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ABSTRACT 
This paper describes a Client/Server architecture to combine the 
control of human agents performing “intelligent actions” (guided 
by a Rule-Based Behavior System - RBBS) with the management 
of autonomous crowds which perform pre-programmed actions. 
Our main goal being ability to model crowds formed by a large 
number of agents (e.g. lOOO), we have used pre-programmed 
actions and basic behaviors. In addition, RBBS provides the user 
with an interface for real-time behavior control of some groups of 
the crowd. This paper presents how the Server application to 
control virtual human agent’s behaviors using a rule-based 
system. 
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1. INTRODUCTION 
Virtual humans grouped together to form crowds populating 
virtual worlds allow a more intuitive feeling of presence. 
However, the crowd is not only needed to create an atmosphere 
but also should simulate intelligent actions of the group or 
individuals. We have developed RBBS, a rule-based system for 
human agents’ behavior management, and applied its behavior 
control to virtual crowds. A Client/Server system has been 
implemented in order to integrate RBBS and our system to 
model and control groups of human agents. 

2. THE RULE-BASED BEHAVIOR 
SYSTEM 
Non-programmer users can describe some human characters 
through rules (see Figure 1) and interact with the virtual world 
during the simulation, by sending some daily-life stimuli in real- 
time that will induce behavioral actions from human agents group. 
m: if ((Laura needs to take the train) and (Laura has no ticket)) 

then (Laura goes to counter to buy one) 
daily-lifeEvent : at 15 Laura has to take the train. 

Figure 1: Example of Rules and Events defined by user 

When a daily-life event happens, the set of behavioral rules is 
checked. If matching conditions are found, then associated 
conclusions are activated. 
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As a result, high-level orders are generated. In case of unfamiliar 
situations, the user is warned that a default response will be 
induced if no new rules are given. Indeed the user can enter new 
behavioral information during the simulation. 

Simulation Feedbadk High-level Order 
(new state of the agents) (to guide the agents) 

Figure 2: RBBS Organization 

Figure 2 shows each step of the RBBS process: 

1. The user defines some behavioral rules in a simple syntax 
close to the English language (see Figure 1) 

2. The Syntactic Analyzer translates these definitions into a 
code understood by the Behavior Management module 

3. During the simulation: 
3.1. if no rule is matched then if the user gives a new one, 
the steps 1 and 2 are done 
3.2. if behavioral rules are selected, high-level orders (like 
“go to the counter and buy a train ticket”) are then 
generated according to the Facts Base that contains the 
daily-life events (like “Actor1 needs to take the train”) and 
the current system state (e.g. “Actor1 has no ticket”). State 
changes in succession are induced [ 51. 

4. RBBS is synchronized with the Crowd application by 
waiting adequate order-feedback. 

RBBS is integrated with the Crowd Model (see Section 3) in 
Client/Server architecture as the behavioral client. It guides the 
crowd by sending high-level orders to the server according to a 
fixed communication protocol. Consequently, the RBBS client 
has to code these orders and decode crowd simulation feedback. 

3. THE CROWD MODEL 
To simulate a crowd composed of agents endowed with different 
levels of autonomy, we considered two types of virtual agent 
behavior control. The first one uses the pre-programmed 
behavior causing autonomous actions and the second one 
employs the RBBS guiding of actions (Section 2). “Autonomous 
groups” are defined to consist of agents whose actions and 
behaviors are specified before the simulation starts. We have 
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