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Abstract

In this paper, a controller using fuzzy-genetic algorithms is proposed for path-tracking of WMR. A fuzzy

controller is implemented so as to adjust appropriate crossover rate and mutation rate. A genetic algorithms

is also implemented to have adaptive adjustment of control gain during optimizing process. To check

effectiveness of this algorithms, computer simulation is applied.

1. Introduction

In recent, manipulator plays a important role in
factory automation. However, manipulator is fixed in
working space, it inevitably has some imitation of
operational. To surmount it, a wheeled-mobile robot
(WMR) was introduced. But, conventional control
algorithms is applied for WMR driving, some
difficulties are appealed. Moreover, many trial and
errors are also faced and it have to be carried out
to find pertinent gain. The fuzzy-genetic algorithms
could be a good solution for improving such
defectiveness of conventional control algorithms..
The main role of fuzzy-genetic algorithms is to
adjust gains of control rule in order to follow

reference trajectory well without making any error.

2. The Structure of WMR and Position Error

2.1 Coordinate Assignment of WMR
In Figure 1, the
4-wheeled 2-D.O.F. mobile robot is shown. Two

coordinate assignment of

front wheels of body are driving wheels actuated by
independent motors and another two rear wheels are
casters for stabilizing of WMR. Direction changing
is achieved by wvelocity difference of two driving

wheels.

F

Fig. 1 The coordinate assignment for 4-wheeled
2-D.O.F. WMR..
The location of WMR is represented by

X = (x,v,6. The (x,y) is the control point and

6 is the angle for the reference X axis.
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WMR moves on a planar surface and there is
no slippage at point-of-contact between wheel and

surface.

2.2 Error Posture

The position error P, = (x,, v, 8, between

reference position P, and current position P, is

described as Eq. 1(Fig. 2).

Yo

Fig. 2 Position error

X, cosf, sinf, 0] [x,— x,
P,=|y|=T(P,—P)= ’_ sind, cos 8. 0| {y,— ¥,
d. 0 0 116,—8.

H

where, T is the transformation matrix of position

error in reference coordinate.
2.3 Control Rule

Each element, P, P, P, in equation (1) is

time function. Hence, it can be differentiated and

arranged. Eq. (2) can be described as a reference

input g=_(v,, w,)T and an error compensation

input g=(v(p,,q,), w(p.. q,))".

W pe, @)Ye— e a,)+ v,c086,
— w(pe, q)x,+ v,8n 8, )
w,— w(pe» Qy)

B,=f(tp.)=

The Lyapunov function in Eq. (3) is introduced
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a=(v(pe. a,), w(pesa) ",
which makes system in Eq.(2) asymptotically stable.

to determine input

V= %(klx% Foy?) + (1— cos 6) 3)

where, k&, k, are positive constants. The control

rule should satisfy the condition in Eq. (4) to be
stable.

V=0 ad V<0 Cy

The control rule satisfied the condition in Eq.

(4) is given as Eq. (5).

¢ = [ abe o]

- v,c088,+ kyx, )
w,+ v, (kyy,+ kycosb,)

where, k;, ky, Fky are positive constants.
3. Controller Organization

3.1 Fuzzy Controller

Input variables of fuzzy controller are decide by
position error and its change. The error is come
from difference between reference position and
current position in every sampling time. The output
values of fuzzy controller decide crossover rate(Cr)
and mutation rate(Mr) of genetic algorithms.

The input value of fuzzy controller is quantified

as 5 levels.

Pef = {_2’ —]-, O; 1, 2}
Apef = {’_2, _1, O, ]., 2}



Table 1 Nonlinear quantization level

P, | Range of Set | 4P, | Range of Set

-2 X=-15 -2 Y=-1.75

-1 -1.56<X=-012) -1 |-1.75<Y<=-0.3

0 [-0.12<X=0.12 0 -0.3<Y <03

1 0.12<X =15 1 0.3<Y <175

Do

1.5<X 2 1.75<Y

P,, AP, are quantization levels for position error

and its change. X, Y are input variables.
Fuzzy rule is designed as 25 rules for crossover

rate and mutation rate.

Table 2 Fuzzy rule
Pej

NB NS Z0 PS PB

NB NB NS NS NS Z0

NS NS NS NS 20 PS

Z0O NS NS PS PS PS

PS NS Z0 PS PS PB

PB Z0 PS PS PB PB

where, NB-Negative Big, NS-Negative
Z0O-Zero, PS-Positive Small, PB-Positive Big
When

increased, genetic algorithms is found as global

Small,

position error and its change are

minimum by increased crossover and mutation
probability. However, if the position error and its
change will decrease, then genetic algorithms will
have optimal solution quickly by decreased crossover

and mutation probability.

3.2 The Application of Genetic algorithms

Genetic algorithms is introduced for optimization

problem, which is imitating the rule of survival of
the fittest. This algorithms is probability optimization
method.

The selection, crossover and mutation operator of
genetic algorithms will increase average fitness of
solution group.

A continuous operator in continuous space for
genetic algorithms is used in this paper. Selection is
done by adopting standard roulette wheel method.
The crossover adopt simple crossover method, which
do not consider the order of crossover. And it uses
the output of fuzzy controller.. Mutation uses flip
function and output of fuzzy controller.

The operating principle of genetic algorithms is
define

optimization solution in Eq. (6).

as follows. We parameters to  find

P:[KlviZIy"'7K1j»K2j,“'rKln’K2n]T SRR
(6)
7 ={1, 2, -, n},

E,=[Punin » Pmax] are beforehand settled space

where, K is parameter,

for real parameters vector.

The measure of quantification is fitness function
(FF) for optimization in search space. FF is defined
as Eq.(7).

1 N 1
((P.—P*+1)  ((4P,— P)*+1)

Q)

P,, AP, are position error and change of position

FF(P) =

error between reference position and current position.
We are able to consider optimization problem

that maximize fitness function from parameter vector
pP.

MAX FF(P) (&

Pex,

Genetic algorithms can be summarized to find
out parameter vector P of optimization solution.
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[step 1] Initial parameter construction

Random selected parent parameter vector is
constructed P, P -+ P, -+, Py at initial time

t=1{( in search space.

[step 2] Selection

It selects parameter vector P}e, P’i, Pi,

P’y when each parents vector Py, P2 --- P, - PV

is given in random time {.

[step 3] Crossover

It selects two vectors from P’} P'% - P4, -,

P4 One

crossover using crossover rate and roulette wheel

parameter vector P’'4 is made by

method.. This strategy can speed up information
exchange between the parent samples.

[step 4] Mutation
The next generation P, is made of parameter
vector P’ by mutation. Mutation operation is

determined by flip function and mutation rate. The
mutation bit is randomly performed. This strategy
can take global minimum without local minimum.

fstep 5] Fitness is calculated by fitness function
FF(Pyiy).

It executes repeatedly [step 2]~[step 5] until
convergence.

4. Position Estimation

of WMR is

dead-reckoning algorithms. Dead-reckoning algorithms

The position estimated  using
can decide present position of WMR in real time
by adding up increased position data to the previous
If the

increase of WMR moving distance and its variation

position data in each sampling period.

of direction angle are 4D, and A46,, respectively,
in each sampling period which is from t=(n-1)T to

t=nT, we can arrive at below conclusion.

4+ R4
4 Die= RA‘”“*Z Rdow 1 ()
A9k=14‘a“)‘1%%:49‘% T (10

WMR position is described as Eq. (11), (12) and
(13) by Eq. (9), (10) at time t=nT.

x[ k+11=x[ k] + AD[ k] cos (6] k] + 46[ £1/2)

(11)
W k+1]=yl[k]l+ AD[ k]sin (4] k] + 46[ £]/2)

(12)
Ol k+1]1= Ol k] + 46[ k] (13)

5. A Design of Controller

Design of controller is inherently aimed to

converge quickly reference trajectory with minimum

path error.
WMR
Velocty
;;’;ley M0y U nverse (01 .032) . Forward
+ o Kinematic Kinematic
v, ) L
a{v,w} .
Fuzzy—Genetic Controlier
------------ e et
! AKy Cr ;
t Controlt Rule « Genet - ,
! = /v enetic Fuzzy Logic = V
DT (N e Agorthm e YRS
gqi{v.0) R o{pag)/ « . ;
L !
P (P.. APJ) (P.. APy
0 P t o, P Dead -
J o reckoning

Fig. 3 Schematic Diagram of Controller

Input is position error P, and change of

position error 4P, between reference position and

actual position through dead-reckoning algorithms.

If crossover rate and mutation rate become high,
high fitness of search space can be found at initial
step of evolution. However, it might reduce
convergence speed after finding proper solution.. In
contrast, if crossover rate and mutation rate are low,
it can alleviate executing time for computing the

fitness. But it might face a dangerous situation to
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be fall in

solution by

convergence before having optimal
losing the variety quickly between
individuals. Fuzzy logic controller is implemented to
the system to get adaptive adjustment for crossover
rate and mutation rate in proportion to the position
error and the

change of position error while

optimization is processed.

P P Py
l l ...... l
———>  Selection

P lp:
Crossover <—(—:

. L, F
lp: L Co#tiélﬁer

Mutation — «—

P

L F(Pw)

o ',7’.Ak
Control Rule

Fig. 4 The flowchart of fuzzy-genetic algorithms

controller

The gain of control rule is achieved by adding
increased value, which is get from output of genetic

algorithms, to previous gain. It will be supplied to

the system. That iS, k1:k1+dkl, k2:k2+dk2,

6. Simulation

The computer simulation is processed to prove
the efficiency of the algorithms and to get the result
of path tracking. The reference trajectory of WMR
is straight line from ( 0, 0, 45° ) to ( 10, 10, 4
5° ). The simulations are carried out at two case,
which have different initial positions. The first initial
position of the WMR is ( 0.5, 0, 0° ) and the
other is ( 0, -0.5, 0° ). The overall parameters of
WMR are shown in Table. 3.

Table 3 Overall Parameters of WMR

detail
body width/2
body length/2

vy displacement of

value |unit
la 0.22 m
Ip 0.25 m

symbol

support wheel

z displacement of

La 0.11 m o
driving wheel

x displacement of

support wheel

z displacement of

1f 0.15 m
support wheel

the radius of driving

R 0.05 m
wheel

the radius of support

r 0.025 | m

wheel

7. Conclusions

In this paper, fuzzy logic controller is proposed
so as to modify crossover rate and mutation rate
automatically while optimization is processed. The
computer simulation result of control process, which
is offered for fuzzy-genetic algorithms, shows
remarkably improved performances.. It points out
that the proposed fuzzy-genetic control algorithms

can be applied to a actual system.
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