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2 Executive Summary 

This deliverable describes the activities carried out during the fourth year of the 3D-COFORM project 

within Work Package 6 (WP6) by the different partners and describes the results achieved by this work 

package. 

  



3D-COFORM D.6.4 (PUBLIC) 

6 

 

3 Introduction and Objectives 

Work Package 6 has developed a set of tools for the creation, the management and the integration of 

text metadata related to cultural digital objects and graphic processing. We have provided state of the 

art technologies to enable generation of standard metadata from legacy information, annotation and 

metadata creation on top of digital objects and texts, technologies for the preservation, the reusability 

and the consistent propagation of metadata alongside different digital objects and tools for the 

management and the resolution of co-references issues.  

In Year 4 we have consolidated the WP6 toolset to make it more stable and efficient. Tools have been 

also tested separately and in an interoperable framework in different contexts to prove their efficiency 

and usability. Year 4 activities of WP6 are discussed below. 
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4 T6.1 – Processing Tools for Metadata 

4.1 Multilingual Terminology Manager 

4.1.1 Work planned 

The purpose of the Multilingual Terminology Manager is to handle the vocabularies and types that are 

used in the 3D-COFORM Repository. As presented in Year 3 report (“T6.1 – Processing Tools for 

Metadata”) the Multilingual Terminology Manager service was based on the WebTMS application, a 

web-application for multidisciplinary bilingual thesaurus presentation and management that is based on 

ISO 2788 and uses a simple proprietary XML-format for importing and exporting data.  We planned to 

extend the WebTMS application to support multilinguality. 

4.1.2 Work performed 

We made publically available the Multilingual Terminology Manager service under the URL: 

http://139.91.183.203:8280/WebTMSAAT. We also extended the WebTMS application to support 

multilinguality, and we now provide this new functionality as an added service. The Multilingual 

Terminology Manager can dynamically define new languages. Currently it is set to use Czech, Danish, 

English, German, Greek, Spanish, French, Irish, Finish, Hungarian, Italian, Portuguese, Swedish, Polish, 

and Dutch. The manager administrator is able to add any language.  

In the following figures we present the AAT thesaurus hierarchies loaded and accessible by the 

Multilingual Terminology Manager service, and the interface for adding new languages to the Manager. 

We have also totally re-engineered our library of methods for converting thesaurus data from one 

format to another (ThesaurusFileConverter java library, is now in version 2.0, and is provided as source 

code via the central FusionForge development repository of 3D-COFORM). We used the new library to 

convert the AAT thesaurus data from AAT XML proprietary format to SKOS RDF-format. We have also 

converted the resulting SKOS RDF-formatted data to the WebTMS XML proprietary format and loaded 

the AAT thesaurus to both Multilingual Terminology Manager service and Metadata Repository. 
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Figure 1: AAT thesaurus hierarchies 

 

Figure 2: Interface for adding new languages to the Manager 
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4.2 3D-COFORM Mapping and Exporting Tool 

4.2.1 Work Planned 

The 3D-COFORM Mapping Tool provides many features to facilitate CH users in performing meaningful 

matching operations in order to convert their legacy archives into CIDOC-CRM compatible RDF. 

Operations include the possibility to define mapping schemas between the legacy DB structure and the 

CIDOC-CRM, to describe valid paths of entities and relations by using CIDOC-CRM classes and properties, 

to define namespaces to be used during the exporting process and to create valid identifiers for relevant 

mapped elements. 

The tool also gives the possibility to enrich the resulting RDF by using concepts coming from thesauri, 

thanks to a SKOS framework already included in the tool interface. 

4.2.2 Work Performed 

The Mapping Tool has been consolidated during Year 4 and now it offers all the features allowing the 

user to perform every type of mapping among legacy archives and CIDOC-CRM ontology.  

One of the main features provided is the visualization of the schematic representations of legacy 

databases (Figure 3). The tool accepts XML, XSD, RDF and SQL as input and offers in output a tree view 

of the legacy schemas described therein. To perform the schema matching operations towards CIDOC-

CRM, the tool also provides an Ontology Browser able to visualize the whole CIDOC-CRM schema 

according with semantic rules and to slice the model according to the chosen entities and properties and 

to create domain/range views of the available elements in a dynamic way (Figure 4). 
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  Figure 3: Mapping Tool Main Interface 

 

After the mapping of the various legacy elements has been performed, a mapping schema is produced. 

The mapping schema, once defined, can be saved/reloaded, visualized and edited using the specific 

functionalities provided by the Mapping Tool interface. Other features include the possibility to describe 

namespaces and to define policies for the creation of the identifiers for the new entities (URN/UUID). 

The rules for the URN/UUID creation are usually defined by IT experts according with the identifiers of 

the legacy databases, but can be also automatically performed by reading the mapped elements (Object 

URN is automatically created if the corresponding mapped class is a CIDOC-CRM Object, and so on). At 

the end, the XML Mapping Schema file containing all the matching information is created and made 

available for the exporting operations. 
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Figure 4: Mapping Tool: Ontology Browser Interface 

The exporting framework, which is now integrated into the same application, is intended to combine the 

generated mapping files (in FORTH Mapping Format) with the representation of the data stored into the 

source legacy databases, to perform the actual data conversion towards a CIDOC-CRM compatible RDF 

format. At the end of the export process, the resulting RDF-encoded semantic information of the 

original archives can be saved locally, shared on the web, or automatically sent to the Metadata 

Repository (MR), a triple store created by the 3D-COFORM project for data publication on the Web and 

LOD sharing (Figure 5).  
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  Figure 5: Mapping Tool: The Exporting Interface 

4.2.3 Advance in state of the art 

The 3D-COFORM Mapping and Exporting is the first tool able to perform semantic mappings between 

legacy databases and the CIDOC-CRM. It provides intuitive interfaces to browse and select suitable 

entities from the CIDOC-CRM ontology to encode on the fly legacy information in CIDOC-CRM RDF 

triples. The tool is intended to ease the work of database administrators in encoding and extracting 

semantic information from their archives, to transform them in a semantic format, to put it in a 

standard format easily shared and exchanged over the Internet. 
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5 Task 6.2 Annotation and smart tagging tool 

5.1 Work planned 

The annotating component will be consolidated during the last year of the project. The new developed 

interface and interaction concepts will be tested with CH professionals and included in the deployment 

experiments as part of the IVB (WP7). 

5.2 Work performed 

The technical effort for the fourth and final year of the project was focused on serving the practitioners 

in their real environment and within the established workflows. Thus, the development in this period 

addressed these requirements rather than new risky and unstable features. This was realized by means 

of re-directing some of the technical resources, in order to consolidate the more matured and promising 

components. In the context of this prioritizing process, Fraunhofer decided to reallocate 8 PMs from 

Task 5.2 (Fraunhofer originally had 26 PMs, reducing its overall effort to 18 PMs), in order to strengthen 

the development of the Integrated Viewer / Browser (IVB). In other words, Fraunhofer’s effort in Task 

6.2 (3D Annotating) was increased by 4 PMs from 12 PMs to 16 PMs and Fraunhofer’s effort in Task 7.1 

(3D Viewing) was increased by 4 PMs from 18 PMs to 22 PMs. 

Theoretical Aspects of the 3D Annotation Tool (integrated in the IVB) 

3D annotation is the mechanism for enriching shapes with semantics, allowing the association of 

relevant information with user-selected portions of the shape. The result is an annotated shape or a 

semantically enriched shape. This abstract view of the shape combines the geometric description, 

contextual information and knowledge of the represented object, as well as the created relationships. 

As shown in Error! Reference source not found., this process usually starts with a 3D shape and involves  

i) defining the geometric structure of the 3D shape,  

ii) structuring the information and knowledge which will enrich the 3D shape,  

iii) implementing a mechanism to create an annotation, as well as  

iv) representing and storing the annotation. 
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Figure 6: Building blocks of the 3D shape annotation process. 

 

A requirement prior to annotating a 3D shape is to understand its intrinsic structure. This is because an 

annotation can refer to the whole shape, a portion, multiple portions, a single point or several points on 

the shape. There are different techniques to understand the 3D shape ([MSSPS07], [DFMPP11]) and to 

formulate such a geometric definition ([SF09]), including sketching, painting, outlining, fitting, 

segmenting and structuring. These techniques can operate manually, semi-automatically or 

automatically, depending on the degree of automation and therefore of the required user involvement. 

A comparison of segmentation techniques and of the different principles which drive segmentation are 

discussed by Shamir [Sha08] and Chen et al. [CGF09].  

Mechanisms for annotating 

Generally, 3D annotating involves a mechanism to combine the geometric description and the 

information related to the 3D shape. Different mechanisms have been proposed, which vary depending 

on i) the application domain; ii) the degree of user intervention that they require; iii) the technology 

which supports them; and iv) the degree of structured information which they involve (ranging from 

highly structured information to free text). In its majority, most systems use semi-automatic 

mechanisms, which normally require a degree of user intervention to define an annotation. Examples 

include a mechanism to manually annotate a master 3D shape and then automatically propagate the 

annotations to a dataset ([SSS10], [KHS10]). Manual mechanisms usually involve user driven geometric 

definition and the association of either structured information, ([ARSF07], [PDF09], [FPC08], [ARSF09], 

[PDF10]) or free text ([HG10]). This type of manual mechanism usually requires a user interface or 

annotation tool; where a graphical user interface (GUI) allows the user to enter free text, select some 

text from a menu, or select an item from a diagram. 

Representations of the annotation 

The approach used to structure, store and transmit the annotating process output is of great relevance 

to the annotation's indexing, retrieval and reutilisation. Nevertheless, there is no agreed format for this. 
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Current research indicates two main strategies for supporting the stability and preservation of the 

annotation: 

 Persistent annotations: these store the annotation in a database based on a semantic model. 

The model describes the associations or relations between different media and this is built as 

the annotating process takes place [ARSF07], [ARSF09], [PSSD11], [ope], [HCSVdS10]). 

 Transient annotations: these store and transmit annotations in a data file. Some examples 

include, the use of MPEG-7 ([mpe]), VRML/X3D ([JDG99], [PG11]}, [PDF10]), and COLLADA 

([HSB09], [RMA09]), among other formats. 

Although these and other initiatives described in the above sections have produced useful results, the 

technologies available to support 3D annotations do not offer an integral solution. Thus, this remains an 

active area of research ([HF07], [SF09], [TSB10], [KFH10], [CMSF11]), where different challenges need to 

be solved to fully support a semantic enrichment pipeline. Some of these include: 

 automatically extracting information from a 3D shape; 

 modelling semantic information; 

 automatically linking it to the 3D shape; 

 using standards to store, interoperate, and preserve annotations in the long term as only a few 

existing 3D data formats support semantic markups. 

Enriching 3D collections by means of annotations 

Our solution aims to overcome some of the challenges in this area. In particular, the focus is on using a 

standardized semantic model, in order to represent the annotations and their linkage to the 3D shape, 

such that an entire 3D collection can be supported. This solution aims to produce a semantically rich 

network of multimedia information, including 3D data, which facilitates the preservation and monitoring 

of tangible heritage. 

In order to support the annotation of a 3D collection, we are using the Repository Infrastructure (RI). 

This integrated infrastructure supports storing and managing digital objects in an Object Repository (OR) 

along with their provenance metadata and annotation information in a Metadata Repository (MR). The 

RI can serve as a collaborative working environment to support distributed users during different 

heritage practices. The proposed 3D annotation mechanism is fully integrated within this solution. 

In order to better convey the mechanisms and the semantic model to support annotation, we introduce 

the following terms: 

 Area: it is an abstraction of positions / regions defined on different media objects, i.e. text, 

digital 2D images and 3D shapes. The geometric (maybe volumetric) definition of an area exists 

in addition to the geometric elements of the object. It does not use the vertices of the 3D shape 

itself. 
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 Segment: this is a subset of a 3D shape and it is an Area itself. Segments are generated out of 

manual (or automatic) segmentation processes and become objects on their own. The input 3D 

shape to the segmentation process as well as the result, exist as entities in the RI and are linked 

to each other by a segmentation event. In this way, the traceability along the process chain is 

guaranteed, and provenance information can accordingly be created.  

 Annotation: it is a commented and / or classified relation between areas. Furthermore, 

annotations are independent from the media object underneath and its dimensionality (1D, 2D, 

3D). 

Areas as an instrument for 3D annotating 

The association between 3D shapes and semantics is realized with the abstract concept of Areas, which 

is valid for any kind of multimedia objects from a semantic point of view. In the context of 3D 

annotations, the Areas can be considered points and regions on a shape, or the whole shape itself. 

Geometrically, we have implemented three general forms of Areas (as illustrated in Figure 7): a) Sphere: 

portions of a shape around a point, b) Cylinder: portions of a shape around an axis, and c) Segment: 

portions of a shape with an irregular form. After defining Spheres, Cylinders and Segments on a shape, 

two types of semantic enrichment can be built: i) comments, or b) relationships. On the one hand, 

comments are associations between a single or multiple Areas, a free text input with related 

information, and a classification. On the other hand, relationships are associations between multiple 

Areas, describing a directed relationship (e.g. A refers to B, A took place at B, etc.). 

 

 

Figure 7: Supported Areas in the 3D annotation process; a Sphere for the loaf, a Cylinder for the arm and 

a Segment for the fish tail. 
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The creation of an annotation implies the addition of new paths into the semantic network between the 

involved Areas and thus, enabling the enrichment of the shape itself and of the 3D collection in general. 

Semantically, we have implemented a unique and uniform way to define Areas on the variety of 

multimedia objects stored in the RI. We describe the extension of the generic and extensible METS 

schema (e.g. wrap COLLADA files and W3C HTML range in METS). Trying to keep the new schema as 

close to the original METS schema as possible, we extended the <mets:area> element, by introducing 

two new attributes (AreaID and ExtMeshAreaID) and new values for SHAPE (values: COLLADA, RELRECT, 

RELCIRCLE, RELPOLY and EXTMESH) and BETYPE (value: DOM-RANGE). The description of an Area with 

the METS schema looks as follows: 

 

Semantic model for 3D annotations 

The Metadata Repository allows representing not only human material history and cultural objects, but 

also provenance metadata, annotations and co-reference information. Our annotation model, shown in 

Figure 8, is simple but very rich and extensible. It allows to associate parts of different media with parts 

of a 3D shape. These associations are classified into different categories of relationships as defined in 

CIDOC-CRM, which is the core conceptual schema and in its extension CRMdig. Relations can carry 

comments and are represented in the semantic graph for later searching and reasoning. Our concept of 

Areas eases the propagation of semantic annotations among different representations, e.g. different 

resolutions of a 3D shape. Since we record the provenance information in CRMdig from the acquisition 

event on and we relate all events (acquisition, processing, segmentation, annotation, etc.) to our 

internal representation of the physical object (artefact), we can always ask for Areas being defined on 

different digital 3D representations and the annotations attached.   

<mets:area xmlns:mets="http://www.loc.gov/METS/"  
CREATOR="FhG-IGD:Hendrik.Schmedt" 
CAMPOS="1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, -1.05013, 182.72, 1939.69, 1"  
AreaID="uuid:48587542-0ca4-4d32-84dc-209b9355a331"  
FileID="uuid:e77f2257-3b2b-4301-b81c-0ccd7b316af0" 
COORDS="-44.2757, 3.16495, -19.0127, -56.2757, 3.16495, -19.0127, -44.2757, 
10.16495, -19.0127" SHAPE="CYLINDER" 
AreaType="primary" 
LABEL="Test1" 
COLOR="255, 0, 0" 
DATE="2012-04-10T18:27:38Z" /> 

http://www.loc.gov/METS/
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Figure 8: Annotation model of the CIDOC-CRM schema. 

Practical Aspects of the 3D Annotation Tool (integrated in the IVB) 

The IVB was tested in three different events during the final period of the project: 

 Testing Workshop at the V&A in London, June 25 and 26, 2012 

 Resources Room at the Grand Parade Exhibition in Brighton, July 27 to August 25, 2012 

 German National Summer School in Schmitten, September 3 and 4, 2012 

The results of these exercises led to the consolidation of the IVB (see also Deliverable 7.4), which is now 

much more matured and stable for the professional use. The feedback was also used to ease the user 

interaction, allowing inexperienced users without previous knowledge on semantic models or 3D 

modelling to employ it and to conceive it for the professional workflow on 3D annotation. The 

annotation interface (see Figure 9) enables the creation of annotations (Comments and Relations) in the 

repository (see also Deliverable 3.4), as well as the presentation of the detailed information contained in 

either type of annotations, which are on-the-fly retrieved from the repository. Areas are the only 

elements, which can be dragged and dropped to this interface. 
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Figure 9: General Graphical User Interface of the IVB, divided into 5 different sections. 

 

Select and display of annotation information: in order to display the annotation information associated 

to an Area, the Area can be selected (see Figure 10) to trigger a retrieval of its information from the 

repository. A preview of this information is presented in the 3D scene and the full information is 

displayed within the viewing mode of the annotation interface. This retrieval always gives up-to-date 

information from the repository, which is important in collaborative scenarios. However, it might 

introduce some delay on slow internet connections, while searching and retrieving the information from 

the repository. 
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Figure 10: Selection of an Area to retrieve associated information (e.g. annotations and metadata). 

 

Creation of annotations: creating an annotation is a straight-forward activity. The user has to choose, 

whether she wants to create a Comment or a Relation - the corresponding UI will be brought up (Figure 

11 shows the UI for creating a Relation). Now she can start to drag and drop Areas from the Metadata 

Viewing (2D-to-2D dragging), or from the Working Window or Browsing Window directly (3D-to-2D 

dragging) into the Source Area and Destination Area fields of the Annotation Interface. Here, she defines 

the label and type of relation, and she also triggers the ingestion process to store the information into 

the repository. 

 

Figure 11: Interface for creating the Relation Annotation. 

 

Viewing of annotations: in the viewing mode (see Figure 12), the user can drag and drop any Area into 

the left part of this UI, in order to see on the right hand side all the Comments and Relations associated 

to the Area. Comments and Relations are sorted into different tabs to provide a clear distinction and a 

better overview. 
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Figure 12: Interface for viewing the annotations associated to the Areas. 

 

The development achieved during the last period of the project was published in relevant conference 

and journals papers ([T6.2.1], [T6.2.2], [T6.2.3]), illustrating the scientific importance and quality of the 

work within the project. 

 

5.3 Deviation from work plan 

No deviation from the work plan. The fourth year work plan has been fulfilled according to the DoW.  

5.4 Advance in state of the art 

We developed the first interactive semantic enrichment tool for 3D CH collections that is fully based on 

the CIDOC-CRM schema and that fully supports its sophisticated annotation model. The tool eases the 

user interaction, allowing inexperienced users without previous knowledge on semantic models or 3D 

modelling to employ it and to conceive it for the professional workflow on 3D annotation. 
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6 T6.4 Co-referencing resolution tool 

6.1 Work planned 

We planned to continue with the implementation of the CoRef Tool in order to have a beta version by 

Month 42. 

6.2 Work performed 

During the reporting period we have implemented the CoRef Tool, as a free standing tool with its own 

GUI, independent of the IVB. Its main functionality is to enable the user to mark identical entities in the 

semantic network that have different identifiers (URI duplicates: many URIs for the same “thing”). The 

repair of such duplications is subject to permissions that are granted to authorized users of the 

Metadata Repository. The application proposes the following possible actions: 

 Same As: Annotate both duplicates by a “same as” annotation object. This solution has high 

complexity at query and display time. We consider this solution as a pre-merge step, where the 

users identify possible URI duplicates and mark them as such. 

 Merge:  All Identifiers and URIs involved are preserved in the Metadata Repository. The Object 

Instances are merged by moving all properties to one instance. The user is responsible for 

deciding the URIs to be deleted. The application just suggests which the “cheapest” update is. 

 

Figure 13: Co reference tool page to enter the  XML file (cart file) that for specifying the URIs duplicates 
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The tool (also named CO REFerence MANager) is accessible through WEB via a URL (for the RI-Central: 

http://139.91.183.203:8080/COREFMAN and for the RI-Debug: http://139.91.183.75:8080/COREFMAN).  

In the login page, the user is prompted to give its credentials to login in the RI (Username, Password and 

Location). Then the user is prompted (see Error! Reference source not found.Error! Reference source 

not found.) to enter an XML file (cart file) that is specifying the URIs that are candidates for merging or 

for “same-as” annotation (the URI duplicates: different URIs for describing the same “thing”).  

Notice that the CoRef tool does not provide “yet-another” search mechanism for identifying the URI 

duplicates, since we consider that this is done through the IVB, the Ingestion Tool or any other tool that 

the user uses to access the RI. 

After loading the cart xml, the tool retrieves for each URI all the necessary information for identifying 

the object (preferred label, etc), and displays it in a table, in the Cart view/edit page. 

 

Figure 14: Co reference tool Cart view/edit page. 

In this page (see Error! Reference source not found.Figure 14 ) the user can view the URIs and a basic 

description of each one and the metadata document frequency (doc frec) that the URIs appear in the RI. 

With add/remove buttons the user can edit which of the URIs will participate in the coreference 

procedure (merging or for “same-as” annotation). 

http://139.91.183.75:8080/COREFMAN
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In the same page, two useful options help the user for a quick validation of the URI list before 

proceeding: 

I. To continue with the Merge procedure, remove all objects that are "NOT ALLOWED FOR 

MERGE" press 'remove not allowed' button 

II. To continue with any procedure, ensure that all the objects belong to the same superClass, 

pressing 'check superClass' 

Now the user may continue with either ‘merge’ or 'sameAs' actions.  

 

Figure 15: Co reference tool interface for action “Merge”. The user specifies the URI of the “primary” 

object; all other selected URIs will be merged with this one 

Merge: By pressing ‘merge’ the user is moved to 'Edit/preview merge parameters' page (see Figure 15), 

where he/she can set a URI as the primary id, for the merge. Merge procedure will permanently replace 

all the URIs of the list with this URI designated as the primary id, in every metadata document of the RI. 
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Figure 16: Co reference tool interface for action “Same As”. The user is prompted to specify the sameAs 

annotation details to be created 

SameAs: In 'Edit/preview sameAs annotation' page (see Figure 16), a form describing the sameAs 

annotation should be filled with the following: 

 Organization, the <uri> of the organization responsible for this coreference event e.g. 

<http://www.ics.forth.gr/isl> 

 Operator, the <uri> of the person responsible for this coreference event e.g. 

<http://www.ics.forth.gr/isl/axaridou> 

 Label, a string describing in short the current coreference event  

 Note, a note about the current coreference event  

 Label lang, Note lang: the language sign for the Label and Note fields e.g. en for english, el for 

greek etc 
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