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Nowadays the term “eLearning” is used interchanlyesbso many contexts that it is critical to beal
what one means when one speaks of it, and it fsrgpincreasing momentum as a teaching approach, bo
for education and training. In the field of e-leiag we focalize our research on the “collaboratearning”
paradigm. In this paper, we advocate the necessiigtermingle the present e-Learning approachniyai
based on bi-dimensional multimedia presentatiothefcontents, with new types of eLearning, basethen
exploitation of high-defined 3D representation,stadding one dimension to the current way of tmgki
elLearning.

To this end, we chose to start our research cipatirBD CVE system, based on a rendering engine
borrowed by the serious game world.

This class of engines brings up high-definitiondenng features with an high engagement level durin
the game experience. To use this kind of applinatia eLearning scenarios, we need to add speuifit-
user capabilities (to enhance user-user collalwrptnd the possibility to simply configure therteag
session. To this end we present OpenWebTalk, aeframk to support high performances and high
resolution 3D collaborative experiences, that iselaon the experience we have done with WebTa{[24[
3D CVE system mainly used for collaborative edwral aims, to support, in a flexible way, high
performances real-time collaboration.

The paper will show the framework’s capabilitiesctmfigure itself on the basis of an XML meta-model
declaration language representing not only worksphat also interaction rules shared within theuders
during the collaborative experiences. This wouldvalthe fast prototyping of a large number of 3Brkéng
session in an easy way without spending much timeeprogramming the system. Moreover the use of
photo-realistic graphics should enhance the levielengagement during the collaborative learning
experiences conveying these virtual environmethigla sense of virtual presence.

The OpenWebTalk photo-realistic rendering capadditvill allow us to use this architecture in agka
range of eLearning applications. After the in-deffr@mework description, we present the resultarokarly
experimentation performed by two teams of students.

This results will show how the framework’s perfomoas scale with the scene complexity, and with the
number of users concurrently connected.

M otivations

Nowadays we have a continuous evolution of theambeand of the development of technological
solutions which enable people from any part ofwtloeld to collaborate in order to reach common ofijes.
Typical examples of that are evolved systems @fctaiference and distance learning. Most of suctes\s
called Computer Supported Collaborative WorkgroGBCW) [1], use computers as means for sharing the
notions of space and time also at a very long nigtaEach of them exploits a workspace that isasesh
place where users can collaborate acting localtlytaen spreading their actions towards the othersusf
the group via the defined informative infrastruetu€ollaborative Virtual Environments (CVE) [2] repent
a particular type of systems CSCW and use workspdweh exploits a three dimensional representatiion
increase the sensation of mutual awareness. Irthagtemphasize the awareness of the workspacefand
the reciprocal interactions with the other usersovdre present , as though they were in a virtual
environment.
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In the CVE systems, each user is represented,eiretivironmental container, a kind of stage were the
interactions happen, by an avatar, a kind of figeirito avatars of other users in order to respaectes
interaction rules. The avatar operates in the ainteorld interacting with both objects and otheatavs.

CVE systems are used in the simulation of envirarimen industrial or military fields, and also in
collaborative games and collaborative e-learnirgceRt research on CVE has shown that creatingwabir
“appealing” environment from a rendering point @éw is not enough. It is also absolutely necessary
integrate it with interaction rules between userd ahe environment. In this way the engagemesgen as
the users’ satisfaction rate in their interactioithvothers in virtual environment , can be improv€¥E
engines need high computing resources, thereforpast years, scientific communities chose to pigpe
tune the graphics rendering quality and the nunatbgrossible interactions in order to grant the exeaq
also for less skilled clients. Another wide sprgaduliarity of CVE engines if that the interactiares, the
geometry and all the necessary settings on thatcliduring the execution are hardcoded insidectieat
application; this is to be downloaded by users teefaking part into the collaborative session.his paper
we advocate the importance of matching high quaktydering with the possibility of configuring in a
simple manner not only the structure of virtual Mey their objects, the textures that cover thdm, light
effects, the position and orientation of camerhat,also the interaction rules in environments.sTikithe
way to speed up and make economically profitaidecreation of streams of collaborative sessicasirsg
from a template or a prototype without lowering tigh quality of rendering. In the last years , pvejected
and developed a framework called WebTalk04 (WT@®})[4] able to generate and allow the fruition of
educational collaborative sessions. This was obthby giving the users the possibility to connedhie 3D
environments through the web browser using a laeltgion renderer (using the Adobe Shockwave player
plug-in [5]) and using poor quality graphic perf@nces. Thank to this framework throughout the years
hundreds of sessions in projects such as Learning@E (www.learningateurope.net) and
Storia@Lombardia (www.storiadellalombardia.it) hdeen given to thousands of users worldwide. These
projects have shown the necessity of generatimgusis of sessions in a simple and fast way, so ttihey,
start from a common template but they will, onl¥feti in the specific contents of each single sessiill
maintaining high graphic performances measuredeimg of rendering speed and overall quality of
generated images.

State of the art

We made a closely investigation following two sfiiedioutes in order to analyze the state of the art

. One route related to the articles made by thensiic community (we analyzed the ACM and IEEE
on-line archives);

. One route related to commercial systems.

The analysis was made comparing, for each systeenperformances in terms of use of rendering
technologies and its configuration degree. IRRLIC]9]is an open source graphic engine optimizehfro
the point of view of the rendering quality and tivaphic effects. It is able to render high resolutimages
using the most recent techniques (per-pixel and/@aex shaders, culling, bump-mapping, etc.). €hemo
support to collaborative features or to externalfiguration to make collaborative experiences gaesi
Ultima Online [8] (often shortened UQO) is a fantddMORG developed by Origin Systems, a software
house recently bought by EA games. UO client offeesplayer the possibility to play both in 2D isenic
graphic ang in 3D isometric with the optimized a$eshaders. At the beginning the game used sewleos
were owners of Origin in Europe and America evesugh several emulators have been developed some
years later. The UO server systems are hardcogedything is specified in the source files of tmeutators
(managing of the behaviours of objects, skillsmigfins, NPC advanced artificial intelligence) wahminor
possibility of personalizing via an external configtion file. World of Warcraft [7] is an MMORG feasy
videogame which is only playable through Internetyipg a fee. It is developed by the Blizzard
Entarteinment and was published in 2004. The gaaseah3 dimensional graphics which enables the playe
to go into its virtual environments. World of Waattris the most played MMORG in the world with o\er
million of active enrollments. The system is abbeprovide rendering taking advantage from the most
recently graphics accelerated cards (optimizatguth as “per-pixel shading” and “per-vertex shateng
used). It is impossible to externally configure game session. Second Life [6] is probably the kestvn
product. Developed by Linden Labs, allows the usérs are connected to interact and perfectly iraithe
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interactions which would happen between usersahwerld. The system uses a renderer based on QpenG
but that is hardcoded inside the client. It is fmesto configure only a small number of environtan
parameters through external files of configuratimut, the operations are very difficult and slow.rglver is
not possible to configure interaction rules insigevironments. WebTalk04 is a collaborative engine
developed between 2005 and 2006 by the researcip ¢ifoelong to , in the GSA-Lab of the Universitly o
Salento. It is a collaborative framework able toyide a large quantity of collaborative experienasch
can be configured by an XML file. In the past feways, this framework, was used in projects such as
Learning@Europe, Storia@Lombardia, Learning@Sop@iS providing thousands of collaborative
experiences within e-learning. As said before, frasnework uses a non optimized (from a performance
point of view) rendering engine provided by the Add&shockwave player plug-in.

Taking into consideration the motivations and ttadesof the art study, we realized that there lec of
high performances and highly configurable systemd therefore we have projected and developed
OpenWebTalk, a new collaborative framework totfik existing gap.

OpenWebTalk Framework

The architecture we present is the result of annopation process we have done on our first
“Openwebtalk architecture”[7]. Thanks to this neppeoach we optimized the behaviours management
introducing a module (the behaviour manager) topbfyn the event-action management during the
collaborative sessions.

The OpenWebTalk architecture is deeply based owdient/server paradigm and exploits an application
server hosting a Web Server for static and dynamidents and a server-side Daemon (the OpenWebTalk
server communication manager) for sharing dat@aperative and distributed applications.

While the server is listening to client connecticaisd distributing events between the participants,
maintaining a centralized state repository, thentlside is composed by an application which rwtk the
rendering and the collaboration modules.

The collaboration logic, via the event and behavimanager, detects every event generated in the 3D
interface, and forwards them, through the OpenWkbTammunication Protocol, to the server. Likewise,
any other event generated in the same moment fitber alients connected to the same environment, are
distributed by the Server Communication Managethto Client's Communication Manager on client side,
which manage them running the right action. Usarstbus see each other's avatars and objects gnanith
operating in response to the events and to the@ttlgolicitation, collaborating each other durthg on-
line sessions.

All the system architecture is developed using GHH. 2005, built up around the MVC (Model View
Controller) design pattern, in which the model esgnts the shared world state, the view represaais
client application, and the controller is the preogming logic that creates and regulates each ezdéid|
as well as the shared environment.
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(Fig 1: OpenWebTalk architecture in the large)

The architecture of OpenWebTalk is shown in Figurket us now describe all its main components:
* Clientsde

The “world engine” is the client-side of the applion. Through a number of modules, it manages the
connection with the server and controls the remdeon the client machine. The “renderer ” and ‘@ction”
modules, based on the G3D [10] rendering framewmtkder in real time the scene, according to tlagesh
state of all the objects and avatars. G3D is a cerial-grade 3D Engine available as Open Sourc®(BS
License). It makes low-level libraries like Open@hd sockets easier to use without limiting funciidy or
performance (G3D is entirely written in C++). Dweperformances issues, we implemented our framework
using the low-level libraries of G3D calling dirgcthe API functions and just re-writing some clesdo
improve the overall performances. The “collisiondul®” computes in real-time the collisions betwées
entities in the virtual world introducing physias the virtual environment. The proxy module manaipes
object downloading and caching features, using artsoptimized algorithm, it creates the right dosad
list after verifying that there is not a local capiythe object in the local cache system.

The “interaction engine” is composed by event aetidvior managers that control the collaboration
features. We show in detail what is and in whicly waes it work in the section called “OpenWebTalk
Configuration and Collaboration Model”

* Server Sde
Contents Repository: stores all the geometrieslamtiextures, created at design time.
XML files repository: it stores all the differenbefiguration (XML) files. When a client starts assin,
the system selects the right XML file and loads it.
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Communication Server: it traces the actual shatae ,skeeping track, for example, of positionsations,
and “state” in general all the avatars and objetty. shared state change is sent to all the clignatisupdate
the environment state.

In order to deploy the OpenWebTalk framework aegtiire, we can build it both for Microsoft windows
based systems and for unix-like ones.

Therender module

As said before, rendering performances and optimoizaare very important for a real time 3d
collaborative framework. We decided to implemeset tbndering module of the framework basing it ofDG3
optimized rendering module. Thanks to the G3D perémces and capabilities, we can render full-screen
virtual environments in real-time, using optimizais like Shaders [11], Shadow maps and shadow wdum
[12] programming. Moreover we can control at rumeithe hardware acceleration performaces so as to
optimize the frame quality. In the render module inteoduced optimization that can be grouped imto t
different classes:

. Image quality optimizations

. Performances optimizations

In the image quality optimizations class, we gralipk the optimizations that concern the renderadié
guality from a qualitative point of view: the remdaodule dynamically selects the right mix of optiaiions
to dynamically balance quality with performance.r@nderer module uses Bump mapping, per-pixel and
per-vertex rendering optimization.

Level of Detail and Frustum culling optimizationeaused during the performances optimizations to
improve the rendering speed (measured in FramesS&ands [FPS]). Our render module (based on the
G3D render module) selects the right detail leaddilg not only on the standard parameter as distand
visibility but also on the overall performancegtod system.

OpenWebTalk configuration and collabor ation model

To convey our virtual environment a high sense iofual presence, leaving the full graphic driven
paradigm to switch towards a new one that takeswReall application design into account and tovpe a
set of interaction features to drive the collabioratamong users in the specific way the designes wa
intended to do. OpenWebTalk proposededlarative format [14] to reduce programming need for non
expert designer of the collaborative experience.this reason we examined the major issues condeme
the formal description of a collaborative virtualveonment both from a static point of view, regagdon
how the virtual word is when it is generated, arairf a dynamic point of view regarding on how it can
evolve during the collaborative session througleelatative description of the Event Conditionedidas
(ECA) that can be performed in the virtual enviremt.

i ] ' Gomponents
XML-Schema ! XML-Prototipe ! XMLdnstance Library
]
/_——___—_\\
\—______—____/
1 Scene graph and Scene graph and
Scene graph and ! behavior ! behavior
behavior 1 prototype ' instance 3D models
Schema i
OpenWebTalk OpenWebTalk refers to
‘OpenWebTalk . Session . Sessil
XML-Schema ! XML-Prototype ! \ XML-Instance } Behaviors
I ! primitives
i 1
1 1
| I \-__\__________/
'
'

(Fig 2: OpenWebTalk declarative system levels)

In figure 2 we can see the OpenWebTalk declaratygéem levels composed by:

1. Scene graph and behavior schema: coded throMiliSChema it represents the structure of a valid
OpenWebTalk compliant XML-instance, where the elata composing XML-instances, hierarchical rules
between elements and supported data types, hanalbéred.
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2. Scene graph and behavior instance prototypgéMa document representing the skeleton of a
collaborative session where designer has alreadd fjeometries forming the virtual environment a4 as
the main users’ interaction rules.

3. Scene graph and behavior instance: the finabdid instance completed with all information and
contents depending on the specific context (spmecifiers involved, specific target of the experience
particular topics given).

When an XML instance is generated, the systeraady to start a collaborative session. The XML ile
sent (at run time) to the clients’ runtime enviramnthat interprets the declarations and providésstance
the right components taken from a library (from dwaad it instances the right 3D models in the waoold
the other it sets up the collaboration’s rule thiditgovern the shared experience).

The OpenWebTalk scene graph is organized as asegjo¢ 3D environments called parts in which users
can navigate moving from one to another simplyidinlfy to special interactive objects, often in fooh
ports or gates working as teleports , thus causieginloading of the current part rendered by tiggree and
the loading the next one.

(Fig 3 — Configuration XML schema)

Looking at figure 3, after a configuration nodetthpecifies some important first-start configuraticeuch
as the collaborative server ip address, the woddcuption node is divided in <part> elements, each
describing a single environment in which the sessiies place, being composed by the <avatar> egiem
and a list of <objectG3D> elements. Each parharacterized by its environmental container, a gedoal
file that is considered as a “stage” in which wstémce avatars and objects. In the avatar sectoputvthe
geometrical peculiarities and all the attributesdesl.

Each objectG3D section is composed by a <geomeatlgment (describing geometry model, position,
rotation ...) and a <behavior> element (describirgpbssible interaction rules).

B attrivutes
C:

descr

G3DAble

|
HHEHE

2 ObjectG30 [

|, OnProximity

(Fig 4 — The ObjectG3D XML node)
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In OpenWebtalk, user-to-user or user-to-object atmtation issues are intrinsically correlated to
interactions’ primitives that we call virtual aati® supported by the environment as well as italudfy to
control and drive collaboration in a specific anéllvdefined direction. In our model, interactionaishieved
and controlled through the mechanism of Event @mm#d Actions.

The Plug-in Behaviour system

The plug-in behavior system we present providesitbkitecture with an use more optimized of theneve
action paradigm. Thanks to this choice, every bimay developed and codified in a file that wi#é bbaded
by the architecture at run time. This involves mjigations on two separate fields:

From one hand, we have an optimization from a pewmces point of view. The framework will load
only the plug ins that are useful during the actitsmthe other we can add lots of behaviours simply
developing new plugins without the necessity taiielbhe entire framework. This is important alsorh an
economical point of view.

The plugin behaviour module is dedicated to theagament of the files related to the plugin subesysst

Each of the plugin used in a Part will be loadedrduXml file parsing of World Description.

Each element XMIAction posseses arl attribute which allow<lient Proxy to get its related file plugin
from Remote Repository andto copy it in the local repository .

<OnProximity Distance="4">
<Action type="LightOnOff" url="plugins/ightOnOff.dIl" light="light1"/>
</OnProximity>

Once the file plugin is ihocal Repository, the Plugin Manager module, will dynamically load the library
recalling/calling the system functidmwadLibrary, through thdoad static method
We will now describe the prototype of the classalimplements such a module (shown in figure 5).

client::PluginManager
#pluginTable : Table<std::string.std::string>

+load(in file : string &)
+unload(in name : string &)

(Figura 5: The PluginManager class)

The DLL file which implements a behaviour expo#es getlnfo methodthrough which the name of the
implementedehaviour can be obtained. The DLL file sets owises also thpluginAlloc function which
make the pointereturn to an instance of tiBehaviour class . The addressf this function will be obtained
using theGetProcAddress system function and thepair "name of the plugin" — "pathname of the plufijiie "
will be added to th@luginTable in order to receivenformation on/about plugin files that have alredden
loaded (useful to release the DLL library andvoid multiple loadings of the same plugimjoreover the
couple “plugin name”- * address of tipbugin Allo function" (useful to allocate a Behaviour by namd)
be added to thBehaviourManager::procTable)

The unload static method wildownload the library from the memory and removeitbms that the load
method had added in both thptuginTable and in theBehaviourManager::procTable.

Behaviour M anager

This module is being implemented by the homonymuass.Behaviour Manager is necessary to create
instances oBehaviour class starting from the name of the behaviour.

This is possible thanks fwrocTable which matches the names of the loaded plugin vhighatddresses of
the related builders (notptuginAlloc is actually a static function which is implementedLL library)

client::BehaviourManager

#procTable : Table<std::string ALLOCATOR>
+create(in name : string &, in params : Table<std::string.std::string> &) : Behaviour *

#BehaviourManager()
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(Figura 6:The Behaviour Manager class)

typedef Behaviour * (__stdcall * ALLOCATOR)(Global Collection &, const Table<std::string, std::string>
&);

The create method, the only one of/in this class, is static andiéputed to work out the address of the
pluginAlloc function related to the plugin specified by tizene parameter and to call the function specifying
as parameters the reference to the collectionlafad) objects and the reference to the table of XML
attributes obtained from Action element in Worlddoription file.

The params parametrenatches the name of each single attribute witbvits value.

The very management of behaviours is made by a oasied “Behaviour” that acts as an interface arad i
be implemented in the plugin file.

Through this interface application classes canraatewith behaviour classes contained in DLL cgllin
generic behaviour methods.

The execute virtual method is to be implemented in DLL and#@led byraise function of Event instance
which behaviour is associated with.

The classes that implement this interface will hawedefine a builder. The latter will accept both a
reference to the collection of shared objects aeddble of attributes of XMIAction element present in the
session descriptor file

Early Results

As said before, the framework we presented inphjger is the result of an optimization process done previous
version of our OpenWebTalk system. Thanks to tiugnuzation our framework is now more simple, flele and
reliable. Unfortunately, we are planning a tessgasbut we do not have still tested the engind \ats of users. We
present in this paper the results of an earlysession made with the help of 2 teams of students.

The FRAPS tool was used to make this test. Its Bexack function in fact, can detect the FPS (FraResSecond)
value and save the statistics in three differendeso MinMaxAvg (benchmark duration, total framesaximus,
minimum and average frame-rates ), FPS (rendeeadefrvalue per each benchmark second), and Frams Ttime,
expressed in milliseconds, when the frame has seewn during benchmark). The tests have been madéree
different types of computers: two notebooks (onéghwiery high graphic performances and one with logmphic
performances) and one desktop (with a very comnoafiguration).

The hardware specification of the systems we haee during benchmarks are detailed below:

Machine 1 Machine 2 Machine 3
Name and model Fujitsu-Siemens Fujitsu-$iemens Dell Dimension
AMILO D 1840W AMILO Pi 1536 9150
Type Laptop Laptop Desktop
Intel® Pentium® (CIEn (/o Intel® Pentium®
Processor AHT CPU Core Duo D 930
T2400
CPU frequencies 3.00 GHz 1.83 GHz 3.00 GHz
RAM 512 Mb 2048 Mb 2048 Mb
ATI mobility ATI mobility NVIDIA GeForce
Video Card RADEON 9600 a RADEON X1400 a 7300 LE a 512 Mb
128 Mb 512 Mb HyperMemory
Video Driver ATI t?gznologies ATI t?gznologies NVIDIA
: : 7.91.4-030724a- 8.391-070626al-
Driver Version 010417C 049711C-ATI 5.72.22.41.31

(Table 1. Machines hardware specification)

All the benchmarks have been performed on a vigaalronment according to the following configueati
Number of object: 70;
Number of lights: 5
Two cameras whose configuration was set on defallies
4 avatars connected
A view made up of 552.200 vertexes, 5.404 triamgled 346 primitives
The test has been made changing the setting in &wehy as to make the rendering in three differemsblutions

(640x480, 800x600, 1024x768).
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Risolution Time Mi Max Avg
Frames

(pixels) (ms) nFPS FPS FPS
640x480 1779 60000 24 35 29.500
Machine 1 800x600 1789 60000 29 31 29.817
1024x678 1186 60000 19 23 21.000
640x480 5664 60000 90 96 94.400
Machine 2 800x600 3804 60000 65 69 67.000
1024x678 2636 60000 44 46 45.000
640x480 1801 60000 33 35 34.000
Machine 3 800x600 1801 60000 31 33 32.000
1024x678 1201 60000 20 22 21.000

(Table 2. Benchmark results)

The tests we have presented have shown that theV@gdeT alk framework is able to maintain high perfanoes
with different resolutions and on different systertss particularly important to point out thatfeering to the three
different resolutions the average value showing RR& never goes under 21 FPS (reaching the minivaloe of
21.000 with a resolution of 1024x768 pixels on ¢eenputer with the worst hardware characteristi€s) measure the
time necessary for the creation of an XML instamekted to a typical session, we asked a useredkilh the
configuration of collaborative sessions using aamnfework , to configure a session made up of fantspwith 30
different objects and two different behaviors fack object starting from an XML skeleton. The tess been repeated
10 times. The average time necessary for the oreafiXML was 12.5 minutes.

An additional set of tests has been made compé#nmgerformances in terms of FPS of the developaddwork with
those of the original OpenWebTalk framework.
The results we obtained are shown in the tablevirel

Resolution Frames Time (ms) Min Max Avg
OpenWebtalk® 640x480 1678 60000 120 237 178
800x600 1690 60000 103 198 150
1024x678 1086 60000 93 128 110
OpenWebtalk 640x480 1779 60000 113225 169
800x600 1789 60000 93 175 134
1024x678 1186 60000 84 112110
(Table 3. OpenWebTalk* vs. OpenWebTalk comparetreslts)

The test has demonstrated not only that OpenWebpaliformances in terms of FPS are superior if carag to the
OpenWebTalk performances, but it also has shownttiganew version of the framework “suffers” thereasing of
the resolution less than the original. This is pusesthanks to the optimization we have made immgerof
loading/unloading of the behaviours during the eiqmee sessions.

Future Works

The OpenWebtalk Architecture has a high renderirgplgic performance also on computers with poor \ward
characteristics. Another interesting result wasaimied in reference to the time needed by an expeat architect to
make an instance of collaborative session staftiogy a skeleton. All this result has been obtaisedplifying the
architecture and optimizing the behavior management

In the future, we are going to take the followinigps in three different routes:

. Improvement of rendering quality: we will supparew effects and new optimizations during the
rendering

. Increase of the features linked to collaboratas=n we will insert new behaviours and new modes of
interaction

. Integration of the frameworks with Virtual ReglifVR) devices: some modules will be inserted i th

architecture to enable it to be interconnected wime devices, such as gloves and head-mounted-
displays, stereoscopic rendering) etc. , in ordéndrease the sensation of going into environments
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