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Abstract

The aggregate motion of a flock of birds, a school of fish, or a herd of animals like sheep, cattle and others is a
beautiful and familiar part of the natural world. This type of complex motion is difficult to replicate in computer
animation. For many years, researchers have focused their efforts on creating complex behaviors. Generating
these complex and realistic group behaviors has been a challenging and time-consuming endeavor. This paper
focuses on methods of accomplishing this task. Our goal is to investigate methods to facilitate the generation
of complex group behaviors for applications such as games, virtual reality, robotics and biological or ecological
simulation. Our general approach is to provide a framework that automatically combines simple composable
behaviors into more complex ones. Our strategy is to compose a set of simple and basic user defined behaviors
into unlimited sets of complicated and more interesting behaviors. In addition we will demonstrate the concept
of composable group behaviors using behavior simulation of both predators and prey. We have developed several
basic ways for predators to hunt for prey, and for prey to run away from the predators. The result of this research
is an easy to use, adaptive and flexible framework for simulating group behaviors.
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1 Introduction

For many years, researchers have focused on formulating complex behaviors. Generating these complex and
realistic group behaviors has been a challenging and time-consuming endeavor. In this research, we investigated
techniques for simplifying the process of generating realistic and complex group behaviors. The main goal is to
simulate complex behaviors from many basic behaviors for applications such as games, virtual reality, robotics
and biological or ecological simulation.

We worked on different ways for prey to avoid a predator and for predators to hunt. The flock of prey will
have more intelligent ways to avoid predators, rather than just running away. A flock being preyed upon can also
hide from its predator by running towards it flock mates. They can remember the position of a predator and will
try to avoid this position. The predators have basic behavior of pursuing prey. Based on these simple behaviors,
our system is able to compose and generate much more complex group behavior strategies.
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Figure 1: System overview.

*This is an ongoing research Perpetual Amoah participated in during her internship program in summer 2005 at the Parasol Lab
at Texas A&M University, College Station, TEXAS. Supported by the Distributed Mentor Project (DMP)



2 Preliminaries

In this section, we define terms and concepts used in this paper. Composable Group Behaviors can be thought of
as the process of putting together simple basic behaviors to create complex and realistic behaviors.

A flock is a collection of agents. Each of the agents in a flock can only sense a limited surrounding range, follows
some basic rules, and creates control forces to change its state. In computer graphics, flocking behavior, which
is generally composed of three simple rules (avoidance, alignment and coherence), is also a type of composed
behavior|[7].

A state of the simulation is a snapshot of all variables in the system, such as the configurations and velocities of
all agents and the weights of the roadmap edges. Because each agent can sense locally, it can only obtain partial
information about the current state, such as the current location of the agent itself, the location of neighboring
agents and the surrounding obstacles and roadmap nodes and edges.

3 Related Work

The idea of composing basic behaviors into complex behaviors is not new. Research on biology and animal
behaviors has shown that the concept of basic behaviors exists ubiquitously ranging from lower level basic bio-
mechanic motor controls [6] to high-level ethological basis behaviors. Composing simple behaviors into complex
behaviors is also proposed in studies developing behavior-based robotics [1]. All this evidence indicates that
combining simple behaviors is one of the most natural and general ways to generate realistic behaviors.

There has been many works on composable behaviors among researchers for some time now. We will focus
mainly on research done by the Parasol Lab. Arnaud Masciotra during his USRG 2004 Summer program[5] did
worked with Dr. Nancy Amato, and her graduate students (Sam Rodriguez and Jyh-Ming Lien). In this system,
they simulated a dinosaur’s pursuit and evasion game to show the power of composable group behaviors. In this
simulation system, they created a dinosaur flock class and a dinosaur flock state class (dinosaur member).

In early 2005, Dr. Amato and her group [4] modified this system in order to improve on it. This work focuses
on extending the basic behaviors that have already been implemented. For instance, a behavior like “attack-in-
line” when used in the simulation, the predator easily loses sight while following the prey. This draw back occurs
because the predators follow in a line. Our new framework, which we will discuss in the next section, handles
these drawbacks and many other things that make our new system very interesting and user friendly.

4 Framework

As shown in Figure 1, the proposed framework consists of several main components, i.e., agents(prey, preda-
tors),user defined behaviors and utility functions. This framework is an extended version of the work done by Dr.
Amato et. al. in the Parasol lab.

In their previous work, they generated several interesting group behaviors, such as homing, exploring and shep-
herding, using adaptive roadmaps whose edges weights change dynamically during the simulation; see Figure 2.

For more information on the original framework, please read our technical publication number[5],[4]. This new
framework focuses more on how prey and predators can move with and towards their flock mates.

The main features of our framework for generating group behaviors include but not limited to the following:

e Users only need to provide a set of simple behaviors to the system to generate complex behaviors.

e Users do not need to define the relationships between each behavior, i.e., these simple behaviors can be
developed independently without knowing what other behaviors are in the system.

e The relationships between simple behaviors, and the complex behaviors themselves, can evolve as the agents
learn from their past experiences.

We demonstrate the utility of our flexibility and power of our system by varying the allowable behaviors and
measuring the performance of the system on multiple applications.



Figure 2: Flocking behavior using an adaptive roadmap. As the agents explore the roadmap, edge weights are
updated along edges that are being traveled as seen between Steps 1 and 2 and between Steps 2 and 3.

5 Simple Behaviors

In this section, we describe simple basic behaviors and some modifications mad to the basic behaviors for my
summer research work. Some of these were created to enhance other existing behaviors.

5.1 Existing Behaviors
The following are few examples of our basic behaviors.

1. Chasing Behavior Chasing behavior is one of the most basic ways to hunt. This behavior is often used
in pursuit-evasion.

Our implementation is similar to the natural chasing of the cat and the mouse. In this simulation, the
predator runs after the prey when the prey is in his view range just as a cat will run toward a mouse when
he sees it. One of our basic way for a predator to chase a prey is to go towards the position that the prey
is currently at (attack-in-line). Also one of the more effective way a predator can chase a prey is for the
predator to move toward the position that the predator thinks the prey is heading to (attack-prediction).
With this intelligents in our simulation, the predator normally predicts his next goal position ahead of the
prey. This can cause the prey to change its direction if he gets to know ontime.

2. Following Behavior This behavior is similar to pursuit. Instead of chasing a prey, it will either follow a
friendly agent (which is neither its prey nor predator) or any avialable agent around its environment.

This behavior can be used when a group of agents are searching or when the agents are following a leader
agent. Also it can be use for gathering flock members for a group behavior (like attack-in-group).

Our implementation is similar to how army of bees and flock of sheeps manuver in an evironment. In this
particular behavior, there is no leadership role so a prey follows any avialable friendly agent in his view
range.

3. Running Away Behavior The running away behavior is a common way to avoid a predator. This can
be use when a prey is being preyed upon or when trying to escape from natural danger.

We have techniques that allows the prey to recognize the position of the closest predator. We also compute
the force that pushes the prey away from the predator. This force gets stronger as the predator gets closer.
The direction of this force is opposite to the predator’s position.

Some simple modifications to this behavior such as having the agent running awayzig-zag or swerve in
random directions are some possibilities we are considering.

4. Searching Behavior This behavior happens when the flock member needs more information about the
environment. It can be used when looking for food, shelter or an enemy.



The technique for this behavior is to explore the area (environment) until a target is found.The flock member
may or may not have an in-depth idea about the environment. This searching behavior can either choose
to explore unvisited areas or random places in the environment|3].

5. Hiding Behavior The hiding behavior is a more complex behavior. The flock member needs to hide behind
an obstacle.

Similar to the running away behavior, this behavior allows the flock member to avoid the predator. This
behavior can be used during attack between different flock members.

The technique for this behavior is that the prey has the intelligents of the position of the closest predator. We
find the closest obstacle from the prey and compute a good position behind this obstacle that is not visible
to the predator.In order to find a good position, we sample points around obstacles (using OBPRM)[2], and
check each point to see if it is a valid position, i.e., the position is not visible from the predators position.
Then we choose a the point in which, predator’s position and obstacle’s position are the most aligned. We
then compute a path for the prey to go to this position and wait [5].

5.2 New Behaviors

The following are four of our new behaviors created.

1. Follow in Surrounding Behavior In this behavior, flock members attempt to move towards other friendly
flock members. This behavior can be use for group hunting, searching and following other friendly flock
members through the environment.

This behavior was implemented to enhance the functionalities of our follow-in-line behavior. In this behavior,
we compute an area where friendly flock members are positioned called follow-area in Figure 3. The distance
between the group of friendly flock members and the leader is maintained while using this behavior.

As shown in Figure 3, the friendly flock members are being led to a desired goal position by a leader. The
friendly flock members also remain in the predefined area (follow-area) behind the leader. When the leader
changes direction, the friendly flock members position themselves in order to stay in the follow-area.
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Figure 3: Follow-in-Surrounding behavior



2. Follow in Circle Behavior In this behavior, agents try to stay in a circular formation around a given
agent. The purpose of this behavior is to allow agents to either protect a given agent or to surround an
agent and prevent the agent from escaping.

During the follow in circle behavior, agents try to stay at the same relative position to the agent being
surrounded. The agents following in a circle keep track of the relative angle they are using to follow in
a circle. As the surrounded-agent changes directions, the following agents modify their target position to
correspondingly stay at the same relative angle to the surrounded flock members.

As shown in Figure 4, the friendly flock members move towards the surrounded-agent in a circular formation.
This causes the surrounded-agent to be either trapped or protected by the flock members surrounding it.
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Figure 4: Follow-in-Circle behavior

3. Run to Friends Behavior In this behavior, a flock member attempts to move into a position that is
closer to a group of frinedly flock members. The behavior can be used by a flock member to hide from
a persuer in the midst of the flock, by vulnerable (e.g., young or elderly) flock members so they can be
protected by the stronger members if the flock is being attacked by predators.

This behavior is implemented having the flock member that is attempting to move into the group select
a goal position internal to the group. The way in which this goal position is selected will depend on the
particular use. For example, if the flock is attacked by predators, the young might choose a goal that is
close to their parents and towards the center of the flock. As another example, when fleeing from a pursuer,
a flock member might choose to run away from the pursuer and towards the center of the flock. At each
time step, the flock member will evaluate the situation and update their goal as necessary, e.g., move away
from another predator if it has been identified as the most serious current threat.

An example of this behavior is shown in Figure 5. In this case, there is one Pursuer (P), one flock member
trying to evade that pursuer (E), and one flock group. If the basic evasion behavior is used, then E would
follow the trajectory shown and run past the flock. However, if the move into group behavior is used, then
FE would move toward the group. In the figure, and in our current implementation, the goal is selected as
the center of the flock (i.e., the average of the positions of the flock members).

4. Attack in Group Behavior Attack-in-group behavior is a common technique that allows a group of
predator flock members to attack a single agent. This behavior is used during group hunting.

Attack-in-group behavior was designed to enhance our attack-in-line behavior. In the attack-in-line behavior,
predator’s select the nearest prey flock member to attack which could cause each predator to be chasing
different prey. This creates a possibility that none of the predators are successful in catching a prey.
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Figure 5: Run-to-Friends behavior

During this behavior, predator flock members attempt to hunt for a single prey. The initial center of all of
the predator flock members is first computed. The prey flock member nearest the computed predator center
is the prey that will be attacked in a group. Each predator respectively, will move toward the selected prey,
increasing the posibility of catching the prey.

The example in Figure 6 shows one of the various ways for predators to attack a prey in groups. The steps
of implementation stated above relays that as the prey changes directions, the predators also update their
direction.
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Figure 6: Attack-in-Group behavior

6 Discussion and Conclusion

In this work, we propose a framework to simplify the process of creating natural and complex group behaviors. We
have shown that composable group behaviors are an easy way to formulate complex behaviors. Our composable
group behaviors manage to have many similar group members with same states but with different behaviors.
Users can employ this framework to compose a set of simple behaviors without worrying about what the other
behaviors will be in the system and in what environment the agents will operate.

In addition, we have proved that the result of this research is an easy to use, adaptive and flexible framework
for simulating group behaviors. Our future works include but are not limited to the following: creating interactive
simulations for museum educational purposes and generating sophisticated but interesting group behaviors, and
perhaps designing our own game engine.



7 Acknowledgements

This research was done through the sponsorship of the Distributed Mentor Project (DMP) program during the
summer 2005 year at Texas A&M University, College Station, TEXAS.
For more information about my research work, and me visit http://parasol.tamu.edu/people/pamoah

References
[1] R. Arkin. Motor schema based navigation for a mobile robot: An approach to programming by behavior. In Proceedings of the
IEEE International Conference on Robotics and Automation (ICRA)”.

[2] O. B. Bayaazit, J.-M. Lien, and N. M. Amato. Better flocking behaviors using rule-based roadmaps. In Proc. Int. Workshop on
Algorithmic Foundations of Robotics (WAFR), pages 95-111, Dec 2002.

[3] J.-M. Lien, S. Rodriguez, J.-P. Malric, and N. Amato. Shepherding behaviors with multiple shepherds. In Proc. IEEE Int. Conf.
Robot. Autom. (ICRA), pages 3413-3418, April 2005.

[4] J.-M. Lien, S. Rodriguez, X. Tang, A. Masciotra, and N. Amato. Composable group behaviors. Technical Report TR05-003,
Parasol Lab, Dept. of Computer Science, Texas A&M University, Aug 2005.

[5] A. Masciotra, J.-M. Lien, S. Rodriguez, and N. Amato. Composable group behaviors. Technical Report TR04-005, Parasol Lab,
Dept. of Computer Science, Texas A&M University, Aug 2004.

[6] F. Mussa-Ivaldi and S. Giszter. Vector field approximation: a computational paradigm for motor control and learning. Biol
Cybern., 67(6):491-500, 1992.

[7] C. W. Reynolds. Flocks, herds, and schools: A distributed behaviroal model. In Computer Graphics, pages 25-34, 1987.



