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Abstract 

Introducing seemingly autonomous virtual beings into 
virtual environments to co-habit and collaborate with us 
is a continuous challenge and source of interest. Latest 
proof of human excitement for virtual lif e is the current 
world-wide craze for electronic pets that must be fed and 
cared for lest they develop a bad character or die. Even 
more interesting is the inclusion of autonomous actors in 
Networked Collaborative Virtual Environments 
(NCVEs). They provide a meeting place for people from 
different geographical locations and virtual beings. In 
NCVEs we don’ t see our correspondents, only their 
graphical representations in the virtual world, same as 
for the virtual ones - therefore the communication with 
virtual beings can come naturall y. There is no single 
solution to the simulation of autonomous behavior. This 
is an ongoing research topic. Therefore it is interesting 
to provide an open NCVE system for easy interfacing 
with various implementations of autonomous behavior. 
In this way, the system can serve as an application 
platform with existing algorithms, as well as a research 
testbed for new autonomous behavior algorithms. 
This paper studies the requirements for such an open 
interface and, based on this study, presents an 
implementation within the Virtual Life Network (VLNET) 
system. Results are presented in terms of two case 
studies: a simple one implementing a dumb servant 
character and a more complex one connecting VLNET 
with the autonomous agent program Eliza 
[Weizenbaum66]. 

Our study is based on the assumption that the 
implemented autonomous actors are to be human-li ke. 
However, a lot of principles outlined here can be applied 
to non-human virtual beings. 
 
 
Keywords: Networked Collaborative Virtual 
Environments, Virtual Humans, Autonomous Behaviors, 
Virtual Life 

1. Introduction 

Networked Collaborative Virtual Environments 
(NCVEs), the systems that allow geographicall y distant 
users to interact in a shared virtual environment, have 
been an active research area for several years  [Barrus96, 
Capin97, Carlsson93, Macedonia94, Ohya95, Pandzic97, 
Singh95]. For many applications, ranging from games to 
teleshopping or education, it is useful to include 
autonomous virtual actors in the virtual environment. 
These computer-controlled, seemingly autonomous 
creatures would inhabit the virtual worlds, make them 
more interesting, help users to find their way or perform 
a particular task. For example, a virtual shop might have 
an autonomous virtual shopkeeper to help the customer 
to find the needed wares; complex virtual environments 
might have guides to lead visitors and answer questions; 
in a game, an opponent or a referee might be an 
autonomous virtual actor. 
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Simulation of Autonomous Behavior (AB) is also a 
big research topic. There are different approaches and 
different implementations. Examples that influenced our 
work are [Zeltzer82] on task level animation, 
[Reynolds87] on behavioral group animation, 
[Blumberg95] on autonomous creatures for interactive 
virtual environments, [Badler93] and [Thalmann96] on 
autonomous humanoids and [Noser96] on behavioral L-
systems. Systems that implement such behaviors are 
typically rather complex. As NCVE systems are already 
very complex themselves, our approach to Autonomous 
Behaviors in NCVEs is interfacing the two systems 
externally rather then trying to integrate them 
completely in a single, large system. Such an approach 
also facilitates the development of various AB systems 
to be used with a single NCVE system, making it a 
testbed for various algorithms. 

This interfacing leads to a kind of symbiosis between 
an NCVE system and an AB system, where the AB 
system provides the brains and the NCVE system the 
body to move around, be seen and act upon objects, but 
also to see, hear and get the external information to the 
brain. In order to implement this strategy, the NCVE 
system must provide an external interface to which AB 
systems can be hooked. This interface should be as 
simple as possible to allow easy connection of various 
autonomous behaviors. At the same time it should satisfy 
the basic requirements for a successful symbiosis of a 
NCVE system and an AB system: allow the AB system 
to control its embodiment and act upon the environment, 
as well as gather information from the environment upon 
which to act. 

The next section studies the requirements for the 
interface between NCVE and AB systems. After that we 
present an implementation of such an interface within 
the Virtual Life Network (VLNET) system [Capin97, 
Pandzic97]. For the results, we present two case studies. 
The first one is an implementation of dumb servant 
characters that respond to simple commands. The second 
one shows how a more complex AB system (Eliza, 
[Weizenbaum66]) was successfully connected to 
VLNET to simulate a conversational autonomous agent. 
Finally, we present conclusions and give directions for 
future work. 

Our study is based on the assumption that the 
implemented autonomous actors are to be human-like. 
However, a lot of principles outlined here can be applied 
to non-human virtual beings. 

2. Interfacing autonomous behaviors to 
virtual actors in NCVEs 

In this section we study the symbiosis approach to the 
introduction of autonomous virtual actors in NCVE 

systems. In this approach, the NCVE system provides all 
functionalities of the body while the Autonomous 
Behavior (AB) system acts as the brain. As Figure 1 
illustrates, the AB system is plugged into the NCVE 
system through an open interface. Keeping this interface 
simple allows easy connection of various AB algorithms 
to a single NCVE system, making the NCVE system a 
practical testbed for AB algorithms. 

We study the functionalities that the NCVE system 
must provide to the AB system through the open 
interface. We have identified following important 
functionalities that must be provided for a successful 
symbiosis: 

•embodiment 

•locomotion 

•capacity to act upon objects 

•feedback from the environment 

•verbal communication 

•facial communication 

•gestural communication 

NETWORKED COLLABORATIVE 
VIRTUAL ENVIRONMENT 

SYSTEM

AUTONOMOUS BEHAVIOR 
SYSTEM

OPEN 
INTERFACE

 

Figure 1: Symbiosis between the AB and NCVE systems 

Embodiment, or a graphical representation, is a 
fundamental requirement to allow presence of the virtual 
actor in the environment. Though this can be a very 
simple graphical representation (e.g. a textured cube), 
some of the more advanced functionalities (e.g. facial 
and gestural communication) require a more human-like 
structure as support. 

Locomotion  is necessary for getting from one place 
to another, and might involve generation of walking 
motion or simple sliding around. Essentially, the AB 
system must be able to control the position of the 
embodiment in the environment.  

Capacity to act upon objects  in the environment is 
important because it allows the AB system to interact 
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with the environment. The interface should provide at 
least the possibilit y to grab and move objects. 

Without some feedback from the environment  our 
virtual actors might be autonomous, but blind and deaf. 
It is essential for them to be able to gather information 
from the environment about objects and other users. 

If the AB system is to simulate virtual humans, it is 
necessary for real humans to be able to communicate 
with them through our most common communication 
channel - the verbal communication. Because the audio 
signal might in most cases be meaningless to the AB 
system, ASCII text seems to be the most convenient way 
to interface verbal communication to and from the AB 
system. This does not exclude the possibilit y of a speech 
recognition/synthesis interface on the human end, 
allowing us to actuall y talk to the virtual actors. 

Finall y, it is desirable for a virtual actor to have the 
capacity of facial and gestural communication  and 
therefore the abilit y to have a more natural behavior by 
showing emotions on the face or passing messages 
through gestures. 

In the following section we describe how these 
requirements are implemented in the VLNET system. 

3. Autonomous behaviors in VLNET 

Although Virtual Life Network (VLNET) [Capin97, 
Pandzic97] is developed as a general purpose NCVE 
system, we have paid particular attention to the support 
of autonomous virtual actors. In this section we show 
how the requirements outlined in the previous section are 
met by VLNET. In the following subsections we first 
give a brief introduction to VLNET, which allows us 
subsequently to discuss how each of the mentioned 
requirements is satisfied by VLNET interfaces. 

3.1 Introduction to VLNET 

VLNET is a general purpose client/server NCVE 
system using highly reali stic virtual humans for user 
representation. VLNET achieves great versatilit y 
through its open architecture  with a set of interfaces 
allowing external applications to control the system 
functionaliti es.  

Figure 2 presents a simpli fied overview of the 
architecture of a VLNET client. The VLNET core 
performs all the basic system tasks: networking, 
rendering, visual data base management, user 
management including body movement and facial 
expressions. A set of simple shared memory interfaces is 
provided through which external applications can control 
VLNET. These interfaces are also used by the VLNET 
drivers. The drivers are small service applications 
provided as part of VLNET system that can be used to 
solve some standard tasks, e.g. generate walking motion, 

support navigation devices li ke mouse, SpaceBall , Flock 
of Birds etc. The connection of drivers and external 
applications to VLNET is establi shed dynamicall y at 
runtime based on the VLNET command line. 
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Figure 2: Simpli fied view of VLNET client architecture 

The Facial Expression Interface is used to control 
expressions of the user's face. The expressions are 
defined using the Minimal Perceptible Actions (MPAs) 
[Kalra92, Kalra93]. The MPAs provide a complete set of 
basic facial actions, and using them it is possible to 
define any facial expression. 

The Body Posture Interface  controls the motion of 
the user's body. The postures are defined using a set of 
joint angles corresponding to 72 degrees of freedom of 
the skeleton model [Boulic90, Boulic95] used in 
VLNET.  

The Navigation Interface is used for navigation, hand 
movement, head movement, basic object manipulation 
and basic system control. All movements are expressed 
using matrices. The basic manipulation includes picking 
objects up, carrying them and letting them go, as well as 
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grouping and ungrouping of objects. The system control 
provides access to some system functions that are 
usually accessed by keystrokes, e.g. changing drawing 
modes, toggling texturing, displaying statistics. 

The Object Behavior Interface is used to control the 
behavior of objects. Currently it is limited to controlling 
motion and scaling defined by matrices passed to the 
interface. It is also used to handle the sound objects, i.e. 
objects that have prerecorded sounds attached to them. 
The Object Behavior Interface can be used to trigger 
these sounds. 

The Video Interface is used to stream video texture 
(but possibly also static textures) onto any object in the 
environment. Alpha channel can be used for blending 
and achieving effects of mixing real and virtual 
objects/persons. The interface accepts requests 
containing the image (bitmap) and the ID of an object on 
which the image is to be mapped. The image is 
distributed and mapped on the requested object at all 
sites. 

The Text Interface  is used to send and receive text 
messages to and from other users. An inquiry can be 
made through the text interface to check if there are any 
messages, and the messages can be read. The interface 
gives the ID of the sender for each received message. A 
message sent through the text interface is passed to all 
other users in a VLNET session. 

The Information Interface  is used by external 
applications to gather information about the environment 
from VLNET. Because of its particular importance for 
implementation of autonomous actors we will present 
this interface in somewhat more detail. It provides high-
level information while isolating the external application 
from the VLNET implementation details. It provides two 
ways of obtaining information, namely the request-and-
reply mechanism and the event mechanism. 

In the request-and-reply mechanism, a request is 
described and submitted to the VLNET system. Then, 
the request will be processed by the information 
interface engine in the VLNET system and a reply will 
be generated. 

In the event mechanism, an event registration is 
described and submitted to the VLNET system. The 
event registration will be processed by the information 
interface engine and be stored in an event register. At 
each rendering frame, the VLNET system will process 
the event register and generate an event accordingly. 
There are two cases when an event will be generated. If 
it is the first rendering frame after the event is registered, 
then an event will definitely be generated. The second 
situation is when there is a change of information that is 
provided from the previous rendering frame. These event 
registrations will remain registered and be processed in 

each rendering frame until a removal from the event 
register is requested. 

Figure 3 illustrates the information flow between the 
program controlling the autonomous actors and the 
VLNET system. 

There are two message queues linking the program 
and the VLNET system. One message queue is used to 
submit requests, event registrations and event removals 
to the VLNET system. The other message queue is used 
to obtain replies and events from the VLNET system. 

Within the VLNET system, the information interface 
engine is responsible for processing the requests, event 
registrations and event removals. The event registrations 
and event removals are sent to the event register, so that 
the event register can be updated accordingly. After 
processing the requests by the information interface 
engine, replies and events are generated and placed in 
the outgoing message queue from the VLNET system. 
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Figure 3: Data flow through the Information Interface 

Following information can be requested from VLNET 
through the Information Interface: 

• Description (name) of an object in the virtual world, 
given the object ID 

• List of objects (object IDs and corresponding 
descriptions) whose description contains the given 
keywords 

• List of users (user IDs and corresponding 
descriptions) whose description contains the given 
keywords 

• Transformation matrix of an object in world 
coordinates, given the object ID 

• Transformation matrix of a user in world 
coordinates, given the user ID 

• Number of objects in the virtual world that is picked 
by an user, given the user ID 

• Number of users in the virtual world 

• Collisions between users/objects 
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We have given a briefest possible description of 
VLNET that allows us to show how it can be interfaced 
to an AB system. The focus of this presentation was on 
VLNET interfaces. For more detail s on VLNET the 
reader is directed to [Capin97, Pandzic97]. 

3.2 Support for Autonomous Behaviors in VLNET 

In this subsection we show how all requirements 
analyzed in section 2 are satisfied in VLNET. 

VLNET provides embodiment  through the use of 
articulated, deformable body representations with 
articulated faces [Boulic95, Capin97, Pandzic97]. This 
highly reali stic embodiment is also a good support for 
more advanced features li ke facial and gestural 
communication. 

The VLNET interfaces explained in the previous 
subsection are the simple connection between VLNET 
and an AB system. 

Locomotion  capacity is provided through the 
navigation interface allowing the AB system to move its 
embodiment through passing of simple matrices. The 
same interface, through its possibilit y of picking up and 
displacing objects, provides the capacity to act upon 
objects.  This capacity is further extended by the object 
behavior interface which allows to access any object in 
the environment or many objects simultaneously. 

The information interface provides the AB system 
with the feedback from the environment  with the 
possibilit y to request various types of data about the 
users and objects in the environment. 

Facial communication  is provided by the facial 
expression interface which allows the AB system to set 
any expression on the face of its embodiment. 

Gestural communication  is possible through the body 
posture interface, allowing the AB system to change 
postures of its embodiment and thus perform gestures.  

Verbal communication  is supported by the text 
interface. It allows the AB system to get text messages 
from other users and send text to them. On the other 
hand, it allows easy connection of speech 
recognition/synthesis module providing the human user 
with the possibilit y to speak with the virtual actor. 

4. Case study 1: Dumb servant 

This case study presents a simple implementation of 
“dumb servants” , simple characters that react to 
commands issued by users. The dumb servant has the 
following characteristics: 

• He/she communicates through natural language, 
understanding simple commands. Currently the 
commands have to be typed in but, as explained 

in subsection 3.2, connection of an external 
speech recognition module allowing to talk to the 
servant would be simple enough. 

• He/she reacts to his/her name. If there is more 
then one servant, one can call them by their 
names. When called, the servant turns towards the 
caller. 

• He/she can be ordered to come to the caller or go 
to different places that have names in the 
environment.  

• He/she can be ordered to fetch objects and bring 
them to the caller. 

• He/she is amiable. Whenever he/she executes an 
order, he/she smiles at the caller. 

This simple implementation was done in a matter of 
hours with the purpose of showing how VLNET can be 
used to easil y integrate simple behaviors. Based on the 
same architecture, the behavior of the servant could be 
vastly extended without any change to the interface with 
VLNET. 

4.1 Implementation 

The dumb servant is a program connected to VLNET 
through a set of interfaces (as described in subsection 
3.1): information, text, navigation, object behavior and 
text interfaces. This connection is ill ustrated in Figure 4. 

Text interface is used to receive messages. In view of 
the limited set of commands that the servant can receive, 
parsing is simple. The servant looks for his/her name in 
the text of the message and does not react if he/she does 
not find it. If the name matches, text interface is used to 
get the ID of the caller. With the ID, the position of the 
caller is obtained by passing a request to the information 
interface. This data already allows the servant to use the 
navigation interface to turn towards the caller or go to 
the caller if the command is to come. 

The walking motion is generated by the standard 
VLNET walking driver connected to the body posture 
interface and to the navigation interface. This is a 
separate program that generates the appropriate leg 
movement based on the global motion of the body 
obtained from the navigation interface. Thus, the servant 
program only needs to move the body in the wanted 
direction and does not have to worry about generating 
reali stic walking motion because this will be generated 
automaticall y. 

When the servant is commanded to come to the caller 
he/she will always come just in front of the caller, facing 
him. The facial expression interface is then used to 
produce a smile. 
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Figure 4: Connection of the servant application to 
VLNET interfaces 

The objects in VLNET can have names, or short 
textual descriptions. As explained in subsection 3.1 
through the information interface it is possible to get a 
li st of objects in the environments with their names and 
IDs. Thus, from an object name the object ID can be 
obtained by looking into the li st, then the ID is used to 
obtain the object’s position. Using this, the servant can 
be ordered to go to the vicinity of a named object. 

If ordered to fetch an object, the servant program uses 
the information interface to look up the object by its 
name, then gets its position. It moves to the position of 
the object, then uses the object behavior interface to 
move the object to the caller. As the object is brought, 
facial expression interface is used for the inevitable 
smile. 
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Figure 5: Connection of the conversational agent to 
VLNET interfaces 

 

5. Case Study 2: Conversational embodied 
agent 

This case study demonstrates the use of 
conversational embodied autonomous actors, that depend 
on textual communication with the participants. There is 
a difference between this implementation and the 
previous one: this autonomous virtual human is based on 
general conversation using natural language and body 
language, while the dumb servant understands simple 
commands such as picking objects and performs them. 

The conversational virtual human has the following 
characteristics: 
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• It is based on a previously-developed freeware 
program, called Splotch. Splotch is a freeware C 
implementation of Eliza program, that is written 
by Duane Fields. Eli za is an autonomous agent 
program that studies natural language 
communication between real users and 
autonomous agents [Weizenbaum66] (various 
implementations of Eli za can be found at: 
(http://www-
cgi.cs.cmu.edu/afs/cs.cmu.edu/project/ai-
repository/ai/areas/classics/eli za/0.html). 
Although splotch is a simple version of Eli za, we 
have selected it due to its extendibilit y and ease 
of use, and because it was given in C source code 
form. 

• He/she looks for participants around it, when 
there is at least one participant around him, he/she 
starts chatting with him. 

• The conversation takes place textuall y through a 
chat window. 

• He/she uses his/her nonverbal communication to 
strengthen and accompany his/her verbal 
communication. 

5.1 Implementation 

The conversational virtual human program is 
connected to VLNET through the textual, information, 
and body interfaces. Figure 5 ill ustrates the connection 
to the interfaces. The autonomous actor program obtains 
the participants’ textual messages, and outputs answers, 
through the text interface. 

We provided an initial implementation that is based 
on detecting the words used within the sentences. A set 
of key words are accompanied with gestures that the 
actor plays.For example, the autonomous actor uttering 
the word ‘hmm’ is assumed to be in paying attention to 
the participant’s words, therefore the autonomous actor’s 
virtual body is animated with a predefined keyframe 
sequence for attentive posture. 

We have defined a pallette of gestures and postures 
that the autonomous actor can animate. Each keyframe 
sequence is accompanied with a set of keywords. Figure 
6 ill ustrates our initial palette of gestures. 

In the initial implementation, we only looked into 
which words the autonomous actor speaks Thus, at each 
text input from the remote participant, this input is 
passed to the Eliza program, the Eliza program outputs 
its answer, the answer text is searched for keywords, and 
one keyframe sequence is chosen using the found 
keywords. An extension would be to define the state of 
the actor in the autonomous behavior level, and select 

the gestures from this input, rather than analyzing the 
spoken words. 

 

 

Figure 6: The palette of gestures 

6. Conclusions and future work 

We have discussed the challenges involved with 
inclusion of autonomous virtual actors in NCVEs and 
proposed a flexible and versatile solution within our 
Virtual Life Network system. We have presented two 
case studies where this system was successfully used to 
integrate autonomous actors in NCVE. 

We intend to pursue the research in the direction of 
even more interesting autonomous actors and their 
interaction with human users. 
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