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Abstract: - This paper introduces a new model of fuzzy logic controller for behaviour-based mobile robots. The standard robot control system is represented as a sum of motor schemas. The output of fuzzy logic controller is a magnitude of a vector which has to be summed to the  motor schema vectors. This kind of approach enables mobile robots to change their standard behaviour and permits to increase advantages of two different models of mobile robots control systems: the motor-schema-based method which is optimal for behaviour based robots and the fuzzy logic approach which is well suited for uncertain field because it is capable of making inferences even under uncertainty. Results have been obtained in TBSim application which is a simulator of robots Nomad 150. Our own control system is created in Java language and it works with the Teambots Java-based collection. The same control system that run in simulation can also operate real robot hardware using the TBHard application.
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1   Introduction

The motor schema method is based on schema theory which explains motor behaviour  as concurrent control of many different activities. A robot perceives stimuli from multiple sensors and then it defines the way for moving trough an output of a motor schema which is an action vector consisting of both orientation and magnitude components.[1]. A behavior-based can be described with stimulus-response diagrams, functional notation and finite state acceptor diagram [2]. The results of motor schema-based control system in the field of mobile robot navigation are better described in [3,4].  The sum of motor schema vectors represents a behavioral assemblage [5].   In RoboCup 2001 in Seattle, the Teambots Clay Library, based on the method of motor schema,  were used in a team and the individual and supporting behavior were tested [6]. One of the advantages of the Teambots software is the possibility to use a simulator of real robot. Robot soccer simulators, used in several experiments, enable researchers to focus on learning and cooperation because it is possible to create many training fields first of  testing with the real robots [7]. 

An action-selection method based on behavior network and an original  model for learning the skills and their selection have been tested by the CS Freiburg team, the winner of Robocup 2001 [8].

The fuzzy logic approach has been used in several researches because it is possible to make inferences under  unknown situations. A behavior-based robot navigation using a fuzzy logic approach has been tested with success on challenging terrain [9].

A fuzzy controller has been tested in a Micro-Robot Soccer Tournament ( MIROSOT) to control the motion of the robots. The outputs of the fuzzy logic controller are velocity of left and right motors [10].

A weighted vector summation as a method for producing the final defuzzified command signal and a Finite State Machine between the fuzzy controllers is the approach of MARGE the winner of one AAAI Mobile Robot Competition [11].

A fuzzy logic approach as method for robot path-planning in a dynamic environment is proposed in [12].

This paper presents the FUROCOS (Fuzzy Robot Control System ) a new model of control system for mobile robots navigation: a sum of motor schemas represents a behavioral assemblage and each behaviour can be fixed by a fuzzy logic controller.  This approach differs from the others because  it is possible to create only one basic behaviour based control system that can be fixed and adapted for several situations and fields trough the fuzzy logic controller. It is also possible to extend the modular structure of the behavioral assemblage easily to incorporate new behaviour and to create  a behavioral learning method using a neuro fuzzy logic controller.

The field test studies reported in this paper demonstrate that a mobile robot based on the FUROCOS control system can move without collision to reach the goal in environment with obstacles in motion and the optimal path planning can be fixed with a neuro fuzzy system in a static environment. 

[image: image10.jpg]_ X(1+1) -x(1)

Vi —

o YD) =300
dt




Fig.1 Robot Nomad 150

To build our own team we extended the Control System class of the Teambots software for defining our team strategy and our control system. TeamBots is a Motor Schema-based collection of application programs and Java packages for multiagent mobile robotics research [2,5]. TeamBots software permits to use only one control system software for both a simulator (TBSim) and a real robot (TBHard). The interface between the robot's control system and its sensors and actuators is provided by the API called SocSmall, which is a Java class. Robots are circular and 12cm in diameter. The simulated

robots can move at 0.3 m/s and turn at 360 degrees/sec.  

The real and related robot is the Nomad 150 (Fig.1).

This paper is organized as follow. Section 2 describes the control system and reports a test of FuroCos in a dynamic environment.  Section 3 describes a learning and training approach using a neuro-fuzzy network. Finally, in section 4, we report our conclusions.

2   Control System and fuzzy rules

Our control system consists of both a motor schema control system and a fuzzy logic controller. A schema based  architecture, i.e. a dynamic reactive architecture that is non-layered and co-operative is used to define the basic robot behaviours.

 The Perceptual Schemas are vectors or boolean values that contain information about the playing situation, the state of  a robot is acquired from the robot sensors. 
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Fig. 2 Perception-action  schema relationships with the fuzzy logic .  controller(ES: environmental sensor; PS: perceptual schema; PSS: perceptual subschema ; MS : motor schema).

For example the obstacle position is sensed and evaluated in respect to a robot's spatial relationship to this object, in other words the Beyond or Behind position are encoding the spatial relationship of a robot in respect to the obstacle. Motor Schemas use this perceptual information to define a behaviour. 

A typical motor schema could for example be Move_to_Goal or Avoid_Obstacle. The output is a vector that declares the direction (and strength) of the Motor Schemas can be co-ordinated co-operatively with a linear combination or "organised" competitively in order to generate a more complex robot behaviour. In our control system the motion of the robot is modified with the output of fuzzy logic controller. 

The full control system is illustrated in fig.2 and in fig.3.

When between the point to reach and the mobile robot there is an obstacles in motion a fuzzy logic controller is used to lead robot approaching the goal point smoothly and effectively. 

A set of fuzzy logic rules of the form

      IF antecedent, THEN conseguent              (1)

where the conditions antecedent is composed of fuzzy input variables and connectives ( AND, OR ) and the conseguent is a fuzzy output variable designed for ours controller.

The fuzzy controller of FuroCos follows the Mandami approach. The system is composed by: four fuzzy inputs variables; two fuzzy output variables; sixteen rules; connectives as descbibed in (2).
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Fig.3 The fuzzy logic controller (the output N is the magnitude of the fuzzy vector).

The parameters used as inputs to the fuzzy controller are distance_opposite (x,y), velocity_opposite (dy/dt).

The position of the objective means (obstacle, goal, another robot of the same team) is known from the environmental sensor.

Also the distance of the opposite robot and its direction of motion is extracted from the sensor. The distance of the opposite robot is represented by two linguistic fuzzy sets { 
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Fig. 4 Fuzzy inputs and output in MATLAB
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Fig.5 Rules viewer in MATLAB
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Fig.6 Surface viewer in MATLAB

NEAR, MEDIUM } with the membership function showed in fig 4.,  where x(t) and y(t) are the locations of mobile robot in the present step, x(t+1) and y(t+1) the values in the next step.

The velocity (4) Vx and Vy can be:  very up; up; very down; down; very negative, negative, very positive; positive. It is represented by eight linguistic fuzzy sets {VUP,UP,VD,D,VN,N,VP,P} with the 
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(4)

membership function showed in fig 5. The output of fuzzy logic controller is a magnitude and a direction of vector which has to be summed to the motor schema vector.

In fig.6 it is showed the surface viewer of MosFuc.

The fuzzy output are horizontal_vector, and    vertical_vector. The output of the fuzzy logic is represented by the linguistic fuzzy sets { VERY RIGHT, RIGHT, DOWN, UP, VERY DOWN, VERY UP }. The fuzzy rules are established as the list in fig 5. In this context we consider only the case of dynamic obstacle with y positive (the opposite robot more up then our robot).      
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Fig.7 An example of simualtion

3   Learning and training

As in human life the robots can have learning and training. The robot simulator offers the possibility for creating different training fields. 

We used a Takagi-Sugeno model of neuro-fuzzy network for learning as followed: 

IF X1 is A1 AND X2 is A2 THEN Y=w1f1+w2f2   (5)

where the conditions X is composed of fuzzy input variables and connectives ( AND,OR, ...), the f is a fuzzy output variable and w is a weight.

Learning algorithm is based on the backpropagation method characteristic of  neural network 

4   Conclusion

In this study, a simple and intuitional method is proposed such that mobile robot can through field with movable obstacles to reach goal. The fuzzy logic controller with a motor schema method are successfully provided the suitable velocity and direction to mobile robot, and a smoother path is obtained. Finally a Takagi-Sugeno model of neuro-fuzzy network has been proposed as a learning and training method. The development work on motor-schema with fuzzy control system will continue. Others variables will be considered for a more intelligent strategies.
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