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Abstract—We  present a framework for collaborative
cyberarchaeology aimed at remote real-time interaégn with 3D
archaeological models through a shared virtual envonment. The
project combines research in 3D computer vision, diaborative
virtual reality and archaeology. At each geographial location, a
set of stereo cameras captures 3D video of the uderreal time to
create his/her avatar. The 3D data with audio is $# over the
network and rendered in the shared virtual environment. The
teleimmersive aspect of this work provides a novedpproach to
interaction and interpretation of 3D archeological models by
facilitating immersive experience in collaborative setting of
remote users. The framework is aimed to facilitaten the future
the study and analysis of a virtual reconstructionprocess in
archaeology with the help from virtual community to re-
contextualize and reassemble spatial archaeologicdta.

Keywords-3d video; cyberarchaeology; remote collaboration;
shared virtual environments; stereo vision; teleimmersion

. INTRODUCTION

Recent debates about Cyberarchaeology [1, 2] haea b

focused on the relevance of specific factors oEdibodiment,
such as feedback and active behaviors in the mgton and
communication process. The basic principle is thia
interpretation is a multiple, multivocal and revbls
interactive process whereas the final goal is mytrere the
reconstruction of the past but its simulation. Twaulation
generates unpredictable informational processesngluhe
cybernetic performance of the digital stakehold&eguently
represented by avatars or virtual humans.

If we follow the Batesonian idea that we learnfiptet by
the difference created by actor/observer and etzrsygthe
feedback) [3], the more we increase this differeibe more
we exchange information. In this paper we wanhmashow it
is possible to increase this cybernetic differeimenlving
different users and interactors in the procesgaiaeological
interpretation and communication using a teleimmers
approach.
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In our framework we aim to create accessible, sharand
validated archeological 3D content to assist withe t
interpretation process in real time using threeettisional
tools, spaces and interfaces: virtual worlds, expental labs,
and simulation environments for collaborative wofke plan
to register and integrate different 3D and othda daurces in
the same space, similar to existing geographicrimfion
systems (GISs) [4], and provide a communicatiotfqian for
real-time interaction of remote users. By combiniB®
computer graphics, visualization and collaborafeatures we
aim to create a virtual simulation environment vehadvanced
behaviors, actions and new methodologies of rekeard
training could be tested. Our framework also inekidhe
teleimmersive technology which allows for realistic
visualization of geographically distributed usensa shared
virtual environment. Traditional immersive virtuakality
systems often use avatars, to represent the husan la our
work we move further from the avatars and applyeste
reconstruction to capture 3D representation ofagereal time
[5] to facilitate visual experience similar to rigale.g. face-to-
face meetings), where users are able to estabjistcentact,
recognize gestures, and communicate subtly via kotyuage
and facial expressions. The key idea is that thiéivoaality of
the archaeological interpretation can better beesged by a
network of activities and a new hybrid communicath@tween
virtual worlds at different level of detail and eoatiment [6].

Figure 1. Two remote users are interacting withset scanned statue in
a shared virtual environment. 3D video avatars rerelered at each
user's virtual position. Several tools are avadabior real-time
interaction with the obiects and the environn



I RELATED WORK

In the recent decade the virtual reality technolbgg been
adopted also by the non-engineering fields, incigdiistorical
heritage and archaeology. In this section we revéeweral
projects related to the use of 3D virtual environtaefor
reconstruction or dissemination of archaeologigadings. In
the early stages of research, the applications weaenly
aimed at visualization of data or the reconstructiesults. For
example, in the ARCHAVE project [7] several reshateams
have explored immersive 3D visualization using #a8 a case
study. The project, although immersive, did notpsarp any
remote participation. In addition, these immersisygstems
were quite poor from the level of graphics, givirgy
disappointing sense of participation to the userd a few
capacities of interpretation. Other projects, swash VITA:
Visual Interaction Tool for Archaeology [8], wereiented to
the development of collaborative systems, integgatlifferent
types of 3D data. This mixed reality system allovied users,
wearing see-through, head-worn displays and trachedes,
to explore a portion of the virtual dig site usitangible
interfaces and devices. The project, however, didfacilitate
remote collaboration of users.

and Virtools Mutiuser Pack© by linking three diféert
archaeological sites. In this case all the collatree activity
was on line and with pre-determined 3D graphicalites. The
advantages of this work were in the participatotgraction of
multiple users sharing the same cyber space, hoyéhe
system was limited by the low level of embodimeahg user
interfaces and in the capacities of 3D interaction.

Although the massive multi-user environments seem

appealing for such applications, the state-of-tthiesh these
environments currently does not provide users witlly
immersive experience or enough flexibility to const a
complex framework that we propose. Due to suchtditions,
the users of these technologies are mainly obseretithe
virtual replicas of the ancient worlds rather thantive
participants  contributing to the reconstruction
interpretation processes. In this context we premoseal-time
interactive framework that supports immersive Vigaéion,
remote collaboration and intuitive interaction witthe
archaeological artifacts (Fig. 1).

Most of the remote collaborative work in 3D virtual
environments relies on computer generated avatdrighw
cannot fully mimic human eye contact, gestures aulitle

Lu et al. [9] designed a computer-aided and collaborativecommunication via body language and facial expo@ssiln

system for the reconstruction of archaeologicafaatis which
allowed several archaeologists to remotely reaskeatifacts
at the same time. Their research work mainly foduea
algorithms assisting the reconstruction and supponultiple
users rather than establishing an immersive expezi®f the

collaboration. Hallet al. [10] explored a mixed-reality system

SHAPE which allowed for exploration of archaeoladic
artifacts through augmented reality in a museunmgu$iead

mounted displays. Earl [11] discussed the notioplajing and

interacting within graphically reconstructed 3D Vdsron a

case study of Roman archaeological data, emphgsitia

importance of spatial interaction.

In recent years, several researchers explored xisting
collaborative virtual environments, such as Seddfel[12], to
allow multiple users collaboratively explore arcblagical
findings. Nie [13] presented an educational profecteaching
archaeology with virtual participation on a casegtof Saami
people of Northern Scandinavia. He identified intpnce of
the social aspect of the learning experience. @Gé#tehal. [14]
presented project LAVA: Laconia Acropolis Virtual
Archaeology, where students collaboratively paptibéd in
this virtual excavation based on real data. Theerustudy
showed high educational value scores, suggestingfite of
such immersive systems for teaching of archaeolddpjpanet
al. [15] analyzed several virtual museums and theis@nce in
Second Life emphasizing the importance of inteo&etentric
design. In the context of massive multi-user emumnents,
Ogleby [16] analyzed the ‘truthlikeness’ of thetwal reality
reconstructions, relating to the correlation betwte level of
photo-realism of the reconstruction with the peticepof the

image being a ‘true’ image of the object. The autho

our work, we therefore propose the use of 3D cospuision
algorithms [5, 18], to capture users in real tinmgl integrate
their 3D data into the shared virtual environmenflhe
proposed framework is aimed to enhance the coltaiver
experience by providing more natural interactiontween
geographically distributed archeologists.

In this section we describe different componentsthef
proposed 3D teleimmersive collaborative framewankclyber-
archaeology. Our prototype application currentlpmarts use
of various 3D models, shared virtual environmeepgltime
interaction, multi-media data streams for commutioca(i.e.
audio, video and 3D video), and support for varidngut
devices and display technologies (e.g. multi-vietereo, 3D
TV). The framework is intended to facilitate
collaboration of interactive communication of smgtbup of
users (e.g. up to five) sharing the same virtualcepwhile
being able to interact with archeological 3D modelgeal-
time. The consistency of the virtual scene is madafrough a
shared scene graph while the application data regeare
handled by the underlying Virtual Reality Toolkkhe scene
graph server can connect to an SQL based database|tire
spatial data and metadata related to archaeologiteal The
teleimmersion component, integrated within this tuat
framework, is aimed to establish communication olets
similar to real-life interaction (e.g. preservatioheye contact,
capture of gestures) between the remote users.

FRAMEWORK OVERVIEW

A. Virtual Reality Toolkit

emphasizes the importance of the transparency ef th Our collaborative framework is build upon OpenGlséd

reconstruction process in the virtual archaeology.

Vrui VR Toolkit, developed by Kreylos [19] at Unirgity of
California, Davis. The Vrui VR Tookit aims to sugpdully

Recently, the use of 3D Web collaborative systems h scalable and portable applications that run ondewange of

been explored in the FIRB project [17], using Vaito DEV

virtual reality systems using different displayheologies and

and

remote
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Figure 2. A simplified block diagram of the 3D ftetenersive
application for collaborative interaction in a <k virtual
environment.

N
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various input devices for interaction. The Vruiltabprovides
abstraction between the physical devices and thieavitools
used within the applications. The applications tbwith Vrui
can thus run on various clients, from laptops tekt#p servers,
and support different display technologies, sucBaslisplays,
stereo displays or fully immersive 3D displays (63AVE).
The framework inherently supports several inputicess and
trackers with possibility to add custom deviceshaitt making
changes to the developed application. The inputicdev
abstraction allows users to attach a virtual tooéach device
and assign it with different functionality insideetapplication.
The collaborative extension of Vrui allows linkibgo or more
spatially distributed virtual environments. Mirnogi of input
devices and cameras from one location to all theerstis
established through the collaboration datastreanichwlis
controlled by the framework itself. In addition, s@rsation
data stream provides communication via audio, vide@D
video conferencing. Finally, application data stneapdates
application states between remote locations in tiea (e.g.
transmitting object location, locking objects etc.The
application data stream can be customized to cdorbe®
behavior of connected client applications.

B. Shared Scene Graph

The spatial relationship and properties of virtoajects
(i.,e. 3D models of artifacts) inside the sharedtuai
environment are described with a centralized scgraph
managed by the server application (Fig. 2). Thaesagaph is
populated by the server linked to the spatial degabwhich
contains description of the models, dimensionsatioo of the
fles and metadata. The scene graph allows fociefft and
consistent rendering across remote clients. It istnf a
collection of hierarchically organized, inter-contedl nodes
with parameterized spatial representation. Eacte iws one
parent and it can have many or no children. Betvatient and
server, we use object-level node representatiotedds of
feature-level representation which is for exampkedi in
VRML. Feature-level representation (e.g. textunesterials
and surfaces) is implemented on the client sidenwbading
individual objects. The nodes are of several différtypes: (a)
general node implementing the relationships witthi@ scene
graph (i.e. parent class incorporating node orgsioiz), (b)

object node representing the geometry (i.e. vextaoel texture
coordinates), (c) transformation node defining gemetric
relationship between connected nodes (i.e. tramsftion

matrix), (d) grid node used for representation mfimnmental
surfaces through grids or height maps, and (djdbenode.

At any time there are two types of scene graphse (1)
centralized scene graph on the server side anth¢a) scene
graph on each of the client sides. The centralszezhe graph
describes the current consistent state of the alirtu
environment. The local scene graph represents dbestl
updated copy of the centralized scene graph andas for
efficient interaction (e.g. collision detection, j@tt picking)
and for the rendering of the object on the cliédé sWhenever
a new client connects to the server, the cliergives a copy of
the centralized scene graph. The client then |dhdsobject
geometry and texture into the memory and creates
corresponding vertex buffer objects (VBO). VBO®wallvertex
array data to be stored in high-performance grapiriemory
while allowing subsequent modification of the vess. The
client currently supports only OBJ/Wavefront 3Defiformat
with several texture formats, however, it coulddxtended to
other geometry file formats by adding a new filediag
functions. Due to rather large size of 3D modaistllie range
of 50-100MB), it is more convenient for the moddie.
geometry files and textures) to be preloaded tc edient
instead of downloaded from the server on demandthén
future we plan to incorporate links to models wtifferent
levels of detail that could be loaded into the smwinent also
on demand. This would allow for efficient renderiraf
complex scenes with ability to examine highly dethimodels.
Our current implementation allows for renderinglomillion
triangles with the frame rate of 60 FPS (framesga®ond) as
compared to display lists which allow for frameesabf about
15 FPS for the same geometry (GeForce GTX 8800).

Our current prototype application allows users dad]
delete, scale, and move 3D objects in the virtysce or
attaches them to different parent nodes. When tbjecthe
scene are manipulated (e.g. moving an object, chgrsgale),
a request message linked to the action on the iscglmt from
the client to the server. If the node is not locksdanother
client, the parameters of the node get updatedtfandpdates
are broadcast from the server to all the client&hSapproach
allows for consistency of the rendered scene adlussites,
however the response time may be lower in caseargfel
geographical distances.

th

C. Spatial Database

The server application can connect to a spatiahbdete
which stores location of the virtual artifacts iretvirtual space
to generate the scene graph. The SQL-based spatebase
will in the future integrate different data sourcés. 3D
models and other spatial data, photos, movies, naaktexts)
into the same virtual space, similar to existingGystems. By
employing SQL based database, we provide accagsilfithe
data for other client applications (e.g. OpenSimO][2
environments or web based plug-ins). Compatible SQL
database would allow users of other applicatiorsbserve the
reconstruction process with limited interaction aaifities. For
example the users could add metadata, such aspdiest or



Figure 3. Real-time stereo reconstruction generdi@savatar of the
user: generated mesh (top-left), interpolated dispanap after post-
processing (top-right), textured mesh (bottom-Jedt)d side view of the
3D mesh in a virtual environment (bottom-right).

comments to the data, but would not be able to ghan
geographical arrangement of objects stored in thmbdse.
This would be in particular useful for disseminatiof the
reconstruction results to a wider community.

The virtual environment itself offers many advamstsagver
the existing software in archaeology which has bewinly
used for visualization but not for the real-timegeiaction.
Different laser scanned models will be spatial seged with
respect to the 3D maps of the location (e.g. witkie
archaeological site). This will allow others to tidvute to the
interpretation of the findings by experiencing thiee in an
immersive virtual environment through 3D visualiaat
similarly to a real-life visit of the site.

D. 3D Video Capture and Rendering

To capture real-time 3D video of users, we havegrited
our system with the stereo algorithm presented bgudevan
et al. [5]. The algorithm performs accurate and efficistereo
computation by employing fast stereo matching throan
adaptive meshing scheme.
algorithms, this algorithm takes a hybrid approgmdrforming
a local optimization technique (region matchingll arsing a
global optimization approximation to improve théial results
(anisotropic diffusion). The algorithm therefore praves
reconstruction of homogenous regions or regions vépeated
patterns where other algorithms usually fail. Iherently
produces a 3D mesh which is compressed and santdech
camera cluster to the local gateway. The achieviahiee-rate
is about 25 FPS on images with the resolution dix320
pixels. Fig. 3 shows the intermediate and finaultssof the
mesh-based stereo reconstruction process. Theaagcaf the
reconstruction depends on several factors, suchmage
resolution, camera baseline, camera lens, and pgatly
between 1 cm to 3 cm. Larger errors are expectethén
borderline regions where the occlusions occur (8idottom-
right) which can be filtered out by the renderimgpaithm.

A minimum setup for generating 3D video using this
framework requires at least one stereo camera wtachbe

mounted above the display. Depending on the camera
properties and positioning, the camera may onlpmstruct
part of the user's body, for example the face amgeu
extremities, while still providing adequate feedb&x enhance
the communication channel between remote users.

example, user is able to see what part of the stteneemote
collaborator is pointing at with his/her hand.

For

Several stereo views can be combined by externally
calibrating the cameras to a common coordinateesysib
increase user workspace and to compensate forcttlesomns
[21]. Multiple views are fused on the renderer slie an
algorithm similar to a ray-tracing technique. ThHgoathm
assigns weights to contributions of different vieiwghe final
rendered pixel based on the position of the camerids
respect to the virtual view [5]. The 3D mesh canréedered
by sampling and interpolating pixels at the vedite reduce
the bandwidth or dynamically mapped with a highohation
texture. The texture is compressed using interdramnotion
estimates [18].

E. Navigation and Interaction

Each user navigates and interacts with the virtual
environment in the first person perspective throtlgh client
application. The remote users are represented by 8D
avatars rendered at their virtual location whiclresponds to
their first person viewing position. As the remeoiger moves
through the space, his/her avatar travels accdsdilighe user
has 3D stereo cameras, the avatar is representimtinseal-
time stereo reconstruction. The users with onlyedbaam are
represented by a 2D video billboard at their laratio allow
some level of visual feedback for communicationhwather
users. The users who have no video acquisitiorsysan still
connect and interact in the shared environmentl dseaother
users. At any time, users can use ‘follow’ modeudtch to the
other user's point of view or they can select ‘faadace’
mode for direct conversation. The latter functidgadill bring
the local user in front of the remote user to fext® a view
similar to video conferencing interaction, estdidis eye-
contact with the remote user, which is not possibie
traditional video conferencing systems.

In contrast to other cstere

For interaction with the virtual environment, theuv/VR

3] ———
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Figure 4. Measurement tool is used to perform atewlimensional and
angular measurements on this scanned tile of aamestan Chinese
tomb. Annotation tool is applied to mark importafgatures and
communicate them remoti to other collaborator



Figure 5. Remote user interacting with a flashligldl to enhance the
underlying details of the laser scanned model ofiesk from Mayan
city of Copan.
toolkit itself provides several virtual tools whicban be
assigned to different input devices. A wide setatf virtual
tools is available to the users to interact with #pplication
menus, dialogs and objects:

* navigation tools: for navigation through 3D space

e graphic user interface tools: for interaction witenus
and other on-screen objects

* measurement tools: for acquiring object geometwy. (e
dimensional and angular measurements)

When using a mouse to control the interaction, tjpzsiand
orientation in different directions can be conedll
independently to compensate for reduced DOF (i®usm is
only a 2D device). Once an object is moved frominitial
position/orientation, new position and orientatiparameters
are sent in real time to the server which consefyusends
updates on the corresponding node to the cliemsid®e users
can in this way observe the real-time interactidtin the object
that the local user selected. With proper calibraand input
device tracking), the hand position of the remotatar will
correspond to the tool position in the virtual eomiment
providing a realistic feedback on the interactioocess.

Fig. 4 shows the use of the measurement tool fotucag
dimensions of objects and the annotation tool wiscapplied
to mark important features in 3D space. The meaguivol
represents an important element of analysis adloiva for
very accurate measurements to be performed onabirtu
artifacts without the risk of damaging the realemlt$. Fig. 5
demonstrates the use of a virtual flashlight toagicle spatial
details of a laser scanned model.

IV. HARDWARE PLATFORM

The proposed framework for the teleimmersive 3D
collaborative cyber-archaeology is aimed to be wsesdarious
platforms to offer different levels of immersiondaimteraction.
The underlying Vrui VR Toolkit provides the abstiano of the
input devices and displays; thus allowing usershange the
platform by simply modifying a configuration file.

The minimum hardware consist of a laptop with gpbres

« annotation and pointing tools: for marking andaccelerator, mouse input, microphone and speakesiscam
communicating interesting features to other remotéand wired or wireless connection to establish avii2o and

users

In addition to already available tools in Vrui, ees
custom tools were added to provide direct intepactiith the
virtual objects:

» draggers: for picking up, moving and rotating otgec

» screen locators: for rendering mode manipulatiog. (e
mesh vs. texture)

audio stream from the user into the virtual envinent. Such a
setup is appropriate also for field-work where othe
technologies are not available. On the other dredframework
supports more immersive environments which canutel
multiple stereo cameras to generate real-time l@oviof the
user and various multi-displays or stereo displays.

In this paper we present results obtained usingdifferent
setups connected over the internet (Fig. 6). Ferfitlst setup
we used the teleimmersion platform at UniversitLafifornia,

+ object selectors: for selecting objects to obtainBerkeley [5] which consists of several stereo @rsst each

metadata

Remote users can interact independently with thectdbin
the shared environment. To prevent inconsistenciely, one
user can simultaneously move a particular objectodk is
placed on the node if a user is already interadtiitig the same
object. Since the local copy of the scene graplaligays
updated from the server, the user will
inconsistencies when trying to move already lockbgbct as
the object will not be able to move.

When selecting an object for interaction, simpldlision
detection with the bounding box is used on the li@z@ne
graph. If collision between the dragging tool rawd ahe object
is detected request is sent to the server to dieteriine state of
the object. If the node is unlocked, user can nitreeobject.
The interaction with objects can be performed siamdously
in all six degrees of freedom (DOF) with a 6 DOpuhdevice.

not see any

connected to a four core server, to perform 360eakegtereo
reconstruction. The system is integrated with ekiray system
(TracklIR by NaturalPoint) which tracks position and
orientation of a Wii Remote (Nintendo). The Wii Rete is
used as a 6 DOF input device for interaction wité virtual

b

Figure 6. User is captured by several stereo camerajenerate their
real-time avatar observed by remote users. Sixegegf freedom input
device is used to allow for intuitive interactionttwthe 3D models of
archaeoloaical artifac



Figure 7. Multiview 3D reconstructed avatar is graed with high
resolution model of Stele (A) from Mayan city of @zm.

environment. The second setup consists of a sBgieblebee
2 stereo camera (Point Grey, Inc.) positioned al&®/eLCD

screen. User was able to interact with the enviemtmvith a
3D mouse.

In the future we plan to install the cameras in aren
immersive environment, such as the Powerwall atM#Eced.
The Powerwall features a wall-sized stereo disjiéggrated
with a tracking system. Using the head trackinge th
environment can generate realistic user-centridegng which
corresponds to user’s head position and orientatibime
framework is also compatible with other stereo ldigp
technologies, such as a 3D plasma display in cdiomewith
head tracking and active shuttered glasses

The framework is also compatible with various stere
display technologies, such a 3D TV plasma or LCBEpldiy,
which can be used in connection with active shettaglasses
and head tracking to allow for realistic and immers
viewpoint-dependent rendering of the 3D content. Bils
offer a cost-efficient solution for smaller sizeddtions.

V. PRELIMINARY RESULTS ANDFUTURE WORK

In this paper we present briefly two case studie® related
with the Mayan city of Copan, the second one wite t
Western Han monumental tombs of Xi'an (China). Batk
very preliminary experiments but they show veryeiasting
potentialities of the system. Figs. 5 and 7 reghedresearch
project Digital Documentation and Reconstruction of an
Ancient Maya Temple and Prototype of Internet GIS Database
of Maya Architecture®. In this project UC Merced is involved

! This is an international and interdisciplinary aj of cultural heritage,
archaeology, art history, geographic informatiostems (GIS), and computer
science. The five collaborating institutions are:

« Department of Art and Art History (UNM)

¢ University of California, Merced

¢ Honduran Institute of Anthropology and History (IHA

¢ Institute of Geodesy and Photogrammetry, Swiss fa¢diestitute

of Technology (ETH, Zurich)
¢ Bruno Kessler Foundation (FBK), Trento, Italy

in the virtual reconstruction of the Temple 22 obp@n
integrating the 3D modeling with the 3D photogranmef
the site [22]. Because of the de-contextualizatiddnmany
architectural fragments and data of the temple,
reconstruction is very controversial and it needwak in
team for discussing possible 3D reconstructions.

Both screenshots (Fig. 5 and 7) show the involvénoéran
avatar (the co-author Kurillo) interacting withlashlight tool
in front of a mask and a model of Stele (A). Angnsiation
tool can change the virtual environmental condgjon
suggesting different kind of modeling and possible
reconstructions. The use of the system increasesapacities

of collaborative work in terms of co-participatiwartual
reconstruction, simulation and interpretation. Fltele and the
mask are very detailed photogrammetric models hag tan

be studied on scale in the simulation environmé&igure 9
shows a remote user interacting with reconstruatedel of

the Mayan city of Copan. The virtual tools in owarhework
enable remote participants to perform differenksasuch as

3D measurements and sketching.

The second case is focused on two monumental tombs
recorded by time of flight laser scanners in 20089 a team

of archaeologists of UC Mercgf23]. They are dated in the
Western Han period (beginning of th& rillennium AD) and
decorated with mural paintings of extraordinary lguaFig.

8). Here the simulation is aimed principally at the
recontextualization and study of the paintings,efah goods
and artifacts found in the tomb during the excarai The
tentative repositioning of the objects, after tkestoration, is
very important since it is possible to study themlumetric
relations with the funeral chambers, the ritualgl aheir
social-symbolic value. Another significant studygaeds the
iconography of the tombs and its connections withdriented
space of the architecture. In this case we studies
cosmogony of the iconographic subject of the tom&isg a

3D cybermap [23].

This prototype collaborative application for cyber-
archaeology is aimed to demonstrate real-time lootktive
interaction with 3D archeological models in coniattwith
video streaming technologies, including light-weigBD
teleimmersion which provides a higher level of edibwent.

The activity of learning will involve a bottom-upproach, the
analyses of the archaeological remains and finds aarop-
down approach, the reconstruction (for example isactural
features, artifacts, frescos, styles, materialsapseh, and
others). A VR collaborative domain is a simulation
environment for testing advanced behaviors, actems$ new
methodologies of research and training. It coulccbeceived
as an open laboratory; a place where it is possibmpare
the construction and validation of interpretativeogesses,
investigate new relations among data in space amgl, {and
establish affordances by interactive ecosystems.

the

The study and analysis of a virtual reconstructimytess in
archaeology will help the virtual community to re-
contextualize and reassemble spatial archaeolodaal sets,

Project supported by the Pacific Rim Research Rrogand directed by
Maurizio Forte.



Scene Manager Dialog

Scene Graph Info:
Total number of nodes: 2
Number of OBJ nodes: 1

View Scene Graph:

Figure 8. Remote user is exploring a virtual tonithwexceptional mural
paintings of the Western Han Dynasty (1st decamat AD).

from the first draft version (data not yet intetied to the final
communicative level which will be disseminated thigb the
Virtual Communities.

The representation of the artifacts will, howevédre
accessible in a 3D world with remote immersive riatéon
and communication. The virtual environment itséfés many
advantages over the existing software which has Ineginly
used for visualization in the past but not the -teaé
interaction. Different laser scanned models will ggatial
registered with respect to the 3D maps of the lonafe.qg.
within the archaeological site). This will allow hatrs to
contribute to the interpretation of the findings dxperiencing
the site in an immersive virtual environment througD
visualization similarly to a real-life visit of theite. The
excavation could be also explored in the tempohain
(depending on the availability of such data), teptiy how
different layers of the findings were revealed. Thstoration
process could be represented in a similar fash@me can
imagine layers of textures of a reconstructed frébat can be
interactively added, mixed or removed to reveahitketthat
may not be apparent by comparing separate images 2iD
display. Interactive virtual viewpoint selectionncalso add
value to the interpretation process by allowinghaemlogists
to explore the findings from different angles. Warpto also
add the ability to control the lighting in the wvial
environment. With complete 3D information availaliee.
vertices, normals and material properties), ariaatticould be
relit to reveal geometrical details, otherwise kiddrom the
observer. In addition to the 3D model geometry, shared
virtual environment in the connection with the sgadatabase
will allow for display of other types of data sty registered
with the models (e.g. 2D photographs or maps cdudd
displayed aligned with the 3D model for comparison)

The collaborative aspect of this work will providgperts
in the field to work together remotely in the saoyberspace,
interacting in real time with models of artifactRonuments
and sites and at the same time have access to ddltesets
within the environment. The users will also be abléring up
a portal to other applications running on remotengoters
through a VNC (Virtual Network Computing) plug-ikisers

could for example connect to the web browser witheaving
the virtual environment.

VI. CONCLUSIONS

Even if the system is still in a prototypal phaieg first
experiments are quite interesting. The testing ob t
archaeological workflow from the data recordingtia field by
laser scanners and digital photogrammetry to theal fi
optimization and implementation of the models fdre t
teleimmersive environment is very effective and npising.
The case studies of the Mayan site of Copan and\thstern
Han tombs show the high level of embodiment readhethe
teleimmersive users and their engagement. The tighhic
quality of the models and the parametric featurésthe
environment assure the reliability of this virtdab even in a
collaborative perspective. The different possitiel acalable
involvement of 3D avatars (virtual humans), billbts or even
simply web users, constitutes the backbone of
teleimmersive system. The co-participation of awoek of
scholars involved in a cyber experiment is thet fstep for
preparing new generations of archaeologists ancdhitog
stakeholders of the virtual worlds. In this scemathe
collaborative tasks of a three-dimensional engagéemeove
the outcome of the interpretation in a more dynaamid open
perspective: in short more cyber (simulated) tharual
(visualized). In fact in cyberarcheology the coféh® process
is in the phenomenology of dialectic relation betwe
reconstruction and representation.

the

Teleimmesive archaeology will allow researchersulfy
members, and students to work collaboratively aardety of
projects relating to cyber archaeology, but alsstony,
anthropology, social sciences. Cognitive scientislisconduct
studies on how users will interact naturally witlrtual
characters in the virtual environment. Reseangstions in
this vein will include the following questions: ado people
interact with virtual characters and virtual humaasd how
does this affect learning in a virtual environmeng?attention
sustained and memory more robust for informatiolusb
virtual historic objects (e.g., function of objedtcation of
object) when virtual characters point at objectsilevithey
describe the objects? How will users as avataaspgand
manipulate virtual objects, and what are the cognibenefits
of this type of interactioZTwo crucial aspects regard the role
of “awareness” and ‘“imitation”. This provides thertwal
communities with views or representations of eattteroand
their work, to help them coordinate their actiomsosthly.
Awareness in collaborative systems may arise dyréictough
the visibility of other people’s action, or inditgcthrough the
visibility of the effects of actions on the objectswork. The
imitation factor concerns the capacity to creatatalemaps of
someone’s actions. The combination of “awarenessd a
“imitation” generates as outcome the social leayninocess,
which constitutes the basis of any information amiti cultural
transmission. The final virtual reconstruction pss will make
transparent  any potential collaborative-participato

3 This discussion is the result of the collaboratidth the group of cognitive
scientists of UC Merced and, more specifically,wiRrof. Teenie Matlock
and Michael Spivey.



Figure 9. Remote user is exploring the reconstcustedel of the Mayanity
of Copan.The framework allows for display of large modelside thi
collaborative virtual workspace.

interpretation, creating new ways of research,ningi and
communication in archaeology.
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