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1  Executive Summary 

This document presents the work that has been done in the context of WP3 – Repository Infrastructure 

during the first year of activity of the 3D-COFORM project. 

WP3 plays a crucial role in the first year of the project since it is responsible for the design of the 3D-

COFORM integrated repository. The 3D-COFORM integrated repository is a distributed cultural 

repository infrastructure (RI) consisting of object-repository (OR) nodes and a central metadata 

repository (MR). It provides the interface of the Repository Infrastructure (RI) to all the 3D-COFORM 

components. 

The activities of WP3 progressed well, following the original work plan, drafted in the project proposal 

and in the contract. All milestones were accomplished in time.  

Milestone MS.3.1 Integrated Repository Architecture & Design Specifications produced the specifications 

of the RI. However, the consortium decided that the report D.3.1 Integrated Repository Architecture & 

Design Specifications will be extended to include not only the specifications of the RI but of the whole 

system (i.e. specifications of all the 3D-COFORM components). Although this decision introduced extra 

work in the preparation of the report, it helped to clarify a lot of issues regarding the communication of 

the components with the RI and between each other.  

For Milestone MS.3.2 Prototype metadata and object repository we will implement the alpha version of 

the RI (both OR and MR) that supports ingest, retrieve and query in command line mode. 

In principle the activities of WP3 are on time – with no major deviation from the work plan. No major 

problems or deviations were encountered during the first project year. The activities are going to 

continue according to the plan described in the project contract. 
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2 Introduction 

In this report, we present the achievements made in WP3 in the first twelve months of 3D-COFORM. 

These mainly consist of creating the specifications and the alpha version implementation of the 

repository infrastructure (RI). 

In this document we first review the overall objectives of WP3. Then, we present the work that was 

planned for the first year of the 3D-COFORM project and the work that was performed during this first 

year. The presentation is done per task, following the structure of the original Description of Work 

(DoW). For each task, a section is devoted to the analysis of the deviations between the work performed 

and the work planned, and an additional section presents the plans for the second year of the project.  

It must be emphasised, that the work in WP3 is a collaborative effort of all the involved partners. This 

document presents a summary of the achievements, while the details of the design and the 

specifications are reflected in the reports: 

- Survey of existing repository technology 

- Integrated Repository Architecture & Design Specifications 

- Functional specifications of the RI 

which accompany this deliverable. 
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3 Work Package 3 - Detailed description of work 

The work performed in the first year of activity is described in the following, focusing on each single 

task. 

General objectives  

The goal of WP3 is to study and employ existing technology and standards to the degree possible in 

order to provide an integrated cultural repository platform to ingest, store, manipulate and export 

complex digital objects, their components and related metadata (i.e. all data and information gathered 

in the 3D data capture, 3D analysis and reconstruction phases, and collection support) and to support 

CH research (e.g. systems for assisting art historian in the study of artworks, computer-aided restoration 

tools, etc.). The repository will be the main integration factor of most of the 3D-COFORM technical 

outcomes (which will interact with the repository as either data producers, data consumers or both). 

An RDF triple store for metadata and a search engine will be integrated in the repository to provide 

access to: digitized assets (triangular meshes, mono- or multi-spectral BTFs, etc.), all sorts of procedural 

reconstructions, images, text documents, and structural, functional, physical, and semantic information 

about digitisation. 

3.1 Task 3.1 Scientific and Technical Coordination 

The objective of this task is to coordinate and monitor the progress in the development of tools, 

including identification of deviations and amendments to the work plan. It also ensures the interrelation 

between work packages. 

3.1.1 Progress towards Task Objectives, Achievements, Work performed 

In the context of this task there was a continuous coordination and monitoring of the activities of the 

work package. This was achieved by close communication and cooperation of the involved partners 

through the organization of bilateral and/or general WP meetings, VOIP calls and exchange of e-mails. 

3.1.2 Variation from the work plan and any subsequent impact 

No deviation from the work plan.  

The first year work plan has been fulfilled according to the DoW.  
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3.1.3 Plans for the next period (adaptations to the work plan of the next period) 

The coordination and monitoring of the WP3 activities will continue through the whole duration of the 

project.  
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3.2 Task 3.2 Design architecture 

The objective of this task was to assess existing open source repository technology (innovative native 

XML technology) in order to decide the platform on which the implementation of the 3D-COFORM 

integrated repository will be based. Primary criteria were the internal structure of the data, the 

supported software technology (e.g., web services) and, of course, efficiency in handling many large 

datasets. Further issues that were to be studied included the integration and use of statistical indices 

(full text retrieval and searching on non-textual data), geo-referencing capabilities (connection of local 

and global coordinates), and feature list comparisons. The result would be the definition of the 

integrated repository: the overall system architecture, its components, and the interfaces between 

these components. 

This task would also propose generic metadata formats, and would agree with WP4 on generic capture 

process metadata, with WP5 on generic workflow metadata and with WP6 on legacy, annotation and 

co-reference metadata. 

It would also define appropriate interfaces of the repository (content and metadata) with T4.6, T5.4, and 

the integrated 3D-COFORM Browser (T7.6). 

3.2.1 Progress towards Task Objectives, Achievements, Work performed 

This task comprised the major activity of WP3 and focused in designing the 3D-COFORM integrated 

repository which is a distributed cultural repository infrastructure (RI) consisting of Object Repository 

(OR) nodes, a central Metadata Repository (MR), the Content Retrieval Indices (CRI) component and the 

Query Manager (QM). There is only one interface to the user, the interface to the Repository 

Infrastructure (RI) through which all the external components interact with the internal to the RI 

components. 

The 3D-COFORM Repository is composed of several modules as illustrated in the figure, which also 

shows the connection and communication between them.  
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RI Architecture 

 

The achievements of this task, a collaborative effort of all the involved partners, are reflected in the 

reports 

- Survey of existing repository technology 

- Integrated Repository Architecture & Design Specifications 

- Functional specifications of the RI 

which accompany this deliverable. 

3.2.2 Progress towards Task Objectives, Achievements, Work performed 

The objective of this task has been accomplished and there is available the design of the 3D-COFORM 

integrated repository which is a distributed cultural repository infrastructure (RI) consisting of object-

repository (OR) nodes and a central metadata repository (MR), with one interface to the user, the 

interface to the Repository Infrastructure (RI). 

3.2.3 Variation from the work plan and any subsequent impact 

No deviation from the work plan.  

The first year work plan has been fulfilled according to the DoW. 
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The milestone MS.3.1 - Integrated Repository Architecture & Design Specifications has been achieved. 

The specifications of the Repository Infrastructure were distributed for internal discussion among the 

partners on September 8, 2009. 

The consortium decided that the report D.3.1 Integrated Repository Architecture & Design Specifications 

will be extended to include not only the specifications of the RI but of the whole system (i.e. 

specifications of all the 3D-COFORM components). This decision helped to clarify a lot of issues 

regarding the communication of the components with the RI. The integrated document is available as a 

non-public addendum to this deliverable.  

3.2.4 Plans for the next period (adaptations to the work plan of the next period) 

For the next period, the emphasis will be on the prototype implementation of the repository 

components (beta version with basic functionality) 
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3.3 Task 3.3 Design and implementation of a metadata 

repository 

 

The objective of this task for the first year, was to provide the design and implementation (alpha 

version) of the metadata repository, based on an integrated coherent conceptual schema that will 

model the complex 3D-COFORM metadata regarding provenance data, structured models, formats, 

compatibility of 3D models, historical events and real world objects. The implementation of the 

metadata repository will be based on the integrated repository platform. 

3.3.1 Progress towards Task Objectives, Achievements, Work performed 

Following the technical meeting on 27 February 2009, a set of documents describing the requirements 

of WP3 from all other work packages was prepared and distributed among all involved partners. The 

Requirements were collected by the end of March and processed accordingly in order to proceed with 

the Metadata Repository Specification. Following the requirements, the metadata repository was 

decided to be an RDF triple store, using SESAME (http://www.openrdf.org/) with main schema the 

CIDOC CRM implemented in RDFS. A further outcome of this process was the design of a set of 

extensions to the CIDOC CRM in order to model Digital Provenance and the workflow of the data 

acquisition process. 

We proceeded with the detailed design and the implementation of an alpha version of the Metadata 

Repository. The details of the design and the platform that will be used are presented in the “Integrated 

Repository Architecture & Design Specifications” and the “Functional specifications of the RI” reports. 

3.3.2 Variation from the work plan and any subsequent impact 

The alpha version of the MR is expected to be ready in Month 13, with one month delay. This delay is 

not critical and we do not regard it as a major deviation from the work plan.  

3.3.2.1 Plans for the next period (adaptations to the work plan of the next period) 

Continue with the implementation of the Metadata Repository in order to have a beta version of the MR 

by Month 18. During the implementation phase we will make possible adaptations to the conceptual 

schema, if needed. 

 

http://www.openrdf.org/
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3.4 Task 3.4 Design and implementation of an object repository 

The objective of this task for the first year was to provide the design and implementation (alpha version) 

of the 3D-COFORM object repository based on the integrated repository platform. The object repository 

will be the place where all digital artefacts are physically stored. The object repository supports all 

textual and 2D and 3D artefact representations that are used in 3D-COFORM. It provides the essential 

services: ingest storage, access, as well as mark-up, indexing, and retrieval. Sustainability will be 

achieved by enforcing a write-once policy on all repository data (persistent versioning), so that a data 

set can never be overwritten (only deleted).  

3.4.1 Progress towards Task Objectives, Achievements, Work performed 

Following the technical meeting between FORTH-ICS and TU Graz on 9-10 February 2009, the Object 

Repository Specification, version 1 was released including preliminary terminology definitions.  

The OR will be implemented on top of the lower levels of the open source GLOBUS Grid Software 

Environment (http://www.globus.org/) in order to benefit from the location and security management it 

provides. 

We proceeded with the detailed design and the implementation of an alpha version of the Object 

Repository which will support the ingest (data file), retrieve (by UUID) and query (with a simple SPARQL 

statement) functions through a command line interface. 

The details of the design and the platform that will be used are presented in the “Integrated Repository 

Architecture & Design Specifications” and the “Functional specifications of the RI” reports. 

3.4.2 Variation from the work plan and any subsequent impact 

The alpha version of the OR is expected to be ready in Month 13, with one month delay. This delay is not 

critical and we do not regard it as a major deviation from the work plan.  

3.4.2.1 Plans for the next period (adaptations to the work plan of the next period) 

Continue with the implementation of the Object Repository in order to have a beta version of the OR by 

Month 18. 

 

http://www.globus.org/
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3.5 Task 3.5 Design and implementation of a query manager 

 

The objective of this task for the first year was to provide the design of a heterogeneous query manager 

that will combine statistical, GIS and structured metadata querying. The query manager will be based on 

a basic core schema that will be used to support intelligent search and retrieval, matching complex 

queries. 

3.5.1 Progress towards Task Objectives, Achievements, Work performed 

In this task we designed the Query Manager (QM) which is the module responsible to redirect the 

specific parts of a query to the respective modules that the RI contains, by splitting it into different parts 

(OR and RLS, MR, CRI).  

The Query Manager provides certain functionality to the other internal components of the RI, such as 

splitting a query statement into parts for the OR, the MR or the CRI, or unify the results of a query.  

The details of the design are presented in the “Integrated Repository Architecture & Design 

Specifications” and the “Functional specifications of the RI” reports. 

3.5.2 Variation from the work plan and any subsequent impact 

No deviation from the work plan.  

The first year work plan has been fulfilled according to the DoW.  

3.5.2.1 Plans for the next period (adaptations to the work plan of the next period) 

Continue with the implementation of the Query Manager in order to have an alpha version by Month 

18. 
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3.6 Task 3.6 Design and implementation of an annotation and 

co-reference manager       

The objective of this task for the first year was to provide the design of an annotation and co-reference 

manager that will handle the links between the 3D models and their metadata in cultural heritage, and 

all related resources and knowledge in order to achieve information integration and enable efficient 

access, use, reuse and preservation. 

3.6.1 Progress towards Task Objectives, Achievements, Work performed 

We designed an annotation and co-reference model that handles links between the 3D models, their 

metadata and related resources. The MR will contain as an integral part, the Annotation and Co-

reference Manager (ACoRM) which handles the links between the 3D models and their metadata in 

cultural heritage, and all related resources and knowledge. ACoRM supports duplicate detection to find 

matches between references to places and people, semi automatic detection of references to the same 

thing and conflict resolution consistency enforcement algorithms (is the same as/not the same as). 

The details of the design are presented in the “Integrated Repository Architecture & Design 

Specifications” and the “Functional specifications of the RI” reports. 

3.6.2 Variation from the work plan and any subsequent impact 

No deviation from the work plan.  

The first year work plan has been fulfilled according to the DoW. 

3.6.2.1 Plans for the next period (adaptations to the work plan of the next period) 

Continue with the implementation of the search mechanisms as an integral part of the MR. 
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3.7 Task 3.7 Implementation of a Long term Digital 

Preservation Management Tool 

Taking the results of WP2 and in particular Task 2.4 on standards and infrastructure, Task 2.5 on 

provenance, and 2.7 on IPR GU-HATII will integrate technologies that have been developed in other 

projects such as Planets, CASPAR and the Digital Curation Centre (to name but three) to underpin the 

preservation of 3D representations. Given our current knowledge of the work so far done and planned 

for these projects we know that they will not provide all the components that will be necessary, and as a 

result of mapping the requirements defined in Task 2.6 (Long Term Digital Preservation) against the 

available tools, services and methods GU-HATII will identify components that will need to be developed 

in order to deal with 3D Models and their empirical acquisition data. The result will be released in month 

42 as a suite of validated preservation components that can be used by repositories to support the long-

term viability of 3D objects. 

3.7.1 Progress towards Task Objectives, Achievements, Work performed 

We proceeded with the initial design of the Long Term Digital Preservation Management Tool. The 

details of the design are presented in the “Integrated Repository Architecture & Design Specifications” 

and the “Functional specifications of the RI” reports. 

3.7.2 Variation from the work plan and any subsequent impact 

No deviation from the work plan.  

The first year work plan has been fulfilled according to the DoW. 

3.7.2.1 Plans for the next period (adaptations to the work plan of the next period) 

Continue with the implementation of the Long Term Digital Preservation Management Tool in order to 

have an alpha version by month 18. 
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3.8 Task 3.8 Implementation of Watermarking Tool 

The objective of this task was to investigate specific requirements which, due to the particular type of 

multimedia objects, can influence watermarking technology design. Furthermore, the aim was to study 

diverse strategies for the design of watermarking algorithms for 3D models. Robust and blind 

watermarking algorithms for 3D objects will be researched and security issues will be taken into 

account. 

3.8.1 Progress towards Task Objectives, Achievements, Work performed 

MICC studied an ad-hoc algorithm for 3D watermarking that does not need to re-mesh the to-be-

marked 3D model.  

Watermark embedding involves only vertex spatial coordinates thus allowing a better and 

straightforward integration in MeshLab, still maintaining effectiveness and preserving perceptual 

quality. 

The most straightforward way to hide a signal within a host asset is to directly embed it in the original 

signal space, i.e. by letting the feature set correspond to signal samples. The choice to embed the 

watermark in the asset domain has been a necessity being dictated by the low complexity and low delay 

needed in the 3D-COFORM watermarking framework. 

Another advantage of operating in the asset domain is that in this way spatial localization of the 

watermark is automatically achieved, thus permitting a better characterization of the distortion 

introduced by the watermark and of the possible annoying effects.  

For 3D models, the asset domain corresponds to the spatial domain, and the host feature set coincides 

with vertex positions.  

- An evaluation phase of the system performances in terms of both missing and false alarm 
probabilities and perceptual quality has been started. The error probabilities have been 
estimated by collecting the detection results in cases of watermarked and non-watermarked 3D 
models.  

- Another evaluation phase in order to analyze the perceived quality by arranging a set of psycho-
perceptual tests has been designed. 

3.8.2 Variation from the work plan and any subsequent impact 

No deviation from the work plan.  

The first year work plan has been fulfilled according to the DoW.  
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3.8.2.1 Plans for the next period (adaptations to the work plan of the next period) 

Continue with the implementation of the Watermarking Tool in order to have an alpha version of the 

tool by Month 18. 
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3.9 Task 3.9 Integration and testing 

The objective of this task is (a) to assess the conformance of the repository to the specifications in tasks 

3.1-3.7, and (b) to assess the effectiveness of the result. For the latter, a number of practical use cases 

will be carried out, which will be synthesized from the analysis of the CH user perspective (task 2.1, 2.2).  

3.9.1 Progress towards Task Objectives, Achievements, Work performed 

This task started its works in Month 9 and its main activity was to decide on the scenarios that will be 

used for demonstration and testing. These scenarios were discussed in detail in the Integration Week 

Meeting in Darmstadt, October 19-21, 2009. 

Collaborative contribution: 

o prepared a plan for the integration 

o identified use cases 

3.9.2 Variation from the work plan and any subsequent impact 

No deviation from the work plan.  

The first year work plan has been fulfilled according to the DoW.  

3.9.2.1 Plans for the next period (adaptations to the work plan of the next period) 

The activity will focus on the integration of the metadata and object repository, following the 

integration of all the other components. 

In the next period, in the context of this task we have to identify the tools that will be tested and the 

tests that will be carried out. Tools testing will be done initially by the developers. When they can be 

deployed they will be tested by partners other than the developers, in release format with 

documentation from the developers and before going on to pre-deployment training. 
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4 Conclusion 

The activities of WP3 are on time, with no major problems or deviations from the work plan. All planned 

milestones were fulfilled in time. The Integrated Repository Architecture & Design Specifications have 

been produced including the overall 3D-COFORM System Design. An alpha release of the Object and 

Metadata repositories is available for demonstration. 

There was a strong collaboration between the partners, helping to resolve important design issues.   
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