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Abstract—One of the key functions to popularize 3D content 
services on virtual environments is on the extensibility of the 
underlying system. In our previous work, we had implemented 
an extensible Multi-User Virtual Environment (MUVE) called 
IMNet which features plug-in modules for various application 
purposes. This feature is enabled by adopting the eXtensible 
Animation Modeling Language (XAML) as the underlying lan-
guage for incorporating external modules. Nevertheless, the 
system needs to be restarted for a new module to take effect. In 
this paper, we describe an attempt to use the OSGi framework to 
dynamically load user-designed animation modules that can be 
distributed and plugged in at run time. We will describe exam-
ples in IMNET to demonstrate the process of designing and dis-
tributing animation components at run time in this framework. 
In addition to allowing 3D modules to be contributed by the users, 
we believe that this function is also crucial for the realization of 
semantic virtual environment in the future. 
 

Index Terms—Multi-user Virtual Environment, OSGi frame-
work, Extensible Animation Language, Semantic Virtual Envi-
ronment.   
 

I. INTRODUCTION 

Multi-User Virtual Environment (MUVE) usually refers to a 
3D environment that allows multiple users to log in concur-
rently and interact with each other with multiple modalities, 
such as texts, images, audio, and animations, provided by the 
system. The prevalent 3D online games are one type of virtual 
environment with specific game logics embedded. In recent 
years, virtual environments of general purpose, such as Active 
World [10] and Second Life [13], have attracted great interest 
and become more and more popular. Most of these virtual 
environment systems allow users to choose their own geome-
try and appearance, and some of them allow the users to access 
object information in the environment and program their ava-
tars according to some proprietary scripting languages. How-
ever, few can provide the users with the freedom of custom-
izing their behaviors such as how their animations are gener-
ated according to the procedures designed by the users.  

We think in the era of Web 2.0, for a MUVE to become 
successful, it is crucial to allow the users of virtual environ-
ments to contribute 3D contents of their own design to the 
community such that other users can also see their behaviors or 
animations via the procedures that can be downloaded and run 
on the fly. However, most current MUVE’s are still far from 
reaching this goal. This is because most of these systems only 
provide a repository of pre-installed canned motions for the 

users to select and display. Even though some of the existing 
virtual environment systems allow new modules to be added to 
enhance its functionality, the system usually needs to be re-
started for the new modules to take effect. This inconvenience 
could greatly hinder the possible contributions from the users 
for customized behaviors.  

IMNET is an XML-based MUVE using the client-server 
architecture that has been developed in our previous work [8]. 
This MUVE system features the use of an extensible anima-
tion scripting language called eXtensible Animation Modeling 
Language (XAML)[7], an XML-based language that allows 
multiple levels (e.g. low, middle, and high levels) of animation 
components to be composed in various ways. For example, as 
shown in Fig. 1, <AnimItem> is the most basic tag for ani-
mation component in XAML while <AnimHigh> and 
<AnimImport> are tags for specifying higher level animation 
commands and animations stored in external files, respectively.  
Another design feature of this language is its extensibility for 
incorporating other languages as plug-ins. For example, in Fig. 
1, <AnimPlugin> is used to incorporate the <Audio> tag that 
is only known to an external module which is designed to 
process it. This external module needs to be registered in a 
configuration file when the system starts up. A new module 
can be installed by adding an entry to the configuration file. 
However, the system needs to be restarted for the new module 
to take effect. As a result, it is not feasible for the users to 
distribute their procedures on the fly via this mechanism.  

In this paper, we extend our MUVE system, IMNET, to 
allow animation procedures to be loaded at run time such that 
users can develop their own 3D animation procedures and 
share them with other clients in the same virtual environment. 
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<AnimItem model=”avatar” playMode=”seq”> 
 <AnimHigh>Walk to Door</AnimHigh> 
 <AnimImport src=”PushDoor” /> 
 <AnimIetm> 
  <AnimItem model=”door” DEF=”DoorOpening> …    
  <AnimPlugin><Audio src=”scream.wav” /> 
  </AnimPlugin> 
  </AnimItem> 
 </AnimItem> 
 <AnimImport src=”Shock” /> 
</AnimItem> 

 
Fig. 1 Example of using XAML to specify animations by composing animation 

components at various levels 
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We have chosen to use the OSGi framework to enable this 
run-time plug-in mechanism. When the IMNET browser 
processes an incoming XAML script and encounters an un-
known tag, the system will download the code specified as an 
attribute of the tag and install it in the OSGi framework inside 
IMNET. We will use several examples to illustrate the process 
of the installation and the usage of this plug-in mechanism.  

The rest of this paper is organized as follows. In the next 
section, we will survey the research pertaining to our work. 
Then we will describe how we incorporate the OSGi mecha-
nism into IMBrowser (a 3D browser in IMNET) in Section III. 
In Section IV, we will use two examples to illustrate the usage 
of this mechanism. We will then conclude the paper with 
discussion of how to extend the mechanism to realize semantic 
virtual environment. 

II. RELATED WORK 

The development of multi-user virtual environment has a 
long history. These virtual environments are sometimes called 
shared virtual environments or collaborative virtual environ-
ment. Several multi-user virtual environments have been pro-
posed in the literature. For example, RING[5], DIVE[4], and 
MASSIVE[6] are a few typical MUVE’s developed in aca-
demia. Other commercial ones include ActiveWorld[10], 
Blaxxun[12], and Second Life[13]. In [2], the author pointed 
out the challenges that collaborative virtual environments 
needed to face. For example, it is a challenge to allow par-
ticipants to collaboratively work on a same task under the 
constraint of limited network bandwidth. Several attempts 
have been made in the literature to address this issue. Some of 
them focus on designing more scalable network architectures, 
such as peer-to-peer [10] or hierarchical connection model [3] 
while others focus on reducing the required amount of data 
transmission for a given application [8]. In IMNET, high-level 
XAML scripts have been designed with the goals of reducing 
data transmission as well as increasing the level of animation 
control.  

In traditional MUVE’s, the design of 3D contents and sys-
tem functions are all centered around human users instead of 
machines. For example, most 3D environments use the con-
cept of scene graph (tree) to store and manage the geometric 
information for the graphics objects to be displayed to the user. 
Human users can understand the properties of the objects 
according to their geometry and appearance through visuali-
zation. For example, a human user can easily interpret an 
object consisting of a flat surface attached with four cylinders 
as a table. However, it is difficult for a computer program to 
understand the semantics of this arrangement. The same 
problem also occurs on the web when we try to automate the 
computational tasks that need to be processed among several 
computers. This is the reason that the concept of “semantic 
web” was proposed to study how to design web services with 
semantic information [18].  

Along the same direction, the concept of semantic virtual 
environment was proposed to address the semantic issue that is 
missing in current virtual environments [17]. A semantic vir-
tual environment can be treated as a regular 3D environment 
with additional semantic information associated with the ob-
jects in the virtual world. The same technologies, such as RDF 

and Ontology, used to model web services can also be used to 
model 3D semantics. In addition to allowing different virtual 
worlds to be interconnected, semantic information of virtual 
environment can be used by the users to develop their own 
code to interact with the environment and other avatars. 
However, in order to enable user-designed code to be plugged 
in at run time, adopting an appropriate component-based 
framework is much desirable. 

Among the related work on semantic virtual environment, 
Otto [9] has developed a shared virtual environment called 
SEVEN that makes use of reusable software components for 
different virtual environment systems. In this paper, creating 
reusable software components is also our design goal but our 
focus is more on generating customizable behaviors for the 
avatars according to the given virtual environment. Abaci et 
al.[1] used the concept of “smart objects” to design a way of 
expressing semantics for animations in addition to geometry.  

One of the key functions for realizing the aforementioned 
semantic virtual environment is how to dynamically download 
and install software components and how to allow them to 
interact with each other according to the interfaces that they 
agree upon. OSGi (Open Services Gateway Initiative) is the 
technology that we have chosen to realize such a mechanism. 
The specification of OSGi framework was designed by the 
OSGi Alliance for deploying and executing software compo-
nents [14][15]. The objectives of this framework include in-
creasing component reusability, enhancing platform inde-
pendency, and reducing software complexity. The Equinox 
platform used in Eclipse is one successful implementation of 
the OSGi framework [13] and is also the one that we have 
adopted in our virtual environment.  

III. SYSTEM ARCHITECTURE DESIGN 

The core component of IMNET is a Java3D-based 3D 
browser called IMBrowser that is capable of parsing and 
processing XAML scripts for animations. Based on this 
browser, we have extended XMAL to include a mechanism for 
dynamic installation of a new component specified in the URL 
attribute of a new tag. This dynamic installation of compo-
nents is enabled by an embedded OSGi framework and is 
connected to the 3D browser for on-the-fly generation of 
animations. 

Fig. 2 is the architecture of the XAML animation system 
implemented in IMBrowser. The system consists of a XAML 
parser, an animation manager, a resource controller, and the 
newly added OSGi framework. The syntax of an XAML script 
is first checked by the parser and then converted into an in-
ternal animation tree containing the information of priority, 
timing, and animation content for each node. In the process of 
converting a XAML script into an animation tree, each tag is 
associated with a processing procedure that can convert the tag 
into its corresponding node in the animation tree. In the 
original system, when one would like to extend XAML with a 
new tag, the conversion program for the tag must be registered 
in the parser in advance. In the new system reported in this 
paper, when an unknown tag is encountered, the system will 
first look it up in the OSGi framework for appropriate con-
version program. If no such programs are found, the codebase 
attribute of the tag will be used to download and install the 
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code for processing this tag. 
The OSGi framework provides a management mechanism 

for symbolic names of components such that no bundles (re-
ferring to software components in OSGi) with the exactly the 
same name and version number can be installed on the same 
framework. In addition, in Equinox, the system persistently 
records the bundles that have been installed and can recover 
the status even after the system is restarted. Therefore, the 
bundles that have been installed once do not need to be 
downloaded even after the system is rebooted. In the following 
subsections, we will first describe the process of the original 
parser and then the process after the OSGi framework is in-
troduced.  

3.1 Original parsing process 

When processing a XAML script, the AnimationFactory 
module in IMBrowser converts each animation element 
<AnimElem> (and its successors) into an AnimData tree 
structure that may recursively contains other AnimData nodes. 
As shown in Fig. 3, a process rule is associated with each of 
the animation tags includig AnimHigh, AnimTransition, 
AnimImport, etc. For example, the module for the Anim-
Transition tag is used to generate the transition animation from 
the current key frame to the specified target key frame. The 
module for AnimImport takes a file name as its attribute to 
import an animation script stored in a separated file. If nec-
essary, these modules may acquire information about the 
geometry or transformation of the object under consideration 
in order to generate appropriate animations for it. The proc-

essing of these high-level commands result in animations 
specified in a lower level script sent back to the animation 
manager for updating the 3D scene. Every time when a new 
conversion procedure is designed, the tag and its associated 
code need to be installed and registered manually in IMNET. 
This new module will not take effect until the system is re-
started.  

3.2 New parsing process with OSGi 

On a MUVE, software updates cannot happen too often if 
we would like to keep the MUVE system available most of the 
time. Therefore, we have designed a new mechanism with the 
OSGi framework to enable run-time installation and activation. 
When IMNet is started, we also start an OSGi framework and 
allow the AnimationFactory module to interact with the OSGi 
framework as shown in Fig. 3. When the AnimationFactory 
module finds an unknown tag, it first searches the OSGi 
framework for a registered OSGi service associated with the 
given tag name. If the service does not exist at the time of 
lookup, the system will automatically download and install the 
component according to the given URL in the attributes. 

IV. IMPLEMENTATION AND ILLUSTRATIVE EXAMPLE 

In this section, we will use an example to illustrate how a 
user-designed “bow” action can be executed at all clients at 
run time. A snapshot of the bow action created by the example 
is shown in Fig. 4. In this illustration, we will distinguish the 
roles of developer and user who are located at different clients. 
We assume that the developer will design an appropriately 
formatted bundle and upload it onto the server. Other clients 
will then be able to parse the script containing this tag and 
generate appropriate animations on their client programs.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Architecture of the XAML animation system 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 The parsing process of the XAML system with the new OSGi framework 

  
XAML 

Parser 

Schedule 
Manager 

 

3D Scene

Motion
Library

Model 
Library Motion 

Template

Resource 
Controller 

fetch 

Bundl

Bundl

：

search 

add 
root 

update

Animation Tree 

Animation 
Manager 

OSGi Framework

invok

Animation 
Factory 

XAML 

Get root node

Process Rule
AnimHigh 

Model
Library

Acquire
Geometry

Process child node 

OSGi Framwork

Bundle

Bundle

if Not found

AnimTransition

AnimImport

Animdata 

Process child node 



 4 

4.1 Designing an OSGi Bundle 

The design of an OSGi bundle consists of four components: 
interface, implementation, activator, and manifest, as shown 
in Fig. 5. In this example, the name of the service as well as the 
interface is called Bow. This interface is implemented by the 
MyBow class. When the exec() function of this interface is 
invoked, an XAML script is returned to the animation engine 
for execution. In addition, we have to implement the 
BundleActivator interface, a standard OSGi interface, 
for activating a bundle by calling the start() function in the 
interface. In our example, the MyBowActivator class im-
plements this interface and declares an object of MyBow, 
called bower, in the member function of start(). This 
bower object is registered with the OSGi framework by calling 
the standard registerService() function.  

We also need to set up the manifest file for the bundle as 
shown in Fig. 6. From this manifest file, we know the name 
and version of this bundle, bow_bundle_1.0.0, which 
needs to be unique in an OSGi framework. In this file, we set 
the BundleActivator to the imlab.osgi.bundles. 
MyBowActivator class and export the imlab. 
osgi.bundle.interfaces package for other compo-
nents in the same framework to use this bundle. Finally, all 
these related files will be packed into a JAR file for download. 

4.2 Bundle Upload, Download and Installation 

The created bundle can be uploaded to the web server pro-
vided by IMNET via the client interface. When a bundle is 
uploaded, it is stored in a directory named after the developer, 
and this name serves as the namespace for distinguishing the 
bundles created by different developers. Nevertheless, the 
developer can choose to put the bundle in any legal URL. A 
sample usage of the bundle as an extension of XAML is shown 
in Fig. 7. It will also output the usage as a string for the de-
veloper to copy or distribute.  

As an IMNet user, the developer can issue this XAML script 
to its avatar through a window (lower left corner in Fig. 4) 
provided by the client interface. This script will be broadcast 
to other clients at run time through the IMNet protocol. When 
a script such as the one shown in Fig. 7 is received by an 
IMNet user, the AnimationFactory will resort to the OSGi 
framework because the tag is not recognized as a standard one 
in XAML. The OSGi framework is first searched for a service 
called imlab.osgi.bundle.interfaces.Bow to see 
if it is already installed. If not, the code specified in the 
codebase attribute will be downloaded. The Animation-
Factory module will then call the install() command in 
Equinox to install bow.jar into the OSGi framework. After 
the installation, the start() function in bundleActi-
vator is called to register the bundle service. Once the ser-

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 Construct of a bundle and its connection to IMNet 

Fig. 4 Snapshot of the client interface issuing and displaying the bow 
action. 

Manifest-Version: 1.0 
Bundle-ManifestVersion: 2 
Bundle-Name: bow_bundle Plug-in 
Bundle-SymbolicName: bow_bundle 
Bundle-Version: 1.0.0 
Bundle-Activator:  
imlab.osgi.bundles.MyBowActivator 
Bundle-Localization: plugin 
Import-Package: 
org.osgi.framework;version="1.3.0" 
Export-Package:  
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Fig. 6 An example of OSGi manifest file 

<Bow package='imlab.osgi.bundle.interfaces' 
codebase='http://imlab.cs.nccu.edu.tw/li/bow.jar' /> 

Fig. 7. An example of how to use a tag containing bundle information 
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vice is started, the AnimationFactory module will call the 
exec() function in the Bow service to generate main con-
tents of the animation as a XAML script which is a low-level 
bow animation in this case. 

V. ANOTHER EXAMPLE 

In this section, we will use the example of a customized path 
planner to demonstrate the mechanism of allowing dynamic 
pluggable components in IMNet. We assume that a user has 
designed a motion-planning service that can generate colli-
sion-free paths by specifying the initial and goal configura-
tions of its avatar for a given geometric description of the 
objects in the virtual environment. The tag for invoking the 
service is defined as <MoPlan> which can be downloaded 
and installed from the given URL as in the previous example. 
After the motion planning module is uploaded to the server, 
any user can take advantage of this module by issuing an 
XAML script similar to the one in Fig. 8. After downloading 
and installing the plug-in module, other users will run the path 
planner by first loading the geometric information from the 
virtual world and generate a collision-free path for the avatar 
to follow as shown in Fig 9. This path is specified in a 
low-level XAML script that is then sent to the animation 
manager for execution. In Fig. 10, we show an example of the 
collision-free path that has been generated by the planner to 
avoid the obstacles (trees) in the environment. 

VI. CONCLUSION AND FUTURE EXTENSION 

Multi-user virtual environments have attracted many atten-

tions in recently years because of the rich interactivities that 
can be enabled in the virtual world. However, a user usually is 
not allowed to customize his/her behaviors due to the lack of a 
flexible plug-in mechanism. In this paper, we have presented 
an implementation of virtual environment that is designed to 
be extensible to external plug-in modules. This dynamic 
pluggable ability is facilitated by incorporating the OSGi 
framework into IMNet. As the era of semantic web and web 
2.0 comes, we believe that this extensibility will become cru-
cial to allow the sharing of 3D contents and animations in 
MUVE. We have used two examples to illustrate the usage of 
this mechanism, and we believe that more customized anima-
tion modules will be created by users and shared by all users in 
the future. 

The mechanism of dynamic installation and invocation is a 
necessary function for realizing semantic virtual environment 
where virtual agents should be able to retrieve semantic in-
formation from the environment or other agents. Currently we 
are working on making IMNET a semantic virtual environ-
ment. For example, we are designing the ontology of the ob-
jects in the virtual environment to contain semantic informa-
tion such as geometry, attributes, and functions. We will de-
sign standard interfaces for a user’s module to inquire seman-
tic information and take appropriate actions after reasoning on 
the acquired information. We are also planning to allow the 
virtual agents to communicate with each other through some 
known ontology of virtual agent. With these new functions, 
we hope that realistic behaviors of a virtual agent can be 
generated automatically in IMNET in the near future. 
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