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Based on Human
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Logic Control Method
Control Strategies

Seiji Yasunonu¥

In resent years, in line with hardware tech-
nology developments such as microcomputers,
computer control rather than human operators
is being widely used in plants, transportation
systems, and so on. Fuzzy logic control aimes
at using fuzzy logic, which serves to define the
subjective ambiguity of people in terms of truth
values which are between 1 and 0, to incor-
porate human intellectual actions into control
programs.

The authors proposed a predictive fuzzy con-
trol scheme which predicts the result and se-
lects the most likely control rule derived from
skilled human operator expericnce.  This
scheme is currently being applied to an actual
subway system’s automatic train operation sys-
tem and a container crane operation system.

In this paper, based on experience of these
applications, a relationship of fuzzy control
methods, conventional control methods and a
human operation is discussed, and the predic-
tive fuzzy control scheme is enhanced to real-
ize a human’s operation strategies which arc
organized by (1) estimation, (2) decision
and (3) activation. The new control scheme
is applied for a second-order transfer function
model which includes unknown parameter of
dead time and system gain. The simulation
results show the controller effective to incor-
porate human control strategy.

Key Words: fuzzy set theory, fuzzy control, pre-
dictive control, transfer function model, dead time
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i MEERESEHLTVS. T, ZEREOHERIC
HlApATghica vy ra—5135 00 LDED LN
NG & » TEE S RER X & OS2 LIS
Mo ABHILICIS 5~ EFICBEET & 3 ilie 4% B
ELTWS. Cokil@amsi<Tid, avrto—-50
HIEHERD I HEOIEETHS L, BEFHFM
ERMCET 3 & 5 i mEE, s hic CAD
VAFLICE>TEBICRETES. LiL, ZoH
MG HER SR Y 2 7 ADA RO AREHR LT
AHEIMR, TAMNTHY, BHBFIBRFHRICE
Y Z Ol ERDHTHL .

Lichs» T, #Edigte 71 TaicEbahs
MRTHE LM, BEHB—ETHS LS SHBIIBR
Thah Rl CTREBIERILICEL L Z O/
FEDSTRWAR A TR o Wme, HEBMROEREL Lk
LEOMBHNEN & & b IcZEALT 2 &k S S ROHW
BMLLS. Zhic L TEHFR, REKEEUCK
HoEBOMH BAP, A TF—NEXICEEIHBOD
fEic X 2 EHMOFEHEREZRNT, /7 91~v%E
MARAbCEicky, AkOWMBBHERMULTHLS
CEITiEa®, Lhl, T0O& D iChRICHES
Hica v bo—3513, HRARHROERLE ORBDE
fticis L, il LT oREETH 5.

2.2 Fuzzy §IIC LB RO7 TV X AL

ZZTHRAFIC S A Gltig) 252 TAHS. H
HER, SRV R T LT B UEDRRD O
27 L08R @MU, / 9o E2ERILE
MoAROHEBEBNEN LT S EORWIEETT> T
5. Lichts>TAN®D fldnic M3 3 miis i,
(a) L, Wil 5, BAROMRMSZD
HIESZH LSS B & 0 S SRTIRMIEN &,
(b) L, DR T Z D HaESZIN LIS
12, BEOKERDSALOINMNE %R Uil
TEEHE, LOTHOONEBIICHT AT LTS
3.

Z OAHEEOTIBNCINT 2 itifEhE, T ORI
KA ENB3k%E Fuzzy &R ICE » THAHLL,
TORMREV—MET BT EiICk D, HRBLLES
& 308 Fuzzy T H 5. chicid, It Al
OBERBICKHIELT, 2EFDZoDT Fa—F i
REhTVS.

(a) REIAM Fuzzy @A
Alllic k3 H18%, BEORERENCIES CRBD
BAMME LTT AT ) Z2{TEHRTHE. 2D

F TR, REEHck »THEIERNT LS5

HpEPicE 3 &, TRENGL, EAMN T h,

HEBHHBFLEXE

B23B WO

BREEAELHST] -2 FImlic kb fildmis$
ZRETEEERMLTVS. —f9CEL &,
R;,: If (x is A; and 7 is By))
then du is C,; i=1Ln (1)
&85, TTT, du BHIEROERSIEHRDL, A,
By, C; &R, =z, v, du DEB [FGW, Trphr] &
oo Fuzzy IETERINBHITH 5.

Fuzzy 2 v ba—35, z, ¢y OB, < is 2,
visy BEX ORI E & nloRBKlonilis
(If #8) @ Fuzzy #4% FEHL, £ o BN
TERAVWSLS du OiliZithEd 3.

(b) FE (BRIZEE) Fuzzy M

ARofllinElZ, HEANEHL o ici3<
REEOBNELTTAVTIX ALT 50H, TR
Fuzzy MM NCH 5. IlGoLA %= Mic & 5
&, LR S 7 =40 Ling TR D
BLEMICHiERZ S skt o, 7r—%%
LSLhbidd] Evafe, SHRINICHSERLE LW
RBUCHIENT & 5 B2 8IS 5. Fmn 2z —a
icisibd 5 &,

Ry: If (0is Ci—x is A; and g is By)

then u is C; i=lLn (2)
&85, (1)NTRUZRMIE Fuzzy Hline KX
SR B 0L, &, v O BBEDIRB T L,
B STtz Cr &ITE LA Bi&olmEto
TR CPM) SRR (Tizbb, dfrzFahngl
FUWRBUCIZA D E S D) THD, Dbl
(If 7)) il C HMbNTHE. LT,
T T OGB4 Co ks LIS
i, RIBDEME Fuzzy e —3d-5.
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Fig.1 Relationship of fuzzy control methods
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3. MR KT 3AROBEDREE O 5

CZT, % 5 O Fuzzy HIMOK Y 257 L~DH
Mg, S, BdliFick 268 GRIE) 240ikskic
DNTHEATHS. BEAZERMR R F2i1cdd 58
Lok S T OIHEEEEMICIBIRL , v~ 2%
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fo, EEESBLOMMMEPICRTIREEZF 2 2
LAy 25 LOBEDOFHEEEE LTS,

COXIKELAMNDBIMEKIE, 2X¥0kS5ic
BNt & 5.

(1) #Hese GRm) &

MYy R T LDBEDIEH, HWECERR LGS
ERBLTESBDOMEF 292, BLYZRFALD
MR EBAELLT B LSS, £hEiBid
3.

(2) ) W %

BIEDRIER ¥ 2 57 A5 ollin D, #BEORRRIC
W3, BUEIFTRIk L TG S D KMk U2 Fal -
TRLU, fofie BbhsmaEER Lked 3.

(3) ®& 47

a2 U amisic i3 %, REORBEL SRR
sryic it a2+ 5.

TCC, EFY 7oz 4 2 THMEL, HNTSIT
H Y 27 LDWEBE oIS T, HEEpiz
Y AT LEBOLZALT 5 vlfetkicis UKl ¢&
WEHhTH3EHIoh5a, T, X, PID
WA &Eick b BA St ugERiET> =
1AF—=Eavira—5THrMEBHUELH3.

4. Ao HHEREEIC &5 < Fuzzy $18
HROBR

4.1 AMOSIDIREED 7T Y X L{L

Fuzzy fillidch 3 ©, AMofimiciad 2 o
WE1HOBRRNTIBLT v Y X 24t (FHEEE
Ly ¥2hRELTRE, BYRFL~BHEIATE

Fuzzy Controller j

ll".nlinm!inn f
e e ©

;82 System Parameter
and Structure

ctivation Ju(t):Control Cammand Controlled ¥it) : Observed
W/ A 2_System ~¢~> Value

I Dﬂ:i‘aiun

';[x : Cortrol Pla

Fig. 2 Structure of proposed fuzzy controller
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Z Tk, LREABOHM; e Fviciy, (1)
HEE, (2) MMy, (3) #7T, ©3REmMicst LR
&>, TR (BMNFEE®, © =20 Fuzzy Hlfi0E
AF%BERA L Fuzzy Hlf1a v b o — 7 2 HiKT 3
(Fig. 2).
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(1) #ft & =

BERZ (To) & 0 BEOHBHB~DAT (),
t<To) &, BESL LT HEOFIEST RO BT (v(0),
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ETH S Dtk M RR MG & 2RO FHl=
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ZZT, ~Qu RINWBA % [+l Tk
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WTHIMES v BRETS. 1 O O CithT 5.
Zh%, UTF®D Fuzzy EfTH P Titslfbd 5.

(Py) If (U, is selected)

then u is u;

(P,) If (U, is selected)

then « is u,

(Py) If (Uy is sclected)
then u is uy
ZZT, u, BMEE S U LM IS S0
MHEN U, ZRUEY LIk TCH D, 2 CTT B
midiE LT3, 205 2 =2 Rz d hie,
PID % I-PD Jlim)is\h%i o4 s.

5. F Fuzzy HIHAR O EEMHES
NADER

TR L Fo Fuzzy HERE, XY RF LI
130 2 Aol s B2 i KO MBIL K S &
3 LbDTHY, My R T LD ARG SN
iZLpbdod, ANORRICE AMAMNNGETHS
Wi T 5. Lbl, chsoxdgicsd il
MAY 2T L O HYEDTRINE IR 7 » 72 &
730 Fuzzy HMID 43 1&% BItCRT C Ehitsd ML
V. ZTTABXTI, SRUNEERE, KR
FLDELE LTHANTH D HAGO™MME LT
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ROANBMT S, T, UIEMNBLIUYRT L -4
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T4, Fuzzy (Hlo (k2 R4 5.
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Fig.3 DBlock diagram of the fuzzy Controller for
a Ltransfer function model
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1+ Ts)(1+40.27's)
Ao cibihs, HRADHLTLBO
OIEMINE Db 7o v xTCHB. T, i@
MPDK/SF £ —2ICDNT, BEW (T) 25108,
T2 (L) M B 3. 08, ZE4LAGEE 1. 0~5.0 %L,
YRF b4 v (K) BEEN 1.0, Z/LIGE 0.5~
2.0, AL s & L. HimAMELTH, 4 —
Ne=Ya—}p, TY¥—Ya—1t, A5 EMRYIEH,
Reizpl B Bid 5 (Fig. 4). UUTF, & AN (L)
EVAF LAY (K) Offiid, KRTH DM £
OLEMHRBBATH S E LT, HWRESELS.

5.2 Fuzzy S5 0OEH

(1) #EgETFNV

Wy 2T LDORENMATHE L &b, filEE
T LRy 2R F LU LEX TS 1~
Kic3&, 479 v 705i% 0.1 & LRI
BIi5 @ 40, chickd ¥ 7Frfiifilfnkoe
F v

X1 0. D)= X@)+ 1 ou(t—L) (6)

G(s)= ~e—Ls (5)
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Loo
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Estimate Error (F0. EL. E2, E))

Fig.5 Membership functions of fuzzy estimation

y(&)=C-X(¢t) (7)
[o. 905, 0. 075]

0.0 , 0.607
[o. 004], C=[56.0K, 0.0]

0. 079
2@qReFE LI

(2) # x #

(a) #eiadio Fuzzy AL

TR, UGN (L) o ZE{s1:5.08TH
B2 &5, 6.0BFIO W 9(20—6.0) & REZ
T4 wlto—6. 0)~ulte) it LT(6), (7)K
Okt e F & HWTL, 45800 3.0, 1.58
W, BLUREOEMIMME § DHEWENH,

Es=17(to—4.5), E:=7(t0—3.0),
E\=79(to—1.5), Eo=1%(to),
ik, ghEh 5% {—8 (BRM)] & [EC
—3 (AM)) DA% Fuzzy Y 4Trit Lic (Fig.
5).

(b) Fuzzy $#EEH)

GRS LU Y27 4 - 54 v KoLAbliEb»
5, GBI T20L 4.08%, Y2744
4 icBILTO0T5 & L.5%, ¥R T LEKOEKR
ifie UTRY, & SicBiEofEsitiicxd LT 20
%I EIAE Y X7 LA EROBHIE LT, 1HLT
EIiCiMIi L, BiEmsiloliei EL, Y AT L 54
vOffEEM EK 23kp 5. LK Fuzzy Ak SE

o=

Table 1 Fuzzy estimation rules

1. If (KO is RM and E1 is RM and E2 is RM and E3 is RM)

Then (EK is sk 1.00 and EL is  1.00)

2, If (FO is AM and El is AM and E2 is AM and E3 is AM)
Then (EK is 0.75 and EL is % 1.00)

3. If (E0 is AM and El is AM and E2 is AM and E3 is AM)
Then (EK is 1.50 and EL is %k 1.00)

4. If (E0 is AM and El is AM and E2 is AM and I3 is AM)
Then (EK is s 1.00 and EL is 2.00)

“a

If (B0 is AM and El is AM and E2 is AM and E3 is AM)

Then (EK is  1.00 and EL is 4.00)
6. If (B0 is AM and El is AM and E2 is AM and £E3 is AM)
Then (EK is %k 0.80 and EL is :k 1.00)
7. If (E0 is AM and El is AM and E2 is AM and E3 is AM)
Then (EK is sk 1.20 and EL is 3k 1.00)
8. If (FO is AM and El is AM and E2 is AM and E3 is AM)
Then (EK is %k 1.00 and EL is % 0.80)
9. If (E0 is AM and El is AM and FE2 is AM aud E3 is AM)
Then (EK is % 1.00 and EL is sk 1.20)
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(3) # W &

TR, BEShvRFLoER (K: 1,
L: i2mh) wcE3&, #THicdd 3, HEH%

ZIHE LR HBEEERET 3.

(a) HHTED Fuzzy K4

LZTR, X7 v 7PANCHTELUTORBESHE

T3,

-3

(i) F=r—va—11ft 08) BXUT 5~y

— M (US) (Fig. 6(a))

A== o — A 10% PITF
OS is AL

o F == o — b LtHiEy 10% LIF :
OS is RL

T UE =V 2= ith10% VT :
US is AL

T VE =V a— bt 10% DI :

190 4 L

N 527_‘\&

o] 37 AL
=T 0.00 Zott

Over Shoot and Under Shout (0S, US)

(a) Membership functions of over shoot and

under shoot
7\
. D AN
10 A S ] AN
N |
* SSSHAG
0.0 4 RB
~050 000 050

Rise Error (R1, R2)

(b) Membership functions of rise value

10 A
3

— ST AS
0.0¥ f =Toks

050 0.00
Settle Error (ER)

(c) Membership functions of settle out
Fig. 6 Membership functions of fuzzy decision
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fERR U7z Fuzzy #ERI% Table 1 2R3, o7,
*DESR, BEDHKERERNT 2L 52%D

US is RL
(i) wbBEMDE (R1,R2) (Fig. 6 (b)) ,
10 B#kicid £20% PAWicar b L3
Rl is AB
+ 10 B#iCiZR £20% LlRicsrs FAi5
Rl is RB
« 18 Bikizid +10% RIRicr b A5 .
R2 is AN
- 18 BHICIZF £10% DINicar b Fhss
R2 is RN
(i) #w@x (ER) (Fig. 6 (c))
ERME /L 24 B & 1 BRI DI % JEMT 5.
<24 Bkicid 2% PINiIKEELTVAS ;
ER is AS
24 BRI 2% DIRICEELTWS :
ER is RS
1ol, RERAN0BEHNX 5 &, 258
A GRE D 1 BRIDIE T 5.
(b) Fuzzy HiFHI
H|HGEE LT, HiTHTING S 10ms O v
7Y 7 RATHL PID IR0 Mdng: g4 oed
5. LZT, BaWtoes (D) i 2.7, #oH
MoEH (DD) it 0.3, oPioEx & L. It
PlEI®DS 4 ~» DP %, 0.1, 0.3, 0.5 % JeKMIR

Predicted Response
by Experience Mokl
i

ST a

Target Value

DP s @
’\[
08 \ %% el _
Vd - 3
: vm' " [LR Tl
/ | \n{ T

00 : Is 05 I

t0: The present time
-00

~120 00 120 240 360 480 60.0
Time (acc)

Fig. 7 Predictions of control responses using a
system model

Table 2 Fuzzy decision rules

1. If (OSis Rl: and USis RL and ER is RS and Rl is RB and R2 is RN)

Then (DP is sk 1.00 and DI is % 1.00 and DD is %k 1.00)
2. If (OSis AL and US is AL and ER is AS and Rl is AB and R2 is AN)
Then (DP is 0.10 and DI is % 1.00 and DD is % 1.00)
3. If (0Sis AL and US is AL and ER is AS and Rl is AB and R2 is AN)
Then (DP is 0.30 and DI is sk 1.00 and DD is % 1.00)
4. If (OSis AL and US is AL and ER is AS and Rl is AB and R2 is AN)
Then (DP is 0.60 and DI is %k 1.00 and DD is k 1.00)
N. If (OSis AL and US is AL and ER is AS and Rl is AB and R2 is AN)
Then (DP is % KP and DI'is % 1.00 and DD is % 1.00)
(N=5,14, KP=1.0%0.2.n, n=1,5)
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EfE L, & SIRBIEXTLTOS ARSI 1 ~
DP offit, ®od +10%, +8%, 6%, x4%, =
2% Offf (DP%KP, KP=1.0£0.2-n, n=1,5) %*{&
fie LTLMMAMEFET 5. ZoFERRE
Fig. 7 ICRT. ¥/, k3R Fuzzy 4SS ERK
L7z Fuzzy Jil|% Table 2 {C/RT.

(4) & 11 0

HNTEIc L » THEA oo Bl@ER (WA, B,
W) ks, QEEREORREORED
5 PID Moz, #HimiEe @) 20.18
e B, Fuzzy TME LTR, YTFERAL
5.

If (U is sclected) then u is #,

ZOPTIR, KFFINE—D2TH I, EKv—id
DR E N PID B0 SR w R HEESE
LTHNT 5.

5.3 HIMBREBRE

130 Fuzzy iz v ba—35 %, Y2574 44
v K=1.0 TUXRKE LEZ 1B 50T TEAL
e (Fig. 8(a)) &, GBI LESH TR T
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