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1 Executive Summary 

 This report presents the activities of Work Package 6  (WP6) – Creating the 3D Collection Item - during 

the first 12 months of the 3D-COFORM project and describes the results achieved in this WP. The key 

achievements are: 

1. Development of detailed functional descriptions of the component tools to be delivered in this 

work package (see section 4). 

2. Delivery of the first software release of the Multilingual Support Library (see Section 4). 

No significant deviations or delays have been encountered, or are envisaged for the next reporting 

period. WP 6 is on schedule. 
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2 Introduction 

The goal of this Work Package (WP) is to provide tools that will enable a new approach for the study and 

analysis of Cultural Heritage (CH). These tools will allow scholars to access multimedia information in a 

sophisticated manner, which will include new searching functionalities, integrating in a single interface 

both textual and shape based search functionalities, retrieval functions based on materials 

specifications, and disambiguation of co- or cross-referencing between the different objects and 

documents represented. Multilingualism issues in query specification will be taken into account. We will 

design tools for the study and analysis of CH artworks (both a single artwork or a composite one, e.g. an 

archaeological site), which will support the cooperative analysis by a group of experts, making it possible 

to use the 3D data as the integrating index to the available knowledge (linking to the 3D shape all 

information and documentation available). Finally, new browsing metaphors and a tool will be provided 

to make possible browsing in an intuitive manner in large collections of 3D models, associated images 

and other data.  

The first preliminary activity of Year 1 was the elaboration of a complete list of the complete list of tools 

to be created in the Work Package and the role of each partner in the development of each of the tools. 

As it is common for a project with duration of four years, the most visible activity in the first year has 

been devoted to the design of the specification and interactions between the different applications and 

components that will constitute the final results of the 3D-COFORM initiative. The detailed functional 

specifications of each of these components are given in section 3. The other principal activity in this 

period was the delivery of the first release of the Multilingual Support Library, MLSL-1.0. This is 

described in section 4. 
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3 Work performed – Functional Specifications 

The list of tools to be developed under WP6 is as follows: 

Multilingual Support Library (MLSL). The Multilingual Support Library is a collection of utilities to 

support the linguistic needs of other 3D-COFORM components. The aim is to provide all language-

related functionality in one place, so that other component developers do not have to take language 

issues into account at all. The tool is intended to be a linguistic framework, able to support all the 

linguistic information needs of other components, including the provision of a lexico-syntactic layer 

which links to terms in the semantic thesauri, taxonomies and ontologies. This tool will be developed by 

the University of Brighton (UoB) with the collaboration of Centre de Recherche et Restauration des 

Musees de France (CNRS-LC2RMF) and the Centre for Documentation of Cultural & National Heritage 

(CULTNAT). 

Free-Text Encoding Tool, part of the activities of Task 6.1 – Processing Tools for Metadata, including 

Legacy Data and Metadata. A semi-automatic tool for encoding free texts coming from the Cultural 

Heritage (CH) domain into CIDOC-CRM using the features provided by the Multilingual Support Library 

and Multilingual Terminology Manager. The tool will be developed by UoB and PIN scrl - Servizi didattici 

e scientifici per l'Università di Firenze (PIN). 

Matching Tool, part of the activities of Task 6.1. The AMA framework from the EPOCH project will be 

extended and adapted to the 3D-COFORM needs for the development of a tool able to create mappings 

between legacy database structures and CIDOC-CRM ontology. The tool will assist the Legacy Database 

Converter/Extractor tool in the operations of semi-automatic encoding of legacy data. It will be 

developed by PIN and Foundation for Research and Technology, Hellas (FORTH). 

Legacy Databases Mapping/Extractor Tool, part of the activities of Task 6.1, will be a tool to capture the 

meaning of legacy databases and to describe it using the CIDOC-CRM ontology. The tool will work in a 

semi-automatic way according to the mapping information provided by the mapping tool. It will be 

developed by PIN. 

Multilingual Terminology Manager. The Multilingual Terminology Manager is the infrastructure where 

multilingual terms (of 16 languages) are stored and managed. It will be populated with terms and 

translations from CNRS-LC2RMF multilingual resources (thousands of Cultural Heritage specific terms 

translated in 16 languages), possibly for later manual refinement. Data from the multilingual 

terminology manager are fed to WP6 in order to transform free text object descriptions into structured 

metadata. It will be developed by FORTH in collaboration with CNRS-LC2RMF. 

Annotation and Smart Tagging Tool, Task 6.2. The purpose of this tool is to provide an intuitive 

semantic annotation and smart tagging framework that will allow users to manually establish 

relationships of 3D artefacts with textual comments and to specify the meaning of segmented parts as 
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efficiently as possible. The tool will guide the user by normalizing interactive (typed) comments to 

segmented 3D artefacts using the underlying ontologies and knowledge represented in the repository, 

keeping annotations persistent. It will be developed by Fraunhofer (FhG-IGD) and FORTH.  

Semantic Propagation Manager, Task 6.3. The manager is not a proper tool but it will be developed as 

an extension of existing (MeshLab) and newly developed (Annotation) tools and will be devoted to 

support preservation and consistent propagation through transformations of geometrically located 

semantics. It will be developed by Consiglio Nazionale Delle Ricerche - ISTI (ISTI-CNR) in collaboration 

with PIN. 

Co-reference Resolution Tool, Task 6.4. This tool will provide a set of services that will access implicit or 

explicit associations in 3D artefact collections and their metadata in order to resolve co-referencing 

issues during the different operations of data encoding and data mining. The tool will be developed by 

FORTH in collaboration with PIN. 

3.1 Task 6.1(a): Multilingual Support Library 

3.1.1 Purpose 

The Multilingual Support Library (MLSL) is a collection of utilities to support the linguistic needs of other 

3D-COFORM components. The aim is to provide all language-related functionality in one place, so that 

other component developers do not have to take language issues into account at all. This has two 

import benefits for the project: 

Comprehensive localisation of the user-interface, so that users can interact with the system in their own 

language, as far as possible independently of the language used by other users, curators, or even their 

own collaborators. 

Isolation of client tools from linguistic dependencies in the metadata repository, so that tools do not 

have to take into account metadata entered ‘in different languages’ (at the CIDOC-CRM level). 

3.1.2 Use scenario 

The user interface of any application typically includes many terms and phrases of natural language. 

Standard interface libraries, such as QT or Java Swing, provide support for localising basic terms (in 

menus, toolbars, pop-up messages etc.) to the user’s chosen language. However, knowledge-rich 

applications such as 3D-COFORM require more advanced localisation support, because of their 

specialised terminology, dependence on ontological and thesaurus terms, and more intensive use of 

text (for querying, annotating etc.). Hence they require additional support, which integrates seamlessly 

with standard localisation techniques where available, but extends to cover more advanced scenarios 

such as:  

 User wants to do keyword-based search in own language, or add keywords to an annotation.  
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 Application wants to display keywords in user’s language. (Here ‘keywords’ are any set of fixed 

terms used by the Repository for indexing etc.) 

 Application wants to allow users to refer to objects by name (in their own language), or select 

from a list, and needs to be able to validate the term used, and if possible convert it to a unique 

repository reference to use in later searches. 

 Application wants to display metadata (i.e. CIDOC-CRM network fragments) in linguistic form. 

 Application wants to support text-based queries (in the user’s own language), and display results 

in a linguistic form, and possibly engage in an extended dialogue with the user. 

 User is acquiring or processing data using 3D-COFORM tools, and annotating their actions in their 

own language. Other users would like to access those annotations later in other languages. 

3.1.3 Functional requirements 

The MLSL provides services for other client applications to use, to manage linguistic aspects of their 

interaction with users. These services are provided in three ways: 

1. Localisation support is provided by means of augmenting data sources used by existing 

localisation support tools. To make use of this support, applications need to be using the 

corresponding standard localisation libraries (and registering the 3D-COFORM-specific data 

resources with them as appropriate) 

2. Keyword, term and semantic management take the form of simple API calls which applications 

need to make to convert between linguistic and internal representations. 

3. Querying and annotation interfaces require the application to provide a suitable user-interface 

context into which the MLSL component can embed its GUI components. 

3.1.4 Provided Services 

Note: signatures and datatypes are indicative, not definitive. 

1. Localisation: Extension libraries support the same API as existing libraries (subclassing QTranslator 

in QT, or ResourceBundle in Java Swing). 

2. Keyword support: 

Keyword stringToKeyword( String s);  

String keywordToString(Keyword k) ;  
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3. Term support: 

Term stringToTerm(String s, Range r, Fuzzy f); 

TermList mapTermList(TermList t, Range r); 

TermList getTermList(Range r, TermCache c); 

4. Semantic support: 

Sem crmToSem(CRM crm); 

CRM semToCrm(Sem s); 

String semToText(Sem s); 

String semToText (Sem s); 

5. Controlled input tools: Query, annotation and dialogue tools build on an underlying GUI 

component which supports display, editing and submission of free text and controlled-text 

fields. This will be achieved through subclassing the parent component to specialize to different 

application cases (different partial parser modules, regeneration grammars, output post-

processing modules etc.). Assuming an asynchronous GUI framework, ‘submission’ will be 

achieved by invoking a client-supplied handler callback. 

3.1.5 Required services 

These tools do not require any additional services from other clients. 

3.1.6 Used data types 

3.1.6.1 IO data types 

The principal IO data types associated with the library are: 

 SPARQL queries and responses (including CIDOC-CRM entities and networks) 

 Text documents and text strings 
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3.1.7 Interfaces with the Repository Infrastructure (RI) 

 

Figure 1: IO block diagram for the ultilingual support library component 

 

Input from RI:  

Responses to SPARQL queries – entity identifiers or subnetworks of metadata structure 

Signature: queryRepository (sessionticket, sparql, modelID, objectCategory, modelQueryMode, 

shapeSampleID, shapeTerm, shapeFeatureVector, shapeQueryMode, materialSampleID, 

materialTerm, materialFeatureVector, materialQueryMode);  

Output to RI: 

 SPARQL queries to the metadata repository – term lookup, ext-based queries etc. 

Signature: queryRepository (sessionticket, sparql, modelID, objectCategory, modelQueryMode, 

shapeSampleID, shapeTerm, shapeFeatureVector, shapeQueryMode, materialSampleID, 

materialTerm, materialFeatureVector, materialQueryMode);  
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3.2 Task 6.1(b): Free-Text Encoding Tool 

3.2.1 Purpose 

The tool will manage all the non-structured raw text information regarding the 3D models and their 

creation process that is usually impossible to manage using “structured” tools, like RDBMS. It will offer 

the possibility to superimpose CIDOC-CRM entities to pieces of free text according to specific criteria in 

order to create a layer of CIDOC-CRM encoded semantic metadata referring to the original document. 

The Free-Text Encoding Tool is based on AMAText, a similar application previously developed by the 

Unit for Digital Documentation of the University of Oslo (Norway) in the framework of the EPOCH 

project. The new version of the application is going to be developed in collaboration with The Cyprus 

Institute (Cyprus) and will be used to encode the archaeological documentation produced during the 

excavation of the Hala Sultan Tekke Bronze Age site in Cyprus. It will be also tested on a set of free text 

documents provided by CULTNAT. 

In addition, UoB will develop an extension to the Free-Text Encoding Tool to support semi-automatic 

metadata extraction from text data. The Metadata Extraction component extends the Free-Text 

Encoding Tool by providing automatic analysis of the document, which speeds up the annotation 

process and may find relationships which are not obvious (for example, because they are not associated 

with a single particular phrase in the text). However, the extraction process is not perfect – it may miss 

some relations (even apparently ‘obvious’ relations), and it may find relations which are not valid. Hence 

this tool is only designed to be semi-automatic, relying on the user to check and possibly adjust the 

results before committing the metadata triples to the repository. The Free-Text Encoding Tool provides 

all the functionality required for checking and committing the results, but the Metadata Extraction 

component also extends its functionality by providing improved feedback to the user. It displays the 

extracted triples as natural language, so that the user can be more confident about what information 

has been captured. 

3.2.2 Use Scenario 

This tool will allow people working in the CH field to define semantic description for free-text 

documents, a category of data that is usually very difficult to manage and whose content is sometimes 

impossible to retrieve. By using the tool the CH expert in charge of this kind of document will have the 

possibility to associate semantic entities to portions of text to describe in a machine-readable way the 

“hidden meaning” of the text. CIDOC-CRM entities and properties will be provided for all these 

operations. At the end of the process, information will be stored and made available via the Metadata 

Repository, along with all the other similar semantic information stored therein. 

3.2.3 Usage  

The tool will mainly be used in two different ways. The most important feature provided by the tool will 

be the possibility to put a conceptual layer (annotation) on top of the formatted text using URLs/URIs. 

The user will have the possibility to select a portion of the text and to assign an annotation to it by using 
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the annotation features provided by the interface. As a second step, users will have the possibility to 

state relationships among annotations in order to create the machine understandable “description 

layer” on top of the source document. Alternatively, the user will be able to invoke the automatic 

extraction function, which will analyse the entire text and propose annotations for the user to review. 

All the information created in this way (annotations+relations) will be made available as an RDF code at 

the end of the annotation process, and sent to the Metadata Repository (MR). 

3.2.4 Provided Services and Used Datatypes 

The Free-Text Encoding Tool will take as input every kind of text document, either created with an 

advanced word processor (like Microsoft Word or OpenOffice Write), PDF or simply in ASCII format. At 

the end of the annotation process each document will be provided with a layer of semantic RDF 

encoded information, linked to the text using the URL/URI mechanism. A specific set of functions will 

generate this RDF information on the fly every time a new annotation or relation is established. The 

whole semantic stratum will be then sent to the Metadata Repository for storage and reuse. 

3.2.5 Interfaces with the Repository Infrastructure (RI) 

The Free-Text Encoding tool will directly interact with the 3D-COFORM Metadata Repository to store 

and retrieve annotations and relations linked to documents. 

3.2.6 User Interface 

AMAText, which forms the core of the tool we are going to develop, was a Java tool to be used as a 

stand-alone application. We have started to rewrite this application completely, so as to make it usable 

also on the web (see Figure 2). An additional feature of the new tool is the Annotation Description 

window (shown bottom right) which displays the current annotation information (the RDF triples) in a 

natural language form, to give the user better feedback on the information that has been captured. 
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Figure 2: Encoding tool user interface for free-text 

 

3.3 Task 6.1(c): Matching Tool 

3.3.1 Purpose 

The goal of the matching tool is to create matches between legacy database structures and CIDOC-CRM 

ontology. The matches defined with this tool will assist the Legacy Database Converter/Extractor tool in 

the operations of semi-automatic encoding of legacy data. 

The Matching Tool takes legacy datasets (databases, digital libraries metadata sets, structured 

documents) containing information and metadata regarding the 3D models as input. The result of the 

matching operations is the creation of a matching file in different formats to be used in other 

applications (i.e. the 3D-COFORM Semi-Automatic DB Conversion tools, see below). The tool will be 

developed by PIN in collaboration with CULTNAT. 
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3.3.2 Use Scenario 

The tool will allow CH professionals to describe the legacy data concerning their 3D models in a more 

standard way using the CIDOC-CRM ontology. They will be able to easily share this information, to 

integrate it with other similar descriptions coming from other institutions and to make it more 

accessible and easy to be retrieved .Matching is the first and most important step for the creation of 

semantic representations of existing metadata. The contribution of CH experts in this phase is crucial for 

the correct encoding of the information and for the exact definition of entities to be used. The Matching 

Tool is going to provide them with an easy and rather powerful way to perform all the necessary 

operations. 

3.3.3 Usage 

The matching operations start by connecting a local or remote source dataset (by using, for instance, 

ODBC or JDBC drivers). Once the connection is established, a tree representation of the dataset schema 

will be shown to users. It will be possible, then, to create matching of pairs of classes (1:1) between the 

source schema and the CIDOC-CRM ontology. Users can also define relations between classes in the 

mapped schema using the mapped class’ properties.  

The Matching Tool will also provide the possibility to add new classes, in case the existing ones are not 

sufficient to define relations. At the end of the matching process, a matching file will be created. The 

matching file will contain a generic XML representation of the matches. The matching file would be 

saved and exported in many formats to be used in different conversion scenarios. 

3.3.4 Provided Services and Used Datatypes 

The tool will provide a connection to local or remote databases, spreadsheets and similar structured 

documents, metadata stored in Digital Libraries, XML or RDF schemas. Once the chosen dataset is 

connected, its internal data structure will be immediately made available to the user for browsing and 

matching operations. When the matching process is finished, the application will generate matching files 

in multiple formats (including XML, RDF) and specific matching files for data conversion frameworks. 

3.3.5 Interface with the Repository Infrastructure (RI) 

The Matching Tool was conceived to be directly connected with the 3D-COFORM Semi-Automatic 

Conversion tool which will receive the matching file containing the conversion/extraction schema and 

will use it to perform the conversion/extraction operations accordingly. 

3.3.6 User Interface 

The Matching Tool is designed as a web application and is based on the AMA Tool, a flexible application 

developed as part of the AMA and EPOCH projects to facilitate the mapping of different archaeological 

and museum collection data models to CIDOC-CRM ontology. The interface will be adapted for the 3D-

COFORM framework and it will allow people to easily define mappings and relations. 
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3.4 Task 6.1(d): Semi-Automatic DB Conversion Tool 

3.4.1 Purpose 

The primary goal of this tool is the real time conversion and extraction of legacy data stored in RDBMS 

and other structured datasets. It will be created by PIN on top of D2R, a framework developed at the 

Freie Universität of Berlin and used for publishing relational databases on the Semantic Web. The tool 

will take advantage of the mapping schemas provided by the Mapping Tool to convert and extract 

dataset contents on the fly, to create semantic information by encoding it in RDF format, and to send it 

to the Metadata Repository developed by Work Package 3 – Repository Infrastructure. 

3.4.2 Use Scenario 

The tool will give CH professionals the possibility to convert information pertaining to their 3D models 

into a standard CIDOC-CRM format and to put these semantic data into the Metadata Repository to be 

shared and made immediately interoperable. This will improve the retrieval of descriptions concerning 

3D models using semantic features and the possibility to integrate this fundamental data with other 

similar ones (for instance, the semantic annotations assigned to 3D models using the Annotation Tool). 

3.4.3 Usage 

The conversion tool will be developed as an extension of the Mapping Tool, since its use is strictly 

related to the mapping process described above. Since the mapping process done by humans is always 

needed before conversion, the tool will be released as a semi-automatic and not a fully automatic 

application.  

First of all, the user will be asked to provide or choose an existing mapping file, containing the 

description of the source dataset and of the CIDOC-CRM mapping. Then he will be prompted to choose 

the final destination for the extracted data (the Metadata Repository will of course be the default 

destination, although it will be possible for users to choose a different one, if required). 

The tool will then commence the conversion of the legacy data to CIDOC-CRM, followed by the export 

process, which will send all the RDF encoded semantic information of the original archive to the final 

destination (MDR).  

3.4.4 Provided Services and Used Data Types 

Since the conversion/export mechanism of the tool will be based on the same engine used for the 

Mapping Tool, the source dataset suitable for the conversion/exporting process are the same ones 

compatible with the Mapping Tool itself (as described in Section 2.5 of this document). 
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3.4.5 Interface with the Repository Infrastructure (RI) 

The DB Conversion tool will be directly connected to the 3D-COFORM Metadata Repository. Users will 

also have the possibility to define a different target for their converted metadata (i.e. an RDF document) 

to be used in different contexts. 

3.5 TASK 6.1(e): Multilingual Terminology Manager 

3.5.1 Purpose  

The multilingual terminology manager is the infrastructure where multilingual terms (of 16 languages) 

are stored and managed. It will be populated with terms and translations from CNRS-LC2RMF 

multilingual resources (thousands of Cultural Heritage specific terms translated in 16 languages), 

possibly for later manual refinement. Data from the multilingual terminology manager are fed to WP6 in 

order to transform free text object descriptions into structured metadata. 

3.5.2 Functional requirements 

Users must be able to retrieve multilingual terminology and thesaurus related terms (such as narrower 

terms, related terms, translations etc.).  This functionality is requested mainly by other 3D-COFORM 

components i.e. MLSL.  

Users must also be able to interact and manage the thesaurus, to create/update/delete terms and their 

translations and to create/update/delete relations (BT,NT, RT, UF etc) with other terms. 

It may also be used by the Query Manager of the Repository Infrastructure (QM of the RI) in order to 

expand queries on specific terms to queries on the terms and their related terms (such as query on a 

term and all its narrower terms). 

3.5.3 Provided Services 

The Multilingual Terminology Manager can be a free standing tool with it own GUI, independent of the 

IVB that will support user interactions and maintenance workflow, including the interfaces to 

add/modify/delete terms and hierarchies. 

An API can be provided in order to be used by IVB tools to support display and editing of terminology 

information. 

The basic terminology management functions, for both API and the free standing tool, include a) create, 

delete, and update hierarchies of terms, b) create, delete, and update terms and their translations and 

c) create, delete, and update relations of terms  with other terms (BT,NT, RT, UF etc). 
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3.5.4 Required Services 

Data should be provided beforehand in order to be transformed to a format that is acceptable for bulk 

loading in the manager (data is provided by CNRS-LC2RMF multilingual resources). 

3.5.5 Used Data Types 

The Multilingual Terminology Manager takes specific types as input and gives specific types as output, as 

described below:  

Input: Terms and hierarchy names in plain text format (preferably UTF8) 

Output: The output data types are Terms and hierarchy names in plain text format (UTF8) 

3.5.6 Interfaces with the Repository Infrastructure (RI) 

RI Input: 

None 

RI Output: 

None 

3.6 Task 6.2: Annotation and Smart Tagging Tool 

3.6.1 Purpose 

The objective of Task 6.2 for the first year of the project is to define the functional specifications of the 

annotation component. In order to advance towards this objective, we have had a consultation with CH 

professionals of the Victoria and Albert Museum (VAM) in London. We have compiled a set of examples 

describing the state of the art (e.g. shape annotator by IMATI), aiming at promoting brainstorms and 

discussions on the scenarios and workflows of the annotation component, as well as at identifying the 

needs, priorities and challenges. Some of these are: 

 Intuitive and efficient interaction in 3D 

 Definition of regions for different types of objects (2D or 3D) 

 Automatic generation of 3D documents 

We have also developed a rapid prototype for annotating 3D artifacts, which was also presented at 

VAM; in order to prove some concepts, which can help us to develop the functionality further. The 

implementation is based on OpenSG 2.0, QT and C++. Figure 3 presents the prototype. 
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Figure 3: Rapid prototype for annotating 3D artifacts 

The aim of the annotation component is to link existing multimedia objects with other multimedia 

objects (graphical representation in Figure 4). This functionality enables the enrichment of the semantic 

network. This component will deal with the user interaction and visualization of the annotations and 

with the administration and communication with the RI. 

 

 

Figure 4: Pre- and post-conditions of the annotation component 

 

Annotations are metadata about the associations between a primary object and its metadata in cultural 

heritage and all related resources and knowledge, in order to achieve information integration and 

enable efficient access, use, reuse and preservation of that knowledge. The primary object can be a 

photo, a 3D artifact, a text, etc. or a certain portion of them, defined by the term region. 
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3.6.2 Definition and terminology 

Before proceeding further, a definition of some important terms will be provided: 

 Annotated Object: The object that is associated with another in the annotation (e.g. an object of 

the RI or a region of an object).  

 Annotation Object: The association between the annotated objects (e.g. a relationship). 

 Annotation: The metadata describing the associations between the annotated objects, 

represented in an RDF format.  

 Region: Region is a part (of any shape or size) of interest in an Object stored in the OR. It is not 

itself an Object (like segments are). The Object on which a region is declared can be a text, an 

image or a 3D artifact. All regions of an Object are defined in the RegionTable (XML file) of that 

Object, in a METS compatible format. Since METS does not cover the case when the Object is a 

3D artifact, there is the need of expanding the schema, which METS provides.  Regions are 

mostly used for annotations. 

3.6.3  Use scenario 

This scenario is about two 3D digitized artifacts of the same piece of sculpture. The primary 3D artifact 

represents the work in the gallery and the secondary 3D artifact represents the work during restoration. 

The CH professional wishes to establish links between these two 3D artifacts or between parts of them. 

They will additionally need to link paintings, bibliography or any other information regarding the artist 

or the object. Other important features may be details of the face, the back of the sculpture, etc. 

3.6.4  Functional requirements 

In the following section, we derive functional requirements from the annotation scenario as described 

above. Three fundamental questions can be stated to structure the requirements, to derive use cases 

and finally draft a UI concept for the annotation functionality: 

a. What to annotate? 

b. Which kinds of annotations? 

c. How to annotate? 

 

3.6.4.1 What to annotate? 

The annotation scenario reveals the following requirements in terms of what to annotate: 

 Text 

 Pictures 

 3D artefacts 
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It should be possible to assign an annotation to: 

 the whole annotated object (see Figure 5)  

 a region of an annotated object (see Figure 6 and Figure 7) 

 

 

Figure 5: Example of an annotation for the whole object 

 

Figure 6: Example of an annotation for a region of an object 

 

Figure 7: Example of an annotation for a region of an object 

Of course, there can be many annotations to the same or overlapping regions and one annotation can 

be assigned to more than one region. This implies on the technical level a set of selection mechanisms. 

This picture shows the Nollekens bust of Pitt. 

This region contains sculpture of textile clothing. 

At this position some repair to the nose might have 

been done. 



  3D-COFORM D.6.1 (PUBLIC) 

21 

 

3.6.4.2 Which kinds of annotated objects? 

From the scenario description, the following list of types of annotated objects can be deduced: 

 texts 

 images/pictures 

 videos 

 audio files 

 other 3D artifacts 

 same 3D artifact  

Basically all objects in the repository serve as objects that can be annotated and / or linked with other 

objects by annotations. I.e. annotations can be attached to one or multiple annotated object by the 

following kinds of links, which are bidirectional: 

 unary 

 binary 

 n-ary.  

 

3.6.4.3 How to annotate? 

For the initial development of the annotation component, a limited set of interactions is going to be 

considered, but this set will be further extend throughout the project. The following options will be 

provided: 

 define anchor (point, segment, region, whole object) 

 input text 

 link with existing information (possibly using drag and drop) 

3.6.5  Use cases 

The use cases describe typical actions, which a CH professional can accomplish with the user interface of 

the component (see Figure 8). 
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Figure 8: Annotation use cases 

Table 1 describes the annotation use cases. 
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Table 1. Description of the use cases for the annotation component 

Use case Description 

Retrieve The user can retrieve existing annotations of the visualized 3D artifact from the RI. 

Filter The user can filter the annotations by defining properties like author, date, etc. 

Select Selecting one or more annotations is needed, in order to move or delete the 
graphical representation of the annotation. 

Hide  This action is important, when a set of annotations block the view of an interesting 
part of the object, which the CH Professional wants to inspect in that moment.  

Show  Show annotation is the counterpart of hide annotation and should reset the 
visibility of all hidden annotation objects. Resetting the visibility works only on 
hidden annotations. 

Move  The operation move annotation should enable the user to shift the graphical 
representation of the annotation to other place. 

Create anchor  The annotation component needs an anchor to define the place of the link between 
the multimedia object. A CH user can define as an anchor a whole object, a specific 
point on the object, a segment of a 3D artifact and region on the object.  

Set type  This component should support at least three different types of annotated objects: 
text, images and 3D artifacts. 

Create This action starts the creation process. According to the settings (anchor mode and 
type of the annotated object), the creating process runs through different steps. 

Link To link other objects, the user has to select an already created annotation and then 
to choose link. It should be possible to link any types of multimedia objects. This 
action can be performed more than once, thus it is possible to create one to n 
relations between objects. 

Delete This action should erase a selected annotation.  

Ingest This operation ingests the new annotations to the RI. 
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3.6.6  Provided Services 

The annotation component enables the enrichment of the semantic network by means of generating 

new relationships between multimedia objects. This process encourages the reconstruction of history, 

allowing (more) people to access such information. The annotation component will also provide the 

navigation and manipulation interfaces for the graphical representation of the annotated object. This 

component is used by the user and will be part of the viewing capabilities of the IVB, since something 

needs to be viewed before it can be annotated. 

3.6.7  Required services 

In order to define the required services of the annotation component, we will first identify the required 

input data: 

 Multimedia objects 

 Existing annotated objects 

 Thumbnails 

 Existing segments 

 Existing regions 

As output data, the annotation component will generate: 

 New annotated objects 

 Anchor (point, segment, region or whole object) 

The annotation component will require viewing and the navigation functionality from the 3D model 

viewer component. It will also require the functionality from the browsing components in order to 

enable the exploration of the multimedia object, which is going to be linked. The annotation component 

will also require information from the RI and will ingest information in the RI.  

3.6.8 Conceptual Component Architecture 

This section presents the building blocks of the annotation component. Figure 9 shows the conceptual 

architecture of the component and its relations with the 3D-COFORM Browser, the 3D-COFORM 

Repository Infrastructure and within the 3D-COFORM Viewer Interface. 
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Figure 9. Conceptual Architecture of the annotation component. 

3.6.9  Used Data Types 

Annotations relate various types of items (annotated objects), which are identified by their UUID or URI. 

Such types are:  

 Objects of the OR: A user can annotate a whole data file that is stored in the OR. This file is 

uniquely identified by a UUID, given to the file during the ingestion procedure into the RI.   

 Regions of objects: A user can annotate a specific part of interest (region) of an Object stored in 

the OR. The regions are uniquely identified by pseudo-UUIDs of the proposed format: 

“file_UUID”:/#Region/”RegionNo” and are stored in the Region Table of the Object they belong 

to. As described in the RI section, a region is defined by a string (xml formatted) which is 

compliant with METS.  

 Persons, places, events, etc: A user can create annotations that associate an object or a region of 

an object with a specific person, place, event etc that is identified by a URI or UUID. 
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3.6.9.1 IO Data Types 

The Annotation component takes specific types as input and gives specific types as output, as described 

below:  

 Input: The input data types are UUIDs or URIs as described above. 

 Output: The output data types are RDF files, describing the generated annotations. As metadata 

files, they are stored in the OR as blobs and in the MR as RDF triples that form a semantic 

network. The RDF files are based on the Annotation Model that has been defined as an 

extension of CIDOC-CRM (see Figure 10) 

 

 

 

Figure 10: Annotation Model 

The Annotation model has two basic entities: the Annotation Event and the Annotation Object. The 

Annotation Event is the parent event that creates the Annotation Object. The Annotation Object is the 

entity describing the association between the annotated objects. In the model so far, we have three 

sub-classes of the Annotation Object: Comment, Relationship and Classification, each one of which has 

specific links to the annotated objects. The “Comment” annotation object is used to make a comment 

on the annotated object. The “Relationship” annotation object is used to relate the annotated object 

with another. The “Classification” annotation object is used to classify the annotated object in a 

category. However, more extensions are possible to be made in the classes or links, if the needs of the 

components that use the Annotation Component require them in order to describe more specifically the 

associations. 
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D29 Annotation Object 

annotates: E28 Conceptual Object 

D30 Annotation Event 

created annotation: D29 Annotation Object 

D33 Comment 

comments: E28 Conceptual Object 

D32 Relationship 

relates: E28 Conceptual Object 

relates with: E28 Conceptual Object 

D31 Classification 

with concept: D34 Concept 

E28 Conceptual Object 

is region of: E28 Conceptual Object 

 

3.6.10 Interfaces with the Repository Infrastructure (RI) 

The annotation component retrieves object data (orange arrow) and / or metadata (red arrow), 

processes from the RI and it ingests the output / result back into the RI. The annotation component will 

handle annotations e.g. create, select, show, hide, move, filter, retrieve and ingest. The anchor point of 

the annotation can be a segment, region (bunch of triangles) or a point (position)) and it is defined by 

user interaction. The viewer (where the annotation component is going to be integrated) should provide 

the functionality to retrieve a structured 3D artifact, in order to enable the selection of segments. Figure 

11 presents the data flow between the annotation component and the RI.  
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Figure 11: IO block diagram for the annotation component 

The interaction of the Annotation Component with the repository is done through the RI API. More 

specifically, the Annotation Component will call the following functions depending on the action that is 

going to be performed by the component:  

Input from RI: 

A metadata file: The metadata file describing specific annotations  

Signature: 

retrieveDataFile (sessionticket, destinationDir, fileID); 

An object from the OR: The object to be annotated 

Signature: 

retrieveDataFile (sessionticket, destinationDir, fileID); 

Regions: The already existing regions of an object 

Signature: 

getRegionTable(sessionticket, fileID); 
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Existing annotations: Annotations, which belong to a certain object, in a triple or graph format. 

Signature: 

queryRepository (sessionticket, sparql, modelID, objectCategory, modelQueryMode, 

shapeSampleID, shapeTerm, shapeFeatureVector, shapeQueryMode, materialSampleID, 

materialTerm, materialFeatureVector, materialQueryMode); 

queryGraphRepository (sessionticket,sparql); 

Output to RI: 

Create new region/Delete region: New regions added to the Region Table of an object /Deleted regions 

from the Region Table of an object 

Signature: 

createRegion (sessionticket, fileID, regionData); 

deleteRegion (sessionticket, fileID, RegionID); 

New/updated annotations’ metadata file: Created or modified annotations saved in RDF files during a 

session. 

Signature: 

ingestFile(sessionticket, filename, Data-OR-struct, MR-metadata-filename, MData-OR-struct, 

consistencyAssertion);  

updateMetadataFile(sessionticket, fileID, MR-metadata-filename, consistencyAssertion); 

 

3.6.11 User Interface sketches 

The annotation component will be part of the 3D-COFORM Integrated Viewer Browser (IVB). 

Nevertheless, this initial description will only consider the functionality of the annotation component 

itself. Figure 12 shows a draft idea of the user interface for the annotation component. This idea will be 

revised, based on the initial design of the IVB. 
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Figure 12: User interface sketch for the annotation component. 

3.7 Task 6.3: Semantic propagation along the model 

transformation process 

Managing the propagation, along the entire model transformation process, of the information that is 

geometrically linked to 3D objects is not an easy task. 

Our initial activity on Task 6.3 has been focused on investigating what are the basic tools needed to 

support these functionalities inside MeshLab and, at the same time, which changes to the architecture 

of MeshLab should be introduced to fulfill this goal. 

As a result of this designing activity, the latest version of MeshLab has been released with an improved 

set of functionalities that allow to propagate attributes between different representations of the same 

3D object. As an example, we are supporting the transfer of the following attributes between different 

mesh representations: 

 color 

 normal 

 generic scalar attributes 

 selection 

We have also worked on the fact that the storing of the attribute can be organized in a different way in 

the different representation and, for example, we allow the propagation of color information that is 

stored as a texture into a color-per-vertex representation on a different mesh. 
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3.8 Task 6.4: Co-referencing resolution tool 

3.8.1 Purpose 

In the object description (meta)data we generally expect that "named entities", such as people, places, 

objects, and events, are referred to with different names or identifiers. Even the good practice in RDF to 

declare URIs for all those entities rather increases the number of identifiers in use in the first 

application. It is often very hard even with good "duplicate detection tools" to find two names or 

identifiers to refer to the same thing. In case of names, this is even dependent on the context of the 

reference.  

We define Co-reference as the annotation of specific knowledge regarding named entities (persons, 

places, objects, events) in different documents that a reader can detect and identify as “this is the same 

as that”. 

The purpose of the 3D-COFORM Co-referencing resolution component is to enable the user to annotate 

equalities or associations extracted from digital objects by interpretation between different names or 

identifiers and thus build a co-reference semantic network. 

 

Figure 13: Co-reference schema 
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3.8.2 Functional Requirements 

3.8.2.1 External/Integration Requirements 

Users must have the possibility to annotate equalities by interpretation between different names or 

identifiers whenever they come across it. The stated equalities must be exploited by formal query 

processing. Therefore the co-referencing resolution component is not just an annotation tool, but it 

interacts with the query logic of the MR. Furthermore, there are consistency conditions between 

multiple user inputs that need to be evaluated. In particular, users may denote positive, negative, or 

probable co-reference, and not just "same-as" as defined in OWL. The component needs to handle the 

large number of researchers creating co-references and to value their credibility. 

Co-reference links are transitive, the closure can be calculated and automated consistency checking is 

feasible but there is a significant computational overhead since we must deal with long chains of co-

reference links. The co-referencing resolution component should implement a repair mechanism for 

“broken” chains, due to conflicts and negotiation outcomes. 

The lower level component needs to manage the co-reference logic; a suitable GUI must be integrated 

into all tasks where co-reference might become apparent. 

The co-referencing resolution component will work on the identification of specific knowledge on 

persons, places, objects and events based on a conceptual schema for co-reference links that will be 

defined as an extension of CIDOC-CRM and the annotation conceptual schema. 

The co-reference links are stored in the Metadata Repository (MR) as RDF triples. 

3.8.3 Provided Services 

The co-referencing resolution component can be a free standing tool with its own GUI, independent of 

the IVB that will support user interactions and maintenance workflow, including the interfaces to co-

reference detection services, and tools to generate citation indices for scholarly publications for co-

reference files. 

An API can be provided in order to be used by IVB tools to support display and editing of co-reference 

information. 

The basic co-reference link management functions include create, extend, merge, split, pull, and push ID 

between authority services, content collection indices, as well as consistency management i.e. duplicate 

detection, detection and resolution of false connections. 

Management functions to create, curate, publish and merge complete co-reference files. 
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3.8.4 Used Data Types 

3.8.4.1 IO Data Types 

The co-referencing resolution component takes specific types as input and gives specific types as output, 

as described below:  

Input: The input data types are UUIDs or URIs. 

Output: The output data types are RDF files, describing the generated co-references. As metadata files, 

they are stored in the OR as blobs and in the MR as RDF triples that form a semantic network. The RDF 

files are based on the Co-reference Model that will be defined as an extension of CIDOC-CRM. 

3.8.5 Interfaces with the Repository Infrastructure (RI) 

The interaction of the co-referencing resolution component with the repository is done through the RI 

API. 

RI Input: 

Existing co-references: A chain of co-reference links, which belong to a certain object, in a triple or graph 

format. 

Signature: 

QueryRepository (sparql) (in order to retrieve the proper co-references) 

repositoryGraphQuery(sparql) (in order to retrieve the proper co-references in a graph form) 

An object from the OR: The object to be co-referenced 

Signature: 

retrieveFile (…) (in order to retrieve a file to be co-referenced) 

A metadata File: The metadata file describing co-reference links in order to make an update 

Signature: 

retrieveFile (…) (in order to retrieve the metadata file to update it) 

RI Output: 

New/updated co-reference metadata file: Created or modified co-references saved in RDF files during a 

session. 
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Signature: 

ingestFile (…) (in order to ingest in the RI the new metadata file ) 

updateMRMetadataFile(..) (in order to update an already existing metadata file) 
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4 Work performed – Software deliverable MLSL-1.0 

The Multilingual Support Library (MLSL) is a collection of utilities to support the linguistic needs of other 

3D-COFORM components. The aim is to provide all language-related functionality in one place, so that 

other component developers do not have to take language issues into account at all.  

In the first year of the project, we have delivered: 

 A component description for the MLSL (incorporated into deliverable D3.1) 

 A more comprehensive functional specification for the MLSL (see section 10.1) 

 The software deliverable MLSL-1.0 (see the technical overview in section 10.2) 

The software deliverable MLSL-1.0 is the stage 1 delivery of the MLSL, focusing on static data delivery to 

support interface localisation and simple language-sensitive access to metadata entities and relations. It 

is a beta-release of basic support for multilingualism, delivered relatively early in the project so that it is 

available for integration into other components as they are developed. However, early delivery also has 

its drawbacks, as design and implementation decisions in the project as a whole may not be fully 

stabilised, resources required for full delivery may not yet be available and target environments for 

thorough testing may not be in place. The key objective is to provide a framework that other developers 

can engage with, and to achieve this we have focused on: 

1. delivering interfaces for Java (Swing), and C++ (QT) where possible; 

2. populating knowledge resources (lexicons, thesauruses etc.) sufficiently for proof-of-concept 

(with the expectation that resources will be enhanced, initially in support of the Year 1 review 

demonstrator, and then in subsequent releases of the MLSL package); 

3. providing a simple test harness, in the form of a Java application which exercises and 

demonstrates the facilities provided, although it does not aim to provide any practical 

functionality directly. 

Further technical details of the package are provided in the section 10.2, and in the package itself. 
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5 Deviations from the workplan 

The work plan for the first year project has been fulfilled according to the DoW. Hence, there is no 

deviation at this moment. 
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6 Plans for the next period (adaptations to the work 

plan of the next period) 

In the first part of the next reporting period, UoB and PIN will collaborate to incorporate the MLSL-1.0 

deliverable into the current version of the Free-Text Encoding Tool.  This will provide a more substantial 

proof of concept for the MLSL, and be a first step on the way to developing an integrated text 

annotation and extraction tool. This will be demonstrated at the first project review. 

PIN will develop and test the first beta versions of the Matching Tool and of the Legacy Databases 

Mapping/Extractor Tool according with the work plan. Both of them will be tested using the data that 

will be provided by CNRS-LC2RMF and CULTNAT. 

FORTH and FHG-IGD will continue, according to the work plan, with the implementation of all the tools 

(Multilingual Terminology Manager, Annotation and smart tagging tool, Co-referencing resolution tool) 

in order to have beta version by Month 24. 

For the annotation component we will further progress and implement the designed functional 

specifications; in order to continue the development. This development will be performed in different 

phases. First, a basic functionality will be implemented and tested with internal users within the 

consortium. These assessments will be considered for the second development phase, in order to 

further improve the functionality and to develop more sophisticated interaction options. The following 

topics are planned for the next period of the project: 

 Implementing a pre-alpha release for assessment and usability studies 

 Developing unary annotations for 3D artefacts 

 Integrating the component with the IVB infrastructure 

 Establishing the communication with the RI 

 Extending the annotation possibilities to multimedia objects and n-ary links 

 Optimizing the usability of 3D interaction metaphors 

More generally, the main work of the next year is the initial software development associated with the 

tools described above, leading up to delivery of beta-release versions of the main tools at Month 24. 
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7 Conclusion 

The main goal of Work Package 6 in the first year has been the development of specifications for the 

component tools and the delivery of the first release of the multilingual Support Library. Both these 

goals have been successfully achieved, and the work package remains on schedule for delivery of initial 

beta-release versions of the software components at the end of the second year. 
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