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Fuzzy Controlled Robot-Arm Catching a Moving

Object Using Image Processing Technique
Kaoru HIROTA* and Yoshinori ARAT**

Abstract

A robot-arm system which is able to catch a moving object on a belt-conveyor at a
various speed is built. The system works based on fuzzy-inference rules with the aid of
image processing techniques. The main idea is based on the concept of probabilistic sets
in extended fuzzy expression. Ambiguous instructions in terms of membership and vague-
ness are generated by the robot itself using imagery data from a CCD-camera. Each of
these instructions consists of three fuzzy items. Two are input information, and one output
information. One of the input fuzzy information is the speed of the moving object, and
another is the distance between the robot-hand and the object. An output fuzzy information
shows the distance between the present position of the object and the next position of it.
This output information is calculated based on Fuzzy inference method.

The whole system is controlled by only one 16-bits-personal-computer, and works in
real time. It also allows a human-like, flexible movement. The advantages of the proposed
method are the reduction of processing speed and the availability of low level devices,
which have not been realized by other methods.

Key Words: fuzzy control, membership, vagueness, robot arm, image processing

§1. # El

e, FOHE, HOhUDHEDLALMEORVEL BENEENTHo. L
L, 20BORRICTHIZATE NI £y POMBNETNZ L5 CIR-TE N &
AL FENSDT7 78 —FHRTbhTw5H, TOHDORBCFIKCHE LAY, AL Off#
A AERT I DR, HUEVIEI FLBIBELYRVALTEIREC - THRES L

?&b’t\:‘%l-z)o
HUELWIEREMCIR OB S FHED 1 DK, Zadeh DRBLIE7 7> ¥ 4 BRI D %o

Mamdanj & Assilian i3, COIVFVHREBEXEEREMEBE L LTHEAKERALY, 7248l

* BRTHEBE BN
* TERAMNBRATFERHR G



108 (FE6l. 3) ERABEYAVEHIVEVAER Ay b

MHBFERELL. BETRIAREBYR I ARLHRL TR T35,

7 5 o4 HET, BEENERRCHE LTV A ERNRFHRBYEERZRLE, b3
SEHERANR L > THRL, 74T X2 RRETHRBFELED D, ThEFRLT, 77
v 19, FIEEE O ORI ThhA TS, FFEXELI e K, b7 - ARER
L, G rEaRs 74T ) XARGIGANE T TRBEL, —LORREZEL,

ZITR, 7y S HRTHHENBCCD 25 L5 HHERHESHSHR £, 1 74T,
R b avR7 LONEEESDY G RRMTIRET S v AT AR BMELLERERET 5.
7t35, BLIWHRORBRIE, 7y P BRTERHLAVHOATEA membership £ &b
7, ERESH[OWIE7 » 2 4 BRTTCRRB LA vagueness HAVSHAL .

VAT ALERHETEHVEWIHRIZIE, CCD 7 2 31 bEBAEI X HRD HHEEE
L, v P ERERD 2 EEOREHSR, RUOThibtRbVEVHERICI > THHTIER
WA RS DA ABE TRMBE~OERE LV 5 MOH#RA S5, CCD 4 2 7 OEBGARE, =
Ry b7 —ADHEYEDI- VAT 22EOHVEVHEIENL, 1 ROWBIGE y F3—V F =
VE .- ET-Tw5, B, ZOHOEGABLHETIY, SRIMERET 2 €Y BLE
DD THAHN, LERNROBEGBBERCOVEVREREFRATIZ LTI ), HERE L~
A OB CREMAELYEBRTAZ LITHII LI,

§2. HOFLZORYEL

ZZTE, BVEVWERROIE S ET, #ELBAVLRTVS membership Y E LD
Z, ERESROWET » ¥ + BB TRE L vagueness 5V EHA LTV 5, membership
A3 Zadeh i)Y > TREZ N compositional rule of inference® S\ ic 7 7 ¥ 4 HER
WHAL, vagueness BLAIIHARDOEREYETTHED 7 2 — 2 THA L. AT, BEF
DHEACDBECHDHRATREODVFL IR Y ik oW T, BEHBECE~NS,

2.1 membership {FROA A

ZETHAWEHRHRIY, Zadeh WX o THRZE I compositional rule of inference® 23
BUTwb, FECGHEARRDIBEALD 7 » VuBARETHEHELT, ROHVEWGE
Pe#Ex %o

P:IFFTHEN G 2 F-G @D
ZORDECHEFRERIGEBEE fAWT
R=f(F, G 2.2
TExbIh3. &4, COBEFEREAMDOD LT, QiR F* 520605 LR G I,
G'=F'0R (2.3)

TEIND, T TCORAMBE L ThA 0T, HE Max Min HEAAWOLR TV S, ¥



BE ®-RwHRE  ERKRFEIFIHREES (OF228) 109

Table 1 Fuzzy labels of V, L, P
(@) Fuzzy labels of Speed (V)

]°w<— .......................................................................................... ...)high
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Vi 1 1 1 5 .1 0 0 0 0 0 0 0 0 0 0
V2 0 .2 .4 8 1 8 .4 2 0 0 0 0 0 0 0
V3 0 0 0 0 0 2 .4 8 1 8 .4 .2 0 0 0
V4 4] 0 0 0 0 0 0 0 0 2 .4 .8 1 1 1
(b) Fuzzy labels of Distance between object and robot-hand (L)
YA &2 " et e et nnnonostniiseresretesneteeiostesttiesressoistosassonerororetsessratssssresivenss —far

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
L1 1 .8 .2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L2 1 .6 1 .6 .1 0 0 0 0 0 0 0 0 0 0 0 0
L3 0 0 .1 .6 1 6 .1 0 0 0 0 0 0 0 0 0 0
L4 0 0 0 o .1 6 1 1 1 .6 .1 0 0 0 0 0 0
LS 0 0 0 0 0 0 0 0 .1 .6 1 1 1 .6 .1 O 0
L6 0 0 0 0 0 0 0 0 0 0 0 0 .1 .6 1 1 1
(¢} Fuzzy labels of (estimated) moving-Distance (P)

8 little away-rececrereererererernanetr ettt —far away

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Pl 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
P2 .1 .6 1 .6 .1 0 0 0 0 0 0 0 0 0 0 0 0
P3 o .2 1 .2 0 0 1] 0 0 0 0 0 0 0 0 0 0
P4 0 0 .1 .6 1 .6 .1 0 0 0 0 0 0 0 0 0 0
PS5 0 0 0 0 .1 .6 1 .6 .1 0 0 0 0 0 0 0 0
Pé 0 0 0 0 0 0 .1 .6 1 .6 .1 0 0 0 0 0 0
P7 0 0 0 0 0 0 0 0 .1 .6 1 1 .6 .1 0 0 0
P8 0 0 0 0 0 0 0 0 0 0 0 1 .6 1 1 1 1

L1 L2 L3 L4 L5 L6

low VI|{ P1 PL PIL Pl1 Pl Pl
1 ve| P1 P2 P2 P3 P4 P5
i V3| P1 P2 P4 P5 P6 PT
high V4 Pl P3 P5 P6 P7 P8

( a little away<«---—far away
.P1 P2 P3 P4 P5 P6 P P8

o, S ZTIGEBR f & LT membership BIHIT X 288 (®) X HVKD L 558 i,
R=f(F, G®)=F®G @49
2T, AEECE, BRTELLhLREHEIZG, HEHEE v FipERIBERO 2 BEH
Y, ThEXhO7 >S4 R/ EXV, L LT3, FhFhoBKael, Tablel D X3,
BBELADVEWI A BET 5. ¥, (M) BRGME, DHEOBELR, DK
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IF V is Vi, AND L is L, THEN P is P, ELSE
IF V is Vi, AND L is L THEN P is P, ELSE

IF Vis Vi AND L is L; THEN P is P, ELSE J
IF V is Vi AND L is L, THEN P is P,
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DTHH 5,

BEaiTi, EEIELC, BEIERVE, BRI CEROMESIMB L% L, Table3 O
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2.5)

Table 3 Vagueness map

L1 L2 L3 L4 L5 L6

Vi 0 0 0 0 0 ]
v 0 0 0 .2 .3 .4
V3 0 .2 .2 .3 .4 .5
V4 0 .3 .3 -4 .5 .5
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(1) @B (observation block)

(2) #TF{3 (quantization block)

(3) HEsAF (inference block)

4) FERE (interpretation block)

(6) (m#y 1) HEHH (Crobot) control block)

(6) EBIREL (catching block)
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fmage processing: .

present position of the ob ject
observation} - -- Speed , Distance (hand,ob ject?
- {non-fuzzy but with error)

uantlzationL_-{ﬁpeed.Dlstance ~=3 fuzzy information
inference |----- P?=L%(V°e R}

uook up the Vagueness in VAGUENESS-MAP

?uzzy P’ .with Vagueness information
hnterpretatlo—]»--k ==93 fixed value (moving position)

I

robot
control

__-_;-&mqing arm~robot

catchingl---__ .Dmage processing
Fig. 2 A flow chart of robot-arm system catching a moving object.
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Fig. 3 An outline of robot control strategy.
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PNE (L DEV) EFED membership X 1.0, EHRTEFRI D 12PN IVWEEDOER0.4
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Bic§ 2 ik~ ke, ABEOHE GUEHRAD kb, BRRERDTHE, 2.DAKL
X b, HEHN P° (Fig. 32IR) OHBEITI. HEHHN PP RMRDSCEFVERKELTHAS
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TR, QBT TRDE VS, L%, HVEVFS (Vi~V,, Li~Ly) Cx &M%,
Table 3 /R L7 vagueness map i X hEERDT,

4.4 fRIRE (interpretation block)
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EdHh, EORKTAY FRIEDIMERRESTZEEL LT, vagueness fHX V2, B
Bz, QR TRD SN vagueness fix 1 HHFIWAEEETCHfFTHILIRLI, 2
¥ b, vagueness {fi230.3CTHhiE, I5EMD 70% OFTRE TR X, vagueness flini0 TH
Aif, REINEREETHVIEBHIRTLS,

4.5 (OKy PHEEE ((robot) control block)

TITE, WERBTROCERE T~V FeBHEL5,

4.6 3PiEE8 (catching block)

TR, HRTILENRGBER Y FRPTETESWICES, RECDERETS
WfF2RTT %0

(~BD 7wy 7IIBWT, Y FAPEEECEYShich, BEOHERLBEOL LER A~
VEFEBBHIRTRS, 2% D, ZOMBTHEIHITL 202fEobdThs, HMHTY
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N T 2B HHELRAMS =+ » MRV A
FARHEL, BARREYT o YAT 22
% Fig.1, Photo. 1 I&iR$, AT AR, b
HHEOEESMHEH e £y + 7 - 2=ZEHU RM
501 (a=F=R2—1) 28&, ITVHI25LL
T SONY 8 CCD # 2 3 (XC-37) 1%, 256X

R oo & 256 E K THERI64FEH (6 bits) O RFHERFF
Photo 1 Overview of the catching-robot system. DEENEER edec () # ED-1161 (IMAGE
PC) (@t — 4 %Y 128kB RAM 2HB) B LUV'» 2 FOERLRRTHE K E=2 —,
FLTCrHEy PR IUCESERCEHEN, oHy ORI XUEBAEETT S 16 bits D2
—vFravea—x NEC 8 PC-9800 (cpu i 8086 & 8087, 5MHz clock, 384 kB RAM P43
B BLOROBS (F—HF—F, £=24—, 8inch 7r y €~ 57 4 A7EE) »bRH. i
WL, rE, rDZY » T THEHDIREDK L E5XEXEcmUAD B EV$ DT, RIEEE
EXRi=ntav7 (G2 v7HR) CXVBHEhD, »Ey r7-AD53B1H
Bh A SOREELTHY, WHEORBRIY» 2 7 %BHIRTL S,

step 11— 2— I— 4—
hand posi. (160, 0, 498) (323, 143, 197) (419, 189, 160) (422, 122, 160)
object posi. (363, 315, 100D (469, 212, 100) (472, 165, 100) (473, 106, 100)
next posi. (464, 204, 100) (469, 189, 100) (472, 122, 100) (473, 75, 100)
vagueness 0.3 0 0 0

—_— [ S— 66— —

(423, 75, 160) (434, 33, 160) (423, -52, 160) (464, -52, 110)
(484, 56, 100) (473, -3, 100) (478, -45, 100) (464, -52, 100)
(484, 33, 100) (473, -52, 100)

0 0 Ccatching]

posi. =(z, ¥, z) mm
hand posi.: present position of hand

object posi,: present position of object based on image data from CCD-camera
next posi.: estimated next position of object based on P°
(calculated by fuzzy inference using L® and V)
Table 4 An example of experimental results

KED 7 » 75 213, N8B-HZAZE BASIC (86) (MS-DOS ) 83XV 7tv 7 5FHETIER
L7 (BASIC B3Ik X ZT0AT » 7, 7 V7 53833B L% 2%kB (F—2388), 7+
77 ADHENILBASICRIDEL, EHLBL—F VR 7,4 #RBTT Y 77 H
o BH 7 » ¥4 HHTREROECHREALTVEELLE2EH, T TRAEVEVWIE T
S Y BRCES oL LTHEALTHTY, RbIRT7T e v/ 7FRER X VBELLII-
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o

DED X5l d & TOMBARRERLH
ET2, A bavRT7E, BEEKA 5com BE
LT O E#EE CHih, BiErils, =&y ML
CCD # 2 S¥BVWTLERERY B L, HH
HAEZXTV, ZOoPHERiBEANS,
WMAEBRO—FIORET — 2% Tab, 4, %
DEH AT S v E .y FOREL Photo. 2 TR
To TORTIVTE, F6ARAT » TRTHICR
Hy PO~V PP t+oEEL, HTAT
T CHUBR AV FOETIERDZIETYITAEA A
THEOMBLEN L e b/&b, BRTHE
RN oo T O TOLTERMIZ, H10R
BEThH-Tt, 1 A7 v 7 TIL vagueness 2
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Photo 2 An example of robot movements.
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