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The fuzzy genetic algorithm for the mobile robot’s wall

tracking control

DUAN Ping, ZHANG Jian-chang, DING Cheng-jun, ZHANG Ming-lu
( School of Mechanical Engineering, Hebei University of Technology, Tianjin 300130, China)

Abstract: Traditional fuzzy controller has some disadvantages, such as inferior adaptability due to the invariable
membership function parameters and too many subjective factors and so on. Genetic Algorithm is applied to off-line
optimize the membership function parameters of fuzzy controller, which is used in the tracking control of mobile robot’s
straight wall. Firstly, the whole optimizing operations including coding strategy, determination of the fitness function,
selection, crossover and mutation are introduced. Then by the validation of simulation platform, it determines the group
of the best solutions. Finally, this group of solutions is applied to off-line experiment on the HEBUT-] intelligent mobile
robot. The result shows that the optimizing control strategy is more effective in the aspect of tracking precision and

responding speed than traditional fuzzy controller.
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1 3|3 (Introduction)

RALE P (genetic algorithms, GA) B —3fH%
YR BAREFEMBRBENH MBI RER
By EREBEERNFRINHITAERWE R, FE
AHEE R, SR E RS S, T N T&
MR RE AR Y, 5&EMERARMES S, AT LI
ERBSHEINEL, 250 EETHRER BN
BRI 2SI LA 4y 3 25, B b R B R =
B ARSI s T O] | [RD O TR R U SRR R
BS . T R i 6 L RIS AR
B AR Ay B S R, A SCER B T R s
A GARALBR 5 88 R B RS Bk, TS

RS A A : 2004 - 09 -06; Wi HoR H 3 . 2005 -09 - 05.
HLWiH: EXK 863 IV T H (2003AA421040).

BV LT RENRRG, EE T A5k
& BRE S 3, 7EHEBUT-1 AU GE 8 ShHL a8 N\ L3
TR, B RIESE T X R TE R S L8 A E G IR
B BARRE ST e ar T
2 HEBUT-I B EEEB ZhHl 25 A K HE S
Z4ti& 1t (Fuzzy control system design for
HEBUT-I intelligent mobile robot)
Bohtle A8 TRETER MR T 5 EMWIAE,
WAREAE AL PR35 i R BE 7, HEBUT -1 B4
RER SILEE ABR i CCD M S R G R ESMRAF
BAN EFE LR RET 2 A LR, T X R
BREBHITRE, B 1 B E RSN ERL.
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0, x<a,
— HFE40 Y —a
D Q I RS a<x<b,
trig(x; a, b, ¢) = (2)
E:Z, bsx<=c,
0/ A\ R

s 1

1 BE RS A EIEO
Fig. 1 Lagout of two groups of ultrasonic sensors
FESR IR, B sh il ae A JoA A BP #2 p 2%
Gr2ednt BT BR B 38 B0 R RUHAT IR A M40 2, 7R
)t e U SR P AR 4 o 2 A AT BR R . X
RO 1 2 A0 S A 20 D 8 BhAILER A BE A 5 5K
PrEERS (A4 0 Frill e ) SHEERZE
HmZE Ad g sl N E IR S BRI e o( Bl
AHO0,1 FrlliEEHRERE)  EHE A AR
RYLAY R AU.
FRRRE YE FInA N BE L VAR ) 49 2% If - Then
FEHIAL, B -
If(Fg is Fg, and FAd is FAd,)
Then (AU = AU ;) . (1)
XFi=1,2,,7,j=1,2, -, 7.
RPN, Horb Ad FIBBHRICA] -6, +6];
T fi 6 HIBIRIEION] - 6, + 6] & AU RIBEH
Wiy -8, +8].
E W2 EL IS

Table I Table of fuzzy control rules

6;
AU;

y

TVF TMF TF PR TN TMN TVN

VN LVBLVBLVB LB LM LS NA
MN LB LB LB LM LS NA NA
N IM LM LM LS NA RS RM
Ad; ZE IM LM LS NA RS RM RM
F LS LS NA RS RM RM RM
MF NA NA RS RM RB RB RB
VF NA RS RM RB RVB RVB RVB

WA R TR R =M RE R
L HRBRE N

ARG R ER, KRR R IZE % MHEAT
MRS R, R B R 2E Ad BIRIMLS 1 Ad,, e Al 048
WIALSE R 0., M B AR IR R BN -

pan(B) =\ (ay(Ade) A g (60) A p, (Bu))

(3)
A Au, AEHEISEPEITE uy(Ay,) A
Au, RBTHEHENEY T8 AU, IRE E;
o (Ade) 9 Ad, R TREB N2 BB 748 Ad R
KIBE sua(6:) A 0 RIBTHARS BRI ARE T
0. MIRBE.
P B A AR SR A min —max (B.03%)

17
ZI-LAU(Auk) - Ay,
delta U = = . (4)

17

kZl-LAU(Auk)

HRER R B 2R B (AR R
PLETE EZE) deltal () (AU) , MIPI 8 SR B L AILEY R
E U ,U() R

U(t) = U, +deltali(t)/2 , (5)
U(t) = U, - deltalU(t)/2 . (6)

A U U, RAEARVIBHERE, U, = U,.

3 ETHEHAEEZRAAOEGEHH
( Optimizing fuzzy controller based on
genetic algorithm)
BIERERZ BRSO IE—E&EEFHE
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Fig. 2 Flow chart of optimizing fuzzy controller

based on genetic algorithms

B ESCAT T, IR AR 7 + 7 + 9 =
BAER TR, BHNTEXIYFEH NS Hc, bl
FFF0 X TR — A 46 4E 23 [E] i) FAR R, # #
AEEFFANEN, MEEE RN RATERME T —
MR 4 IR DR AR
3.1 REKEEFFE K (Coding strategy and

community initialization )

FL)E K& oR UK IE 77018 58 X X FR 8 7B
3, Blinfesm A & Ad BB T4+, VN 5 VF {58
BEMFRN ), KP O EMEIHMEAHE RN o, ;MN
5 MF TEPITERERRN 4,, P OERLITHEHE
FBN 0, sN 5 FRREARFERN d,, PO 4T
EARSFBEN ay; TH ZE WSEEN N d,, FOEH
a,. T Ad RS AH 8 M IFMSE R, WA
& oM E AU IS 588 M 104>, 10
B3 B , Mg AR 3 ik 3L TR A 26 B RO 1T I0 4L,
IR A Z S BRERE PRG54 5
M 8 L TRl R, W R A S K E
2 208 i F A . A RR RO B BUE T
2.0 ~4.0,h.0MH A c, £0.2.

Ad 0 AU

di,a, oy dg,a, ] ds,as, o, dy,ag | dyyag, o, digyag

B3 SR
Fig. 3 Structure of binary strings
) 5 B4 B HIUAE B S B A P 4D S 9 MR K E
N. N B) R/ B W GA AR, MEKRD,

CABRURSME. MR, HEREPEE MK
Z, 2EMiMER, R RRSET K. IRER
Y], —BRHEA MR HFIE N =30 ~200 MMEZ
BB A 538 . MO RR R EE S E B 100.
3.2 MEIE BB R & A9 1% $F ( Choice of individual
fitness function)

AT M ENMEERER IR, FE H e X5
A AER I B9 B bR ek B TSR AR B R R
EN EERMBE LM T, RIABEER SN
K.

f£ HEBUT-1 R gl 88 A E S ERER b, 3
IIARMES AT B, BRI A AR B, Bl aR
ANBIATEIRELR N IR 2 RIS & T — BB Fi#E Y.
XERAMRE X AR ERESER 0. 5m E
2. BireRECR e R R RRE s

k+l

I=3 2ld, -d] (7)

A d, AEEE, BN 0. 5m,d 5 SLERE i, L R
IR BRI Z X R TERIPE L = 10,K %
A TS 8

MR ERE RS ER, BEMNET{EE
RIS , T AR Z AT REBEE R ME
o7 {81 B i P AR

F(x) =

[y

1+J° (8)

SYERETEtR T THUIMERT &R R F(x) B F

BARXE.

3.3 EEHEZNIE %E T (Searching process of
GA)

BB EREE S 3 MR ERER, BIR®E
% (selection) 32 X ( crossover) ,Z¥ 5 ( mutation ) .
3.3.1 j%¥FE(Selection operator)

PO e abvi =3y i3 DR W B A i N bk
YERR IS BB MR A T WS FTH R it
R MK, A ILSEA R AT —REH
T, ABE R 585 EN R & B BE N
. EE A (R REE) RHMSEEE DR
AR B AT, REHER/DH n, Heb
AREENAED f, W) GOk ER p, R

b =1/ S 9)

3.3.2 32X (Crossover operator)
X RIEH R BRE L ENREA SRR
HE—ABREANFARAE, RIS SR AR SR
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2 BRI AR 3 By, AC X Y B — R R
PLAT, SRS BN (] R3S S AH R B B, AT A 3
M. B FEMTRE T MR B AR R
AEFHEN . BESXHE P, =0.6 ~ 1.0,HL
0. 8.

3.3.3 R (Mutation operator)

SRR ER/NMY R E S, Bl —
E LR B it SR B L i ME. R T A
%) 2 R B AR R 9 O BT 3 AL A8 0 56 R e
AR E HS B B T TR A8 &
HEARAL , AT P A B BT RRE A M. IE R T
R A FEARNEB L R E R, 8 SRS
AR AREER P, =0.001 ~0.01, §LO0.006.

&L T —RERIEE, IS AN T
W GG A RERE, HE R BE RIS
BEAMARLE B TRE LY.
4 {FES5%#7(Simulation and analysis)

5K HEBUT-1 B GEFS sl A TESCPriR
ERERNE - RPN EeRLAAER(RER—4FF
RER R BB SHO) HATRAE, X JLTF 2 AR REM.
FE R FE LG RBE R N =100, FRE R K
A4k 100 X, W) 85 3L FH Z#17 10000 Kk ZE K
5K, IR AR LR B0 T ARA S, A
K, AATHARZE. HOh T Wb Aig SCAT iR I 4§l
£, & 7T L HEBUT-1 RIF BB IINENANSH
AR TE RN SRENTEYE. ZIFETVE
FH VC ++6. 0 [ X 5 R F & iHE S 17
K OBETENBREEEEROESRRERI—
%5 ( CFuzzyContralGA ) , 3= % 55 31 X B8 5 i 28 19
FRAL ST R B SR AR RN 4R
JBR R ESER SC I R I HE I A T HE B P 3R AR
BAERL SRR AR R . FU6E. &3
PE A SCEE LI T B R LR & AR
il , TR AE 20 UM RERSE 2R/ ER
i,k 2 pn WL W, B TR 26 NSEHITT
FR, BER AR Ad, 0 FHiL R AU MR B RETE IR
¥ EE T BET.

B 5 B shE {5 528 (Simulation) , SCHIAS EhHL 2%
AW E IR eSS E 5 LI RE. B 4 B AE
BB E LA B P M R B IR T TS
HIE L.

22 EBIBEHHKALER
Table 2 Optimizing result of membership

function parameters

Ad VN MN N ZE F MF VF

a,;---a, -6.053 -3.847 -2.059 0.267 2.059 3.847 6.053
b,-+b, 4276 3.958 3.675 3.574 3.675 3.958 4.276
7} TVF TMF TF PR TN TMN TVN

asrag -6.253 -3.897 -1.745 -0.143 1.745 3.897 6.253
bsebg 4213 4058 3.594 3.382 3.594 4.058 4.213

AU LVB LB LM LS NA RS RM RB RVB

ayey; -8.231 -6.011 -3.787 -1.813 0.067 1.813 3.787 6.011 8.231
bo~byy 4352 4287 3.891 3.496 3.359 3.49 3.891 4.287 4.352
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4 HEBUT-I 2% RE# 3L A EESIRER M £
Fig. 4 Simulation experiment of HEBUT-] intelligent
mobile robot tracking straight wall based on GA

5 #5(Conclution)

A X S PLeE N R BRER AT N, R T
RO 150 1% 35 1 A 45 I SR, I 1k B SRR B R
MR S RBREBNSECE TR, E—ER
TR TS i S8 AR EMATE N
B a3 EVE MBI, REEE—ASE (I
%2),7 HEBUT-] R g% shblas A L #4758
5%, e 5 s,

2003/01/12

S Baplas AESREE AR
Fig. 5 Experiment of HEBUT-] intelligent mobile
robot tracking the straight wall

MRS (RS 4 0 BB R A B M L PrIERE {5
BBt GEBR 4 il 4 AR T 38 AR TR D0 AL B SR
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