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Fuzzy-based Reactive Controllers for a Simple

Goal Seeking and O
Mobile Robot in un

Lakhmissi Cherroun an

Abstract -- This paper deals with the reactive control of
an autonomous mobile robot which should move safely in a
crowded unknown environment to reach a desired goal. A
successful way of structuring the navigation task in order
to deal with the problem is within behavior based
navigation approaches. In this study, issues of individual
behavior design will be addressed using fuzzy logic
approach. Simulation results show that the designed fuzzy
controllers achieve effectively any movement control of the
robot from its current position to its end motion and
without any collision.

Index Terms- mobile robot, behavior based navigation,
intelligent navigation, fuzzy controller.

I. INTRODUCTION

ERE is a growing interest in service robots and ihidue

to the fact that robots are finding their way ofitsealed
working stations in factories to our homes and ¢opuated
places such as museum halls, office buildingsyeailstations,
department stores and hospitals [1]. The gaine@fticdomes
along with the necessity to design the robot inag that it is
able to respond to a list of complex situationgsTihcludes at
least the ability to navigate autonomously, avaidinodeled
and unmodeled obstacles especially
unpredictably changing environment [2].

bstacle Avoidance by a
known Environment

d Mohamed Boumehraz

navigation systems have been developed as an alterrio
the more traditional strategy of constructing repreation of
the world and then reasoning prior to acting. Tasididea in
behavior based navigation is to subdivide the raiog task
into small easy to manage, program and debug betsavi
(simpler well defined actions) that focus on exemutof
specific subtasks. For example, basic behaviorddcde
“avoiding obstacles” or “goal seeking”. This dividend
conquer approach has turned out to be a succeggfubach,
for it makes the system modular, which both singsdifthe
navigation solution as well as offers a possibitityadd new
behaviors to the system without causing any majoreiase in
complexity [3][4]. The suggested outputs from each
concurrently active behavior are then “blended” ethgr
according to some action coordination rule. A Jgrief
behavior-based control schemes have been inspiyethéo
success of Brooks [3] with his architecture whistkmown by
the subsumption architecture. In this architechakaviors are
arranged in levels of priority where triggering igher level
behavior suppresses all lower level behaviors. AfkR] has
described the use of reactive behaviors called memtbemes.
In this method, potential field is used to defihe butput of
each schema. Then, all the outputs are combinegeiyhted
summation. Many works used fuzzy logic system tdoileo
robot navigation and representing behaviors [1(][11

Fuzzy logic controller is well suited for controlj a

in crowded ambbile robot because it is capable of making infeeeeven

under uncertainty [5]-[7]. Fuzzy logic is a mathéicel tool

Navigation and obstacle avoidance are very importahat can manipulate human reasoning, conceptsiagdigtic

issues for the successful use of an autonomouslénaidot.
When computing the configuration sequence, we altbev

terms. It suits to define systems that handle icipee
information about the system model [8]. A fuzzy tolter

robot to move from one position to another. Whee thystem is commonly defined as a system that ensulate

environment of the robot is obstacle free, the [enokbecomes
less complex to handle. But as the environment feso
complex, motion planning needs much more treatmémts
allow the robot to move between its current andalfin
configurations without any collision within the sowunding
environment [1][2].

A successful way of structuring the navigation teskrder
to deal with the problem is within behavior basedigation
approaches (Brooks [3]) saffiotti [4]). Behavior sed
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human expert. The knowledge of the human operaboitdibe
presenting in the form of a set of fuzzy linguistites. These
rules produce an approximate decision in the saamner as
an expert would do [8]-[10].

The objective of this paper is to show how to guae
autonomous mobile robot in an unknown environmesittgia
fuzzy logic approach. Fuzzy logic control (FLC) &n
interesting tool to be applied to the problem othpalanning
since the output varies smoothly as the input ceantn this
work, we will discuss a fuzzy path planning corgoldesign
based on expert experience and knowledge that pyaed to
a tricycle mobile robot. The fuzzy inference sysierhased on
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a human driver like reasoning in an indoor envirentrthat is
free or contains obstacles or other mobile robots

This paper is organized as follows: Section 2 gitlee
necessary background of fuzzy logic technique.sdetion 3,
we present the model of the used mobile robot. drioposed

X, =V, cos(,)
y, =V, sin(6,) (1)

Y
rzl—rtg(a)

controllers are introduced and explained in sectioBection 5 \Where: (Xr , yr) are the position coordinates a,@T is the

shows simulation results for examples of movementhe
mobile robot in unknown environment. Section 6 dodes
the paper.

I. FUZZY LOGIC CONTROL

The theory of fuzzy logic systems is inspired by th
remarkable human capacity to reason with percejtitased
information. Rule-based fuzzy logic provides a fafm
methodology for linguistic rules resulting from seaing and
decision making with uncertain and imprecise infation [8].
The bloc diagram of a fuzzy control system is shawfig. 1.

Rule Base
A 4 !
X > Fuzzification : Defuzzification U
Interface : Interface >
A 4
o Inference
| Mechanism

Fig. 1. The structure of fuzzy logic Controller

The fuzzy controller is composed of the followinlgraents

(8][9l:

orientation angle of the robdtis the robot length.

Goal

¥g

yo i

v

Fig. 2. Mobile robot Parameters

Ill. PROPOSED CONTROLLERS

In this section, the developed approach is disclsEkis

- A fuzzification interface:converts controller inputs into design method motivated by the efficiency and tingpkcity
information that the inference mechanism can easslg to of making the controller more suitable for real dim

activate and apply rules.

- A rule-base:a set oflf-Then rules which contains a fuzzy
logic quantification of the expert's linguistic deption of
how to achieve good control.

- An inference mechanisnuor “fuzzy inference module”It
emulates the expert's decision making in interpgetand
applying knowledge about how best to control trenpl

- A defuzzification interfaceconverts the conclusions of the
inference mechanism into actual inputs for the essc There
are two types of FLC; Mamdani model and that of agk
Sugeno [8]. The structure of fuzzy controller presd in Fig.

1 will be invested for the design of the robot coltrs.

Il. MOBILE ROBOT KINEMATICS

The robot used in this study is a tricycle mobdeat with
non-holonomic property that restricts its mobility the
sideways direction and with limitation of angle.eTkinematic
model of the mobile robot has two rear driving whesnd a
passive front wheel. The inputs of this systemtheesteering

angle @ and the velocity, . The outputs are(X,,Y,,6.)

(see Fig.2). In perfect adhesion conditions (moweméthout
sliding), this kinematic model can be described te
following equations [1]:

-
o
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implementation.

A. Goal Seeking controller

The task of the robot is to reach a desired painthie
environment called a goal. The bloc diagram of thbot
controller is shown in Fig. 3. The calculation mhtxu
compares the actual robot coordinates with thedinates of
the target. The outputs are the angle ngfednd the distance
between the robot and the goal (position errorpct@& pos.
The angle value is compared with the orientatiothefrobot
delivered by the odometry module in order to coreptite
angle error@,.. The designed fuzzy controller uses these two

values to generate the appropriate actions to réeeharget
(uq is the steering angl@ andus, is the robot speed, ) .

;
I
X, L €y a i |
—b('\—eb Calculation iFQ”—» Fuzzy ii—p Mobile | |
K5y %, Modue pl Comroier |1} Ropar | |
Ve E_pos o I '
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‘
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' I
'
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____________

Fig. 3. Fuzzy controller
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The inputs variables (angle error and the distaiabet-target)
are fuzzified using the membership functions degiéh Fig.4
and Fig.5.

H(E_pos)
VB

E_pogm)

»
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Fig.4. The membership functions for the Error ofifion
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Fig.5. The membership functions @r

The outputs variables are represented by the fseig/shown
in Fig.6 and Fig.7. With the following linguistialues for all
input-output variablesZ: Zero,S: Small M: Medium,B: Big,
VB: Very, Big PS: Positive Small,PB: Positive Big, NB:
Negative Big,NS: Negative SmallNM: Negative Medium,
PM: Positive MediumF: Fast,SL: Slow, MD: Medium,VF:
Very Fast.

L (a)
A
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Fig.6. The membership functions of the steerindeangmmand
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Fig.7. The fuzzy sets of the linear velocity

0 1

The Goal seeking task is expected to align thetrsheading

If E_pos is M andd,, is NM therz is PM and Vis SL

The values of: andV, in the consequent part of the rules
(see previous rule) are fuzzy labels reduced iagieton (e.g.
ZR(Zero), PS(Positive Small),...). The two outputs thé
fuzzy controller are calculated by:

a=Ywa A0 V=3 wy
i=1 i=1

Wherew; is the truth value of the rulefor a given input
vector. N is the number of fuzzy rules. If we consider the
previous rule, the truth value can be given by:
w =44, (E_po< s, (6,) ®)
A, and B, are the membership functions of the position
error and the angle error respectively.

TABLE |
FUZZY RULES FOR GOAL SEEKING BEHAVIOR

)

Angular Error (eer)

alVy
NBE |[NM | NS |z |PS |PM | PB
@ PM PS NS| NM
N, Z z zZ | z z z Z
- z PB PB | PM NM| NB| NB
8| "IV [ sL | sL | s| s sL| s s
Hg = PM | PM | PS| Z| NM| NB| NB
bl 2V SL SL [MD [ MD | MD | SL | SL
g = PM PS | PS| Z| Ns| NS| NM
el I w SL | MD | F| F| F | MD| sL
= PM | PM | PS| Z| NS| NM| NM
S SL | MD | F| VF| F | MD| sSL

B.Obstacle Avoidance controller

The obstacle avoidance is one of the basic missifres
mobile robot. It is a significant task that mustvéaall the
robots, because it permits this machine to mowainnknown
environment without collisions [2]. The obstacleomlance
tends to steer the robot in such a way as to asaligsion with
obstacles that happens to be in the vicinity ofrtiteot. In the
present work, this behavior is realized using asothakagi-
Sugeno fuzzy controller. Where the navigation task be
achieved by the two behaviors: obstacle avoidar® goal
seeking The former behavior is inherentlyearsightedas it
only considers how to avoid obstacles and ignoresther it
causes the robot to deviate from the goal, whetleadatter
behavior is inherentlffarsighted as it enables the vehicle
moves toward the goal and neglects if it causeslesion.

Firstly, we consider that the environment whereigete
the robot contains uniform shapes of obstaclesth8dnputs
of the controller are the distanBg, and the error angle to an

obstacled, . The inferred actions are the steering angle hed t

velocity of the robot. The fuzzy sets used fordisance input
are depicted in Fig.8. The angle error and thedatpariables

Fuzzy Inference System (FIS) with two inputs and bwtputs.
Therefore the rule base used for this behaviorhisva in
table. 1. For example the following rule can bedréam the
table:

May 07-09 2012, Algiers Algeria.
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section (goal seeking behavioflhe fuzzy labels are: SM:
Small, MD: Medium and BG: Big.
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Fig.8. The fuzzy sets of the distance robot-obstacl

The strategy used for this behavior is expressed®
symbolically by the fuzzy rules presented in tahle

TABLE Il
FUZZY RULES FOR THE OBSTACLE AVOIDANCE BEHAVIOR

Angle 6,
alV; NG | NM | NP z PP PM PG
« [ NM | NM| NB| NB PB PM PM

. % V, | SL| sL z z z SL SL
@ L[ e NsNmM[NB[ NB | PB PB PS
g =V, |MD| MD| SL| SL SL MD| MD ( ) )
2 Fig.9. Goal seeking using fuzzy controller
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IV. SIMULATION RESULTS
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In this section, examples of mobile robot navigatio
indoor environment are presented to verify thedigliof the

0.2

0

proposed schemes. These typical cases were sichuiate Fig.10. The control values
which a robot is to move from a given current positto a o . )
desired goal position in both environment typesst{atie free If the navigation environment contains one or more

in order to reach the final destination safely withcollision
The figures 9.(a-b-c-d) present the robot trajéetofor With_ these objects. Fig.11 shows the robot paticlirtered
different initial positions of the robot and the afjo As €nvironment. The robot moves toward the goal, ahdnnan
depicted, in all cases the robot moves toward dnget from obstacle is detected in one of the three sidest(fright and
its initial position by delevering continous actioisteering €ft); the obstacle avoidance behavior is activdtedenerate
angle and linear velocity). The elaborating fuzeyteoller is the appropriate actions for avoiding these colfisio
well performed to accomplish this task. The linealocity of " Environnement de Navigation
the mobile robot decreases when it approachesatbett The
generated control values can be mesured at timeogEment 1
as depicted in Fig.10. 16
The results show the effectiveness of the elabdrate
behavior. The smoothness and the stability of tbbot
movements show that fuzzy logic based controllaidde a
good level of performances. Ep

14

12

Fig. 11. Navigation of robot in an unknown envir@mhwith obstacles
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Other examples with multiple obstacles in the esvinent
are shown in Fig. 12 (a-b). The robot in all camsesable to
navigate autonomously and can reach the goal bydiago
obstacles successfully.

Environnement de Navigation
20

18

16

@

(b)

Fig. 12. Examples of navigation in an unknown emvinent

In the case when the environment of navigation aiost
obstacles with different shapes, the robot needsciuire
correct information about the environment and istrhe able
to navigate correctly corresponding to the form tbése
obstacles. To simplify the studied strategy of gation, Fig.
13 illustrates the fuzzy sets used to fuzzify teadings of
sensors directed in different directions around tbéot,
where:N: nearF: far. We defined,, as the minimum distance

to an obstacle and, as a security distance (the robot can move

freely).

The elaborated fuzzy controller uses as variables:

The distances between the robot and the obstactkein

three directions (opposite, on the right and onleftg

- The actions are the steering angle and the veladithe
robot.
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Fig.13. Membership functions for distance to obstac

The used fuzzy controller gives acceptable restdts
achieve the mobile robot navigation task. In figudet, 15
different examples of navigation are presented amious
unknown environments. During displacement, the dasi
mission of the robot is to go toward the goal. Witesn robot
encounters an obstacle which obstructs the goal,révot
must have a capacity of obstacle avoidance. Ibg&eved that
the robot is able to move (navigate) in its envinemt without
collision with the obstacles and can reach itsabegfectively.
In figure 16; the robot task is to reach a goaides u shaped
walls. During movement, the robot goes parallethte right
side wall until the orientation error enters in ftlivaits of a
predefined interval of vision. The robot beginsh&ad for the
goal to reach it.

Environnement de Navigation
20

18

16

Fig. 14. Navigation in an unknown environment vtte obstacle

Environnement de Navigation
20

18

16

14

Fig. 15. Robot path in an unknown environment wiifferent forms of
obstacles
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Environnement de Navigation

Fig. 16. Reaching a goal inside U shaped walls.
V. CONCLUSION

In this work, we presented an intelligent techniforethe
mobile robot navigation based on fuzzy logic apphoarhe
fuzzy controllers can be effectively used to dedigfaviors
based navigation system. A simple coordination oubtis
used to switch between navigation actions accorttirgutputs
of each behavior. The obtained results show theiefity of
the proposed control method. In all cases, thetrizbable to
reach the goal in different configuration of theziemnment by
avoiding obstacles. It is of a great importancertgphasize on
the obtained smoothness of the robot movements.

In future works, the interest will
development of a complete navigation system inclgidither
behaviors like wall following and avoiding movingsiacles.
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