collections, such as those of the National Maritime Museum in Greenwich, it is 

highly unlikely for conservation to manage to reveal the aesthetic quality of the 

object. Moreover, iron has rarely been the choice of manufacturers of artistic 

sundials, when other materials, such as iron, copper brass, bone and ivory 

were preferred. Similarly, the use and educational value of the sundial is 

limited in its present condition. It is difficult for the museum visitors to 

understand the object, or for experts to study the object, at its current state. 

The rarity value is relatively high because of the limited number of iron 
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sundials unearthed in Southampton, as demonstrated by a search in the 

Southampton archaeology objects database and the Portable Antiquities 

Scheme database. The rarity of medieval portable instruments has been 

discussed in the literature (Davis, 2012). Consequently, the object is of 

particular importance from a historical point of view. Its research value is of 

particular importance, as it can potentially provide data so as to better 

understand the time keeping systems used. The values analysis is summarised 

in Table 27.  

Table 27: Values analysis.  

Values Key 

Art value 7 1. Maximum  

2. High 

3. Possible high 

4. Medium 

5. Possible low 

6. Low 

7. Minimum 

Aesthetic value 7 

Historical 3 

Use 7 

Research 1 

Educational 7 

Rarity 2 

 

6.4.4.4 Treatment proposal  

In its present state the physical restoration of the sundial would require 

removing the chalk, and cleaning and joining the two pieces. Further 

restoration is required in order for the two fragments to be joined physically, 

because of the significant loss of material in the edges, as a result of the 

extensive corrosion and the cracking of the iron. Questions arise as to whether 

such operations are feasible because of the extremely poor state of 

preservation of the material. In addition, the final result of such conservation 

treatment, the state of the object, is under question. It is absolutely necessary 

to proceed to the replacement of the lost material in order to physically join 

the two pieces. Based on the findings of the 3d modelling, the highly corroded 

iron material and the relatively small dimensions of the surviving fragments, 

physical restoration is not recommended. In order to overcome the uncertainty 

of such remedial operations, virtual restoration can be performed.  
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The alternative digital restoration guarantees enhanced accessibility to the 

object and the protection of its material and aesthetic integrity. Virtual 

reconstruction
76

 overcomes the limitations of physical restoration and offers 

the opportunity to execute any operation virtually. Moreover, virtual restoration 

offers the option to erase the damage and represent the object, following the 

different scenarios (Figures 430-431).  

 

 

 

Figure 430: Renderings of the sundial. Nocturnal sundial (Image author’s own). 

 

                                           

76

 See Digital Library, folder section6.4, files NOCTURNAL_SUNDIAL.max and 

EQUATORIAL SUNDIAL.max  
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Figure 431: Renderings of the sundial. Equatorial sundial (Image author’s own). 

 

Finally, the sundial model can be 3d printed. The replica can be used in various 

ways, either within or outside the museum environment. It would be useful for 

display because it represents a complete version, which would be easier for the 

museum’s visitors to understand. The replica would be a useful addition to 

handling sessions, because it will offer the opportunity not only to appreciate 

the object in its case, and understand its use via animations and still images, 

but also to handle and have an actual experience of its use. The requirements 

for the 3d printing project depend on the use of the replica. The replica as a 

handling session object should not only represent the appearance, as it 

happens in its exhibition use, but also its function, weight, temperature.    
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Considering the above, for handling sessions, the model should be printed 

with metal material (see section 2.3.2.5.3 for a discussion on 3d printing 

materials), resulting in a more convincing replica, in terms of temperature, 

weight, strength, optical properties and with a better representation of detail. 

The latter is of particular importance in order for the object to be functional 

because of the low relief detail. Simulations can be useful in testing the 

mechanical properties of the chosen material and the functionality of the 

sundial. In order to avoid problems in 3d printing, it is recommended to print 

the sundial in three parts (see Figure 412 for the nocturnal sundial assembly 

parts). This requires assembling of these parts after printing. On the other 

hand the model can be 3d printed in plastic, exported as one file and post 

processed in order to acquire the desired optical properties for exhibition 

purposes (Graph 51). From the available materials in shapeways
77

, platinum 

and metallic plastic (alumide) are appropriate for the creation of the metal and 

plastic replica respectively.  

Although 3d printing has found many applications in packaging industry it has 

not been used for storage and transportation of archaeological materials, apart 

from limited experimentations at experimental level (Sa et al., 2012). It would 

be inappropriate to store the sundial in 3d printed packaging, even if the 

potential of designing easily such a package is tremendous, due to the lack of 

research evidence for the geometric design and the 3d printing materials. A 

flexible, foam like material, chemically inactive should be used in addition to 

monitoring the microclimate of the container in order to meet the 

requirements for the packaging of iron. Already developed 3d printing 

materials, such as the elasto plastic (shapeways, 2015), the Layfomm 40 

Filament (Molitch-Hou, 2014) and the poly-flex material (Molitch-Hou, 2014) 

present similar properties and should be tested. Additionally, materials under 

development for protective helmets such as the microlattice (Thimmesch, 

2014), may find application in artefacts packaging in the future.  

                                           

77 
Shapeways is one of the leading companies in the field of 3d printing services 

(http://www.shapeways.com/) 
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Graph 51: Sundial’s 3d printing (Graph author’s own). 
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6.4.5 Conclusions  

In order to proceed to virtual reconstruction as an approach towards 

treatment, it is crucial to question the reason of the virtual reconstruction. In 

this case study the material is in a poor conservation state that does not allow 

any form of human-object interaction with respect to remedial treatment. In 

general it is recommended to proceed to virtual reconstruction after values 

analysis, in order to define the goal of treatment and an ideal state of the 

object that should be revealed by remedial treatment, and/or visualised by 

virtual reconstruction.  

6.5 Summary 

In this chapter remedial conservation treatment, with a particular emphasis on 

fragments matching, replacement of lost material and re- and de-conservation, 

was considered. First, via comparative analysis of manual and semiautomatic 

processes for fragments’ identification in terms of conservation objectives, and 

evaluation of the available software addressed their potential and limitations. 

Second, the use of 3d modelling and reproduction techniques for restoration 

was presented and evaluated, incorporating methodological aspects of 

traditional museum practices, which were never previously taken into 

consideration. Third, virtual reconstructions were used as an alternative to de- 

and re- conservation dilemmas, followed a concrete methodology for 

estimating the goal of treatment, and finally defining the role of virtual 

reconstruction in conservation. The emphasis and the main contribution of 

these experimentations is the implementation of 3d modelling in a way that 

befits conservation ethics and meets conservation needs, rather than the 

computational complexity of the reconstructions. 

The following chapter summarises the experimental findings, reaches 

conclusions and presents recommendations regarding the application of digital 

techniques in conservation.  
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Chapter 7:  Conclusions  

7.1 Introduction  

This thesis introduced the concept of conservation virtualization, and has 

explored and evaluated novel methodologies for preventive and remedial 

conservation of artefacts. Although the field of computer visualization is 

developing rapidly, and has already demonstrated successful applications in 

archaeology, the contribution to conservation science and practice has been 

limited, due to the absence of focused applied conservation research. This 

study aims to fill this gap, and bridge the conservation needs and the 

computational developments in the field of digital imaging and computer 

visualization. It has identified problematic aspects of practice and presented an 

overview of current approaches. It proposed novel digitization, imaging and 

documentation methodologies, and examined the nature and potential 

transformations introduced in the theoretical frameworks for conservation, as 

well as the role and impact of virtualization in traditional conservation practice. 

In particular, the study has sought to know whether the application of 

computational imaging, computer vision and digitization techniques can result 

in effective virtual visual analysis, and to what extend graphical 3d modelling 

and physical 3d reproductions can contribute to conservation treatment.  

7.2 Virtualizing Conservation: a pragmatic approach  

Of particular importance for the realization of conservation virtualization is the 

development of methodologies that are in accordance with conservation needs. 

The novel digitization techniques discussed throughout the thesis, either 2.5 d 

RTI visualizations or 3d models (PG), introduced for the first time in this thesis 

or applied and evaluated at a great extent, fulfil the above criteria. They are 

not static records, and effectively enable virtual visual analysis in different 

spectral areas, without physical interaction. Even if the artefact, in the state it 

was visualised, has been altered or does not exist anymore. This is 

advantageous for conservation applications, because physical access to 

artefacts may be limited, or may not be in a position to reveal crucial features 

for diagnostic examination and virtual analysis. Also, the constant alteration of 
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materials, a major aspect in conservation condition reporting, interventive and 

preventive treatment, can be significantly assisted by the visualizations of 

different states of an artefacts biography. Unnecessary handling is prevented; 

artefacts become more accessible and can be easily disseminated to the 

scientific community and the public.  

Since the presentation of preliminary microscopic RTI results from the 

Classical-Hellenistic Derveni cemetery (Kotoula and Earl, 2011), awareness had 

been rapidly growing of the usefulness of microscopic RTI throughout the 

conservation community, followed by the application of these techniques in 

renowned institutions, such as the Straus Centre for Conservation and 

Technical Studies of the Harvard Art Museums (Schroer, 2012). The 

experimental microscopic dome developed in 2011 as part of this research is 

the first one of its kind. Since then, the field of microscopic RTI capture has 

been developed, in which led to the development of similar devices based on 

the same principles (Messier, 2014). Similarly, the trans illumination and 

irradiation RTI techniques, proposed for the first time in this research, have 

been used for the study of obscured writings, leading to the conclusion that 

they are the best methodological approach (Valergas, 2014). It is also notable 

that on-going research for the study of a 19th century canvas painting uses the 

before mentioned methodologies (Bennet, 2013). As far as the multispectral 

RTI methodologies are concerned, even if their feasibility has been proved 

since 2007, the applications in this study in a variety of material types, 

incorporating different spectral imaging techniques, provided the necessary 

case studies to demonstrate their utility to the cultural heritage community. In 

addition, the IR-RTI proposed in the Derveni Papyrus case study has been 

replicated for the study of Herculaneum Papyri as well. The proposed PG 

capture methodology also improved the quality of the photogrammetric 

reconstruction of Neolithic figurines in the National Archaeological Museum in 

Athens (Hamilakis, 2014). 

Beyond digitization, the growing interest in computer applications in 

conservation, not only from the academic community but also from 

conservation professionals, either in museums or private practice, 

demonstrates the current trend towards alternative digital treatment. Since the 

initial discussion of the new possibilities for the replacement of lost material, 
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fragments matching and de-re conservation that this study embraces (Kotoula 

2011), the field has considerably advanced (Arbace et al., 2012; Powell, 2012; 

Beentjes and van der Molen, 2013; Davis, 2014; Horn and Monreal, 2012). 

Apart from the experimental findings, the issues discussed at a theoretical 

level, in particular the application of mixed reality approaches, such as 

projections, are now timely discussions, after case studies such as the 

restoration of faded Rothko’s Harvard Murals using projection technology 

(Walsh, 2014). 

It is highly likely that this current trend will evolve into a new sub-discipline of 

conservation and will contribute to the progress in the profession. Hence, there 

is a clear need for guidelines that will enable conservation professionals and 

researchers to successfully incorporate digital components in their practice 

and research.    

7.3 Guidelines for practice 

7.1.1 Virtual restoration  

It is necessary to define the aims and purpose of virtual restoration. Virtual 

restoration can be used as an alternative to conventional operations and 

treatments, as a documentation strategy, as supportive material for treatment 

proposal and as an analysis tool.   

In general, virtual restoration may take place in cases where the traditional 

methodology cannot lead to an acceptable result based on contemporary 

standards. Reasons not to proceed to conventional remedial treatment may be 

cost and size constraints, health and safety, material preservation, absence of 

necessary evidence or appropriate materials and techniques for the execution 

of conservation operations. Suggested reasons to proceed to virtual restoration 

may be the poor preservation of the material, which cannot withstand manual 

handling, dimensions (either too small or too large objects) that makes it 

extremely difficult to conventionally conserve/restore the artefact and 

uncertainty for the final outcome of remedial treatment.  The conservation 

virtualisation allows the conservator to explore the various possible ideal 

states, by creating virtual objects representing different events in the object’s 

biography.  
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In particular, replacement of lost material using 3d modelling and 3d 

reproduction technologies is proposed in case of incomplete artefacts, which 

fulfil one or more of the following criteria: too fragile, extreme dimensions, 

excessive original material lost or advanced difficulty of aesthetic restoration. 

The use of this methodology is however not recommended in case of 

extremely distorted material, because the filler needs to cover authentic parts. 

Also, it is not recommended for materials whose preservation is problematic, 

such as organics, and/or materials that can be easily contaminated, because 

the long lasting performance of 3d printing materials is still unknown. In that 

case, an alternative approach is to 3d print moulds, and then fabricate missing 

parts manually using materials with known long lasting performance. The 

available 3d modelling tools make the creation of such negative moulds trivial.  

Digital refitting is recommended in cases of extreme fragmentation, where 

manual reconstruction is extremely laborious, in case of fragments physically 

located in different collections worldwide, or in the case of poor preservation. 

When de-re restoration is considered, it is recommended to examine the option 

to virtually restore the object, in cases of fragile, rare objects of particular 

historical, archaeological and research value.  

Virtual restoration may be considered as a documentation of treatment 

strategies in case of complex, long-term conservation projects. Virtual 

restoration is recommended as supportive material in treatment proposals in 

case of uncertainties and dilemmas, in order to assist defining an ideal state 

and the realistic goal of treatment. It can also be used as a guide in complex 

projects, in order to enable smoother execution of manual operations, or as a 

tool of analysis in order to provide evidence for conservation decisions, test 

hypotheses and justify treatment. The role of virtualization in conservation 

practice is summarised according to conservation needs in Table 28, proposing 

actions in relation to the particular characteristics of each project.  
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Table 28: The role of virtualization in conservation 

Conservation needs Action 

Analysis and 

decision 

making  

 Different conservation hypothesis 

 Problematic evidence for decision making 

 Objects with long biographies 

Virtual 

restoration 

 

Documentation  Complex and long-term projects 

 Need to justify treatment 

 

Treatment  Poor material preservation 

 Extreme dimensions 

 Lack of appropriate conservation materials 

and techniques 

 

Restoration  Excessive material lost or difficult aesthetic 

restoration or poor material preservation 

or extreme dimensions 

Model and 3d 

print missing 

parts 

  Excessive material lost or difficult aesthetic 

restoration or problematic material 

preservation (e.g. organics) or extreme 

dimensions 

Model and 3d 

print moulds 

Fragments 

identification 

 Extreme fragmentation 

 Poor material preservation 

 Fragments located in different collections 

Digital 

refitting 

Re and de 

restoration  

 Poor material preservation 

 Rare object 

 Archaeological and/or historical research 

value   

Virtual 

reconstruction 

 

7.1.2 Digitization  

According to the nature of the artefact (optical properties, composition, 

materials and techniques of manufacture, preservation state, and size), the 

goal of digitization (examination and analysis, condition reporting, general 
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documentation, presentation and dissemination) and the available resources 

different strategies may be adopted. According to the size of the artefact or 

the area of interest normal, macroscopic and microscopic techniques may be 

used.  Although the digitization techniques discussed throughout the thesis 

are non-invasive, the state of preservation influences the digitization strategy, 

so as to come in accordance with safe and safety regulations. For example 

unnecessary movement of the artefact should be avoided during data capture 

in case of poorly preserved objects. In addition, the material properties and 

composition not only set the research questions and the points of interest but 

also assist in the selection of the best digitization strategy.  

An artefact may be digitised in various events during its museum lifetime 

(registration, research, before treatment, during treatment, after treatment, 

before exhibition, before loans, after loans, condition reporting, preservation, 

virtual visual analysis, online publication). Ideally each visualization should be 

reproducible so as to be useful for comparative analysis in the future, when the 

artefact will follow the inevitable deterioration, but the reproducibility of 

digitization is much more important when artefacts are visualised for condition 

reports, before and after treatment or loans. Although reprocessing datasets 

may assist significantly the comparative analysis of visualizations produced in 

different events in the objects biography, the best approach is to follow a 

meticulous metadata keeping strategy, including equipment (software, 

hardware, cameras, lighting, filters) used and set-up, quality and quantity of 

dataset captured and processing pipeline and settings. In the future the use of 

a standard 3D object may ensure the veracity of imaging for permanent 

recording and condition reporting. This idea follows the concept of 

photographic scales and colour separation charts used in two dimensional 

recording.  Worth mentioning is that the use of auxiliary devices for capture, 

such as domes, increases significantly the reproducibility of digitization. This 

advantage can be added to other benefits of such devices, such as the speed of 

capture and processing.    

Particular emphasis should be devoted to digitization events related to 

treatment, preservation, analysis, research and online publications. Digitization 

is a preventive conservation measure particularly helpful in case of artefacts 

that are deteriorating rapidly and their preservation is not ensured as well as in 
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cases of reburial. Digitization for online publication enriches museums 

websites and attracts the attention of the public while at the same time 

enhances research and encourages cooperation between experts. Pre and post 

treatment digitization is not only a successful documentation strategy but also 

enhances treatment monitoring and assists conservation decision making. 

Digitization as a tool for condition reporting assists the evaluation of 

conservation materials and techniques and enhances the methodology for the 

study of material’s deterioration phenomena. When digitization is being used 

as a tool for research it provides opportunities to perform analysis that would 

be either impossible, unethical or too difficult using other means. The value of 

digitization for each event is summarised in Table 29.  

Table 29: The value of digitization for major event in objects’ museum life.  

Event  Value 

Treatment Conservation documentation 

Treatment monitoring   

Preservation Preventive conservation 

Condition reporting Evaluation of conservation materials and 

techniques and study of materials’ deterioration 

phenomena 

Analysis and research Advanced method for the analysis of artefacts 

Online publication Dissemination  

Accessibility  

 

7.1.2.1 Use 

Normal RTI should be used for the recording of surface and texture of objects, 

such as engraved or painted decoration and low relief details, for condition 

reporting, general documentation, presentation and dissemination. The nature 

of the artefact is irrelevant, although the curvature of the object will have an 

impact on the size, orientation and position of the area to be captured each 

time. Relatively flat objects of medium size are easier to capture. For example 

the normal RTI visualization of a coin or a canvas painting requires two RTI 

captures, a vase usually requires three captures, cylindrical objects six 

captures and complex petroglyphs or pictographs may require a series of RTI 

captures, depending on the geometry of the site  
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Micro-RTI should be applied for the recording of surface and texture at the 

microscopic level. Characteristic examples of successful micro-RTI applications 

are small coins with reflective material properties, such as gold or silver ones, 

and tiny fragments with surface features that can be interpreted as 

manufacture or use evidence.  

IR-RTI should be used for the recording of subsurface texture for examination, 

analysis, condition reporting and presentation. The applicability of IR-RTI 

according the nature of the object follows the general knowledge from 2D 

multispectral imaging. For example, substrates of painted surfaces, 

preparatory drawings, obscured decoration elements, faded writings are 

among the features that can be visualised effectively using IR-RTI. IR-RTI can 

enhance the study of objects with saline encrustations but the results will be 

disappointing if the surface has been already destroyed by salts. UV-RTI should 

be used for the recording of subtle surface variations and documentation of 

previous repairs for examination, analysis, condition reporting and 

presentation of findings. Among the most interesting applications of UV-RTI is 

the study of museum biographies of objects. The technique is applicable to 

objects that can benefit from the application UV imaging techniques. In 

general, multispectral RTI techniques are useful for painted and inscripted flat 

surfaces and the study of previous repairs.  

Trans-RTI should be applied for the recording of three-dimensionality of the 

transmittance properties of surfaces of translucent materials, including archival 

materials, canvas paintings, papyrus, and textiles for examination, analysis, 

condition reporting and presentation.  It is highly recommended for painted or 

inscripted translucent flat surfaces and for the study of previous repairs and 

manufacture evidence.  

The application of normal RTI is considered a prerequisite for the application 

novel RTI techniques. Nevertheless, each technique proved to be particularly 

helpful in the study of specific features. For example, as shown in table 30, the 

recording of transparent artefacts using RTI is not recommended. Similarly the 

application of multispectral and transmitted RTI in cases of complex geometry 

is difficult due to practical issues in capture and as a result the normal RTI 

technique should be preferred. Recommendation for the use of standard and 

novel RTI digitization techniques are summarised in Table 30. The techniques 
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are listed in increasing cost, including not only the equipment used in data 

capture but also the expertise needed for successful digitization.  

 

Table 30: Recommendations for the use of standard and novel RTI digitization 

techniques. Key: green=highly recommended, blue=recommended, orange=low 

recommended, red=not recommended.  

` RTI 

Normal Micro Multispectral Trans 

Increasing cost 

 

F
E
A

T
U

R
E
S
 

Decoration  Engraved 

decoration 

    

Painted 

decoration 

    

Low relief 

detail 

    

Size Small size      

Medium      

Large     

Optical 

properties  

Translucent     

Transparent     

Geometry  Flat     

Three 

dimensional  

    

Complex     

Use marks     

Previous repairs     

Manufacture evidence     
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Normal PG should be used for 3d digitization of artefacts. It is recommended 

due to the ease of use and the low cost of equipment necessary for capture 

and processing. It should be used for general documentation purposes and 

analysis. It is recommended for the study of engraved and painted decoration, 

and low relief detail of medium and large objects, particularly for three 

dimensional objects of complex geometry.  

Microscopic PG is proposed for capturing details of particular interest for 

examination, documentation and preservation purposes. It is recommended in 

cases of small size objects or specific areas of low relief detail and painted or 

engraved decoration for the study of use and manufacture evidence. 

IR-PG is proposed for presentation of features beyond the visible in 3d space. It 

is particularly useful for the study of manufacture and use evidence, and 

previous repairs of painted three dimensional objects of medium size  

Trans-PG is proposed for presentation of transmittance properties of materials 

in 3d space. . It is recommended in cases of small and medium size objects 

with painted decoration for the study of use and manufacture evidence, and 

previous repairs. It is only applicable in artefacts with a certain degree of 

translucency, meaning that translucent materials such as monochrome glass 

cannot be capture while painted canvas can be successfully recorded. 

Recommendations for the use of standard and novel PG digitization techniques 

are summarised in Table 31.   
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Table 31: Recommendations for the use of standard and novel PG digitization 

techniques. Key: green=highly recommended, blue=recommended, orange=low 

recommended, red=not recommended.  

Features PG 

Normal Trans Micro  Multi-

spectral 

 Increasing cost 

 

Decoration  Engraved 

decoration 

    

Painted decoration     

Low relief detail     

Size Small size      

Medium      

Large     

Optical 

properties  

Translucent     

Transparent     

Geometry  Flat     

3 dimensional      

Complex     

Use marks     

Previous repairs     

Manufacture evidence     

 

 

7.1.2.2 Data Capture and Processing  

The general recommended scheme for data capture follows the norm of the 

general to the specific. A useful strategy is to capture a frame covering the 

whole object, proceed to virtual visual analysis of the resulting file and identify 

areas of particular interest. Visual analysis with the naked eye, imaging and 

microscopic examination usually fail to reveal features of particular interest for 

the study of artefacts in comparison to RTI. For that reason it is recommended 

to identify the areas of interest based on RTI virtual visual analysis. Usually, 

images from low angles are particularly important for revealing low surface 

detail. It is advisable to focus on specific details using macroscopic lenses for 

medium size objects and/or microscopic techniques when studying small 

details.   
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Following the guidelines provided by CHI and AIC for capture and processing 

datasets, trans illumination/ irradiation and multispectral imaging is a 

prerequisite. For multispectral capture, considering that the data capture and 

processing is much more laborious, it is recommended that a set of 

multispectral static images be captured so as to identify, if applicable, the 

particular band that reveal the most interesting features. When analysing 

translucent material, it is important to consult trans illumination and 

irradiation images before capturing RTI datasets. The use of a light arm is 

necessary for the completion of data capture.   

The parameters mentioned in the relevant section of this thesis should be 

taken under consideration for deciding the specific PG data capture 

methodology. The use of a soft box in order to control the reflections is 

recommended in normal photogrammetry. Reconstruction of PG datasets of 

translucent materials, such as glass, is not recommended. For capturing micro-

PG datasets it is necessary to use appropriate equipment, such as USB 

microscopes.  

In Tables 30 and 31 the techniques are listed in increasing cost, including not 

only the equipment used in data capture but also the expertise needed for 

successful digitization. In terms of novel PG techniques, transmitted PG is the 

easiest one to perform, taking under consideration that the only differentiation 

from the standard technique is the different lighting. Microscopic PG is more 

laborious and expensive, as it requires special equipment (USB microscope 

with specific features) and experience in its use. The multispectral technique is 

considered the most laborious, mainly due to the time for capturing a 

complete dataset and the expertise needed to use the UV-VIS-IR modified 

camera at a proficient level so as to capture a complete dataset. In terms of 

novel RTI techniques the micro RTI is considered the easiest to perform. 

Conservators are familiar with microscopes use and features and commercial 

devices are now available to assist micro-RTI capture. Multispectral RTI is more 

difficult, requires a good knowledge of multispectral imaging techniques and is 

more time consuming. Transmitted RTI techniques are considered the most 

laborious, with the exception of the use of a modified dome, which is not 

commercially available at the moment.  
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Experience in RTI and PG data capture and processing, photography and digital 

image processing are crucial for the successful application of the techniques. 

Similarly to conventional conservation practice, experienced professional are in 

a position to provide solutions to problems encountered, and take decisions 

which are of fundamental importance for the successful execution of the 

digitization projects. The training offered by CHI lasts eight days
78

, but usually 

trainees are in a position to understand the techniques in one day workshop.   

 

7.1.2.3 Viewing, virtual analysis  

The use of the virtual examination tools is recommended, because of the 

advanced opportunities provided by virtual visual analysis, as demonstrated by 

their evaluation. Nevertheless, for an overall examination of an artefact and 

decision making for remedial treatment there is a need to perform 

conventional visual analysis.  Due to the irreversible nature of conservation, 

the decisions should be taken after consulting all the available resources.  

It is necessary to follow a concrete virtual analysis strategy, similar to 

conventional strategies, in order to use the tools to their full potential. A 

digital label should be attached to the digital file, which may include the 

metadata about the digitization technique (software and hardware used for the 

creation of the file) and the visualised artefact (accession number, museum, 

excavation, date of discovery, dating, typology, material and if applicable 

specific type of artefact). For example, for RTI visualizations the suggested 

metadata are listed below:  

 Data capture method (rotation arm or a dome or the H-RTI method)  

 Lighting (transmitted or reflected) 

 Spectral area (visible lighting or IR or UV) 

 Hardware (cameras and filters and lenses- microscopic level or 

macroscopic or normal)  

 Measurements (an indication of scale, either scale bar or a given 

maximum dimension)  

                                           

78

 http://culturalheritageimaging.org/What_We_Offer/Training/ 



 

546 

 

 File creator and affiliation  

 Date  

A general structure of the recording of findings of virtual analysis may include 

four main types of comments; the characterization, interpretation, biography 

and general comments. The characterization comments include description of 

features observed, which were further analysed in the interpretation 

comments. The biography comments include features such as materials and 

manufacture technology, use, damage and previous intervention. Finally, the 

general comments provide the necessary space for descriptions and general 

assessment. The practice of adding comments on the digital artefact, (available 

solutions exist both for 3d models and RTI visualizations), results in the 

creation of an examination record rather than just a simple record of the 

artefact. This attributes extra values to the digitised artefact, and its uses are 

extended for the scientific community, museums, for organizational and 

administrative purposes and for the public.  

7.1.3 Software and hardware 

The use of high quality imaging equipment, powerful computers and 

professional pieces of software is preferred, because it minimises processing 

time and provides better results. Nevertheless it is not considered a 

prerequisite. The software and hardware needed for each technique is listed in 

Table 32.  
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Table 32: Photographic equipment and software needed for standard and novel 

RTI and PG digitization techniques.  

TECHNIQUE PHOTOGRAPHIC EQUIPMENT  SOFTWARE  

RTI 
CAMERA, TRIPOD, RTI TARGETS,  FLASH, 

REMOTE TRIGGERS 

RTI BUILDER, RTI VIEWER, DIGITAL 

IMAGE PROCESSING SOFTWARE  MULTISPECTRAL 

RTI 

UV-VIS-IR MODIFIED CAMERA, FILTERS, 

TRIPOD, RTI TARGETS,  RADIATION 

SOURCES, REMOTE TRIGGERS 

TRANS-RTI 
CAMERA, TRIPOD, RTI TARGETS,  FLASHES, 

REMOTE TRIGGERS, RTI ARM 

MICRO-RTI 
MICROSCOPE EQUIPED WITH CAMERA, PEN 

LIGHT, RTI TARGET 

RTI BUILDER, RTI VIEWER, 

MICROSCOPIC IMAGING SOFTWARE 

PG CAMERA, SOFT-BOX, TRIPOD, FLASHES 

PG SOFTWARE, DIGITAL IMAGE 

PROCESSING SOFTWARE 

TRANS-PG CAMERA, FLASHES, TRIPOD 

MULTISPECTRAL 

PG 

UV-VIS-IR MODIFIED CAMERA, FILTERS, 

TRIPOD, RADIATION SOURCES 

MICRO-PG USB MICROSCOPE, STAND 

PG SOFTWARE, DIGITAL IMAGE 

PROCESSING SOFTWARE, 

MICROSCOPIC IMAGING SOFTWARE 

 

7.4 Recommendations for future research  

The methodologies explored in this thesis initiate a discussion and lead to 

open questions for future research. The main areas of interest for future 

research are the following:  

 The development of auxiliary devices for data capture is useful. For 

example, there is great potential in the development of a microscopic 

dome suitable for capturing either horizontal or vertical subjects at 

different magnifications. Minimum requirements, main components, 

additional features and proposed workflow, along with 3d model of the 

proposed design are located in the Appendix E1. 
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 The development of software for processing and simultaneous analysis 

of visualizations. Although the digitization options discussed 

throughout the thesis are advanced, a significant problematic aspect in 

their practical implementation is the absence of software able to 

integrate different visualizations. A complete assessment requires the 

use of various visualizations, for example in different spectral areas, 

magnifications, conservation state and creation using different 

techniques, considering that all the files refer to one artefact and 

conceptually form one entity. The separate analysis of all the different 

files is not synonymous with the simultaneous analysis. The latter 

provides a holistic approach to the virtual analysis. In such a virtual 

examination environment, it is crucial to identify the provenance of 

features and to document the interpretation process.  

 

 The enhancement of data management, online publication and 

collaborative research.  A proposed workflow for deposit and 

publication of RTI data includes the addition of a new type of file 

(bookshot), which is a snapshot specifically created as a visual 

representation of a current bookmark. The RTI dataset and files, as well 

as the bookshots, will be included in a repository available for free 

download.  Each file will have its own DOI, so citing either the whole RTI 

or a specific bookshot will enhance publications and encourage a 

scientific dialogue over the outcomes of RTI. Online crowd annotations 

of RTI files may contribute towards a dialogue between cultural heritage 

professionals as well. Whilst the current annotation methods allow for 

multiple annotations for different users they do not provide a specific 

collaborative framework. Initial thoughts for the structure and use of a 

virtual collaborative visual RTI environment are located in the Appendix 

E2 

 

 Testing of 3d printing materials. Considering that the existing 3d 

printing materials are new, and their long lasting performance in contact 

with authentic archaeological material is unknown, there is an urgent 

need for accelerative ageing tests so as to define whether or not it is 

safe to use them in close proximity with original artefacts.    
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 Focused applied conservation research. The further application of the 

proposed methodologies, focused on specific research questions, is 

proposed. Via these types of research projects valuable experience can 

be gained for the further development of techniques and 

methodological approaches towards conservation, while, at the same 

time, knowledge regarding artefacts can be significantly enriched.  
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In Hadz̆ialić, M., Behlilovic ́, N. and Zovko-Cihlar, B. (eds.) IEEE ICIP2011: 18th 

IEEE International Conference on Image Processing, Brussels, 11-14 September 

2011.  Brussels: IEEE, 1109–1112. Available from: 

http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6094293  

[Accessed 20 January 2014]. 

Elston, M. (1990) Technical and Aesthetic Considerations in the Conservation 

of Ancient Ceramic and Terracotta Objects in the J. Paul Getty Museum: Five 

Case Studies. Studies in conservation, 35 (2), 69–80. 

English Heritage (2006) Guidelines on the X-radiography of archaeological 

metalwork. Swinton: English Heritage Publications. Available from: 

https://www.english-heritage.org.uk/publications/x-radiography-of-

archaeological-metalwork/ [Accessed 20 January 2014]. 

Eos Systems (2014) Photo Modeler Scanner. Available from: 

http://www.photomodeler.com/  [Accessed 20 January 2014]. 

EPPoSS (2008) Internet of Things in 2020. Available from: http://www.smart-

systems-integration.org/public/internet-of-things [Accessed 20 November 

2014]. 

Eren, G. (2010) 3D scanning of transparent objects, PhD Thesis, Université de 

Bourgogne. Available from: https://tel.archives-

ouvertes.fr/file/index/docid/584061/filename/these_A_EREN_Gonen_2010.pdf 

[Accessed 20 November 2014]. 

Evans, B. (2012). Practical 3D printers. New York: Apress. 

Faigenbaum, S., Sober, B., Shaus, A., Moinester, M., Piasetzky, E., Bearman, G., 

Cordonsky, M. and Finkelstein, I. (2012). Multispectral images of ostraca: 

http://culturalinformatics.org.uk/files/papers/SemanticallyRich3D2012.pdf
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6094293
https://www.english-heritage.org.uk/publications/x-radiography-of-archaeological-metalwork/
https://www.english-heritage.org.uk/publications/x-radiography-of-archaeological-metalwork/
http://www.photomodeler.com/
http://www.smart-systems-integration.org/public/internet-of-things
http://www.smart-systems-integration.org/public/internet-of-things
https://tel.archives-ouvertes.fr/file/index/docid/584061/filename/these_A_EREN_Gonen_2010.pdf
https://tel.archives-ouvertes.fr/file/index/docid/584061/filename/these_A_EREN_Gonen_2010.pdf


 

570 

 

acquisition and analysis. Journal of Archaeological Science, 39 (12), 3581–

3590. Available from: 

http://linkinghub.elsevier.com/retrieve/pii/S030544031200252X [Accessed 16 

January 2013]. 

Falck, H.W. and Halskov, K. (2013) Towards a framework for projection 

installations. IN: Ojala, T. (ed.) PerDis 2013: Proceedings : 2nd ACM 

International Symposium on Pervasive Displays, Mountain View, California, 4-5 

June 2013, New York: ACM, 67-72. Available from: 

http://dl.acm.org/citation.cfm?doid=2491568.2491583 [Accessed 16 January 

2014]. 

Fanti, G., Schwortz, B., Accetta, A., Botella, J. A., Buenaobra, B. J., Carreira, M., 

... and Zugibe, F., 2005. Evidences for testing hypotheses about the body 

image formation of the Turin Shroud. Paper presented at the Third Dallas 

International Conference on the Shroud of Turin. Dallas, Texas, 8-11 

September.  Available from: 

http://www.ubthenews.net/topics/documents/2005ComprehEval.pdf 

[Accessed 28 January 2013]. 

Fantini, M., de Crescenzio, F., Persiani, F., Benazzi, S. and Gruppioni, G. (2008) 

3D restitution, restoration and prototyping of a medieval damaged skull. Rapid 

Prototyping Journal, 14 (5), 318–324. Available from: 

http://www.emeraldinsight.com/10.1108/13552540810907992 [Accessed 28 

January 2013]. 

Fell, V. and Watson, J. (2008). Investigative conservation. Swindon: English 

Heritage. Available from: https://www.english-

heritage.org.uk/publications/investigative-conservation/ [Accessed 28 January 

2013]. 

Ferguson, J. (2010) Designing Experimental Research in Archaeology: 

Examining Technology through Production and Use. Boulder: University Press 

of Colorado. Available from: 

http://site.ebrary.com/lib/soton/docDetail.action?docID=10389934  [Accessed 

28 January 2013]. 

http://linkinghub.elsevier.com/retrieve/pii/S030544031200252X
http://dl.acm.org/citation.cfm?doid=2491568.2491583
http://www.ubthenews.net/topics/documents/2005ComprehEval.pdf
http://www.emeraldinsight.com/10.1108/13552540810907992
https://www.english-heritage.org.uk/publications/investigative-conservation/
https://www.english-heritage.org.uk/publications/investigative-conservation/
http://site.ebrary.com/lib/soton/docDetail.action?docID=10389934


   

571 

 

Fischer, C. and Kakoulli, I. (2006) Multispectral and hyperspectral imaging 

technologies in conservation: current research and potential applications. 

Reviews in Conservation, 7, 3-16. 

Fisher, P. and Norman, K.(1987) Anglo-Saxon glass claw beakers. Studies in 

conservation, 32(2), 49–58. 

Foecke, T., Ma, L., Russell, M.A., Conlin, D.L. and Murphy, L.E. (2010) 

Investigating archaeological site 

formation processes on the battleship USS Arizona using finite element 

analysis. Journal of Archaeological Science 37 (5): 1090–1101. Available from: 

http://www.sciencedirect.com/science/article/pii/S03 [Accessed 5 October 

2014] 

Fotakis, C., Anglos, D., Zafiropulos, V., Georgiou, S., and Tornari, V. (eds.) 

2007. Lasers in the preservation of cultural heritage. New York: Taylor and 

Francis. 

Fowles, P.S (2000) The Garden Temple at Ince Blundell: a case study in the 

recording and non-contact replication of decayed sculpture. Journal of Cultural 

Heritage, 1, S89–S91. Available from: 

http://linkinghub.elsevier.com/retrieve/pii/S1296207400001904  [Accessed 

28 January 2013]. 

Franceschi, E., Giorgi, M., Luciano, G., Palazzi, D. and Piccardi, E. (2004) 

Archaeometallurgical characterisation of two small copper-based statues from 

the Cividale Museum (Friuli, Italy). Journal of Cultural Heritage, 5 (2), 205–211. 

Available from: 

http://www.sciencedirect.com/science/article/pii/S1296207404000251  

[Accessed 28 January 2013]. 

Freeth, T., Bitsakis, Y., Moussas, X., Seiradakis, J. H., Tselikas, A., Mangou, H., 

Zafeiropoulou, M., Hadland, R., Bate, D., Ramsey, A., Allen, M., Crawley, A., 

Hockley, P., Malzbender, T., Gelb, D., Ambrisco, W. and Edmunds, M. G. (2006) 

Decoding the ancient Greek astronomical calculator known as the Antikythera 

Mechanism. Nature, 444 (7119), 587–591. Available from: 

http://www.sciencedirect.com/science/article/pii/S03
http://linkinghub.elsevier.com/retrieve/pii/S1296207400001904
http://www.sciencedirect.com/science/article/pii/S1296207404000251


 

572 

 

http://www.nature.com/nature/journal/v444/n7119/full/nature05357.html  

[Accessed 28 January 2013]. 

Freitag, W. (2011) Highlights from the Vienna Museum of clocks and watches. 

Vienna: Wien Museum. Available from: 

http://issuu.com/wienmuseum/docs/wien_museum_uhrenmuseum_highlights

_/18  [Accessed 28 January 2014]. 

Friedrich, K. M., Nemec, S., Czerny, C., Fischer, H., Plischke, S., Gahleitner, A., 

Viola, T. B., Imhof, H., Seidler, H. and Guillen, S. (2010) The story of 12 

Chachapoyan mummies through multidetector computed tomography. 

European Journal of Radiology, 76 (2), 143–150. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/19664893 [Accessed 28 January 2014]. 

Frischer, B. (2011) Art and Science in the Age of Digital Reproduction: From 

Mimetic Representation to Interactive Virtual Reality. Virtual Archaeology 

Review, 2 (4), 19-32. Available from: 

http://www.varjournal.es/doc/varj02_004_06.pdf [Accessed 28 January 2014]. 

Fukunaga, K., Hosako, I., Duling III, I. N. and Picollo, M. (2009) Terahertz 

imaging systems: a non-invasive technique for the analysis of paintings. IN: 

Pezzati, L. and  Salimbeni, R. (eds.) Proceedings of SPIE 7391. O3A: Optics for 

Arts, Architecture, and Archaeology II, Munich, 17–18 June 2009. Bellingham: 

SPIE. Available from: 

http://proceedings.spiedigitallibrary.org/proceeding.aspx?articleid=784448 

[Accessed 16 November 2014].  

Funkhouser, T., Min, P., Kazhdan, M., Chen, J., Halderman, A., Dobkin, D. and 

Jacobs, D. (2003) A search engine for 3D models. ACM Transactions on 

Graphics, 22 (1), 83–105. Available from: 

http://cvs.cs.umd.edu/~djacobs/pubs_files/tog03.pdf [Accessed 28 January 

2014]. 

Gabellone, F. (2009) Ancient contexts and virtual reality: From reconstructive 

study to the construction of knowledge models. Journal of Cultural Heritage, 

10 (Supplement 1), 112–117. Available from: 

http://www.nature.com/nature/journal/v444/n7119/full/nature05357.html
http://issuu.com/wienmuseum/docs/wien_museum_uhrenmuseum_highlights_/18
http://issuu.com/wienmuseum/docs/wien_museum_uhrenmuseum_highlights_/18
http://www.ncbi.nlm.nih.gov/pubmed/19664893
http://www.varjournal.es/doc/varj02_004_06.pdf
http://proceedings.spiedigitallibrary.org/proceeding.aspx?articleid=784448
http://cvs.cs.umd.edu/~djacobs/pubs_files/tog03.pdf


   

573 

 

http://www.sciencedirect.com/science/article/pii/S129620740900140X 

[Accessed 28 January 2014]. 

Gabov, A. (2010). IRR RTI using the Osiris. Available from: 

http://rtiican.wordpress.com/2010/01/10/irr-rti-using-osiris/ [Accessed 28 

January 2014]. 

Gabov, A. and Bevan, G. (2011) Recording the weathering of outdoor stone 

monuments using reflectance transformation imaging (RTI): the case of the 

Guild of All Arts (Scarborough, Ontario). Journal of the Canadian Association 

for Conservation, 36, 3–14. Available from: https://www.cac-

accr.ca/files/pdf/Vol36_Doc1.pdf [Accessed 28 January 2014]. 

Gama Leitão, H. C. and Stolfi, J. (2002) A multiscale method for the reassembly 

of two-dimensional fragmented objects. Pattern Analysis and Machine 

Intelligence, IEEE Transactions, 24 (9), 1239– 1251. Available from: 

http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=andarnumber=1033215  

[Accessed 20 November 2014]. 

Gavrilov, D., Ibarra-Castanedo, C., Maeva, E., Grube, O., Maldague, X. and 

Maev, R. (2008) Infrared methods in noninvasive inspection of artwork. IN: Art 

2008: Proceedings of the 9th International Conference on NDT of Art, 

Jerusalem, Israel, 25–30 May 2008. Available from: 

http://www.ndt.net/article/art2008/papers/040Gavrilov.pdf  [Accessed 28 

January 2014]. 

Geary, A. and Howe, E. (2009) Three dimensional documentation and virtual 

restoration of the Lichfield Angel. Journal of the Institute of Conservation, 32 

(2), 165–179. Available from: 

http://www.tandfonline.com/doi/abs/10.1080/19455220903059875 

[Accessed 28 January 2014]. 

Geary, A. and Sandy, M. (2004) A Haptic Training Simulation for Paper 

Conservation: Preliminary Results.IN: Buss M. and Fritschi M. (eds.) Proceedings 

of the 4th International Conference EuroHaptics 2004, München, 5-7 June 

2004. München: Inst. of Automatic Control Engineering, 428–431. Available 

http://www.sciencedirect.com/science/article/pii/S129620740900140X
http://rtiican.wordpress.com/2010/01/10/irr-rti-using-osiris/
https://www.cac-accr.ca/files/pdf/Vol36_Doc1.pdf
https://www.cac-accr.ca/files/pdf/Vol36_Doc1.pdf
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=andarnumber=1033215
http://www.ndt.net/article/art2008/papers/040Gavrilov.pdf
http://www.tandfonline.com/doi/abs/10.1080/19455220903059875


 

574 

 

from: http://www.eurohaptics.vision.ee.ethz.ch/2004/115f.pdf [Accessed 28 

January 2014]. 

Geschke, R. (2004) Ceramic gap-fills for ceramic restoration. The Conservator, 

28 (1), 74–83. Available from: 

http://www.tandfonline.com/doi/abs/10.1080/01410096.2004.9995206  

[Accessed 28 January 2014]. 

Ghysels, M. (2014) CT scan analysis of sculptures and works of art. Available 

from: http://www.scantix.com/faq/does-a-ct-scan-affect-the-

thermoluminescence-signal-tl/  [Accessed 16 November 2014]. 

Gilberg, M. (1987) Friedrich Rathgen: The Father of Modern Archaeological 

Conservation. Journal of the American Institute for Conservation, 26 (4), 105–

120. Available from: http://cool.conservation-us.org/jaic/articles/jaic26-02-

004_2.html  [Accessed 28 January 2014]. 

Gilboa, A., Karasik, A., Sharon, I. and Smilansky, U. (2004) Towards 

computerized typology and classification of ceramics. Journal of 

Archaeological Science, 31 (6), 681–694. Available from: 

http://www.sciencedirect.com/science/article/pii/S0305440303001808  

[Accessed 28 January 2014]. 

Ginell, W. (1994) The Nature of Changes Caused by Physical Factors. IN: 

Krumbein, W. E., Brimblecombe, P., Cosgrove, D. E. and Staniforth, S. (eds.) 

Durability and change: the science, responsibility, and cost of sustaining 

cultural heritage. Chichester: John Wiley, 81-94. 

Giusti, A. (1999) Reversibility in the restoration of stone artefacts: Real 

possibilities and objective limits. IN: Oddy, W. and Carroll S. (eds.) Reversibility: 

Does it exist? London: British Museum, 91-98. 

Goble, C., Bhagat, J., Aleksejevs, S., Cruickshank, D., Michaelides, D., Newman, 

D., Borkum, M., Bechhofer, S., Roos, M., Li, P. and De Roure, D. (2010) 

myExperiment: a repository and social network for the sharing of 

bioinformatics workflows. Nucleic Acids Research, 38, 677-682. Available from: 

http://www.eurohaptics.vision.ee.ethz.ch/2004/115f.pdf
http://www.tandfonline.com/doi/abs/10.1080/01410096.2004.9995206
http://www.scantix.com/faq/does-a-ct-scan-affect-the-thermoluminescence-signal-tl/
http://www.scantix.com/faq/does-a-ct-scan-affect-the-thermoluminescence-signal-tl/
http://cool.conservation-us.org/jaic/articles/jaic26-02-004_2.html
http://cool.conservation-us.org/jaic/articles/jaic26-02-004_2.html
http://www.sciencedirect.com/science/article/pii/S0305440303001808


   

575 

 

http://nar.oxfordjournals.org/content/38/suppl_2/W677.full.pdf+html  

[Accessed 28 January 2014]. 

Goffer, Z. (1979) Archaeological chemistry: a sourcebook on the applications of 

chemistry to archaeology. Hoboken: John Wiley and Sons Inc. 

Goldberg, D., Malon, C., & Bern, M. (2002) A global approach to automatic 

solution of jigsaw puzzles. IN:  Proceedings of the eighteenth annual 

symposium on Computational geometry, Barcelona, 5 -7 June 2002. New York:  

ACM, 82-87. Available from: http://doi.acm.org/10.1145/513400.513410 

[Accessed 16 November 2014]. 

Goldman, L.W. (2007) Principles of CT and CT technology. Journal of nuclear 

medicine technology, 35 (3), 115–28. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/17823453 [Accessed 28 January 2014]. 

Goltz, D.M. (2012) A Review of Instrumental Approaches for Studying Historical 

Inks. Analytical Letters, 45 (4), 314–329. Available from: 

http://www.tandfonline.com/doi/abs/10.1080/00032719.2011.644712  

[Accessed 28 January 2014]. 

Goodbrown-Brown, D. (1998) Surface values: coins under the microscope. IN: 

Goodburn-Brown, D. and Jones, J. (eds.) Look after the pennies: numismatics 

and conservation in the 1990s. London: Archetype Publications, 19–23. 

Gosden, C. and Marshall, Y. (1999) The Cultural Biography of Objects. World 

Archaeology, 31 (2), 169-178. 

Goskar, T. and Earl, G. (2010) Polynomial texture mapping for archaeologists. 

British Archaeology, 111, 28–31. 

Gostner, P., Pernter, P., Bonatti, G., Graefen, A. and Zink, A. R. (2011) New 

radiological insights into the life and death of the Tyrolean Iceman. Journal of 

Archaeological Science, 38 (12), 3425–3431. Available from: 

http://www.sciencedirect.com/science/article/pii/S0305440311002731  

[Accessed 28 January 2014]. 

http://nar.oxfordjournals.org/content/38/suppl_2/W677.full.pdf+html
http://doi.acm.org/10.1145/513400.513410
http://www.ncbi.nlm.nih.gov/pubmed/17823453
http://www.tandfonline.com/doi/abs/10.1080/00032719.2011.644712
http://www.sciencedirect.com/science/article/pii/S0305440311002731


 

576 

 

Grammenos, D.B. (2004) The Archaeological Museum of Thessaloniki. Athens: 

OLKOS 

Grant, M. S. (2000) The Use Of Ultraviolet Induced Visible-Fluorescence In The 

Examination Of Museum Objects , Part II. Conserve O Gram, 1(9), 1-3. Available 

from: http://www.nps.gov/museum/publications/conserveogram/01-09.pdf  

[Accessed 28 January 2014]. 

Grattan, D.W. and Barclay, R.L. (2010). A study of gap-fillers for wooden 

objects. Studies in Conservation, 33(2), 71–86. 

Gray, S., Ross, C., Hudson-Smith, A. , Terras, M., and Warwick, C. (2012) 

Enhancing Museum Narratives with the QRator Project: a Tasmanian devil, a 

Platypus and a Dead Man in a Box. IN: Proctor, N. and Cherry, R. (eds.) 

Museums and the Web 2012, CA, USA, 11-14 April 2012. Museums and the 

Web LLC 

Green, R. J. (2001) Gnathia and Other Overpainted Wares of Italy and Sicily: A 

Survey. IN: Le ́ve ̂que, P., Morel, J. and Geny, E. (eds.) Ce ́ramiques helle ́nistiques 
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Appendices 

 

Appendix A  

A.1 Conservation Processes 

Clavir has noted the differences and disagreements of conservation with other 

museum sectors but also emphasized conservation’s contribution to values 

(Clavir, 2002). Without conservation the museum could not manage to achieve 

its four classic functions; to collect, to preserve, to research and to display 

(Ward, 1986). Nevertheless, conservation remains the least known period of 

the artefact’s museum life, not only for the general public, but also for cultural 

heritage professionals. This is due to the fact that conservation activities turn 

to be less easily detectable, following minimal-intervention approaches. 

Moreover, a factor that affects the dissemination and broader understanding of 

conservation is that it is the youngest of the museum disciplines.  Although the 

ancient origins of conservation were described from Classical writers, such as 

Pliny, Vitrubious and Pausanias (Keck, 1996), as a scientific discipline on its 

own conservation emerged during the 19th century, with the formation of the 

Chemical Laboratory of the Royal Museums of Berlin in 1888 in the State 

Museum of Berlin by Dr Friedrich Rathgen (Gilberg, 1987; Plenderleith, 1998). 

Conservators, involved either in remedial treatment, restoration activities or 

preventive measures, have to deal with the inevitable materials degradation, 

which starts just after the creation of the artefact, continues with its use and 

burial and deteriorates with discovery-excavation. Contemporary conservation 

conceptual models set as objectives of conservation the accessibility, 

durability, integrity and practicality, achieved via a set of actions, such as 

investigation, intervention, prevention and communication (Watson, 2010). 

Conservation was simply categorized as a sequence of composition, 

deterioration, and treatment according to Reedy, who stated that the three-part 

division could capture the vast majority of conservation research literature 

published by 1992 (Reedy and Reedy, 1992). From a contemporary perspective 

this categorization is an oversimplification. More recently presented schemes 

include procedures such as registration, examination, diagnosis and 

development of a conservation methodology, conservation-restoration and 
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presentation – dissemination (Chatzidakis, 2001). These procedures do not 

follow a sequential order, but can be repeated over time, according to the 

specific needs of each project. Consequently, conservation can be conceived as 

a complex matrix of processes, which are cross-linked in various ways. 

Appelbaum describes conservation as an eight step process: characterization 

of the object, reconstruction of object’s history, determination of the ideal 

state, establishment of the goal of treatment, decision making (materials and 

methods), pre-treatment documentation, treatment, and documentation 

(Appelbaum, 2007). 

The full characterization of the object includes material and non-material 

aspects as well as object-specific and non-specific information. The object 

specific material data are retrieved from the object itself after the correct 

interpretation of physical examination, analysis, imaging and testing, while the 

object specific non-material data are retrieved from the history of the object 

and its values analysis. The non-object specific data are retrieved from 

literature review and archives research and include information about material 

aspects, such as methods of manufacture, materials, techniques and 

deterioration, as well as non-material aspects, such as data about related 

objects and art history (Appelbaum, 2007).  Consequently, the main processes 

that take place during the characterization of the object are the examination-

investigation of the object and archives research.   

A.1.1 Investigation  

Analysis, examination and diagnostics are the main attributes of objects 

investigation.  

 Analysis or scientific investigation (analytical techniques) is physical, 

chemical and biological analyses and usually provides qualitative or/and 

quantitative data about the composition. 

 Examination of materials and methods (examination techniques) 

involves the study of the artefact and the interpretation of information 

related to material and manufacture.  

 Diagnostic examination consists of assessment of the condition (the 

nature and extent of alterations) of cultural heritage and diagnosis 

(evaluation of the causes of deterioration). 
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According to the second article of the Definition of the Profession published by 

ICOM-CC, these preliminary procedures determine  

‘the documentary significance of an artefact; original structure and 

materials; the extent of its deterioration, alteration, and loss; and the 

documentation of these findings’ (ICOM, 2010, p.2).  

Investigation consists of visual analysis and the elemental-molecular 

composition of the objects. The former group includes microscopy 

(stereomicroscopy, transmitted and reflected microscopy, scanning electron 

microscopy) and imaging techniques (multispectral and x-radiography). The 

latter group refers to quantitative, qualitative and isotopic analysis for 

inorganic materials and spectrometric chromatographic techniques for 

materials of organic nature. 

A.1.2 Archives research 

Archives research (or literature survey and reading) is the action of retrieving 

information related to the artefact under examination from the archive 

(institutional or general archive) or information about artefacts which present 

similarities in any aspect (material, date, area, shape, typology, style, 

decorative features, geographical area, degradation, construction techniques). 

Many times it is omitted, postponed or underestimated, although it is a very 

significant stage of artefact analysis, which should be executed before 

treatment, in order to influence conservation decisions and methodology.  

A.1.3 Treatment proposal  

The interpretation of the examination findings in addition to the data retrieved 

from the archives research should be combined with the biographical and 

values analysis of the object in order to help the conservator determine the 

ideal state, establish the goal of treatment and then decide the type and the 

extent of treatment needed (treatment proposal).  The treatment plan provides 

the necessary justification for the treatment, which takes the form of 

conservation, preventive conservation or restoration.  

A.1.4 Conservation treatment 
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Conservation consists mainly of direct actions carried out on with the aim of 

stabilising condition and retarding further deterioration.  

Preventive conservation consists of indirect action to pace the rate of 

deterioration and prevent further damage from environmental conditions 

(temperature, relative humidity, and light), handling, transport, use, storage 

and display.  

Restoration seeks to return the object to its original state with respect to its 

aesthetic, historic and physical properties. The most frequent operations are 

the joining of fragments, partial or complete infilling of missing areas, 

reshaping and in painting or retouching. Also, restoration involves the design 

of mounts for storage or display.   

A.1.5 Conservation report  

The whole process is documented in conservation reports. Documentation is 

an obligation which includes the production and maintenance of accurate, 

complete, and permanent records of examination, sampling, scientific 

investigation, and treatment in both written and pictorial form (AIC, 1994). The 

preservation and sharing of such records and experience is the conservator’s 

responsibility and considered an action which contributes to the growth and 

progression of the profession to the highest standards by continuing to 

develop knowledge and skills (UKIC, 1996).  
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A.1.6 Open Provenance Graphs 

CONSERVATION PROJECT

REGISTRATION  
EXAMINATION

TREATMENT PROPOSAL

CONSERVATION 
DOCUMENTATION

CONSERVATION TREATMENT

artefact

Registration 

Used(DataProvider)

Identification and 
management data

wasGeneratedByDatabase

Label 

Used(DataOrganiser)

Used(DataProvider)

Risk 
assessment/

first aids

Packaging materials/ 
consolidants

used

Used

artefact2

wasGeneratedBy

wasDerivedFrom

wasTriggeredBy

Examination Examination report/Pre-
treatment 

documentation

wasGeneratedBy

Used

Used

Physical examination/material 
aspects.

Physical examination/material 
aspects.

wasTriggeredBy

Archives Research

wasTriggeredBy

Non object specific non 
material data

Object specific material 
data

Materials and techniques

Alterations/damages

Previous treatment

wasGeneratedBy

wasGeneratedBy

wasGeneratedBy
wasGeneratedBy

wasGeneratedBy

Equipment 

Diagnostic examination

Diagnosis
Condition assesment

wasGeneratedBy
wasGeneratedBy

used
used

used

used

used

Interpretation UsedUsed

used

Treatment proposal

Diagnosis Condition assesment

Interpretation 

timeline Values analysis 

Determine the ideal state Determine the realistic 
goal of treatment

Choose materials and 
methods

wasGeneratedBy

wasTriggeredBy

wasTriggeredBy

Used Used

wasGeneratedBywasGenerated

UsedUsed

Time/resources

Used

Used

Examination report
Pre-treatment documentation

wasGeneratedBy

Conservation Operations 
Documentation

wasGeneratedBy

Conservation Report

wasDerivedFrom

wasDerivedFrom

Presentation

Used

wasDerivedFrom

wasDerivedFrom

wasDerivedFrom

used

used

Conservation/ 
restoration

Used

wasTriggeredBy

wasTriggeredBy
Preventive 

conservation

Remedial 
Conservation

Cleaning/removal of previous 
conservation materials

Consolidation/
stabilisation

joining

Gap-filling/
retouching

wasTriggeredBy

wasTriggeredBy

wasTriggeredBy

Restored Artefact

wasTriggeredBy

Packaging 

wasTriggeredBy

Environmental 
Control

wasTriggeredBy

wasGeneratedBy
equipment

Used

wasDerivedFrom

Used

wasGeneratedBy

wasGeneratedBy

wasGeneratedBy

Preventive 
Conservation 

Recommendations 

 

Graph 52: OPM Graph of a conservation project (Graph author’s own). 
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Graph 53: OPM Graph of artefacts’ registration (Graph author’s own). 
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Graph 54: OPM Graph of examination (Graph author’s own). 
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Graph 55: OPM Graph of conservation treatment proposal (Graph author’s 

own). 
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Graph 56: OPM Graph of conservation treatment (Graph author’s own).  
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Graph 57: OPM Graph of conservation documentation (Graph author’s own).  
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A.2 Traditional documentation and recording strategies 

Sketches, drawings, casts and film photographs and hand-written notes were 

among the most common means of documentation in the past. Those 

traditional approaches are still in use. For their critical justification one should 

take under consideration the expertise and time needed, as well as the quality-

accuracy of the result, in addition to its possible uses in cultural heritage.  

A.2.1 Sketches  

There is no doubt that due to practical reasons sketches can easily, quickly and 

inexpensively help hold a record of a find, such as its dimensions and overall 

shape. Undoubtedly, this record is sufficient neither for dissemination nor for 

research purposes. Its value is restricted to communication and cooperation 

between the professionals on site or in the museum. Worth mentioning is that 

sketches retrieved from excavation diaries of past generations are considered 

important evidence and treated with respect, as archaeological evidence. Often 

this attitude is related to important archaeological sites or to masters of the 

field, whose contribution to archaeological research is unambiguous. Apart 

from the historical and research value of this action, sentimental factors also 

dictate such practices.   

A.2.2 Drawings 

Drawings, either simple or more stylistic ones, have been largely used in the 

past and are still in use for recording and dissemination of artefacts.  These 

illustrations cannot be considered as a fast and quick method, because they 

are time-consuming and require special skills. Even experienced illustrators 

need a lot of time in order to finish a drawing of a complex artefact, like those 

usually found in excavation publications, along with its decoration and a 

possible section. The accuracy of such drawings remains under question, not 

only because they are dictated by the subjective judgement of the individuals 

who take part in the design process, in the most cases being the archaeologist 

and the illustrator, but also due to the inevitable human error in the perception 

of detail. Worth mentioning is that drawings can be useful for the recording 

and documentation of specific features, and consequently are preferred by a 

group of professionals in cultural heritage. They can communicate the basic 

characteristics of shape, decoration and condition easily. Drawings are 
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recommended also because they compel the illustrator, who in many cases is 

the archaeologist or the conservator, to devote enough time to the artefact. 

This detailed observation can assist in the characterization of the material and 

future choices of conservation, display or interpretation.  

A.2.3 Photography 

Film photography, along with various photographic techniques, served as a 

meaningful mean of documentation for many years, but nowadays it is 

substituted by digital imaging. Drawbacks of photography are the inefficiency 

in capturing fine details, usually recognised in close observation of the object, 

especially in cases of deteriorated, although decorated, artefacts. A 

characteristic example of misleading information delivered from photographs, 

highly important for conservation condition reporting, is the conjunctions 

between damages and alterations or decoration elements, such as engravings. 

It is difficult to capture accurately not only the colour and the shape but also 

the texture of the object in a single shot. So, professional equipment and 

expertise is needed. Nowadays, due to the advances in the field of digital 

imaging, the cost of such equipment is steadily decreasing, reaching 

affordable rates.  

A.2.4 Casting 

Casting is a method for recording and physical replication, useful in many 

cases because it can capture morphological information of the object. Its use is 

restricted to artefacts stable enough to undergo the necessary handling and 

pressure as well as contact with other materials. In cases of fragile artefacts 

this technique can cause irreversible damage. Understandably its use is not 

recommended, as it does not conform to contemporary museum standards. 
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Appendix B  

B.1 Using replicas in conservation research  

The process of replication archaeological material in order to examine specific 

research questions and provide answers to archaeological issues is rooted on 

experimental archaeology theory and practice, where the production, use, 

discard, deterioration, or recovery of material culture is being questioned 

(Ferguson, 2010). The concept of replication of archaeological material in 

conservation studies derive from the same objective to gain knowledge from 

the small non representative sample of artefacts already unearthed or 

explored. In such studies, researcher should decide whether to use authentic 

or surrogate objects, composed of art materials that resemble as much as 

possible the authentic raw materials used by our ancestors. This decision 

affects not only the character of the experiment but also its reliability. Each 

option has its advantages and drawbacks. There is no doubt that the 

experimentation with simulated objects provides flexibility and overcomes 

ethical considerations. The researcher is free to contact certain operations or 

manipulation, destructive and of deteriorative nature, not only at a minor 

sample of authentic material but on larger portions. It is well understood that 

such actions would have been considered unethical if applied to authentic 

material but they are totally acceptable for on purpose built testers-study units. 

On the contrary, the main disadvantage is that the success of the 

experimentation on surrogates does not necessarily mean that the method 

under examination would be successful if tested on real objects, because of 

the complexity of archaeological material. Owing to that, the results obtained 

from surrogates need verification with actual art objects (Reedy and Reedy, 

1992). 

From the above it becomes obvious that a compromise between authentic 

study units and surrogates is the most objective methodological approach 

according to experimental design principles because on purpose build testers 

enable better control over experimentation and simultaneously original 

materials provide the necessary verification, justifying methods and attributing 

extra value to the results.  
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The use of replicas and testers is fully reasonable for the purposes of the 

present research from an ethical perspective. Although the methodologies 

consist entirely of not destructive techniques, the initial application in replicas 

is an ethical and respectful approach towards original artefacts. Hence, 

unnecessary manipulation of authentic artefacts is avoided, minimising, in that 

way, the risks. Also, in practical terms this approach offers the opportunity for 

unlimited capture tests in a more controlled environment than the museum 

lab, and as a result provides the necessary data for the development of an 

improved diagnostic methodology.  Considering museum policies, the limited 

time provided with access to the authentic artefacts, especially in case of the 

artefacts on display, as well as the geographical distribution of authentic 

artefacts used as case studies, the use of replicas is considered a valuable 

addition to the present research.    
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Appendix C   

C.1 RTI case studies documentation 

C.1.1 Paintings (replicas) 

Table 33: Paintings (replicas) RTI case study documentation  

 Object Method Lighting Figures Section  

P
a
i
n

t
e
d

 
w

o
o

d
 
p

a
n

e
l
s
 

Icon 1, Jesus 

 
H-RTI 

visible 

133-141 5.3.2.1.1 

IR-850nm 

Icon 2 

St John, St 

Proxoros 

 

visible 

IR-760nm 

IR-950nm 

Egyptian 

replica 
Dome 

Reflected visible 

144, 145 5.3.2.1.1.1 Reflected  IR 

FCIR 

C
a
n

v
a
s
 
t
e
s
t
e
r
s
 

Tester 1- 2- 

3 

H-RTI 

Reflected visible 

146-152 5.3.2.1.2 

Tester 1- 2- 

3 

Reflected IR-

760nm 

Tester 3 Dome 

Transmitted visible 

Reflected visible 

Reflected visible 

with transmitted 

lighting 

Tester 1- 2- 

3 H-RTI 

 

Transmitted visible 

Tester 1- 2- 

3 

Transmitted IR-

850nm 

C
a
n

v
a
s
 
P
a
i
n

t
i
n

g
s
 

Canvas 1 

(girl) 

Frontside 

H-RTI 

Reflected visible 

153-165 5.3.2.1.3 

Transmitted IR 

Transmitted visible 

Canvas 1 

(girl)Backside 

Transmitted IR 

Transmitted visible 

Canvas 2 

Frontside 

Transmitted visible 

Reflected visible 

Transmitted IR 

Reflected  IR 
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C.1.2 Archaeological Materials  

Table 34: Archaeological Materials RTI documentation (stone, glass, mortar 

and organics) 

 

Object Method Figures Section 

S
t
o

n
e
 

A84 

Alabaster alabastron body H-RTI macroscopic 

166-170 5.3.2.2.1 

Alabaster alabastron 

handles and small 

fragments 

dome microscopic 

B61 Alabaster alabaston B61 H-RTI normal 

G
l
a
s
s
 

 

D31-

32 

Core-formed alabastra of 

dark blue glass, decorated 

with dense feather pattern 

in white, blue and yellow 

H-RTI macroscopic 171-175 5.3.2.2.2 

M
o

r
t
a
r
 

Ζ41 

wall painting fragments H-RTI 

visible 

176-183 5.3.2.2.2 

IR-850nm 

Ζ42 

visible 

IR-950nm 

IR-760nm 

I
v
o

r
y
 

E7 

Incised ivory plaques 

fragment. Detail of  Eros 

with remnants of colour 

decoration (blue and red) 

H-RTI macroscopic 

226-229 

5.3.2.2.5 

 

E8 

Incised ivory plaques 

fragment. Detail of young 

male with remnants of red 

colour/ Detail of man's 

shoulder/ Detail of 

woman's clothing with 

remnants of red colour. 

dome microscopic 

B
o

n
e
 

A60 
Wreath fragment. Bone 

stem. 
H-RTI microscopic 

W
o
o

d
 

A60 Wood fragment H-RTI microscopic 

219 B101 Wood fragment from pyxis H-RTI macroscopic 

 
Wood fragment from pyxis 

cup 
dome macroscopic 

L
e
a
t
h

e
r
 

B109 
Leather fragment with 

textile imprints 

dome 

microscopic 

220-225 

macroscopic 

H-RTI macroscopic 

B114 

 

Leather fragment of a 

belt/strap 
dome microscopic 

 
Leather fragment attached 

to a copper alloy ring 
H-RTI macroscopic 

A21 

Burnt leather fragment with 

holes at serial arrangement 

for sewing 

H-RTI macroscopic 

  dome microscopic 
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Table 35: Archaeological Materials RTI documentation (papyrus, silver, bronze 

and iron) 

 

Object Method  Figures Section 

P
a
p

y
r
u

s
 

back side H-RTI 
Reflected 

visible 

232-242 5.3.2.2.5 

front side H-RTI  

back side H-RTI trans-visible 

front side H-RTI 
Reflected IR-

720nm 

front side H-RTI 
Reflected IR-

850nm 

front side H-RTI 
Reflected IR-

950nm 

back side of the 

mount 
H-RTI 

trans-IR-

850nm 

S
i
l
v
e
r
 

A19 
Gold gilded silver 

sheet in the shape 

of shield with 

repousse scene of 

a Macedonian 

shield 

dome microscopic 

250-252 

5.3.2.2.6 

 dome macroscopic 

 H-RTI microscopic 

B
r
o

n
z
e
 

A60 

Wreath fragment. 

Gold gilded 

bronze leaf 

dome macroscopic 

243-246 

Wreath fragment. 

Bronze stem 
dome macroscopic 

C4 

Bronze coin- non 

identified 
H-RTI macroscopic 

Bronze coin- non 

identified 
dome macroscopic 

Bronze coin- non 

identified 
dome microscopic 

Z13 
Bronze embossed 

head of a woman 
H-RTI macroscopic 

Z32 

Fragment of 

bronze mirror 
H-RTI macroscopic 

Fragment of 

bronze mirror 
H-RTI microscopic 

Fragment of 

bronze mirror 
H-RTI normal 

Wall painting 

fragment 
H-RTI normal 

A60 

Wreath fragment. 

Gold gilded 

bronze leaf 

dome microscopic 

I
r
o

n
 

D52 

Spear handle. 

Corroded with 

wood inside 

H-RTI normal 

247-249 

B118 

Board 

fragment/Corner 

fragment/ Double 

corner fragment. 

H-RTI normal 

B106 

Knife. Part of the 

bone handle and 

the iron blade. 

H-RTI macroscopic 

Knife. Part of the 

bone handle and 

the iron blade. 

H-RTI normal 
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Table 36: Archaeological Materials RTI documentation (ceramics) 
 

Object Method Figures Section 

C
e
r
a
m

i
c
s
 

A99 Ceramic roundel with the 

head of Athena 

Parthenos 

H-RTI Normal visible  

5.3.2.2.4 

dome 
macroscopic 

visible 
 

dome 
Microscopic 

visible 
 

H-RTI 
microscopic 

visible 
 

C3 th (II) Fragments of a 

canthar - cylix  with a heart-

shaped leaf pattern 

H-RTI 
macroscopic 

visible 

185-187 

dome 
microscopic 

visible 

C3e Fragments of a skyphos 

H-RTI 
macroscopic 

visible 

dome 
microscopic 

visible 

C1 Red figure pelike. Horse 

scene. 

H-RTI 

 

 

visible 

188-193 

& 195-

196 

IR-950nm 

C1 Red figure pelike. Female 

figure with tiara 

visible 

IR-850nm 

H2 Red figure pelike. 

Aphrodite, seated, looking 

left at Eros. 

IR-720nm 

visible 

IR-760nm 

IR-850nm 

IR-950nm 

visible 

IR 

H2 Red figure pelike. 

Decorative motif. 
IR-950nm 

Z29 Ceramic skyphos, 

blackglazed. 
visible 184 

GN Gnathian skyphos 

frontside 

visible 

197-206 

IR-950nm 

Reflected UV 

UV induced visible 

fluorescence 

GN Gnathian skyphos 

backside 

visible 

IR-950nm 

Reflected UV 

UV induced visible 

fluorescence 

367 Faenza maiolica 

fragment 

visible 

IR-850 

Reflected UV 

207-214 367 Faenza maiolica 

fragment 

visible 

IR-850 

366 Faenza maiolica 

fragment 1 & 2 

visible 

IR-850 
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C.1.3 Numismatics RTI case study documentation  

Table 37: Numismatics RTI case study documentation 

Coin 

no 
Material 

Diam. 

mm. 

RTI Visualization 

method 
Section / 

Figures obv/ 

rvs 

Conservation state 

before during after 

1 copper 17 
obv   ✓ H-RTI 

5.3.2.3 

 

253-266 

and 271-

276 

rvs   ✓ H-RTI 

2 copper 16 
obv   ✓ H-RTI 

rvs   ✓ H-RTI 

3 copper 16 
obv   ✓ H-RTI 

rvs   ✓ H-RTI 

4 copper 17 obv ✓ ✓ ✓ MINI-DOME1 

5 copper 17 

obv ✓ ✓ ✓ MINI-DOME1 

rvs ✓ ✓ ✓ MINI-DOME1 

6 copper 18 
obv ✓  ✓ MINI-DOME1 

rvs ✓  ✓ MINI-DOME1 

7 copper 15 obv ✓  ✓ MINI-DOME1 

8 copper 13 

obv   ✓ MINIDOME1 

rvs   ✓ MINI-DOME1 

9 copper 12 

obv   ✓ MINI-DOME1 

rvs   ✓ MINI-DOME1 

10 copper 16 
obv   ✓ MINI-DOME1 

rvs   ✓ MINI-DOME1 

12 copper 18 

obv   ✓ MINI-DOME1 

rvs   ✓ MINI-DOME1 

13 silver 10 
obv ✓   MINI-DOME1 

rvs ✓   MINI-DOME1 

14 silver 8 

obv ✓   MINI-DOME1 

rvs ✓   MINI-DOME1 

15 silver 8 

obv ✓   MINI-DOME1 

rvs ✓   MINI-DOME1 

16 silver 9 

obv ✓   MINI-DOME1 

rvs ✓   MINI-DOME1 

17 silver 9 

obv ✓   MINI-DOME1 

rvs ✓   MINI-DOME1 

18 copper 23 

obv ✓  ✓ MINI-DOME2 

rvs ✓  ✓ MINI-DOME2 

19 copper 23 

obv ✓   MINI-DOME2 

rvs ✓   MINI-DOME2 

20 silver 19 rvs   ✓ MINI-DOME2 

21 silver 17 obv   ✓ MINI-DOME2 

22 copper 22 rvs ✓  ✓ 
MINI-DOME2 & 

H-RTI 

23 copper 26 

obv ✓   MINI-DOME2 

Rvs ✓  ✓ 
MINI-DOME2 & 

H-RTI 

24 copper 20 rvs ✓   H-RTI 

25 copper 26 rvs ✓   MINI-DOME2 

D2 
gold 

 
10 

obv   ✓ MINI-DOME1 

rvs   ✓ MINI-DOME1 
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C.2 PG case studies documentation  

 

Table 38: PG case studies documentation (paintings and archaeological 

materials) 

 

 

 
Object 

 
Method Figures Section  

P
a
i
n

t
i
n

g
s
 

Tester 3 

visible 

309-317 5.4.2.1. 

IR-850 

Transmitted visible 

Transmitted infrared 

Microscopic detail 

A
r
c
h

a
e
o

l
o

g
i
c
a
l
 
m

a
t
e
r
i
a
l
s
 

C
e
r
a
m

i
c
 

Neopunic 

amphora AM 

Visible 

318-326 5.4.2.2.1 

Black-glazed 

chous BGC 

Gnathian chous 

GNC 

Geometric 

kantharos KA 

Visible 

IR-850 

Gnathian kylix 

GNK 

Visible 

Gnathian 

skyphos GNS 

s
t
o

n
e
 

Drum 2 D2 

331-334 5.4.2.2.4 

Drum3 D3 

T
e
x
t
i
l
e
 

Fragment  5.4.2.2.5 

M
e
t
a
l
 

Iron sundial 

SUN 

327-330 5.4.2.2.3 

Silver coin CO 

Bronze 

Oinochoe 

handle OH 

Bronze Patera 

handle PT 
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C.3 Manual Fragments matching case study 

documentation 

A name was assigned to each fragment as shown in the Figure 432.  

 

Figure 432: Names assigned to the digitised fragments of jug No 366 



 

640 

 

The process of manual fragments matching was video recorded. Video files are 

available in the digital library, along with transcripts. The Table 39 shows the 

transcripts from the video files, including timestamps and the actions that took 

place.  

In general, the following actions were executed:  

 Matching the two fragments of the base, 4/R1 and 1/R5 (Group A) 

 Matching fragments 1/R12 and 1/R13 (Group B) 

 Matching Group B with fragments 2/R4, 1/R6 and 1/R9 (Group C) 

 Matching fragments 1/R2 and 1/R8 (Group D) 

 Matching Groups C and D (Group E) 

 Matching fragments 1/R7 and 1/R10 (Group F) 

 Matching Groups E and F (Group G) 

 Matching Groups G and 1/R1 (Group H) 

 Matching fragments 2/R3 and 3/R1 (Group I) 

 Matching Groups I and 2/R5 (Group J) 

 Matching Groups H and J (Group K) 

 Matching fragments 2/R1 and 1/R3 (Group L) 

 Matching Groups K and L (Group M) 

 Matching Groups M and A (Group N) 

 

Table 39: Transcripts from the video files  

Video file Time-stamp ACTIONS FRAGMENT FRAGMENT 

Group_A.mov 00:00 OBSERVATION     

Group_A.mov 00:07 SELECTING 4/R1   

Group_A.mov 00:12 SELECTING 1/R5   

Group_A.mov 00:19 TESTING 4/R1 1/R5 

Group_A.mov 00:25 MATCHING 4/R1 1/R5 

Group_A.mov 00:27 SECURING 4/R1 1/R5 

Group_B.mov 00:03 OBSERVATION     

Group_B.mov 00:09 SELECTING 2/R4, 1/R6 AND 1/R9   

Group_B.mov 00:13 SELECTING 1/R2   

Group_B.mov 00:16 SELECTING 1/R12   

Group_B.mov 00:18 SELECTING 1/R8   

Group_B.mov 00:21 SELECTING 1/R13   

Group_B.mov 00:29 TESTING 2/R4, 1/R6 AND 1/R9 1/R12 
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Group_B.mov 00:46 TESTING 2/R4, 1/R6 AND 1/R9 1/R13 

Group_B.mov 01:06 TESTING 1/R12 1/R13 

Group_B.mov 01:21 MATCHING 1/R12 1/R13 

Group_B.mov 01:30 SECURING 1/R12 1/R13 

Group_C.mov 00:01 TESTING 2/R4, 1/R6 AND 1/R9 1/R12+1/R13 

Group_C.mov 00:16 MATCHING 2/R4, 1/R6 AND 1/R9 1/R12+1/R13 

Group_C.mov 00:31 SECURING 2/R4, 1/R6 AND 1/R9 1/R12+1/R13 

Group_D.mov  00:00 OBSERVATION     

Group_D.mov  00:12 SELECTING 2/R5   

Group_D.mov 00:14 TESTING 1/R12+1/R13+2/R4, 1/R6 

AND 1/R9 

2/R5 

Group_D.mov 00:45 TESTING 1/R2 1/R8 

Group_D.mov 00:59 MATCHING 1/R2 1/R8 

Group_D.mov 01:24 SECURING 1/R2 1/R8 

Group_E.mov 00:00 TESTING 1/R2+1/R8 1/R12+1/R13+2/R4, 1/R6 AND 

1/R9 

Group_E.mov 00:02 MATCHING 1/R2+1/R8 1/R12+1/R13+2/R4, 1/R6 AND 

1/R9 

Group_E.mov 00:09 SECURING 1/R2+1/R8 1/R12+1/R13+2/R4, 1/R6 AND 

1/R9 

Group_F.mov  00:00 SELECTING 1/R10   

Group_F.mov 00:10 SELECTING 1/R7   

Group_F.mov 00:12 TESTING 1/R7 1/R10 

Group_F.mov 00:19 SELECTING 1/R1   

Group_F.mov 00:26 TESTING 1/R10 1/R1 

Group_F.mov  00:34 TESTING 1/R1 1/R7 

Group_F.mov 00:49 TESTING 1/R10 1/R7 

Group_F.mov 00:59 MATCHING 1/R10 1/R7 

Group_F.mov 01:11 TESTING 1/R10+1/R7 1/R1 

Group_G.mov 00:00 TESTING 1/R10+1/R7 1/R2+1/R8+1/R12+1/R13+2/R

4, 1/R6 AND 1/R9 

Group_G.mov  00:06 MATCHING 1/R10+1/R7 1/R2+1/R8+1/R12+1/R13+2/R

4, 1/R6 AND 1/R9 
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Group_H.mov 00:06 TESTING 1/R10+1/R7 1/R1 

Group_H.mov 00:09 MATCHING 1/R10+1/R7 1/R1 

Group_H.mov 00:25 SECURING     

Group_H.mov 01:02 TESTING 1/R10+1/R7+1/R2+1/R8+1/

R12+1/R13+2/R4, 1/R6 AND 

1/R9+1/R1 

1/R4 

Group_H.mov 01:05 SECURING     

Group_I.mov 00:07 TESTING 1/R10+1/R7+1/R2+1/R8+1/

R12+1/R13+2/R4, 1/R6 AND 

1/R9 

2/R5 

Group_I.mov 00:14 MATCHING     

Group_I.mov 00:33 TESTING 2/R5 2/R2 

Group_I.mov 00:40 TESTING 2/R2 2/R3 

Group_I.mov 00:56 TESTING 2/R2 2/R1 

Group_I.mov 01:03 TESTING 2/R1 2/R2 

Group_I.mov 01:36 TESTING 2/R3 2/R2 

Group_I.mov 02:28 TESTING 2/R1 2/R3 

Group_I.mov 02:34 TESTING 2/R1 2/R2 

Group_I.mov 02:42 SELECTING 3/R1   

Group_I.mov 02:44 TESTING 3/R1 2/R1 

Group_I.mov 02:52 TESTING 3/R1 2/R3 

Group_I.mov 03:09 TESTING 3/R1+2/R3 2/R1 

Group_I.mov 03:29 SECURING 3/R1 2/R3 

Group_I.mov 03:53 TESTING 3/R1+2/R3 2/R2 

Group_K.mov 00:06 TESTING 3/R1+2/R3+2/R5 1/R10+1/R7+1/R2+1/R8+1/R1

2+1/R13+2/R4, 1/R6 AND 

1/R9 

Group_K.mov 00:39 SECURING     

Group_L-

M.mov 

00:00 TESTING 3/R1+2/R3+2/R5+1/R10+1/

R7+1/R2+1/R8+1/R12+1/R1

3+2/R4, 1/R6 AND 1/R9 

1/R3 

Group_L-

M.mov 

00:15 TESTING 3/R1+2/R3+2/R5+1/R10+1/

R7+1/R2+1/R8+1/R12+1/R1

3+2/R4, 1/R6 AND 1/R9 

2/R1 
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Group_L-

M.mov 

00:39 TESTING 2/R2 2/R1 

Group_L-

M.mov 

00:47 TESTING 2/R1 1/R3 

Group_L-

M.mov 

00:57 SECURING 2/R1 1/R3 

Group_L-

M.mov 

01:30 TESTING 2/R1+1/R3 2/R2 

Group_L-

M.mov 

01:58 TESTING 3/R1+2/R3+2/R5+1/R10+1/

R7+1/R2+1/R8+1/R12+1/R1

3+2/R4, 1/R6 AND 1/R9 

2/R1+1/R3 

Tests_2-

R2.mov 

00:00 TESTING 3/R1+2/R3+2/R5+1/R10+1/

R7+1/R2+1/R8+1/R12+1/R1

3+2/R4, 1/R6 AND 

1/R9+2/R1+1/R3 

2/R2 

Group_N.mov 00:23 TESTING 3/R1+2/R3+2/R5+1/R10+1/

R7+1/R2+1/R8+1/R12+1/R1

3+2/R4, 1/R6 AND 

1/R9+2/R1+1/R3 

4R1+1/R5 

 

Table 40: Transcript from the video files, for testing joins 

Video file Time-stamp FRAGMENT FRAGMENT UNSUCCESSFU

L TESTS 

SUCCESSFU

L TESTS 

CRITERION 

Group_A.m

ov 

00:19 4/R1 1/R5   1 Shape  

Group_B.m

ov 

00:29 2/R4, 1/R6 AND 

1/R9 

1/R12 6   Painted design 

Group_B.m

ov 

00:46 2/R4, 1/R6 AND 

1/R9 

1/R13 4   Painted design 

Group_B.m

ov 

01:06 1/R12 1/R13 1 1 Painted design 

Group_C.m

ov 

00:01 2/R4, 1/R6 AND 

1/R9 

1/R12+1/R13 2 1 Painted design 

Group_D.m

ov 

00:14 1/R12+1/R13+2

/R4, 1/R6 AND 

1/R9 

2/R5 8   Painted design 

Group_D.m

ov 

00:45 1/R2 1/R8 5 1 Texture and 

shape 

Group_E.m

ov 

00:00 1/R2+1/R8 1/R12+1/R13

+2/R4, 1/R6 

AND 1/R9 

  1 Shape  

Group_F.m

ov 

00:12 1/R7 1/R10 2   Shape  

Group_F.m

ov 

00:26 1/R10 1/R1 1   Shape  

Group_F.m

ov 

 00:34 1/R1 1/R7 1   Shape  

Group_F.m

ov 

00:49 1/R10 1/R7   1 Shape  

Group_F.m

ov 

01:11 1/R10+1/R7 1/R1 2   Shape  

Group_G.m

ov 

00:00 1/R10+1/R7 1/R2+1/R8+1/

R12+1/R13+2

2 1 Shape  
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/R4, 1/R6 

AND 1/R9 

Group_H.m

ov 

00:06 1/R10+1/R7 1/R1   1 Shape  

Group_H.m

ov 

01:02 1/R10+1/R7+1/

R2+1/R8+1/R12

+1/R13+2/R4, 

1/R6 AND 

1/R9+1/R1 

1/R4   1 Shape  

Group_I.mo

v 

00:07 1/R10+1/R7+1/

R2+1/R8+1/R12

+1/R13+2/R4, 

1/R6 AND 1/R9 

2/R5 1 1 Painted design 

Group_I.mo

v 

00:33 2/R5 2/R2 3   Shape  

Group_I.mo

v 

00:40 2/R2 2/R3 2   Texture 

Group_I.mo

v 

00:56 2/R2 2/R1 1   Texture 

Group_I.mo

v 

01:03 2/R1 2/R2 3   Texture 

Group_I.mo

v 

01:36 2/R3 2/R2 1   Shape  

Group_I.mo

v 

02:28 2/R1 2/R3 1   Texture 

Group_I.mo

v 

02:34 2/R1 2/R2 1   Texture 

Group_I.mo

v 

02:44 3/R1 2/R1 2   Texture 

Group_I.mo

v 

02:52 3/R1 2/R3 2 1 Texture and 

shape 

Group_I.mo

v 

03:09 3/R1+2/R3 2/R1 3   Texture and 

shape 

Group_I.mo

v 

03:53 3/R1+2/R3 2/R2 2   Texture and 

shape 

Group_K.m

ov 

00:06 3/R1+2/R3+2/R

5 

1/R10+1/R7+

1/R2+1/R8+1/

R12+1/R13+2

/R4, 1/R6 

AND 1/R9 

  1 Shape  

Group_L-

M.mov 

00:00 3/R1+2/R3+2/R

5+1/R10+1/R7+

1/R2+1/R8+1/R

12+1/R13+2/R4

, 1/R6 AND 

1/R9 

1/R3 5   Shape  

Group_L-

M.mov 

00:15 3/R1+2/R3+2/R

5+1/R10+1/R7+

1/R2+1/R8+1/R

12+1/R13+2/R4

, 1/R6 AND 

1/R9 

2/R1 5   Shape  

Group_L-

M.mov 

00:39 2/R2 2/R1 3   Texture 

Group_L-

M.mov 

00:47 2/R1 1/R3 1 1 Texture 

Group_L-

M.mov 

01:30 2/R1+1/R3 2/R2 1   Texture 

Group_L-

M.mov 

01:58 3/R1+2/R3+2/R

5+1/R10+1/R7+

1/R2+1/R8+1/R

12+1/R13+2/R4

, 1/R6 AND 

1/R9 

2/R1+1/R3 1 1 Shape  
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Tests_2-

R2.mov 

00:00 3/R1+2/R3+2/R

5+1/R10+1/R7+

1/R2+1/R8+1/R

12+1/R13+2/R4

, 1/R6 AND 

1/R9+2/R1+1/R

3 

2/R2 5   Texture and 

shape 

Group_N.m

ov 

00:23 3/R1+2/R3+2/R

5+1/R10+1/R7+

1/R2+1/R8+1/R

12+1/R13+2/R4

, 1/R6 AND 

1/R9+2/R1+1/R

3 

4R1+1/R5   1 Shape  

 

C.4 Replacement of lost material documentation 

File: HMS_UK_COP_PATERA.max 

C.4.1 Geometry  

Objects in the scene:  

 PATERA-BASE 

 PATERA-TERMINAL 

 PATERA-HANDLE 

 Handle-replacement 

 Body-replacement 

 Stand 

Cameras:  

 Camera001    

 Camera002  

 Camera003   

 Camera004  

Lights: 

 PhotometricLight001  

 PhotometricLight002  

 PhotometricLight003  

 PhotometricLight004  

Scene Totals: 

 Objects: 10 

 Cameras: 4 

 Lights: 4 

 Total: 18 

Mesh Totals: 

 Verts: 1022290 

 Faces: 1768576 
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C.4.2 Materials  

The following materials were used: 

 Stand: simple grey  

 Plexiglas: Arch& Design material,  translucent with light grey 

colour  

 Simple-colour (colour-a): greenish colour  

 Variation of simple colour with a cellular map 

 Variation of simple colour material with a diffuse colour map 

 Body material, based on simple colour with a smoke diffuse colour 

map  

 

The 3ds Max file HMS_UK_COP_PATERA.max is included in the digital library.  
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Appendix D  

D.1 Guidelines for the digital library  

A representative sample of the data was selected for the Digital Library, 

because it would have been impossible to include the whole dataset captured 

and processed for the purposes of the present research. The Digital Library is 

submitted as accompanying material for the thesis. Renderings, graphs and 

screenshots included in the main chapters of this thesis demonstrate the 

methodology, materials and techniques used as well as the findings of this 

research.  

D.1.1 Structure  

The digital files are organised in folders (‘section5.3’, ‘section5.4’, 

‘section6.2’, ‘section6.3’, ‘section6.4’) by subject following the structure of the 

thesis.   

D.1.2 Contents  

The folder ‘section5.3’ contains 8 polynomial texture maps (.ptm) and 64 

reflectance transformation images (.rti). The folder ‘section5.4’ contains 23 

agisoft photoscan files (.psz). The folder ‘section6.2’ includes the following 

folders: 

 SCC_UK_CER_FM366_Manual, which contains 13 video files  (.mov) and 1 

excel file (.xlsx) 

 SCC_UK_CER_FM366_Semiautomatic, which contains 1 file in object file 

format (.obj)  

 SCC_UK_CER_FM366-DigitisedFragments, which contains 19 files in  

object file format (.obj) 

 SCC_UK_CER_FM367-DigitisedFragments, which contains 28 files in  

object file format (.obj)  

 SCC_UK_CER_FM367_Semiautomatic, which contains 5 files in alignment 

file format (.aln) and 5 files in object file format (.obj), plus 37 auxiliary 

files in .obj and .ply format 

 SCC_UK_CER_FM367_Semiautomatic_Final, which contains 1 file in 

object file format (.obj)  

 

The folder ‘section6.3’ contains 1 3ds Max file (.max) and 1 image file (.jpg) 

and the folder ‘HMS_UK_COP_PATERA_DigitisedFragments’. The latter contains 

3 files in object file format (.obj), 3 material files (.mtl) and 22 image files 
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(.jpg). The folder ‘section6.4’ contains 2 3ds Max file (.max), 2 reflectance 

transformation images (.rti).   

The four folders of the digital library contain 244 files. The total size of the 

Digital Library is 11 GB. The following list summarizes the size of the 

individual folders: 

 section5.3 4.75 GB 

 section5.4  2.11 GB 

 section6.2 3.80 GB 

 Section6.3 0.29 GB 

 Section6.4 0.14 GB 

D.1.3 File formats and compatible software  

The Digital Library includes files in .pdf, .mov, .jpg, .png compatible with a 

broad range of commonly used software. In addition there are: 

 Polynomial texture maps (.ptm) and reflectance transformation images 

(.rti) are compatible with the RTIViewer software available for free from 

Cultural Heritage Imaging  

 Agisoft photoscan files (.psz) can be viewed in Agisoft photoscan 

(commercial software). Nevertheless, the reconstructed models of the 

artefacts were exported in so as to be compatible with free software (for 

example Mesh Lab)  

 Files in alignment file format (.aln) and in object file format (.obj) are 

compatible with Mesh Lab  

 Material file (.mtl) and 3ds Max file (.max) can be viewed in 3ds max. 
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D.1.4 Naming convention  

Table 41: Naming convention  

 Collections/Provenance 

Archaeological Museum of Thessaloniki  AMTH-GR 

Archaeological Museum of Amphipolis  AMA-GR 

Hampshire County Council Museums Service HMS-UK 

Southampton City Council, Arts &Heritage SCC-UK 

University of Southampton, Archaeological Collections USOU-UK 

The British Museum BM-UK 

Private collection/replica REP 

Material code 

Ceramic CER Papyrus PAP 

Glass GL Ivory IVO 

Copper COP Leather LEA 

Silver SIL Wood WOO 

Gold GOL Mortars MOR 

Iron IRO Composite COM 

Alabaster ALA Painted canvas PCAN 

Sandstone SAN Painted wood panel PWOO 

RTI visualization method code 

Macroscopic MA 

Microscopic MI 

H-RTI H 

MINIDOME1 MD1 

MINIDOME2 MD2 

Visible VIS 

Infrared (followed by an indication of the filter used in nm) e.g. 

IR-850  

IR 

Reflected UV UVR 

UV induced visible fluorescence UVF 

transmitted  T 

desaturated BW 

Conservation State codes  

Before conservation BC 

After conservation AC 

During conservation DC 
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Each visualization is named as follows:  

Collection/Provenance_Material code_Object code (a,b,c)_RTI visualization 

method code. file type extension    

For the numismatic case study each visualization is named as follows:  

Collection/Provenance_Material code_Object code_obv/rvs_Conservation state 

code__RTI visualization method code.rti or ptm 

Example for RTI file: AMTH-GR_GOL_D2_obv_AC_VIS-MI-MD1.rti  

 

Microscopic RTI visualization of the obverse of gold coin from the collection of 

the Archaeological Museum of Thessaloniki, with assertion number D2, 

visualised in the visible spectral area after conservation with minidome 1. 

Example for 3d model: BM_UK_SAN_D2.obj  

3d model in OBJ format of object Drum 2 made of sandstone from the 

collection of the British Museum.  

 

  



 

651 

 

Appendix E  

E.1 Design for a micro dome  

E.1.1 Minimum requirements  

 Portable: The dome should be capable of capturing data in different 

settings (imaging labs, museums’ labs). All the main components of the 

data capture system should be included in one portable device so as to 

avoid problems of compatibility with different microscopic facilities 

available in different labs.   

 Safe: The dome should minimise human-object-device interaction, and 

provide easier positioning of the sample. 

 Automatic/ Easy to use: The dome should enable quick data capture and 

eliminate manual handling of the device to ensure high quality datasets, 

even when users are not familiar with RTI technique.  

 Flexible: Need to capture data in different magnification (fragments or 

samples taken from objects or details of larger objects)  

 

E.1.2 Main components and additional features  

The main components are the USB Microscope (for example AM4815ZT Dino-

Lite Edge), the auxiliary data capture device-dome, a stand and a connector. 

The dome, with a diameter circa 13cm., is equipped with 128 tiny LEDs (1mm-

3mm) with adjustable brightness connected to a LED driver. The LEDs are 

positioned in 16 axes from 8 different angles (circa 65-70
0

 max angle, 15
0

 min 

angle). The stand functionality should be similar to the, able to turn 3600 flex-

arm type, so as to capture any detail, even in case of large objects that cannot 

be placed on a table (a large pot, a wall painting, a statue). The model 

MS52BA2 of dinolite fulfils these requirements. The connector ensures safe 

attachment of the dome to the microscope and to enable the movement of the 

microscope closer or further away from the sample, so as to achieve the 

optimum distance between the microscope and the sample (max. 6cm, min 

1cm) and capture in different magnifications from x20, a little bit less than 2 

cm (ideal for coins, archaeological samples, small fragments) up to x220 (ideal 

for tiny details-less than 1, 5 - 1,8mm).  
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Proposals for better functionality are the following:  

 Light pad 

 WiFi Streamer  

 IR-LEDs + IR USB Microscope 

 

E.1.3 Workflow for data capture  

Step 1: preparations 

 Place the artefact on the correct position, adjust the magnification and 

check that all the settings in the specialised software that comes with 

the microscope (open source software) are correct (for example: turned 

off the microscope lights).  

 Adjust the dome to the microscope stand. Make sure that you have the 

correct working distance to the object. Turn on your mini dome.   

Step 3: lighting selection & data capture   

A dialog box appears and asks you which operation you want to follow based 

on which settings you have chosen in step 1, the low (Option 1) or high 

magnification (Option 2). Then user should adjust the LED driver to the best 

brightness. The lights flash successively the images are captured (time-lapse 

image capture).  

E.2 Recommendations for a virtual collaborative RTI 

environment 

Each contributor should provide affiliation and link to a personal web-page (for 

example institutional or academia profile). Contributions takje the form of 

annotations, used in order to define, explain and characterise areas of the RTI 

image. The annotation includes creator’s name (text and link), date, keywords, 

text, and reference commends.  Three main types of annotations are 

suggested:  

 uncertainty (?) Annotations with question mark used in case of an 

interpretation which is not supported with necessary evidence. This 

works also as an open question, topic for further discussion.  



 

653 

 

 Agree annotation (!) An annotation used to describe approval of a 

comment. It can be accompanied optionally by an explanation text, so 

as to provide an insight,  into the issue discussed  

 Disagree annotation (X). An annotation used to describe diaproval of a 

comment. It should be accompanied by an explanation text and provide 

alternative interpretation.  

Contributions can also be accompanied by references commends (R), either 

internal cross-linking to another RTI image of the repository or external (a link 

to an online resource, book etc.).  

In the virtual collaborative environment options for listing, searching/filtering, 

sorting annotations and as a keywords/references list should be available. For 

example:  

 Sorting annotations: Annotations to be sorted according to author, date 

etc. If the user selects a specific area of the image the existing 

annotations of this area appear 

 Keywords: a list of all the keywords used in annotations to appear so as 

for the users to locate the info they are interested easily. 

 References: a list of all the references used in annotations to appear so 

as for the user to have a handy bibliography for the issues discussed in 

the annotations 

 Contributors: a list of all the people who created annotations.  
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Appendix F  

F.1 Project Metadata  

Project Title VIRTUALIZING CONSERVATION: EXPLORING AND 

DEVELOPING NOVEL DIGITAL VISUALIZATIONS FOR 

PREVENTIVE AND REMEDIAL CONSERVATION OF ARTEFACTS 

Description Development and application of computational imaging, 

computer vision and digitization techniques for enhanced 

examination and visual analysis. Graphical 3d modelling and 

physical 3d reproduction for interventive treatment. 

Workflows for digital and conventional conservation 

documentation 

Subject Conservation, restoration, digitization, imaging, virtual 

reconstruction 

Coverage/ Spatial  Greece, Thessaloniki and Amphipolis  

United Kingdom, Hampshire, Southampton and Winchester 

Coverage/Temporal  Neolithic, Classical-Hellenistic, Roman, Medieval, Modern  

Creators Eleni Kotoula  

Contributors University of Southampton 

Archaeological Museum of Thessaloniki  

Archaeological Museum of Amphipolis  

Hampshire County Council Museums Service 

Southampton City Council, Arts &Heritage 

The British Museum 

Dates 2010-2014 

Type Thesis for the degree of Doctor of Philosophy 

Format .pdf, .rti, .ptm, , .obj, .psz, .aln, .max, .mtl, .jpg,.mov 
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