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Design of a Behavior-Fusion Controller

for Mobile Robot Navigation

Student : Jean-Yuan Lin Advisor : Dr. Kai-Tai Song

Department of Electrical and Control Engineering

National Chiao Tung University

ABSTRACT

The thesis presents a-design of behavior-fusion architecture for mobile
robot navigation. We first:design three behaviors for robot navigation, including
obstacle avoidance, wall following, and goal seeking using fuzzy-logic control
approach. Then, the fusion weight'of'each behavior is determined by using the
proposed behavior-fusion neural network. The neural network maps the current
environment sensor data to suitable fusion weights. Both computer simulation

and practical experiments verify the effectiveness of the method.
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1. If the difference between two periods of detection is big,
then the differential speed is big.
2. If the difference between two periods of detection is
medium, then the differential speed is medium.
3. If the difference between two periods of detection is

small, then the differential speed is zero.
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1. If the angle to the target is big,
then the differential speed is big.
2. If the angle to the target is medium,
then the differential speed is medium.
3. If the angle to the target is small,

then the differential speed is zero.
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Fusion weight

il
/2~ Target

Rule Table | Calculate fusion weight N\« Direction

uo
Membership
layer

Distance
layer

Sonar 4
Sonar 3 Sonar 5

Sonar 2 Sonar &

Sonar 1 Sonar 7

Sonar 8

Sonar 0

Bl 3.5 423 i d R 2w

Front-Sonar - min(Sensor[3,4,5])
Front-left - Sonar[2] s Front-right - Sonar[6]
Left-side © min(Sonar[0,1]) s Right-side - min(Sonar[7,8])
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4 for d, >270
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(a) Avoid-obstacle (b) Goal-seeking

(c) Wall-following (d) Follow-the-middle
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i * Gemplex = @ 4 & 7 PCMCIA wireless LAN card> ¥ fic & -
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B% 8051 5 A4 IC» f F 12 mAg 3 i B B B g s B A

o e 0 H

B oo @ 12B&L3 A 5238 HEE > g3 AF 0.25sec
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90" 1 hAZF A B B B2 @fﬁﬁﬂ‘%’i’ 1+ 8051 p £ ¢ Timer
BRI ERAAFHEARROFET L TR PLEFRFLEE
RS-232 1 8 4 1 4 T8 MAEE Mg frenie g o A5t HH 2 Y
FEs- B v aFaRl 24By“t‘es’i 7 Bytes & 7 % - 2

oAl A E B R L £ 3

e R e

Com port '_I\, IPC

'y

ultrasomic
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crystal i TAL504 —» ranging board
& 8051 micro | |
controller |
T4L5393 .
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d S RFAFEFIINRES DF BR- &3 A- K¢ F
SR Rt Ao ULl S SR R o IS AE o R P
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PR3 ARBELFOER - F AN F 57 hBHFER > X T
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V, =331+ 0.6XT _(m/s) (4-2)
D =V, x (At/2) (4-3)

REARRBORLE R REIRET - X LRPE 2
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GORERE R R EHE IR AT SIERETRE H AT 2
Z2T - FF o HEBL L XRRIFOE o ~F B ERPE
SRR R L AP FE A PEY L~ a2 R B R (Map
building) - #f & (Obstacle avoidance) % * & o

FEREEY R ARL P BT IR S P 8051 ki
#lAef kg SR & JEd 8051 40 /O port 3f B~ 42 § & 0 Echo
M OBE 015 48 8051 p 22 ch Timer % 35 5 K AZ 3 & % 5 ) 4 £ 7] Echo
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B ET R N i -

44



4.3.1 &% A B EH £ : Polaroid 6500 Range Module

M T TEY A2 AR B E B i Polaroid 6500 Range
Module ¢ 42 § 4 7 scen & RIFEH N 40 2 4 3] 10 = = > FZ
5 1% 0 gt A2 5 & e4E F F & (frequency response) i 50 kHz *# it
B FIMAH T RR AEY F &I INIT F 2 a5l
s > B BE #i 2 (Ranging Board)%&é 4 16 i 400 Volts ~ 49.4 kHz
R BRI E 0 Ao B 4.4 57 0 B B 16 B 49.4 kHz 8%

s 2. 18 > Transducer + 7 4% 200 Volts e ji B B o % 42 5 A

P DB PREP o - R g F e ko H P d B A
SRR R G R A AR L R E R
DEGF ARG T T ERAS AR RED R 2 e DS

Fosbw dkAz g ki <ok ¢ sk 9.4 kHz chig B @ 1) R Bl E
Food WRE R AR TR > G R R FE DR g A2 -
49.4 KHz %% k> o 423 ok RUALE 1P BB B 4 R Ao A w
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BB F R $rE 4 h R F (Ring) § FE w 5
FEFER T AT LR L ERETRMINEAL - KPR F Y
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T At fAEFRT - 7 BBk | ERY L 40cm ok Fpl
MopswpE s v "‘Jﬂ—%‘@ h3v o 25 (BINH) R 8 M) 38 % 6 pF
Boo et B - wpirt2 T 0 AP R G @R AT R iR

BooF Rl pE I - B R RAF - g 5 BE
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PAEMERE S 2 AAPREE D S BB B (s N E T
P b o S EAA TG FEHRT UEE B b R
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BAHY Y BB N BB S EF RS TR RSN
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FTREFERELALPE BB PFL ORI AL
TRLIZRAEIBEIPELDTLETA 77 (X y,0) (X, y)

AHEB AP EAAEMAR L i QR LA TP WP

ABEAhR e R A AT RIES N F AL FRAEH

i

SN

BABEA A DI R BB S E DM (encoder) ¥
ek (pulse)Be k F 8 TR IEHP 2 s R h b B o 4o P 2 v
ek T g PRk AN S 2 HBFNL R GRS

A2k et E 2 N e o

6,00 = - (ds, (k) - ds, (k) (4-4)
() = (ds, () + ds, (k) (4-5)
x(K) = x(k — 1) + ds(K) X cos( e(k“f (k=D (4-6)
YK = y(k - 15 d(l esing <) (=D (4-7)
0,(k)=6,(k-1D+ db,(k) (4-8)

H4 9,

SORMORRSEE S SN 5 RS 18 S

W A SR e g

Oc(k) ~ ds(k) : # &5 8 F 4 a(kk-D)FFF P dhdg v 25040
£ o

dsi(d) ~ dsi(k) © = % #h e (kk-1)F B ] B & JEa -
AR T EEEEER 5 3 BRSNS R P

FHA TG SR L R B P LB R
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