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Abstract

In this paper, we propose a new intelligent and
control approach for an autonomous soccer robot
based on the immune network. The immune system
is characterized by self-regulation and self-adaption
in dynamically changing environment as emergent
properties of the interaction of its components.
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1. Introduction

Problem solving in complex domains often involves
dynamic environments and the need of adaptation. It
is easy to imagine several situations where an
adaptive behavior is needed in order to achieve a
global objective. Robot Soccer is an example where
Real-time Adaptive behavior is needed. The dynamic
environment presented in a match requires immediate
response from the developed system, when at the
same time the agents must learn to adapt to the
changing environment.

Micro-Robot World Soccer Tournament (MiroSot)
[19] initiative gives a good arena for multi-agent
research. Robot soccer makes heavy demands in all
the key areas of robot technology, mechanics, sensors
and intelligence. The robots used in MiroSot are
small in size (7.5cm x 7.5cm x 7.5cm) and
autonomous. MiroSot involves multiple robots that
need to collaborate in an adversarial environment to
achieve specific objectives. An alternative way to
manage this form of agent-based system is to utilize
emergent properties to obtain self-regulation, self-
organization and self-adaption observed in many
biological systems.

Biological principles have been exploited in a variety
of computationally based learning systems such as
artificial neural networks and genetic algorithms
[18]. Also, the emergence of complex collective
behavior from the local interactions of simple agents
is illustrated by many natural social systems, like ant
colony [8]. Immunological principles and

functionalities from computational viewpoint have
been applied to computer security problems, parallel
processing, optimization, etc [11,22,7,13]. The
immune system present all the required capabilities,
such as autonomy, adaptation, etc. In this paper, we
propose an immune-inspired approach for intelligent
and arbitration of autonomous soccer robot.

The rest of the paper is organized as follows. In
section 2, we present the related works. Section 3
presents an overview of the natural immune system
and the soccer robot architecture. Conclusion and
future work are given in section 4.

2. Related work

The fundamental issue for researchers who wish to
build a team for soccer robot is to design a multi-
agent system that behaves in real-time, performing
reasonable goal-directed behaviors [15]. Goals and
situations change dynamically and in real-time. It is
essential that agents learn to play the game
strategically. There are three challenges for the robot
soccer games: learning challenge, teamwork and
opponent modelling challenge [15,23].

The objectives of robot soccer learning is to solicit
comprehensive learning schemes applicable to the
learning of multi-agent systems which need to adapt
to the situation. The robot soccer teamwork addresses
issues of real-time  planning, re-planning, and
execution of multi-agent teamwork in a dynamic
environment. The robot soccer opponent modelling
calls for research on modelling a team of opponents
in a dynamic multi-agent domain. In robot soccer
teamwork, the individual player has to perform
several behaviours, one of which is selected
depending on the current situation. Each player agent
has a limited view that giving him a partial view of
the world. It is therefore a big challenge to create a
complete and accurate world state representation for
the agent. Each agent keeps a world model that
contains information about all the objects on the
soccer field [4]. In order to react to the situation in
real-time, the soccer robot quickly needs information
to select role for the current situation. Since
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programming the Robot behaviors for all situations is
unfeasible, robot learning methods seem promising
[14,1]. In this case, collective behaviors should be
acquired. The immune-inspired approach is one of
the promising approaches to the robot soccer
intelligent arbitration and control problems. Our
immune-based model is based on the work of Ranjan
[20] on modelling adaptive mobile agent, the work of
Pattie Maes to modelling adaptive autonomous agent
[17] and the work of Watanabe [25] for decentralized
behavior arbitration mechanism for autonomous
Mobile Robot Using Immune System. Our work is
based on our previous experience on the Robot
Soccer Field [21,9] and the use of immune system as
a model in the distributed system [2,3].

3. Approach overview
3.1. Immune system

The immune system defends the body against
harmful diseases and infections. It is capable of
recognizing most pathogens and eliminating them
from the body [6,10]. To this end, it performs pattern
recognition tasks to distinguish molecules and cells
of the body(self) from foreign ones(non self). The
basic entities of the immune system are B-cells and
T-cells. Jerne [12] has proposed the concept of the
idiotypic network that we use as a basics of our
approach. It states that B-cells are not just isolated,
but they are communicating between them through
stimulation/suppression chains that form a large-
scaled network, and work as a self and non-self
recognizer [25]. The key portion of the antigen
recognized by the antibody is called an epitope (i.e.
antigen determinant). The key portion of the
corresponding antibody that recognizes the antigen
determinant is called a paratope such as shown in
figure 1.
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Figurel: The Jerne’s idiotypic network

Each type of antibody has its own antigenic
determinant, called idiotope. In fact, an antibody is
recognized as an antigen by other antibodies. This
relationship between antibodies is called the second
generation idiotypic network [24,6]. According to

this model, the participation of T-cells is typically
negliged or ignored.

In this way, the elimination of foreign antigens by
immune system is provided by the entire system in a
collective manner. This phenomenon is called
emergent as it results from the interaction of its
entities. In fact, the immune system is self-regulatory
to keep the quantitative balance of antibody. Through
the stimulation/suppression chains, the populations of
specific antibodies increases rapidly, and after
eliminating the antigen, decreases again. In other
hand, the immune system is self-organizing as its
structure of immune system is not fixed, but varies
continuously according to the dynamic changes of
the environment. This function, called the
metadynamics function, is mainly realized by
incorporating newly generated cells by the bone
marrow or activated cells that proliferates and
removing useless one such as depicted in figure 2.
This function maintains an appropriate repertoire of
cells that cope with the environment change in the

piecemeal way.
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Figure 2: The metadynamic function
3.2. Robot soccer architecture

We define soccer robot as an autonomous agent,
composed of distinct bodies and having own
resources. An agent is located in its environment and
its behavior tends towards the achievement conscious
or emergent of goals [5]. It can feel its environment
through its receivers and act there by using its
effector [20,17]. The agent is called autonomous if it
operates completely autonomously, i.e. if it decides
itself how to relate (i.e. coupling) its sensors data to
motor commands (i.e. effectors) in such a way that its
goals are attended to successfully. Adaptation can be
viewed as changing the goal set. The effect of the
change can be new set of actions to achieve the same
overall objectives.

In our model, the agent consists of two modules, The
Interface of the agent to the environment and the
Controller. The Interface contains Sensors that sense
the environment and Effectors that can take actions to
change the environment. The Controller is the
module that decides whether adaptation is necessary
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and how best to adapt to the current situation. The
Interface senses the environment through the
Sensors, analyzes them, and creates a view of the
environment called percept. The percept is passed
into the Controller. If adaptation is needed, a new
policy is passed to the Interface, which then
transforms it to a set of actions to be carried out. The
effectors are used to make any environment change
specified in an action. The figure 3 shows the basic
structure of the soccer robot and their interaction.
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Figure 3: Architecture of player agent

The environment is a soccer field (i.e. other robots
and ball). The soccer robot (i.e. player agent)
receives regularly the visual information. From the
figure 3, we should notice that the current situation of
environment (i.e. percept) detected by the Interface
(i.e. sensor) work as antigen, and prepared role is
regarded as an B-cell or antibody, while the
interaction between roles is considered as
stimulation/suppression chains between B-cells. The
idea of this model is that the Controller equipped
with the immune network selects a role suitable for
the current situation. Once the role is selected, it is
passed on to the Interface, which then transforms the
role into a set of actions to be carried out. In fact, the
player agent has the possibility of handling the world
by the means of several effectors such as move to
certain point in the soccer field, strike the ball, etc.

In order to describe the intelligent arbitration for
Controller module, we define an attribute as a
perceivable feature of the environment (i.e. current
situation). A percept (i.e. Pattern) is a set of attributes
that describe a view of the dynamically changing
environment. The Controller selects the policy that is
suitable to the current situation. As described above,
the identity of each B-cell is generally determined by
its antibody, the paratope and the idiotope. As shown
in figure 4, we assign a pair of precondition and
policy to the paratope, and the ID-number of the
stimulating B-cell and the degree of stimuli to the
idiotope.
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Figure 4: Role description

Figure 5 shows the generalized view of an antibody
within the idiotypic network. The antibody i is
stimulated by N antibodies and suppresses M
antibodies. m;; and mj denotes affinities between
antibody j and i, and between antibody i and £,
respectively. The affinity means the degree of
stimulation or suppression. my; denotes the affinity
between an antigen / and an antibody i.
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Figure 5: A generalized idiotypic network

The antibody population is represented by the
concept of concentration [25]. In order to select the
antibody suitable for the antigen, we assign one
variable called concentration to each antibody. The
concentration of i-th antibody denoted by a; is
calculated with the following equations:

Zmrra/ = immak(tfl)
A =A@+ k = v —k,| +kymy, —d |*a.(t-1) (1)
1
= 2
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In the first equation, the first and second terms
denote the stimulation and suppression from other B-
cells. The affinity m; and my (i.e. degree) are
positive values between 0 and 1. my is the affinity
between the [-th antigen and the antibody i. d;
denotes the natural death factor of ith antibody. K;
denote the stimulation rate, K, the suppression rate
and K; the antigen stimulation rate. The second
equation is the function that squash the parameter
A;(?) calculated by the first equation, between 0 and
1.

Every antibody's concentration is calculated
repeatedly during a time defined a priori [25]. The
antibody of the highest concentration is selected and
passed on to the Interface, which then transforms the
role into a set of actins to be carried out.

4. Conclusion and future work

Developing systems of autonomous robots to address
complex tasks in dynamically changing environment
is particularly challenging. An autonomous soccer
robot needs to perceive its environment, make
decisions about selection of its roles. This paper
describes an immune-inspired approach to design an
autonomous and adaptive soccer robot. The agent
supports autonomous roles arbitration and can select
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a suitable role through decentralized interactions
among them.

Our simulator was implemented with the Madkit
platform [16]. The primary results of simulation
shows that the immune-based model improves
performance of autonomous soccer robot. Also, the
introduction of adaptation mechanisms is highly
indispensable. In fact, to evolve the player agent
effectively in a dynamically changing environment,
the Controller can re-arrange the immune network at
run-time by changing affinity values or incorporate
an innovation mechanism inspired by the
metadynamics function. This mechanism allows a
player agent to learn from results. Future research
address adaptation and

learning issues.

5. References

[1] M. Asada, M. Veloso, M. Tambe, I. Noda, H.
Kitano, and G K. Kraetzschmar (1999).
“Overview of RoboCup-98”. Lecture Notes in
Computer Science, 1604:1.

[2] M. Bakhouya, J. Gaber, and A. Koukam (2002).
“Immune-based middleware for large scale
network”. The 27th Annual IEEE Conference on
Local Computer Networks (LCN2002): 230-234.
Tampa, Florida, U.S.A.

[3] M. Bakhouya, J. Gaber, and A. Koukam (2002).
“Immune-based middleware for mobile wireless
network”. IEEE Workshop on Applications and
Services in Wireless Net-works (ASWN2002).
July 3rd - 5th, 2002, 75003 Paris.

[4] R. Boer, J. Kok, and F. Groen (2001).
“Multi-agent systems: The UvA Trilearn 2001
Robotic Soccer Simulation Team”,
citeseer.nj.nec.com/deboer01multiagent.html.

[5] R. G. Cardenas (2000). “Distributed systems and
computer security”. Studia Informatica
Universalis, OPODIS 2000 special issue, 2:235--
243, 2000.

[6] D. Dasgupta (1999). “Artificial immune systems:
Modeling and simulation”. Books Artificial
Immune Systems and Their Applications ISBN
3-540-64390-7.

[7] D. Dasgupta (1999). “Immunity-based intrusion
detection system: A general framework”. In the
proceedings of the 22nd National Information
Systems Security Conference (NISSC).

[8] S. Fenet and S. Hassas (2000). “AN.T.: a
distributed network control framework based on
mobile agents”. In Proceeding of the
International ICSC Congress on Intelligent
Systems And Applications, CI'2000 (in
ISA'2000).

[9] V. Hilaire, P. Gruer, A. Koukam, and A. El
Moudni (2002). Engineering soccer robots
behaviours. FIRA Robot Congress.

[10] S. A. Hofmeyr (1999). “An immunological

model of distributed detection and its application
to computer security”. PhD thesis, University of
New Mexico.

[11] S. A. Hofmeyr and S. Forrest (2000).
“Architecture for an artificial immune system”.
Evolutionary Computation, 8(4):443-473.

[12] N. Jerne (1974). “Towards a network theory of
the immune system”. Ann. Immunol. (Inst.
Pasteur) 125C. 373.

[13] R. L. King, A. B. Lambert, S. H. Russ, and D. S.
Reese (1999). “The biological basis of the
immune system as a model for intelligent
agents”. Second Workshop on Bio-Inspired
Solutions to Parallel Processing Problems,
Lecture Notes In Computer Science 1586, pp.
156-164.

[14] H. Kitano, M. Asada, Y. Kuniyoshi, I. Noda, and
E. Osawa (1997). “Robocup: The robot world cup
initiative”. citeseer.ist.psu.edu/103950.html

[15] H. Kitano, M. Tambe, P. Stone, M. Veloso, S.
Coradeschi, E. Osawa, H. Matsubara, 1. Noda,
and M. Asada (1997). “The robocup synthetic
agent challenge 97”. International Joint

Conference  on  Artificial  Intelligence
(IJICAI97).

[16] http://www.madKkit.org/.

[17] P. Maes (1994). “Modelling adaptive
autonomous agents”. Artificial Life,

1(1):135-162.

[18] P. Marrow (2000). “Nature-inspired computing
technology and applications”. BT Technol J,
18(4), October 2000.

[19] MiroSot. http://www.fira.net.

[20] S. Ranjan, A. Gupta, A. Basu, A. Meka, and A.
Chaturvedi (2000). “Adaptive mobile agents:
Modeling and a case study”. 2nd Workshop on
Distributed Computing "IEEE Ind CFP ::
WDC'2000".

[21] R. Sebastian (2002). “A coordinating
multi-agent systems in dynamic environments”.
Master Thesis. Laboratoire SeT, UTBM, Belfort
France.

[22] A. Somayaji, S. Hofmeyr, and S. Forrest (1997).
“Principles of a computer immune system”. In
Proceedings of the Second New Security
Paradigms Workshop, pages 75--82.

[23] P. Stone (2000). “Layered learning in
multi-agent systems: A winning approach to
robotic soccer”. Peter Stone, ISBN
0-262-19438-4, p 197-237.

[24] F. Varela and A. Coutinho (1991). “Second
generation immune networks”. Immunol. Today.
12, 159.

[25] Y. Watanabe, A. Ishiguro, and Y. Uchkawa
(1999). “Decentralized behavior arbitration
mechanism for autonomous mobilerobot using
immune system”. Books Artificial Immune
Systems and Their Applications ISBN
3-540-64390-7.



	M. Bakhouya, S. Rodriguez, V. Hilaire, A. Koukam and J. Gaber
	Abstract
	3. Approach overview
	3.1. Immune system

