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ABSTRACT the paradigm of hypertexts and hypermedia.

The presentation of cultural heritage informatian typically
addressed with the use of web pages eventuallgratesd with
specific visualization of 3d models that complete ttextual
information. The problem with this type of informat is its
extent, its complexity and the connection betwees Yarious
concepts. This paper presents an Information Lapissystem
for the fruition of this type of information throbga virtual

environment, available both for desktop and immersi
visualizations.

Categoriesand Subject Descriptors

H.5.1 INFORMATION INTERFACES AND
PRESENTATION]: Multimedia Information Systems -

Artificial, augmented, and virtual realities

General Terms

Design; Human Factors

Keywords

Virtual Reality; Cultural Heritage; Visualization

1. INTRODUCTION

The increase of the available Internet bandwidthd ahe
improvements of the graphic capabilities of per$aanputers
have allowed the access to large datasets of iafitom in the
form of documents, photos and videos. The fruitiwh this
information happens through the standard Web Browserface
that focuses the attention of the user on a sipafe at time along
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The information related to Cultural Heritage, imsteis complex
both in terms of structure of the relationships agithe various
entities, and also complex in terms of the undegyinedia. The
understanding of art related technique, and thelymiions in a
specific area require an intense browsing of theehyedia. The
alternative possibility is to present the same nimi@tion in an
immersive way, allowing the user to navigate in ithfermation
using the paradigms of virtual environments.

The focus of this work is indeed in the use of imshe systems
for the fruition of content, using one particularetaphor of
visualization, the Information Landscapes, that lzmsed on the
abstract presentation of information in the thrememsional
space. The aim of this type of virtual environmdatt place the
user directly in the information and to allow himm bavigate
around for improving the understanding and learpiragess.

The construction of this type of landscapes, apairig helped by
the use of automatic tools and authoring systerequires a
preliminary design effort by the landscape developde paper
presents the design process and the decision® inathstruction
of an Information Landscape for Cultural Heritagentent,
focusing on a case study for showing the resultswfh an
analysis. The case study is related the presentafia particular
educational content, the graphic art's collectionshe Lucca's
area from XV to XXl sec, which cope well with thd I
visualization paradigm features. In fact this conte constituted
of information inherently bi-dimensional which chenefit from
being organized in the 3D space, with a particake on data
structures and connections, in order to improveetifiectiveness
of the communication.

The paper is structured as follow. The second @egirovides an
introduction in the area of immersive technologies Cultural

Heritage and the concept of Information Landscapée third

section presents the design process and the quedein the
construction of an information landscape. The fowwction is a
case study of such a design, introducing a speeXanple. The
fifth section completes the description of the cstsely with some
detail of the technological implementation of tlystem.



2. RELATED WORK

Cultural Heritage is an important resource for @owntry
from several perspectives. Whether it deals withintpays,
sculptures, monuments or other artifacts, wear taad of time
raises questions about restoration, conservatiot fnition
issues. Some of these questions may find an answehe
technological solutions provided by technical-stfenresearch.
Virtual Heritage is a term being coined for the wfedigital
techniques to reconstruct and preserve historicaluments and
artifacts. Its applications are numerous, starfiogn conservation
[15][12], to fruition [17], to education and dissigration [32] .

An interesting survey describing trends in IT apgtions for
Virtual Heritage [20], identified four main stages the design
and development of VH systems, namely Input Datde€tion
(ranging from 2D/3D scanning, photographs, videxid, audio
etc.), Data Processing, Visualization Technologieand
Applications. The analysis of the resulting diagrstmowed that a
significant portion of the identified trends lay tine fields of 3D
Graphics and Virtual/Augmented Reality for both ehaictive
Installations and the Web.

Several examples exist of Web 3D application dealiith
Cultural Heritage, often making use of consolid&@&d(or quasi-
3D) technologies like VRML or QuicktimeVR, whichpwever,
nowadays look quite aged. Examples are the SCULIRTR?]
project, the World Heritage Tour [27] and severatual cities,
like Saint Petersburg 300 [33] or Virtual Rome [10Jlore
recently the spreading of more performing rendetémnologies
available under the form of web browser plug-ifeng with the
increasing availability of bandwidth, allowed fdwetrealization of
more sophisticated applications using large datased hi-quality
rendering. Some examples are the 3D of Piazza deichli [9]
and the Pure Form Museum [31] (which enables evaptit
feedback to virtually touch digital sculptures)ttheake use of the
XVR technology, Playing the Past [21], making usk tloe
Quest3D technology, or Keops [1], based on the odlg
technology. Besides web applications, there are giteresting
applications of real-time 3D graphics to Culturadritage which
need dedicated clients, the most famous being Sekide-based
virtual museums [28] which are either replicas/astens of real
museums or fully virtual environments with no cependence
with real institutions.

The first stages in the development of a Virtualritdge
system lead to the realization of a Virtual Envirent which the
user can perceive in a multimodal fashion and wiiefshe can
interact with. As explained, the creation stage rhappen in
different ways. When the environment that has tovisially
created is actually existing, it is sufficient tagitize it using
techniques based on photography or on 3D scannlij. [
However it may happen that the physical objectas anymore
present, or only partially existing or, in any easnpossible to
digitally acquire. In this case it is necessarynake very accurate
surveys in order to collect the data needed for tiemual
modeling of the environment [4].

Nevertheless, being Virtual Reality not necessaaiighored
to the physical reality, it can make use of 3D emwinents which
are completely synthetic. In this case the VE @mapletely self-
standing original environment which can be eithealistic (for
instance a museum or a gallery not existing inréfa¢ world [31])

or even totally abstract [6], able to offer innavatrepresentation
modes of a specimen, of an art piece or of the vbplus of an
artist. In any case the Virtual Environment is dasd around a
metaphor of visualization, navigation and intemactiof the

environment itself.

In the context of abstract Virtual Environment theare
various types of metaphors, and many of them haes ladopted
from the area of scientific visualization, with tldjective of
addressing the problem displaying large informaspaces [3].
Several metaphors can be found in literature, tileePerspective
Wall [7], the Web Book [8] or the Cone Trees [2%)ther
approaches have investigated the presentatiorandiatd 2D web
pages projected into the 3D space, like WebVRI [5].

This paper adopts the metaphor of Information Laapes
[29][30] because it give the possibility of inteting information
based environments like the ones of scientific aligation with
the immersive power of Virtual Environments. In ttentext of
Information Landscape the content is presentedadiagted using
concepts from typography [29] and immersive systeifise
layout of information in this type of system, de@eron the logic
structure of the data and the decision of the desigbut the
power of this type of systems comes from the capaof
constructing the environment from the semantic rimftion
extracted from data [26][13][34].

Although the number of automatic tools and authprin
environments, there is a strong design componexttrtbed to be
addressed by the author of the Information Landscapere is
indeed the need to identify the correct layouths information
depending on the topic and the message that th®rawants to
give to the users. This work investigate the degjgitelines in
the construction of such environments, presenthmy various
aspects of the design associated with a case #tutthe area of
graphic arts.

3. DESIGN

The design of an Information Landscape is a prodbas is
focused around the selection of the visualizatiweraction
metaphor. The landscape defines not only how tfaerimation is
presented and placed in the virtual environmentalso which is
the paradigm of interaction adopted for the navégat@and the
fruition of the content. This approach is similar the Model
View Controller (MVC) extensively used in user iritees and
websites, with the difference that it has to taki® iaccount the
complexity of the hypermedia and the three-dimamsio
visualization.

This process focuses on four phases:
1. Identification of the entities
2. Selection of the layout
3. Connection between entities
4. Customization of the interaction

In the first phase the major entities that wartvéaepresented are
identified as the focus of the visualization. Faample books,
statues or pictures. The layout in the space tsflehe
hierarchical, spatial and time-based organizatioh tbe
information, following the fundamental design chesicof the
landscape’s author. The third aspect is the coivitgcbetween



the entities displayed in a variety of ways, anfedaing the
navigational aspect of the landscape. Finally theraction is
customized depending on the layout and the typesitides. This
process can be performed at multiple levels, emdemto the
details of the presentation of every entity.

In this work the focus will be around three priraimspects:
layouts, links and interaction.

3.1 Layouts

In particular the layout describes how the logiuaure of the
information is mapped into a spatial representatiach layout
define the way information is displayed, and in tigatar it
defines a logical coordinate system that is mapptdthe spatial
coordinate system. In the case of the Sphericabuliaythe
coordinate system is the 3D latitude-longitudexad®. In
addition every layout describes the interactioroeiséed to the
entities in the layout and the boundaries for thsialization of
the contained elements.

The selection of a layout depends on the type ¢4 dad the
design decisions of the author. In particular itpigssible to
identify various types of common layouts:

« Page - the standard page display

¢ Map — entities placed over a planar map

e Sphere — mapping of information over a sphere

e Hierarchical Map — multi level map

¢ Solar System — information is placed in orbits

«  Hyperbolic Space — hyperbolic mapping of entities
e Corridor — information placed over walls of a ¢dor
¢ Sequential — sequence of planes

e Cubic - hierarchies of cubes

¢ Free - standard 3D space

The description of every layout goes beyond thacepof this
paper, but it is interesting to present some ofititieat have been
applied in the use case presented in the fourtiosec

The Cubic Space layout is based on the concepeadrdposing
the space in six directions, one for every facehef cube itself.
The six directions are not all at the same levalgzbility, and in
particular floor and ceiling are less used for thigpose. Then
every sub-space is decomposed again along the panwple

allowing to highlight the hierarchical structuretb& information.

The spatial subdivision is highlighted by the u$evoe-framed

cubes that define the space at a certain levgjur&il shows both
the schematic representation of the layout andxample in the
landscape.
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Figure 1 The Cubic layout assigns the sub element to different
faces of the cube. The left image is the schematic

representation while the right image is taken from the
application. Every element has a different reference system,
and an associated boundary space for visualization. The same
layout can be selected with faces pointing outside the cube.

The faces of the Cubic Space are based on thel®amé, that is
equivalent to the page concept: entities are plamedhe flat
plane of the Cube face. The details associatethegcentities in
every Page can be placed behind the page itsetfgalther types
of layouts. The Corridor layout places the entitiesthe walls of
an imaginary corridor as shown in Figure 2. Finalfpr
presenting sequential concepts, it is possiblesmothe Sequence
layout as shown in Figure 3.

Figure2 Corridor layout containing the details of the various
elements. Every element is placed along the way of the
corridor.

3.2 Links

The placement and the styling of information isyomhe aspect of
a landscape. The other element is the design ofdhaeections.
The proposed metaphor for Information Landscapdsaged on
the extension of the hyperlink concept: the link visually
displayed and corresponds not only to a logic cotioe to a
topic but to a navigation to go to a specific tofite link is not
only a point to point entity but is more a roadgiag by various
intermediate points. The role of the designer idefine this link
as defined trajectories into the conceptual spdcthe system,
helping the user to navigate the system or showinga pathway
in the information. Figure 3 shows a case of seqei@fi concepts
displayed along a line, and connected by the Ihdt guides the
user along the topic. In this case the layout dsfithe associated
links.
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Figure 3 Sequence of elements displayed along a line. In this
case the elements are displayed sequentially to the
user following thelink line.

The additional difference respect standard webslirgkthat an

entity can be the source of multiple links movirg different
directions as shown in Figure 4.

3.3 Interaction
In terms of interaction design this type of Infotioa Landscape
is mostly devoted to navigation of the space, usfogr



approaches: free space navigation, focus navigati@ad

navigation and link navigation. The basic movenisritased on
the fly metaphor, that allows to move using the K&u
SpaceMouse or Joystick. The focus navigation isiobt by a
zoom operation over any entity in the space, lié®t,timage,

allowing the user to move toward the selected gnéihd place
him at a reading distance. This solution is typwahe zoomable
interface, but in this case is effective becausdigns the user just
in front of the entity. The read navigation is imamt in this type
of landscape because there are no scroll bar, theisuser that
moves respect the text, in the same way as weagester. This
type of navigation is obtained by dragging the teuth the effect
of moving the user in parallel way respect the teidntation. The
last navigation mode is based on the concept &§ Ipreviously
exposed. When the user moves the mouse or thdiselézol (in

immersive setups) over an entity with links, thek$§ are being
shown allowing him the possibility of activatinghe of them.

When a link is being activated the user is movexhglthe link

path with the same orientation of the link curvéeThavigation
can be interrupted in any moment before the aravaestination.

Figure 4 Example of links that connect the various aspects of
thetopic space.

4. A CASE STUDY

The conceived Information Landscape system appligbe case
of the graphic arts collections based in Luccas€any, Italy).

This is the first attempt of building a meaningfsystem of
valorisation and communication of this specific itagre, which

exemplifies all the medium-small collections (ldygdiffused in

Italy) of hidden heritage, i.e. not currently expdgo the general
public and scattered among several different callmistitutions.

These collections witness, thank also to the psenh art works
of local artists internationally renowned, the swtiluble
relationship between art and territory. These as$etwever, are
still mis-known both for the lack of exhibition sgaand for the
impossibility of exhibiting for a long time objectthat are
inherently fragile in terms of matter, in addititmthe poor appeal
due to the prevalent use of the black/white teahiq

The communication tools commonly in use are actuall
catalogues, short articles and small expositiohsrdfore, there is
a lack of a means able to awaken the public to kimisl of
heritage and stimulate its interest. This is thénmeason why we

proposed the use of new tecnhologies by leveringheir most
compelling features like interaction and immersion.

It is possible to access to this application afsough the web, in
particularly through a web site of Graphic Arts bficca, a

thematic portal conceived in order to show an irative and

complementary approach to the'aits peculiarity — compared
with the other systems on the web [11][23][22] -nsists

specifically in its multilevel approach, since difént classes of
users are concerned, from students to specialsts. each

category of users, historical, artistic and techhioformation are
provided in forms and with means which vary in tiela to the

different skills.

The web site has been proposed so as to rendeximuma clarity
of the logical structure of the information selette the different
levels of the public chosen.

The created system is modular and accessible, aakbanit
possible to familiarize oneself with the entireitagye of graphics
of the city of Lucca as a whole or in referencepecific aspects.

The model of valorization of the heritage of thaggvic art works
of Lucca assembles all of the studied collecticars] evaluates
them as a whole: to this extent, the web resulthasest tool,
even if applied as a test bed. The hypothesized intebface is

divided into six sections, each devoted to a publia private
collection. A menu appears on the left of the stwebich permits
access to the thematic areas proposed: introdutditime project,
graphic arts in Lucca, the artists, the art work#vifed by

techniques) and the most significant themes; othreas are
dedicated to the history of graphics in general tmd synthetic
glossary, in alphabetical order, and to “matergadd techniques”.
The latter is strictly didactics: the most sigrdgfit graphic
techniques are described step by step.

A further area of the interface, entitled “in depttaminations”, is
filled with news, critiques, and a space devoted tte
bibliography classified by subject and one to thkdgraphy.

The most important characteristics of the modelluiie the
possibility to access an complete database, whihduly
implemented so as to be able to visualize the woflgaphic art
as “work model” [19], and the possibility to accesise
information landscape.

The convenience of the proposed IL-based systemiliethe

possibility of organizing information based on tieéevance of the
content. Information is provided by means of antemlative”

channel complementing traditional channels, it banaccessed
through dedicated facilities or on the web usingsaal language
well suitable to convey visual signs like drawingsd prints.

Artworks and related documents can be accessed marke

effectively with an interactive approach.

Graphic arts are proposed in all their manifolcefacboth from a
theoretical perspective (explicating techniques dnsitorical

backgrounds) and from a technical perspective (iEsg

materials, tools and the execution processes). Wag it is

possible to show artworks related to each “laboydtothe

associated documentation (following Italian Cultuteritage
ministry regulations), the artists’ biographies aederal possible
iconographic comparisons for each proposed artwork.

! http://ivww.humnet.unipi.it/~vneri/




The IL enables different paths for each referemacget, offering
different perspectives depending on the culturakbeound of the
user (didactic, divulgative or scientific). The uvse free to
explore the 3D space, to choose one of the aforéomen paths
and to dwell upon a specific content. When apprivacha

particular artwork, the user can catch the pedtyiaf the graphic
sign, a point of view which often is not possibiee by directly
viewing the asset.. Both texts and images can kexted and
visualized with a higher definition, with the pdsi$ty of putting

in background the rest of the information environime

Each laboratory is composed of four sections. Tisg, f‘History
and Techniques”, provides the theoretical framewaekcribing
the art in different thematic areas: the technipasics, its fortune
during centuries and other historical informati@he subsequent
“wall” (i.e. the next section) is dedicated to “Magls and
Techniques”. Each technique is described togethith the
related materials and tools, providing also biblaghical
references (manuals and selected reference bodksjlable
information regards supports (scrolls of papyr@cpments etc.),
papers (rice paper, cotton paper, prepared pape), eodern
tools (gravers, gouges, etc.) and related styles.

For each technique (and for each executive vaniptioe actual
expressive possibilities are shown by means ofiassef detailed
demo images which reproduce, step-by-step, the epspc
providing a sense of continuity through a “guide8D link:
images are placed one after the other, in a tigitporal
sequence, in order to create a parallelism betwheeridepth” of
the investigation in terms of content and the “t&pff the space
where information are conveyed. So far four exasgbest, but
they are potentially infinite. Each image redire¢tsough a 3D
hyperlink, to the artwork official documentationdato a short
author’s biography.

The fourth “wall” suggests iconographical compansoof the
selected asset with paintings, sculptures or ottrawing and
stamps sharing the same subject (drafts, prelimidaawings,
engravings, etchings etc.) so that the most comfitamework of
the artwork original context is provided.

In terms of the concept of layout presented inisecB this
Information Landscape is structure as a high I&rek layout in
which the four thematic areas have been placedh Bega is a
Cubic layout that contains one specific type ofoinfation in
every face. Each face is made of a Page layout islgotihe
content in a planar way. In the case of faces @oin@ paintings
or other artwork the details are presented on #uok lof the face
using a Corridor layout.

5. VISUAL RENDERING

The design decisions and the content describethiénptevious
sections have been made available inside an imveersi
Information Landscape engine, that allows to digplad navigate
the information in desktop system or in Virtual Rgasetups,
being based on the XVR technology.

Originally born for the development of web-enablitual reality
applications, XVR has evolved in the recent yearart all-around
technology for interactive applications. Supportmgvide range
of VR devices (such as trackers, haptic interfacesnersive
rendering systems, etc.) and using a state-oftthepaphics
engine for the real-time visualization of complekree-
dimensional models, XVR allows to develop applizas ranging

from simple 3D web presentations to advanced o#-IVR
installations. XVR applications are developed usingedicated
scripting language whose constructs and commarelsaggeted
to VR and allow developers to deal with 3D animatipositional
sound effects, audio/video streaming, real-time spisy and
advanced user interaction.

In its current form XVR is an ActiveX component ning on
Windows platforms, which can be embedded in sevaratainer
applications including web browsers like InternetpBrer or
Firefox.

The IL engine is being executed inside the XVR aystand it
allows to present large amount of text, displayeer dlat surfaces
and custom shapes. This engine is effectively aialieed scene
graph system that focuses on the visualizatiaexfand links in
the form of curved lines. The text is rendered gstaxture
mapped glyphs generated by the Open Source Freblypey,,
allowing to visualize any TrueType font. This sabut, integrated
with a level of detail analysis, allows to providehigh quality
rendering for near object and simplified rendeffiogfar objects.
Alternative approaches to 3D text rendering hasibiaken into
consideration, like outlines, vector textures [®4]shader based
solutions [16], and texture maps of full pages. Theure mapped
is the most flexible and adaptable to differentdibans, and also
it is applicable in the case of animated or edéatsxt as in
Kinetic Typography [14].

Figure 5 shows a particular of the rendering of tesar the user
for full reading. The gray element behind the tiexa transparent
background that appears for simplifying the readifighe text
partially covering the background.
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Figure 5 Detail of near text renderlng, W|th background
element used for helping the reading of the text.

The IL engine addresses visualization of large arhofi text by
using an efficient bounding box scheme that is usetth for the
placement and for the frustum culling. A level etail technique
is being adopted for simplifying the visualizatiof the single
characters into rendering of the full line basedaomoise texture
that is visually similar to characters seen inatise.

The same visualization architecture has been used tte
selection using the mouse. In particular the egatgction of the
text is obtained using a color selection approastery visible
object is being assigned a color and the colorhef pixel is
fetched from the framebuffer. This solution is effee for the



selection of links, that have complex curved shapesny case
the standard ray selection approach is availabtause of the

bounding box system adopted in the whole engingurEi 6
shows an example of overall scene visualizationthedselection
mode.

Figure 6 Example of overall landscape with the standard
visualization on the left and the selection visualization on the
right

The tested system is a two-sides CAVE-like envirentnusing a
mix of frontal and back projection and a systemINFITEC

filters to achieve passive stereoscopy. Each séstdriven by a
slave graphical workstation which generates two stereages
using XVR. A third computing node acts asnaster the master
actually runs the real-time application and disttds the
rendering load to the slaves using the XVR Clufendering
[18] capabilities. This allows an easy calibratiinthe images -
by means of fine-tuning software features for thermpping
zones of two confining sectors - and also an easgnfiguration
of the system (with minimal configuration changesvould be
possible, for instance, to manage additional walle resulting
setup is shown in Figure 7. In this setup the emwirent is
displayed by a master and two slaves running Wirsd&®, with

Intel Core Duo 1.86GHz and GeForce 8800 GTX. Ther head
is tracked using a Motion Capture system whileittieraction is
for the moment managed through a wireless 3-aystigk.

The overall presentation is made of 16 high resmuimages, 4
for every thematic area, integrated with the cqoesling texts
for about 100k characters at the same time.
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Figure 7 The immersive fruition of the Information
Landscape, showing the two screen setup, and the
visualization of text entities.

6. CONCLUSIONS

The system presented in this paper allows theidruivf Cultural

Heritage content in an immersive way following tnetaphor of
Information Landscape. The system is focused onrtimeersive

navigation of the information, structured followirey series of
design principles that can be applied in a vareftycontexts.

Additional work is necessary in the evaluationtaf effectiveness
of this type of representation and the possibiditymproving the

it through usability studies, and with the integrtof dynamic

layout based on semantic data.
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