HEBH o Ry b TDREAM-11 DEATHE
Kot TR - EE R A BEE
WRAT THH - FREIHRT R

(19914£ 9 B 1 H=#)

Travelling Control of An Autonomous Mobile Robot "DREAM-1;

Key words :

by
Masaaki Ouxkita, Hitoshi Mivata and Yasuhiro KoBayasHr*!

Department of Electrical and Electronic Engineering

% 1 Department of Information and Knowledge Engineering

(Received September 1, 1991)

A travelling robot controlled by the fuzzy theory, named DREAM-1, has been
designed and constructed. In this robot, the location and position of the robot can be
recognized with an aid of six supersonic distance meters. In this paper, we consider
computer simulation of the fuzzy control of our autonomous robot with four wheels

TDREAM-1; travelling on courses of right turning, crank and cross shape. Next, we
describe an experimentation of travelling control of DREAM-1 on a crank shaped
course.

Autonomous mobile robot with four wheels, The fuzzy control, Supersonic distance meters.

67



68 AACIERE « B - RERE | BRI Ry b TDREAM-1, O=EfTHIH

1. gLdic

T7rV4BREHH~OEACELL-EBRE L TR
ERICEEEIN TS, £/, 77V 1 HBOIBES
FRAHBICDEZo T 2H, FIEOMB. KED
HE, REHAEKEH 2T, $CRERLEIRLTY
51)—4) .

FAak, 777140 ERLTBLEEENKBE
w v + DREAM-1 % 34{E L 725+, DREAM-1 ¥, #
TORY—F, a-A0OBROESEHNHBINEZT
Lhil, HREFLHEETSE. 7y V1 HRFHEOE
FRUTOHEERCIBIETFHNORED-DICI
DDA IRV L —FIVRFLEHVWTVWES, B
oKy roNEB UL, aRy FPEELER
BroMolEz, WREACHECERLAEHOK
By BT LRI hEE RS, ¥
ke, BT 00N 8r 50 RRAHE VHiI2 &
Y525, fiIROFMABOHMBE SVAE—-FI2LY,
Oy OB ERKBOBEEE — 7 OPUMHIMIC L b
ToTwns.

ARETH, BYHOIFy FoETRFOFERS I
Al —=YarvrUBRHEFLERAVWTHTY, §5612,
FOVaIV—VarvHEEEBRL T o ETER
L2owTH~R5b.

2. EFHHE R

FRETH VLI ry VA BB EAR LR ER S b
DT, Ay —vy THBRIERARD £ G BERHEMN
THEMRBLFEh2 b0 Hvi. 22T, 2
—~Yy THEERRO LI CHT.

Xi; (xX)= ai;x +bi;, -1 x =1, (1)
T 0= a ;x+b; =1,

i=12 ..., m
i=L2 ...,n

THDH. a; RO bi; &, ¥y boEFTL -
ADOBRBEUV Ry PoEE, MEMERICEIIRES
ERTHS.

JIBHoRBHENZ, Ko k> c#HTS.

R ¢ If x1 is Xij(x1), % is Xzj (x2), ...,
and xn is Xa; (xn), then y is Y; (y).
(2)

T, X1, X2 ..., X i, HENROREICET
ZEHE, vy BHHEARCHTEANERT. Y (y)

.,y KT 2774 BHKERL, Y (y)= cjy+d;
Thh, ke BV 4, &, EfFufytrtoksa
EUHiR MM HREoKE L RE S,

TrI 4 HiERICHTIANE

x1=x1°, 1
X2 =x2®,
.

’ J
2

Xn =Xn

3z, IRAOHMBA R wHTsHAER,

Wi= X5 (% YA Xoj (®) A ... A Xaj (?)
]

= A Xi;(x?) (4)
i=1

CEhExr6h B,
Rz, BIHBAOBEBICBT, vy BROMHKE
METBMETHS.

wi=Y; (y;). (5)

B)RXoy; (7=1,2, ..., nix, KOokIKEF 3.

y;=Y;"" (w;), 3i=1,2, ..., n. (6)
HERBICEK, 774 HBH8~0AN ¥ &,

n n
¥ o= X owiyi /X W (7
j=1 i=1

CEhEs.
3. B oKy FoERFERED

ABH Ry FRUKREST, oy boRIREM
WhAaLk, afy POREEOMEZOBMBORBIIERD
% B. Hb, B Ry b HFS(ERTEFT
BGERELDE, FMYPYhHOETHLT, BILiIR
TEICALHAOUuFE LM E 2B LEDO %
Brb, ALCHOMELEINKEFEOUI A LBY
Ry POMMERRCKEELHEvVs I LIZEI) kD
bhad.



ERMAFEILFZFHMAERSE E 2E 69

Fig.1. Relation between a steering angle ¢
and direction ¢ of the mobile robot.

Fig.1 WAR¥T L34, R, Re, Re RV Re %1
Ky PoRiBEHoANKoREEYEELL, L, Br RV
B- % & ) Bi g (wheelbase) 3 & iR EF D R EE
(treads) LT 2 hbOHBOBIZIRAkD XS M
B¥d5.

Ry = L/sin 6,

Re = L/sin 67 ,

Rs =R cos@ - (Br-Br)/2 , > (8)
Ri =R cosf’ + (B--Bt)/2 ,

6’ =tan"! {L/(Bi+L cot )}

2T, 0 BHREOILONABREOY ) MERT.
4. B Ky PORERI I 2L~V s Y
TITR, afy bR, FW, 23 RUKELTR
NA—RAEETTI2HE0HER I 2V —varvic
DWVWTHERNRS,

4. 1 AHAHira-22ENTEHE

Ry PHRFRAF—~ MLTHIIHAFYBEDE ETO,
77 V4 #lE B A Rules 1) i,

If xy is BIG and x> is SMALL
then #is to be LEFT,

L

Fig. 2. Definition of the input variables.

If x1 is BIG and x3 is SMALL
then € is to be RIGHT,

If x5 is SMALL then 6 is to be RIGHT

b, T, 0, Xe BLU x3 iE, Fig.2 IR
TEH, EFueRy b ba—-REWME COREE
AT, AEHCR, ik, EFoFy FEIEHGARER
LAt AEEE COME, ok, BT Ry PAER
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LREHTS.

BE#aRy PIGICHAFY EoHE, 77V 18
R, LEoOSooHBRNOMIcEEAOWE %
FRICANKD & % ##HHA (Rules 2) 2 # 2 3.

If ¢ is POSITIVE BIG then @ is to be LEFT,
If ¢ is NEGATIVE BIG then & is to be RIGHT.

BEOKy oRiRAFMY DA IOHRO I VA
EH OB E Fig.3 &, HERHEOFME® Fig. 4 i,
Boh7-tERy I a2V —Ya ol % Fig.5 i2iRT.
Fig.5 WXL 2 I, 77D 1 HIMWBRTR
Hthid, oy boRBLEOLBOMMIZ»dd o
TH—OHHRUE A THELLEFTEEDZZ L2
Tx5.
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1 "BIG 1 SMALL 12 LEFT
Xy X5 0
0 100 500 0 50 200 1 0
1 1 12
BIG MALL RIGHT
X *3 0
0 100 500 0 50 200 0 1
1
SMALL RIGHT 9
0 200 0 1

Fig.3. Fuzzy variables to infer a steering angle @ for turning to the right.

Start

The robot finishe
bending to the right
side ?

fetermination of x1,x2,x3 Determination of x1,x2,x3
and @ and ¢

Determination of 8 by the Determination of € by the
fuzzy reasoning using fuzzy reasoning using
Rutes 1 and 2 Rutes 1

Travelling forwardly

Destination
desired 2

Fig.4. A procedure of a computer simulation.
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Fig.5. Results of the computer simulation for turning to the right .
A robot starts (a) in the vicinity of the left sided wall, (b) near
the center of the walls, and (c) in the vicinity of the right sided

wall.
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If x; is BIG and x» is SMALL

then 6 1is to be LEFT,
If % is BIG and x3 is SMALL

then 6 is to be RIGHT,
If x is SMALL and x» is BIG

then 6is to be RIGHT,

(HHFhETOHE)

If x1 is SMALL and xs is BIG
then 61is to be LEFT,
(EHnEFTOHFS)

If x; is MEDIUM and x» is SMALL
then 8is to be LEFT,

If x; is MEDIUM and x3 is SMALL
then 8 is to be RIGHT

Dr3Esha. Dok w6 EobmBA LA
WTHRAE LTV, HEImMY DA O RRET S
TOBEOT V4 EBOME Fig T K, ERIHO
FRE% Fig.8 KR, BRI IaLV—Vva vOER
o % Fig.9 WRT.

it
[ X3 — — % —3
0 0

Fig.6. Definition of the input variables.



BIG SMALL LEFT
3
X *2 0 6
0 0
100 300 100 1 0
BIG T smMALL RIGHT
30
X X3 [
0
100 300 O 100 0 1
SMALL ! BIG RIGHT
70
X, X, °],
200 0 "0 300 0 1

B2 & 73
1 SMALL 1 BIG LEFT
70
X.I )(3 3]
0
200 0 100 300 07 0
1 MEDIUM 1 SMALL LEFT
50
X1 X2 [
0 50 150 250 0 100 0 0
1 MEDIUM 1 SMALL RIGHT
X X3 [}
0 50 150 250 O 100 0

Fig. 7. Fuzzy variables to infer a steering angle ¢ for travelling on

a crank shaped course.

Siart

The robot NO
turns the first
corner to the

right

YES

The robot
turns the second
corner io the

left

YES

Determination of
X1 X2, X3 and ¢

Detersination of
X1,X2,%3 and ¢

Determination of
X1,X2,x3 and ¢

Determination of & by the
fuzzy reasoning

I Travelling forvardly 1

L]

Destinatlon
deslred 2

Fig.8. A procedure of a computer simulation.
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Fig. 9. Results of the computer simulation for travelling on a crank shaped

course. A robot starts (a) in the vicinity of the left sided wall
(b} near the center of the walls, and (c¢) in the vicinity of the right

sided wall.
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Fig. 10. Definition of the input variables.
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If x; is SMALL then 6 is to be LEFT,

If x2 is SMALL then @is to be RIGHT,

If x; is BIG then @ is to be RIGHT,

If x3 is SMALL then @ is to be RIGHT,

If ¢ is POSITIVE BIG then &is to be LEFT,

If ¢ is NEGATIVE BIG then 6is to be RIGHT

DEHICERENRD, REARBOI AL EFTTHHE
OHRAFEE DA EPRET I I 7V 1 EHKOR %

Fig.11 WR¥. B o8By Iav—varvofl
¥ Fig.12 ©iR¥. (HROFHEFHE, 25V 7%
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75

1 5
SMALL LEFT
X 8
0 100 1 0
1 5
RIGHT
SMALL
X, 8
0 100 0 1
s 10
BIG RIGHT
X, )
100 350 0 1
1 20
SMALL RIGHT
*3 8
0 75 0 1
1 POSITIVE 4 20
BIG LEFT
)
¢
0 50 0
1 NEGATIVE 30
BIG RIGHT
® 8
50 0 0 1

Fig.11. Fuzzy variables to infer a steering

6 angle for travelling on a cross

shaped course.
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(c)

Fig.12. Results of the computer simulation for travelling on a cross shaped
course. A robot starts (a) in the vicinity of the left sided wall
(b) near the center of the walls, and (¢) in the vicinity of the right
sided wall.
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If x; is BIG and x; is BIG and ¢ is ZERO
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T, 7Y VAERCHN R CCR i, £hth,

UKy ok Me HEEEHE Y (RIGHT) » K EFEHE D
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#0

!

ju4E) Eg___* #]

#5 +——

og

Body of
the robot

4 +—

aa
an

ulsl

!

#3
(The rear)

Fig.13. Numbering of supersonic sensor

position.

Setting up
the course

J
il

Setting
the number of
the control rules

The number of
the rules is
proper ?

Tuning the
membership functions

Moving DREAM-1

Reasonable
movement ?

Recording
the rules and its
membership functions.

Fig.14. Preparation and implementation of the
travelling experiment.
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Fig.15. A crank shaped course.

Initialization

Operation
of the DC-motor

he robot
reaches the exit
f the course 2

Acquisition
of the distance data

Evaluation of
the location and
the position of
the robot

| Fuzzy reasoning ]

| Defuzzification |

Current steering
angle is equal to
the result of the
reasoning ?

Operation
of the stepping-
motor

Stop of
the DC-motor

Fig. 16. A procedure of the travelling control
of DREAM-1.




B K LB KRG SRS 79

Photo 1  An outside view of DREAM-1.

Photo 2 A view of the public exhibition Photo 3 DREAM-1 travelling on a crank
of travelling control of DREAM-1. shaped course.
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Fig.17. Relation between direction of a mobile
robot and location of the center of the
curvature.
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HeRiE 2

Fig.18. Comparing simulation results due to the second reasoning method with

that to the first one.
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