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A travelling robot controlled by the fuzzy theory has been designed and constructed.
This is a self-reliant travelling robot with four wheels. Its hardware consists of three
microcomputer systems for performing the fuzzy reasoning and determining its
travelling direction, six supersonic distance meters for recognizing the location and
position of the robot, an infrared remote controller for its travelling instructions, a
pulse motor for determining the travelling direction of front wheels, and a direct-
current motor for its rear-wheel driving.

In this paper, its hardware architecture and how to control this travelling robot by
the fuzzy reasoning are described.

Travelling robot, Travelling control, The fuzzy reasoning, Self-reliant travelling
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Definition of input
variables.,
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Fig. 2.

angle and direction of a
travelling robot.

Ra=R1cos 6 - (B.-B¢ ) /2
Re=R2cos 6 '+ (B--By)/2

Relation between a steering

} (10)
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Fig. 5. Results of the computer simulation for turning
to the left. A robot starts (a) in the vicinity
of the inner wall, (b) near the center of the walls,
and (c) in the vicinity of the outer wall.
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Table 1.

Specification of a travelling robot.

Size of the body

600Xx390x439 mm

Tread of front wheels 340 mm
Tread of rear wheels 300 mm

Wheelbase 472 mm
Weight of the body 12 kg
CPU ... 280(clock 2MHz)} x3

Computation and

ROM ... 32x3 KB

Control
RAM ... 32x3 KB
Sensors with 40 KHz supersonic trans-
ducers for measuring distance and
Sensors direction

Infrared sensor for sending travel-
ling instructions to the robot

Driving force

Front wheel control

Rear wheel

: Pulse motor
Two-phases and 1.8 deg./step
driving : DC motor with a
reduction gear and a dif-
ferential gear.

Power supply Batteries : 12V4AH and 6V2AH
Dry cell : -12 V
3o BffmKvy b L7z
T, BffORy FORGHRERARY E— P2
3.1 EFuHyoBRE Yir=I3THw, BER»LR LR TS, [ET
Mgl - TEIE] - THF] - TEH] SoReZ

RELAETORy PRAGHEE L, XBRORFE
CHBC B LSICEELT, €O MLy FRUKA
— W R—2ADMEEPE LT, Table 1 KEF Ky b
OERMAEE, Fig.6 B LU Photo 1| AR %,
Fig T &n—F9 =7 - 7—%F2F 2 &R T,

AEFO Ky MM LTk, DB, REBSOWE
BRURENBES L), EHE LM T BN —F3
vl EREOMYMIITHE2EHL ¥ FREHKS
&) KRRE LA,

BReLTk, CPUBIG20RAIEE -7+
TALy FOHE, E-50BEHorHIZ, 12V,
6VORBEBRHAN Ny FY - &EBHh-—12 V4

ERTRELIETFIFy MUITEAEFRIIHNIEL
MBEHRL, EFFMEHRO5,

3 -2 EfTEFEy PO LME

EfFO Ry PREZLT, @R - HHB, vy
#8 (Photo 2 &) . BEEMI L VNI 77V 1 #
HWOLHOBBEUERUHEET I, ChOOEHO
BT CRT,

1) H#E-#E%n
W MM EERTACPU#0, CPU#1L R
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Fig. 6. Configuration of a travelling robot.

SUPERSONIC SENSORS
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KEY E?Z, el |ponse
BOARD PLAY s MOTOR
INTER-| INTER-| INTER~ INTER-
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oo | UL 1T 8 i
SYSTEM
£1 v
CPU
. . SYSTEM
Photo 1. Outside view of a travel- #0
ling robot. cPU o
SYSTEM
: R - 2
INTER-|
FACE
oe
MOTOR

Fig. 7. Hardware architecture of a
travelling robot.

Photo 2. Configuration of supersonic
sensors.
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i) CPUX—-F#0
CPUR—F#0&k, Fig. 8 R T & T,
—CPU (2MHz) ,

280
ROM (32KB), RAM

OE BB %R T (32KB) RU4AEMNZB80—-PIOK kMRS
T2 (20550 1 BEFHTHE, ),
Table 2. I/0 circuits attached to
CPUS. CPUKR-F#0KBWT, HAMYE—t+a v}
TR LTHELATL B HY FOEFTHRRES—
CPU 1/0 eircuits YEWMYRBZOF— 5 2MRLCCPU# 1RUC
%0 Infrared remote controller PU#2~80A&%ed B, DL E33>NZ80
with an interface
~PIO®2ZEhEThFEAMRYE~bay bO~-F%F
Keyboard and LED of seven
segments with an interface oLy - T z2~2A960F—5DLhAH, CP
# TaperonsC sensors with an UR—F# LRU# 2~0% ) ARETEHEO &K —
Pulse motor and its driving PeLTfEAET A (Fig. 9 &) 8%, —F. Th
circuit
LO—MOYEFRT T 2L, #—F3 v yBEIBI
#2 DC motor and its driving .
circuit WhrTads [hAa72 /7Yy VHLED] %
FATLTRO#Y R AFBIRBL L 2, Uiz o0H
fEOBYELER S,
DECORDER
BACKUP
e =1 B
ROM 32KB
o — |
— INT
b - ?I0
BUS BUFFER RN #0
r; ____7____<_cs
DATA BUS R
BUS BUFFER 7 INT
BUFF P10
280CPU ! _
#0 L 4C5
L ADDRESS BUS 7
BUS MER RN
CONTROL BUS = e
—] — 210 INT
L] N B
iy E— it
N ey
— i
CLOCK PIO L
GENERATOR L ~]#3 _
{2MHZ) L CS
DECORDER

Fig. 8.

system.

Schematic of the CPU#0
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ii) CPUK—F#1
EABPEIE, CPUR—-F#0LEAHTH3, CP
UR—F#134o0Z80—-PI0%bb. 20
L0103 CPUR-F#02508 ) RAHES2ME
K-t e LTHALTY B, O3 DT TR, %
=¥ AR -F (LEDF 1R 7 VA At —H—
F) . BEWERE Y, VR E—FORL VS
— 72— RALD2BWFoTwS (Fig. 9 £2H) , z0C
PUR—F# 1k, EFOKy PoMBCBT2 L
HEEE2 RIS, 202dOTRIFTAR, F—F
OWBELFEMN 2L, ROMiZiZE=F7RYF A
HHEIAETRTVwE, Thickh, BHOF—H—F,
LEDF 427V 4 (ThbizA—EIcEEIAT
Vwh) RERTRIE, 7o ArEEL 6ERTA
L. RAMIZ®ERAbI LN TE2, AR, BF
ML HORUEHBAVAREYII VIS0 7

SUPER-
SONIC
SENSORS

280CPU
#1

280CPU
#2

RaM

Connection between three CPUs.

~YSEHBIEEETALHT R,
iii) CPU#—F#2
EEBBEICPUH#OEBLAKTD S,
¥7. PIOEO—+Fic. Z80—-CTC%
BOtHITwd, o, 2HNZ80—-PIOL1
BMOZ8O~CTCREHBLTVS,
ROMiuREHAODCE~ 7l T s
LPEZRAATHY, CPUK—F#02 508 bhA
B LoTHEKE-FEHBLTW S,

2) kry#Es

FEFORY PTR, 77 V4 HHRE OB E
o, BERELV$2EHA LT3,

6D+ 4% Photo 2 ICRFT XD ICH Y HiF. &
hEROMNELCEBRANEEZTY, Boh/ 6500
B7y—ydbEfTafy FEGONEL AR LR T
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SUPERSONIC
SENSORS

P A——.
R #2
ANALOG
DISTANCE bwrren
CPU#1 PIO MEA~ CFs
] PIO#11 SURING A #3
CIRCUITS —
A
A —

ADDRESS ———J
DECORDER
—

Fig. 10. Measuring the distance values from supersonic sensors
and entering them into the CPU#1.

Table 3. F ti i PU.
COEYHIE DB RER T~ Y i, HHhL abte unctions of each CPU

DREIRTVE 77 V4 HIEHH 0N EBERICH CPU Functions
ST, o771 BHERAMCESwT 7y 1 # 40 Processing travelling
BEHG, ERERE L THROFRMEED Y inetruckions
% T— 5 OEERERET B, HEEE Y FHH0 e e o ponding oby
ST~ OCPUR—-F#1 EoCPU# 1~ 0N #1 ‘ Fuzzy reasoning
DRAEEBO Ty ME Fig 10 RFe uaripulating a steering

¥, EfFoFy b [EFHEB] . TEH) %0 #2 Driving rear wheels
EfRRAED6PLORABRYE—Pa v P~ T
T4, BTFRIVIR-SRTETH B, A0 H Dy, v —-7To [HE] . (#%EB) 2x2a—-X12
vy bk, TH#4BEFIEY V] THE30T, 202 TOELIBCEHRELEBL =,

virer—-JEB ETHBH 2 bOTH B,
4, EffuEy rosly

3)  BESHE
BEiix, AECRY b h - BREHAER T ETHBCLELBELLTE, AR YUE—Pa
-y, BEWERE, WRFHMHBHAVR - 2—¥ PR-Fh 5 ORFRROZE, LI, BN BB,
RUIy 7HICMERTHBEINE220E—F D BBV BB, ThooMEE: Table 3 IKRT &>

BB L Y2, ¥4, REEHAERE—5 OB KECPUM— Fitgi#i s g/,
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Table 4. Programs for travelling
control.

Programs CPU

Main functions

Monitor Program #1

Displaying contents of the memory
address

Writing data into memory address
Executing user programs

Program for travel-
ling instructions #0
and processing

Entering data into the CPU
Sending data to each CPU circuit

Program for driving 42
rear wheels

Taking out a control signal to a
driving circuit to rear wheels

Program for control 8
of front wheels

Entering values of distance
Fuzzy reasoning

Taking out a control signal to a
driving circuit of a pulse motor
for front wheels

EfFORy F oEGHBAOLD I, €=y, EBFE
L, BRKER., BLUMKR2 Y b - R EFT
570X ARMER LIz, TRLDTR YT HADBE
% Table 4 iXRT, MTiEBWT, Fig. 7 on—
Foz7 -7—%72F+v%%LicLT, Table 4 &
RLEBETOIIACOVWTEORELIHTETS,

41 EFHTILES 0YT L

FIaT77 a0 BB [RARYE—-ba b
2 bOEFHREZIC, ThEROCPUR
- FRBEGSERT] 2L Th2, FABYE— b
TR -F0F—tLDhLh LOETERE
Table 5 DL I LFHL THB <, kK. XFursa
ORBOFRIZOVWTHET S (Fig. 9 BH) ,

CPU#0%Ukvy 5L, PIOOHMEE,
HORAHERREOREE LT, S22 ELRER
kwd, SORET, YyE-—baviua-5 (GRER)
DF¥F—0~7%W3 &, Fig. 9 P I0#024CP
UKDV RAHEREHRT, BV RAAFZY OSN3
L, PIO#02ic AN shi7—#2CPUKESD
h3, CPURCOF—yDARICLoTLDOCPU
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B FENTHHERLEHHL, ThTRhOCP UK
= FF-y Rt BRBELCESBEBCRAI SR
TWw372/VyVHELEDREAITLTRTLROE
Dﬂ&%tk&éo&u\ué—b:ybn—io%
~0~TEHEL:8EOZERENEEEY L7
-2 LTPIOICANS®ES, PIORY y I HI#
E-FRRELTBE, E—lrohd»0¥y bi2”1
"ﬁfljj ERNEFEHDRARMN» DB,

4.2 HIRHFMBEIOTST A

AT rsrnERMEE. TCPU#04508H
RITEY, BEMF— Y AN, 7r o1 ¥R, BRFMH
HBoRELSsRb o RAEK (ERICBETE2)
BYBLTRTYAl 2LkTd3,

TR AERIEDR ), BENKY 7V —F VR
RTHOZ7R 750 LTHEL, 42197 Mt
OTLink—80) 2HwTHEY TN —F bl
LTHR L7, Fig. 11 i, CPUR—F# 1 264
TETUSS ABEETRT. WTFRERS I V—F >
2w THET 3,
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Table 5.
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Travelling instructions by the
infrared sensor.

Key number of the
remote controller

Input data in
hexadecimal

Functions

~N s WY E O

01
02
04
08
10
20
40
80

Go straight ahead
Turn to the left
Stop

Turn to the right

Go backward

Control of a steering
angle of front wheels

I

Entering of values
of distance

Fuzzy reasoning

Manipulation of direc-
tion of front wheels

Data input

[

]

Subtraction

Multiplication

Division

Fig. 11.

1) HEF—sAINV—-F

EFORy PRI LBEHE CORML BEHRER
Y THETAROON—F THDE, BEEUT
CHBT 5,
EFEOErEERTAPEVIESLYCPUR
bEBL, AV —T2—ARHEERTVE 7D
TAL 2 F R EoTR2 Yy HH1I2BRENS, KIZHE
HMABDE>HITL B B3R -+ 25X 2CPURS

Program structure for the travelling robot.

ZBE, VIV RETBEITOEBEIENEL., £2
16y POF—FLLTA VY~ T x—2HDT
Uy 7ay TiEMT 2, DECCPURLDOHE—}
ANBHFE Lo THELLEF~ Y OTHEE v | ax,
CPUKELN, XY RBMERSE, SOFHEE

Fig. 12 WR¥, COFMEEF 7V —F 2L, DL
VRSRERT 22 9FS, HLL YRy 27— %
ERMTEXEYBHEBRELTCRTCB T, 4B
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Send a signal to the
address decorder and
select a sensor

\

Send a start pulse to the
interface for transmitting
a supersonic wave

1

4

Load the data into a
memoxry

¥

Send a signal to the
address decorder and
select another sensor

f

Enter data

t

Load the data into a
menory

12, A procedure to enter
distance values into the

the CPU#1.

Fig.

S Fig. 13 0k cpdThHs,

2) IJrV4HERV-F

BERF—F AINV—F T ANERFT~F b L
e 7794 HRICEoTHY FLRERLYRET 2
W=FrThHY, BRHAMBORLL 22 EEZEH
DTHE, A LTEARUMFEE S COBERE.,
WAL LTHRAMBERO VA - € — 5 OEESH
ZENHBTT B,

ARy PORBEFTOLDIC, FERS I L—
YavTEELLH: [EHia-R2ECE>»3Z L
RAEWHTH] 8Fx e ATJLLTEEY 2 LH)
FEmME COBERX RUCESOEEE COMMBEx: &.-
HELFOETHE COBEMx 2 EL. 7y V1 HRHEA
KRALE, SAN, BB IaL—varicky

Kt

JEmE BB 87
(The front)
#0
#5 Ht g— #1
Body of
the robot
]
#4 —05 an — 42
#3
{The rear)
Fig. 13. Numbering of supersonic

sensor position.
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¢>005FE Q= 8000+ ¢
¢<0DFE Q= 8000— ¢

(L. ToOQOEENRMR - 2~y OMEES L L TH
BL%,

3) WIRAFmBERALN-F

TrI1HERV—F Y THOLRAENRVR - E—F D
FEAQOMEIC k- THKRRIEHDO LR - 2~5 %
BETANV—F U Thb, AEVICHEMERTHYSQ
DEEFRCH LT, R EMECY 0 0FEEEIZ,
lOBEEECEET S &) 200 2 % 5RE)E B %
5, "VAOBBRQOEOF LM EY PRI L
EELTH B,
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A£7nrS5nsik, CPU#10RAMER 9000HF
WMIpEEEETHE, CPU#1ITHE=Y - 71
YAl oTH—K—FEFvwAR7OY T MELEHN
WHETHED, Arn—vy THEOHEE, #RE
B, HRERELOBEBFBEHCEETE D,

5, EETER

BARTHBELAETHBM IR Y > 0%, ERi,
CPUR—F#0~#202E Y cHEXAE, TRy
PRBRLTETEE 2, AETHE IRy P 2EFE
TEHEOREFEB L PEFTIELLERICOVTHR

3,

5.1 ##EFE

¥, Effe Ry roBEEHEAL, CPUR-F
#0~#2%Y+2vy ++5, CPU#0RROMM®D
EFHERRE IOy ad, $2CPU# 2 TEAK
B 7oy aNETER, HCHIRIFELREI
A%, CPU#1Tik, ROMPpOX=% - 7ursy
AMEFENR, LEDF4 A7V Aic 9000HFHO
HEVFRTERLOT, BIRAFHEME 72 7T 5 THE
Bra@ests*— K- FhrbAN L, EEAHEL
EZAHTEFTFERE, LETHRBIZETTH2, KT
‘MBI E-ravy b —-FhoBRESGLRIT LIV,

5.2 EITER
HEEZMICHE 120mo L] OBRTHEHATELT
EBETECTHI, LHOEHIEFL TrThE
ZHRVOT, RZTHEFALL, EROER, £
TBREPECHRERTIILR(ETTAILEWINELR

BIarT edTis,

| Digtance values I

}

{ Distance values ‘

|

Fuzzy control rules

(Determination of
the steering angle)

Fuzzy control rules [

|

|

Manipulation of a

Fuzzy control rules

(Determination of
the steering angle)

handle

Manipulation of a
handle
(a) (b))
Fig. 14, Procedures of the fuzzy
reasoning.
6, HE
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FHERECEAOEE 2 HRTEFHHICKRT, £
EFORBRE DAL -XXEFTTE, ERCELE
BT3B ChBETYIa L —Ya vy TEL,

6 -2 EfFHBIOTIA
EFERAA—RCHBEEAHAICHEL 250,
FTrVLEROFETH S, Fig. 14 K77 V4 %R
OEMEETRT. 4EEVEOE, AR (a) oF&ET
b, coFkiE, HEL-ERT-2t0T T H#
RHEACHAL, 1BORRTH Y FVRERERE
LTwad, thtik, AhLh5HB7T— 55 B
CESTAL, BOERB3NY FUBEREL P LHE
BCRBELTEHT 2201, nFy FIBITTEHE
Ricok¥ s, chEdBTaicik, AR (b) ok
JrThiFlv, CoFER, MELRERT -5 2.
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