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1 Introduction

There are currently two variants of the Voyage Data Recorder (VDR) and Simplified Voyage Data Recorder(S-VDR). The S-VDR was developed to allow retro-fit to existing vessels that had limited or incompatible instrumentation and was a method to avoid expensive refits. However, these were always intended to have a limited life and must be fitted before 1st July 2010. The S-VDR is not addressed because it does not sensibly fall within the timescale of this project.

1.1 Methodology

The generation of this document is in two phases, building upon work from EMDM Deliverables D1 (Report on existing VDR and S-VDR Legislation), D2 (Report on VDR Data Technical Access and Handling) and D3 (Report on VDR Survey).

Both phases are subject to review by the EMDM Expert Group comprising senior, European, industry representatives from owner/operator, manufacturer, investigation, administration, trade union, legal and insurance.

1.1.1 Phase 1 – Argument and Evidence

Based upon;

· research into the experience of VDR record through published material and interviews,
· a survey of the technical capability of instrumentation.
For existing record elements;

· an examination of the effect of the present technical standards,
· proposed requirement changes and impact.
For new record elements;

· description of the element,
· impact.
1.1.2 Phase 2 - Draft Standard

Whilst the argument and evidence are absolutely necessary for a clear understanding of the basis for the proposed changes, they are not required for formal submission to the International Maritime Organisation (IMO). 

A draft standard in suitable form for IMO, derived from the argument and evidence, is provided as a separate EMDM document,  Proposed amendments to IMO Resolution A.861 (20) Performance Standards for Ship borne Voyage Data Recorders (VDRs) .
1.2 VDR Mission Statement

The original mission statement can be viewed as;

To obtain a reliable, accurate, objective record of the sequence of pertinent events and conditions surrounding an incident to enable the maritime community to understand it, and take steps to avoid similar incidents in the future.

1.2.1 What are pertinent events and conditions?

These are the internal status and external conditions of the vessel and the human element, crew actions, in the period immediately surrounding the incident. 

For the period of the record, nominally 12hours, the following incident types and their causes taxonomy can be defined.

	Type of incident
	Cause

	Navigational error
	External conditions

Internal status

Human Element

	Collision regulation contravention
	External conditions

Human Element

Internal status

	Alarms/failure
	Internal status

	Crew reaction to alarm
	Human Element

	Crew radio communication
	Human Element

	Weather
	External conditions

	Hull Condition
	Internal status

	Machinery
	Internal status


In its current form, the VDR records;

	A.861(20)
REF
	DATA ITEM
	SOURCE
	Resolution


	5.4.1
	Date & time
	Preferably external to ship (e.g.GNSS)
	Resolution not less than 1 sec

	5.4.2
	Ship’s position
	Electronic Positioning system
	0.0001min of arc(≈0.2m)

	5.4.3
	Speed (through water or over ground)
	Ship’s SDME
	0.1knots, +STW or SOG

	5.4.4
	Heading
	Ship’s compass
	0.1°

	5.4.5
	Bridge Audio
	1 or more bridge microphones
	150-6000Hz

	5.4.6
	Comms. Audio
	VHF
	150-3500Hz

	5.4.7
	Radar data- post display selection
	Master radar display
	Accurate, but lossy encoding allowed

	5.4.8
	Water depth
	Echo Sounder
	0.1m

	5.4.9
	Main alarms
	All mandatory alarms on bridge
	See IEC 61996 Annex B

	5.4.10
	Rudder order & response
	Steering gear & autopilot
	1°, status and settings of heading or track controller as available.

	5.4.11
	Engine order & response
	Telegraphs, controls and thrusters
	Shaft to 1rpm, Pitch to 0.1°

	5.4.12
	Hull openings status
	All mandatory status information displayed on bridge
	See IEC 61996 Annex B

	5.4.13
	Watertight & fire door status
	All mandatory status information displayed on bridge
	See IEC 61996 Annex B

	5.4.14
	Acceleration & hull stresses
	Hull stress and response monitoring equipment where fitted
	

	5.4.15
	Wind speed & direction
	Anemometer, when fitted
	Unspecified


1.3 VDR Benefits 

1.3.1 To investigations

The volume, veracity, accuracy and precise timing of VDR information gives investigators a much clearer picture of the who, what, why of events. In many respects the VDR exceeds the capabilities of any one or group of human witnesses.

The value of instrument readings and control settings is simple to appreciate. Nevertheless, the audio record is valuable because it has the potential to provide a variety of human element information:
· Speaker location and hence the instrumentation and visibility available

· Speaker identification

· Sequence of information exchange, commands and actions taken

· Clues to crew perception

· Clues to the extrinsic and intrinsic variables that affect the personnel performance: motivation, workload, tiredness, training, experience, etc.

· Adherence to good Bridge Resource Management practice and company procedures

1.3.2 Other

The cost of ownership of the record data may be offset in a number of ways.

1.3.2.1 Legal

The VDR record is a useful discoverable document in legal cases either in the case of regulatory enforcement or pursuit of civil claims as the record is tamperproof and contemporaneous. It reduces the dependence upon witness testimony and saves time and money. If a cargo record is also maintained in a protected manner, this simplifies the process for all parties involved in insurance claims.

1.3.2.2 Review of data
Benefits are available if review of the VDR record is made a normal part of operational procedure.

Examination of the record may show means of improving the operational efficiency of the vessel as well as data for condition monitoring. It can be used for briefing and analysis of emergency situations. The ability to replay instrument readout adds to the information available to analyse intermittent faults.

The MAIB has highlighted indirect safety benefits available from this practice:
· VDR playback to check company instructions followed
;
· … to ensure ship’s masters are complying with the requirement to proceed at safe speed by random sampling of ship’s navigational records, including VDR’s
;
· Examine safety management systems to ensure procedures are adhered to and the audit processes are sufficiently robust to detect non-conformances
;
· …shipboard auditing should provide enough evidence to verify ship’s staff are in compliance with instructions…. use VDR playback where available.

Why reconsider the requirement?

1.4 Limitations to incident investigations using the VDR

As the result of experience gained in incident investigation, some limitations in the VDR have been found. 

1.4.1 Defects

The following defects in the VDR record have been identified by accident investigators and from the survey conducted for this project:

	Defect
	Cause or contributory factor

	Speech inaudible
	background noise or noise from faulty equipment masked speech

	Instrumentation disconnected
	the VDR is not required to give a status indication or alarm under such conditions

	Record was not preserved
	not saved manually,
incorrectly stored


1.4.2 Omissions from requirements

The lack of playback software made records difficult to interpret and caused delaysThis has been recognised by IMO
 and is dealt with by the latestt issue of the IEC standards for VDR and S-VDR IEC61996-1:2007 and IEC61996-2:2007  respectively. It will not be addressed in this document.

Errors in configuration information have been found. These should relate to initial installation and test, but the VDR is not required to generate alarms on instrumentation failures.

Proprietary instrument messages are generated by many of the more sophisticated instruments to indicate states or events specific to the instrument. The data may be of use to investigators if they indicate problems or settings. However, at present there is no requirement for the instrument manufacturer to supply this information except as part of the manufacturer’s Equipment Manual, and these messages may change with variants of the instrument even from the same manufacturer. 

The VDR record contains only radar, AIS was not available when the standard was prepared. Comments in the survey suggest AIS should be preferred over radar, but this refers to the S-VDR. The VDR record should contain radar and AIS.

The present requirement is to record only designated primary instruments. This does not take account of;

· Radar operating on different bands

· Back-up equipment

1.4.3 Generic limitation

The brief though detailed VDR record may help to show how the vessel was brought to the state immediately before the incident and the communication, actions and results during the incident. 

But before the VDR record starts, there may be many other contributing events. For a more complete understanding of the incident, reference is also made to records in the vessel logbook(s) and other information retained ashore.

1.5 Changes in technology and standards

The original VDR addressed concerns created by specific incidents [Derbyshire – sudden loss, no survivors, no information, Herald of Free Enterprise
 - Draught gauges, stability]. It was limited by and was compatible with the contemporary technology.

There have been major technological changes in the last 10 years:
· Lower cost, higher density data storage capacity

· Increased processing power leading to increased functionality in a smaller package

· Change of technology architectures based upon simple, robust and standardised communication networks that distribute data locally and globally

With the result that;

· Newer vessels may contain an Integrated Bridge System, Integrated Navigation System or more sophisticated instruments

· Instrumentation and sensors may be connected by a bus system (NMEA2000)

· Systems and sub-systems may be connected by Ethernet

· New equipment such as ECDIS and Electronic logbook (ELB)

· Improved collision avoidance systems such as MANTIS

An IBS is characterised by having one or more operating positions, each with a display and controls, but the display of information is both task and operator dependent, each display may show a variety of instrumentation, charts and settings. Examples from the small boat market of enhanced instruments are the Simrad DX radar that offers both long and short range displays on a single screen and Furuno Navnet that offers radar and chart together on a split screen.

The IMO is pushing towards task based information screens and controls, as shown by the imminent IEC 62288 that offer superior human factor engineering. On the assumption that task-orientated bridge displays and IBS will become the norm, the issues raised will be addressed.

During an incident, an investigator would like to know with what information the crew is working. This is made possible from  the location of the crew members on the bridge from audio, and a record of the screens they may be using when these contain navigational information.

When an ELB is used, the data could also be stored to partially eliminate the generic limitation described above.

1.6 Other considerations

The choice about the type of data to record should be driven by the likelihood of types of incident. In reports to the MAIB in 2006, in order of frequency;

1.6.1 Merchant Vessels≥100gt

	Incident type
	Most likely cause
	Record

	Machinery Failure
	Maintenance/training
	Logbook

	Collision
	Navigation
	Existing VDR

	Grounding
	Navigation
	Existing VDR

	Contact
	Navigation
	Existing VDR

	Person Overboard
	-
	Logbook

	Fire/Explosion
	-
	Existing VDR


However, the statutory requirements to report incidents that result in serious injury, death or the loss of vessel skew the data away from those that do not.
Improvements to existing records

1.7 Interpretation of record issues

1.7.1 Proprietary codes from equipment

Many equipments have proprietary codes because they have functions beyond the minimum requirement for type approval. IEC61162
 states that proprietary codes must be listed in the manufacturers’ equipment manual. This should also include messages where particular values do not have a standard definition. An example is the Alarm Set message (ALA), in the Fire Door Controller system category the values defined in the IEC standard
 are shown below:
	System Indicator
	Number of alarm source

	ID
	System category
	No
	Fields contents

	FD
	Fire Door Controller
	001
	System abnormal

	
	
	002
	Power Fail

	
	
	900 - 999
	Others(if necessary, it is possible to define by user


Any use of values 900-999 should be defined.

This list shall be contained in the VDR in a standard electronic XML DTD format. The playback software should be designed to use this file to display, at the very least, a time-stamped list of codes received and text descriptions.
1.7.2 Equipment Manufacturer, Type number & Version

The VDR relies upon a configuration file that is manually created at installation to correctly store data from instruments.
The configuration file shall contain information on Equipment Manufacturer, Type number and Version. Where instruments are connected via NMEA2000, this information shall be collected automatically from the instruments by interrogation.
Inspection of such data by a port state control relies upon assessment by an accredited authorised person.
1.7.3 Integrity Monitoring

A number of instances have been reported where one or more instruments records are missing
. This was a common complaint from the project survey. Ideally, the VDR shall raise alarms if equipment defined in the VDR configuration file does not provide information or provides invalid information;

	Data type
	Potential detection method

	Screen Image
	No data within a timeout period.

	Audio
	There is currently an acoustic test of all microphones every 12 hours
. The standard does not define the form of this test and therefore the ability to detect to audio quality problems is unclear.

Consideration should be given to clarification of;

· Analysis of the quality of the audio signal detected.

· Open circuit test: Volume level below a threshold for a timeout period, where threshold is between open circuit behaviour and minimum operating conditions.

· A regular manual test facilitated by a loudspeaker that permits monitoring of a selected microphone signal passing via the capsule to check complete circuit operation. Since a microphone is disabled for the duration of the test, the test period is limited, say 30 seconds 

	Networks
	Disconnection timeout and configuration errors

	Other equipments, 
	Message not received within a time out period


For monitoring signals that may be fed into signal concentrators:
	Volt-free contacts
	Open circuits, caused by broken wires or disconnection, can be detected by adding a small load resistor in parallel across contacts

	Analogue inputs
	Out of range detection, most useful with 4-20mA circuits, to also detect open circuits


The loss of a signal to the VDR as part of normal operating procedure, as might occur when an equipment is set to standby mode, shall not unduly burden the crew with unwanted alarms. In such cases only a visual status indication should be given on the bridge.
1.8 Period of Record

The present VDR requirement calls for;

· 12 hours data storage, after which data may be overwritten unless protected
· audio must be recorded for 2 hours after bridge power fails, presumably taking out bridge instrumentation
Respondents to the survey were generally in favour of a longer record, but the reasons for this were not clear.

1.8.1 Justification for longer record

1.8.1.1 Vessel encounters

If we assume that vessels can detect each other at 10nm with radar and 24nm with AIS then a for a full 12 hour record to have value the closing speed must be very low, less than 1 knot and less than 2knots respectively.

In the analysis of vessel encounter situations where vessels took avoiding action, the mean and range of values was as follows
;

	
	Lower limit
	Mean
	Upper limit

	Distance at closest point of approach(DCPA)
	0.0nm
	0.92nm
	4.5nm

	Time to closest point of approach(TCPA)
	0.0min
	9.7min
	75min

	Vr
	0.1kn
	17kn
	40kn


The longest period of interest is the Upper Limit TCPA, 75 mins. Even at double the period, to allow for decision making this is still only a period of 2.5hours. A longer record is unlikely to be of benefit unless a vessel remains for extended periods in a very busy waterway involving multiple encounters.

1.8.1.2 Type of incident that continues for a longer period.

Some incidents may continue over several days. Possibly as a result of damage that leaves a vessel with limited or no ability to manoeuvre and that may require salvage. Examples are partial flooding, machinery failure, damage to steering, major fire.

1.8.1.3 An incident that may not be reported for several days

Where an incident involves vessels of very different sizes, the crew of the larger may be unaware that anything has happened.
An example is the investigation by the MAIB
 into the loss of the ‘Ouzo’. According to the MAIB the period between the last report of the vessel and first indication of an incident was 40 hours. 
It was only after this time that vessels that had been in the area could be contacted. Those fitted with a VDR were asked to land the recordings, principally to enable MAIB inspectors to determine the movements of the yacht from the recorded radar pictures. The VDR records from a number of vessels were analysed. The existing minimum standard VDR would not have provided any useful information because the records would have been overwritten 12hours after the incident, long before any records were requested.
1.8.1.4 Other benefits

The following benefits are most simply achieved by access to a very long record, possibly months:

· the ability to audit some aspect of the voyage

· to use the data for training purposes

· selection of partial records for dissemination of examples of best practice

· condition monitoring

These benefits can be achieved through suitable data management procedures on a shorter record. This risks gaps in the record, particularly around incidents when crew may be too busy to carry out the procedures.
1.8.2 Extended Record

T he existing requirements for 12 hours of protected record storage remain, these capture sudden catastrophic events.

However a new requirement is to capture data from the same sources but with a minimum 30 day record period. This record medium must be protected against tampering, but is otherwise only as physically robust as meets the range of physical conditions normally experienced at its onboard location. New record data may automatically overwrite data older than the minimum requirement. While data is copied to an external device there must be no loss of new record data.

1.9 Date & time

The date and time are derived from a UTC signal, usually from the GPS system because GPS is a Stratum 1 time signal. The eLoran system can provide a similar level of performance and act as a backup to GPS for time applications
. It shall be included in possible UTC sources.

1.10 Bridge Audio Record

1.10.1 Potential limitations of current requirements & practice

The IMO requirement does not specify the purpose of this audio record to report crew location, and does expect a record to be made under conditions of normal operation.

The IEC specification is concerned with the equipment in isolation. The specification defines equipment tests for Frequency Response and Signal to Noise and Distortion (SINAD) for performance without the microphone: It defines Speech Transmission Index (STI) with microphones, but

· there is no facility to detect malfunctioning audio channels, see above

· microphone signals may be combined onto a single audio channel

· the dynamic range on the bridge may exceed the test range

· there is not a test of the installation under an equivalent to normal working conditions where reverberation due to bridge construction materials and background noise can affect the STI.
1.10.2 Speech transmission index (STI) BS60268

STI is an objective assessment of how well a system transfers speech and provides a quantitative value that expresses a listener’s perception of speech. Thus it allows a meaningful comparison between systems. In essence, STI aggregates the transfer function that describes the frequency response, signal distortion, noise and time-delays into an overall performance with a numerical range from 0 to 1. BS60268 specifies a measurement method.

An approximation of the STI value for simple signal to noise ratio (S/N) is;

	S/N
	STI

	15dB
	1.00

	0db
	0.5

	-15dB
	0


The effect of noise is to variously mask speech components and decrease intelligibility. 

Noise can be random noise (white noise), or generated by distortion such as clipping or limiting when a signal is too large, or by echoes or time-delays.

1.10.3 Use of multiple microphones on a single audio channel

The IEC 61996 standard uses the STI to define minimum audio performance. The performance required at the equivalent of 75dBA in the standard is STI=0.85 for a single microphone and STI=0.6 for multiple microphones. This is shown below, together with the listener perception and the equivalent S/N.
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Figure 1 IEC 61996 STI requirement
Given the required single channel SINAD performance, then one signal microphone and a second with 65dbA white noise could be recorded on the same channel and still achieve 4db S/N. Thus 2 microphones can record into the same audio channel and satisfy the type approval. The first problem is that in general multiple microphones will worsen both the S/N and the STI. The effect on intelligibility will depend upon the relative positions of microphones and sound sources, as well as the characteristics of sources. Whenever one of the microphones is exposed to higher sound levels, it can effectively mask the speech from the other. Examples are when speech is masked by an alarm, wind noise or vibration from poor mechanical fitting
.

The second problem is the inability to isolate individual microphones on playback. This makes it more difficult to work out who was where on the bridge.

Investigators have experienced both these problems.

To improve the audio utility, only one microphone shall be recorded per audio channel.

1.10.4 Position of Microphones

To address the bridge crew location suggested earlier, there should be a microphone at each normal working position on the bridge. The IMO Resolution A.861(20) uses the phrase ‘conning stations, radar displays, chart tables, ‘etc.’ to define positions: it may be beneficial to define positions explicitly that require coverage; helming positions, bridge wings, pilot position. 

The installation of the microphones is also important for the audio quality, affixing to flexible panels will often cause problems. There should be official guidance on best practice.

1.10.5 Signal level range

The IMO make recommendations about sound levels in various parts of a ship. The purpose is to avoid fatigue or injury. The IMO limit on continuous sound level for the bridge and chartroom is 65dB, for a listening post, including bridge wings and windows, 70dB

To achieve an STI of 1 the speech would need to be approximately 15dB above the background level or 80dBA: The equivalent of shouting. To provide a context for this value, some guidance is given for everyday noise levels as identified by the UK Health and Safety Executive
.

	Source
	Level

	Conversation
	58dB

	Loud Radio
	70dB

	Tractor cab
	81dB

	Power Drill
	92dB


Whilst the 75dBA test level is defined
, the maximum level is not specified. It is reasonable to assume that manufacturers will not be interested in effects beyond this level. But when a sound level exceeds the equipment design maximum, the audio waveform will be clipped. This clipping produces harmonics that may have an effect similar to extra noise and worsening the STI.

Sound levels above 75dB are possible from many sources; wind, waves, audible alarms (up to 85dB
 at 1m), radio. 

It should be noted that in aircraft, while the Cockpit Voice Recorder (CVR) signal level range is much greater to account for higher background noise (85dB), the range over which it functions is some 35dB above the background noise.

	
	CVR
	VDR

	Signal level range
	60-120dB
	Unspecified

	Frequency response variation
	3dB
	6dB


The signal level range should be specified, and be 40 to say 95dB (a range of 60dB is relatively simple to achieve).
1.10.6 Reverberation

It may be worth considering the finishing materials used on a bridge. In most cases reverberation has a worsening effect on STI and communication between crew members made more difficult.

Screen images

The present requirement is only for the primary radar to be recorded at 15 second intervals.

1.10.7 Radar

1.10.7.1 Is the screen resolution high enough in the current record?

The latest IEC61996-1 defines;

· ‘Mandatory image input format….image sizes 640 x 350 to 1280 x 1024 and refresh rates 60 to 85Hz and the image replay quality may be degraded by the storage method’.

· ‘Optional image input format….optionally the VDR may operate with other forms of buffered outputs that have been defined by an individual radar manufacturer. These outputs shall buffer the signals actually used to generate the image screen’.
· input from a LAN

There are new generations of display screens that offer 1600 x 1200 (Conrac GmbH, Capax Instrument AB), and 1720 x 1200 (Kelvin Hughes) well beyond the 1280 x 1024 presently specified.

Most modern radar screen images resolve themselves into at least 2 areas: 

· a circular radar return display(Return zone) inside a bearing-marked bezel;
· other values such as radar setting heading, speed, etc.

The impact of screen resolution on displayed radar resolution:
	Display resolution
	Return zone width (pixels)
	Displayed resolution at 2nm
	Displayed resolution at 10nm
	Displayed resolution at 25nm
	Azimuth resolution

screen edge

	640 x 350
	300
	24m
	120m
	300m
	0.6º

	1280 x 1024
	600
	12m
	60m
	150m
	0.3º

	1600 x 1200
	1000
	7m
	35m
	85m
	0.2º


For any radar;

· the pulse width limits the range resolution

· the antenna width limits the azimuth resolution

For typical X-band values the range resolution and beamwidth are shown below;

	Pulse duration
	Range Resolution
	Antenna
	Beam width

	55nS
	8.5m
	2m
	1.2degree

	600nS
	90m
	2.5m
	1.0degree


With a 1600 x 1200 screen and a 55nS pulse on 2nm range, the radar and screen resolution are approximately the same. So there may be some benefit to the higher resolution screen for separating small targets by range. However there is no benefit in azimuth as the beam width is typically 1º. It is therefore reasonable to faithfully record the full resolution of the screen as seen by the operator 

1.10.7.2 Should the screen images storage method be lossy or lossless?

There are two ways in which image information loss occurs when comparing the screen seen by the crew to the stored image:
· The output from the screen may not be of the same resolution as the image.
· The current IEC VDR specification allows lossy images to be stored. 

In general, it is reasonable to expect effects similar to reducing the bandwidth of the image leading to a loss of detail, in which case, small objects will coalesce or disappear, edges will become blurred. There can also be other effects. In the common JPEG images, there are other effects such as blockiness and colour distortion
.

The target return image will mask the moment at which targets can be separated in range or azimuth. Weak targets represented by single pixels may also be lost.

For the sake of veracity of the record a loss-less system should be used.

1.10.7.3 Interval between image capture

At present the record is made on time only, but for High Speed Craft it may be reasonable to record at a shorter interval when the speed is above a threshold.

Assuming a target vessel is travelling at 40 knots in head-on situation; 

	Own ship
speed(knots)
	Closing
speed(knots)
	2 sec
	5 sec
	10sec
	15sec

	10
	50
	50m
	125m
	250m
	375m

	20
	60
	60m
	150m
	300m
	450m

	30
	70
	70m
	175m
	350m
	525m

	40
	80
	80m
	200m
	400m
	600m


To maintain a maximum of 400m position change per record then for own vessel speed of 40knots or more, record rate is 10 seconds, otherwise 15 seconds.

1.10.7.4 Multiple radar installations

At present only the ‘primary’ post-processing radar return display is recorded although vessels will likely carry X-band and S-band and possibly back-up equipment.

The VDR shall record all post-processed radar displays.

1.10.8 What standard format should be used to store images?

The images may contain artefacts with straight edges, letters and symbols. The ability to read these clearly and see what the bridge crew saw requires a loss-less method of storage.

The criteria to use when selecting a format for output are;

· patent issues – manufacturers of equipment do not want to be caught in a license trap

· processing required – images arrive in real time so they must be processed between arrivals

· size of files – ideally as small as possible, but dependent upon projected storage cost/MB

Although the cost of storage is becoming cheaper, the image storage requirement must not be too onerous.

The simplest image format is BMP where each pixel requires 24 bits. For compression 3 lossless formats are suggested:
· For a 256 colour palette: GIF or PNG 
· For a greater than 256 colour palette: PNG or JPEG2000
1.10.8.1 GIF

GIF lost favour when it emerged that Unisys owned some patents on the compression algorithm. Unisys Corporation say that patents in US, Canada, UK, France and Japan on the basic GIF compression methods, known as LZW, had expired by 7th July 2004. However they still hold patents pending on a number of improvements
.
1.10.8.2 PNG

Was created as an alternative to GIF and is free of patent issues. It can handle a variety of colour palettes up to TruColour(24bit). More than 256 colours provide less compression.

1.10.8.3 JPEG2000

This can be set to be lossy or loss less. According to the JPEG organisation, some 27 patents have been registered as applying to the Part 1 standard, but are available on a fee-free basis. Part 2 has one patent and the holder is prepared to licence on a reasonable and non-discriminatory basis. There may be other patents that have not been registered with JPEG.

1.10.8.4 JPEG-LS

This format is particularly suited to smoothly changing images and originated out of research into storing medical images. “…the medical imaging business which was concerned about potential large errors being introduced through lossy compression. …. HP and Mitsubishi offered their patents on a royalty-free and license-free basis, ensuring that implementers would hopefully not need to make any payments to implement the new standard. As well as offering effective compression, the algorithm was also relatively easy to implement efficiently in PC software, and produces fast code” 
.

1.10.8.5 Comparison of methods (limited palette- PNG, GIF)

As a comparison, a real Chart Display with image with more than 200 depth markings, and AIS, separation channels in GIF format was converted to PNG and then further compressed by an optimiser. It should be noted that PNG generation has a number of switches that can be used to optimise the compression of the image depending upon the content. As an example, a chart image would need different settings from a nature photo.

	Format
	1257 x 963

(original)
	1024 x 742
	1600 x 1200
	Compression ratio

	BMP(8bit colour depth)
	1182Kb
	742Kb
	1875Kb
	

	GIF
	261Kb
	164Kb
	414Kb
	4.5

	PNG
	283Kb
	177Kb
	448Kb
	4.2

	PNG optimised
	208Kb
	130Kb
	329Kb
	5.7


For a limited palette, based only on compression ratio, the best is PNG optimised. 
1.10.8.6 Comparison of methods (unlimited palette- PNG, JPEG 2000, JPEG-LS)

In the work by Santa-Cruz, Grosbois and Ebrahimi
 in assessing various compression methods on a variety of standard images provided by JPEG, they reported;

Lossless compression

	Method
	JPEG-2000
	JPEG-LS
	PNG

	Typical Compression ratio
	2.1
	2.3
	2.2

	Processing time/pixel
	1.6µS
	0.3µS
	2.7µS

	Estimated time/image (1600 x 1200)*
	3.1s
	0.6s
	5.2s


* time/pixel x number of pixels

Decompression

	Method
	JPEG-2000
	JPEG-LS
	PNG

	Processing time/pixel
	1.3 µS
	0.3 µS
	0.4 µS

	Estimated time/image (1600 x 1200)*
	2.5s
	0.6s
	0.8s


The processing times above are based upon a Pentium III running at 512MHz and capable of approximately 500MIPS
: Current technology processing in excess of 10,000MIPS, or 20 times faster should support the processing load in the context of a VDR whichever method was chosen.

Certain JPEG standard images produced the exceptional compression ratio results below:

	Image
	JPEG2000
	JPEG-LS
	PNG

	cmpnd1 - composed of black text, white background and a small background photograph and is perhaps similar to a radar image with azimuth scale, or radar overlaid on a chart
	3.7
	6.4
	6.0

	target - computer generated patches of constant and graduated grey
	3.8
	3.7
	8.8


1.10.8.7 Storage requirement
Estimation of data size for a 12hour record with a limited palette, that is 256 colours.

As PNG compression depends upon the optimisation switches, it is assumed that the mean of the PNG and PNG-with-optimisation file sizes can be readily achieved.

File size for Image size for 1024 * 768 image = 159K

File size for Image size for 1600 * 1200 image = 389K

	Images interval(secs)
	No of screen images/12hour
	Data size @
1024 * 768
	Data size @
1600*1200

	10
	4320
	0.69GB
	1.68GB

	15
	2880
	0.46GB
	1.12GB


1.11 Active steering position

Within IEC 61162-102, the Engine telegraph operation status (ETL) and Thruster control data (TRC) messages identify the controller (bridge, port wing, starboard wing, etc) and it’s settings. There does not appear to be a capability to indicate when the active steering position is changed and which is now active.
1.12 Hull Stress/deformation data

The aim of these systems is primarily operational. In the short term, these systems are intended to provide information to the ship master to adapt the speed and the course of the ship to the sea state to maintain the deformation caused by waves within acceptable limits. In the long term, they are intended to give an estimate of the hull fatigue.
The current stress monitoring measures local effects. To assess what actually happened around an incident or accident, knowledge of the global hull deformation may be necessary this will require additional sensors.

Internal temperature of plates will also affect stress. This needs to be measured at 4 locations, but only at intervals at several hours due to thermal inertia.

1.12.1 Storage requirement

For large vessels the frequencies of interest lie below 4Hz, therefore the total sample rate is only 20 per second per channel. Assuming a maximum of 7 bulkheads with 5 degrees of freedom, with compression, c5Mbyte/hour is required.

2 New equipments

2.1 Radar Target tracking

Radar with Automatic Tracking Aid (ATA) or Automatic Radar Plotting Aid (ARPA) can transmit target data via IEC 61162-1 Tracked Target (TTM) messages. Each message identifies the target and contains distance, bearing, course and speed as well as a calculated DCPA and TCPA. 

The update rate will be faster than screen storage rate to the VDR. The data is available whether displayed by the operator or not and may enable an investigator to follow the target more easily.
2.1.1 Storage requirement

A TTM message contains approximately 60 characters and doubles in size when stored to the VDR record.
Although ARPA can track up to 40 active targets
 as required by IMO from 2008 for new builds, for storage requirement estimation it is assumed an average of 20 active targets, since not all possible targets are of interest.
Assuming a 1 second update rate, the number of bytes stored per 12 hour record is 120 x 20 x 3600 x 12 = 103MB.

2.2 AIS

AIS is not compulsory in the VDR, but the advantages over radar are;

· vessels are not masked by an intervening object such as a vessel or landmass

· signals largely unaffected by weather conditions or size of target, giving the potential for small vessels carrying AIS to become visible much earlier

· ability to resolve multiple targets in close proximity
The interval between AIS transmission is dynamic and is dependant upon the category of unit carried, speed and status of the transmitting vessel. SOLAS must carry Class A, Search and Rescue (SAR), Navigation Aid and Shore station signals have a fixed transmission interval. All other vessels may carry Class A or B dependant upon the flag state, but Class B was envisaged for pleasure craft.
	Vessel
	Class A
	Class B
	SAR
	Navigation
Aid
	Shore
Station

	Not underway AND NOT speed > 3 knots
	3min
	
	
	
	

	Not underway AND speed >3knots
	10sec
	
	
	
	

	Underway AND 0<speed<14 knots
	10sec
	
	
	
	

	Underway AND 0<speed<14 knots
AND changing course
	31/3sec
	
	
	
	

	Underway AND 14<speed<23 knots
	6sec
	
	
	
	

	Underway AND 14<speed<23 knots
AND changing course
	2sec
	
	
	
	

	Underway AND speed>23 knots
	2sec
	
	
	
	

	Speed < 2knots
	
	3min**
	
	
	

	2knots<Speed<14 knots
	
	30sec**
	
	
	

	14knots<Speed<23 knots
	
	15sec**
	
	
	

	Speed>23 knots
	
	5sec**
	
	
	

	Non Vessel
	
	
	10 sec*
	3 min*
	10 sec*


** Table 1A, IALA Technical Clarifications on ITU-R 1371-1, Edition 1.5
* Table 1B, IALA Technical Clarifications on ITU-R 1371-1, Edition 1.5

AIS data should be treated differently from radar because the system relies upon co-operation from target vessels. An investigator would presumably like to know the target vessel was ‘co-operating’ even if not displayed on the own vessel bridge. 

Since AIS data can be selectively displayed on dedicated units or as layers on radar, ECDIS etc, the raw data shall be recorded in addition to display images. The raw data comprises;

· target vessel(received) data

· own vessel (transmitted) data

· aids to navigation messages (used for identification of lights, buoys etc)
The AIS equipment user interface is in 2 flavours:
· Minimum keyboard and display – a tabular display only 

· Graphical, data is displayed on the built in display or as a layer on ECDIS or Radar

2.2.1 Minimum keyboard and display (MKD)

The MKD has a text display that is most likely to be used only as a backup: the more common use of AIS data is as a layer on radar or ECDIS. No display information will be recorded.
2.2.2 Graphical

The equipment may have a dedicated graphical display and the data may be displayed on another equipment as a layer. Any display on of AIS data as a graphical image shall be recorded..

2.2.3 Storage requirement

2.2.3.1 Raw Data
The maximum message size received (target vessel) or transmitted (own vessel) over radio link is 82 characters. A VDO or VDM message comprises approximately 100 characters (bytes). When stored and time-stamped assume 200bytes/message. In addition to the vessel data identification data AIS also has Aids to navigation ATON messages. 

Assuming a worst case of 50 target vessels at way at 15knots, this gives 1.6Kbyte/sec and so 71MByte in 12hours.
2.2.3.2 Graphical Image

For a dedicated graphical display of AIS data, the storage requirement is already described in 3.5.2.7 Impact on record size, with a storage interval of 15seconds. 
2.3 ECDIS

The Electronic Chart Display and Information System (ECDIS) is a relatively new technology and may form part of an Integrated Bridge System below. The main feature is the display of an electronic chart with at least the minimum data required by the IMO/IHO
. The ECDIS also displays information on ship controls and sensors, together with parameters for automatic warnings.

The operator has considerable choice about how information is displayed:
· Relative – Ship is fixed: Chart moves

· True – Chart is fixed: Ship moves

· Orientation – top of display can be; north, other direction, ship’s course

2.3.1 Types of chart

From the SOLAS point of view, there are 3 types of electronic chart: 

· Electronic Navigational Chart (ENC), vector data produced by or on the authority of a government authorised Hydrographic Office. Vector is generated with data from a plot of relative positions of objects

· Raster Navigational Chart (RNC), are digital raster, copies of an official paper charts conforming to S-61 and can only be issued by or on the authority of national Hydrographic Office. Raster is rather like a photocopy of a paper chart. 

· Private Charts, vector or raster data produced by other suppliers

Private charts may not be used for SOLAS vessels, ENCs & RNCs may be used but the exact rules and back-up requirement varies between Flag States. However use of RNCs does require carriage of up-to-date paper charts as well.

Information capture on ECDIS

	Element
	Possible problems
	Suggested solution

	The chart is up-to-date
	Charts may be updated manually or automatically via a data file issued as part of the Notices to Mariners. ENCs have the required information available as metadata within the file. RNCs, private, not yet known.
	The ECDIS operational and performance standard defines a voyage record and requires the official data used to be recorded every minute
, which is:
· Chart source;

· Edition;
· Date;
· Update history.

The update history comprises
:
· Date & time of application/rejection
· Complete identification of the update
· Any anomalies during application
· Manual/Automatic application

	The ECDIS allows a navigator to plan and mark waypoints on his chart.
	The waypoint marks may be adjusted many times during passage planning.

The final settings should be available as they must be transmissible to a back-up ECDIS.
	Planning is recorded by screen image.

Final voyage waypoints are stored precisely as numeric values.

Incremental changes to a set passage plan should also be stored numerically.

	Alarm settings (enable/disable) with parameters
	Limit of track error, Entry to exclusion zone, etc

Parameters may be changed or be deleted at any time.
	Store table of alarm settings, as defined in IEC61174:2001 Alarms & Indicators 
 at regular intervals and record changes incrementally.

	Alarm Events
	Limit of track error

Entry to exclusion zone.
	Record alarm, acknowledged, cleared.

	How ECDIS is used
	Users can display too much detail, and not notice important elements
, including radar and AIS. The situation should improve from Dec2007 on issue of IEC 62288 standard on presentation of navigation data
	Record displayed image.

	Meet carriage requirements
	Depends upon Flag State. 
	Check logbook.


2.3.2 Record size

Again the max display size can be 1600x1200. The ECDIS palette is limited to 64 colours
. This is a benefit because the chart display may store to a smaller size when in .png format, if the palette is less than 256 colours. The display should be stored at the same rate as the radar or whenever the operator has changed the display.

2.4 Integrated Bridge System/Integrated Navigation System

These will normally comprise a number of displays and possibly operating positions. The user can display

· System Display (ECDIS)
· Radar/AIS
· Control System – for auto adjustment of course and track
· Planning Station – voyage planning
and also may include the functions of

· CAAS – Collision Avoidance Advisory System
· HAP – Harbour Approach & Pilotage
The issue raised by an IBS/INS is the lack of a dedicated screen for each navigational function: Normally users may arrange information as best suits them or the task in hand, thus any screen may display one or more functions.
There will also be back-up facilities should the primary system fail.

The system shall store any screen showing the ECDIS, Radar, or AIS data and identify its location on the bridge.

2.5 Security Alert Transmission

SOLAS Regulation XI-2/6 defines a mandatory requirement for ships over 500tons to carry a Ship Security Alert System. A vessel whose security is under threat should transmit a message that includes vessel identification and position via GMDSS. The transmission may be initiated from a minimum of two locations. The transmission repeats periodically (15min or more) and continues until deactivated.

Part of the SOLAS requirement is that ‘Operation of the activation point should not cause any alarm or indication to be raised on the ship’
. No-one on board shall be able to infer from the VDR record the status of the SASS.

The transmitted message content of each transmission, the activation position and deactivation could be recorded. However concern has been raised
 that the connection to the VDR would breach the security of the transmitter as there would be a known connection point to trace its location.

2.5.1 Storage Requirement

Assumptions:

· Activation/deactivation point = 20 bytes;
· Identity + position fix = 100bytes;
· Record continuously every 15 minutes.
Results:
· Activation points + 1 deactivation point = 240 readings/12hr = 4800 bytes/12hr;
· Identity + position fix = 48 readings/12hr = 4800 bytes/12hr.
2.6 Ballast Water

Where the International Convention for the Control and Management of Ships’ Ballast Water and Sediments applies, the following data shall be collected
:

· temperature and salinity of ballast water

· quantity of water in each tank

· pressure in each tank

· opening/closing of ballast valves

· starting/stopping of ballast pumps

The following parameters to be collected under Motion/Deformation act as verification for quantity and movement of ballast water:

· ship’s list and trim

· rolling period

· longitudinal deformation of ship’s structure;
· structure vibration.
2.6.1 Storage Requirement

Assumptions:
· 10 tanks each with temperature, salinity, pressure, quantity = 40 values

· measured value interval 15 minutes = 1920 readings/12hour

· valve/pump status collection on change

· 16 valve/4 pump operations per 12hour = 40 values/12hour
Results:
· Each stored value needs 50 bytes = 1960values/12hour x 50 = 98,000 bytes

2.7 Additional alarms

Recording the Bridge Navigational Watch Alarm System should be mandatory. However  it is not included in IEC61996
 Annex on Mandatory Alarms. Table 3 of that annex references IMO resolution A.481, but this has been revoked by resolution A.890. The table refers to Personnel alarm, but the notes state ‘Safety. Personnel on watch alone in an engine room or entering a machinery space alone’. 

MSC.128(75) does not stipulate outputs for connection to VDR. Bridge audio will capture the 1st bridge alarm, but it is unlikely to record the later remote alarms.
2.8 Hull motion data

Two incidents in 2007 make the storage of motion data worthy of consideration, these are:

· Crown Prince; several people were injured when the vessel heeled in a turn;

· M/S Explorer; developed a list and later sank in the Antarctic.

Such a record is not presently included in the IEC61162 messages.

Today, cheap six motion measurement systems exist (AHRSs: Attitude and Heading Reference Systems). The knowledge of the actual motion of the ship around an incident would be valuable, even if this measurement is not very accurate. Since an AHRS is very small, it could fit inside the VDR itself. When the vessel can be considered as rigid (small vessel), the knowledge of the location of the AHRS and the rigid body hypothesis are sufficient to define the overall motion of the vessel. When the vessel cannot be considered as rigid, it is anticipated that a hull stress/deformation monitoring system will be mandatory. The knowledge of the motion at the AHRS location and of the global deformation of the structure give the knowledge of the motion of any point of the vessel.

The motion data should be recorded in any case. When a hull  stress/deformation monitoring system is mandatory, the outputs of this system should be recorded.

The information given by an AHRS supersedes any information given by an inclinometer. 
2.8.1 Storage requirement

For large vessels the bandwidth of interest is less than 4Hz, therefore the total sample rate is only 20 per second per channel. With compression less than 1Mbyte/hour is required for 6 degrees of freedom.

2.9 MARPOL
Marisec (Maritime International Secretariat Services Ltd) provide industry guidance
 on compliance with MARPOL on their website. They recommend to use tamper resistant systems, alarms and printouts to;

· verify equipment operation

· monitor
· valve position

· flow

· oily water separator (OWS) ppm

· incineration

· engine room pump running status
The VDR record is already tamperproof, but the source instrumentation must also be protected.

IMO are also developing amendments to MARPOL IV in relation to airborne emissions
. New instrumentation may need to be recorded.
2.9.1 Storage requirement

Minimal, even if status recorded every 15 seconds. 
2.10 Emissions

Given the high visibility of Cox emissions, provision should be made for recording such instrumentation as will be necessary. Clearly reduced emissions should result in a benefit to owners. It is unlikely that an instantaneous reading of emission will be required. An accumulated emission value per hour per exhaust would be sufficient. 

2.10.1 Storage requirement

Minimal.

2.11 Central Alarm Management System

A Central Alarm Management System (CAMS) groups and grades alarms to enable crew to understand and deal with them more efficiently. In the case of a failed GPS, the system can identify the GPS as the primary alarm and alarms from dependent equipment such as chart display as secondary.

Some IBS systems
 now incorporate such a function and the development of a standard is being considered by the IEC.

2.12 Integration with Electronic logbook

From the investigation requirements, it is clear that there would a benefit if the logbook records could be stored in the VDR. This is only possible when the logbook produces electronic records. The VDR does not need the ability to interpret the record in any way, the process is only to store the received data and prevent tampering.

From calculations in deliverable D10 and information from existing ELBs, a capacity of 1GB should provide at least 1 year storage.

A standard format for data storage and common read and write protocols are required to avoid problems of proprietary access software.

2.13 Cargo Record

The cargo record may form part of a record stored from the Electronic Logbook.

Where this is not the case, the record shall be loaded to the VDR from some external device and may overwrite the existing Cargo Record. The VDR shall restrict the size of the Cargo Record and protect other non-cargo records from being damaged by it. The storage of the record shall be time stamped.

The cargo record must be held in the same standard format for all VDRs, so that it may readily be retrieved.

It shall be retained until overwritten by the next record and does not form part of the minimum 12 hour record.

2.13.1 Storage requirement;

Assume 1Mbyte.

2.14 Night Vision Camera

HSCs may carry night vision cameras. Where such a camera is fitted, the image should be recorded at intervals. The same argument applies to update rate as previously for radar images. A respondent in the survey suggested a continuous record, but with duration of 1 hour.

2.14.1 Storage requirement

Assume a monochrome image with 256 greyscales and 1024 x 768 pixels, 1frame/sec

6.75GByte/12hours

2.15 MANTIS

A MANTIS type system will provide a visual display resulting from a fusion of navigational data from own equipment and from VTS. The operation may require an exchange of waypoints with VTS. Own vessel or VTS may recommend new waypoints for collision avoidance.

2.15.1 Storage requirement;

Assuming;
· display on screen of own vessel new waypoints recommendations

· own ship and VTS data is clearly differentiated on screen

· request for course changes from VTS are by VHF

then all data will be captured from a single screen (as radar) or on the existing audio.

3 Record creation and handling

3.1 Processing Power

The record will be much larger and the processor must compress say 6 screen images every 15 seconds and 16 continuous audio channels continuously. Other inputs are considered insignificant in this discussion since they are relatively low volume.

There is an issue with exactly how to compare processors. A traditional measure was instructions executed per second. But since not all processors use the same instruction size, the measure is not valid. An alternative is to consider how much data is processed in and out
. This method is used in the estimates below.
3.1.1 Screen Images Processing
Section 3.5.2.6 Screen Images, Comparison of methods, for a 1600x1200 pixel, 24 bit image (16.7million colour) the worst case compression period, into PNG, was 5.2 seconds by a Pentium III, 500MHz.

Based upon results from the performance table
 for a Pentium III 600MHz, the throughput increased 10 fold to 2005. The proposals in this document recommend an 8bit (256 colours) image. Therefore a period of 0.5 second assumed for a single image is conservative.
The percentage of processing power required is processing time/ interval between images = 0.5 x 100/15% = 3.3%.

For a peak of 6 images = 6x 3.3 = 19.8% of available processing power.
3.1.2 Audio Processing
There is little readily available published information on time taken to compress audio using the “wav” (PCM WAVE) as used in the VDR
, especially in the narrow bandwidth required.
A 5min13sec‘CD’ quality signal was processed in 23 sec on Pentium II 300MHz
. Performance has improved at least 20 fold
 to 2005. The CD bandwidth is 22KHz and 2 channels: the bridge audio signal bandwidth is 6KHz
 and a single channel. The CD processing time is assumed to be 6x bridge audio processing or 4seconds.

The percentage of processing power required = (4sec/313sec) x 100/ 20= 0.6%.
For 16 channels = 16 * 0.06% = 1% of available processing power.
3.1.3 Total processing load
There are other contributions to processing load: input handling, data formatting and compression, writing to disk. These are assigned an arbitrary value of 20%, equivalent to processing all the screen images.

On this basis the average processing power required is 41% of available based on 2005 performance and therefore should not require any special processing capability.
3.2 Overall storage budget

Deliverable D2 drew the conclusion that 12hours of data represented less than 2GByte
 with IEC61162 data representing less than 3%. Radar 42%, Audio 54% typically ???. Below are the estimates with the proposed changes to VDR record included for a worst case and perhaps more typical case.
3.2.1 Worst case

A worst case 12hr storage budget is defined below to include all new proposals and to record 6 screen images at maximum resolution continuously:
	
	Single unit/12hours
	Total/12hrs

	6 off 1600 x 1200 screens every 15 seconds
	1.13Gbyte/screen/12hours
	6.78Gbyte

	50% increase in Audio due to single channel/microphone
	1.1GByte
	1.65Gbyte

	AIS
	<0.1Gbyte
	0.1GByte

	Other data
	<0.5Gbyte
	0.5 GByte

	12hr total
	
	9.0GByte

	Electronic Logbook
	1Gbyte
	1Gbyte

	Total
	
	10.0GByte


For 30 days storage, the capacity of a hard disk must be:

60x 12hr data volume + Electronic Logbook = 60 x 9.0 + 1 = 541GByte

3.2.2 Typical

A more typical arrangement might be to record only an ECDIS and 2 radar images continuously instead of 6 screens. This will yield 5.6GByte for the VDR record and 1GByte for the ELB.

For 30 days storage the capacity of a hard disk must be:

60x 12hr data volume + Electronic Logbook = 60 x 5.6 + 1 = 337GByte

3.3 VDR Record transmission off vessel

Deliverable D2 examined the possibility of transmission of the VDR record off vessel. The options were satellite in most areas, or land-based WiFi in some shore areas. The worst cases are considered below.
3.3.1 Can telecommunications eliminate the protective capsule?

To secure the record, the VDR and the communication link must maintain integrity for the duration of the transmission. That is, all physical connections, power and the antenna attitude must retain the satellite within its beam. Under conditions of severe list, capsize, explosion or fire it seems unlikely. Therefore the protective capsule must be retained.

3.3.2 Can the record be transmitted electronically?

3.3.2.1 Satellite

The best satellite transmission rate under optimum conditions is presently 372kbps
, or 165Mbyte/hour, 2Gbyte in 12 hours. This is somewhat slower than the VDR data acquisition rate and there is the added disadvantage that transmission over satellite is expensive.
A simpler record that excludes screen image, audio data, and logbook would be perhaps only 0.5GB, with a potential transmission period of 3 hours. Tests by Avenca indicate that this type of data may be compressed by perhaps a factor of 5, thus for some vessels the transmission period may much less than 1 hour.
3.3.2.2 WiFi
D2 suggests 24Mbps
 data rate is currently possible via WiFi 
, and therefore under optimum conditions this is equivalent to 10.8Gbyte/hour. A 0.5GB partial record will take less than 2 minutes, a 10Gbyte record approximately 1 hour.
Given the proposed additions to, and increased period of the record, WiFi may be useful for transmission of a partial record, transmission of a complete 30 day record would require 50+ hours
By 2010, 200Mbps
 may be available offering a considerably reduced transmission time.

3.3.2.3 Alternative methods for preserving the complete record.

To achieve benefits for the owners, only partial records are required, therefore WiFi or Satellite may be suitable depending on the record size.
For safety investigations, the whole 30 day record may be required. Where it is desired to move the 30 day record off ship, it could either be transferred to another computer for later transmission via a land-based network or transferred as a physical medium as a removable hard disk, or to tape.
4 Costs

Based upon the maximum values in section 5.2, the overall storage budget for the protected capsule must contain a minimum of 10GByte to hold a 12 hour record and the ELB record. The unprotected 30 day record requires 540GByte.

The cost are based on current VDRs where;

· the VDR is based upon a PC, because “most VDR’s are based upon PC’s”

· the capsule protected record is stored in flash memory, because this is the most common method
.
4.1 Contributions
There will be costs to the manufacturers to provide the functionality by way of
· engineering development to the existing models,
· type approval,
· materials,
· manufacturing/assembly costs.

There will also be additional installation costs.
4.1.1 Type approval and development costs

It is not possible to define these costs; each manufacturer will be different. However they will all have to amortise these costs over their sales, therefore this contribution will depend in part upon the state of the shipbuilding market. It is to be hoped that a standard based upon these proposals might remain in force for 10 years, allowing amortisation over the period 2010-2020.
4.1.2 Single microphone per audio channel
Some manufacturers will need to add more audio channels for this requirement. For cost comparison a very simple method of adding more audio channels is considered: a USB hub and a USB dual channel audio input. Based on current retail prices the material cost is;
	Microphones
	USB Hub @ 14€/£11
	USB Dual Audio Input @ 13€/£10

	Additional Cost

	4
	1
	1
	28€/£21

	6
	1
	2
	41€/£31

	8
	1
	2
	41€/£31


4.1.3 Connection of additional instrumentation (ECDIS, AIS etc)
Many of the current instruments use NMEA0183 or for screen images, a specialist connection. If the instrumentation continues to use these signalling methods, there will be a cost for each additional input to the VDR.

However it is not unreasonable to expect that future new-builds will connect instrumentation via networks such as Ethernet or NMEA2000 and will require less physical inputs to the VDR than at present. They are both supported by the current VDR IEC standard through IEC 61162.

Within IBS for instance, Ethernet is already commonly used for interconnection. Other instrumentation may well migrate to NMEA2000 because there are far fewer cables and connections than NMEA0183, making it cheaper to install and maintain.
4.1.4 Storage

Given the high shock and temperature for the capsule standard, it is assumed that the protected storage requirement is met by industrial/military Flash memory and the remaining storage by a hard disk drive (HDD) in the body of the VDR.

For this exercise, industrial/military standard solid state disks (SSD) have been substituted for flash memory as retail prices are readily available. They use the same Flash memory chips, but in a mass produced device. The value to the individual components by the manufacturer in this case should define a lower limit to the added cost of this storage.

For the 30 day storage, the existing PC HDD is assumed replaced by a 600GByte mounted in the PC case.
The costs are
· 16GB SSD* 170€/£129
, operating in the industrial temperature range up to 85oC;
· 600GB HDD 167€/£127
 if a commercial device does not need further shock mounting.

It should be noted that prices for both HDD and SSD continues to fall. Some commentators predict price annual falls of SSD by 60% and HDD by 30%
.

4.1.5 Additional sensors & instrumentation

Using point-to-point connections for instrumentation screens and NMEA0183 standard instruments would add to the costs of the VDR and the installation. However the Ethernet and NMEA2000 standards would offer networks that will reduce the number of direct physical connections to the VDR and offer cost savings on installation.
4.2 Summary

Since it is proposed that the requirements only to apply to new-builds, it is unlikely that any vessel would need to be equipped for at least 2 years. Within this period, as VDRs are based upon PCs, it is very likely that components will continue to fall in price and networks will become more common. Consortium members suggest
 that the installed cost, excluding instrumentation, for minimum systems will not increase by more than 10%.
In a recent conference in Oslo, it was stated that 95% of VDRs sold to Scandinavian owners by one manufacturer exceeded the minimum requirement
. These systems recorded additional information such as AIS messages, multiple Radar and ECDIS screen images and up to 6 months storage. This is little different from the proposals in this document and must provide owner benefits.
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