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Fuzzy Control
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SUGEN®, Michio
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Department of Systems Science

Tokyo Institute of Technology

This paper introduces fundamental ideas and techniques for applying fuzzy

control to real processes,
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Peeling Robot by Fuzzy Logic
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T.Terano S.Masui S.Kohno
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School of Engineering. Hosei University

ABSTRACT
Robots are not always required to perform a job completely,but it is
sometimes enough to execute it roughly. In this paper,we study a Fuzzy Robot
which acts with imcomplete instruction. For example, this robot can peel a
banana in accordance with simple instruction.
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Fuzzy Controlled Robot System Recognizing/Manipulating Moving Object/Mark
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CSK Research Institute Yoshinori Arai

Abstract,

A robot-arm system which is able to recognize the shape and the size of the moving
object on a belt-conveyor at a various speed and manipuiate it is built. This svstem
consists of two parts. One is replacing a moving object based on fuzzv-inference
rules with the aid of image processing technique. The second part is related to
recognizing patterns, where a method of constructing a discriminant tree is proposed,
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Table 5. an example of experimental result

CID c2i> !oz . . — O

hand  posi. | (160, 0, 498) | (81, 146, 186) | (355, 125, 145) |(356. 163, 145)
object posi. | (404, 313, 100) | (405. 260, 100) | (406, 192, 100) | (408. 123, 100)
P=1 P=1 P=1 P=1 next  posi. | (404, 203, 100) | (405, 125, 100) | (406. 169, 100) | (408, 35, 100)
0.3 0 0 0
— 5§ — 6 — 7 — 8
(318, €2. 1395) | (357, -81, 145) | (357, -16, 145) |(357. -85, 145) | (407, -85, 120)
(107, 58, 100) | (407, 5. 100) | (407, -29. 100) | (407, -82, 100) | (407, -85, 100)
cs Cc8 (407, -81, 100) | (407, -16., 100) | (407, -85. 100)
0 0 0 [erasping]
P=0.8 P=0.8 P=0.6
[ step 9 — 10 — 11 — 12 —

hand  posi. | (160, 0, 498) | (281, 148, 186) | (353, 206, 145) | (355. 173. 145)
mark  posi. |(405, 323, 100) | (403. 258. 100) | (405, 209, 100) | (406, 160. 100)
next  posi. |(405. 211, 100) | (403, 206, 100) | (405. 173, 100) | (406. 119. 100)

0.3 0 0 0
CSM Clel{j:—_’ cum CIQ!O — 13 — 14 — 15 — 16

(356, 119, 145) | (357, S56. 145) | (366, 20, 145) | (366, -46, 145) | (416, -46. 120)
(107, 110, 100) | (416, 58, 100) | (416, 10, 100) | (416, -43, 100) | (416, -46, 100)

=2.6 P=0.6 P=2.6 P=0. 4 (407, 56, 100) | (416, 20. 100) | (416, -46. 100)
: : 0 0 0 Cputting]
posi.=(X.Y,Z)m
hand posi. : present position of hand
F'g. 6. 12 pﬁ‘ttern categorles object/mark posi. ! present position of object/mark based on imazery data from CCD-camera
next posi. . estimated next position of object/mark based on Pe

( CinC4 : dJJeCtS, CivC12: maks ) (calculated by fuzzy inference using L° and Vo)

(2) (3) (4)

(5)

(9) (12)

Photo 1. an example of robot movements



(183) (14)

Photo 1. an example of robot movements

5 8OO

AERFEO YN IAUAT L BEIN T BMERNATTLE SR, NI VRH (K&
RUFRRE) FENSVETIN-OERZEBEL. 27 VYA HH2HAT 23BN IDZOY
KERARS, Bio. "V IVRPEOBEONY - L. @A E- 2BIRERHRIHE
TEBL VAT LREBRL,

Aﬁﬁﬁﬁmwzu%ﬁgwmxéé%%ﬁ?%omx7794%@%%ut0

FRRET BT, BELONI-VRRET 2B, WHABLHUSOD
@5\M§+%(%mm)mﬁzﬁw%%ﬁvmb\%%Ewﬁmx%iﬁ?%7ijXA
RPHREL. 1 2O -V RRT BEHLTo>2, COTNIUILERREILILRD,
ﬁﬁﬁﬁfﬁﬁﬁﬁﬁAﬁO\ﬁﬂxﬂ®ﬁﬁﬁ%%ik0?%%%mﬁ<&%oEﬁﬂ@*
D OEPEHIALDEEOFRHERIZ LS I AUz, ERINZEIIRIMER A
HOLROBHEOTOIS LI HIREFT 20, ERETUEARTH S,

BEYFEBRTIT. 77 Y EEREATAI NS> T BOBEHBEIHVTIRDOTY
Ew{ﬁ#m%ﬂﬁﬁﬁX%umHE&U6£%@@$MEKEuf@~mﬁmﬁvxwmﬁ
B TR R LTre XPIVIVT LD ARMBEROBRLPT OO Lo Tz, Bllva
guenessES OB AT £ 0. AENL OBV ELEFIRETH 25, RHZABBEROMEFD
J7 U4 HENERTE,

SAOORY NP—AUATFATIE. BEPDOBNEZEIRATHEV SZEWRESIN
6gbﬁbmﬁvh§%®Mﬁﬁ@dﬁ<\Qﬁ%ﬁﬂ*ﬁ@ﬁnofumumﬂmﬁUNw
®§§%?$HkﬂlibwyaD%ﬁmﬁgtbfm\+ﬁﬁi®ﬁ<%%féokoix
N — URBIBATBNT. BRROBEIDNZOOWIKCZ>TLEIN, SOBERHEREES
SEHTEEOVCHDO BN D, FHEW (MEE. @nE. EEE) OHHTE., fHOX
0%¥®E0®@®ﬁﬁ?%ﬂ%ﬁﬁb%®T\ﬁﬂm%%ﬁlﬁﬁgﬁﬁﬁxtbfﬁai
P EREYSERHTAMENA S B, BTLEAY- VOXKBCEL T, SEBUREHERE
e, oStz (MASHVEO, HBAVNDDRE ) ONRI- VBT ZTFIV
JUZADRRERPTH %,

2ETW

1) M.Sugeno and M.Nisida: Fuzzy Control of Model Car. Fuzzy Sets and Systems. 16-2.pp103/113 (1985)

2) H%. M Fuzzy Ky b ICMT SHR%E. EIEMBIEY ¥ HKY D LER, ppl137/142(1985)

3) L.A.Zadeh: Fuzzy Sets. Inf. and Control 8.pp338/353 (1965)

4) L.A.Zadeh: Outline of a New Approach to the Analysis of Complex System and Decision Process. |EEE Trans..SMC-3.pp28/44 (1973)

5) E.H.Mamdani and S.Assilian: A Case Study on the Application of Fuzzy Set Theory to Automatic Control. Proc. IFAC Symp. on Stochastic Control (1974)

6) WiE. B : GHLE T 7V —aY bO—F. FHHEBFPELSETE. 20-8. pe720/726 (1984)

7) Larsen: Industrial Application of Fuzzy Logic Control, Man-Machine Studies. 12.pp3/10 (1980)

8) Z{E. =&, #E : FRFuzzyH@AR L AV EEHER. VAT LEFE. 8-10.pp605/613 (1984)

9) K.Hirota. Y.Arai and W.Pedrvcz: Robot Control Based on Membershio and Vagueness. Approximate Reasoning in Expert Systems.M.M.Gupta et al eds..North
Hol land,pp621/635 (1985)

10) BH. . 2 @@HSDOBVELHREALROKY b EIE. ERAE TR E®, 21, pp55/76 (1985)

11) BH : 30 LH@HEDR Y b IT/OTELT v (1985)

12) Barr and Feigenbaum eds.: The handbook of artificial intelligence. Kaufman. Los Altos. Calif..(1981)

13) E. Rich: ATHfE. 27O ELT vy (&) . BEH., SHR (1981)

19) 3% : BHEEES DBV ROFEREO—ZRFE. HNEBRI@ELATE. 16-2. p222 (1980)

15) &% : AELREFORBERBZRAO—H1E. BHV@E2ETE. 19-3.0381 (1981)

16) K.Hirota: Extended Fuzzy Expression of Probabilistic Sets. Advances in Fuzzy Set Theory and Applications. M.M.Gupta et al eds..North Holland.pp201
/214 (1979)

17) E.Czogala: Probabilistic Sets in Decision Making and Control. Verlag TUV Rheinland (1984)

18) ®E. 7. Membership. Vagueness %ML BEHMKEEOK Y b EIET 7Y AV AFLY YRY I LERATE, ppl139/144 (1985)



HYNBHHED 7 7 ¥ « HEWE RSN

Fuzzy obstacle aboidance control

of autonomous vehicle

HAWS B8R KHE™ REE IERE

N.Enomoto F.Wan Y.Nagai T.Takeuchi K.Endoh
Abstract

This paper discusses fuzzy obstacles avoidance control of an autonomous vehicle,which has two

independent driving wheels.The feedback control system is used to maintain speed relatively constants
even though disturbing torque may occur.Therefore, the control inputs in order to avoid obstacles, that are
outputs of fuzzy controller,are command to the speed control systems of the left wheel and right one. The
inputs to fuzzy controller are derived by processing front floor image of the vehicle sensing with CCD
camera,Fuzzy control rules are derived by moddeling a man's driving actions.Experiments are performed by
the vehicle fabricated for a trial.
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W=ma x (Wizxn'xu} (i=1, 2,...) (1)
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P= (Xj0+ X2 /2 (2)
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LL=min {y (P—x) ; 0SsxsDW} (4. a)

LR=min {y (P+x) ; 0=xsDW) (4. b)
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L=min { LL, LR } (5)
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79,

uy (k) =u, (k—1) +g-Au+a-T (6. a)

up (k) =ugp (k—-1) —g-+-Au+a- T (6. b)
I, up : EEIRGEEHHHA up : HEREERNEEBS g Wy 4 v
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SEOHE—-VIHEE, HEY 4 U, REHN, AT THEL- VRO L D BT 5,

R1-i (AV is AV,, P is P;)—=AU is AU, (i=1...49) (7. a)
R2-1i (AV is S;, L is L;)—=G is G; (i=1...8) (7. b)
R3—-1 (V is V,, W is W;)—=U is U, (i=1...16) (7. ¢c)
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AEBROFIRE, W BTTMEE U: BHERE Id0I0EETHB, AV, Py, AUy, Si, L Vy
, Wi, Gi, Ui BEBHVZOEBEHEET2H0EVS~0T, Table 1IIRTLDCBREBLLRKE
SLTEET 2. ADELTEAEROTIGHRE, REX% BITUREE Z0HH, BEVE COMMERNEX 0N
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3, HENCOIYIPTVEBEEZLBVE D | AHWBNERTHI0T, 77y VA RELTHIBLLT
KA THIRT 3,

#AU° (Au) =max; {AV, (Av°) -uP; (p°) -uAU;, (Au)} (i=1.. 49)

(8. a)
#G°® (g) =max; {¢S (Au®) -uL, (1°) -uG; (g))}) (i=1.. 8) (8. b)
#A° (u) =max; {#V:y (v°) - puW, (w®) -pA; (w} (i=1..186) (8. ¢)
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a= (U-V) /mT (9)
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Fig.l The autonomous vehicle. Fig.2 Visual field of CCD camera.
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Next Direction

VLT ' 8=(VL-VR)-T/WB
T:Sampling period
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Fig.t Illustration for the vehicle how to move.

Fig.3 Image sensed with CCD camera.
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Fig.5 Feedback velocity cntrol of wheel.
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Fig.6 Coordinates and obstacles
in the image.

Table 1 Fuzzy labels Table 2 Fuzzy control rules
(a) AV, P, AU (a)
6 5 4 3 2 1 0 1 2 3 4 5 6 (AV)
100703 0 0 0 0 0 0 0 0 0 0 NB NM Ns 70 PS PM PB
0307100703 0 0 0 0 0 0 0 0 NB 720 NS NM NB NM NS NS§
N0 0 0307100703 0 0 0 0 0 0 NM PS Z0 NS NM NS NS NS
0 0 0 0 0307100703 0 0 0 0 NS PM PS ZO NS NS NS NS
PSO0 0 0 0 0 0 0307100703 0 0 (P) ZO PM PM PS ZO NS NM NM
MO 0 0 0 0O 0 0 0 0307 1.0 0.7 0.3 NS PS PS PS PS ZO NS NM
PBO 0 0 0 0 O O O 0 0 030710 NM NS PS PS PM PS Z0O NS
NB NS PS PM PB PM PS ZO
() G
1 2 3 & 5 6 1 (b)
6Z 1.0 0803 0 0 0 0 (LL) (LR)
GS 0.3 0.7 1.0 0.8 0.3 0 0 Z0 PS PM PB ZO PS PM PB
M 0 0 0.3 0.7 1.0 0.8 0.3 (AV) PO GZ GZ GS GS GB GB GM GS
G 0 0 0 0 0307 1.0 NE GB GB GM GS GZ GZ GS GS
(¢) LL. LR, W. U (c)

0 1 2 3 4 5 6 1 )
20 1.0 0.8 06 0 0 0 0 0 Z0 PS PM PB
PP 0 0 051.006 0 0 0 Z0 20 Z0 20 20
M 0 0 0 0 061005 0 W) PS PS PS PS PS
PO 0 0 0 0 0 0608 1.0 PM PM PM PM PB

PB PM PM PM PB

o O O ®



(a)

(b)

Fig.7 Simulation results

of fuzzy control of the

vehicle ; visual field
angle=90° , sampling

period=0.2s

Fig.9 Simulation result
of fuzzy control of the

vehicle ; visual field=116°
sapling period=0.2s.

TaBLE 3 CONTROL ERROR DUE TO VISUAL FIELD
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A e n n
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sec.

Fig.8 Performance index vs
sampling period for fuzzy
control of the vehicle.

TaBLE 4 CONTROL ERROR DUE TO EYE SYSTEM/VELOCITY

Noise «T o lo.1fo.1 {0 |0.3]03([0
DisTurBance % | 0 (0.1 0 [O.1 9.310 (0.3
ERROR m 0.10[0.550.13{0.38| 1.76]0.64| 1.08

]

—
visuaL Fr1ewp | 126° | 116° 104° 90° 77° 03m
Map [ ml2.26 |2.63 |2.34 |2.9% -
Map 2 ml1.39 |3.67 |3.25 |2.78 | 2.98
Map 3 ml3.30 | 1.43 | .04 | 3.38 - Fig.1l0 Experimental result of
ToTAL wle.os |7.73 |7.03 | 8.22 _ fuzzy control of the vehicle.
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Ideas of fuzzy Systems Theory and Human Interfaces

REBEARH (KERIEKFE)

Kiyoji Asai

(Osaka Institute of Technology)

Various kinds of human interfaces are shown with examples.
It is suggested that ideas of fuzzy systems theory will be able

to some problems in these human interfaces.
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(B B RERT v A 7 L BERWIZERT a3k

Predictive Fuzzy Control and its Application to the Automatic Container Crane
Operation System
Systems Development Laboratory, Hitachi Ltd. Seiji Yasunobu
Abstract :© A predictive fuzzy control which predicts the result and selects the most
adequate control rules based on a skillfull human operator’s experience, had been
proposed and applied to automatic train operation systems of a subway system.

In this paper, the predictive fuzzy control scheme is applied to a container crane
operation system. The newly developed fuzzy controller evaluates performance indices
such as; safety, stop gap, residual sway and carring time. The simulation results show
the crane is controlled with the same way as the skillful operator does. And it is
confirmed that the fuzzy controller is applied effectively to an actual container
crane operation.

1. LD

PEEANEIB T2 - C & EBIBIGERD 1wl 2aMEgi 2 T LT AafbLe4 7uav s —
ARETEHBELE S 2V SRBEND—HE LT, ANEOEBREH ISR F uz z yEBAK
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S LR 23 & 5 2 EBES 2 e T 3 FRF u z z y BB RE L, SIHEANER
~OEFEE DT B .

ABETI. ZOFRFuz z yBIEHRe . EBMLOERLER BB EOBIBR TS H
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Control by Skilled
Human Operation
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Fig.1 Situation of fuzzy control
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TEE SR, 2O HOORBHBIIFIZ LB TES,
2. 2 FuzzyH#otEMS)

ZOPREORIENZBI T AANKEEI R F u z z y AR L - CERL L, FHESLLE S &
TEOMRFuzzyHl#lITehdsd, 2nicid, LICABOBERRIHIGEL T (1) RARHIE F
uzzyH#E., (2D FH (BRI Fuzzyfilo Ho7/M—FnfEgsh w3,
IneE, Fig. NImd & 52, Meofdte HBEENOMIZ ~H>olizce D, BEHL A5,

REEEHHF u 2z z y BB, Ry AT L OBAEBARHECH 0 & F LB Iz x L
THIBER 0N 2 8 E b 8 -HEHh: X D H#E 21774 9. FEFRF uwz 2z yHIET. B
RIS KB E TR LE N & % 400z ili Lz s o bl % 1 e BB o ¥ A
TR RRIEE T LR 5,

L Ly SO-OF u z z y g, M9 3 2otk <. FHREIIL Lo F AR
PEB 2L 5T £ D PREORIBIZ A K Z 2 HTRETH B,

2. 3 RAGHIEF v z z y #l#

ARz & 258%. BEoRERBC LS Control Rules
(L RBOBALINTE LTT LT Anftt o) <"“ i’d‘tmi':"l‘d‘"gw hi)
L0, REFMHF vz z yH#Td %, igt Rz ---oo
B Iz & o TR EBIET 3 X 5t Disference oemand &@l

REPIZE B2, Fig.2 Cad LFT & ot oS e T
MEERR . BTl Bz XE
CWHT 12w EHEBRN X DEl#e &
WET 3B L L TS, — Rz E< 2. Control Rules )

(a) States evaluate fuzzy control

1 3 3 3 Rl: When the control notch is not changed,

If( X 18 A] and y s B‘ ) Control D if the train predetermined allowance zon
. . . Purposes then the contro) notch is not changed.

Then Au is Ci i=1,n :

- N - -
i3, ZIT AuBEROBE O gmm | e e
4 - : . . Sutesib Ed (u,x) Fuzzy u Controlled| x
735%?’) L+ Ai ) B i ’ Ci il‘&’“:\ g:i:izt:: Evaluazion System

Xs Vs Auded [E § gy ) T L
Vo kFuzzyBATERSNS  (b) Predictive (objective evaluation) fuzzy control
HTdH %, Fig.2 Fuzzy control sequence

Fuzzyldyhrd—S x, yORMHE, x is x4y is vy BEXONER
nAOBIBHIONRE C1 {8 OF u z z yHEAEFHEIL. T ORRWBEWLTIEARV, LA
uDfERRE S B,

2. 4 FH CEMHTD Fuzzyhl@

NEOBIBES %, SHEREE L I e S CRBENER: LTI A obT 50
B, FRFu z z yEBHRTH 3, JldEREOBAREMIz 2 ¢, [HERORBIrLTL —%
DU TR GHIE  EREEEENE SRER O, TL—%&P LTS, &0 -
Yoo SUBIHD £ 2 3 2RIBIISS 2 HE T B0 (Fig.2(b))  ZoflBll% iz E < &,

R1: IfCuisCi = x is Ai andy is Bi ) Then u is Ci i=l,n
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- .
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RHBEC, 3612, (AEEFORY LM, & HBRIFEHERS 72 5. (Fig.3)
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Fuzzyf§iflzarvsr - 2L—vixXofihc@il L oe LA, AL -2
YNEShIEEEBARBLERE LA EHEIZ L. ThEEIEAle LCHBAL 2 S HH
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Fig.3 Container crane operation
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FiWiHl> LR TE 3, oIl Arbd, MRk L CFig. 40z m T,
6. SHHE I AL —VaV

BIRLETFRFuz zy 8oy 75 - 7L —vESEEORERHEEYI 2 L—va v
10, REREIN TV 3REERE S X — iz b Y BB S ¢ 3 HRGUF, HEHR R
& B L 720
6. 1 vIal—vaVvitheER

YT e 2 L—yOERR BT, SRR S SIBHE 2 R 3 L TEBR NS 72 5 OB,
SRS, 2 S B E FToBRENRTH B, T 2T BROMNBEREHER. L —
v Enav iR, Y— FEEI2BA R LE. HELEFuzz vl X 2858
#Fig.512, BEEFHRIZ L AR BFiIg.627F T,

”




3 —3 k& 2
B 2 ¥YIal—vaVRROBA CONTAINER CRANE CONTROL ANALYSIS

BHERER I BE L i, BERM STOP GAP I
BHR 4. 9emz#t LCF u cennen sine AT \\ o s
27 yHBCW2.20me 0T 0T 0 / S A
3o FREIHIIZEI LTIk, B .
KHBHX L, POYES R :

INE =y ~DEREENDRET

#90.0081rad(23cm) & 72 > Ti» ST i

3, —Ji. Fuzzy @, QESEETEL- O
B « W12 2 — 7 B % AL | irprnne 1

T 3R, FEEENGS SERESEED

WA LT B, SRR THR Fig.5 A result by Do idsdldo
3490, 0036radC(10cm) DFERGH the fuzzy control m—

N& 2o T b HIBRANIC CONTAINFR CRANE CONTROL ANALYSIS
VT, RIS T — STOP GAP SR
PEIIT-TERELTHE e T i
b, MEMERQILIVTT e O ~ i
E5HE13mETH—T 8% ,fﬁ%-éégﬁ, ~

& Ltk DR, SEETT. e R A
Wl % T, EEHGEIC L | R LT
AVFFEFALTV S, Th /7'L

WA LFuz zyHied, &% ;/@ Tk

E Lo insL, BETW lo Bo

TehS LR L. K92 0o - -
RS4GRS % EHLL T B, Fig.6 A result by the
7. BbO conventional control
SeiiHE L. YEEDEEEA~OEHLEMHD TV B3 FYRF u z 2 vEIBIIR 2. EKoBIH T
R CUERUEBSHE D - 1= v TS « 2L —voBE~EHLHEE Y I 2 L—va v 21T
o % OXSE. BEE OV 2 0B U =303 e F1EERE S wHETd W EAUL K LTHRT
HE3TERMHE LI,

[ 8% 30k ) .

1) H8F : by FLIETE RO~ : FHe T8, 18-2,150/16001979)

2) L.P.Holmblad et al.: Control of a Cement Kiln by Fuzzy Logic ; Fuzzy Information and Decision Process
(M.M.Gupta & E.Sancez.),North-Holland Campany , 389/399(1983)

3) A, il Fuzzy B0 X 2710 Rk Ge)  Jimcighs 2. 1.9 —11, 873/880C1983)

4) 2A. b FRF vz z y W00 X 25V RGNS 0 AT 4 & W8, 2 8-10,605/613 (1986

5) Za. il : AT oS 33 UTF SFuzzy B8 v b o — 9 OB #3300k 5™ 94BN, 127/13201985)

6) k. fE: 21V 7Y 7 L—volRnILHIR. FHNEIBIEEQR. 19 5, 430/432€1983)

7Y RE. i P ) —oRAHIRAEE L2 L — v ohtRAgE:. SHMOIEsrE 2R, 15 -6, 833/838(1979)

8T THF uz z y MBIz X 2059 2 L— v e )izt o 3% 4 100nBR o0k 0 00BN, 13/18C1986)



73»:'9'4:2:/}‘!‘:1—‘50_)——‘333"’

AMIEXRE #H Bk HLE #§ #HE BX

1. BB

m;g;gﬁmmg\ Mamdani!’ (1974)ic L > CHDTHA OB, £ OHED 2 V1 F8bhZ2ORRE
T3,

79 AHBOBEIR. A U= AHOFUNIEE, Y Y S 30 IHEEEREHEL— v E L THER
L. Chickh A7 ATY) XAZBELTHBHETH 3, PIXE. Eﬁﬁmﬂﬁﬁmn%wzﬁﬁﬁgém
km/hE3T2EE. THURENOOkm/hE O/ NEWRB O, 7272 NVERTY Lo TIf ~ then -

WL —EBRT D Ltk ﬂ&ﬂﬁ%ht%ﬁ&?%%mfﬁéoLf#of\ﬂmﬁﬁolﬁﬂﬁ
REFUMNDIORELTH, 2V tu—542BHTEIRENH 5,

—F. 2 v b o—35 ORI ﬂmﬁ\iiﬁ$;vﬁﬁﬁﬁu LoTHRININ. choZBLHEREDN
BBSTHY. FENKDPZTHR - LAY, 22T, AWK TR, EBCA V- ym#n%m&wuo
REEARAT IR L LTROBRD. 20RETCOHBEHKROAMNF -2 E2dEL 77V 2 bu—
*8itd 3, $78bB. TIf ~ then =+ 2 ﬁoﬂﬂw—wktwéﬁﬁoﬁﬁ%\ﬁﬁmx%rwﬂmﬁﬁ
T& BAIC(Akaike's information crlterlon)S) WEHREBEL. coay tu—5%%itd 3

c:r\iﬁaﬂﬂ#o~ﬂturaﬁioﬁﬁﬂm%\§r$ii&ﬂM¢®—MtL1@ﬁﬁ¥®£ﬁ
wﬁm%%mbtﬂ\%ﬁﬁ#k&ﬁ%?rx4:/bn 5OB/FFECOVTRRD, LT, Yl
—VaVi&oTR&77V 42y tu—-50FHEI >V TKRITT 3,

2. 79U 4R
COETR. MOLORERICLEZNV—NVEEL IR LVTY XA ZHOVTHEAT 2,

RyaIf gy (xy is Ar1,>+,Xp is Ayp) then y is fi(x1,*=*,xp)
Rzélf gz2(xy is Az1,***,xp is Azp) then y is f2(xy,**,%p)

@2-D
Rn If gn(x1 is Anp,e s “,Xp is Aap) then y is fn(xw",.xp)

2L, BEBRROLS>BbOoTHS,

y:—=nR, (i=1,2, ML > TEXDWMERBINZER. 2F D, V=R, OBHOERTH S,

X1, Xp : =R, CyRRETIREAOONIER, 20 V—AR, ORIHLERT 2ERTH 5,

Aty ooy Aip s V= AR ICHE Y BRIBHOBEBNX, - T 277 V4 HETH D, ThENLOLUREE
X1, X &9 3, Th. SO0 77 V4 HEA 1, ApEBETSTZ XA Y-V v 7RI %
‘Eh%’hﬂul(m).”_‘, ”Al?(xp)t-gp%o

f; :}v-)l’Rl’c\ X1."',Xvi)“5y%ﬂéi'§‘5§§ﬁ'€56o__

g V=R, OWHEZET IREBBT. ROL RSN D,

gl(xl is Alla"'lxl’ is AlD) = gl(pAll(xl)a“'s ”AlD(XD)) (2 - 2)

ST RQ - DOBNV-AROEABEELSTIETEE. BV—NR L > TERS N By, OHE
iz m#oggm#xns%&&ﬁ&@ﬂtgb<xé,pn;b mwxoxmﬁ7wduxA%T?

WEL BRI Py is x1* 7L, Txp 1S Xt T EVOIBEMEOhAL L E, BLU-ARIL - TERIND
yOMf 2. # OEBHg, FEALLTRMLT, FHL. ﬁﬁmﬁﬁﬁﬂy&?5oun%&ﬂkT?
E;g‘(”“‘(xi Yoo Bap (xp*)) < £ (¥, %0 ™)
y* = @2 -3

’zilgl (pAil(xl*)a'"a ”Alp(XP*))

BB OIS, OREIE
*ﬁ“ﬂi QBETBA LR — IR, B B ORI &7 7 U« EEA - AEBAE LT, &RE

Dﬂﬁf%nﬁ?6¥ﬁk0w1ﬁmé
ﬁf\&#oﬁﬁf%&wivﬂﬁﬁﬁﬁ&?éo

f, (x1|"';x;)) = z als * Xs (3 - 1)

WE. ﬂ#%ﬁﬁﬁ‘?’%ﬁﬁ o xpDMEDF — F X115, X (t=1,2, -, m) & 2 hicx}d 2B0EByDn
BoF—sydiEohad s, Cho2ROLHETHITRERY 5,

X11 *** Xip |

I{ : l (mXp) 3-2

Xm1

Y= [y1* ym] (mx1) Q-3

EoAMMT 7Y 4 VAF LAY YHEY D A (19864E6H16-18H) 2°nd Fuzzy System Symposium



%ﬁnbﬁgg&btc;\ BW—NRIZDOVTRDE S BFEEETRO. FEV—NRITEB T 22B0BI, O
dis
D. s EBRT 5, 0 DBF —Fxi1, x0T 20O EBilw, 2L O RD 3,

we = 8 (Mari (eq), oo, Maip (xip)) Q-4
2 LT ChERARDICTFOITIINERD L 5 tES,
i |0 (wXm) 3 -5
(O W
2). REOBBIE, OFBa, . (s=1,2, -, p) ZROD & S BiTFICRLikd 5,
A="[an - anl' (X1) @ -6
3). 1,2 TRDLITHIVXWAOBRIZ. RXOL I3,
Y = XME (BAHW) @-1
RXL. TREI#E~S LT,
14
_ YrsZ:zlal; e ’ele wxD) 3 - 8

L85,
KG -D& 0. B EBI-REEE O TTIAT 5D bEHBIRI, OF8a, .« (s=1,2,-,p) #IET
5, Q@ - 9. TANERD ZIERHBRERT,

X'WXA = X'WY Q-9

EROZ . xp, s e OpfHORIER L W EROrEORIZERERUHL, D~ OFEEITIL. KRR
FENBAIC ORMNBNC S ZHTEROMA DY &2 ORBERFOMBR L LTERAT 5.

AIC =m - log{(?a:qu - ERt®) /m }+2(r-1) @G -10

IR MR %Mkt;t; ROLIBHDTH B,
BR. - FAIBE R, - yi-
fioe rfﬁ@ﬁlﬁﬁ&@@r 9&99&?3&65&&@

4. 79V +2 v bu—3508it
ARTIE 3E?ﬁ«%ﬁﬁ7wﬁvxA&UHﬁ?&%%MT?y/4:/ru 5 %BITBFEICD

ANG AN € isPi, de is Py, % isN; O
e  is P, Be isP;, A’e is Py Oee n,

4—1. 779 4 HANONEOMR * O

COMTIE. U —F OPBIBHTED MR o ©
BIUERED LI, zoWfv—1 (77 e is Py, Be is Ny, b is Ny ol
V4 HBA) ORFOBEFIEFTES, ey e is N, de sy 0

¥9. 77 V4 HABNOWHEERRT 5K
BeLT, ke '9‘ v 7 Vs 2 e, isZi, be isP;, Al isNy O

? ﬂmﬁﬁ - e isZi, de isP;, b% isP, 0---:-‘.‘.:*::_,0

Eﬁfﬂ ﬁﬂkf@ﬂmi g _____k______“____________T_‘_'_Og_esnred value
" AR D B2 . o
» ﬂm?ﬁ—ﬁ% —m?%f} " % e, isZi, e isN;, A? e, is N o--_'“‘j:'.,_.
— : = e isZ , be isN;, A%e is Py O
Aek _ Aek—l ‘é k k k

’&Fﬂb*%o o e, isNi, be isP;, % isNy O

L‘i\ Mm%ﬁek‘C‘Q‘/"cpositive. Nega— e is Ny, de,_ is P, , O%, is Py O~-~..‘.‘:::~_~_,
tivels L UZerolifD 7 7 ¥V « EAEEX , g x O
F . WfREO—RES Ae. WHRED R
ZRES Al iz oW T NE NPositive, e, isNi, Be, isN; , A% is Ny 0= 5
Negatived 7 » ¥ + X EX 3, e isNy . fe isNo, 8% 5Py O pg . Positive (d=1,2,3)

2LT. REBO7 7V + HAEDHHIED y , . '
oL FMBOmELHRRT 5L, R Nd : Negative
OY v 7RI BT 51280 ‘Dgﬁ‘:%? Z, : approximately Zero
LHIEBIEDIBE R T ETRI &N TE S, . . . i
chi. Bl4-11ERT, k-2 k-1 k me

B4-1 ISR o Ri#OHR



4—2. BYHEORFHARO 7y V2V bu—35 manipulated

variable

CofiTid. R4-2RE NI HBEOREHBRO . . rF S speed
25945V s gty 5 PN TS, ] Barloie Fooee
). 779+ HNOEE ~
A1 TR~R LS I, HRNowEORER T EIT
o, HERAERY 5,
if\HVbn—ﬁmkﬂﬁﬂ&LT\ﬁwiﬁ% R : the desired speed
Ha, k: W v 7 VD) e : the error of speed
" SIBEE " te, - HERE - ¥V 7RIk TORE B4-2 EEEOEEHER
> HMEEO—REEST ¢ Aer = ex - ex—
" HEED _RES : A% = Aey - Aex-y
gh. 2aviu—30lhiEI. uiREREELT.
t;_%ﬂfia)ﬁﬂé}” t Aup = ug - Uk-g
SRYD. ROL SO —NOED I & BHENERRT 5,
R, 2If glex is A, Aex is B, AZey is C,) then Auy is f,(ex, Aex, Aey)
’:f\{ L/\ (i=1;2""512)
A, : exiortd BPositive, Negative, ZerolE O W IF A ERT 77 UV 4 &
B, : Aevicxtd BPositive,NegativeD W I NhERT 77 V 4 B
C, : A2epizxtd ZPositive,NegativeDW NN ERT 77 V 4 S
Q). A vr—v . 7EBORE 1.0
(1) cHR L - HAN om0 RE N p
Bicxds7» Y «BEEHHTIS 1 z, 1
AynN—=y o 7TEBOFEEITE,
if\ ﬂmﬁ%‘éeﬂlﬁfé'? 7 2‘} 4 ) P,: Positive
# & Positive, Negative, Zeroii D £ Nt Negat ive
=y o 7TEBEENE N L (ek), )
M N1 (Ek) s Mz (ek) &gﬂﬁ L. oh% Z,: approximately Zero
aﬁ@;i‘:%ﬁj‘6o it\ E4‘3
ENEND A v 5—y oy TEIBER e
° 0.0
B4-3 up1, MN1, M2y
upi(ex) = [tan ! {a;(ex-B)}]/m40.5 4-D
unier) = [tan™ ' {-aq(ext B)}]/m+0.5 “-2
L7y (ex) = exp(-ex?/71) 4-3 1.0

KU @, B, TRINODA Y=y o TERED Na Pd
EFT2LEICHWANS A =2 THDB, BRI, HH
BExo—REFAeicXtd 27 7V s #EbPositive, Pa : Positive

Negative® *x ¥ /x— v » THBEZENE h up(Aey), N : Nerative
uno(Aey) ERR L. Fh. FHREO-REZED A% e
w427y U 4« ESPositive,Negative® X /N — Y

2?’5&3&%%&’5&#?3(13281{). un3(AZey) LERY 2?;
CNODA Y N=Yy TRBERRO L 5 CRIE L 0.0 ,
Bi-dicehEFhox v x— o 7TEBERT, Bl4-4 #pa, #na
tpqlear) = {tan™! (waeqr)}/m+0.5 d-=23 4 -9
#na(ear) = {tan™! (-aqear)}/740.5 d=223 4-95

P2 L. esx=Aer,en=A%,THO. a3t vyN—v o TRBERET S LECHNEINTG X -y Td3,
PDlE. BAYN=Y o 7HEBDNS A =2 BB ONAFHF -2 LD FBNCRES NS,

(3). RFEBABeDER
() CHR L - WA om# o KBl E RO TIREEReERO L 5 ITEXT 5.

glex is A, Aey is B,, A% is Cy) = g(ua, (ex), #pi (Aew), e, (A%(er))
2 miM{pAl(ek)a#Bi(Aek)nﬂCA(Az(ek)} 4 - 6)

FRUC ta, (e, e (Aer), e, (A%) . EhENBV—AR, ORBHOZRERINTE7 7V 4 2= P
Bl »Cl%%ﬁﬂ‘jé)( -‘//\'_ :‘/ 4 7&&?&60
R - 6) L. REREME. MBEORERICHT A VY N=Yy TRoB/MEL RO EEM L 3 5R8

TdHb,
—40—



(4). $BOBIRS, OBE
(1) THR U WA O R OBIBE 2RO L S BET 5,

9

f, = sz=lais *Zs (4 - 7)
RREU. MUEBz (5=1,2,,9) . KDL S BERTH 3,

Z1 = €y 22 = Aey 23 = A%

24 = (ex)? 25 = (Aey)? 26 = (A%ey)? -3

BV T AR O S Vs (L Tl 6. N,

- Laviia—5 5D ad WL -T &3, 2L
TR - D ORBOBEE, OB At SEORPFEL b ToC RS 5, Ih PSS, X
D77 210 (12, £ £ UK SBIFROBILS Auonlios — 7 Au kb REOBHOMES.,

©). 2avito—-5olHEEREROZELT Au’) DRE
a2Ybo—5OHOMREROELS Au’) % 2BOHRT LY X2t dETVTHRT S, T8bB.
(1) CHEBR U 2 BIBIANC " e is e* ™, ™ Aey is Aey* ™, " A% is A2e*” LI BHMNEONh2ZE. &
DL icaviru-50MDEERKT S,
:zzlg(,u,“ (ex*), s, (Aer*), ci (A%*)) + f,(ex*, Aey*, A2ey")
Auk* = (4 - 9)

1g(ﬂA: (ex*), 5 (Aex*), e, (A%*))

—
N

n

4-3. BIUBEFORELHABMRO7y V12 -5

coffc li\_lg4—5¢:i<é N3N EBEFORE/L R 1 e, angle
WMMFRD 7y Y sy bu—5%2Fit3 2FMWIcD R> $ e.y Fuzzy force Inverted angle velocity
N R;_-'S}Z——'%:Controller Pendulum cart velocity

1. 77 « HEAAOMWR
-1~ LS i HERom#oBa&S
T80 B EERT 2,

g9 avbu—-S5OANERE L TROER%
mgaowéﬁgfwﬁﬂ)

) BETFOBE™ : 6.,
”E‘?“Dﬁ&@—‘ﬁﬁﬂz tAGy =6y - 6y
”E?‘Dﬁgﬁo;ﬁiﬁ} A%y = Ay - Ay Bl4-5 QIR T oRE/LHESR
”E:}"@ﬁﬂﬁ AT . . .
) E?lbﬁﬁ&@—‘ﬁif}” :AGy =6y - Gx-1 |
"ETOREBEO_RESR" A%y = MGy - A6

BHEHORE " : X\ )
TBEOREBEO—RES"  AXy = Xy - Xi-gp

BHEOREO _RED" : A2k, = Axy - AXy-y

ghe avito-SORMEE. wiBRERE LT,

”gf?ﬁ@ﬁﬂ’ﬁ}” tAuy = ug - ux-q

33,
CCT BFORES OY Y 7 VERICE Y 21280 OBBIx L THABEORE ST EITE Y., Chi
. ROLIBRAFONV—NVOE Y 2 L 2 HHAIEHRT 2,

Ri2lf g(oy is A, A@y is B,,Azek is C;) then Auy is f,(ay, by, € y) “ -10)

tf\.’: L/\ (i=1:21 '"112)
A, 2 6 oXtd BPositive, Negative, ZeroilifE O WD ERT 77 U 4 8BS
By : Ag icxtd BPositive, NegativeD W hhiERT 77 U« B
Ci: A28 tzxtd BPositive, NegativeD W Fhh%iRT 77 ¥V 4 #S

{- L—C\ &y, b ks C k‘i\ am* ‘5 751?;“?560

ax = [6x Aoy A%6,]' by =1[6x A6 A%26:]' € = [Xe AXy AZ%, ] (3X]) “ -11)

Q). xvr—yv., THEBOBE
(D THRL-FHANOMBOREBICHT 277 Vs BAXBMTII B34 v =y o 7THIBOBEETES

Do
HHOERTH2BEFORAKS . BFORBEO—REFAG BIUVRETOHEO_REFA2s XT3
77V 4 BEOX Y N—Y y TRBEZNZTNWRAOL S ITRET 5,

1 ¢ the desired angle

2 ¢ the desired angle velocity

3 : the desired cart velocity

« ¢ the error of angle

av ¢ the error of angle velocity
cv ¢ the error of cart velocity

o oo DV

up1(6) = [tan™ {{1(8-7)}1/7+0.5 {4 -12)
un1(8y) = [tan ' {-& (6t 7)}]/®m40.5 “ -13
#21(6) = exp(-6,2/R) 4 -14)



{tan"' (L 46 41)}/m40.5 d=23 4 -15)
una(6 ax) = {tan"1 (-8 46 ax)}/m+0.5 da=23 4 -16)
FFL L1, ABXUVC B NODA Y=Yy THBERETZLECHVINS A -5 THDB, Tk,

620=0A6y, 60 3=0%8,Th3, ‘
Plb. BAYN—Y o 7THBONS A -2 BB O AFHF - L0 FEMICRE SIS,

(3). IGYERSIeDIE K
() cHm L - HARoms o EEE* RO T IREMBe RO X 5 ITEHT 3.

g(ay is A, A6y is B,,A%8 is Cy) = glua (@), s, (A8 ), e, (A%6 )
& min{ﬂm(ﬁk),#B‘(Aek),ﬂc:(Azﬁk)} “ -17

PRl #a (80, 8. (A8 ), uci (A28 )13 ENENENL—LR, OWMBOREBIHTE 77V 4 BE
AI’BIQCI%%ﬁd‘j’6} ‘//\"“3‘/‘7 7“&?550

4). H#BOBE, ORE
(1) THR L =B 0% OBIET, 2RO L S CRTET 5,

9

Hpa(6 ax)

f: = szla,s * 2s (4 ‘18)
il BrERz, (5=1,2,, D} ROL I BEHTH S,
2y = G« 2z = D@« z3 = A%g,
24 = @« 2t = Ay 26 = AZ%4 4 -19
27 = ).(k 2g = A).(k Zg=A25(k
XU -19&0. 2V tu—5ORANEREBUZER LTS, 2L T. R -18) DB OB, OfRMa, .

X, SEORIEFEIC D IO THET 5,

5). avitu—50olAEEFEROELS Au’) DRH

aviru—5oRHEEBEROELFAL) . 2EOHRT VLY XA ETOVTHRT 3, $Xbb,
Q) THR L BRI BANERIC DV TRO L S BiFEMEONE LT 3,

gy is 67,7 Agy is Agy*T, T A2y is AcgytT

"G is 6* 7, A6y is AG 7,7 A%, is AZg 7

i Xy is )'(k*", ”A)'(k is A)'(k*”, i AZ)'(k is Az)-(k*”

chiy. ‘XoLSWcaviro—30lRDEE*RHT 3,
12
% g(uai (84, 25, (80,7, £ci (8261) - i (au', bu',e 4"
Aug* = (4 -20)

2 gluai(e ), e (A6 "), e (A264")

A A ] (4 -21)
e AG A2g *] 4 -22)
A Xt ATk, 4 -23)

A M UN

* * *
o on

O Fs
L
~mrermm
V. D

Y al—¥g Vv
B, AB ORI Lk HHEORESMSRS L OB EFOREASMRIC 5 Y EE 7y V42V b
HURARNTAEDIIYI 2 V=Y a VEITES,

—1. HgEOREFHO YL 2ab—Ya v
oMfiTit. -2 TR L HBEOREH Sy
?}‘Fd:*a‘b‘ Z2RBHWHO I 2 L—V e VETK §PEED

BEHHO S = L— v 2 Vit HEREAE) ST
km/h& L. gh. 2V bu—350un~x 4ok
AT DI, S0BLEk. Lo, Thik%
M5E L. MR o2y 4 v EIBDRY
TEHI¥ 3,

B5-1icyab—va VEERERT, TITs
RBRFEYF—r . KRBV I2v—va VB
%Tbéo m* O\ ?ﬁ?'—y &@U&‘ﬁﬂﬁ‘:\g
2RTvial—Vva VEBRMNEONTED v
NAMRCENT, YIab—Ya YOLENEN
T3 ENDP S, 8" &l " 20000 | uoio0 | 60.00 | 80.00 | 100.00 ' 120.00
TIME (S)

98’

i

(e \Jifsen
8. 00

i
80.00

1
1

}
T
|
|
|

6. 00
'
60. 00

1

u.go
SPEED (KM/H)
l30-100 N

20.00

1

MANIPULATED VARIABLE

1
1

2.00
1 1

1

MANIPULATED VARIABLE (V)

00
0. 00

L

B5-1 v av—va VIER



5—2. BIUBEFORE/AHBAO VI 2 -V a ¥

CofiTit. 4-38TRH L ABYEFORELFHERCE I BEFARHBO Y I 2 L—va VEFTES,
BYAMEO Y 2 v—va vk, MIBEEENEN

&ngggK” :0=10 [deg] , "HFOEEE" : 6=0 [deg/sec] , "HHEDORE" : x=0 [m/sec]

Do

BI5-2~B5-5ic v 2 b— Y g VEERERT, CC T RBBFEHF -2 T ABRB VI L—Va VR
ThH2, chth, BERBICBOCTFHF—FEEILEIIBRZERT YIalb—Va YERMEOhTY
3, . REBBIUCEERBICEVT. Yiab—Va YOAMENRTHWAEC Edbh B,

o C’_
< 3

‘1 ——— YANUAL DATA 7] ——— MANUAL DATA
- ——— SIMULATION g ——— SIMULATION
o =;—'
& E

1

ANGLE VELOCITY

- ANGLE

ANGLE (DEG)
, 0.00
|
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Application of Fuzzy Sets Theory to Fatigue Analysis of Structures

BHAEA, TH 13, RIGX
Naruhito SHIRAISHI,Hitoshi FURUTA and Yoshinobu OZAKI

FBARF T8 AT

Department of Civil Engineering , Kyoto University

In this paper, an attempt is made to apply the fuzzy sets theory to the
fatigue problem of reinforced concrete decks of bridge structures. By using
the fuzzy regression analysis, it is possible to develop a possibility model
of S-N curve, which is useful to estimate the fatigue life of structures in
a more realistic and meaningful manner.
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Fuzzy Traffic Control Model on Expressway
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T.Sasaki. T.Akivama. T.Okumura. S.Hirokawa
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Department of Transportation Engineering.
School of Civil Engineering. Kyoto University

Abstract :

The fuzzy traffic control model on urban expressway is one of the application
of fuzzy logic control. Presently. the operator is always making decision of
traffic control pattern. The objective of the study is developing the fuzzy con-
trol system on urban expressway. The outline of the pilot model is reported fir-
stly. The improvement of the model and the some problems are also investigated.

1. 3Uuk

ChETR. 77V HBOAZRBIIIIRIEVNHBRISHIh., 20HRIETT
WEABRBRIA-S>TVWEIHDDHBVL 2D D, BROTLHRERAOHLBTE. 77V 1 #
W —RER LOESHA 2RBEEVUTHRBBIROOTEY. FORMNEOHEE
g8 HYEHFOETHED REOVWL >OMBREHIN TV 3, AWTZBVL T,
COT7Y+BBAERHL. BHEEERTBIRhbh TV AR @ERBLETLILL.
ChE2EEBOZEHHWTCONRNEHALRZ2-DOERET A ERENELTV S,

2. 77V RBRHETILOLEN

2. 1 SEHEETORERW@

REOHABRRBREOINBZ LD, 77V 1 HBE BRI IhEFTRELLANL—-F
Ko TRBRPHODEZITHhh TLWEERBRHHMECETAEEZEION S, ThIIXEH
HRHTIZVLO2DOWRHRBRITZECA3THY. AR ZOAWRFH UEBOIT
REEBCBIAZERNHOBRREODVTRFT %,

BHFEEEBOZTERWE. ChEFTRVLODOAESREXNATVS, YV UHUL—
BRIIEBREREOBRITON S THFEARME) BP0 TH 5. BEEMIIE. TEHTE
BOLPHH. EEERHROBXRSI Y THE. oRXAREGHITHLEBULLPHWELE
KIXNhTV3, UDPU. BARLEFTEBSBHNTRET ZRE. —REBRLED LK
BRWOTEXZAMVORFOMBILEEI L. SEEB LS IBEOMBELEETUIER
BXZR2EBRVOBEHRTH S, T TRBRIINEOABENEET S TABEAR - 7
—AHRY AR LSBT ERHEBITHH TV S,

COARTRBHBYUYENBELAOREBRAVRBEORRIZE SV TEERERIT>TL
3. COABMR L ZHHOBRRIANERDPERTH >RV, LEERFTMNOHL VT
PV I RBETH>THREPHRYHMETEIARD S, UNPURBZIOAARTIIERHEY
ZOHRNBBAUVHBHOBL W RPHBERLEUEZ L., FLEHHEAFZLOHBOERD
B3, REDPOHYUIBKBEH L EEIT ZBA0MBHRPF I2—-HER>TV S,

2. 2 IJ7V4RBHAETNVOHRES & 7). 8
LREOEIBEEHHORRRLEX WU, ORRARBYIBREREL TV LI L. QL
B ONBE L RT L — L BHBICRHATERIEREDS. ThiT 7V @@L U

BAMT 7YV 4 VAT LAY YERY LA (19865E6H16-18H) 2’°nd Fuzzy System Symposium



THRETZZEDBBYUTHIE VA S, $RLCOHBANERET >
U4 MR & > TRBUEHELZORBHIN LTV S 3EF
NWeBBRIZCEGEHGTONRILEVSADSBERTH S,

TV« HRBHN T O A FEOREHEETLOLHHE :
XEXLOODBE -1 ThH 5. BHMCBANERE UTEES [ paozmroo
R ZERRLETEBEZA TN RYURKOANER B XS
UTVWODDL—LOEEEAVET 7Y s HROHREEITS . ,
A SRTEHWOLENS SV EHHORE S —FTORIEE LT [(An@E ]
HAXN IR h e KBEKBEHBCHEU 27— ZHR. AB
ODHRE VS RELERT I IO AR, COLIRFIFET -
EBOZHEHE S EONG L EUNCRRT 5L pcasy |77/ BT
Exl. BMRNBRZDVWTRUT TR T 3,

| TREARREHAIES |

3. 7V 4+ RBBHIHETNLOYER e
(Bl v ~n)
3.1 Tr7zyqH@iconT 1@ l

AHRTHOVTLE3 T 7YV + R UEROLEENIRDBOTH Y.
BUIABHZERZDOTUERV. TROBAINY Y THERK HIBY< £ — 0
a(Eus(WRE->TRBHENhZTI7Y %SG, A, B! T o £ X

A=qunég)/x . B=.fyue(y)/z . « *
BIUT7Y +BRR . R= §xovurlxy)/xy) BHWT PP
&A. BREIOREBRERT, 2F Y MNf x is A theny is Bl [@
RAWRTOL AR : AOR=§v suplua(Cx)A urix,y)1/y -1 EFLOHE
EUTHRBRTEbDTH 3. REDESIZ. COWMMIEEEDS
BRI 7V HHEFLVCHVC ATV S AHik (mam-
daniDAHFE VR E) LAERAEEVE S,

3. 2 EFLOBHKHERK 8

(1) HHFEE

ERROEFALTHE.,. BHSEEBORHAO—I &
UT. BRAGEEBORRBRBLTHEBEEL L
BER. RELVODABRBVWTITHhh 28 L%
ET B, URBoTEFALTEEINABEE. -
2QRARTEDORERFT » DIEORV—BETHY. Ik
HENES Y TEEBORBTOERHRZEHLE T3>
DAYSITET B, (HHOHTRY o ) _ o

(2) PRI —2WRDO0T B-2 TFLONREE
RIREDP S DNGBIEMREDZFEBRBOELIZ L > THIHOHE B REN S H. EBD
AR ETOABHENAY S ROL OPRRETZTENTE 3, BEMZE (F. FH.
BZID) 08T —Z15(5.2,2). (5.1.1). (4,1,1), (3.1.1)E %3 ARBETINNE LT
NBERELTEXTE VI EBhDPoTVS, VE R ORIV TETBEHEYE
WHHMEBITORFUEN, RWBVZOANI—-VEBEBEZERELUTCLAZEBEIMDOINE,
(3) ANEH

EFNIMADANEREUTE. FEOERHEYENBIWN Y — VREW BT 5 HHHEl
EUTVWAHDORHVIDENS S, CCTUEErExoh 3 2ERALIY Lifh.
(a) R

SEOBELHARALGLRIBTHY. CCTRRKEMNYELLHE UL SEBRY
MM U RIZEOBARGHOEMER L EERET S, ERBOZTFEHRALATHHE
WRERRE. SEREISATERZEMEN., - 8HHEYEODFETAF L ATLAN
INEERERNTEY. HBOTOS P LM RENE R>TVEEVL LS,




b)) RBTER

WiREHEYFZEXRFMNEHh S F—1 -l (MEFETFL)
FEER L3N TRRBR
¥ R{ToTWAHE/RLE. +HK
BAONBTETEE. REREB | 4 ur oo wnmsecon
ZREEEERBEHULTULTVTD »o RERAPZG  AHE BEL-OLZED
FTEORR D > BENHAMMEIE D
VEDRET—ADHBRETZLE | v-r3 sl EREMREE

N=l HL EBREXEN E6IE BIEVVIREN

LEU&Q W t *um",.g— % t Vo 7?2 Eé‘t‘ B ho BEBND LB 26IF  HELVWVRPHY
%0 %%@?‘_‘y{’ﬁmlz&r&ofci )l/"ll/4 %3[/ 8‘2}5&»‘4’(5‘/‘
TETEEOEBHIEEHRNY — mo BERMS  xHE  HELLEES
VEUTRBENBEEXT. £

ﬁ‘gm—aB(D—jf—-y F ) ﬁi‘ﬁﬁbho NM=N5 HL KIFESEL mAIE  HEV i@y

(4) HEEBOBT
EFLTCRHS—HORHOF—YRHVEZE w( X)
W3, CCTHERTIEFILRRHTOEAL RS
HDTHY. FHHRZEBRROEIEVRLHOFT 10k-----—- -z~
—~ Y 2AVILERS S, BUREBLEBLTIAFHN o
F B LUFRREEAEThEY BTEREHEICU L%
BREhFh—ETORET I VWS> EAOEDL—
BHBEHTHZIEDLS. ChERBERELUT
BRYURF—VBRERRIAUE. EBERAVLRZDOW
BFI60E 1 H8HW B 3O EMKRE Fhi
e BABBE. T—AFIROREHEETDH 3,
(5) 77V +HARLZHWTOELR

2T, Ty HRBEESCEKRSE L . . X
HHORED T 0 RO DV THENR S, 0.0 05 10

(@=L O¥ERK H-3 XYnyyTHE
L—LHER T HRRNAEE L - & > TR

T3H5DTHY. L— LRI EFNOBHEOHBDOERET S WD, £LIDSU
RAHEGHRMCHBHER RTCEBTELIOTEYTH %,

EFNLCUHLLBHBRE LRI — VBN CTHAROYNM B IN L S5RZKRDE O BRERE L R,

DEFERBUTEREL. HEE. B0 LS 320XMRITOIhBEFHLEFRLFHL AN
LOK. B, NOZBEHIET S THEIEEX R,

QHEERIRVIFAVHREVBARUEIZERRBIIH T 3ZRBHOINTH Y. FHIH
ARBPREEOEDE EARCHBOBERREIN S, ThRMBUVEERBPIEED
BERISREEVBATINT»BHBHBRREEEZ L,

UL E I BBRIFRESOTER I EL—ILOERERULEDONE-1TH %5,
(DAY NY Y TEHEORE
XXRHRFURL—LR US> THRERITORDIZWE. TKELY . Iy &L
ShBEBAINYYTHBEUTRIERERIBRV, XNV THEOETEWER. X

RBER—BRICHVOIOTLWAERMOBEEHV 2. BEAWRRIERKTREL S,

wal(x) = exp{-1/2(x-m/s)?}

FRhZOBERLRTIERI-3DLI>ITH S,

(OB N
EEOHHZEOTREHEIVL ODON Y- &> TdikEh 3, HEZWIKLSD

FhE4A2ONY—JRE>THERBTANY—-UPHnHEhS, TITEARMETRIZ?»V ¢

WMADHADEUTEBEIhBHHALANLEEFRFhORBEANY - REBRUTETLNGD

HAEUk,.



3. 2 EFINOEHFELER )
BRI ETFLRERU i a
B, ANEHKE U TEERER \
ATEEREZoh 3 L HARH 24
Thh. 2hiZk VBIEN Y — I
IBREXhBELS5HEERE
3, SCTEFNORERAL
PF—=H &> TEFIOEE
OHBRMIT IHHEBREELR 3
YHiZ. EFILTOHRNELE
BMOBBERELHBRURKME ¢ ¢ o v 2 5w ® ® 7 @ 1

mCHT AFILEUTRRL 2

HONBE-4TH3. TOFHY -4 EFLOHENER

BERIVUTOZEBVE B,

OLWER2LEEUT. 2EHZEROBEANY -2 EIL—BUTBVEFAIRZLSH
HEEdSVWEEIOhD, (GGEAE  HENY—UBHELRRO—-HURHEO
ReWEOBTHRU LEL0.818TH >k, )

QHWNY -V DOEILERAEEBOHBIBLVTUEUNY - ROEBULBHKELE
b9 3, TROBBYFETINY -V TRIEDIEBBEI I, EFLTELANILOIE
B> TEILUBENRRBERINY —DBEET S,

DEORHE TP BT255HYE] O ELEBHREFICRIATISIENTE

BCERRUTVS, CCTREISREKPHRBRHINBTRE OV TIIAIT 28, fEkEh izt

FILRLIOEBY—AR2VTORFRIToRM. AR RABEREBEHRFRERLER,

4. 77V s mMARHBETILOHUR
4. 1 EFLOEUMIKE

AHTE. A TRI U LER £-2 HEF—Y (HREFNL)
BbE. EHWRT 7Y ¢ XiEH
WEFLOURERITICERT S.| g g 28288 | 10858 118188

CDRHOBEYRBRHEE X
DAFTHYZhEUTWRT, B 8:00-12:00 [ 8:00-12:00 8:00-19:45
(1) F=YOEE — ,
EAF-yERsAKE. 25 | 70X 20 20 i
BREZEBRBR AU D ORAED | mansy—> | 151 | 124031 | 12010
ROETFLVEEKRT 22000
ERETILENDS. TITH | & 3 b 45 BEREE (B8
MEFLTRRHEHRODBDTH
SRPIhEPUDHR-2ERTLMIEE UL, CCRIBFHRUREROLEBKBIDRY
EBHLhILBAMBEETHh TV S, $REREZREROPNBLERIT S50, 55K
WEREREOEEOEUTYVWSH (H6EIIHIBHT—¥) B&EHhTWB,

(2) ANEBHORE

VHOEF L TRANERELUT. OBR. ORBEREENHV oA TV EY. Ch
SWUMATREBEOEHEUEBHPN Y -V RERBTSHHHEEUTEY., HOEE
EEZONRBVLONOERHDEFIADANERHE Uk, BAHENLEDOELUT
WHRAREE. HHBERES XUBHEERTD 5.

(3) NW—ILHEEDBRT

W= ERIETLVOEHERANCEETSHDOT. RMADOERRIEEOD L IZEK
ShEQPERHZ, BANHICBR-SRERTEOBRNL—ILEREERL 2.

B3N —LOEAHEREBPOEXHXOVTE. YHEF L L - LBLREIEL




UTW3, 2T Tl &L B _
ERREFOMNPEPOLE L TOE £-3 L—LH#EE (HREFL)

BErELR, BRENBEZLCURESE — ,

e . - L—L1 HU HExrign 2old BELNXILILEN
M. WEEHE. ETWEBELON B, i_no LU mEEsEL Roi HBLALEEG
ChollEBAROETRIBEEME |1—13 U BREIBSL

P ) MAZIEE DB ol F@LXLEEL
HRAEQERE RS, BEOHIMMB |1 na oL meEsedse >
SUTW. BE»sDiFRoOM. = PD EATEENB R RS MELALRPLLSL
WREM A DS OkEENEx s h [T Y EEEEE Lo
5. BHSOMMLIASREOR |, LIS DR
FORBRUBETHY. FERI »o BABRE>EMEER ROl BRRSSRAEE
N X N — =8 HU FHELH

Bl & h 3 HABRBORERE @S »o BRRRE<EHSEE KON ARR=FHARR
DR TV B EBhN B, 22T o s
15%$§®*5%®*‘Jﬁ’§%‘87&&)(: GE: EFADTIIN=LT. 8LIERITIREENS)

=L TBLUBHBMASN TV,
ZoEhi. KEREFEFELTE.
ChETOL—NLRZWUT. EHEYH 1.0
PEBEUTH->TVEEEXON B
BEEBRLEIERTHIHRAREBES
HBCENUTHOWTWAZETH %,
(4) AIINYYTHEOESR
AKEFLTUE. BEHROIVEX.
HEOBBHED O -5 RXRT LORE
EROAIINY Y THEEHVE, 2O
DA OBV T, EHR. =f4 ° s
B, 2EELBURRERIHEFLL _ ~ e .
BLChonn. TrloRmanEE 0 0 XYYy THB @REFL)
WHRERRIBVI ERDD S R,

=X

4. 2 EFLBHRHEORH
ZhETHENTERAER g
E-T. WREFILEERU I
2o HMIMIEFIVEIBEIIEN Y
—JEDHLBRIToRDOM
H-6 (11H18BF—¥%4)
TH3., ChERBZ2EHBN -
= VEILOBIZHEL DY
WEETFOThBRIN BN, |
LUREUVTE RXRERBH
HEnBohTwWaEBhh i,
i kéﬁﬁcaiﬁj?‘ 5 Eég@ 8 9 10 1" 12 13 14 15 16 17 18 19
91T F WK
ool T T AL H-6 TFLOHAKE (HREFL)
FRHBEROKETH.
HEOME. RTHANOEBEEFILONHOITh Y 1 HiE (1553) KR->-TEY. 20D
EFABEROZ B RBOEILRZHUTHFAWETESEIERERULTVS, SRINSD
HMRERXORBAIE DRI, IEFHIIRHNRZE. ChETOL—LTIIHE
BIXNTOLRVHEL—-LHHHU. EFLRZEDILERSSEEbNh S,
B3 X h TV RVBHEEROBRZOHNITH 3RBL NLBEWL DOV THRE U
o COHBLALEUTOHRABEREALUTE. PHEFLERRYERIIRELET S

a

¥
(
)

'
o-6

4 g
e BT mey)




BEMOBBEHV D, BEBOKEDENBZHETHATL I, HENY—-20FK
LT SRR TEAPRIBNREBF OO TV, UkP¥>TZhiZi> TIERUBAKE @AEE
RIFEOEHBUYFOHM BT S3HHFLNLOHBERT CLPUETHEEEbN 3,

5. 8hyic

AMETW I 7V + RBHFEFLOERREU TV 2hORFRITo L. FUTZ
DERBONETHETFILRHU. TORFOHREIToR. FTOEE. WHEFILER
BUTHASRRCUTO.IREDURBERI N2, COLORHIL—LEEL EBHARZCERTL
WREFLEERTEILIE. COT 7Y+ HBAHFEORFO—DOTHE3EVR 3,

TRREAEFIURLEOSHEOFFHEUTE. BEESFANODANEEE U T. Hillts
WMBREBEERSTVEIY., TOMDOHEHHMREANTEZILIOIRTI2LENDSZ E.
FRTEHRORRELCSUVAYRIBONNbEI NS, ZUTIHSREAHKELS
HEDPOSHBROFFEEUT. OZBOHWITHRABULERBELF VS Y THREOHBE L
EBULEETLERE . QETLRLZHPERORFOLEN (LEAX®KEY I L
—VAYVEFLORARESZFHIM) BHEI3BIHhRLZO2VTRBERE B TS 3,

ChETTI 7Y+ HARRIUDEBL DT 7Y t FERXOLVTOHAHRFWITHH T X
o UDUT 7Y s FEOBEOEHHELRU. ChERBOMBRERU PRIV RV,
2%V, TRHEROAHEDT 7V 2R ITHIZETHRI EV o hOKHAMRERAORINR
BUTEET3LERDSS,. COLDRIChITORBHREROER. BEBLMX
TI 7Y+ HREOHERORAMNERERF U TV ZENEETHSELEbh B,

23

1) C.P.Pappis and E.H.Mamdani: A fuzzy logic controller for a traffic junction.
IEEE Trans SMC-7-10, pp.707-712, 1977.

2) BEF-. sXH_. HEE— : FRFuzzy®l# AR L ANEHSHEE, VAT AhE
W, vol.28, No.10, pp.605-613, 1984.

3) M.Sugeno and M.Nishida: Fuzzy Control of Model Car. Fuzzy Stes & Systems,
vol.16 No.2, pp.103-113, 1985.

4) gg%ﬁﬁ%ﬂﬁﬂ (i) AEERAES - RUSEEROREERICRHT 2R

, 1983.

5) KILZEE. BHE: 77V +BAFEL IS0 FEBZTERBOET VL. E290E Y
AT LERIHARRER BRI BT WE, pp.215-216, 1985.

6) kM. XILFIE. BFHE XEEHODRILEDI UV LFRARWEEET L, £
AKESHEIOBERENBRSEWRBELE 4, pp.463-464, 1985.

7) BREGEEB AN XEEPH B INEFROBRESILEDHRILCET RTERHR
&%, 1985, 3.

8) ILFIE. kAR M. BHE BHSEEBRZEEROHRILIIET 5. LAKG
BY¥HEHRERSHEE, vol .8, pp.129-135, 1986, 1.

9) EBEXR: DLVIFVEALREOHPAOICH. GHME B, vol.18. No.2,
pp.8-17, 1979.

10) WIAESR. EFER: T7V 8@, YAFALAEHB, vol.28, No.7, pp.442-446,
1984.

11) E.A.Mamdani. Application of fuzzy algorithm for control of a simple dynamic
plant, Proc.|EE, Vol.121, No.12, pp.1585-1588, 1974.

12) MRERAIK . FALSEE LT 7V +HiRO2 HATRELEOBHEHR. FHKiEDH
WRECHHE, BB b= X ’84.12H%, pp.183-192, 1984.



—EEHAISN IR T T 7 Y ¢ HBITH
Fuzzv Contorol of Double Inverted Pendulum

T FEx R TR A &I HE 5

T .Terano* .Y .Muravama*¥ . S .Masui* and K .Tanaka*

¥ FERKEILFR

¥ EHRL AT ZE T

¥ School of Engineering .Hosei University

%% Ship Research Institute. Ministry of Transport

Abstract

This paper is a studv on the behavior of a skilled man during manual control
of the double inverted pendulum . A strcutural model which consists of the
judgement process and the operation process is proposed. And a fuzzy controller
which simulates human behavior is realized.
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On the Human Operator’s Fuzzy Model in a Manual Control System for Steady
Random Input Signals
(Comparison Fuzzy Model with Transfer Function Model)
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In this study, the human operator’s fuzzy model in a manual control system for
steady random input signal is constructed by referring the experimental data ob-
tained from each subjects’ trials. It is shown that the distinctive feature of each

subject’s control strategy is able to be infered from his fuzzy model. The fuzzy
model is compared with the transfer function model and it is verified that the

fuzzy model is better than the transfer function one for simulating and analyzing
thehuman operator’s control behavier in the man-machine system.
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HUMAN RELIABILITY USING FUZZY CONCEPT

HBIRE/A  Takehisa ONISAWA
{kFEPE— VYoichi SATO
(HRTEAS Tokyo Institute of Technology)

ABSTRACT

In the present paper, human reliability is defined as the fuzzy set which is
given by the factors required for the task such as error rate, required time and
so on, As the results of the experiments on a micro-computer, it is found that
the factor “ required time “ for the task is important as well as error rate in

order to estimate the human reliabiiy.

1, Ik

TS5y rREOBRICIE, ABEBRLTVWAZ BB, 2250, ABBLBTHIZ0NS
B ¥ DR IET 555 2 DR ABOEEIE . EHRROISEN 2 L TAX BH10 3
WEDBES, 22T, ABOEHEHEEISIVIVTH S LORBOY 2ic, Fuzzy 7L TREL &
5awBEAﬁw<omuénrw5?3kn6®m%fu\Aﬁwéﬁﬁéiﬁiahny%%
B, FEHEHRRT I A4, BIUEHVWIVIERT AT A —2ILL->TER, ZNZHNDR
52— 4 OERBEEICS & SOTEDTVE )

FHARTIE. ABOEEE 2RO L 5 ICBREIH» Y Tl | SRR T B infactor
(7= & A IFAERR, BEEREY) % ZEBU Fuzzy £2ELUTRBETH L 2ERT 5, &
iz, AIBRICY L35, w4 3L ic XAEEERRITV., ERCBT 52 ABOEFRENEKRICS
WTEERT %,

2. pFVELEBL L ABOERERR

2. 1 ABOEHEHEOFuzzyRE
AR TIE, ABOEHES
1

u (e)= 0<eo=1, m>0, (1)
Er ) 1 + 20]e—eol™, ’

OHTRET B, )

BoAMT 7YV 4 VAT LY VRIS L (19865E6H16-18H) 2’nd Fuzzy System Symposium



REU, eoBXUMII LR o=y THEOEL2EDBERTI2—L2ThHH, eld¥L—F
MILLBANMEHEEDOES, mIBVIFVIDEEE2RI NI A — S THE, TNFNDNAF 2 —
2O, ERELIILDEHEEICERT BB Dfactor 2 ZEBL THTE XN,

2.2 BHOIEOWMiEE

K (1) cRENBFuzzyBBEDa-cut® (el(a), eR(a) ) T35, T, DLFLEER
TRIA—42%mL(0=<e=<e ),mR(e <e=<1) ¢33, z0,E&,. X (1) D
Fuzzy BEDHNF VX 2B T IEE2RDISCERT 5,

f(eo, mL, mR f(eo, mL, mR
J = ( o, M ) — ( o, M ) (2)
f(eo» OO, OO) 00 5

L., f(eo, mL, mR) = Y(ek(a)—eL(a))ada (3)
/]
ZHIBADFf (eo, mL, mR)DME (=0. 5) T3 f(eo, mL, mR)DBEDHKTHH .
DT OEMBKE VT Y FEE Fuzzy B EDIUDLEMHBKEL, DIV OEEBKENLLEY
lyszeNTES, B1IIK(1)

TERIND FuzzyBB8DHTH %, e lﬁ*
RS A—% e DR 0,51, i 2.3 /
mL, BITmROME2 ZNhZFN, J 495 N A
1.8, 2.5, 3.1 2ZfLX¥T . = v/
HBo BV EONEERI OF 4 {3 o |
BRRETT, T Mo H
S
...... S
3. w4 aUfFRicE B ABO 49 //i/ |
{EREERER % e -
3.1 EBREMS I CEREE 0 eL(®) 0.5  eR(a) .0
AB—BRAO—BHL LT, v4 av2fE- e
REREEHELIT), COXBTOEMI, AHO M1. Fuzzy£s

EHEBRRTHEL factorOBRERITHI>C L TH B,

VEERXF + 2 L4 LleRRan 5 @EOE%R, REVIRCERRR, E2F—F—FlztbhA
NTB28DTHB, LHEL, 1REHHOHBRET2 s L, 1EOIEETORMBEIIS 0
THh, 27— LRAOIFEAX2IEMNANLLE, HBRNERNTELONBVWEETHE, 77— 4
LLTERBCL D5 —0BEK, NERE. BIUANF oW TERL, 74271412l
I —HBRREIN, 25—FTBL TR, FRI1ATITIBBEEL, 2A1HOF—



ARMAT2 AFRCRAUBER2T5 AEENH B, ZAMEEL ANDIEE, ORFEED 2ERNH
h, B1IBIFERE2OISCIBRHECLOF—2DI—L a4 A2EDB, EBIERICL-T,
BaYh/EE  ANDIFE. ORMFE O 3EBERXAL T,

%1 AND{EE %2 ORf{EZ
F— & 72
EEE L |[ERB2 | x5—| 242 VEEE 1| FEB2| =5—[F—&
E iE E | Bvg E iE E | Bus
E 2 E | EOF iE R R | Ro%
S iE F | E0F i iE R | RoT
R = B’ | BvS b R ® | Bwf

3.2 fEEFT—4208nH

AEERICBEIL THEH IR &factor2 LT, 1) =5—0E, 2) AERM. 3) BEEKO3IX
2EXB, ZLT, FEF— 22 LtRDERHL,

1) B3 [Enin, Emean, Emax]

Eweani j=Eij/n, Eij: B#BEZ I OjEEOEEN 7 —DEL (4)
n: R
T3, BHREQIBEOMEE (n=50) 2RE3IEL LT, Emeani j OF/ME% Enini
BAEP2Emaxi, Fi5M% Encani 695, EBHRBETCINSDOFH L LD,

Emin = ? Emini /N, Emean=i2 Emeani /N, Emax=? Emaxi /N, {(5)
N: BEREODAR
7%,
2) #BR=Eolg (EL, ER]
rrEL,
EL= Emean,/ Enin, ER= Emax,/ Emnean, (6)
&35,

3) 1ZMHbOBEX r
rij=Kij/n, Kij: #8%Ei0iEEB OIEENEBERE (7)
L, BEBRE i OFHBERLri LT,



4) 1% a b OEREE  Twean

Tweani j=Tij/ n, Tij: BERE I OiBE DOIEEDtotal time (9)
L. B5E i OFHAERE% Tweani & LT,

Twmean = 3 Tweani /N, (10)
1

T35,
5) 1ZE»h OFERENE [(TL, TR)

TLij='J§(Tijk—Tmeanij)’/nLij , (11)

Tijk: BEBRE DjEE OEEDORBERESkOPTERM
nLij: BRE O EBOIEET Treani j > Tijk ORREEL

TRij =J§(Tijk —Tmeanij) 2/nRij , (12)

nRij: HEREIOEEHOIEET Treani j < Tijk OFIEE
sL, B5E i OFHERMEIEL (TLi, TRi) 2L T,

TL=3 TLi/N, TR= 3 TRi/N, (13)
1 1

T35,
ULEoEZ2HACTIEETF -2 OB 2175,

£3 BEFRECBIAEEF -2 OFSHE

3. 3 EEHRR

RIIBIFREC BT AIEEF—% BIYRYERE | AND {EE OR{ER
DWEREIE~ AL L 2 FHHETH Emean | 5.4X10°2 | 4,5X10"2 | 4.6X10°2
%5, BTN TH S, BIERK EL 2.3 2.0 2.0
2VWT 1 A3ELLEER 2T, & ER 1.8 1.7 1.5
CHREPBEL VWL Bbh 3 HEBEBIC T mean 12.2 11.2 10.3
S2VTIE, FHOF—% 2B D R TL 1.9 1.7 1.7
o TR BT BIMERENSB 8, TR 3.1 3.1 3.1
ANDYEEDS 1 4 4, ORVEEM 115 r 1.3 1.4 1.6
Ths,

3.4 {FEEROBHK

SEHEOFEIVTNG | (FERECHNROBE 2T 30 ¥ Y A—RHFECE- I 3L T
b, BHIEEL 2AFEOROIFLLTA— PR IBLENZ ML 2ADFETH B, BIE
B3 A\HOEREL2ER T v, FiEOFERRICE L30T, BB factorDRBIN,



R 2 —2 —DECHER2TT.

SHiactorB OB SV THERRE T 5, TRTOFEEC BV THERE Enean i LBEFEri 2O
Bz EAEREASEE®D St SBEXr i IFAEREMETLI, TRi2 $ EQHESED SN, %
OffidfactorE TIIHEBEIIED 5NZh T,

RICBIELET — % OFYECET ZMEAIRERT - 25, T TEEIERLMD ERTEE
MW SR, BERE. EREEOVWTNCOVLTY 5 BKETHERZENSBD bNB -1
25, FREBSRIC ST 1 BARETHBZESED iz, iz, BURERE L ORIERT b REDE
EHpE LT, AND R OREZ T, TXTDiactoriz DT 5 BRETHERERZENED bNL
2PN AN

I FOBFHFERIT, BEXr i3flidfactor TRRTE S L 2MRLT VS, Fio, BRERL =
MEZOBIc . THBERHEL THERESTED bNBh - icd hrboT ., FHHEREC
Bl TEECAERENED NS, COEECBOUTIABOEEHRRE LTI L &,
“r2 35— OAZ LT, “FIERM" 25 factor2 BB T AL BAETHB LA B,

Frr. 2 FLIZBL TV, SAFZECBOTIIBEMEEL HEL THEHEZ X b L 2Bhd
PoTWVBEENZ B,

3.5 (EHEEOXRH
AEEC BT ZABOEHEELERRT 3 o, RIMOFRFTRERLD .

1) %5 x—4 e, O, BIRHKEneanDthic FTEEH Tnean $ BET 5,

2) #5 x—&ml, mROMIZN TN F—0G, BEEEO (EL, TL] . (ER, TR]

OEZAVTRD B,
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EmeandS kK& { BNl e,
DEIIKE L2 h, Emean
e EiX, Treand$
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BRI BL—LER2T
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RUt, Z0REENBE2 T 10l
BB, 122l eo OEI
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EEOFEHEL 0.5 LT 5
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M2, e DmEFMHR
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DI IEEBITLI,
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%R THEHE OEBEOFuzzy £E
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e, (SHMECEERK
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DETHBYr — 20 oot
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Fuzzy Set Theory and Artificial Intelligence

EEBFY S>3 (KERK¥ KRGHE#EY Y-
Motohide Umano (Computation Center, Osaka University)

Abstract
We survey artificial intelligence (Al) and its relation to fuzzy
set theory. First, we briefly review the definition of Al and its

application fields such as natural language understanding, expert systems
and computer vision and their underlying fields such as knowledge
representation, problem solving, knowledge acaquisition and languages and
tools. Next, we explain certainty factor (CF) in production systems to deal
with wuncertainty in Al. And finally, we describe researches in fuzzy set
theory toward Al such as PRUF and fuzzy reasoning (approximate reasoning).

1.3U»k

Bll. TRAN—} « YAFLAPBBHRB S T ERDPFCHEHE R >TSS, Zhold.
VWThOALHAEE FORHTHIMBTEORRTH 5. KX Tl 398 2 HiTAL
BES AR T OV TER T 5. ATHSERMRLETCHIRIEERBX LT 58, AR
BRESTOLAHBOZLETHPTHVENTH S, ZOZ &L FHHOLFAN—P « VR
FLAD1DTCHB MYCIN THTTRZEBDONTEY. EMROIVFVRIGRERET S
. Bayse HERVBHERMRBEUVUTHYAR O hE, ThU¥. TX:AN—} « YAFLEH
BILEDOTERY—LTCUHBREREELETXL08YR0HCR>TVS, £ C. &
3 #iTUE. ATHEEOABR BT 35V FLIXOMYIFVAEE U THREREI DV TIENR S,

—F. T7Y 1 AR T, L.A. Zadeh I&. BASHEOEKRELERBT 30 ThEtES
ET 7Yt EARESVE PRUF BIEEUTV S, k. AROHRBRLENLT 3D
7 7Y+ ARGIDMHHR)DREI N TV EY, ShIATEORELIBEOLDTH 3,
4T 77V 1 EESREBYAATHEAND 7 T—F IOV THENRS,

2. ATHIBEZDOWT
AT, ATHIBE(AL © artificial intelligenced)lZ DWW TEFDFEHREBREOHRH TS
fRlcEFEDL D,

2.1. ATkggE L
ALHEECH U TUHW AW B REEBBRINW TS, HlZIL.
(1) GHEMICIMNRZ ERTROEZLDHOEX HIZOVTOWECH B[11.[2]

EWOAMT 7Y ¢+ VAFAYYHEY YA (19864E6H16-18H) 2°nd Fuzzy System Symposium



(2) HIRTIREHEBEY A7 ADOBFHCER U R EBREO—2F TH 53]

(3) BRFIESRE > TORVAIFERSE LUHIITRIDEBRHT A ERENE T 52%
T 3[4]

REBH S,

(D @D+ B) DVThBITATHEEIE VS FERELERUL SVHRBITAD VI
FRIRY72 1 VI BTEREXATVWAEGFEEEDNS, UhU. 3) WIBRFIEDRE >TH
ROHIEHEEICH Y. PUBKHREUNT 3. ChitkdE. ATHEEONRIIEEL T
VWADTIRLT BREEDHBREHH> TV Z &S, US> T LBIIHRICATLA
BETH o, SIEATHGEERIRVABLFAET S LIRS, FBE. ESUH TY
A M TEGURE R EBIhICK LY., STRATLHECET LW FVEXRV. &
oo THERMEARL (M —LDOT TS KhIREDEDICEITHRBUTHEH. MERZELUTVSLE
BOARWABLSZTATHEBIEVITEI I 7V 1R ).

FhTW. BE. BERCATLMEES I TO30BEMATH S S5 H. Fhil. ICHBRD
DQEUTW. THASHHER. (TR AN} « YAF AL TEREBITHY. ThETART
OERMEL U T, MABRBL. TRIERR). THEHES) TSIV FEEV—-NIBS %,

ATHIBEDISHN . BFCEAMBOFU T THERTH¥KE © knowledge engineering)J
EVHFERFEOI S[5]. U T. REHRWEITFIIMZRRIE(cognitive science) j& If
Hh3Z&d3 0. DEFRBY SHEOHITL T L OBEI BV T IR ¥(cognitive
psychology) & BRI 3, X &, HIE T, MKIFERAE (knowledge processing) T X5k
15T (knowledge information processing)I&EFRINh 22 &b dH 3,

2.2. ATHIBEQICHD T
(1) HASEER
AIBCERU LB TR RABAEMHEALU TOA3HAFBORFREOBATHE
(natural language)ld. ARIEBHE DRLBERRAVY—T 2L ATHEDT. FFLEE
BRATHBEOH RSB CH S, BARTEHRICE T SH78E T. Vinograd @ SHRDLU [6]1& W
SYVAFLABERERY 1970 ERICHRPTIDALHEESHh.,. BIETE. HEXOHYK « &
BERY AF A[TIR I UHHRHTHES  OBBEIRY A7 LA BMAILEh S L TR - k.
HASEHER BV CEERBESWIL HEURITIC B 2 HREHR(ATN. augmented tran-
sition network)[8]. FBKERHTIC B} B ik (case grammar)[9]. BEHKIRIC BT SEIK
#7(CD: conceptual dependency)HER[1012EMBH 3. BEOHMBRIIBREITOL NI Z
TRETZZ VTR oEh I TH S, FUT. BETW. WELEMALLY. X
OWERITRD VAT LAOWRDITROH TV S,

(2) TR AN—} + VAT A

$3BOEMREFU &> RREOHEHUELITRI CEDTESY AT ARIF AN
b o VAFAEFARY AF L) EER, ALHEORD TROZAHOFTVAFT. RELQ
TEAN—} « YAF LAOERBRCET 3MEL BB LFE LA TV 5. will. RITE




hEe Rk B2E. ROLS BB TEEZLDOIFAN—P « YAFLABEREHh TV 3,
REU. ()OI EORBTHERINhRELIFAN—P « VAT LOETSH 5,

E2(53). EERI¥(Q5). BFIL¥Q2). LA, FH#U0). HEEY AT A

(10). tHHET(9). TH(8). HBE%(T). FHEWM(). RWiER). H¥0B). &

2(3). PHEHQ). T AHEQ). [EEW1).

FUT. FREhOIEAN—} « YAF L. BHHT.

PN, Bt IR, B, . P, ZE. T ST, BR
DEIBHBEUTVS, BIETE. PRI IZEAN=} « YAFLEHRT 5DOHEE
XY —LYEERILEh 2 [12). THFAN—} « VAT LAORRERFG T ARV 2
7 (knowledge engineer)& WS BEEMKIU DD %,

(3) EfRFRR

VHEEEE)BEPNEEEDP 5D OV ARERELVLY . BEOFEHEIE>TVWSH0%
BRI 3FEDSHREIL TV S, BiFE. 1970 FREBARCHRE S L. SEHEOEESD -
TWABBOHMICET 2503 2FIAU T, DRVBERLZARTHORETELS LSS T
W3, —4. SEOERIIE>TV30ORMT SHBBLET. FEELEHRABLETSH
3, Zhit. ORY POBEUTEETHZDOT. FELBALHRIN TV,

2.2. ATX04EDEBED TF

(1) HIEFRIR

VWAVBRAEREEDLSRKRET 30U, FECEELMETS % BE. V-, TL
—Ah, EH2Y M FEEX ATV Vb REREOHENEDN TV S, EORFEPK
VHlL, RAMFCHERT 3B, X AN « YATFATE. A—ABLLEhh TS,

AL BRI RXMEBE L OhE XK. PO UTHBERRRT IO TH S, I—NL
W& BHBEHOBSW. HRGATHEERMENSZ)EMRIN S EDBEL. Tk ME
RAOEDIZED LS ICHMBLFHTWILVDEVIDD. 1 DORBERRTHSDT. £
DEHOME(A YHRIE Y AFLAREXATBVTHAT V3 HiEbLH %,

(3) xapEs

HMBEFIFT 3R, AR ROV A T hidia s kb, UL, Th
BEBREMNT. BRIOPPIHETH S, 2 C. PBREHREIERFU L Y BEHRITHIGR
PREBUL YT BHELCOVTORRRIEFCEETH Y. REBARHRIH T S,

@) 70723 YT BBEEY =)
AIBEFESEERREIS U T HECOTOYIIVY

SRYHEBY-LBH 5. LAl
. FIRYAFLAO—EBEEALU TR, BETRMHAOTEY

V= BERER TV 5,



3. ATHSER BI 3500 XOWMY FL

ATHEEOHBO> BT BELHEHRSVLIVIRFALTVSDE. ZFAN—b v
2AFLADDFTHBo THEAN—} + YAFLADOERBO T EMROS WV E WRAIHRNR
KETXINERS S, LEAN—| « YVAFLAOERRI<AVS BT IV ay « ¥
2F LT BEFE(CF: certainty factor)i2 & V. $3BOBPVFVIREABTES0H
WRBIRO TV S, 22T XRR2IE SV T (F 2L TEEHL Do

TAYIYaY s VAFAE. Ta¥yyyay « L—LOETYOUL—IN—=2)EF—FD
By (FEMEE R IITF—IN—)DPSTETVS, TO¥ v ary - b—Lid. fXE.

if &M & Rt2 & o & R
then ﬁ%ﬁu ﬁﬁﬁz, *tty %Eﬁ- (1)
OS> w@hh. RJHMEHIR)ORME. . ZHa. . ZH.OFTRTHEERETOT—Y

Y—Hdhif. BAREER) RS Bh. - ER. 2 ERT SGERBIBIER S
FhRIECEITT 5).

CF BEABENSVENTHIDE 0 & | OROKIETEDT (-1 & +1 OFO¥KIE
BE-TEDLTIELH2Z). | BTOFAPMRRIELLIEREDU. 0 BERLERST
W3z EREDT. EUT, B zx

if &ty & &2 & - & Rt

then ¥&#1:C1, HiRz:C2, -, Ein'Ca (2)
D&HWRHRAU. £ Rty - ZE.OTXTHY rERETOF -y —BThI. &
ok C OIS UXTIRTE. &Rk C2 ODS UXTEIRTE. . itk G
OWD» S UXTEFIRTES, 2EREDT,

ZDES% CF POk — Lk AWTHERRZITRD 2HIZ. XMI2]THE.

(1) RYIORLE . Btha - BHC—HT SEEETOT—Y O CF »SRHEHRL2HE
D CF BEDIIRXUTRDSD,

(2) RBWLKED CF(AS CF ERZI)DHS. L—LhDEEAD F 2> T. TOERIIH
3% CF(HEN CF EERDERED LI UTRD S H,

(3) 2oL LD —LBRAUKALELEE. ThThD (F HSEOFREEENT S (F
BEDEIRUTRDS D,

O35 ERMLThIELVEL. 2 BYDOAERSXA TV, 2T TR TO—HEREANT %,

(1) R4, Rtkas . RYR—HT BEELETOF—ID F & Gy Can oo G &F
2%, XMHBLBHEULTO (F 2

Cin = min (Cy, Cz, =+, Co) 3)
&9 %,
(D AT CF % Cin U, | BHOERD CF % C; ET AL X, &R Wwitd b CF %
Cout.g = Cin X G (1)
&9 %,

3) AUEAL AL k BOL—LOHS CF & Civ Cau oo G ET B EE. ZOHERIIX



r_‘ﬁ
f
f(
Yy

_
1.0/ —

U
1. CF 24 k#wmOH2]

¥ 524897 CF %2
C = max (C1, Cz, =, Ci) (5)
&ET %,

ZOHE & BHEFIRE 1 12RT, 22T [ eI ES UTEx s h B
DEEL. DN —L&BHEE. VIL— VR EVHEREhEERERDT, CORTE.
GEEHh TRV, Zhit. FIXE. Tiger 2UIIN—IPB22EHBE XK. Eh
5D CF DI BORADHD®R Tiger O CF KTFBHEW0WH&FEDHT,

YR21DD > 1 DOFHEIIHBIE IV TV S, CF OBYIRFEAERIRHIC LI KEL
BRY, X2 COHEBBYITSI2hOYMIEXBEUL. FRFEZ{OWRARLEE
T3, CF OB FNZ2O2VTIE. XRI2JOWRRTH 3 XM1ITR 1| X—=YEUdRP ok
M. XRI2ITW 6 X—YdfFi-TWD, Thid. 7 EORD CF 2313 2 BROEILTH S
3. . XMISL[130C CF 2 ATHAORRB D 5. 2B MYCIN KT EIHRVFLL
ALAIBHEREh 2. MYCIN 2B 3 CF OIYFVIZOVWTIIChEZRIhRY,

4. 77V 1 AR BI 3 ALHGENO7 TO1—F

TyY c EEBNE. AKX, ABOSVFVEIRIMYBEI LHRREIhRIERBRELE.
T 7Y t AR BOTATHEECEE U EREBITROh TV SDRYROZETH S, &
O & > RHELEE ATbh TV B M. FIRKBUCHT 3 L.A. Zadeh O PRUF & [EIZERRR
W37 7Y s HRICOVTENRK S,

4.1. PRUF
PRUF (possibilistic relational universal fuzzy)[151k. BRAEHOBEHKERERBRY 5k

WOEST. BREJOLOBHLAHEMAH THRBT 3. TUT. BAFHDOX %R PRIF O
FIHZEHT 28R 4 2ORH I TRUTY S,



(1) {EfEER(modification rule) : N BHEOZFEL. F 277V 1 EEETHL. H

REFDOY N is F” & AW, Tx = F &V PRUF ORcZEHENH B, N ¥ |
OEEWCHEEUTVWAE R, F W77V 1 BfR&E%5. FUT. F I not. very. more or
less REDBEMHBE STV RIBEWIE. BHELT 7Y + £ALHT ZRETE U THRT %,

(2) &miBE(composition rule) : (DOFED2 2L LDXE and. or. if ~ then ~. if

~ then ~ else ~ AV THA UL XOUEDOU P RICHET ST, ERONCEE
hTW3 T 7Y+ EERBHERUTI 7Y 1 BRED< %,

(3) PREEAI(quantification rule) : ZORAEBAT 3O “ON are F” TH 5.
QT 7Y REFEETIHZHDT. most. many. few. some. almost 72 & DHEFHIT
2, Zhil. 77V 1 BEOT7 L —FOMERD SH¥ count RT 7V 1 EEDIBTHS
MEPROHODLERRD ZBE prop B> TEHT %,

8) BREEB(qualification rule) : COBRAERBEATEXO—BIIL “NisFis 17 T
$2. vii. EAEEBERSE true. not true. very true. false. more or less false 7%
POEEE FOSEET. BXRERER ST probable. very probable. not probable. likely.
very likely 72EOMEELOSHEBET. HEERE LRSI possible. quite possible.
almost impossible 72 & OTHEMDEO LOTHEMTH 5. Ths>OEHE. ERERTDS
BRI FRBOUREHUE P’ 0577V 1 EGRHB3LO1. BEREOR/LEBT 7Y
L EROEARFAU T, TR EOEAIETHEENERFIAL TITRS. 2ThoDXH
Wik, PRYOBOHEUBLETH S,

ZUT. XMII51TLE. ROEEFEOXD PRIF NOEHOFIBEGE6h T 5.

Ed is 30 years old. Ed is young. Ed is not very young. Sally is very intelligent.
Edith is tall and blonde.

‘A man is tall. All men are tall. Most men are tall.

three tall men, several tall men, expensive red car with big trunk
John loves Pat. John loves someone. John loves everyone.

Someone loves someone. Someone loves everyone.

Jill has many friends.

The man near the door is young.

Kent was walking slowly toward the door.

Herta is not very tall is very true. Carole is very intelligent is very likely.
X is small is very true is likely.
men who are much taller than most men
Many men are much taller than most men.

O 0O 00 00 OO0 O 0 O 0 o O

Beth gave several big apples to each of her close friends.

4.2. 77 ¢ HiR
SVFVRBEIELSUIRAOHRIC OV TIE. ATHEEORB TR I o WRIL TR



Vo =7+ T7V+EEGRICBOVTIL. L.A. Zadeh BELIEIHEA (approximate reasoning)d
BLALI61RREU TLIR. £LOWRFR L VBARARINA TN S,
RDEIBEDH VT ORERUEIBRABEBR L ITRS>TVEHDTH 3,

(1) x and y are approximately equal. (2) If x is large then y is small.
X is large. X is very small.
y is 2. y is 2.

RREU.x &y BNBORITHB. COEX. y IEIRBEZSH,

EBRTHER T, 9 large. small 27 7Y +E&EUT. approximately equal %7
7V 1BREVTRAT S, £ very W77V +EARNT ZHREFL U TERT 3,
UT. Ry D77V 1 %A%, (1) OIBERIET 7Y + B% approximately equal @7 7
V+EE large OBREVIFEEE UTERILT 3. ATELTERD LS 2R3,

large o approximately equal = Lo AE = {maxl(JuL(u)A waelu,V/v . vev}l (6)
ue

BEVIREL. AROREORFRRIBALR>TVEDT. ZhidHADAKIEHI(composi -
tional rule of inference) &WEXh B[16]e FU T. (QQDBHWIRHZ “If x is large
then y is small” 1% x & y OBREROUTVAREEXT. Thik 77V 2 BRICEHRL
THHHROSHRAG) L EHT 5, L.A. Zadeh . RHUXET 7V < BHRICERT 2 HiE
EUT ERS/MIEHNRA R IRE U 161,

0%, EAS/MRAEHNRAORERDERIh. KUXL T 7Y « BIRICERT 285
UVOHENTIBREI W2 Y. RO SRHEMOURE18IDIREI LTV S, ¥5. LD
Q)OZUXRTOAY IV aY VY AFADL =L EZEL R EXD. BR « BITOHZLIREX
hTw3[19].

4. Bbyl

Pb. ATHIBEE 7 7V 1 EARIZOV T, 9. ATAEEOHBHOBHR DV THERU.
R ATLHBEOABZ BT 35V FLIOMYFVHEE U THERBRI DV TENE, £
UTs 77Vt E8RIEBIBATHEAND7 TO—FDS> B, PRUF &7 7Y ¢ Hi@iZoL
THBIZRNE, 5% ATHEEOABT T LV GEHRIV IV IRV ES LDHIZT 7Y
L EGREFETZEZS U, T7YV + EEGRTREERTCHZ T L U TATHGEOZ AT

MEBINICHEN 3 TH S S,
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A Modelling of a Thesaurus Use Based on Fuzzy Reasoning

HiEh, =EHSA, FR B
Tetsuya MURAI, Masaaki MIYAKOSHI, and Masaru SHIMBO

LtHBEAFEAFERIEHARFERTIEFTY
Division of Information Engineering,
Graduate School of Engineering, Hokkaido University

Abstract
Among functions of search oriented thesauri in natural language retrieval systems, the
recovery of incomplete information derived from uncontrolled index terms should be per-
formed by the system automatically. We formulate this function by simple inference for-
mulae and describe an aggregation of results of inference, which is the basis of auto-

matic recovery.

1. FAMNX

THREBRREONFILBII2VY Y —FAQEEREIVWITTH RV, X, HHFARKY X7 4D
HRTBRFEVAFADOEBRIIREERFEONFILE T 2—20MBETH - = [17] . EER IR
BOBMABIUVYAFADF YIS AL VLY, BHBOADY AT AMLARTBELEAT ZH A
BGLOoo5H5 [17,18,12] . 2LT, THhALHEOYATFAKLEVWTY Y - AOHEBIERLR -
TW3.
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t1 t2 ts ta ts te to t1 t2 ts ta ts ts to
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ds 0O 0 O 1 1 0 O ts 1 1 1 0O O O 1
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