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Abstract

It is still a big technical problem to establish a relation between a shape and its meaning in a sustainable way.
e present a solution with a markup method that allows to label parts of a 3D object in a similar way to labeling
parts of a hypertext. A 3D-markup can serve both as hyperlink and as link anchor, which isthe key to bi-directional

linking between 3D objects and web documents.

Our focus is on a sustainable 3D software infrastructure for application scenarios ranging from e-mail and in-
ternet over authoring and browsing semantic networks to interactive museum presentations. \We demonstrate the
workflow and the effectiveness of our tools by re-doing the Arrigo 3D showcase. We are working towards a “ best
practice” example for information modeling in cultural heritage.

Categories and Subject Descriptors (according to ACM CCS):  1.3.4 [Graphics Utilities]: Graphics editors 1.3.6

[Methodology and Techniques]: Languages,Standards

1. Introduction

Cultural Heritage is inherently 3-dimensional. On the one
hand the remains from our past form a VAST collection of
3D objects. On the other hand, every item of cultural value
is embedded in time-varying social, political, geographical,
traditional, and personal contexts. Each artefact has its own
history, but also belongs to an object class, which develops
over time as well. In fact, each cultural artefact belongs to
many classes: Shape, material, manufacturing technology,
possessor, al provide equally valid views on an object.

This shows that when attempting to embed 3D objects
into their semantic context, things quickly become extremely
complicated. As a consequence, Cultural Heritage is a very
rich and interesting, but also very demanding field from the
information modeling point of view.

1.1. The Arrigo Showcase

The motivation for the work described in this paper comes
from a beautiful museum exhibit, the Arrigo Showcase. It
was created by the group of Paolo Cignoni and Roberto
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Scopigno of the Visual Computing group of CNR Pisa,
Italy, and it represents one of the rare cases where inter-
active 3D technology was successfully used in a museum
exhibition. Using a mouse, visitors could interactively ex-
plore detailed 3D models of al 12 statues of the Arrigo en-
semble. The Mirtuallnspector technology developed in Pisa
[CPCS08, CPCS06] maintains interactivity even with close-
up views of massive 3D datasets with millions of vertices.
It was deployed for the public display of the David statue
scanned in the Digital Michelangelo project by Marc Levoy
from Stanford. The display was located right next to the real
statue, which is 5 meters tall. Visitors could discover details
in 3D that were barely visible on the real statue. This way
the 3D visualization does not replace, but enhances the ap-
preciation and understanding of the real artefact.

Theinteresting part of the Arrigo Showcase isthat it en-
courages to explore not only the 3D dataset, but also its se-
mantic embedding. Some parts of the statues, like the mu-
tilated hands or the hollow back, lead to obvious questions.
With information icons on the 3D model visitors could ac-
cess an information pane with a short textual explanation
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Figure 1: The Arrigo 3D presentation. Beautifully made, but a closed solution. All texts shown are just bitmap images that are

inconvenient to change.

(Fig. 1). Inthat way semantic information is made accessible
via3D.

1.2. Drawbacks of the Arrigo Approach

In 3D software there is adways a tradeoff between fine-
tuning and generality. Optimal results are possible only by
adjusting all components: input devices, display hardware,
rendering a gorithms, graphical user interface, content qual-
ity, graphic design, interaction metaphors, and look and feel.

As beautiful as it may be, the Arrigo Showcase suffers
from fundamental limitations with respect to the following
requirements:

e Sustainability: Computer hardware can become out-
dated, as well as display algorithms and file formats. But
cultural objects keep their semantics and should be avail-
able independently of the technical development status.

e Extensibility: Adding new information icons, including
additional viewson the subject, aternative interpretations.
Linking into the showcase, and links from the showcase to
information outside. Adding such links much later.

e Changeability: To replace a system component is possi-
ble only with clear, well documented specifications of the
interfaces between the modules. Modules should comply
to standards rather than to ad-hoc design decisions.

e \ersatility: Ideally, data and systems cover many applica-
tion scenarios, e.g., using the same datain amuseum exhi-
bition and for scientific research. Data should be internet
accessible, and should be reliably citeable in a scientific
publication or in an e-mail.

e Openness: Every piece of information leads to other
pieces; information can be hierarchically grouped or ar-
ranged in a graph (hypertext); each of the information
iconsisin fact part of alarger semantic network.

1.3. Requirements Analyis through Use Cases

It is not an easy task to overcome the limitations of the Ar-
rigo system. An analysiswas carried out to identify anumber
of use cases that amore general system would have to cover.

e Scenario: Web browser with coupled 3D browser
Following a hyperlink that points to a 3D object should
bring up a 3D browser displaying this object. 3D objects
may contain embedded hyperlinks (information marks)
leading to other 3D objects, or to web documents. Such
software shall be easy to use and ideally be free.

e Scenario: Museum Presentation
The 3D browser and a web browser are seamlessly cou-
pled together in a fullscreen application. The 3D layout
and the web page are beautifully tuned to match. The web
browser can show multimedia content (images, video,
Flash) triggered by links on the 3D model. The 3D view
(camera, shading) can be modified using hyperlinks.

e Scenario: Scholarly Research
The 3D browser and the web browser are connected to a
semantic data base via a combined frontend. It gives ac-
cess to a semantic network of entities (generalized “mul-
timedia” documents). Relations between entities can be
browsed, and new relations can be established.

e Scenario: Authoring semantic networks
There must be an easy way to create 3D attachments. An
authoring application allows importing raw datasets, ob-
jects can be spatially arranged via drag-and-drop, and re-
|ations between 3D objects can be defined. Ideally, scenes
can aso be provided with behaviours (e.g. drag-and-drop
behaviour).

e Scenario: Development of 3D-Applications for CH
CH requires a plethora of specialized applications to
cover al aspects from excavation management over GIS
databases to artefact collections and museum archival
software. They would all greatly benefit from function-
ity likein the Arrigo showcase.

1.4. Information Model: Design Decisions

The first step is to define the information infrastructure. It
must be simple, reliable, versatile, extensible, and standard
compliant. Our basic decisions and definitions are:

e Integration into semantic networks
Cultural information is modeled today as a network of en-
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OpenSG/XML/GML | OpenSG engine with GML scripting, maintaining XML attachments to 3D scene graph nodes
ActiveEpoch OpenSG/XML/GML as ActiveX control that consists only of an OpenGL window
EpochViewer Thin layer to wrap ActiveEpoch into an application that resolves links to 3D object parts
EBHO Internet browser extension, redirect .dae to EpochViewer, including relative links (#Head)

AuthoringTool

Markup application combining ActiveEpoch control with an InternetExplorer control

PresentationTool

Integrated 3D/web browser with simplified interaction for museum exhibitions

Figure 2: The components of our software infrastructure. The ActiveEpoch control encapsulates the 3D functionality.

tities connected by semantic relations. 3D should be part
of them.

e XML for structure and semantics
These semantic networks are encoded in XML. Many
XML technologies exist to manipulate XML encoded
knowledge.

e All references are URLs
An entity is nothing but a uniform resource locator, a
URL. A relationship (e.g., a RDF-triplet) links two en-
tities (two URL s) together by a predicate (another URL).

e Bi-directional linking HTML < 3D
A 3D object isuniquely identified by a URL pointing to a
model file with the appropriate MIME type (.dag):
http://www.CH-models.org/statues/arrigo5.dae

e 3D-Links on sub-object level (part level)
A part of a 3D object is uniquely identified by arelative
link, similar to linking to an anchor in an HTML docu-
ment:
http://www.CH-models.org/statues/arrigo5.dae#Head

e 3D annotations in XML: Collada
.dae-links refer to Collada XML documents which have
alibrary part and a scene part. 3D objects in the library
may have information attached. Our attachments consist
of aregion in space (link anchor) and a URL (link target).

e 3D objects in binary formats
The actual 3D datasets are not encoded in XML but in
native 3D formats (obj, ply etc). The 3D objects in the
library part of a Colladafile only refer to them viaURL.

e 3D scenes in XML: Collada
The scene part of aColladafile definesthe spatial arrange-
ment of the objects defined in the scene part. It consists of
hierarchical transformations, a scene graph.

e Multiple interpretations simultaneously
Different .dae-Files can provide the same 3D modéel
with different sets of annotations (interpretations). One
model part can have multiple hyperlinks attached, differ-
ent views or aspects of that part.

e Mechanisms and behaviour are possible
The 3D scripting language GML [Hav05] has an XML-
based encoding (.xgml). GML code can in fact be in-
serted directly into Collada to provide objects or whole
sub-scenes with behaviour.

The next step is identifying a set of functional units that
can be combined in different ways to realize the various
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application scenarios. The resulting software modules are
shown in Fig. 2, they will be further explained shortly.

This paper shall demonstrate how this infrastructure
works by re-doing the Arrigo Showcase. The purpose of this
exercise was to assess the usefulness and the effectiveness
of our tools. Furthermore, we consider it one step towards
providing best-practice examples of sustainable information
modeling in Cultural Heritage —which is our main goal.

2. Previous and Related Work

The conceptual basis for our work are The London Char-
ter (TLC) [Lon06] and CIDOC-CRM [CDG*05]. The TLC
introduces the notion of intellectual transparency, which re-
flects the necessity of maintaining the distinction between
measurement (wall with measured height) and interpretation
(wall inferred from foundation wall). As a consequence, it
prescribes to collect paradata, provenance and processing
history, throughout the whole work flow.

The Conceptual Reference Model CIDOC-CRM from the
“International Committee for Documentation of the Interna-
tional Council of Museums’ (ICOM-CIDOC) isthe standard
for relational semantic networks in Cultural Heritage. It pro-
vides 84 entity classes (actor, place, time-span, man-made
object etc). It also defines 141 relations, e.g. participated in,
performed, at some time within, took place at, is referred to
by and has created.

Niccolucci et a. have demonstrated the integration of 3D
into semantic databases based on the X3D format using the
MAD/SAD framework [NDO6]. Our current work aims at an
extension of their ideas, but is based on Collada instead of
X3D. Colladais an exchange standard from the digital con-
tent creation (DCC) industry originally defined by SONY to
streamline content exchange for the Playstation. [ABO6]. It
isnow an open standard hosted by the Khronos group.

Our work can aso be seen in the context of the Seven
open problems in 3D documents [HFO7], where maintain-
ing a consistent relation between a shape and its meaning
was pointed out as one major problem that is unsolved with
current 3D technology. One step in that direction wasthe in-
tegration of XML into the scene graph [HSKF06] and the
availability of a sustainable presentation framework for mu-
seums (aka 3D-Powerpoint) [HSLFO7]. The current work
can be understood as a generalization of these approaches.
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Concerning the processing of textual data into semanti-
caly enriched representations we have seen some projects
connecting the Text Encoding Initiative (TEI) to other in-
formation resources using conceptual modelling. The Henry
111 Fine Rolls Project used RDF/OWL [CSVP07] and New
Zedand Digital Library used Topic Maps[Tuo06]. And both
used CIDOC-CRM in their ontology building. But the in-
tegration has been to objects such as historical persons and
places and not to 3D representation, and the linking has been
on the level of single objects. The distinction between an ob-
ject and apart of an object (astatue and the arm of the statue)
has not been taken into consideration.

3. Text Processing

The Text Encoding Initiative (TEI) is a consortium of insti-
tutions and individuals from all over the world. The TEl is
also a set of guidelines for the encoding of textual material,
and it is a set of computer readable files [tei08]. The guide-
lines and the computer readable files specify a set of rules,
documents have to adhere to, in order to be accepted as TEI
documents. These rules are expressed as XML schema.

Although the main area of usage for TEI has tradition-
ally been in the field of edition philology, it has been used
in the museum and cultural heritage sector as well [EL08].
Since 2004, the work of connecting TEI encoded texts to
ontological information has been coordinated by the TEI
consortium through the Ontologies Special Interest Group
(http://www.tei-c.org/Activities/SI G/Ontol ogies).

3.1. The TEI encoded document

Text encoding is a process of making implicit information
explicit. A text printed in a book contains implicit informa-
tion helping the human reader understanding it: Paragraphs,
sentences, punctuation, etc. In order to assist machine pro-
cessing of documents, some of this information has to be
made explicit.

The TEI document is encoded by the use of XML ele-
ments. Each element in a TEI tag set has a description and
usage examples as well as a name. This means that the se-
mantic status of each element is fixed. The tag set also de-
fines the relation between the different elements in the doc-
ument’s abstract structure so that only certain elements are
lega at each place in the structure. The abstract structure of
the document can be expressed as a tree structure. In addi-
tion to thistree structure, the document includes connections
between individual nodes (id-idref pairs).

TEI documents consists of two main parts:
e The TEI header, which is a bibliographical description
of the document,as well as possible sources, e.g. printed

texts or hand-written manuscripts. The header may also
contain thesaurus-like information and world knowledge,

such aslists of classes of linguistic features or lists of per-
sons with names used to refer to them as well as other
information.

e The TEI body, in which the main text is stored.

Texts also contain references to objects in the real world
or in apossible world, such as aname referring to aphysical
person or strings referring to 3D models of statues and its
parts.

In order to connect positions in the text in which such
references are made to other resources, they have to be ex-
plicitly marked up. This is what we do in the the semantic
mark-up of documents. We include XML elements in the
text so that these elements can be addressed. An exampleis
the string “ The hands must have held the imperial insignia”’
The two substrings of special interest are “The hands’ and
“the imperial insignia’, and these two are tagged and have
xml:id values so that they can be referred to.

£d1v type=Tsection” n=Tl’s

rs type="artefact” ml:id="al" key="statue?">Arrigo VII enthroned</rs-

T:1d="a2" type="artefactpart™ key="Statue7#hands">Hands</rsx»

", type="artefactpart” key="statue7¥arms">arms of the
statume/rs> qu blln reduced to stumps. urlglna'l'l they must have basn
D‘Iand in !uﬂl a -lr as to sofren the diaganal \‘c‘ldl of the dnu an the

5 type= nrttFnctplar" key="statueTfhands">T|

> ms( hnn hll& <rs xml:1d="as" types"artefactpart’
‘statuel#insignia“>the |-plr1l| insigniacfre». <rs aml:id="el"

t ‘event” key="Statue#firsc- nutnumn :rho First lu\'l'lahon of the
statues/rs> may have occurred when <rs
e s:z:u. #first-nutilation :1mcbody wr hem of
¥ 'arufn:(mrl

xm aciou:
ther with the crown, symbolized power . “M, are
atures of the iconographic representation of

«rs wml:id="al0" type="artefactpart” key="Statue?¥head">Head</rs:

f="all" type="artefactpart™ ke sz:nu.?:he.:d th head of the
smnararc/res has broksn off from crn wml:ids al?" “arrafacrnare”

Figure 3: Text processing output with semantic markup.

The information extraction needed for this semantic
markup is a human process, even though parts of it may be
automated. It is based on a certain reading of atext. In our
example, the various elements of the statues were of great
importance, and were marked up in a very detailed way,
whereas other parts of the text were less important. The re-
sult of this process is an XML document in which specific
parts of the information are made explicit. Even if it will be
possible to automate larger parts of this process, the choice
of which information categories should be marked up will
still have to be made manually.

For internet use, the TEI Consortium has provided a set of
XSLT style sheets to convert TEI documentsto HTML.

3.2. CIDOC-CRM modelling

The TEI document described above contains information
about the objects discussed in the text, but no formalized
relation between them. There are different strategies for in-
cluding such information. To ensure that the best tool is used
for each part of the work, the semantic model was stored
in an CIDOC-CRM compliant XML document [CDG*05].
The toals existing for conceptual modelling in TEI are not
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suitable for complex cultura heritage systems such as the
Arrigo showcase.

<crm:PE2.Dapictss
<!-- shortcut --»
<crm:E2l.Person rdf:about="Arrigo VII"»
<crm:Pl.is_identified_bys
kermiES2. Actor_appellation rdf:about="Arrigo VII">Arrigo VII
</crm:E82. Actor_appellations
<ferm:Pl.1is,
is_referred_te_by>
1 ).1nfnrm.ﬂ:lon_0bgctt rdf:ID="pl" f>
.is_raferred_to_by>
s_referred_to_by>
:E73.Information_object rdf:1D="p2"/>
67.15_refer r:d_\u_gyy

~identified _bys

rdf:about="Hands">
dentified_by>
Jeﬂ_lderﬂ.nl'\er
http: //havemann.cgv.tugraz.at/fedora/get/arrigo/statuel ¥hands" />
<fer ~identified by>
<crm:P102.has_title>
<crm:E35.Title rdfiabouts"Hands">Hands</crm:E35.Titlex
</crm:P102. has_title>
<crmiP67,45_referred_to_bys
<crm:E73.Information_object rdf:io="a2"/>
</erm:P67 . 1s_refer r:d_\.u_gyy

Figure 4: Processed text output as RDF triplets.

The actual conceptual modelling is based on a human un-
derstanding of the meaning of the text. Each place the text
contains a string such as “ The hands’, a CIDOC-CRM E22
Man-Made Object is created in the model with the xml:id
value of the element in the TEI document connected through
an CIDOC-CRM P67 is referred to by property. Further,
each set of hands is connected to the statue they form part of
through other CIDOC-CRM properties. For each statement,
the xml:id value connecting it to the correct place in the TEI
document is included.

We must stress that in such a system, it is necessary to
connect each statement in the CIDOC-CRM model to the
place in the document from which it is taken. The formal-
ized, machine readable information is stored in CIDOC-
CRM. A requirement of this linking is to show a human
reader the place from which theinformation is fetched. This
isvital, not just to make a nice interconnected information
system, but to ensure the scholarly quality of the work. The
critical user of systems built on these principleswill easily be
able to check the source of the statements in the model, and
maybe criticise the published semantic model for what he
believes to be misinterpretation of the text. Thus, the func-
tion of the links is important at the same level as the foot-
notesin atraditiona scholarly paper.

In the showcase described in this paper, information from
only one document is included. In a production system this
will rarely be the case. If artefacts are important enough to
create respective 3D models, one would suppose more than
one source of information about them is available.

3.3. Document production

In the showcase, a pre-existing text was TEI encoded and
the CIDOC-CRM model was developed manually. In a pro-
duction system, it would be better to include the encoding
and the conceptual modelling into the text production pro-
cess. To be able to create such complex documents, the au-
thor would need access to atext production system in which
such information could be easily included.
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For the TEI encoding, good XML tools do exist and are
used by many projects, e.g. Oxygen from SyncRO Soft.
Tools for conceptual modelling also exist, but they are not
integrated into XML tools used by the TEI community. In
our opinion, development of user friendly tools in this area
is necessary to persuade scholars to create texts in which
explicit semantic models are included. The only alternative,
post-processing of texts, will be more expensive and pro-
duces less quality. It has to be done for legacy texts, but
hopefully not for texts created in the future.

3.4. Information integration

The use of the tools created by text encoding and conceptual
modelling is based on the links created between parts of the
3D models and fragments of TEI texts that goes through en-
tities and properties of the CIDOC-CRM maodels. Such links
can be used as seenin Figure 7. But theinformation of differ-
ent types that have been created are also connected to other
resources, e.g. in the following ways:

e A part of the statue is connected to other parts of the same
statue and to other statues by geometrical relations. This
includes connections based on speculations about histori-
cal arrangements.

e A text fragment is related to other text fragments in the
same document. It is also related to texts in other docu-
ments through implicit as well as explicit intertextuality.

e The statements in the CIDOC-CRM model are related to
other statements in the same model, as well as to similar
statements and co-referring statements both locally and in
other models.

In this way, the work with 3D models of culture historical
artefacts is located where it belongs: In the network of in-
terconnected knowledge sources, both classical and modern,
expressed in all sorts of media.

4. Semantic 3D Markup Technology

After the production of a 3D dataset, Collada files for an-
notation can be generated with the AuthoringTool. The soft-
ware is capable of retrieving 3D objects from a loca file
system or remotely from a URL. This also works for follow
up fileslike material definitions and textures which may not
be included in the model file.

The 3D data is embedded into a scene to add the nec-
cessary additional data. The conceptual components of the
scene are;

e Hierarchical structure: The scene graph structureisused
to arrange one or multiple 3D models.

e Reference to 3D data: The 3D data, potentially massive
datasets, is referenced using a URL.

e Transformation: Spatial location and orientation of the
imported 3D model or sub-scene.
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Figure 5: The AuthoringTool (left) and one of the presentation tools with integrated web browser (right).

e Annotation data: All of the neccessary data to define a
markup is directly attached to each 3D model.

In the first step of the authoring process the model can be
arranged properly. 1t may be neccessary to re-align the data
to match a desired up-axis for consistency, or to align with
other objects. Also scaling to the original size may be nec-
cessary. Depending on the used shape aquisition method the
origina data may or may not be in a unified metric coordi-
nate system. All transformations are stored only in the scene
file, the original 3D data are not modified.

The sceneiswrittento a“lightweight” version of the Col-
lada format (just scene, no shape data) so that referenced
shape data remain in a binary format. This way, optimized
binary formats beyond the Collada standard can be sup-
ported. All those formats have to be well defined and doc-
umented for long term archival. Thiswas achieved by using
the open source scene graph engine OpenSG as a unified ba-
sisfor the whole process of 3D aguisition. The supplemental
data containing the markup definition and associated URLs
is stored in a so caled extra element provided by the Col-
lada scheme. Extras containing custom data can be attached
to every scene graph object. Note that Collada compliant ap-
plications are not allowed to discard unknown extra data.

Having set up the Collada scene for the 3D model it is
now possible to add markup areas with the authoring soft-
ware. One of the easiest waysto definean areain 3D isusing
asphere. AuthoringTool alowsto create spheres by clicking
on themodel’ s surface and dragging the mouse to modify the
radius of the sphere. Other primitives like boxes may also be
considered as markup geometry. Additional geometry defi-
nitions for annotation areas can be added in the future with
little expense.

The user will most likely navigate to agood point of view
to define the area. This behavior helps to store a suitable
camera definition for the markup area. There are some ago-

rithms available to find such view points automatically, but
ingeneral itisbest to let the knowledged user choose it man-
ually in the authoring process. The camerais described quite
similar to the common Collada specification. The annotation
geometry and the camera are defined in the object space of
the model. Independent from the transformation of the scene
it is possible later on to reuse the annotation definition for
other scenes.

Now the user has to set an identifier for a later reference
of the annotation. Thisidentifier is similar to an anchor point
of aweb page. It has to be unique within the scene. One or
more URL s can then be attached to an anchor leading to the
additional data. This step depends alot on the purpose of the
scene. For amuseum application the URL slead to appealing
presentations of details on the model. For scientific markup,
a data base entry with collected facts may be more appro-
priate. The authoring software supports the user in finding
the associated data with the integrated web browser. Drag
and Drop functionality helps to copy URLSs easily from one
place to ancther.

The information is stored directly with the scene graph
object as XML code. Later modifications of the scene will
not destroy the defined markup and the connection to the
model. An example of the extra element islisted in Figure 6.

5. Applications: Authoring, Presentation, Browsing

The heart of the EpochViewer framework isan ActiveX con-
trol, which provides the 3D widget area. It combines the
scene graph system OpenSG with the scripting language
GML [GBHFO5]. Since the first version the operator set
of GML has been extended with support for reading the
lightweight Collada scene description and basic XML ma-
nipulation. The control can be used in custom VisualBasic,
C# applications or embedded directly intoan HTML page. It
isaso availablein all ActiveX-compliant software (like Mi-
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<annot ati on i d="head"
title="Head_of _Arrigo">
<annot at i on_geonet ry>
<annot at i on_spher e>
<center>13.1 31.96 2.32</center>
<radi us>3. 73</ r adi us>
</ annot ati on_spher e>
</ annot ati on_geonetry>
<annot at i on_canera nane="eyepoi nt">
. simlar to Collada
</ annot ati on_caner a>
<annotation_url title="Some_Text">
http://wwmv. t xt.conl stat ue/
</ annotation_url>
<annotation_url title="A_Photo">
http://photos. org/ st at ue/
</ annotation_url>
</ annot ati on

Figure 6: Example (annotation) within the Collada scene
"Satue07.dae": The annotation "head" with one sphere as
the annotation’s markup geometry, a camera definition and
links to two external information sources.

crosoft Office, Internet Explorer, .NET Framework), which
makes it the ideal platform for generating custom tailored
user interfaces.

Wewould loveto use other operating systems and/or com-
ponent technologies, but currently there are no reasonable
alternatives availablein terms of easy deployment and exten-
sibility. However it would not be difficult to fit our approach
into alternative component frameworks.

Inspired by the Arrigo Showcase [CPCS06] the follow-
ing sample applications (see Figure 5) were presented at the
Epoch final review meeting in Rome:

e AuthoringTool
The AuthoringTool isan exemplary authoring tool for cre-
ating semantically enriched 3D objects. This application
focuses on people with special knowledge of an object
(e.g. ahistorian or an archaeologist), so the functionality
was stripped down to the absolutely necessary.

e PresentationTool
The PresentationTool combines the ActiveEpoch control
with a browser control to display the URL targets and a
list of anchors. Annotations can either be examined by
clicking on the markup geometry in the 3D scene or by
selecting an anchor from the list. By choosing an annota-
tion, the point of view is automatically moved to the pre-
defined position.

e Browsing
In order to integrate our framework into the web world
it isimportant to stay consistent and intuitive in terms of
URL scheme and default browser behaviour.
The URL scheme described in RFC 1738 [BLMM94]
uses the character "#' to delimit a URL from its frag-
ment/anchor. This mechanism is used to address an-

(© The Eurographics Association 2008.

chors within an HTML document. Using that scheme
we can easily reference the anchor "head" within the
"Statue7.dae" Colladafile (see Figure 6):

<a href="http://www.cgv.tugraz.at/Statue07.daetthead" >
Unfortunately it is up to the browser implementation
how to react to a fragment/anchor in a web address. The
browser default behaviour on documents it cannot handle
itself isto download the content to atemporary file and to
start an application which is registered to handle that type
of content, but without transmitting the anchor informa-
tion.

For the Internet Explorer in Microsoft Windows this can
be achieved by a Browser Helper Object (BHO), whichis
aplugin to customize or add functionality, e.g. the Adobe
Acrobat plugin uses a BHO in order to correctly process
the fragments for PDF files (some.pdf#page=15).

Other browsers alow to implement the same behaviour,
e.g. with the use of an extension for Mozilla-based
browsers.

6. Conclusion and Future Work

The concepts presented in this paper are easy to understand
and the implementation of tools is not too much of a chal-
lenge. So we consider it to be asimple solution to a complex
problem: the semantic annotation of 3D data on a sub-object
level. Parts of a dataset, e.g. the left arm of a statue, can be
linked bi-directionally to other data sources. The additional

w
Mamtins of tha ecrsngeaphic soprote
R e
e BRI
features of the ic
« Head: The hea
and does not fit we af the
disproportion in the re - otl and
statue. Moreover, there is a stylistic differen

minuta rafinamant nf tha fara an tha ana ha
Figure 7: A typical viewing session: After the user has
clicked on the head'siconiit is highlighted in the viewer and
the camera moves to the predefined setup. Clicking on the
arms in the 3D view would trigger the browser to jump to
the associated text.
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information can be of any kind like texts, images, videos,
etc. aslong as a standard internet browser can display it.

Information in any formisaccessibleindependently of the
application scenario and can be referenced in a unified way.
The creation of annotations as well as referencing parts of
the model is easy to use. And the integration into standard
internet browsers makes working with digital 3D objects as
comfortable as working with text files. Exchanging anno-
tated geometry with colleguesistrivial viae-mail.

Using this solution, 3D models based on culture historical
artefacts will be integrated into the wider context of knowl-
edge sources that will become the semantic web of cultural
heritage. This will push the process of changing such 3D
models from "technical toys for the few" to elements in the
toolbox used by researchers, curators and the general public
as part of their daily work with cultural information.

Next steps include the integration of data base systems
with large amounts of 3D data and annotations. It has to
be possible to collect existing information using data base
queries to create Collada files with annotations automati-
caly. In fact, the queries can be directly attached to the 3D
models. Adding annotations back to the database will allow
a collaborative information exchange between researchers.

The presented software, both the ActiveEpoch control and
the sample applications for authoring and browsing, is avail-
able from www.cgv.tugraz.at/Epochviewer.
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