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1 Executive Summary 

This deliverable presents the activities conducted within Work Package 6 (WP6) by the different 

partners during the second year of the 3D-COFORM project and describes the results achieved by this 

work package. 

2 Introduction and Objectives 

The main goal of WP6 is to provide a toolset for the creation, the management and the integration of 

text metadata related to cultural digital objects and graphic processing. The toolset includes: 

technologies to enable scholars and Cultural Heritage users to generate metadata from legacy 

information to be shared in the semantic framework of the 3D-COFORM project (Task 6.1); annotation 

and smart tagging tools to create new metadata on top of digital objects and to extract knowledge from 

texts (Task 6.2); technologies to guarantee the preservation, the reusability and the consistent 

propagation of metadata alongside different digital objects (Task 6.3); tools for the management and 

the resolution of co-references issues in the digital object’s metadata (Task 6.4). Additionally, the work 

package aims at providing a unified multilingual framework to support the various multilingual 

requirements of the project.  The beta version of the multilingual framework has already been released 

at the end of Year 1. 

In Year 2, the partners of WP6 have worked to develop the beta versions of the tools, to integrate and 

test them in different contexts and to enhance their compatibility with the tools developed by other 

Work Packages and to guarantee an optimal integration within the Integrated Viewer/Browser tool 

(IVB). Goals and achievements of WP6 for the second year are discussed in detail in the following 

sections. 

3 Task 6.1 – Processing Tools for Metadata 

3.1 Work planned 

The working plan for Year 2 included the release of the beta versions of the Multilingual Terminology 

Manager and the full incorporation of the multilingual support library (MLSL-1.0) in the free-text 

encoding tool (AnnoMAD), the development of the beta versions of the Matching Tool and of the Legacy 

Databases Mapping/Extractor. 
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3.2 Work performed 

3.2.1 Multilingual Support Library 

At the end of Year 1 the project decided to use the AnnoMAD tool and Multilingual Support Library 

(MLSL) as an early integration demonstrator. This provided a valuable first test case application for the 

MLSL, but one which was slightly outside the original MLSL specification (AnnoMAD is a FLASH 

application. In terms of localisation this is similar, but not identical, to Java - in particular it utilises the 

same format for its core data resources - translation tables etc.) Hence, the first part of this reporting 

period was spent making required adaptations to the MLSL, adding localisation support to the 

AnnoMAD code and implementing additional support utilities (for language and thesaurus selection etc.) 

The key linguistic data resources required to achieve this were: 

 Translations of core user interface terms (titles, menu options, prompts, messages etc.) in English, 

French, Italian and German. 

 CIDOC-CRM terminology in English, French and German. CIDOC-CRM v5.0.1 includes term 

translations for these languages (as well as Greek and Russian) which were imported into the MLSL 

representation scheme. Italian is not included, and so we would need to add Italian translations by 

hand (this has not yet been done, but the MLSL is designed to be robust enough to cope with 

missing linguistic data, so this does not result in catastrophic failure - the system simply falls back to 

an English term). 

 Resources derived from the C2RMF EROS thesaurus. This contains terminology and attribution 

information relating to items in the Louvre, with several thousand entries organised into different 

categories. In the demonstrator system, we compiled these resources directly into the application, 

so we worked only with smaller categories - up to about 300 entries per category. This is also a 

multilingual resource, with partial support for fifteen languages, including English, French, Italian and 

German. 

Development of core technology of the MLSL continued during the summer, notably with the initial 

implementation of a lightweight generator component to support presentation of natural language 

expressions from fragments of RDF semantic networks. This is deployed in the AnnoMADml 2.0 beta 

deliverable to provide natural language summaries of the RDF annotations extracted from the text. It 

will also be used during the next year to provide generation of appropriate language-specific labels and 

captions during browsing, viewing and annotating, supporting controlled-input extensions to the MLSL 

and improved handling of morphology in 'routine' localisation settings. This development makes use of 

the Active Resource Bundle library, an extension to standard resource bundles which was also 

developed over the summer providing more powerful reasoning capabilities based on DATR 

(http://www.datr.org), a well-established default inheritance framework for linguistic information. This 

http://www.datr.org/
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library is part of the underlying ELF library, not directly part of 3D-COFORM (and not claimed against the 

project), but made available within the project to support the MLSL. 

Discussions within WP7 – Searching and Browsing 3D Collections - about requirements for the 

Integrated Viewer Browser (IVB) also had implications for the further development of the MLSL and its 

interface to the RI. In particular: 

 The decision to include text search functionality in the RI (using the Apache Lucene library – 

http://lucene.apache.org) provides a concrete target specification for keyword matching and term 

validation (as well as spelling correction and term completion). 

 Detailed proposals for RI support for networked access to thesauri and other knowledge resources 

are currently being discussed. 

 Proposals for the management of linguistic knowledge in the metadata repository are under 

development. 

This focus on additional detailed requirements and design in Year 2 was not fully anticipated in the 

original work plan for the MLSL, and this has meant that some aspects of the MLSL work have not 

proceeded as quickly as originally planned. In particular, concrete QT bindings for MLSL functionality are 

not yet available, and so delivery of a fully 'public' system, which other partners can use independently 

to localise their own applications, has not yet been achieved. This has not created any significant 

difficulty for the project as a whole (as tool development can continue independently of localisation 

concerns), but it is a high priority to address this aspect in the first part of Year 3. 

3.2.2 Metadata Extraction Tool  

Work on the Metadata Extraction Tool commenced in June 2010. The purpose of this tool is to 

accelerate the task of extracting metadata information from texts by providing some degree of 

automatic analysis. To do this we are using Information Extraction technology - a branch of Natural 

Language Processing which uses mostly statistical techniques to extract simple relational information 

from texts. The state of the art in Information Extraction is far from perfect, either in recall (it will often 

miss relevant information) or precision (the information it does find may be partial or wrong). Hence we 

are not aiming for a tool which runs completely automatically, extracting information from texts and 

storing them directly into the metadata repository. Instead, the Metadata Extraction tool is designed to 

be an aid to the manual text annotation tool. Automatic annotation is presented as a function available 

to the annotator, typically to be used when starting work on a new text. The Metadata Extraction tool 

will populate the annotation tool with extracted information in the form of type annotations and 

relations, and the user can then inspect, modify, add or delete this information to produce the final 

annotation before submitting to the metadata repository. 
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The statistical nature of Information Extraction technology means that the development process is 

typically incremental and dependent on text data: we build an initial system with broadly the correct 

functionality, and then gradually improve its performance (as measured by its F-score - a weighted 

combination of recall and precision), by using domain-dependent data sources to tune it. This requires 

training data (example texts of the sort the system is intended to process, domain-specific terminology, 

thesauruses etc.) and testing data (texts which we have manually annotated with the 'right answer' so 

that we can measure the system performance). 

During this reporting period, we have developed a basic extraction system and collected data for system 

tuning. Initial code development has focused on construction of an extraction engine from pre-existing 

state-of-the-art components, including GATE (http://gate.ac.uk) and RASP 

(http://www.informatics.sussex.ac.uk/research/groups/nlp/rasp/), and integration into the AnnoMADml 

system. This initial system is delivered as a software deliverable (Metadata Extraction Tool 1.0 alpha) at 

the end of project Year 2. This is currently delivered as an alternative separate release to the main 

AnnoMADml demonstrator (see 4.2.3 below), because the technical requirements of the extraction tool 

are not yet encapsulated and so have a more complex installation procedure than is required for the 

basic annotation tool. 

This version of the tool has not been tuned at all to the application domain. In addition, we have not yet 

developed a testing data set against which we evaluate system performance. In order to facilitate this 

tuning and evaluation, we have collected over 300 descriptions of cultural artefacts from the Louvre 

website (in English and French). The next phase of work will involve using some of this data to improve 

system performance, and manually processing some of it to provide an evaluation suite. 

3.2.3 Annotation demonstrator 

During the last period we have developed a demonstrator multilingual text annotation tool, 

AnnoMADml. This demonstrator combines the AnnoMAD text annotation tool with the multilingual 

support provided by the Multilingual Support Library and the stand-alone version of the Repository 

Infrastructure. The application demonstrates: 

 Loading a text document into AnnoMADml, creating annotation metadata and saving this metadata 

to the (local) Repository Infrastructure. 

 Annotating text strings in the document with RDF triples, and associated free-text comments. 

 Providing simple natural language summaries of the information captured as RDF triples. 

 Accessing ontological (CIDOC CRM) and thesaurus information (C2RMF EROS) to support 

standardised annotation. 

 Localising interface, natural language summaries and access to ontologies and thesauri to multiple 

languages (English, French, German and Italian). 

http://gate.ac.uk/
http://www.informatics.sussex.ac.uk/research/groups/nlp/rasp/
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The first version of this demonstrator was shown at the project review meeting in February 2010. 

Subsequently a number of bug fixes and improvements were incorporated to support the first Testing 

Workshop in May 2010, and additional features (notably the natural language summaries) were added 

during summer 2010. This version of the demonstrator is delivered as a software deliverable 

(AnnoMADml 2.0 beta) at the end of project Year 2. We will continue to use AnnoMAD as a testbed for 

the further development and testing of the Multilingual Support Library, and may deploy it for that 

purpose in future testing workshops. However AnnoMADml 2.0 beta is essentially a final release of the 

tool in its current form. 

3.2.4 Matching Tool  

During the second reporting period, starting from May 2010, we have also developed the beta version of 

the Matching Tool. The main goal of this application is to assist CH professionals to describe the legacy 

data concerning their 3D models stored in relational databases in a standard way. The tool gives the 

user the possibility to create matching schemas to describe the matchings between legacy database 

structures and CIDOC-CRM ontology to assist the Legacy Database Extractor tool in the operations of 

semi-automatic encoding of the legacy data. 

The first step in order to use the Matching Tool is the creation of a schema (XML or RDF) representing 

the DB structure. This operation is performed by the database expert of the CH institution (e.g. the IT 

experts of the Louvre) who is aware of the details of the various database tables and fields. Existing tools 

like D2R or similar can be used to convert the schema of the legacy database to XML or RDF. 
 

Once the legacy database schema is ready, it can be uploaded into the Matching Tool. The schema 

matching operations towards CIDOC-CRM can then be performed. The Matching Tool provides 

functionalities to load, visualize and edit those schemas (both the source and the CIDOC-CRM ones) and 

to define the identifiers for the new entities (URN/UUID). The rules for the URN/UUID creation can be 

defined by IT experts according with the identifiers of their databases or 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 Matching Schema File containing all the matching 

information is created and made available for the DB Exporting Tool.  

3.2.5 DB Exporting tool  

The Exporting Tool is an application intended to use the matching files generated by the Matching Tool 

and the XML representation of the data stored into the source legacy databases to perform the data 

conversion to CIDOC-CRM in RDF format. At the end of the export process, the tool sends all the RDF 

encoded semantic information of the original archive to the Metadata Repository (MR). The beta version 

of the tool already provides the basic functionalities to convert and export legacy data into a compliant 

RDF format. The final version of this tool will be released as a semi-automatic application which will also 
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provides the user with functionalities to control the consistency of the data and the parameters, and to 

display the available functions to fine tune the conversion process. 

 

Figure 1: The interface of the Matching & DB Exporting Tool user interface 

3.3 Deviation from work plan 

As noted above, the MLSL subtask has not yet delivered a fully independent library including QT bindings 

for partners to use. This is partly due to the project decision to develop the integrated AnnoMADml 

demonstrator. While this provided a very valuable testbed for MLSL functionality and development, it 

was also a slight deviation that was not anticipated in the original MLSL planning. In addition, the 

detailed planning of the IVB (WP7) introduced a number of additional functionality proposals which we 

were keen to develop so that the MLSL could support them properly.  

No significant corrective actions are required: this deviation has not had significant impact on 

development elsewhere in the project, as MLSL integration has been largely independent of other 

developments undertaken during this year. However, we will prioritise delivery of this library in the first 

period of Year 3 to bring the MLSL component fully back on track. 
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3.4 Plans for the next period 

3.4.1 Multilingual Support Library 

An initial key priority for MLSL development in Year 3 is delivery of a version of the library which 

includes QT bindings and is independently usable. As part of this process we will work on integration 

into the IVB shell. We aim to complete this by Month 27. 

We will also continue developing the functionality of the MLSL, in particular the interfaces to the RI 

discussed above (text search, networked thesauri and linguistic information management in the MR) 

and controlled-input functionality. These will be tested in project components during the year and 

delivered in the final MLSL release at Month 36. 

Work will also continue filling in the linguistic coverage of the core MLSL resources for at least English, 

French and German. Exemplar interfaces to external resources (thesauri etc.) will also be provided, but 

not seek to provide 'complete' coverage. 

We will support other partners in their use of the MLSL throughout the period. 

3.4.2 Annotation demonstrator   

No further development is anticipated on the AnnoMADml 2.0 system, although we may continue to use 

it as a testbed application for MLSL developments, and possibly in a future testing workshop. Work on 

the annotation tool for the IVB and the Multilingual Support Library continues independently with a 

further integration step expected later in the year. 

3.4.3 Metadata Extraction Tool    

The main focus of activity in Year 3 will be on improving and evaluating the performance of the 

Metadata Extraction tool. We will employ two strategies for improving performance: 

 Tuning the resources and statistical models used by the extraction engine using data from the 

Louvre website pages. 

 Filtering the output of the extraction engine using domain-specific knowledge of the kind of 

information we are trying to extract. As part of this process we will investigate the LIDO 

recommendations (http://www.lido-schema.org) for object description and liaise closely with the 

development of the IVB indexing categories for object browsing (WP7). 

In order to monitor improvements in performance, we will develop a small test set of Louvre pages, 

manually annotated with information we would like to be able to extract, against which we can calculate 

F-score performance figures. 

http://www.lido-schema.org/
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This work will initially focus on the English Louvre texts, but we will also undertake experiments using (a) 

French Louvre texts and (b) texts from other Cultural Heritage sources, in order to evaluate the 

generality of the method. However, due to resource limitations we do not anticipate addressing any 

issues that arise from this evaluation. 

3.4.4 Matching Tool and DB Exporting Tool  

The activity of the next period will mainly focus on the improvement of the functionalities provided by 

the Matching and the Exporting tools and on the implementation of the transfer mechanism to store the 

RDF information extracted from legacy databases into the Repository Infrastructure. 

 Another important issue will concern the integration between the two tools, in order to produce a 

complete mapping platform that will be tested and evaluated using the datasets provided by the Louvre 

and CULTNAT.  

4 Task 6.2 Annotation and smart tagging tool  

4.1 Work planned 

The objective of the annotation and smart tagging tool is to enable a CH practitioner to build n-ary 

relationships between different media objects such as 3D artefacts, text documents, images, etc. with 

their corresponding textual comments. Nonetheless, a CH professional requires a more precise 

specification of the areas on the media object, which are related to another media object (and its areas) 

or which indeed receive the corresponding comment. Therefore, a flexible approach was evaluated and 

implemented (see Appendix of this document), which is able to generally describe an area of interest 

independently from the form of the area or the kind of media object, on which the area resides. The 

approach, an extended METS file (AreaTable), allows the user to define areas on different media objects 

in their corresponding viewers (within the Integrated Viewer/Browser - IVB). The interactive definition 

and creation of the area is supported by the dedicated viewer for the specific media object (for more 

details, see the Deliverable D7.2 – WP7 Second Year Report). Afterward, the relationships and 

comments can be processed by the Annotation Editor, which is responsible for building the related 

metadata (including references to the URIs of the defined areas) and ingesting it in the Repository 

Infrastructure (RI), in order to enrich the semantic network. 
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4.2 Work performed 

4.2.1 Annotation Model  

Within the 3D-COFORM project, we propose a unique uniform way to define areas on the variety of 

Objects stored (text, Images, 2D objects, 3D objects, multimedia objects, such as video, sound etc.) in 

the Repository. We suggested the use of the generic and extensible METS standard, and define 

extensions to METS (e.g. wrap COLLADA files and W3C HTML range in METS). 

An Area is a location (of any shape or size) of interest in an Object stored in the Repository (RI). It is not 

itself an Object of the repository. The Object on which an area is declared can be a text, an image, a 

video or a 3D-artefact and others. All areas of an Object are defined in the AreaTable (XML file) of that 

Object, in an extension of a METS compatible format.  Areas are used as link anchors, in particular for 

annotations. 

The details of the Area definition are described in Appendix A - AREAS.   

Furthermore we worked on modifying/extending the Annotation Model that has been defined as an 

extension of CIDOC-CRM. The problem that we had to face was how to use a set of assertions (triples) as 

target for an annotation. A well accepted, standard procedure to deal with such an issue is to use the 

Named Graphs [1] mechanism to treat a bunch of triples as an object in annotation. With such an 

approach, a named graph will be viewed as a context of Sesame but in a more standard way. The new 

Annotation Model is shown in Figure 2. 
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Figure 2: 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. We define two sub-classes of the 

Annotation Object: the Knowledge Object modelled as a Named Graph and the Same-As which is used 

to declare co-reference links.  Knowledge Extraction is a specialization of Knowledge Object that is used 

to model information that will be (semi)automatically extracted from legacy data. 

Some examples of Annotations are shown in Appendix B - Annotation Examples. 

 

4.2.2  Annotation Editor Plug-in and the RI Communication Plug-in 

The long term objective of this task is to develop an intuitive semantic annotation and smart tagging 

tool. There is a challenge regarding the software architecture design, which requires coping with the 
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integration within the Integrated Viewer/Browser (IVB) and the communication with the Repository 

Infrastructure (RI). This was solved by means of implementing two plug-ins within the IVB plug-in 

system. These are the Annotation Editor Plug-in and the RI Communication Plug-in. 

The first one provides the user interface, the functionality and the logic of the annotation, and the 

second one provides the communication with the RI. Both are integrated as a single instance in the IVB 

via its plug-in system. It is important to note that the RI API is entirely implemented in the Java 

programming language, whereas the IVB is completely implemented in C++. Since the IVB needs to 

communicate with the RI, an adequate middleware technology was required. This middleware 

technology needs to allow a bidirectional communication between C++ and Java applications in a 

seamless fashion. The Java Native Interface (JNI) is such a middleware technology and it is an integral 

part of the Java Development Kit (JDK). Since the JNI is widely used in heterogeneous system 

environments, we decided to use the JNI in the RI Communication plug-in, which is used whenever 

another IVB plug-in needs to communicate with the RI (e.g. query submission, retrieval of annotations, 

ingestion of annotations).
As mentioned before, the architecture of the annotation tool is subdivided 

into the two plug-ins and it is split into four different modules: a) Annotation module, b) the Data 

Collector, c) the TriG-File Generator, and d) the RI Ingesting module. On the one hand, the Annotation 

Editor Plug-in contains the Annotation and the Data Collector modules, and on the other hand the RI 

Communication Plug-in contains the TriG-File Generator and the Ingesting modules. In the following the 

functionality of each component is described in more detail: 

 Annotation Module: The Annotation Module is the primary component of the Annotation Editor 

and generates the user interface. This allows the user to create new or extend existing annotations. 

It receives entities (representation of the areas or objects of the query results) from the viewers 

within the IVB and stores them temporarily in a shopping cart. The challenge was to deal with the 

creation out of this collection of entities of a relatively complex annotation in a user friendly way. 

Based on the CIDOC-CRM specification, there is a vast amount of different annotation capabilities. 

Thus, it is difficult to create these in a small and static user interface. In order to overcome this, an 

analysis was performed to establish the most suitable user interface for this assignment. The output 

of this analysis shows that the best way to generate an annotation via a user interface is the use of 

annotation templates representing the kinds of CIDOC-CRM annotations. Therefore, the user can 

choose the kind of annotation s/he wants to generate from the templates (e.g. add a comment or 

create a destruction event annotation) and the Annotation Module will present the corresponding 

user interface. Hence, the user is able to create the desired annotation based on CIDOC-CRM 

specification which is compatible with the repository infrastructure. 

 Data Collector: The data which was entered by the user during the annotation process have to be 

collected by this module. All data will be extracted from the input fields of the user interface and the 

data collector converts them in the corresponding format to be used in the TriG-File Generator.  

 TriG-File Generator: the RI requires the annotations to be specified in the TriG format; therefore it 

becomes necessary to have a component which converts the user annotation into the TriG format.  
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To do this, the TriG-File Generator uses the JNI of the RI Communication Plug-in in order to invoke 

Java methods of the Sesame API which are specialized to represent information in the TriG format. 
 

 RI Ingesting Module:  Once the TriG files are generated, these need to be ingested into the RI; in 

order to be retrieved by other clients. This is done by the RI Ingesting Module of the Annotation Tool 

via the RI Communication Plug-in. 

 

Figure 3: (a) User interface template of the comment annotation; (b) User interface template of the relation 

annotation 

At the end of Month 24, the following stage of development has been achieved: 

 Development of the Annotation Tool composed of the Annotation Editor plug-in and the RI 

Communication Plug-in and integration of both of them via the plug-in system in the IVB. 

 The Annotation Module supports the undirected and the directed annotation link types using a 

simple version of annotation templates. With these types, it is possible to create simple annotations 

(see Figure 2: Annotation Model (a)) such as to enrich an entity with a comment and/or a 

classification (undirected link) or generate more complex annotations (see Figure 3 (b)) like the 

enrichment of a relation between two or more entities (directed link).  

 The TriG-File Generator can generate TriG-Files, which represent the undirected link annotation 

including properties like the starting and ending time of the annotation process. 

 With the RI Ingesting Module, the ingestion of annotations which are represented in TriG-Files by 

the RI was achieved. 
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4.2.3 Text Annotation Tool (AnnoMAD) 

The beta version of this tool has already been delivered at the end of the first year and already used for 

the development and the demonstrator of Multilingual Support Library (see section 4.2). Integration will 

be the main challenge for the next period and there is already development of a new version of the tool 

to provide extra functionalities and for its full integration into the WP7 Integrated Viewer/Browser (IVB). 

AnnoMAD has been readapted to support named graphs creation (see Appendix A). Also, the tool 

interface has been improved to bring the user directly to the possibility to make a comment, a 

classification or a statement and to identify, select and export areas of text.   

The new version also allows the user to perform bulk annotation, i.e. to create documents (like a 

conservation report) with links pointing to 3D model areas. The ingestion mechanism and the 

communication with the Repository Infrastructure have also been improved: areas of text could be 

reused many times once they are ingested.  

4.3 Deviation from work plan 

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

4.4 Plans for the next period 

For the next period, the following activities are planned: 

 The Annotation module will be represented by several user interfaces using the annotation 

templates. Each one of these will support a different annotation scenario. 

 The TriG-File Generator will support all types of annotation scenarios which will be provided by the 

annotation templates and it will generate out of the collected data from the user interface a RI 

compatible TriG-File.  

 The Annotation Tool will provide a visual representation of an annotation. 

 AnnoMAD will be extended with the implementation of features to browse and display thesaurus 

terms, and auto complete, to access thesauri for query formulation and annotation. An update 

mechanism will also be provided to deal with the possibility to manage the new terms proposed by 

annotations for the thesaurus. The full integration with IVB browsing will result in a display of URIs 

and relationships available to be used for annotations. 

 Revisions/adaptations of the Annotation Model will be provided (if needed) to support the 

modelling needs of the user interface. 
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5 Task 6.3 Semantic propagation  

5.1 Work planned 

As stated in the DoW, this task deals with extensions of the 3D models processing tools “to support 

preservation and consistent propagation through transformations of geometrically located semantics 

that is attached to processed 3D artefacts”. In order to support geometrically located semantics to 

objects we proposed to use the same Area mechanism as is defined for annotation support. 

5.2 Work performed 

The geometric extent of an area is declared with respect to a virtual space in which the content of the 

Object may be represented. Some Objects may exist in the same virtual space. For instance, a 3D Model 

mesh may be recalculated, preserving the original coordinate system. Some virtual spaces may be 

related by a known transformation, such as a 3D rotation or even a 3D-to-2D projection.  

An Area of an Object is specific to its content type and the kind of virtual space used. The same area may 

appear in objects in the same or different, but related virtual spaces. So, all instances of the same area 

on different objects share the same ID. The “primary Object” of an area is the original object a particular 

area was declared in. The link between the Area and its original Object will be “<AreaID> 

<isPrimaryAreaOf> <ObjectID>”. The link between the Area and the objects to which it is propagated will 

be “<AreaID> <isPropagatedAreaOf> <ObjectID>”.  

From a technical point of view we have introduced in MeshLab all the needed functionalities for the 

transfer of surface/located information from one 3D representation to another once they are in the 

same reference system. The availability of tools for aligning 3D representations also helps this kind of 

task. Currently under development is the implementation of the same functionalities for transferring 

area information between a 2D image and the corresponding 3D model back and forth, (obviously 

assuming that the image has been registered with the model itself). 
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Figure 4: An area that was defined interactively by an expert user over a low resolution model to identify 

the broken portion of the surface, is transferred over a high accuracy model (where such interactive 

definition would have been more difficult). 

The details of the Area definition and the semantic propagation mechanism are described in Appendix A 

- AREAS.   

5.3 Deviation from work plan 

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

6 Task 6.4 Co-referencing resolution tool 

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. 

By co-reference we mean the identification of specific citations and/or references of persons, places, 

objects and events in different documents, that a reader can detect as “referring to the same thing”. It is 

built on associations found in digital objects or in metadata, on (human) background knowledge or on 

communication with the authors themselves. The ultimate knowledge would be what the author meant 

by “her/him/it”. Do they refer to a part-of-speech, a database record/element or an occurrence of a 

name or identifier? The associations indicating co-reference may be extracted from digital objects by 
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interpretation (so-called “duplicate detection”, “data cleaning”). However, co-reference is primary 

knowledge and not a “cleaning” issue. Co-reference knowledge must be persistent and curated, in 

contrast to “data cleaning actions”.  

6.1 Work planned 

The co-referencing resolution tool is 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.   

For the second year of the project the work planned for the co-referencing resolution component 

included the finalization of the model extensions and the definition of the component’s functions 

signatures.  

6.2 Work performed 

6.2.1 Co-reference Definition 

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”, “this is different (not same) than that” and “this is possibly the same as that” . 

During the last twelve months we elaborated on the notion of co-reference and we define the following 

two types of co-references: 

 Co-reference via an annotation – can be performed by all users. Annotations are handled as 

“personal opinion” information, and the identification information in the semantic network is 

not changed (IDs are not changed). 

 Co-reference via “trusted opinion” – can be performed by authorized users. Duplicate identifiers 

are traced and the authorised users may merge them. The change needs to be propagated in 

the semantic network. 

Work is ongoing for the definition of function signatures. Although the interaction of the co-referencing 

resolution tool with the repository is done through the RI API, we believe that we may need to create a 

separate layer on top of the RI functions that will implement the co-reference resolution functionality. 

 Status of co-reference knowledge: 

o “same as”, “not same as”, unknown, conflicting, 

o possibly same as, probability (of evidence). 

 Conflicts may arise  

o “Negotiation with the researchers” is the ultimate confirmation. 

o Solution may not be found 
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6.2.2 URI duplicates handling  

In the Metadata Repository it is possible that we have 2 URIs for the same “thing” in two separate 

datasets. Duplicates can be detected either manually by observation or automatically by an algorithm. In 

the beta version of the co-referencing tool we will support only the manual detection of URI duplicates. 

The repair of such duplications is subject to permissions that will be granted to authorized users of the 

Metadata Repository.  

There are three possible solutions: 

 Solution 1: Annotate both duplicates by a “same as” annotation object. This solution has high 

complexity at query and display time.  

 Solution 2:  All Identifiers and URIs involved are preserved in the Metadata Repository. The 

Object Instances are merged by moving all properties to one instance. Figure 5 shows an 

example of duplicate URIs. William Pitt is the Actor depicted in both sculptures and it is 

referenced by two different URIs. In Figure 6 the result of the merging operation is displayed. It 

is important that an undo operation is supported. For this reason, we need to create and store a 

metadata file which describes the merging operation. The undo operation is supported by MR – 

file versioning functionality. We have also decided that the URI to be deleted should be the least 

referred, unless otherwise stated by the user. 

 Solution 3: This solution may be a combination of solutions 1 and 2. First trace and mark 

duplicates by annotations, and allow the promoting of an undisputed link to a merge, at a later 

stage. 
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Figure 5: Example of URI duplicates 

 

 

 

Figure 6: Result of merging 

 



3D-COFORM D.6.2 (PUBLIC) 

23 

 

6.2.3 Use of “proper” identifiers  

We propose that all local identifiers are replaced by “proper” external URIs by using internationally 

accepted authorities. This will reduce number of UUIDs “in traffic” in the semantic network. We can also 

consider as an intermediate step to have local identifiers being linked to internationally accepted 

authorities (use of “P1 is Identified by”: <authority-URI>) such as: 

 The GETTY vocabularies http://www.getty.edu/research/tools/vocabularies/index.html 

 Union List of Artist Names (ULAN) 

 http://www.getty.edu/research/tools/vocabularies/ulan/index.html 

 The Cultural Objects Name Authority (CONA)  

http://www.getty.edu/research/tools/vocabularies/cona/index.html 

 The Getty Thesaurus of Geographical Names (TGN) 

http://www.getty.edu/research/tools/vocabularies/tgn/index.html 

 The National Geospatial-Intelligence Agency http://geonames.nga.mil/ggmaviewer/ 

6.3 Deviation from work plan 

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

6.4 Plans for the next period 

Continue with the implementation of the Co-referencing in order to have a beta version by Month 36.  

For the third year we have to discuss and finalize the API that will be provided to the IVB that will 

support display and editing of co-reference information. 

7 Publications from WP6 

In this section are listed the relevant publications by the partners of WP6 for Year 2. 

Niccolucci F., Felicetti A., Samaes M., Hermon S., Nys K.: Ontologies and semantic tools for the 

management of full-text archaeological documentation. assessments from the hala sultan tekke case-

study. In Fusion of Cultures. Proceedings of CAA2010 (2010), Contreras F., Melero F. J., (Eds.), 

Archaeolingua, Budapest. 

Felicetti A., Samaes M., Nys K., Niccolucci F.: AnnoMAD: A Semantic Framework for the Management 

and the Integration of Full-text Excavation Data and Geographic Information. In The 11th International 

Symposium on Virtual Reality, Archaeology and Cultural Heritage VAST (2010), A. Artusi, M. Joly-Parvex, 

G. Lucet, A. Ribes, and D. Pitzalis (Editors), 21-24 September 2010, Paris, France. 

http://www.getty.edu/research/tools/vocabularies/index.html
http://www.getty.edu/research/tools/vocabularies/tgn/index.html
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Felicetti A., Lorenzini M., Niccolucci F.: Semantic Enrichment of Geographic Data and 3D Models for the 

Management of Archaeological Features. In The 11th International Symposium on Virtual Reality, 

Archaeology and Cultural Heritage VAST (2010), A. Artusi, M. Joly-Parvex, G. Lucet, A. Ribes, and D. 

Pitzalis (Editors), 21-24 September 2010, Paris, France. 
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9  Appendix A – Areas 

The purpose of this report is to propose within the 3D-COFORM project a unique uniform way to define 

areas on the variety of Objects stored (text, Images, 2D objects, 3D objects, multimedia objects, such as 

video, sound etc.) in the Repository. We suggest the use of the generic and extensible METS standard, 

and define extensions to METS (e.g. wrap COLLADA files and W3C HTML range in METS). 

9.1 The definition of Areas 

An Area is a location (of any shape or size) of interest in an Object stored in the Repository (RI). It is not 

itself an Object of the repository. The Object on which an area is declared can be a text, an image, a 

video or a 3D-artefact and others. All areas of an Object are defined in the AreaTable (XML file) of that 

Object, in an extension of a METS compatible format.  Areas are used as link anchors, in particular for 

annotations. 

The geometric extent of an area is declared with respect to a virtual space in which the content of the 

Object may be represented. For instance: 

 the bytestream representing the content 

 the 2D matrix of pixels of an image 

 a 3D Cartesian coordinate space attached to a 3D model. 

Some Objects may exist in the same virtual space. For instance, a 3D Model mesh may be recalculated, 

preserving the original coordinate system. In this case, the same (identical) Area can be recognized in 

the other object based on the same description. 

Some virtual spaces may be related by a known transformation, such as a 3D rotation or even a 3D-to-

2D projection. In this case if an Object is defined in one virtual space and this object is transformed into 

an Object in another virtual space, the Areas defined in the first one can again be recognized in the 

other virtual space, and their geometric description can be transformed accordingly. These Areas will be 

identified by the same id but will have a different geometric description. Even the back-projection of an 

area marked on a 2D image of a 3D model back to the 3D space makes sense. 

An Area of an Object is specific to its content type and the kind of virtual space used. Thus, an Area can 

be considered as a sequence in a byte stream for any Digital Object, a 2D geometric area in the pixel 

space for an image file, a 2D geometric area in the projection space for a digital photograph, a 3D 

geometric area for a 3D model file, an internal xml identified element in a COLLADA file (specific 3D 

model file), etc. 
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Each Area is uniquely identified by a UUID. As described above, the same area may appear in objects in 

the same or different, but related virtual spaces. So, all instances of the same area on different objects 

share the same ID. The “primary Object” of an area is the original object a particular area was declared 

in. The link between the Area and its original Object will be “<AreaID> <isPrimaryAreaOf> <ObjectID>”. 

The link between the Area and the objects to which it is propagated will be “<AreaID> 

<isPropagatedAreaOf> <ObjectID>”. The semantic propagation is a mechanism described in the 

following section.   

All Areas valid for an Object are stored in an XML formatted string, called AreaTable, which is stored in 

the relational database structure for the Object, into the respective field. We propose an extended 

METS:<area> format for the structure of the AreaTable.  More details on the METS extension are given 

in a following section. 

The relation between an Object and its Areas should also be known to the semantic network. Thus, 

when an AreaTable is created or each time it is modified, the aforementioned relations (“<AreaID> 

<isPrimaryAreaOf> <ObjectID>” or “<AreaID> <isPropagatedAreaOf> <ObjectID>”) should be inserted or 

updated in the semantic network (MR). Conclusively, one area can be linked to multiple objects.  

Annotations that are defined in an original Area will be propagated along with the propagated Areas. In 

this way, the user will be able to choose if they want to view the original annotations (made on primary 

Areas) or the propagated ones (made on propagated Areas). If an Annotation is created on a propagated 

Area, this will also be created on the Primary Object and all Objects sharing this Area, as the uuid is the 

same for this Area in all Objects. So, the Annotation will be marked as original in the Primary Object and 

as propagated in all other Objects, even though it was created on a Propagated Area. So, for new 

Annotations it is recommended to create new Areas, even though propagated ones may exist for the 

specific part in the file.  

Areas can be anchor links for at least one Annotation. It is recommended not to create an Area without 

an Annotation on it. An Area that holds an Annotation cannot be deleted. Deleting the original Areas 

should be avoided, whereas this is not valid for the propagated ones. 

9.2 Semantic Propagation 

In this section we describe the meaning of the “semantic propagation” of areas through RI objects 

related to each other. Such objects may be raw data and the created from them mesh objects, after one 

or more Mesh processes. When an area is defined on the mesh object or a raw data file, there is the 

need of defining the same area on the other files that maintain the same subject. This may be done by a 

semantic propagation algorithm, which will decide if the specified area is described in the other objects 

as well. This algorithm runs on the Annotation Manager component, so that when a new area is defined, 

the algorithm will search backwards or forward on the process chain, on which objects there are the 

same areas of interest and define them. For the pre-existing area definitions, the Annotation Manager 

will again decide if they exist in the newly generated objects, and copy them or not. 
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To make this clearer, we will illustrate the issue with an example. In the following diagram there are 

three objects that are stored in the RI with uuids: Oa: uuid1, Ob:uuid2, Oc:uuid3. The Oa is the raw data 

file, the Ob is the mesh object that is constructed from the Oa and the Oc is the mesh object produced 

from the Ob. When an area with uuid4 is defined on the Oc, the propagation algorithm may decide that 

there are respective areas on Ob and Oa and will create area definitions (based on the METS model 

extension) for each one. Each area will have the same AreaID, but the geometric description may differ 

from object to object since Oa belongs to a different virtual space than Ob and Oc. These area 

definitions, that are in XML format will be added on each object’s AreaTable. 

 

 

 

 

 

As mentioned above, each time an Area is specified in an object, the MR is populated with the relation 

“<AreaID> <isPrimaryAreaOf> <ObjectID>” or “<AreaID> <isPropagatedAreaOf> <ObjectID>”, depending 

on the originality of the Area. The Annotation Manager, which is responsible for all decisions regarding 

Areas and annotations, will be also responsible for providing this kind of information to the RI and 

therefore the MR. 

Another issue is the annotations made on Areas. Given the fact that annotations will share the 

originality with the Areas they are declared on (if the Area is primary then the Annotation will be 

Primary; if the Area is Propagated then the Annotation will be propagated) there is the option to display 

all annotations linked to Areas of an Object or just the ones that are made on the primary Areas of this 

Object. To achieve that and based on the previous paragraph, a query on the MR about the links 

“isPrimaryAreaIn” that refer to the current Object, will distinguish the annotations made on the primary 

Areas from the ones that come from propagation.  

There are two types of annotations to be distinguished: 

 The annotations that are created by annotation events. 

 The hyperlinks (outgoing links) 

Both are described in RDF files and are ingested in the MR. The Areas they refer to are in the same way 

defined in the Area-Table of the Object they exist in. 

9.3 METS Schema and the Area Concept  

The METS (Metadata Encoding & Transmission Standard) schema is a standard for encoding descriptive, 

administrative, and structural metadata regarding objects within a digital library, expressed using the 

Oa Ob Oc 
MESH MESH 

 uuid4 

   Area 

Figure 7: Semantic propagation example 



3D-COFORM D.6.2 (PUBLIC) 

28 

 

XML schema language of the World Wide Web Consortium. The standard is maintained in the Network 

Development and MARC Standards Office of the Library of Congress 

(http://www.loc.gov/standards/mets), and is being developed as an initiative of the Digital Library 

Federation and has a quite active user community. 

METS is an important format to package structured sets of digital objects into a single XML file for 

transport. Its particular achievements are a standard solution for pointing to and from objects physically 

contained in the same file, and to manage multiple part-whole structures and associated metadata in 

the same package. It is aimed at supporting communication between Digital Archives and long-term 

storage systems. 

9.3.1 Extensions to METS Schema for Areas 

In 3D-COFORM we have introduced the term “area”, which is used to describe a part (of any shape or 

size) of interest basically in any media object stored in the RI, i.e. a text, an image, a video or a 3D 

model. All areas of an object are stored and defined in the AreaTable of that object, an XML file in a 

METS compatible format. More specifically we will use the “area” definition from METS for declaring 

“regions” in an object; our XML schema for AreaTable is derived from METS areas. Since the METS 

Schema does not provide attributes for 3D models, and it is quite generic and extensible, 3D-COFORM 

adopted a method to wrap COLLADA (COLLAborative Design Activity for establishing an interchange file 

format for interactive 3D applications) files in METS and to provide respective extensions to METS.  

It is recommended to keep COLLADA free of semantic information that could be more easily added by 

wrapping COLLADA in METS. In the following section we propose the functional specifications for the 

merging of the two formats. 

9.3.2 The METS AREA element   

The <area> element of METS typically points to content consisting of just a portion or area of a file 

represented by a <file> element in the <fileSec> of a METS XML document. In some contexts, however, 

the <area> element can also point to content represented by an integral (i.e., proper) file.  

A single <area> element would appear as the direct child of a <fptr> element when only a portion of a 

<file>, rather than an integral <file>, manifested the digital content represented by the <fptr>. In this 

case the <area> element both identifies the pertinent <file> via its FILEID attribute and specifies the 

pertinent area of that file via its SHAPE and COORDS attributes (in the case of image content) or some 

combination of BETYPE, BEGIN, END, EXTTYPE and EXTENT attributes (in the case of text or audio /video 

content). These attributes are explained and discussed below.  

Multiple <area> elements appear as children of a <par> element or a <seq> element when the digital 

content represented by an <fptr> element consists of multiple files or parts of files. As described below, 

the <par> and <seq> elements are used to group multiple files or parts of files that must be 

http://www.loc.gov/standards/mets
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played/displayed in parallel or in sequence to manifest the digital content represented by the parent 

<fptr> element. In these cases, each individual file, or file segment, would be represented by a child 

<area> element. When used as the direct child of an <fptr> element, as is described in the paragraph 

above, the <area> element typically points to just an area or segment of an integral file. When used in 

the context of a <par> or <seq> element, however, an area element can point either to an integral file or 

to a segment of a file as necessary.  

The reader is redirected to the “METS: Primer and Reference Manual” 

(http://www.loc.gov/standards/mets/METSPrimerRevised.pdf) for a straight, comprehensive 

introduction into the basic concepts of METS, which we use in this section. 

9.3.3 The METS AREA – Attributes   

ID (ID/O): A unique identifier for the <area> element which allows the element to be referenced 

unambiguously from another element or document via an IDREF or an XPTR.  

FILEID (IDREF/R): An attribute which provides the XML ID value that identifies the <file> element in the 

<fileSec> that then points to and/or contains the digital content represented by the <area> element. It 

must contain an ID value represented in an ID attribute associated with a <file> element in the <fileSec> 

element in the same METS document.  

SHAPE (string/O): An attribute that can be used very much like in HTML to define the shape of the 

relevant area within the content file pointed to by the <area> element. Typically, this would be used 

with image content (still image or video frame) when only a portion of an integral image map pertains. If 

SHAPE is specified then COORDS must also be present (see below). SHAPE should be used in conjunction 

with COORDS in the manner defined for the shape and coords attributes on an HTML4 <area> element. 

SHAPE must contain one of the following values: RECT, CIRCLE, POLY.  

COORDS (string/O): Specifies the coordinates in an image map for the shape of the pertinent area as 

specified in the SHAPE attribute. While technically it is optional, SHAPE and COORDS must both appear 

together to define the relevant area of image content. COORDS should be used in conjunction with 

SHAPE in the manner defined for the COORDs and SHAPE attributes on an HTML4 <area> element. 

COORDS must be a comma delimited string of integer value pairs representing coordinates (plus radius 

in the case of CIRCLE) within an image map. Number of coordinate pairs depends on the specific shape: 

 RECT: x1, y1, x2, y2 

 CIRC: x1, y1, radius 

 POLY: x1, y1, x2, y2, x3, y3 . . .  

BEGIN (string/O): An attribute that specifies the point in the content file where the relevant section of 

content begins. It can be used in conjunction with either the END attribute or the EXTENT attribute as a 

means of defining the relevant portion of the referenced file precisely. It can only be interpreted 

meaningfully in conjunction with the BETYPE or EXTTYPE, which specify the kind of beginning/ending 

http://www.loc.gov/standards/mets/METSPrimerRevised.pdf
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point values or beginning/extent values that are being used. The BEGIN attribute can be used with or 

without a companion END or EXTENT element. In this case, the end of the content file is assumed to be 

the end point.  

END (string/O): An attribute that specifies the point in the content file where the relevant section of 

content ends. It can only be interpreted meaningfully in conjunction with the BETYPE, which specifies 

the kind of ending point values being used. Typically, the END attribute would only appear in 

conjunction with a BEGIN element.  

BETYPE (string/O): An attribute that specifies the kind of BEGIN and/or END values that are being used. 

For example, if BYTE is specified, then the BEGIN and END point values represent the byte offsets into a 

file. If IDREF is specified, then the BEGIN element specifies the ID value that identifies the element in a 

structured text file where the relevant section of the file begins; and the END value (if present) would 

specify the ID value that identifies the element with which the relevant section of the file ends. Must be 

one of the following values: BYTE, IDREF, SMIL, MIDI, SMPTE-25, SMPTE-24, SMPTE-DF30, SMPTE-

NDF30, SMPTE-DF29.97, SMPTE-NDF29.97, TIME, TCF. 

EXTENT (string/O): An attribute that specifies the extent of the relevant section of the content file. It 

can only be interpreted meaningfully in conjunction with the EXTTYPE specifying the kind of value that is 

being used. Typically, the EXTENT attribute would only appear in conjunction with a BEGIN element and 

would not be used if the BEGIN point represents an IDREF.  

EXTTYPE (string/O): An attribute that specifies the kind of EXTENT values that are being used. For 

example, if BYTE is specified, then EXTENT would represent a byte count. If TIME is specified, the 

EXTENT would represent a duration of time. EXTTYPE must be one of the following values: BYTE, SMIL, 

MIDI, SMPTE-25, SMPTE-24, SMPTE-DF30, SMPTE-NDF30, SMPTE-DF29.97, SMPTE-NDF29.97, TIME, TCF.  

ADMID (IDREFS/O): An attribute providing the XML ID value(s) that identify the administrative metadata 

section(s) or sub-section(s) within this METS document that are applicable to this <div>. Typically the 

<area> ADMID attribute would be used to identify the <rightsMD> element or elements that pertain to 

the <area>; but it could be used anytime there is a need to link an <area> element to pertinent 

administrative metadata. It must contain an ID value that is represented in ID attributes associated with 

<amdSec> elements or sub-elements in the same METS document.  

CONTENTIDS (URI/O): Content ID for this <area>. Equivalent to DIDL DII.  

9.3.4 The METS AREA – Example 

The example below demonstrates the use of the <area> element to isolate particular areas of the image 

files that are referenced in the associated FILEID attributes. It shows both uses of the <area> element as 

a direct child of an <fptr> element and as a direct child of a <seq> element. In the former case, the 

specified area of the referenced image manifests the parent division by itself. In the latter case, the 
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specified areas of two different images must be displayed in sequence to fully manifest the parent 

division. The following XML code example shows how this works in practice. 

 
<?xml version="1.0" encoding="UTF-8"?>  

<mets:mets xmlns:xlink="http://www.w3.org/1999/xlink"  

           xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"  

           xsi:schemaLocation="http://www.loc.gov/standards/mets/mets.xsd"  

           OBJID="ark:/13030/kt9s2009hz"  

           LABEL="Martial Epigrams">  

  <mets:fileSec>  

    <mets:fileGrp USE="REFERENCE IMAGE">  

      <mets:file ID="epi09r" MIMETYPE="image/jpeg">  

        <mets:FLocat xlink:href="http://www.loc.gov/standards/mets/docgroup/jpg/09.jpg"  

                                 LOCTYPE="URL"/>  

      </mets:file>  

      <mets:file ID="epi11r" MIMETYPE="image/jpeg">  

        <mets:FLocat xlink:href="http://www.loc.gov/standards/mets/docgroup/jpg/11.jpg"                           

                                 LOCTYPE="URL"/>  

      </mets:file>  

      <mets:file ID="epi13r" MIMETYPE="image/jpeg">  

        <mets:FLocat xlink:href="http://www.loc.gov/standards/mets/docgroup/jpeg/13.jpg"  

                                 LOCTYPE="URL"/>  

      </mets:file>  

    </mets:fileGrp>  

  </mets:fileSec>  

  <mets:structMap TYPE="logical">  

    <mets:div TYPE="volume" LABEL="Martial Epigrams II">  

      <mets:div TYPE="section" LABEL="Book VIII">  

        <mets:div TYPE="introduction" LABEL="Introduction: Latin">  

          <mets:fptr>  

            <mets:seq>  

              <mets:area FILEID="epi09r" SHAPE="RECT" COORDS="0,1150,2500,3150"/>  

              <mets:area FILEID="epi11r" SHAPE="RECT" COORDS="0,600,2500,900"/>  

            </mets:seq>  

          </mets:fptr>  

        </mets:div>  

        <mets:div TYPE="epigram" LABEL="Epigram I: Latin">  

          <mets:fptr>  

            <mets:area FILEID="epi11r" SHAPE="RECT" COORDS="0,1000,2500,1500"/>  

          </mets:fptr>  

        </mets:div>  

        <mets:div TYPE="epigram" LABEL="Epigram II: Latin">  

          <mets:fptr>  

            <mets:area FILEID="epi11r" SHAPE="RECT" COORDS="0,1500,2500,2350"/>  

          </mets:fptr>  

        </mets:div>  

        <mets:div TYPE="epigram" LABEL="Epigram III: Latin">  

          <mets:fptr>  

            <mets:seq>  

              <mets:area FILEID="epi11r" SHAPE="RECT" COORDS="0,2350,2500,3050"/>  

              <mets:area FILEID="epi13r" SHAPE="RECT" COORDS="0,500,2500,2100"/>  

            </mets:seq>  

          </mets:fptr>  

        </mets:div>  

        <mets:div TYPE="epigram" LABEL="Epigram IV: Latin">  

          <mets:fptr>  

            <mets:area FILEID="epi13r" SHAPE="RECT" COORDS="0,2100,2500,2700"/>  

          </mets:fptr>  
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        </mets:div>  

      </mets:div>  

    </mets:div>  

  </mets:structMap>  

</mets:mets> 

 

9.4 The METS Extensions (proposed for 3D-COFORM) 

As mentioned in previous paragraphs, in 3D-COFORM we have introduced the term “area”, which is 

used to describe a part (of any shape or size) of interest in basically any media object stored in the RI, 

i.e. a text, an image, a video or a 3D model. However, since METS Schema does not provide <mets:area> 

attributes for 3D models and HTML-documents, we have to extend the element <mets:area>.  

9.4.1 New Attributes  

AreaID (string/O): A unique UUID identifier for the <area> element which allows the element to be 

referenced unambiguously in the RI. Not to be confused with ID attribute (identifier) which allows the 

element to be referenced unambiguously from another element or document via an IDREF or an XPTR. 

9.4.2 Extension on Attributes  

SHAPE (string/O): SHAPE must contain one of the following values: RECT, RELRECT, CIRCLE, RELCIRCLE, 

POLY, RELPOLY, COLLADA. If SHAPE is specified as COLLADA, then the body of <mets:area> is an actual 

COLLADA part in XML. It must be inside a <collada> element declaring by TYPE attribute the type of the 

COLLADA node (e.g. BOX, SHPERE etc). If SHAPE is specified as RECT, RELRECT, CIRCLE, RELCIRCLE, POLY, 

or RELPOLY, then COORDS must also be present.  

COORDS (string/O): Specifies the coordinates in an image map for the shape of the pertinent area as 

specified in the SHAPE attribute. While technically it is optional, SHAPE and COORDS must both appear 

together to define the relevant area of image content. COORDS should be used in conjunction with 

SHAPE in the manner defined for the COORDs and SHAPE attributes on an HTML4 <area> element. 

COORDS must be a comma delimited string of integer value pairs representing coordinates (plus radius 

in the case of CIRCLE) within an image map. Number of coordinate pairs depends on the specific shape:  

 RECT: x1, y1, x2, y2  

 RELRECT:  x1, y1, x2, y2 

 CIRCLE: x1, y1, radius 

 RELCIRCLE: x1, y1, radius 

 POLY: x1, y1, x2, y2, x3, y3 . . . 

 RELPOLY: x1, y1, x2, y2, x3, y3 . .  
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If SHAPE is specified as RELRECT, RELCIRCLE, or RELPOLY the values of coordinates there are not 

specified as pixels, but as percentage values (ranging from 0 to 100) which makes the description of the 

shape independent of the absolute coordinates. 

BETYPE (string/O): Must be one of the following values: BYTE, IDREF, SMIL, MIDI, SMPTE-25, SMPTE-24, 

SMPTE-DF30, SMPTE-NDF30, SMPTE-DF29.97, SMPTE-NDF29.97, TIME, TCF, DOM-RANGE. In case the 

value is DOM-RANGE then BEGIN and END elements must contain a set of integer values that define the 

start and the end of Dom-range (as specified in W3C Dom Range, see also below). 

BEGIN (string/O): An attribute that specifies the point in the content file where the relevant section of 

content begins. It can only be interpreted meaningfully in conjunction with the BETYPE or EXTTYPE, 

which specify the kind of beginning/ending point values or beginning/extent values that are being used. 

In case the BETYPE value is DOM-RANGE then BEGIN and END elements must contain a set of integer 

values that define the start and the end of Dom-range (as specified in W3C Dom Range, see also below). 

END (string/O): An attribute that specifies the point in the content file where the relevant section of 

content ends. It can only be interpreted meaningfully in conjunction with the BETYPE, which specifies 

the kind of ending point values being used. In case the BETYPE value is DOM-RANGE then BEGIN and 

END elements must contain a set of integer values that define the start and the end of Dom-range (as 

specified in W3C Dom Range, see also below). 

The whole idea of the proposed extensions to the METS Schema is to keep the new schema as close to 

the original METS schema as possible.  We manage this by extending <mets:area> element, by 

introducing a new attribute (AreaID) and new values for SHAPE (values: COLLADA, RELRECT, RELCIRCLE, 

and RELPOLY) and BETYPE (value: DOM-RANGE).  

We also expect to be able to export (if needed at a later time) from a 3D-COFORM environment, our 

area definitions to METS compliant files with minimum changes.  

9.4.3 The METS 3D Extension    

In document D3.1, “Integrated Repository Architecture & Design Specification” (also known as General 

System Design) in Section 5.3 it is described that 3D area should be attached to coordinate systems and 

not directly to 3D model files, and how this is carried out. Possible 3D regions are: 

 sphere, specified as radius and translation 
 axis aligned box, specified as dimensions and translation 
 mesh, specified as vertices and triangles 

We propose to realize this by just adding a new SHAPE attribute value (COLLADA) to the <mets:area> 

element. The COLLADA node must be inside a <collada> element declaring by TYPE attribute the type of 

the node (e.g. BOX, SHPERE etc). 
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The mesh area is not to be confused with the output of a segmentation algorithm, which is a subpart of 

a specific 3D mesh, while the mesh area is supposed to identify an area of an object with certain 

accuracy, independently of the underlying geometric representation of the object (point cloud, nurbs, 

etc.). – Example: 

 
<mets:area AreaID="uuid:07f05f40-b415-11de-9d48-0002a5d5c22a"  SHAPE="COLLADA"> 

  <collada TYPE="SPHERE"> 

    <translate>10.0 0.0 0.0</translate> 

    <sphere> 

      <radius> 1.0 </radius> 

    </sphere> 

  </collada> 

</mets:area> 

<mets:area AreaID="uuid:07f05f40-b415-11de-9d48-0004a5d5c58a"  SHAPE="COLLADA"> 

  <collada TYPE="BOX"> 

    <translate>10.0 0.0 0.0</translate> 

    <box> 

      <half_extents> 2.5 1.0 1.0 </half_extents> 

    </box> 

  </collada> 

</mets:area> 

<mets:area AreaID="uuid:07f05f40-b415-11de-9d48-0002a5d5c94d"  SHAPE="COLLADA"> 

  <collada TYPE="MESH"> 

    <mesh> 

      <source id="position"/> 

      <vertices id="verts"> 

        <float_array count="12"> 

           -2.0 -2.0 0.0 -2.0 2.0 0.0 2.0 -2.0 0.0 2.0 2.0 0.0 

        </float_array> 

        <input semantic="POSITION" source="#position"/> 

      </vertices> 

      <triangles count="2" material="Bricks"> 

        <input semantic="VERTEX" source="#verts" offset="0"/> 

        <p> 

           0 0 1 3 2 1 0 0 2 1 3 2 

        </p> 

      </triangles> 

    </mesh> 

  </collada> 

</mets:area> 

 

9.4.4 The METS HTML-Range Extension  

A Range is an arbitrary part of the content of an HTML document. A Range can start and end at any 

point, and the start and end point may even be the same (in which case you have an empty Range). The 

most common Range is a user text selection. As soon as the user has selected (part of) the text on an 

HTML page, this selection can be converted to a Range. 

In the general case the selected text may include many different html-elements, as shown in the 
example below: 
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<html> 

<body> 

<div>Crete is an island</div> 

</body> 

<body> 

<div>Heraklion is the biggest city of Crete</div> 

<div>Heraklion is the Capital of Crete</div> 

</body> 

</html> 

In order to define the selected text - in the general case - we must define the index of character in the 

DOM element which specifies the start of the selected text in the specific DOM element. Moreover, we 

must define for the specific DOM element, which is its position (child-index) in the parent DOM element. 

After that we must define the child-index of the parent DOM element in its parent’s parent DOM 

element, all the way up to the root element.  The same must be done for the end of the selected text. 

In the example above, to describe the selected text we have: 

 Start Character index is 0 in the first div Element of the second body Element in the document. 

 End Character index is 30 in the second div Element of the second body Element in the 

document. 

And in <mets:area> we can describe this as follows: 

<mets:area AreaID="uuid:07f05f40-b415-11de-9d48-0002a5d5ca" BETYPE="DOM-RANGE" BEGIN="0, 1, 2" 

END="30, 2, 2"/> 

9.5 The Repository Infrastructure Functions  

In the Repository Infrastructure there is certain functionality designed, regarding the Areas and Area-
Tables.  

9.5.1 RI-functions regarding Areas and Area-Tables 

getAreaTable 
public ResultStructure getAreaTable(FileID fileID) 

Retrieves the Area-table of a data-file as a String.  

Parameters:  

fileID - The ID of the data-file which the Area-table belongs to.  

Returns:  

A structure returning success/failure and a log describing the reasons of the failure. 

 

createArea 
public ResultStructure createArea(FileID fileID, 

                                  COFORMEntityID areaID, 

                                  Datastream areaData, 

                                  java.lang.String areaType) 

Creates a new area in the Area-table of a data-file.  

http://139.91.183.3:8080/Upload/UploadFiles/COFORM%20javadocs/COFORM/DataTypes/ResultStructure.html
http://139.91.183.3:8080/Upload/UploadFiles/COFORM%20javadocs/COFORM/DataTypes/FileID.html
http://139.91.183.3:8080/Upload/UploadFiles/COFORM%20javadocs/COFORM/DataTypes/ResultStructure.html
http://139.91.183.3:8080/Upload/UploadFiles/COFORM%20javadocs/COFORM/DataTypes/FileID.html
http://139.91.183.3:8080/Upload/UploadFiles/COFORM%20javadocs/COFORM/DataTypes/COFORMEntityID.html
http://139.91.183.3:8080/Upload/UploadFiles/COFORM%20javadocs/COFORM/DataTypes/Datastream.html
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Parameters:  

fileID - The ID of the data-file which the new area belongs to.  

areaID - The ID of the Area, provided by the user.  

areaData - The data describing the new area. It is an xml formatted string, that defines the Area in the 

File in a METS compatible, standard way and will be added in the AreaTable.  

areaType - The type (explicitly declared as primary or propagated) of the newly created area in the 

current object.  

Returns:  

A structure returning success/failure and a log describing the reasons of the failure. 

An example of an AreaTable is: 
<AreaTable> 

<mets:area AreaID="uuid:07f05f40-b415-11de-9d48-0002a5d5c22a"  SHAPE="COLLADA"> 

  <collada TYPE=”SPHERE”> 

    <translate>10.0 0.0 0.0</translate> 

    <sphere> 

      <radius> 1.0 </radius> 

    </sphere> 

  </collada> 

</mets:area> 

… 

<mets:area AreaID="uuid:07f05f40-b415-11de-9d48-0002a5d5c23a" SHAPE="RECT" 

COORDS="0,2100,2500,2700"/>    

</AreaTable> 

deleteArea 
public ResultStructure deleteArea(FileID fileID, 

                                  COFORMEntityID areaID, 

                                  java.lang.String areaType) 

Deletes an area from the Area-table of a data-file.  

Parameters:  

fileID - The ID of the data-file which the area belongs to.  

areaID - The ID of the area to be deleted.  

areaType - The type of the area in the current object.  

Returns:  

A structure returning success/failure and a log describing the reasons of the failure. 

updateArea 
public ResultStructure updateArea(FileID fileID, 

                                  COFORMEntityID areaID, 

                                  Datastream areaData) 

Updates an area in the Area-table of a data-file.  

Parameters:  

fileID - The ID of the data-file which the area belongs to.  

areaID - The ID of the area to be updated.  

areaData - The new definition of the updated Area. It is an xml formatted string that defines the Area in 

the File in a METS compatible, standard way and will be added in the AreaTable.  

Returns:  

A structure returning success/failure and a log describing the reasons of the failure. 

  

http://139.91.183.3:8080/Upload/UploadFiles/COFORM%20javadocs/COFORM/DataTypes/ResultStructure.html
http://139.91.183.3:8080/Upload/UploadFiles/COFORM%20javadocs/COFORM/DataTypes/FileID.html
http://139.91.183.3:8080/Upload/UploadFiles/COFORM%20javadocs/COFORM/DataTypes/COFORMEntityID.html
http://139.91.183.3:8080/Upload/UploadFiles/COFORM%20javadocs/COFORM/DataTypes/ResultStructure.html
http://139.91.183.3:8080/Upload/UploadFiles/COFORM%20javadocs/COFORM/DataTypes/FileID.html
http://139.91.183.3:8080/Upload/UploadFiles/COFORM%20javadocs/COFORM/DataTypes/COFORMEntityID.html
http://139.91.183.3:8080/Upload/UploadFiles/COFORM%20javadocs/COFORM/DataTypes/Datastream.html
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Each data-file can have one and only one AreaTable that contains the definition of internal Areas of 

interest in the data-file. The AreaTable is stored in the structures of the OR as a string, connected to its 

data-file through the “Area-tableID” field of the Data-OR-structure.  

10 Appendix B - Annotation Examples 

10.1 Scenario for Sphinx annotations 

 Two different users create annotations for a specific area of the object with uuid:354c91e0-b3fa-11de-

98c6-0002a5d59rer. 

Workflow for Sphinx annotations: 

 The first user creates the area in the AreaTable of the object with uuid:354c91e0-b3fa-11de-98c6-

0002a5d59rer 

o Find the object and see available areas 

o Call createArea(): creates a new id for the area, adds in the AreaTable the new XML part 

and updates the MR.  

 Create the annotation RDF files 

 Ingest them in the RI 

 

Figure 8: Sphinx annotation 1 
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Figure 9: Sphinx annotation 2 

10.2 Scenario for Pitt’s bust annotations:  

Knowledge is extracted from the documented information of sculptures held within different museum 

Collections Information Systems 

• V&A museum 

• Historical Portraits Ltd 

Both annotations reference William Pitt  

In a third annotation the two William Pitts are identified as the same person 
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Figure 10: Knowledge extraction example 1 

 

Figure 11: Knowledge extraction example 2 
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Figure 12: The object depicts an Actor 

 

Figure 13: Creation of a comment 
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Figure 14: Identification of the two William Pitts as the same person 


