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This paper describes an ongoing project to digitally record, reconstruct and
repaint a 2000-year-old painted Roman statue from Herculaneum, Italy. The
paper considers the archaeological potential for extremely detailed laser scanning
and digital recreation of Roman statuary, and visualisation within a physically
accurate context. It focuses on the archaeological significance of the emerging
technologies employed and their potential to illuminate our understanding of
concepts such as Roman aesthetics, the impact of spatial context on perception of
statues, and the interpretation of surviving unpainted Roman statues from
elsewhere in the Roman world.

INTRODUCTION
The head of a Roman marble statue, dating to between the first century BC and the
eruption of Vesuvius in AD79, was discovered during conservation works at the site of
Herculaneum in Italy in 2006 (Figure 1) [1][2]. It was found in the area of what has
been interpreted as a basilica in the NE corner of the excavated area. Pigments on the
statue in shades of red and brown are exceptionally well-preserved, providing a delicate
augmentation of the natural and sculpted relief of the white Pentelic marble surface.
Although sculptural artefacts from the site are numerous the preservation of Roman
pigment made this an exceptional find. The Roman sculptural canon is dominated by
beautiful, pristine marble examples but the likely appearance of the statues – painted,
and perhaps ornamented and draped – remains a moot point.
The Herculaneum statue was probably carved in the late first century BC or early
first century AD. It has been interpreted as being from a full height statue of a
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“wounded Amazon”, a type of Roman statue commonly attributed as a copy of one or
more Classical Greek bronze statues, perhaps from the fifth century BC [3]. It was
exposed during emergency archaeological interventions at Herculaneum. The work was
undertaken by the Herculaneum Conservation Project which has in recent years been
engaged in a vital programme of consolidation and recording at Herculaneum. Initial
expert analysis of the head identified it as of a particular type of wounded Amazon
known as the Sciarra. The sculpture is not alone at Herculaneum in exhibiting a
fantastic degree of preservation. In fact a similar head was found in excavations nearby
at the Villa of the Papyrii in 1997. Despite the existence of this parallel, survival of
painted Roman sculpture is rare. However, the catastrophic destruction of the towns of
Herculaneum and Pompeii led to an unusual degree of preservation across the range of
archaeological and architectural material types and it is therefore perhaps not surprising
that painted statuary also survives.

Figure 1: The Amazon Statue (Paola Pesaresi/ Herculaneum Conservation Project, with the kind
permission of the Soprintendenza Speciale per i Beni Archeologici di Napoli e Pompeii)

The Basilica Noniana lies on the edge of the public part of the Roman town which
still lies buried beneath modern Ercolano. Previous interventions in this area have been
limited to exploratory tunnels dug down through 20m of volcanic deposit during the
18th and 19th centuries. The body of the Amazon is presumed to lie within this as yet
unexcavated portion of the Basilica. Other work involving the University of
Southampton on the site may add to our knowledge of this and other areas, with a team
recently having visited the site to conduct a Ground Penetrating Radar geophysical
survey.
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The work described in this paper focussed on the digital recording, reconstruction
and repainting of the statue, and in particular on the possibilities afforded for
interpretation by these approaches. It has begun to consider how the polychrome nature
of Roman statuary might be better understood through the study of its perception within
a digitally simulated spatial context. Although laser scan acquisition and computer
graphic rendering of Roman material culture are relatively commonplace the research
goals described and their technological solution are innovative. The possibilities
afforded by computer graphics and laser scanning for archaeological and art historical
interpretation, enhanced by partnerships between industry, archaeology and the cuttingedge of computer graphics, are considerable. Potential uses of the technology include:
1. provision of a detailed and accessible conservation record
2. spatial and contextual interpretation through lighting
3. stylistic analysis.
From a computer graphics perspective the challenges of ultra-realistic representation of
an extremely high polygon density representation in combination with complex marble
paint surface interactions are considerable.

ANALYSING STATUES IN CONTEXT
This project is focussed on how the polychrome nature of Roman statuary can be better
understood through the study of its perception within a digitally simulated spatial
context. It is our contention that virtual reconstruction, repainting and
recontextualisation of Roman statuary together provide a unique opportunity to consider
the statue within visually coherent, highly accurate and extremely adaptable Roman
spaces. Until now such an appraisal of painted statues in context has been restricted to
imagination, or to the possibilities of physical repainting and reconstruction [4][5]
which tend to be both inflexible and expensive.
The fact that in our approach both the context and the statue are wholly virtual does
not limit interpretation to simple assessments of form and impression. We believe that
not only should digital reconstruction require careful documentation but interpretations
derived from its resulting imagery should be related to visual experience in the physical
world. Elsewhere [6] we have considered the value of digital perception per se but in
this context we stress the value of perceptual authenticity. Modern engineering brings
the opportunity not merely to produce a view that appears real (so called ‘photorealistic
rendering’) but is also demonstrably real. Indeed the recently increased requirement for,
and possibilities of, exact visual replication imposed on contemporary graphics work by
sectors such as medical simulation, architectural lighting design, the military and other
‘serious games’ industries means that the interpretative input available is an order of
magnitude greater than that previously encountered. In other words the patterns of
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colour, light and shade are created using abstractions from the same physical laws
governing a real scene [7] Such visual fidelity will in a short time be accompanied by
fully immersive, multi-sensory environments which are also quantifiably related to realworld experience [8].

Potential for Digital Visual Interpretation
The application of computer graphics approaches within archaeology has a long history
and is now relatively uncontroversial. Representational theory has considered
archaeological computer graphics in detail, moving research forward from what was in
the past at times a rather naive application of method to topic. Researchers are now in
an excellent position since not only do the aims and approaches of archaeologists and
computer scientists complement one another and have a shared language, but the
technology is finally starting to live up to previous hyperbole. Indeed, one may argue
that any consideration of space and vision in archaeological research is impoverished
without consideration of three-dimensional computation. Similarly, it is no longer
acceptable to define ‘computation’ and ‘theory’ as distinct components to
archaeological practice [9].
Engaging with complex spatial factors influencing the perception of Roman statues
in context, such as the effects of interior lighting and ambient colour, has been
extremely difficult. However, research from art history has considered issues such as
proposed orientation, posture, and context in relation to viewer position [10]. The
Herculaneum Amazon statue research extends such work by proposing that in order to
develop further visual analyses of Roman statuary one must move beyond an objectcentred typological approach, and instead attempt to place statues in hypothesised
‘original’ spatial contexts [11][12]. Through these means it is possible to develop
meaningful hypotheses regarding the ways in which built spaces informed the visual
nature of statuary, and also the ways in which the visual structure, physical restrictions,
orientation and appearance of these spaces can be accounted for by the planned
presence of statuary. These approaches signify a considerable step towards the
development of meaningful understandings of Roman statuary within architectural
context. In particular the computer offers the potential for infinite variation in aspects
such as pigment application, or location and orientation of the statue, or even of the
lighting which is likely to have been critical to the statue’s original appreciation.
In particular it is hoped that the possibilities for relighting using both natural light
and artificial luminaires such as oil lamps will assist in interpretation [13]. Analysis of
sculptural composition has much to do with viewing angle and computer graphic
simulation provides for limitless modifications to patterns of light and shade, and to the
orientation of viewer and object. For example, analyses based on the relative detail with
which parts of a sculpture are rendered in stone do not always account for the interplay
of lighting across their surface. But work has demonstrated a bias in sculptural detail
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suggestive of particular intended viewing angles, whilst assuming consistent lighting.
Clearly lighting will determine to a great degree the focus of attention and perception of
depth, scale and colour and yet the modern representational context of Classical statuary
does not easily allow for these kinds of interpretation to be developed. In part this is
because lighting is a function of locations and material components of a given scene
that exist nowhere today, even in the extraordinary context of Herculaneum. Finally,
even where such environments survive the impact on perception afforded by factors
such as dust, smoke and other participating media can rarely be examined due to the
fragility and value of ancient artefacts [14].

Sculptural Polychromy
The importance of polychromy to our understanding of Roman sculpture and to our
understanding of Roman attitudes toward colour more broadly cannot be
underestimated. Polychromy was a feature of Roman sculpture of all periods. The area
around Vesuvius provides a rich corpus of painted Roman statuary, supplemented by
other finds from around the Roman Empire (notably Baetica, modern Andalucia).
Extant coloured examples from Herculaneum include the Sciarra Amazon, a portrait of
the Empress Agrippina, and the Amazon from the Villa of the Papyri. Examples of
polychromy are also present in the Pompeiian collections in Rome, and in Naples,
including the Venus from the House of Iulia Felix, the Venus Lovatelli, and the statue
of Livia from Villa of the Mysteries. Surviving examples demonstrate polychromy in
use in both domestic and civil settings. Painted sculptures were of varying standard
from the very highest quality of imperial portrait to items of domestic decoration [15].
Work in art history and archaeology has demonstrated the importance of seeing and
understanding statuary in context [16]. Surviving polychromy is described by a number
of authors [17]. In order then to develop meaningful and truly insightful notions of
Roman use of colour and the visual nature of domestic and civil space it is essential that
this subject receives more critical attention and the application of all analytical
resources available. However, analyses of polychromy in Roman statuary are limited
and the wider issues of its ubiquity, and its relevance to design and consumption,
remain under-theorised.
There has been no previous attempt to use the technology described here to aid in
such analyses. The possibilities that digital representations offer to provide a surrogate
visual experience are considered in depth by a number of authors [18], but never in the
context of polychrome statuary. The formative studies lack the physical basis now
possible [19] whilst those important studies that have taken place more recently make
use of advanced analyses but are focussed on physical rather than virtual reconstruction
[20]. Where digital representations of statuary are produced they do not employed
physically accurate rendering technologies. Generally the visual output although
attractive has only little basis in fact and indeed, with exceptions [21], the abstract
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quality of visuals still predominates in the visualisation of Roman material culture and
architecture.

DIGITAL RECORDING
Accuracy and accountability are necessary prerequisites for the creation of meaningful
interpretations which rely upon colour, light and space. In order for hypotheses based
upon the reconstruction of these variables to be sound it is necessary that all recorded
data is extremely accurate and that all decisions made during the process of
reconstruction are accountable and justified.

Accurate recording of surface geometry
A Metris laser scanner (Figure 2) was used to capture the geometry of the statue at
Herculaneum. The laser scanner provided a highly accurate point and surface
representation of the surface being scanned without having to make any physical
contact, a necessity when dealing with surfaces as fragile as those in question. The
equipment is capable of recording 80,000 points per second at a resolution of between
0.05mm and 0.06mm, producing extremely fine, accurate records of any object’s
surface.

Figure 2: Scanning using a Metris Coordinate Measuring Arm (Hembo Pagi/ ACRG)

Accurate recording of calibrated colour data
Various techniques were employed to ensure the provision of an objective record of the
surviving surface colour of the statue, both in terms of pigment and the properties of the
marble. Colour capture of the statue was via calibrated high dynamic range imaging
(HDRI) and colorimetry, using a PR680 spectrophotometer. Polynomial Texture
Mapping (PTM) was also employed to capture fine surface colour details (Figure 3).
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This technique enables physically defined surface properties related to angle of view to
be recorded. The technology was invented by Hewlett-Packard Labs [22] and provides a
detailed model of the surface reflectance properties of the object recorded, and its
texture. The Tate used the technique in an exhibition of Frank Auerbach's “Variable
Light”, and there have been other applications in art including work by the National
Gallery [23] and to supplement computer graphics work on Byzantine mosaics [24] and
numismatic data [25]. A recording system was developed at Southampton in the
Archaeological Computing Research Group and the School of Electronics and
Computer Science that enabled very rapid and accurate recording of PTMs. The
resulting Amazon PTM datasets (Figure 4) were used as a calibration for digital
renders, and in order to enhance the surface geometry datasets captured via the scanner.

Figures 3 and 4: The PTM rig (Hembo Pagi/ ACRG); PTM dataset derived from the
Amazon, illustrating surface reflectance properties with lighting in alternate locations,
with specular and diffuse enhancement, and with extracted surface normals

Virtual Reconstruction and Repainting
The advanced computer science and engineering methodologies employed by the
project team provide archaeologists with an infinitely variable, otherwise impossible
view of how the original statue may have looked in context, and allow experimentation
with alternative hypotheses. The face has a large portion missing, primarily the nose,
mouth and a portion of the cheek. The reconstruction through amalgamation of many
differently shaped, oriented and styled scanned exemplars may prove an important part
in the interpretation of the statue. This will augment the considerable value of the
approach as a mechanism for sharing ideas, for relighting and contextual interpretation,
and for presenting final alternatives to a wider public. We have begun to reconstruct the
face based on data gathered from laser scans of casts of comparable statue types. Initial
computer graphic renders have also been produced that enable us to gauge the extent to
which the simulation is able to replicate reality (Figures 5 and 6).
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Figures 5 and 6: The Amazon Statue photographed (Paola Pesaresi/ HCP) and with an initial
render

The visual analysis of the Amazon is based on the unique potential of computer
modelling to produce multiple versions. Hypothesised alternatives of the painted statues
will be modelled which will be used, in the first place, to consider the influence of
orientation on their sculpted form, composition and visual impact. Secondly, differences
in form and pose will be examined in relation to surface painting, variations in surface
detailing, and architectural context. Variations in simulated lighting will determine to a
great degree the focus of attention and the perception of depth, scale and colour.
Reconstructed lighting models will be entirely different than those which might exist or
be created within a museum context. The preservation at Herculaneum means that in
some cases the likely original context of the statue is well understood and can therefore
be recreated. In addition we have produced an initial Roman test environment within
which to visualise the digitally painted statue (Figure 7)

Figure 7: Contextual visualisation using physically accurate renderer
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CONCLUSIONS AND FURTHER WORK
The potentials of the computer graphic modelling, relighting and rendering of the statue
are only just being appreciated but the case study has defined a series of additional
research areas for further attentions. We hope to apply additional non-destructive
tomographic techniques to the statue. This will enable the recording and subsequent
simulation of its sub-surface. This is a vital component in the distribution of light and
colour on marble surfaces, and equally on the human skin that they mimic. Such ‘subsurface scattering’ details are one of many components of the technologies proposed
that differentiate a visually appealing from a visually accurate rendering. Future
visualisation work will also benefit from emerging research in Bidirectional Reflectance
Distribution Function (BRDF) rendering, and in particular work on Bidirectional
Texture Functions. These techniques will enable an even greater level of physical
accuracy in representation.
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