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1 Executive Summary 

In Year 4 the Stage 2 Deployment Experiments initiated at the end of Year 3 have progressed towards 

completion. They have continued to integrate various aspects of the Business Strand Work Packages – 

in particular WP10 – Assessment and Evaluation, WP12 - Training and WP13 - Demonstrator – and 

have concentrated on T10.2: Planning and implementing professional museum and site based 

deployment experiments and T10.3 Planning and implementing experiments in deployment for user-

created content. The Victoria and Albert Museum applied the knowledge gained in Year 3 to extend its 

Volume Trials experiment, developing a deeper understanding of work flow processes and cost 

analysis. 

Each Deployment Experiment has continued to provide significant practical assessment and evaluation 

of the tools developed within 3D-COFORM alongside and integrated with real-world tasks and tools. 

The Deployment Experiments completed in Year 4 by Victoria and Albert Museum, CMC Associates, 

Katholike Universitat Leuven, CNR-ISTI, PIN and University of Brighton in particular contributed 

interesting case studies and significant levels of visual content to the 3D-COFORM large scale 

demonstrator exhibition – Reshaping History - reported in D11.4. A digitisation laboratory was set up at 

the exhibition, which featured testing with a range of externally selected objects and technologies and 

achieved awareness-raising and more detailed educational objectives with a range of museum 

professionals and a substantial number of members of the wider public. 

In Year 4 of the project work on Sector Engagement has continued to concentrate on T11.2 Creation of 

3D-COFORM virtual competence centre, with the consolidation and further development of the 3D-

COFORM Virtual Competence Centre website (T11.4) and exploration of potential audiences. T11.3 

Develop tools for socio-economic impact assessment of 3D digital assets, has progressed in Year 4, 

using a selection of Year 3 and Year 4 Deployment Experiments as test cases. T11.5, Dissemination and 

Demonstration events is also reported here. 
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2 Acceptance testing 

Following the format established in Year 3, Acceptance Testing undertaken in Year 4 has been 

absorbed into the Deployment Experiment structure, with Stage 1 and Stage 2 experiments testing and 

reporting on the use of tools by Cultural Heritage professionals. Relationships formed during the 

course of the project have facilitated the flow of information and learning between tool developers 

and cultural heritage organisations. As would be expected at this stage in the project the key tools to 

have been tested focussed on visualisation and placing artefacts in the public domain, though specific 

training and testing events have also been undertaken for tools released earlier in the project and now 

at an advanced stage of development. 

 

In-house testing by cultural heritage partners 

 

The V&A has been particularly active in testing tools in Year 4 through the course of the Volume Trials 

experiment.  The Ingestion Tool, IVB and Fragment Reassembler have all been tested by professionals 

in the photographic department, whose experience has generated valuable feedback for the technical 

partners. A key response relates to the need for improvements to the user interface of tools to make 

them more accessible to those working in the field of cultural heritage. 

The Fragment Re-assembler was supplied to the V&A by CNR-ISTI, and was tested by Curators in the 

V&A Ceramics Department in the reconstruction of a porcelain fountain. The tool proved easy to use 

and helped Curators to investigate the object without recourse to the assistance of conservators or 

object technicians.  

Fraunhofer released a version of the IVB to V&A. Recommendations made by the V&A have since been 

adopted. FORTH released several versions of the RI to various users including the V&A.   

Testing/training events delivered by technical partners 

During the course of Year 4 technical partners from the project have conducted testing and training 

exercises to assess and promote project tools with a wider range of cultural heritage professionals. For 

tools such as the IVB and RI, which have undergone intensive testing and modification during Year 4, 

feedback from users within the project has been integral to development. For tools such as MeshLab, 

Fragment Reassembler and the Minidome, at more advanced stages of development, demonstration 

and testing events have been carried out with an increasingly wide range of audiences.  

Fraunhofer / FORTH 

A combined training exercise in the use of the IVB and RI, July 2012.  
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CNR-ISTI 

The training actions contributed by CNR in Year 4 focused on overall technologies for 3D scanning, 

MeshLab and technologies for efficient interactive presentation, including Community Presenter, 

PhotoCloud and web-based visualisation. 

 

Date Contributor Location Event Topic 

4-8/2/2012 Marco Callieri Brighton (UK) Workshop "3D heritage 

on mobile web" 

MeshLab per IoS 

15-

21/03/2012 

Roberto Scopigno, 

Marco Callieri, 

Matteo Dellepiane 

Lucca (Italy) PhD seminars at the 

Institute for Advanced 

Studies (IMT) 

Introduction to 3D 

scanning and 

interactive 3D 

graphics technologies 

for CH 

26-

30/03/2012 

Marco Callieri Southampton 

(UK) 

CAA 2012 Conference MeshLab utilization in 

Archeaology 

26-

30/03/2012 

Matteo Dellepiane 

 

Lund 

(Sweden) 

University course on 

Digital Archaeology 

MeshLab (design and 

use) 

9-

11/05/2012 

Daniele Bernabei Cyprus Workshop on Digital 

Cultural Heritage 

MeshLab training 

16/05/2012 Marco Callieri Siena (Italy) Seminars of the Dept. of 

Archaeology, University 

of Siena 

MeshLab and 3D-

COFORM 

27-

30/06/2012 

Roberto Scopigno, 

Matteo Dellepiane, 

Massimiliano Corsini 

Rome (Italy) Virtual Heritage School, 

organized by EC NoE "V-

MUST" 

Introduction to 3D 

scanning for CH, 

Training on MeshLab 

and WebGL, 

10-

13/09/2012 

Roberto Scopigno Otranto 

(Lecce) 

Summmer School on "3D 

Graphics for Cultural 

Heritage" 

Introduction to 3D 

scanning for CH, 

Training on MeshLab, 

23-

28/09/2012 

Guido Ranzuglia Alessandria 

(Egitto) 

Workshop Digital Cultural 

Heritage (organized by EC 

NoE "V-MUST") 

MeshLab training 
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KUL 

 

Tool testing and training by KUL in Year 4 has included: 
 

Date Contributor Location Event Topic 

6/03/2012 Patrick Semal Brussels  ‘Synthesis NA3 module’ at 

Museum Natural History 

Brussels 

3D digitization overview 
for curators. 
Demonstration and 
workshop on Minidome 

 

13-

14/09/2012 

 Leuven / 

Brussels 

New Visualization Systems 

within Cuneiform Studies  

Interdisciplenary 

meeting between 

cuneiform specialists 

(Oxford, ASS Leuven) 

and acquisition 

partners/engineers 

(Southampton, ESAT 

Leuven) 

24-

25/09/2012 

 Berlin 

(Germany) 

Digital Fossil 2012 Lightdome and 

photogrammetry for 

digitizing fossils 

 

 
 In addition, there were acceptance tests with a variety of CH professionals in parallel with the Reshaping 
History exhibition, July to August 2012, Brighton, UK. 
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3 Deployment experiments 

A small number of Deployment Experiments begun in Year 3 have continued into Year 4 in order to 

benefit from extended testing of results or to test a wider range of tools. The results from these 

experiments, which were funded through the Stage 1 distribution of the Unallocated Budget, are 

detailed below.  

A further 2 experiments that were supported from the Stage 2 distribution of the Unallocated Budget 

also continued into Year 4 with the primary purpose to develop content for the 3D-COFORM 

Reshaping History large scale demonstrator exhibition.   

In Year 4 the Volume Trials Deployment Experiment initiated by VAM in Year 3 was extended into a 

larger scale test of mass 3D digitisation of collections as outlined in of the 3D-COFORM Programme of 

Works.  

 
 

3.1 Stage 1 Experiments 
 
The following Stage 1 experiments were continued into Year 4:  
 

Experiment Title Lead partner 

From Archaeology to Public outreach Cyprus Institute 

User-generated content University of Brighton 

Reference objects CMC Associates 

 

3.1.1From Archaeology to public outreach 

Begun in Year 3, this experiment set out to define a 3D-COFORM-based tool-chain for an efficient 

archaeology fieldwork documentation system. To do this, digital data (3D data on objects, 

archaeological context, architecture remains) was to be merged with laboratory results (3D 

reconstruction of objects, complementation of fragmentary architecture, stratigraphy analysis) and the 

data-set integrated to create a homogeneous workflow to enable its public dissemination. Work in 

Year 4 of this experiment so far is set out below. 

MeshLab and Arc3D (and other Capture from Motion tools) have been tested for use in the 

documentation of archaeological sites. Building on the knowledge gained last year, tests have been 

carried out at a new site in Israel, Ein Zippori - a large prehistoric site with complex architectural 

remains.  
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Figure 1: An aerial view of the Ein Zippori site 

The experiment has tested how laser scanning data can be easily modified with MeshLab in order to 

extract information that is valuable for archaeological field work, for example understanding 

architectural remains, as well as for laboratory work such as the interpretation of architectonic 

remains, extension of walls, etc. It was important to be able to obtain a 3D model with accurate 

geometry and colour information. This was easily obtained with MeshLab.  

 

Figure 2: Detail of 3D model with attached colour information 

Furthermore, MeshLab was used to separate between the various anthropogenic layers, to annotate 

information and analyze separately each archaeological layer, performing different measurements and 

comparisons. 
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    Figure 3: A visual representation of different archaeological layers 

 

Another useful feature was the transformation of the 3D model into an orto-photo, and extraction of 

2D plans for traditional publication of excavation results.  

 

 

Figure 4: An orto-photo with stone drawing on top 
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At the same site, the experiment also tested Capture from Motion, using a simple digital camera and 

the Arc3D web-service tool. The tool needs improvements in terms of stability and alignment, but, if 

successful, it returns accurate 3D models, once these are scaled.  

 

 

Figure 5: 3D model of excavation area, obtained with Capture from Motion technique 

 

The accuracy of both techniques of data acquisition, laser scanner and capture-from-motion, have 

been compared. The results were that the differences are insignificant from an archaeological 

perspective, with margins of errors of maximum 1.6 cm.  

 

 

Figure 6: Comparison of point clouds obtained with laser-scanner and capture-from-motion 



3D-COFORM D10.4 (PUBLIC) 

 

12 

Capture-from-motion works well on small areas, does not require much technical skill and produces an 

acceptable result in a relatively short time. The laser scanner requires a higher technical skill in data 

acquisition and post-processing, and takes longer, but the acquisition area is larger and the accuracy is 

higher.  

Three important and complementary achievements have been reached during this Deployment 

Experiment: 

 a fast, accurate and reliable data acquisition method, based on 3D recording of remains with 

the capture-from-motion technique and processing of this data with MeshLab. MeshLab allows 

the translation of 3D point-clouds into a meaningful 3D model, which can be further annotated 

in selected points of interest, cut, sliced or modified at will in order to highlight points of 

interest. This step produces an outcome (a 3D model) that embeds high quality scientific 

information as well as a product that is easily understandable and has high potential for the 

public dissemination.  

 definition of a comprehensive metadata schema for the description of 3D data acquisition files, 

and their post-processing. This enables a high level of transparency required by the scientific 

research as well as detailed information that formally represents technical data as well as 

quality data on the 3D models themselves. Such information is essential in adapting published 

information to user profiles, querying data or further elaborating it.  

 publication on line of 3D models through the X3dome technology, which allows an innovative 

method of online publication of 3D models, together with their metadata, on selected 

backgrounds and together with a customable query system. Such a publication greatly 

enhances the potential for public dissemination, education and further research of 

archaeological data, using most innovative web-based tools.  

This workflow has an enormous potential for future work in archaeological research and its 

dissemination, since for the first time an effective, reliable and low-cost solution is offered to the 

archaeological scientific community for acquiring data in 3D, analyzing it and publishing it without 

losing any information embedded in the 3D model. This will, without doubt, greatly improve 

archaeological scientific work and contribute to the dissemination of the outcomes of this discipline.  

3.1.2 User-generated content 

This experiment focused on enabling volunteers and larger crowds to develop a 3D collection by 

participating in different activities of the documentation pipeline. Year 3 presented results of an 

experiment which was done to understand how to engage volunteers in acquiring photographs which 

could produce a 3D collection by using photogrammetry. The experiment resulted in lessons learned 

and a set of 3D models of public sculptures and monuments in the city of Brighton and Hove (UK). 

As a continuation to this work, Year 4 has focused on experimenting with other technologies in the 3D-

COFORM documentation pipeline. The main focus has been to test the pipeline for the creation of a 3D 
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collection which could support the Public Monument and Sculpture Association (PMSA), which is the 

organisation that looks after these objects. These tools include: 

 The ingestion tool in order to ingest all 3D models into the 3D-COFORM repository 

infrastructure.  A semi-automatic ingestion of legacy metadata belonging to the PMSA and 

fully documenting the description and history of the digitised objects was also undertaken. 

 The IVB, in order to navigate and access the 3D collection. These tools allow for formulating 

interesting queries which can support experts to find specific 3D models of sculptures 

according to different criteria, such as location or condition. 

 The annotation tool in order to enrich semantically the 3D models with interesting 

information. For instance, for 

documenting parts and their associated 

material, for describing areas of the 

objects, for documenting the condition 

of the objects. An important aspect 

investigated was the propagation 

features of the 3D-COFORM technology 

as this allows semantic annotations to 

be propagated along a group of 3D 

models of the same object. 

 Photo Cloud for the presentation of the combined 3D model and photographs which produced 

the model.  

As a result of the research developed, a paper was submitted to VAST 2012: “Semantically rich 3D 

documentation for the preservation of tangible heritage”.  Work was also conducted towards 

exporting datasets from 3D-COFORM to Europeana using this 3D collection. As a result, the collection 

was the first one in the project to be made 

available through the Europeana portal in 

July 2012. 

Research has been conducted into how 

crowdsourcing mechanisms, such as the 

one exemplified in this experiment, can 

become a practical business proposition to 

heritage organisations. The experiment has 

focused particularly on small non-profit organisations with few resources, such as heritage charities. 

These represent a large number of organisations which might want to experiment with 3D 

technologies but do not have the resources to invest in either technology or staff expertise.  The 

analysis of this crowdsourcing model included looking at issues such as organisation strategy, size of 

the organisation, skills, equipment, object accessibility and complexity as well as the cost, time and 

quality of the 3D technology involved. Results of such research have been included in a submitted 
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paper for VAST 2012: “Insourcing, outsourcing and crowdsourcing 3D collection formation: 

perspectives for cultural heritage sites”.  

 

3.1.3 Reference Objects  

Summary  

The early stages of the Reference Objects experiment were reported on in Year 3.  In Year 4 we 

continued to capture comparative data from the Reference Objects selected for the experiment and to 

model the results.  As expected, the range of Reference Objects selected proved a challenge to the 

available scanning equipment and modelling software. It also challenged the skill sets of the staff 

involved. As a set of comparative artefacts for scanning, it is clear that these Reference Objects not 

only provide a good demonstration of the forms, surfaces, colours and texture found in museum 

collections, but they challenge the currently available hardware and software.  

The experiment was designed to produce qualitative rather than quantitative data. Of particular 

concern was visual realism – which is an exceptionally difficult goal in any recording medium.  The 

results of this experiment can be readily summarised:  

 No one technology provides the universal solution for recording and visualising the diversity of 

museum collections. 

 Those processes that combine high-quality photography and accurate geometric recording 

provided the most visually robust solutions – but currently these often require a high level of 

manual intervention by skilled staff. 

 Scanning for museum recording and visualisation purposes has therefore been found to have 

somewhat different criteria than scanning for purposes of engineering and metrology 

purposes. At present this means that quality museum work requires a high level of bespoke 

post processing.  

 Technologies Deployed 

Five different scanning technologies were used to capture 3D data from the chosen objects:  

1. Structured Light and low level photography (Breuckmann scanner),  

2. Three Colour Laser (Arius3D CMM, Arius 3D Rover),  

3. Laser and low level photography (Next Engine),  

4. Multiple high level photography (Bonn Multiview Dome).  

5. Photo web services (ARC 3D/3D SOM) 

 

Breuckmann – A tripod mounted, integrated structured white light scanner and 2D photography. 

Arius3D  – Laser system that captures geometry and colour values for each point, two configurations 
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were utilized, a portable tripod mounted system and a gantry mounted system.  

Next Engine – Consumer level combo laser/photo capture system.  

Bonn Multiview dome - Multiple digital camera capture system.  

ARC 3D (+3dsom.com) – On line software solution which uses photogrammetry tools to generate 3D 

models from digital photographs.  

Reference Objects 

 

Although they are all everyday objects that could be easily sourced, the reference objects were 

selected because they cover a range of materials that are commonly found in culture and heritage 

artefact collections. Also, the materials are particularly challenging to capture. 

 

 
Tennis ball – The fine yellow hairs covering the rubber sphere should provide a difficult challenge for 

the data acquisition and also the rendering of final models to display a realistic result.  

 

Apple – Although made from plastic the apple has a very realistic appearance to the human eye. The 

main challenges with this object are expected to be the accuracy of colour capture and rendering of a 

slightly matt surface finish. 

 

Chess piece – The chess piece is not expected to pose a large problem for the data capture. The matt 

finish and low level relief carving on the surface should be easily captured by most systems. 

 

Euro coin – The reflective and detailed surface design will provide a good test for even the high end 

data capture systems. The gold colour of the outer metal will also be a key colour to match in the 

rendering process to help achieve a realistic result. 

 

Glove – The flexible nature of this piece provides a difficult challenge for capture. When moving the 
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item it will change shape and make it very hard to consolidate a number of scan passes. 

 

Marble – This will test how the various data capture systems deal with the reflection, absorption and 

diffusion caused by the opaque glass. 

 
Mug – The smooth curves will test accuracy of shape capture. 
 
Paintbrush – The combination of painted wood, highly reflective metal and bristle will show how each 
system deals with capturing and then rendering multiple materials on one object. Real time rendering 
of the metal ferrule would also provide a significant challenge for most applications. 
 
Micrometer – This will mainly test accuracy of shape capture. The metal is not highly reflective but 
does have a detailed diamond pattern in the knurled surface, at one end. 
 
Brick – The piece of brick has been added to provide a type of stone/masonry/terracotta surface to 
scan. 

Scan Data Available 

Different technologies responded to the Reference Objects differently and the relative skill of 

technicians inevitably varied. Consequently there was not a perfect survey of all the Reference Objects 

- and nor was it expected to achieve this. However, there was more than enough scan data to compare 

the different solutions and technologies. 

 

  Breukmann 
A3D 

CMM/Rover Next Engine 3DSOM Bonn ARC3D 

              

TENNIS BALL Complete Complete   Complete Complete Part 

              

APPLE   Part Complete Complete   Complete 

              

CHESSPIECE Complete Complete Complete Complete Complete Complete 

              

EURO COIN Part Complete       Complete 

              

MICROM. Complete Part Complete Complete Complete Fail 

              

GLOVE Complete Part Complete Complete   Complete 

              

MUG  Complete   Complete Complete Complete Fail 

              

PAINTBRUSH Complete Part Complete Complete   Complete 
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MARBLE Complete Part Complete Complete   Complete 

              

BRICK         Complete Complete 

       

Points for comparison  

A range of experts undertook visualisation trials with the resulting data. In addition a wide range of 

data was shown in the Testing Technologies section of the Exhibition and associated workshops.  

Comparisons between the different technologies include time and ease of acquisition, format and 

completeness of processed scans, and software and skills required to post process scans into useable 

models. The range of outputs identified to help test the data for suitability of capture system and best 

format for end users include WebGL, handheld devices such as phones and tablets, consumer PCs, 

professional PCs, and Cinematic. The following pages show results from the experiment.  

Tennis Ball 

 

 

 Original digital photograph 

 

Breuckmann - colour model of tennis ball 
Colour slightly unrealistic, logo successfully recorded. 

 

 

 

Breuckmann - greyscale model of tennis ball 
Sphere shape and rubber tracks round the ball have been 

clearly captured. The mesh starts to fragment within the hairs of 

the surface material.  
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 Original digital photograph 

 

Arius 3D - colour model of brush 
Colour extremely saturated and unrealistic, logo fragmented. 

 

Arius 3D - greyscale model of brush 
Sphere captured, rubber tracks partially captured, fragmented 
mesh in areas within the surface hairs. 

 

3D SOM - colour model of brush 
Colour has too much green and logo only partially recorded 
(note missing ‘z’ in Slazenger and ‘r’ in tournament). 

 

3D SOM - polygon model of brush 
Sphere shape complete but not very accurate. Only a faint 
indication of the rubber tracks. 

 

Arc 3D - colour model of brush 
The object is only really recognisable because of the 
photographic images mapped onto the surface. Colour very 
dark and high in red levels. Logo successfully recorded 
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 Original digital photograph 

 

Arc 3D - polygon model of brush 
Very fragmented mesh, that breaks up completely around the 
shadow at the base of the sphere.  

 

Bonn Multiview Dome - colour model 
Colour slightly unrealistic and low in overall saturation, logo 
successfully recorded. 

 

 

Bonn Multiview Dome - polygon model 
An accurate mesh that has captured the sphere and the bare 
rubber tracks round the ball. The system has even recorded the 
rough surface material although not the individual hairs. Sphere 
slightly squashed in the bottom of this image. 

 

Chess Piece 

 

 

 Original digital photograph 
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 Original digital photograph 

 

Breuckmann - colour model 
All colours captured captured although yellow 

saturation much higher than on the original. 

 

 

 

 

Breuckmann - greyscale model 
Overall shape and surface detail very accurately 

captured. 

 

Arius 3D - colour model 
Colour is slightly lighter and less saturation than on 
the original. 

 

 

Arius 3D - greyscale model 
Overall shape and surface detail very accurately 
captured. Very dense mesh produced. 
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 Original digital photograph 

 

3D SOM - colour model 
Colour a bit dark but all rgb levels are present. 

 

 

3D SOM - polygon model 
Overall shape basically covered and out of proportion. 
Areas of the head geometry are missing. 

 

Arc 3D - colour model of brush 
Colour capture is too dark and also lacks the yellow 
tones from the original. 
 

 

 

Arc 3D - polygon model of brush 
Overall shape is captured but mesh has lots of holes, 
particularly in the darker areas.  
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 Original digital photograph 

 

Bonn Multiview Dome - colour model 
Colour capture OK but lacks depth of reds and 
yellows in the original. 
 

 

 

Bonn Multiview Dome - polygon model 
Overall shape is accurate but surface relief patterns 
are not very detailed.  

 

Next engine - colour model 
Colour capture is good but slightly over saturated. 
 

 

 

Next engine - mesh model 
Overall shape is accurate but surface relief patterns 
are not very detailed.  
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Glove 

 

 

 Original digital photograph 

 

Breuckmann - colour model of glove 
Colour accurately captured. 

 

 

Breuckmann - greyscale model of glove 
A few holes in the mesh, mostly generated around the 

shadows and near occluded areas, but mostly a clear 

and detailed representation of the glove. 

 

Arius 3D - colour model of brush 
Colour captured and output with good accuracy. 

 

Arius 3D - greyscale model of brush 
More than half the bristles are uncaptured and there 

is a slight fragmentation of mesh due to reflection on 

the metal sleeve that holds the bristles. Slight break 

up in the mesh structure round the inside of the hole 

on the wooden handle 
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 Original digital photograph 

 

3D SOM - colour model of brush 
Colour tints accurately captured although the tones 
are slightly darker than the original. 

 

3D SOM - polygon model of brush 
Mesh simple but captures the shape of the whole 
object. The details of the bristles and the metal sleeve 
are not clear but the overall shape is well defined. 

 

Arc 3D - colour model of brush 
Colour tints accurately captured although the tones 
are slightly darker than the original. 

 

Arc 3D - polygon model of brush 
Surrounding surface area not separated from the 
object. The details of the bristles and the metal sleeve 
are not clear but the overall shape has been 
captured. 

 

 

 

 



3D-COFORM D10.4 (PUBLIC) 

 

25 

Paintbrush 

 

 

 Original digital photograph 

 

Breuckmann - colour model of brush 
Yellow tints over saturated, reds are under saturated. 

 

Breuckmann - greyscale model of brush 
Bristles almost completely uncaptured and 

fragmentation of mesh due to reflection on the metal 

sleeve that holds the bristles. Slight break up in the 

mesh structure round the inside of the hole on the 

wooden handle. 

 

Arius 3D - colour model of brush 
Colour captured and output with good accuracy. 

 

Arius 3D - greyscale model of brush 
More than half the bristles are uncaptured and there 

is a slight fragmentation of mesh due to reflection on 

the metal sleeve that holds the bristles. Slight break 

up in the mesh structure round the inside of the hole 

on the wooden handle 
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 Original digital photograph 

 

3D SOM - colour model of brush 
Colour tints accurately captured although the tones 
are slightly darker than the original. 

 

3D SOM - polygon model of brush 
Mesh simple but captures the shape of the whole 
object. The details of the bristles and the metal sleeve 
are not clear but the overall shape is well defined. 

 

Arc 3D - colour model of brush 
Colour tints accurately captured although the tones 
are slightly darker than the original. 

 

Arc 3D - polygon model of brush 
Surrounding surface area not separated from the 
object. The details of the bristles and the metal sleeve 
are not clear but the overall shape has been 
captured. 
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Conclusion 

The primacy of 2D photography in the visual language of the general public and professional 

documentation standards means that systems that do not achieve these sorts of visual standards will 

not be seen as satisfactory – even if other aspects of their work are metrically superior.  Photography 

based systems, such as the Bonn Multiview Dome, have certainly proved themselves as a leading 

visualisation technology. While very substantial progress indeed has been made in the production of 

acceptable 3D models of complex heritage objects we remain some way from having an automated 

and affordable system for this. 

   

3.2 Stage 2 Experiments 

Two additional deployment experiments received funding from Stage 2 unallocated budgets half way 

through Year 3, to test new areas of work, take up available opportunities and to generate content for 

the 3D-COFORM large scale demonstrator exhibition. The early results demonstrated by these 

experiments in Year 3 informed more extensive work in Year 4, the culmination of which was the 

display of the case-studies in the 2012 3D-COFORM exhibition.  

3.2.1 Abu Simbel 

In Year 3 the Abu Simbel case was set forward as one of the deployment experiments to test new 

areas of work, in this case in particular to explore how the archive of historic images held by the 

Institut Géographique National (IGN) in Paris can find on-going relevance through the application of 

new technology, and how that technology might lead to revisions in best practice in the management 

and interpretation of internationally important monuments. In this experiment we have used the data 

to the limits to revive this historic monument in a complete 3D virtual environment. The work was 

undertaken through collaboration between CMC Associates and KULeuven. 

The Abu Simbel historic archive is quite dispersed, it includes papers, drawings and plans from Cairo 

and Paris that represents some of the earliest work in capturing and using 3D data to manage the fate 

of an international monument. Indeed, most of the imagery can be grouped as sets of stereo pair 

photographs which have been used in a later stage for visual inspection. On the other hand, no 

information was left on the type of optics used and the relative positions of the cameras, so the 

imagery is basically uncalibrated.  Furthermore, the imagery and the plans do not really cover the 

whole area, nevertheless a substantial part of the temple was reconstructed in 3D. 
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The creation of the 3D environment involved two major steps. The first step involved the creation of 

3D model of the different room interiors. The model is initially based on a historic floor plan, and a 

limited amount of measurement data on dimensions and heights on the wall.  Then the pictures are 

aligned with the initial 3D geometry, using simple geometrical constraints, assuming planarity and/or 

orthogonality of the walls. Whenever the initial guess of the local geometry and the picture data did 

not align, the local geometry could then corrected to make sure geometry and texture fit nicely.  

In the texturing process, special attention was paid to the elongated walls of the temple of which the 

data consisted of multiple overlapping images.  Panoramic images have been composed by carefully 

concatenating the different 

pieces together, correcting for 

illumination and viewpoint 

differences, while keeping the 

original resolution intact. The 

final result is a texture mapped 

3d model.  

Since the pictures database does not cover all the parts of the interior, part of the 3D model cannot be 

textured. These parts have been indicated by a uniform grayish color. 

The second step involved the 

use of state-of-the-art 

photogrammetry based 

algorithms to extract real 3D 

data, especially for the 8 

pharaoh statues. However, standard photogrammetry tools do not apply to this data set since the 

interior parts are typically visible in at most two images, and thus there is no 3D solution. In this 

experiment we used the core of Arc3d’s web service to solve this dilemma.  On the one hand Arc3d’s 

standard autocalibration methods are used on the few triplets available in the database to provide 

initial guesses on the camera parameters used.  
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But in order to solve for the stereo 

pairs a more sophisticated 

methodology has been introduced 

to compensate the ambiguity of the 

stereo setup with viewpoints 

constraints that are derived from 

the vanishing lines and visible (planar) parts of the walls in the images, which resulted in the first 

partial reconstructions.  

Then, in order to create complete 3d models from the sparse and noisy 3D data, a generic pharaoh 

template was constructed 

and morphed back to each 

of the 8 image stereo pairs 

and the underlying depth 

information.   

 

Considering the successful and promising outcome of the approach, the experiment establishes a 

connection between 3D technology and the possible future interpretation and management of World 

Heritage Sites and its use for re-visualisation of historic photographs in particular. 

 

 

3.2.2 Naples Theatre  

The Naples Theatre experiment used 3D modelling to generate the functional aspects of the 

archaeological remains of a Roman theatre, such as access/exit points and audience flow through the 

building as well as the hierarchy of access and seating arrangements.  
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Figure 7: Reconstruction of Naples Theatre 

In Year 4 the Naples Theatre work was completed, superimposing actual archaeological data to the 

reconstruction model produced within the deployment experiment in the previous year. The drawings 

of the excavation sections taken from the archaeological documentation published in the volume on 

the Theatre have been acquired and “mounted” on the reconstruction. This demonstrates a possible 

use of 3D models for archaeological documentation, as a “support layer” for additional information 

including traditional drawings and other data.  

The reactions to this work were collected during a training course for archaeologists held on 12 

October in Prato. A visit to the 3D-COFORM large scale demonstrator exhibition was organised within 

the course to discuss each tool extensively. During this visit, all the participants acknowledged the 

potential usefulness of such a presentation. According to them, it enables an innovative approach to 

excavation data, and supports interpretation in a much better way than a traditional set of computer 

drawings (sections and plans), because in this way they are presented all together and related to each 

other in the space, something that is not possible looking at each drawing separately  in the traditional 

way. 

The reconstruction model itself is nothing new. But as it is presented in this experiment, it is a useful 

way to “take notes” during the interpretation process, “pasting” excavation data on the 

reconstruction, and to display the archaeologist’s understanding of the monument or site as it is 

developing in the archaeologist’s mind. It is a useful methodology supporting the solution of the puzzle 

made with sparse archaeological data. A requirement would be that the tools can be managed easily 

by the researcher (the archaeologist) with no technical intermediary. The fact that the reconstruction 

model was created using a simple 3D drawing tool was much appreciated. Further manipulation or 

insertion of 3D objects created with 3D-COFORM tools was considered a substantial advantage. 

Another quite obvious use of this technique is to enable visitors of the site to understand 

archaeological data in a more intelligent way. So far, presentations of archaeological sites and 
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monuments either have included actual technical or semi-technical drawings, almost unintelligible for 

non-experts: or just reconstructions, widening the gap between experts and the layman and marking a 

deep separation between research and communication. The approach developed here integrates 

technical drawings with easily understandable representations, and makes virtual reconstructions 

more real and more strongly supported by archaeological evidence. 

 Visitors to the 3D-COFORM large scale demonstrator exhibition have liked the display of 

reconstructed theatre corridors enriched with the excavation drawings. “It makes the display more 

credible and links people with researchers”, they commented. 

 

Figure 8: Graphic panel describing the Naples Theatre experiment, from the large scale demonstrator 

exhibition displayed in Brighton 2012 
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3.3 Volume Trials 

3.3.1 Overview  

During Year 3 of the project the Volume Trial Deployment Experiment at the V&A scanned over 90 

cultural objects. The trial deliberately selected a wide range of objects available to test the technology 

on a variety of cultural heritage materials. The Photographic Studio engaged with curators, 

conservators, art handlers and web team staff during the exercise and by undertaking this trial the 

V&A has developed an expertise in the capture of 3D image models of a variety of cultural object types 

and exposed the wider museum to the possibilities of 3D imaging. During the course of the Volume 

Trial training was undertaken, experience gained, and familiarity with the use of this technology on 

cultural heritage objects achieved. This knowledge has informed the work of Year 4.  

During 2012 work has concentrated on several subject areas which have been used to illustrate both 

the viability of 3D image making and the integration with other 3D-COFORM tools. Attention also 

focussed on making good finished models rather than developing volume further. The projects chosen 

for Year 4 have also been influenced by the actual and practical needs of museum colleagues. The 

detail of these is given in Appendix 1 of this report D10.4. 

3.3.2 Integrating activity 

During Year 4 the V&A sought to integrate with other 3D-COFORM partners and their tools: 

 The Fragment Re-assembler was supplied to V&A by CNR-ISTI. It was used by the V&A Ceramics 

department curators to assess the arrangements for the porcelain fountain detailed in Fig.1 

Appendix 1. The tool is easy to use and has helped them to investigate the object without 

recourse to the assistance of conservators or object technicians.  

 Fraunhofer released a version of the IVB to V&A, and FORTH also released several versions of 

the RI.  This was coupled with a training exercise in their use by both Fraunhofer and FORTH 

during July 2012. The IVB proved easier to use than the RI and recommendations were made at 

the V&A meeting which have subsequently been adopted.  

 The V&A has also liaised closely with CNR ISTI over the shared use of the Breuckmann scanner 

to allow the work of the Volume Trials and the Pisa Griffon, in preparation for the large scale 

demonstrator exhibition, to progress. 
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3.3.3 Analysis of workflow 

 

Figure 9: Graph showing the output of the initial Volume Trial 2011. Red is scanning time, green is post-

production time  

The original Volume Trial showed that scanning was still a difficult task for cultural heritage objects. 

Improvements in productivity occurred with training and practice, but there was still a level of effort 

needed for ‘difficult’ objects which could not be improved upon with current technology.  
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Figure 10: Improvement in productivity over time  

 

 

 

Figure 11: Graph showing difficult objects still required considerable effort.  
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The range of difficulty of material types exhibited in a typical range of cultural heritage objects from 

the V&A is shown below. 

 

Figure 12: Typical V&A objects from easy to scan on the left to almost impossible on the right. The scanning 

was assessed on Breuckmann equipment.  

 

3.3.4 Costs 

The V&A Photographic Studio is a wholly funded department of the V&A Museum. It operates with 

full-time employed staff in purpose built studios within the museum buildings. Hence the cost of effort 

for 3D scanning comprises of the following elements: 

 Staff cost 

 Capital equipment cost and depreciation 

Salary Band for this level of work in the V&A Photographic Studio is calculated as: 
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Low point scale High point scale Mid point scale Av Day Rate 

€20,240 €44,134 €26,420 €105 

Overheads are not included as these are considered to be already in place in the V&A. To run a full-

time scanning campaign experience shows that on average two photographers would be necessary to 

run this effectively and maximise both use of space and equipment. 

The cost of equipment, based on the Breuckmann scanner, is approximately €80k. This is assumed to 

depreciate to zero over four years. Other institutions may or may not already have support equipment 

such as lights, backgrounds in place. If not these would cost in the range of €17,500. Start-up costs for 

two members of staff, at mid-point on the scale, plus equipment would be approximately €150,000. 

Second and subsequent year costs would be €53,000.  

If a normal working year is considered to be 250 days per year, then it would be reasonable, on 

average, to expect to make at least around 150 models per year. With experience and  improvements 

in workflow this could be expected to increase to maybe 250 models per year. (For netsuke we 

estimate that it would be possible to make 400 per year.) This does of course depend on the object 

type. There would be obvious differences between easy and difficult objects, and also the level of 

resolution sought for the scans. Labour costs would be expected to rise with the level of difficulty of 

the object scanned. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Scanning costs at the V&A.  

€ 

€60 

€200 
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3.3.5 Conclusion 

The exposure of 3D image modelling in the V&A has resulted in interest from colleagues in other 

disciplines in the museum. Some of them clearly see the potential for the technology and are keen to 

engage with it to assist in their own work. However, a major campaign of 3D digitisation is still several 

years away. It is likely that 3D scanning will remain a specialist service for image units in museums until 

the viewing habits of the population change from the routine of 2D to 3D.  

The four disciplines that will use these 3D tools in the future are likely to be: 

 

 Conservators understand the study of the surface of the object. It is easy for them to relate to 
this with a 3D model of an object. The construction of virtual parts and specialised mounts for 
displaying objects is a practical outcome which will assist their work. Making object models 
stripped of their surface texture allows for a new way of study of the surface of the object.  

 

 Commercial enterprises are attracted by the potential lower cost of producing replicas for sale 
in the museum shops.  

 

 The museum visitor will be able to engage in detail with a virtual model in 3D in a greater way 
that they can in 2D. This will give the online visitor a richer experience of a museum collection.  

 

 Curatorial research is the most difficult area to predict where it will become a tool to support 
scholarship. It is likely that only when there are considerable libraries of 3D models of cultural 
heritage available to browse, that scholars will adopt the opportunities offered to them by 3D. 
The experience we have gained with the Ceramics Department at the V&A gives us the 
encouragement that this will develop.  
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4 Strategy and socio-economic impact evaluation 

Year 4 of 3D-COFORM has seen research conducted on the strategic analysis of the Deployment 

Experiments from the perspective of potential business models for collection formation.  This has been 

complemented by refinement of the socio-economic impact toolset and dissemination of the results of 

the business modelling and impact assessment activities to a wider audience. 

Strategy and business models for 3D collection formation 

Three 3D-COFORM Deployment Experiments were analysed in-depth, these were the acquisition of 

objects using the structured light scanner at the Victoria and Albert Museum, the use of the Minidome 

to acquire objects at the San Mateo Museum, and the use of crowdsouring during the Share Your 

Heritage experiment. In the three case studies a total of 87 CH objects were captured in 3D using the 

three different business models for acquisition and visualisation of the data (in-house, outsourcing, 

crowdsourcing). The evaluation of these studies has elucidated a number of broad insights that are 

applicable to CH organisations wishing to undertake a 3D mass-digitisation campaign. 

Strategy 

An organisation’s strategy is a key driver for conducting a mass digitisation campaign. The reason and 

motivation for 3D acquisition is a key determinant of the resources that the organisation will devote to 

the acquisition. Investing in an in-house solution with all its associated costs it is more likely to be done 

by those organisations which see a competitive advantage in regularly using 3D technology for 

digitising their collections. This was demonstrated in the Victoria & Albert Museum’s interest in 

investing effort on learning about the technology as opposed to smaller organisations, such as the 

National Museum of San Matteo and the PMSA who were more interested in the final resulting 3D 

collection. 

Size of organisation 

The organisation’s size (staff numbers) is an important variable. Larger organisations usually have 

better capacity and funding to support initiatives which are deemed of importance to the overall 

strategy of the organisation. In addition, the greater the number of departments with different 

expertise, the more likely it will be that there is staff with the appropriate skills to learn additional 

related skills. This was observed in the case of the Victoria & Albert Museum, which has the capacity in 

terms of staff to experiment with new technologies. In smaller organisations it is more likely that there 

is not funding available and that staff will be devoted to core activities and simply could not be spared. 

For instance, the PMSA staff is extremely limited and only focus on core activities.  

Skills 
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The skills available in the organisation have a profound influence on the capacity of the organisation to 

undertake a mass scanning campaign in 3D. Few museum and heritage sites are likely to have the skill 

sets available to undertake a mass digitisation campaign. At the beginning of the acquisition trial the 

Victoria & Albert Museum had no experience with a high end scanner, such as the Breuckmann 

scanner. However, the photographic department had a body of transferable skills in 3D acquisition. 

Similarly larger organisations have the potential for the internal transfer of skills to a greater extent 

than small and medium size organisations. Moreover, analysis of the volume trial conducted at the 

V&A highlights that there is a learning curve associated with training staff to undertake 3D 

acquisitions. In this case it took around 6 months for the trainees to become maximally efficient at 3D 

scanning. This needs to be factored into any assessment of potential number of models acquired. With 

outsourcing the output (number of 3D models generated) is relatively constant, the learning curve is 

much less pronounced. Moreover, if more objects need to be digitised in a short period (e.g. for an 

exhibition) then it is possible to devote more personnel to the job (which will incur a cost to the CH 

organisation) and so acquire more objects in less time. However, with an insourced model it is far 

more difficult to increase production levels. Training additional staff members is slow and, in the short 

term, will potentially reduce the efficiency of the scanning operations as the trainee undertakes ’on the 

job’ training. Efficiencies of scale and volume can be achieved by mass digitisation of objects of the same 

size and type. For example, 41 coins from the San Matteo Museum were digitised in a single day, this was in 

part because of the capture device did not require significant modifications to settings between captures 

(the minidome device is anyway a highly efficient at mass acquisitions). 

Equipment 

Few heritage sites have their own scanning equipment, and that equipment can incur a high cost 

(either through outright purchase or rental). While there is continuing downward pressure on the 

acquisition hardware with the lowest priced devices (e.g. NextEngine scanner) in the €4,000 range, 

higher-end products are in the €20,000 - 150,000 range. However, at the low end of the market, digital 

cameras for photogrammetric capture are now in the sub-1000 euro price bracket for semi-

professional devices. Nevertheless, equipment affects the quality of the end result. Hence, it is 

important to carefully consider the best solution if the organisation’s overall strategy is to insource the 

development of the 3D collection. This is because the equipment implies a large investment which will 

depreciate and become obsolete within a period of time. On the contrary, the case study of the 

National Museum of San Matteo exemplifies how an organisation which outsources the development 

is more agile in accessing state of the art equipment which might be suitable for specific objects in the 

collection. 

Further variables are associated with the objects themselves:  

Accessibility: The 3D digitisation of CH objects has a number of characteristics. The objects are for all 

intents and purposes fixed to a location (e.g. the museum, city or archaeological site). Moreover, 

access to objects in a museum environment is essentially controlled. This limits the potential for 

techniques such as crowd sourcing, because the public cannot access the objects for photography. 
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Moreover, the fundamental reliance on access to the object for digitisation means that the internet 

cannot be used to outsource the operations ’offshore’. Digitisation is essentially limited to insourcing 

and domestic outsourcing. Accessibility has implications for cost. In two cases (the V&A and the 

National Museum of San Matteo) the objects were available within the museum environment. While 

clearly there are some costs in curatorial time associated with choosing and locating the objects in 

store, and transporting them to the site of scanning, these are relatively low (however, these costs 

cannot be mitigated; they remain fairly constant for all objects). In contrast the crowdsourcing trial 

considered the acquisition of widely dispersed, publically accessible objects. Here, the time required 

for in-house staff to travel to the statues and monuments to digitally acquire them represents an 

important cost centre, which is reduced by volunteer labour undertaking the task. The greater the 

number of objects to be acquired the greater the cost saving would be, compared to the use of in-

house staff. 

Complexity: Object complexity covers a number of issues, ranging from the optical surface 

characteristics (texture, reflectance, transparency, etc), to the rigidity, number and type of occlusions, 

colour and size. The greater the complexity of the objects the longer the acquisition time is likely to be 

as demonstrated both by objects acquired in the V&A and the PMSA case study. 

Quality/Cost/time: The three case studies used different types of equipment (structured light scanner, 

minidome and cameras for photogrammetry) and so generated models of three different forms. The 

V&A scanning generated digital models with sub-millimetre accuracy, the National Museum of San 

Matteo acquisition generated high quality 2D digital representations of the coins although not all of 

these were full digital 3D models per se, and the crowdsourcing trial generated low quality 3D models 

of variable appearance depending on the skills of the photographers and the attributes of the 

monuments. Clearly there is a correlation in these trials between the cost of acquisition and the quality 

of the resulting model. However, if the variable of time is also included then the proposition becomes 

more complex. Crowdsourcing 3D potentially requires the longest time to acquire objects, followed by 

in-house capture (taking into account the training required and the learning curve for acquisition), 

finally outsourcing is the quickest method of acquisition because it incurs none of these overheads. 

However, the in-house capture becomes comparable if not faster than outsourcing once the learning 

curve has been achieved. Obviously, the museum professional seeking mass acquisition of artefacts 

through outsourcing can choose the level of quality of the model (the higher the quality, usually a 

higher cost). The crowdsourcing acquisition is currently at the lower end of the quality scale because of 

current limitations of photogrammetry and the quality of the photographs taken by the, in many cases, 

amateur photographers. There is a clear correlation between the investment and the potential quality 

output achievable.  
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Figure 14: A comparison of cost, risk, control quality and number of acquisitions between insourcing, 

outsourcing and crowdsourcing mass-3D acquisitions 

Conclusions 

Using the three different business models for acquisition, all three case study sites undertook a mass 

acquisition campaign and generated their own 3D digital collections. The results clearly show that each 

business model for acquisition is appropriate to different situations. Outsourcing and in-house training 

is most appropriate for organisations where the collections are easily accessible to staff but generally 

inaccessible to the public (museum collections are of course accessible for the public to view but not 

usually for 360 degree photography, moreover most museum collections are in fact not on view to the 

public). Crowd sourcing is reliant on the accessibility of objects and monuments to the general public. 

As such this is more appropriate to the acquisition of sculptures, monuments and buildings rather than 

collections of objects. In terms of costs, in-house training of staff has the highest start-up costs and 

incurs the biggest risks if staff move on, however, it has a huge strategic value in terms of flexibility 

and long-term cost reduction for large numbers of objects. In all probability this is an approach that is 

more likely to be undertaken by larger organisations.  

Outsourcing a mass digitisation is probably the approach most widely used by the professional CH 

community. This generally incurs a low risk to the organisation, guaranteed results (assuming a 

properly negotiated contract and service levels), but at a higher cost. Crowdsourcing, incurs moderate 

to high start-up costs but the long-term acquisition costs are low. However, there are risks. 

Crowdsourcing at the mercy of the whims of the public so it is possible that not all the objects will be 

acquired, also the quality of the objects modelled may be variable. Crowdsourcing is therefore, more 

appropriate for mass digitisations of large numbers of objects which are accessible to the public.  
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This emphasises that ’control’ of the process is a key variable that differs between the acquisition 

business models. It is highest with insourcing, and lowest with crowdsourcing. Related to control is the 

issue of ’risk’. This is highest with crowdsourcing and lowest with outsourcing. Risk manifests itself in 

different ways in the various acquisition models. In insourcing the biggest risk is that staff are trained 

and then move on, in crowd sourcing the biggest risk is that the project is not completed because of 

the lack of interest from the general public. These trials have shown that any size of CH organisation 

can undertake a mass 3D digitisation campaign and acquire objects. Understanding the business 

processes that underpin mass-digitisation is crucial making 3D commonplace in the cultural heritage 

realm. 

Socio-economic impact assessment 

During the course of the project 3D-COFORM has developed a complete and innovative toolset for 

understanding 3D innovation and its impact.  The emphasis in the final year of the project has 

therefore changed from one of developing toolsets to applying them in real-world situations and 

disseminating the knowledge gained to a wide variety of stakeholders.   

However, the new Strategic Innovation Approach for 3D digital heritage developed in Year 3 has been 

refined as a result of additional stakeholder interviews and inputs.  This perspective revolves around 

business modelling and technology value creation and represents an entirely new and integrated 

approach to understanding the complete pipeline of 3D innovation and impact in the heritage sector.  

This model conceptualises the link between the socio-economic impact and business modelling 

elements of the work package. The new model draws from social enterprises, private sector business 

models, cultural heritage and the arts.  It is also inter-disciplinary, including elements of strategic 

management, values/business ethics, innovation theory and practice, business modelling, technology 

strategy, economics and impact evaluation theory.  The research method has revolved around 

grounded theory, action research and interdisciplinary and inter-sectoral case studies. 

Dissemination and application of results 

In terms of the dissemination and application of the outputs the Socio-economic impact assessment 

toolset has been fed into the VCC-3D, and has been used to advise a number of organisations 

regarding the strategic business perspective of 3D, including Sussex Past and Andover Museum (UK). 

Dissemination of the information about socio-economic impact assessment also took place at the 

Museum’s and Heritage Show London and the Museum’s Association conference in Brighton. 

The toolset has been integrated into the Master’s Course curriculum proposed to run at the University 

of Brighton.  It is also to be integrated into the new archaeology course at the university. 

Work in Year 4 has concentrated on the application of the toolsets and dissemination of the results of 

the impact and strategy research. 
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As always a mix of academically robust peer-reviewed papers compliments the other dissemination 

activities associated with this activity. For example, in Year 4 a paper on strategy entitled: “Insourcing, 

outsourcing and Crowdsourcing: perspectives for the cultural heritage sector”, has been accepted as a 

full research paper for VAST 2012. 

A chapter titled “Strategic considerations for 3D collection formation” is in preparation for the 

forthcoming Ashgate volume on 3D in cultural heritage. 

The business strand also contributed to a paper accepted by Euromed called “3D Heritage on mobile 

devices: future scenarios and opportunities” 

An additional presentation was made at TTRA Europe 2012 (18-20 April) which highlighted the models 

developed in this task and their application to strategy regarding 3D on mobile devices. 
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5 Virtual Centre of Competence in 3D (VCC-3D)  

Introduction 

This section describes the current stage of deployment for the implementation of the VCC-3D. The 

Virtual Competence Centre in 3D CIC Ltd (VCC-3D) is a non-profit Community Interest Company limited 

by guarantee that is designed to provide the cultural heritage sector with advice, services, training and 

consultancy in the practical deployment of 3D digitization at all stages of capturing and processing 3D 

artefacts, from documentation, through analysis and visualisation in the cultural heritage sector. 

Background 

VCC-3D will continue and expand the work of the 3D-COFORM project (“Tools and Expertise for 3D 

Collection formation”) (FP7/2007-2013 grant agreement n° 231809) which has had a mission of making 

3D documentation a practical proposition for Cultural Heritage Institutions. This in turn built on 

aspects of the research agenda developed under the EPOCH Network of Excellence in Processing Open 

Cultural Heritage, co-funded by the EC for the period 2004-08. 

The VCC-3D is one of a number of specialist Competence Centres being established with 

encouragement from the European Commission, emanating from FP6/7 projects. The Competence 

Centres are all in touch with each other and beginning to be organized as a collaboration to deal with 

the Commission and to act as intermediary between the European Digital Library (Europeana) and the 

holders of digital content. The other principal centres in the broad area of ICT and culture are: 

 V-Must – The VCC-3D has been actively involved in the development of this Competence 
Centre.  This CC disseminates knowledge about Virtual Museums. 

 IMPACT – the Competence Centre for text digitization and OCR 
 Prestocentre – dealing with Audiovisual materials and their digitization/collection handling 
 Open Planets Foundation – dealing with long term preservation strategies 

Vision 

The VCC-3D wishes to become a sustainable organisation that is the natural choice for independent 

advice to organizations and individuals investigating the potential benefits and operational impact of 

incorporating 3D documentation of objects and collections within their collections management 

activities.  

Mission 

As a Community Interest Company the mission of the VCC-3D is quite explicitly to “serve its 

community” (the cultural heritage sector) and a major difference in this respect is that there is an 

“asset lock” which prevents disposal of the company’s assets other than to the benefit of the 

community. The mission of the VCC-3D is therefore to achieve this vision and provide help and advice 

to individuals and organizations considering the role(s) of 3D documentation of objects and collections 
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in their activities. This will include organisations making 3D collections available digitally for use by 

collection management professionals, for professional use and for communication to a wider audience 

using 3D technologies. To achieve this the VCC-3D provides, consultancy and training, and eventually 

membership services, for individuals and for organizations in the cultural and heritage sectors who 

wish to use 3D technologies integrated into their portfolio of activities in ways which are sustainable, 

and economically and practically viable over the long-term. 

Legal entity 

The VCC-3D has been established as a legal entity in the form of a UK Community Interest Company 

(CIC). 

Governance 

As a Community Interest Company there is an initial board of three directors, and up to 20 

shareholders, expected to be drawn initially from the members of the 3D-COFORM consortium or 

individuals connected with them. The shareholding has been set at 20 £1 shares (there are 19 partners 

in 3D-COFORM). 

Management 

The initial directors, appointed to allow proposals for start-up funds to the lottery funds, are David 

Arnold (UoB), Chair; Jaime Kaminski (UoB) and Mike Spearman (CMC Associates, Edinburgh). All of 

these are acting under the umbrella of the 3D-COFORM contractual commitment to develop a legal 

entity to carry forward the 3D-COFORM work with the sector beyond the funded period of the FP7 

contract. There would not normally be >1 director from a single shareholder. 

Staffing 

A defined and limited amount of input has been provided by partner staff that has effectively been 

covered from their 3D-COFORM contributions. When the funded period of the contract is finished it is 

expected that limited input will be included as part of partners sign-up to the VCC-3D (in effect in-kind 

contributions). It is expected that as a pattern of take is established the VCC-3D will need to balance 

contributions across the partners, but that such imbalance is monitored rather than compensated in 

the start-up year, where core costs are covered from start-up awards. As with other memberships, the 

3D-COFORM partners are being prepared for the probable need to move to a contributing subscription 

model to cover core costs, depending upon the take-up from clients. 

Target Clients 

 Organisations that own and curate collections of artefacts, including archaeological sites 
(Museums, Cultural Heritage Sites and visitor centres,).  

 Research Organisations, principally in the Arts and Humanities that hold and research cultural 
artefacts 

 Private individuals, Individual researchers, conservators, restorers, exhibition designers, 
creative and cultural industries. 
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 Suppliers of documentation tools, including both 3D data and metadata; creation and content 
management tools. 

 

Activities and Services 
 
The VCC-3D will engage in a range of activities and provide a range of services. 

 Membership services to include code of practice for members, and provision of guidance about 
good practice and a conduct of behaviour for associated suppliers 

 Dissemination and training materials and events – potentially to include extending the reach 
and useful life of the recent 3D-COFORM exhibition. 

 Client specific consultancy, advice on projects and digitization campaigns 
 Coordination and guidance on the engagement with the European Digital Library 
 Potential hosting of 3D-content for organizations – including long-term preservation and 

migration of content to new platforms 
 Potential brokerage arrangements acting as a conduit to allow those in search of services to 

identify suitable suppliers subscribing to the code of practices and standards. This will also help 
potential members to identify project partners in search of externally funded projects. 

Community activities 

 

There is a legal need to fulfil the VCC-3D’s Community Aims. This has been achieved in the following 

cases. National, local and international beneficiaries include: 

 
The Portable Antiquities Scheme (PAS) 
The Portable Antiquities Scheme is funded by the DCMS (Department for Culture Media and 
Sport) in the UK.  It is a project to encourage the voluntary recording of archaeological objects 
found by members of the public in England and Wales. Every year many thousands of objects are 
discovered, many of these by metal-detector users, but also by people whilst out walking, 
gardening or going about their daily work. Such discoveries offer an important source for 
understanding our past.  The PAS record such finds and make them available online with a 
photograph in the PAS database. The VCC-3D has been advising the PAS about using 3D to 
document high value finds. 
 
Interest generated by the 3D-COFORM exhibition. 
 

Sussex Cricket Club 
Sussex County Cricket Club is the oldest of the 18 major county clubs which make up the English 
and Welsh domestic cricket structure, representing the historic county of Sussex. The club was 
founded as a successor to Brighton Cricket Club which was a representative of the county of 
Sussex as a whole. 3D-COFORM has undertaken scans of some objects in the Museum’s collection. 
The VCC-3D will be looking at ways whereby the Cricket Museum can digitise its collections. 
 
Interest generated by the 3D-COFORM exhibition. 
 

AGORA3D 
The AGORA3D project is funded by the Belgian Federal Science Policy Office (BESLPO). The project 
runs from September 2012 to February 2014 and is looking to acquire natural history collections in 
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3D across the national museums of Belgium. The VCC-3D is advising AGORA3D regarding the 3D 
digitisation of natural history and ethnographic collections.  The RMAH will use the repository for 
the dissemination of its 3D models. 

 

Initial Strategy 
 
The VCC-3D needs start-up funds and has prepared two proposals for UK funds available to new start-
ups. Once the VCC-3D has secured the start-up funding, which we are advised by Business Services is 
highly likely in these schemes, we will implement the proposed call for take-up of the shares by 3D-
COFORM partners or individuals from partners. 
 
It is essential to the business model to build an engaged member base, and this will be challenging in 
the current economic. The proposal is to get sign up through our current contact lists and through 
running a series of dissemination events, subsidised by the start-up funds and possibly by piggy-
backing off events that partners and others may be running for other purposes. An example would be 
the degree to which we are successful in achieving other venues for the 3D-COFORM exhibition 
materials. 
 
In the longer term the objective is to have a lean organisation that brokers arrangements and provides 
information, but where the majority of the actual delivery is done by volunteers or by partners under 
their own umbrella’s, but branded by VCC-3D labels.  
 

Competitive advantages 
 

The VCC-3D has a number of products and services that are new to the market. 
 

 Provision of interface consultancy for Europeana is a Unique Selling Point. 
 The repository is still novel in the 3D heritage arena and is built on international standards. The 

VCC-3D has worked on the transition of rights from 3D-COFORM and on-going 
maintenance/development agreements with the implementation partners.  This is an 
important development that allows the VCC-3D to offer a novel service for the heritage 
community (e.g. AGORA3D will be using the repository for their 3D output relating to the 
digitisation of natural history collections from the Royal Museums of Belgium). 

 The position of the VCC-3D in the consortium of EC related Competence Centres is unique and 
unchallengeable 

 

The VCC-3D business framework 

The VCC-3D is being planned on a mix of membership subscription and benefits, and services provided 

to members, contracting organisations and individuals.  The following products and services are 

planned. 

 
 Provision of independent advice and consultancy on: 3D digitisation technologies including 

geometry, materials and shape semantics. Integrating metadata (including provenance) and legacy 
sources with 3D assets. Mass digitisation business processes and workflow planning. Business 
models for exploitation of 3D digital assets.  Tools for assessing socio-economic impact of 
investment in 3D digital assets. 
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 Provision of services that allow cultural and heritage organisations to interface to Europeana (the 

European Digital Library).  This service will be a USP for the VCC-3D.  There are no organizations 
that are currently providing such a service to the Heritage sector and there is a group of 
Competence Centres for different content types (text, audiovisual, etc.) that are spin-offs from 
European projects and are cooperating to formulate a common strategy and collective position in 
support of developing European digital content. The services will initially be treated as training 
exercises, consultancy on site or remote provision of advice (of which an initial consultation will be 
included in membership). 

 
 Provision of appropriate training or consultancy services in cases where this is the appropriate and 

in-line with the independence of the VCC-3D from supplier vested interests and consistent with the 
philosophy of a social enterprise. 

 
 Brokerage to helping organisations in search of those with 3D competences to obtain the help that 

they require. 
 

 To provide access to a range of tools in capturing, preserving in the long-term and processing 3D 
assets and their associated metadata, etc. 
 

 Provide a repository for 3D models. 
 

 As the VCC-3D develops there will be a membership option.  The detail of this is still being 
examined but recent interest in these technologies experienced during the 3D-COFORM large scale 
demonstrator exhibition has demonstrated that there is a demand. Sensitivity to membership 
rates is still being examined as the contacts lists have grown through the exhibitions. 

 
 

Marketing Plan 
 

The market 
Extensive market research has been conducted in preparation for the launch of the VCC-3D.  The VCC-
3D has a natural focus on the heritage sector.  There are over 25,000 museums in Europe, 
approximately 50% of the world total. Many world leaders such as the Victoria & Albert Museum are 
already in the Consortium and new major ones such as the Acropolis Museum. However, most 
museums are very small organisations with less than 10 staff. Very few have over 500 staff.  The 
collections vary significantly in type with Archaeology, History and Decorative Arts being particularly 
rich in 3D objects. Ownership is diverse, ranging from public and private to university and corporate 
(e.g. in Germany). Technology capabilities vary greatly with most having extremely limited resources. 
National Museums are often exceptions, but not always, e.g. French National Museums, (C2RMF) but 
not the Uffizi, which however has received strong support from the University of Florence. University 
Museums are often exceptional cases in this regard because of their access to technical ICT resources 
in Academic Departments, e.g. Athens University Museum; University College London, UCL, with its 12 
museums e.g. The Petrie Museum (Egyptian collection). 
 

We estimate that altogether there are at least 1,000 ‘early cultural heritage adopter/user of VCC-3D 
services’ (several hundred have already begun with 3D). A ‘ball-park scenario’ for a possible target 
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VCC-3D cultural heritage clientele across Europe in its first three or four years is as follows: 
• Museums – 400-500 
• Archaeological Sites – 300-400  
• Castles, Palaces, etc – 200-300 
• Performing Arts & Others – 50-100 
 
The timing of the use of 3D in these sub-sectors appears to vary. Museums and archaeological sites 
continue to lead the way. 
 

However, it is also evident that the VCC-3D could supplement its revenue stream by supplying services 
to the wider 3D industry.  The total pool of such relevant 3D Industry and other organizations is also 
estimated to be of the order of 1,000 with a tentative scenario being as follows:  
• Large 3D companies (over 300 staff, but with obviously a relatively small proportion dedicated to 

3D work)             ~ 100 
• Hi-tech SMEs      ~ 500-600 
• Consultants      ~ 100 
• Exhibition Design companies   ~ 100 
• Non-Profit & Government   ~ 50 
• Voluntary Groups             ~ 50 
 
A desirable scenario for membership/association with the VCC-3D may be some 100-200 by 2015. It 
should be stressed that because the German (& Austrian) 3D Industry is advanced relative to the rest 
of Europe, that the proportions of target VCC-3D members by country could be something like: 
Germany & Austria: ~30%; France: ~10%;    UK: ~ 10%;    Italy; ~10%; Spain: ~5%;   Benelux: ~5%;   
Others:  ~30% 
 
Economics 
• Research indicates that the initial market for the VCC-3D will be in the order of 2,000 

organisations in Europe.  However, the launch of the repository will mean that the VCC-3D 
could provide services to a potentially global market. 

• As an early player in the heritage market, visibility at a European Commission level as the 
European centre with this expertise and with little competition we would expect to gain 
market share in the sector quite rapidly. 

• Current demand in the heritage sector is moderate with gradual growth. 
• There is perceived to be considerable growth potential and opportunities for a lean and flexible 

organisation like the VCC-3D to grow and adapt with the market. 
 
Strategy 
The parent projects of the VCC-3D (3D-COFORM and before that EPOCH) have built up extensive 
contacts and reputation within the cultural heritage sector.  This will be the foundation for the 
marketing and promotional strategy for the VCC-3D. 
 
Promotion 

• The VCC-3D has access to extensive databases within the cultural heritage sector which have 
been built up over eight years.  This is in conjunction with the professional networks that have 
been built up.  This will be one avenue of generating awareness. 

• Members of 3D-COFORM regularly take part in conferences, and other tradeshows and 
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industry events which could act as conduits to customers. 
• There are also numerous listservers and other mailing lists that could be used to inform 

customers about the services of the VCC-3D. 
• A website has been developed. 
• Other mechanisms for advertising will be considered including Google Adwords, and other paid 

advertising. 
 
Following the success of the recent 3D-COFORM Reshaping History exhibition in Brighton, there is a 
window of opportunity for additional visibility that can be exploited for perhaps a year to 18 months 
and potentially longer as additional materials emerge. Marketing a touring version of the exhibition is 
also considered a potential revenue stream for the VCC-3D as well as an educational offering 
supporting awareness-raising in the Cultural Heritage Sector. 
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6 Conclusions  

 

The Business Strand of the 3D-COFORM project has continued to make good progress in Year 4.  

The handful of Deployment Experiments not completed in 2011 all reached completion in 2012, 

yielding a wealth of learning in relation to the potential take up of 3D tools in the field of archaeology 

and public records. The Reference Objects experiment has also performed an important comparison of 

3D tools, learning from which will inform advice given through the VCC-3D. Work on the mass 

digitisation at the Victoria and Albert Museum continued to test intensively a range of 3D-COFORM 

tools across a wide variety of object types and has established clear protocols for the digitisation of 

collections. This experiment, and the experiment into User Generated Content at University of 

Brighton, has generated considerable data on the cost of implementing 3D tools in the work place and 

the potential for uptake of tools in the future.  

Research into issues of impact, sustainability, and business models, has continued in Year 4 through 

the Strategy and Socio-economic Impact Evaluation. Learning from the Deployment Experiments has 

increased understanding within the project of impact and underlying business processes and will also 

feed into the VCC-3D. The importance of business perspectives when considering the mass 

deployment of 3D technology has been highlighted.  

The VCC-3D brings together the developments of the Business and Sector Engagement Strands, and 

2012 has seen steady development of the VCC-3D. A UK Community Interest Company (a not-for-profit 

organisation) has been established and potential services defined by the needs of partners and 

research into heritage organisations. Advice and consultancy followed by repository services are the 

most sought after.  The VCC-3D now has a clear strategy for future funding and the development of 

services and users, and will continue beyond the end of the project.  With the potential to highlight the 

value and benefits of 3D Cultural Heritage to the wider community, and to politicians and decision 

makers, the clear advocacy role of VCC-3D is a further long-term legacy of 3D-COFORM. 
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Appendix 1 

VAM Volume Trials 

Porcelain Fountain 

One component of the fountain. Made in porcelain in 1745-6 by 

J.J.  Kaendler, Heinrich Bruhl, then Director of the Meissen factory, 

Dresden.  

 

 

 

 

This porcelain table ornament, made in 1745-6 is a multi-part object, consisting of over 200 parts and 

broken fragments.  It is copied from a large architectural sculpture in the grounds of Count Bruhl's 

Dresden palace, and is the work of the architect Zacharias Longuelune (b. Paris 1669, d. Dresden 1748) 

and the sculptor Lorenzo Mattielli (b. Vicenza, d. Dresden 1748). The pieces are difficult to handle as 

they are large, fragile and broken. It is the intention of the V&A to prepare this object for display in 

newly renovated galleries. During Year 4, in order to prepare for this new display, scans of 16 pieces 

have been made. They have been used to assess the type of reconstruction possible and to assist in 

the preparation of complex object mounts. By omitting texture from the finished models the curators 

were more easily able to judge characteristics of the surface geometry which gave them a further 

insight into the nature of the objects. The repetitive scanning of similar pieces enabled the 

Photographic Studio staff to become ever more familiar with scanning and the production rate for this 

object improved to below one object per day.  

There are several other examples of the same object in other museums in the world. At the V&A some 

parts are known to be missing when compared to these other examples. In order to complete the 

presentation of the object in the V&A gallery, an exercise was undertaken on a similar object in 

Dresden, to scan in 3D those parts which it is intended to then be printed as replicas. The trial for this 

printing, in porcelain, is being undertaken in conjunction with the Royal College of Art in London. The 

‘Fragment Assembler’ tool is being used by the Ceramics Department curators, to test the orientation 

of the component pieces and to judge the best arrangement for display. This tool is a good method of 

disseminating the value of 3D as its shows the potential for interactivity to other curatorial disciplines.  
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Mr Punch 

 

Glove puppet of Mr. Punch. Made by Arthur Quisto 1937 and used in 

his Punch and Judy show by Arthur William Ford, who worked 

professionally as Professor Gordon Bavister . 

Great Britain 1937; Puppet redressed in 1994. 

 

 

 

 

 

Mr Punch is a glove puppet made from wool, braid, painted wood, rabbit fur, and glass eyes. For 3D 

image modelling with the structured light scanner, it is a complex object. The V&A has a world 

renowned collection of puppets in its Theatre and Performance collections and the object was chosen, 

in conjunction with curators, to investigate the possibility of making a more interactive view of this 

largely un-seen collection. Puppets are meant to be seen in an animated way. The traditional display of 

objects in cases does not fully represent the true nature of the object. By making 3D surrogates and 

dynamically displaying these models in animation, the viewer is able to get a more authentic 

impression of the objects function.  

High resolution scans of the puppet were made with the Breuckmann scanner. Care and attention was 

taken to reduce the distortion of the flexible materials in the puppet during the scanning, so as to 

reduce deformation and mis-matching of concurrent scans. This exercise was based on experience 

gained in the original scanning trial with this type of flexible textile object. The very fine rabbit hair was 

found to be impossible to resolve with this type of scanner. A judgement was then made as to how 

important accuracy is with this type of material. It was felt in the V&A that latitude in representing the 

true physical nature of the object is acceptable so long as the viewer is aware of this limitation. It was 

also felt that creating virtual hair in software in post-production was also acceptable in order to give 

the appearance of reality.  

High resolution texture images were made with a Canon 5D Mk II DSLR camera. These were mapped 

onto the 3D mesh in MeshLab.  
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Netsuke 

 

 

 

 

 

 

 

Netsuke are small carved objects used as toggles on the cords of traditional Japanese clothing.  

Netsuke were chosen as a candidate object for scanning because of their attractiveness to a potential 

commercial market. These objects are small, tactile and appeal to collectors. They are expensive to 

purchase, rare, and delicate. They are fascinating in their subject matter, showing both realistic and 

mythological creatures and events. These subjects add to their fascination and intrigue as they come to life 

when rotated and examined in detail. Two netsuke were scanned with the Breuckmann scanner, one made 

from bone and one from walnut. High resolution scans were made and high-resolution texture images 

made with a Canon 5D Mk II DSLR camera. 1:1 size resin 3D solid prints were made from the completed 

scans. 

 

 

 

Actual object          Resin print                  Textured resin print 

 

 

 

 

Comparison of the real object with 3D resin prints.  
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The production of these two models, and the reaction from curatorial staff encouraged the scanning of 

more netsuke. In total 15 have been made. So far two have been completed as 3D prints with surface 

texture. An exercise of product to fulfilment costing is being undertaken between CMC Associates and 

VAE the V&A Trading Company.  

Great Bed of Ware 

The Great Bed of ware is one of the V&A’s largest objects. Superficially it is a four-poster bed. In reality 

it was designed as a tourist attraction to sleep twelve people at once. Through the centuries guests 

staying in the bed left markings of initials and other graffiti on all of the wooden, surfaces making for a 

very interesting study of surface details. The object has been loaned to the local museum in Ware, 

Hertfordshire, north of London, for 2012/2013. Prior to loan the opportunity was taken to scan several 

of the individual components of the bed to investigate the possibility of using 3D models in a gallery 

interactive display.  

 

 

 

The Great Bed of Ware 

 

 

 

 

 

A single pillar, a single cornice, the head-board and tester were scanned with the Breuckmann scanner. 

The scans of the components were then combined in Blender software so that a complete bed could 

be constructed. Virtual bed hangings and covers were made in software and added to the scans of the 

real bed. The whole object was then placed into a media player so that users could investigate the bed 

in a virtual way.  

Coptic ewer 

 

Ewer; hammered copper with brass handle; 

Byzantine (Coptic); c.600 A.D. 
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This ewer is thought to be a companion piece with two other ewers, one in the British Museum, the 

other in a private collection. In order to study the vessels in greater detail, and to confirm their 

provenance, Metalwork Conservation Department in the V&A asked the Photographic Studio to scan 

the medallion on the neck of the vessel. The intention is to scan the medallions in the other two 

vessels at the other sites to directly compare the ewers as 3D models. The scanning of the other two 

ewers has still to take place.  

Chair 

 

 

Chair 

Superleggera; 699; Gio Ponti (1891-1979) 

Casina, Milan 1965;  

Natural finished ash chair with finely woven 'twill' cane seat. 

 

 

In order to test the ability of tools to scan this type of large object, the V&A decided to scan a piece of 

furniture. This particular chair was selected because of its features, availability and type; a modern 

chair with clear and familiar features appeared to be a simple example of the type, an object easy to 

recognise and handle. 

This object was not expected to present any problem in terms of scanning and planning the workflow. 

Surprisingly it was a difficult object as the features were more complex than originally presumed. The 

main problem was that the object’s simple geometry made it difficult to relate separate scans to one 

another. The smooth and shiny surface also resulted in ‘noisy’ and inaccurate scans which made an 

unsatisfactory result. However, these problems ultimately helped us to understand the issues present 

when scanning furniture and how to approach the scanning of a large object in a more efficient and 

successful manner. 

 

 


