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Abstract

Many studies have been done in the field of fuzzy logic theory, but it’s application to the
ship’s steering system is few unptil this date.

This paper is to survey the effect of application of fuzzy logic control by new compositional
rule of Inference to the ship’s steering system. The controller is made up of a set of Linguistic
‘Control Rules which are conditional linguistic statements connecting the inupts and output, and
take the inputs derived from deviation angle and it’s angular velocity.

The Linguistic Control Rules are implemented on the digital computer to verify the perform-
ance of the fuzzy logic controller and simulations have been done in six cases of initial condition
and disturbance type.

Consequently, it was proved that the ship’s steering system by introducing the F.L.C. is
performed efficiently and less energy loss system compared with the conventional autopilot.
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Fuzzy Logic Control ¢ 178}7] BslAx, wA HmEMe s £BEA HHE B F HERT 35
T =5 ERMASA god A F, AHY KRoZNH HHRTRE BT BAE AEX o]
ﬁgﬁlj-% Linguistic Proposition . 2 FHJ ¥ 5, #& Linguistic Proposition?] Linguistic Variable € Fuzzy
Ho 2 FBI}, a8l 3, & Linguistic Proposition o] %8 Fuzzy BlRS K& 3], o] 59 #Hao=
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2-1 Fuzzy 245

X & 2R (Space), x & BEHe} 3L F, X={(x}. o] o K Xol gle]A 9 Fuzzy 4 A o}
%3 Z-& membership function g, o] k3] EFEH & K4l
Ha: X-M @21
o, M=(0,1]

FEHL As Bg3k o] KRB
X7}_ ﬁ‘l}E%é{xh Xy vt ’ x"}ov'l uﬂ

A=;§1 ra(xi)/x;j (2-2)
X7 mEEEE
A= (s pa(x)/x (2-3)

oo X = Fuzzy 84 A9 afpolzh 2uvh, /98 S B2 ABAY Tie|w 9% 2 ik
2] Membership {go] =},
Xob mERAY o Fuzy £a9 4, & BE &% s 2o wxdeh

AUB=[pa()\Vps(x)/x (2+4)
ANB=[ps(x)\Vps(x)/x (2-5)
A= (1—[pa(x))/x (2+6)

bounded sum @9} bounded difference O+ &% &3 7o},
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A®B= 1N (a(x) +pa(x)) /2 @7

ADB= [0V (#a(x) ~pa(x)) /x (2-8)
4 X O Y o) HAf XxY 9 Fuzy BH%RE

R={xxrpta(%,9)/ (%,) , (2:9)

= #8) Fuzzy Bighet Ealeh
2 @9 Fuzzy #4 AcX, BcY 9
AxB={xxrpta®) Ats(0)/ (x,5) (2-10)
& Fuzzy [ERe) Rl Hlel =t
AcX 9 RcXxY 9 989 wE & £ R ——maxmin &K “0”
& R

ole} st Y ¢ Fuzzy i8S

AeR= j'ny(‘/;P (a0 Apr(x,3)] /3 (2+11)
Lkao]l AT W Fuzy 43 BIRS 48 2 751 @Rt FRe AREHA WHT
st weh, & A={a), ai=pax)s R={ri}, rii=pe(x,3j), AR=1bj}, bj=pas(yi)h 3t
=,
bj=\/(ai/\rii) ‘ (2+12)
(‘%}: V& Maximum, Al Minimum)
t}-oo| Linguistic Propositione] ¥f3le] @issl2 vk FE Fuzzy HHEAETY &, PE
Linguistic Proposition o]#} #ti, xeXelzl s, P= P=xis F= Jeld 4 . g S
P=gx is small integer & X=1{1,2,3,--,10}ell #s} &3k,
small integer=1./1+1./2+.8/3+.6/4+.4/5+.2/6+.1/7+.O/8
+.0/9+.0/10 (2+13)
o2 el 4 gk
= @] Linguistic Proposition P=x is F, Q=y is G, FcX, GCY 7} F) AL o, T AHE
e (PQ)=(x,yis R, PcXxYzlz FrA.

2.9 M2 &8 TolsMel Fuzzy reasoning'®
Fuzzy reasoning ¢] &
FidE1 :If xis A then y is B
W2 rxis A (2+14)
# @wcyis B
FitE 1-22%E S HmslE Aoz Compositional Rule of Inference 2} Ealvh. LUFel A=
Wk wleb e Wi 1S fiBs) “If A then B”, A»B %02 EHIL, = R4 Rywp, Rz %
o8 FH =2 gk A, B % /i Fuzzy #40 v
ool A 2S AWES EHS el BES E 5, RAH (bounded-product) &
2@y=0V (x+y—-1) . (2-15)
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ATIRpaor(3) =V (14 (x) Opa (. 3)) (2-16)
we}Al, "
B'=A'"j{(AxB) (2-17)
ue' () = \/: s (D)@ {palx) Aps()}]
ANA, u=palx), v=ps(y), vV'=ps'(p)z}t 343 A'=AQ o
V"=V {u® @/ \v)}
J@) =u®@A\v)zt 74 (2-15)Xe 2 ¢
S (@) =0\ {u+ (u/\v) —1}
={0VQu—-DIN{OV (u~1+v)} (2+18)
webd, f(u)E vE Parameter 24 Jehiw v
Fig.13} 2}, '
Fig.1el 4 v=0.29 & f()& fggsr 2ol
Ao '=Vfw)=0.2 2 =, —fee Eke
vell HAARE v/=0 % H& AL WAL + gt

asle, A=A 4 BB delst T
Compositional Rule of Inference ol A #i#sl= u}
= A=A 4 B'=Bz S+ Holvh. m#, 2
LS Aol A-»B 2 H8] Jifed ufgette] otk
0 L

o axhem gsir. :
ol st o Ehuste] “If A then If B then Fig.1. f(x) of Eq. (2-18)

C’=A-B-CY Eifdl+=, R=AxBxC= 5 A/, B' 7} F¢] A= Fuzzy reasoning 8} #:Y C/ =
o3k 7ol e ‘

C'=B'TJ(A"Ry-35-c) (2-19)
=3, 24 implication A, —B, =& A,—B, 4 or, and #4542

A—>B, or A—>B,=>R=R,.p;, U Rayp

A~B, and A,—»B,»R=R,5;, N Ras-p:

(2-20)
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Fig. 2. Block diagram of ship’s steering system
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”lA, Fuzzy Variable & REZ. o]+ Kol & kEshd s MNBMELDLFE AES &
Aok Al A= fiERe R #A AL SB, SM, SS, SV, SO, PV, PS, PM, PB9 9fFz,
#IFRS KMo WA= P17.5, P10, EP, P2.5, ZE, S2.5 ES, S10, S17.5¢ 9= &% @
ge},

tholl=, Fuzzy Variable o] 4£4#4¢ ER (—27.5, 27.5)2 Fstx, Fuzzy Variable & s s}
71 #3] Membership Function ¢ $5E%tt}. Membership Function & H#ELHS MLdld REYE 4
= Y3, Bigftste FET BBPEL EZRE 4= dou, dAE A%KAE B o
Table 13} 7o) fREAS}7 2 Jhr}.

Table 1. Membership Function of fuzzy variables in the case of considering on deviation angle.

~27.5 —25 —22.5 —20 —17.5 —15 ~12.5 —-10 =75 —5 -—2.5

SB .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0
SM .0 .0 .0 .0 .0 .0 -0 .0 .0 .0 .0
SS .0 .0 .0 .0 .0 .0 .0 .0 .0 0.1 0.3
SV .0 .0 .0 .0 .0 .0 .0 .0 -0 .0 0.3
SO .0 .0 .0 .0 .0 -0 .0 .1 .2 .3 .7
PV .0 .0 .0 .0 -0 -0 -0 .0 .3 .8 1.0
Ps .0 -0 .0 L .3 .5 -7 .8 1.0 .8 .7
PM .0 .1 .2 .3 .7 1.0 .7 .3 .2 .1 .0
PB 1.0 .8 .6 .4 I c ) .0 .0 .0 .0 .0
0 2.5 5 7.5 10 12.5 15 17.5 20 22.5 25 27.5

SB .0 .0 .0 .0 .0 .0 .1 .2 4 .6 .8 1.0
SM .0 .0 .1 .2 .3 .7 1.0 .7 .3 ! .1 .0
SS .5 .7 .8 1.0 .8 .7 .5 .3 .1 .0 -0 .0
SV .8 1.0 .8 .3 .0 -0 .0 .0 .0 -0 .0 .0
SO 10 .7 .3 .2 .1 .0 -0 .0 -0 .0 .0 .0
PV .8 .3 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0
PS .5 .3 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0
PM .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0
PB -0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0

S HERERIQL LCR & @Rl Q/M 9 sl #ite [ BHEN 2§ BEEDED %
HERN HRE BRI o1 Table2 s} o] R IIH.
Table2 &) LCR ol 4 ] &} ##FR-S /iR Fuzzy &olv},
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Table 2. Linguistic Control Rule in the case of

considering on deviation angle.

if DE = SB then RU = P17.5
or
if DE = SM then RU = P10
or
if DE = SS then RU = EP
or
if DE = SV then RU = P25
or
if DE = SO then RU = ZE
or
if DE = PV then RU = S2.5
or
if DE = PS then RU = ES
or
if DE = PM then RU = S10
or
if DE = PB then RU = S17.5
}, DE ; Deviation Angle RU ; Rudder Angle
S B ; Starboard BIG P17.5; Port 17.5
S M ; Starboard MEDIUM P10 ; Port 10
S S ; Starboard SMALL EP ; Port Easy
S V ; Starboard Very SMALL Pz.5 ;Port 2.5
S O ; Starboard ZERO ZE ; Zero Rudder
PV ; Port Very SMALL S2.5 ; Starboard 2.5
P S ; Port SMALL E S ; Starboard Easy
PM ; Port MEDIUM S10 ; Starboard 10
P B ; Port BIG S17.5; Starboard 17.5

t}-Lol) = Fuzzy Logic Controller 8] AHIBHRE Fiifist= Fuzzy Relation & PrEshs Fiol] %
;| sy = 8teh, w4 4 Linguistic Proposition off ¥§3F Fuzzy Variable g Fuzzy Bo 2 e
3 o) Eell ¥3 Fuzzy IR E (2-100 Rl K3 kgbet.
1% S, Fuzzy Variable SB & Fuzzy o 2 jebld oh&al ek
SB=.0/—27.5+.0/—25+.0/—22.5+.0/—~20+.0/—17.5+.0/—15
+.0/—12.54.0/-10+.0/~7.5+.0/—5+.0/—2.5+.0/.0
+.0/2.5+.0/5+.0/7.54+.0/10+.0/12.5+.1/15
+.2/17.5+.4/20+.6/22.5+.8/25+1.0/27.5

Fuzzy @R Rspop-1r.c & ok3) ®= Table 33 2eh
Table 3. Fuzzy Relation Rgp-pj;.s

|
|
.0 | .0
|
0 .0 .1 .1 .1 .1 .1
0 .0 .2 .2 .2 .2 .2
0 .0 .3 .4 .4 .4 .3 o
.0 .0 .3 .6 .6 .6 .3
.0 .0 .3 .8 .8 .8 .3
0 .0 .3 .81.0 .8 .3

[N]
I
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R=Rsp-py.; U Rsy-pn U Rss-gp U Rsv-prs U Rso-zz
U Rpy-sis U Rps-gs U Rpy-sin U Rppsires
thgoll, Fuzzy Logic Controller & #efA-& EiC R 24¥ Hiaste =&l 2ol kel
ol 7ol $1e]A 8 Ay (Rudder Angle)e RUeh b (2-16)%0.2 3w

" RU=AMDEYIR (3-2)
of ol RU Sl fskas RU=(drufet s, Bl nol slol A RE REf 0, &
On=0n-,+dru*, piy(dru*)=max pugo(dru) (33

o[tk o 7ol A i} 5]% Sampling FIFg 7= ob-&3 o] hEde.?
(f max =Spectrum ] & FH 1k 80

T =

| W
23, e B fmax &= ¢ 0.5¢/solm 2 t=0.1secfifrolrt. v, MRS WEHE
W ZEE HA I 0.2sec RIERE FEAse.
(3-2)3kel glel A8l A(DE): fRfy& Fuzzyfication 3 Zelvh, (% o DE=Starboard 10°e}
s
—27.5 =25 -oeee 7.5 10 12.5 - 25 27.5
A(DE) < >
.0 .0 1.0 .0 .0 .0
s} ol Non Fuzzy #o 2 vepd 5 vk, =2y, FHAIL
DE=10° g3 8= WIMdr Wik WwEs£ Shls A9 gdo
H, B3 AHE4Y EREE AT e BEGAE o] # 1
£ Modifier Nearly J4fe= Fuzzyfication stef RIS A ¥ol
w5 GEFSEE}
*olw MEE M Alam 10°°2 £BE o m-& modifier g} 33,
of Wi kel kol ¥4 BWEI] AT LEN U F T

Fig.3 3 el &9 10° Listel A & gh-& Z+= Vector 2 HHE 5 10
Sl vt Fig.3. Fuzzyfication of nearly 10

32 RA W {RAEFEN B3 Fuzzy Logic Control

e 2 Q/M= fhif4e 271 ub ohet A4S BILRE FRl ZEete] ffEgtel. oA v
&l PD Controller of] =] = & eh. Kl A& olef g #-S #EEslel LCR & B o
£ ivAtleel B @Rkl He HeIstast et

w4 fRfd] ¥3 Fuzzy- Variable & fFfAq-g %3 Fuzzy Logic Control &) #%iH9l A—3t A
& MmskR, A #ikite] HWalAx BL SIL ZI, SD, BD ¢ c}AfH, ERQ fifme g A=
HP, P17.5, PP, P10, P7.5, EP, F2.5, ZE, S2.5, ES, S7.5, S10, SS, S17.5, HS ¢ 15MHE %
% WA = e

— 93—
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t}-&, Fuzzy Variable 8} H#&e, RAs fEAd g ER (-27.5, 27.5)2, RAS 8L
BO(T+1)—0(T), BEREA : )l WAl AE, B 28 A BLRL ofF & HilBelek
# 1.5°/sec BE RAvhe Be gEsd ER(-1.5 1.5)2 ¥eh

Membership Function &, {mfad] ] 4= Table 1, R WL W3l A= Table 4, fEMAd
#a] A= Table 59 & 248 7kAv).

2% 3, LCR-& Q/M 8 &8st MRERERS B@HIEY o W HERR 2 Energy fikel
FERKE ZEsld wtEeljlen, Table 63 o] M3t ch.

Table 4. Membership Function of angular velocity of deviation angle in the case of considering
on deviation angle and it’s angular velocity.

~1.5 —-1.2 —0.9 ~0.6 —0.3 0 0.3 0.6 0.9 1.2 1.5
B.L 0 .0 .0 0 0 .0 1 .4 .8 1.0 .8
S.1. 0 .0 .0 0 2 .4 7 1.0 .7 4 .2
Z.1 .0 .2 .4 .7 8 1.0 8 7 .4 2 .0
S.D. 2 .4 .7 1.0 7 .4 2 .0 .0 0 ]
B.D. 8 1.0 .8 4 1 .0 0 .0 .0 0 .0

Table 5. Membership Function of rudder angle in the case of considering on deviation angle
and it’s angular velocity.
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Table 6. Linguistic Control Rule in the case of considering on deviation

angle and it’s angular velocity.

if DE=SB then if COE=B I then RU=HARD PORT

if DE=SB then if CDE=S$ I then RU=HARD PORT

if DE=SB then if CDE=Z I then RU=PORT 17.5

if DE=SB then if CDE=S D then RU=PORT RUDDER
if DE=SB then if COE=B D then RU=PORT RUDDER
if DE=SM then if CDE=B I then RU=PORT RUDDER
if DE=SM then if CDE=S I then RU=PORT RUDDER
if DE=SM then if CDE=Z I then RU=PORT 10

if DE=SM then if CDE=S D then RU=PORT EASY

if DE=SM then if CDE=BD then RU=PORT EASY

if DE=SS then if CDE=B I then RU=PORT 10

if DE=SS then if CDE=S I then RU=PORT 7.5

if DE=SS then if CDE=Z I then RU=PORT EASY

if DE=SS then if CDE=S D then RU=PORT 2.5

if DE=SS then if COE=E D then RU=ZERO RUDDER
if DE=SV then if CDE=B I then RU=PORT EASY

if DE=SV then if CDE=S I then RU=PORT EASY

if DE=SV then if CDE=Z I then RU=PORT 2.5

if DE=SV then if CDE=S D then RU=STARBOARD 2.5
if DE=SV then if CDE=B D then RU=STARBOARD 2.5
if DE=S O then if CDOE=B I then RU=PORT EASY

if DE=SO0 then if CDE=S I then RU=FORT 2.5

if DE=S O then if CDE=Z I then RU=ZERO RUDDER
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e

if DE=SO0 then if COE= S D then RU=STARBOARD 2.5

if DE=SO0 then if COE=BD then RU=STARBOARD EASY

if DE=PV then if CDE=B I then RU=PORT 2.5

if DE=PV then if CDE=S I then RU=PORT 2.5
if DE=PV then if COE=Z I then RU=STARBOARD 2.5
if DE=PV then if COE=S D then RU= STARBOARD EASY
if DE=PV then if COE=BD then RU=STARBOARD EASY
it DE=PS then if CDE=B I then RU=ZERO RUDDER
if DE=PS then if COE=S I then RU=STARBOARD 2.5
it DE=PS then if CDE=Z 1 then RU =STARBOARD EASY
if DE=PS then if CDE=S D then RU=STARBOARD 7,5
if DE=PS then it COE=BD then RU=STARBOARD 10
_ i DE=PM then if COE=B I then RU=STARBOARD EASY
if DE=PM then if COE=S I then RU=STARBOARD EASY
if DE=PM then if CDE=Z I then RU=STARBOARD 10
if DE=PM then if CDE=S D then RU=STARBOARD RUDDER
N if DE=PM then if COE=B D then RU=STARBOARD RUDDER
if DE=PB then if CDE=B I then RU=STARBOARD RUDDER
if DE=PB then if CDE=S I then RU=STARBOARD RUDDER
if DE=PB then if CDE=Z I then RU=STARBOARD 17.5
if DE=PB then if CDE=S D then RU=HARD STARBOARD
if DE=PB then if COE=B D then RU=HARD STARBOARD

=, CDE ; Change in Deviation Angle
BI ; Big Increase
SI ; Small Increase
Z1 ; Zero
SD ; Small Decrease

BD ; Big Decrease

wet4], Fuzzy Logic Controller & RJj& vh-g3t 2ol HEsleh. ofwl Bzl lejA g AJj(Ru-

dder Angle) & RU 2} 344 (2-19)A o2 8 .
RU=B(CDE)™{(A(DE)”IR) (3-4)

o)tk o] wl E:El moll QlolAe] REAYQl HEMY 4.2 (3-3)K3 A

Sampling BiIf§ v+ fhfael HAT Fuzzy I_logic Control & #lish W— & s, =3
(3-4)Rell A4 A(DE) ¥ B(CDE)+= %%‘ ity 2 ﬂr’i’i]’ﬂ“"fE{Q] FUZZY #ojet o] Hilie = DE 9} CDE

L ffmel @ g Fuzzy Logxc Control9] &<} n]—zb})ﬂi Modifier Nearly B {4 fste] P,

& BEE ARHOIM W EE

Siiol A B%ER BT $8 Fuzzy Logic Control & $0R/LEE7) f381 A& fiHinel Micro
Processor = i elel whaal o= kel wbsbA sl end, B PSS RS e
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B ¥ AERE S B % BlRee MBS d2s] e Fell, & Pl A= FHEEA Fa o)
AL B HESRE B 22 3

F7 8 JERREQL B8 #ete FIdld F7hx Fuzzy Logic Control &f s} 7#t3k¢] PD Controf’
oSBT WEN o UAES AFHlAE £% HiEgstd o, o B3 SRE Badd ok
s} zhel,

Haedl 3 iR EEHEAL G-D3k o] EHBA. AFold e #imd EFHEXS
Runge-Kutta & HAsS Fhgstg o, ol Al (DAL REHFER.=z FHIPd QDX
3} 7ol A}

X=AX+Bd+(D(6)?) (4-1)
Y=CX
=, 0 1 0 0 0
A‘:( 0 —(T\+Ty/T\T, 1 J B=[ T3T5/T1T2J D'—‘-{ 0 ]
Lo —1/T\T, 0 Ts/TT, ~K

X'= (6,6, x,) (' =transpose), C=(1,0,0)

2l A, MAREES HIERCT sl RESFE BRETA A BN SHEES Ml ER
o = Juikdted Energy #Hol Mk FFEMEE vhist o] FEget. of o R n=4"% 3}g]
o},

J=[@*+ns"dt

Main Program & of#l] 8] Flow Chart o} e, FTHEREH-S 3008 = 3hx, FIMEMS SE =

1% %% 2Eshe A4 kA s HI FHEE S

Main Program 2] Flow Chart
( START )

/ﬁﬁ'ﬁﬁiﬁﬁ 2 gl 3 Membership Function gt& g,“‘:—_-u]../
CALL Minimx ( Min ifilo] & EAd H
B§ Fuzzy Logic Control o] #%;8 Fuzzy
BIEE RS X35+ Program)

CALL Minima (Min SRl sl EA 2 &
MY EHBY Fuzzy Logic Control o] 5%
i@ Fuzzy itk R& Rl Program)

l
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J
OGS (R, WA, BARE, RAMEE)
Model fipfifio] #HMFAIGEH, BRUMEEER,
Gain % SELS] =7, sHALY] AHE e

CALL SIMUL ( Fuzzy ##o] &3 #
fazl PD ol ot A& A ¥t 3y
£ MAS EBYVHEAQ 2HERE #®
24 KE Runge Kutta gro 2 F3
Edl JS itEstd, 2 E@HS R
B3 fifn ¥ FEH&EME HASIY RB
3= Program,) !
J
( STOP )

( END )

AlFral ol doll AR M-S WEE Iitel =, 2 ARANS) BtERERRE T, T\ T, o BtAIEen

T & %% bzt 2eh Y
T,=45, T,=6, T;=10, T;=0.08

PD Controller ] 538 ANMEAL 6=—K0—-K,9 2 FH=, o] 1E8Y K, Kix= i Model
Aol Auto Pilot 2 #iig¥ HBo| HI REALMEE FAsIgdeH, 2 e £4% &5 v
Ky,=1.0, K4=5.0 = JFEHERY i K=1=2 34}

% B AT Aol e ga 2ok

oh-g2 Fuzzy Logic Control & fkitel we} LCR & BHEAZ + o= REE Aty fAad
s B8 0.1~1.0f57HA #ILAA FEEEE KT R, KA 0.6f54 = K7t 2-& ¢k
. webd, g & FBe el A4 Fuzzy Logic Control & R+ #EAE HAd Hal 0.66%
2 b R AYE wEE

DN $i il B E ]
s ALY 28 &4 el AR Cased] glej 49 #ERE Fig.4-1~Fig.4-6 3
— 98—
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7},

2pepy0 2 Fuzzy Logic Control & PD Controlo] H#l #QsKE 2o} Eof /b= Eriial ol A
= o4& @ AA, fEE A EATe=s B4sl: Energy &M AL MHES R &
RE debix 9o

=3, A #EBT Fuzzy Logic Control 2} fafy R WAEE EBET H#/F Btz o
o #RE 2 Energy JA&E A o BIFT #RE Rolx A&E ¢ + gk

i) JEREHEARS T8

B EMARS AN 2 JA7A Caseol ¥ R E Fig.4-7~Fig.4-12 9 2o, 20
2 Fuzzy Logic Control & PD Controlei] M3 Energy 4ol #g FEBEEK /71 HHe EBE
94 AA vebd-g Bela g,

5. ¥ E

BBl A ARAAERAE RS Fuzzy Logic Control /X2 HAdte #ifst: FHakdl Hal RUAstA o
FHEHA Tl ol A& e AR RS i@ PD Controller ¢ H#stgl ot

2R FA Y RAEE 1EE 3 Fuzzy Logic Control &) #3558 FE{EEE J &= PD Control o] L
# "4 AA Jelygod, EAMeZ AT HEs ERAS RS obE# Furzy Logic
Control 8] f2hQ) Soft Ware &) Zpjre 2 £44 HIMREE BESIS 7144 HEE HHE & A
= Be ZEE H, o9 FAMLIE ZA R,

A BN AE /MY Regol v WEhy MY WEERDS HAsA LR & BRehs B
230}, System Behavior o #3F #piEfy HES SHERN, EESL S7d Bir #ETE T Y
= FESEHR %9 HHRHO) FELEES EATS A B2ES @) LR & ES o,
ol ¢ RiFE Controller o FHitrb waEstelzl BAs=, =3 MNEMER B&s & FREHERA
FaA = SR B/ vEse 4480 = R HY BoRE MR FRESHs Fuzy
Logic Control of] #3F B%E7F W7 obd & A €=kt PERR/E vdeelet Bl

Y, & HNAAE FEEKA ddA 2 FE 42 3o AFH AT HEE el o,
n¢ zrol Wil 1 BEEE 4 ER/ A BEAG H2h4 ole doE oS HsE ok
o Rtz A4

_29‘_
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[Case 11 #1jie] #afael 20°, MAMIEA 0o]x, Afle]l As EE

Y]

e

Fig. 4-1(a) Result of Control in the Case 1.

PD Controller
—e—+—{R A K B8 Fuzzy Logic Controller
—--—f{RA Y {HA%EEY & B3 Fuzzy Logic Controller

L\} 1

0 = ——,. Y N .
50 100 150~ ;EO EU 300
\%\\(/

(

[Case 1] #0MHe} fefge)l 20°, RAEEZL 00l%, 4@l A= BB

1« = ——

50 100 150 200

Fig. 4-1(b) Criterion Funtion in the Case 1.

=}, ————PD Controller
- e-e—e (R0 B3 Fuzzy Logic Controller
— - - —{mA D RAEES FF T Fuzzy Logic Controller

250 300
T
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fCase 2) Ml fijfo] 20°, FAEEA 1.07/sec o], fhle] Sl ST

H

()

20
15
10

0 e T e

150 200 250 000
-5 \Q)& /_//
T
Fig. 4-2(a) Result of Control in the Case 2.
z}, —.PD Controller
B ¥ H3e Fuzzy Logic Controller
— - —{Ff 2 {RAMEY B Fuzzy Logic Controller
[Case 2] #IH1¢) fme] 20°, MAMEsL 1.0°/sec ol i, SHEle] G& W@

JOxksin)

10

9

P . - -

o]

; e —— — .

6

5

4

3y

2

1

Ov

150 200 250 300

PD Controller
4o ¥ H S Fuzzy Logic Controller
— - - —{f@fy 9 [RAME] {£H Fuzzy Logic Controller

Fig. 4-2(b) Criterion Funtion(J) in the Case 2.
. . . \

~

— 31—
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[Case 3] #ifAel fifol 20°, WAKE 0olx, Aol 1208 U 240fba
#% 1.0°/sec, —1.0/sec & #Eshs 58

W)

15

10

200 —

0 \\\ @x - 250 300

Fig. 4-3(a) Result of Control in the Case 3.
PD Controller

————— IRl # H3 Fuzzy Logic Controller
—-——{mA 2 RAEE ¥ H3 Fuzzy Logic Controller

[Case 3] %A fWfge] 20°, RMAEE7L 0olx, sElo) 1208 2 240Fbd]
%% 1.0°/sec, —1.0%/sec = FfEst: BB

QS SR
7 /
e
__________.—-/ e e —— - S———t e
A
100 150 200 250 300

(T
Fig. 4-3(b) Criterion Function(J) in the Case 3.

2, ———PD Controller
''''' fifol ¥ H 3+ Fuzzy Logic Controller
—-~-—{FA 2 RAEEN % H3 Fuzzy Logic Controller
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[Case 4] #IHAS] {Rfaol 20°, RASEKE L 0olm, A@Ele] 1208 ¥ 2408
%% —1.0°/sec, 1.0°/sec & fF{Es= 158

0 “50 A 100 150 ~ 200?\. ‘ 1
250 300
N S~
-5 .::-:\I
Fig. 4-4(a) Result of Control in the Case 4.
o}, PD Controller
_____ iAol & A3 Fuzzy Logic Controller
— - - —fhfs 2 HABEE #F B3 Fuzzy Logic Controller
Case 4| o] fRfiel 20°, fRAEEEL Oolar, Sh@Ele] 1208 2 240F
#4% —1.0°/sec, 1.0°/sec & fF7E3tE 5l
0
50 100 150 200 250 300
€V,

Fig. 4-4(b) Criterion Function(J) in the Case 4.

=}, ~—————PD Controller
_____ ol & B3 Fuzzy Logic Controller
— - - —{Ff 2 EAEREY #H3S Fuzzy Logic Controller
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[Case 5] %) fRfael 20°, {WMAMEREESL 1.0%/sec o] i, Si@lo] 120% 2
240Fbell %4 1.0°/sec, —1.0°/sec = FfEsh: 4

&
20

15

10]

Fig. 4-5(a) Result of Control in the Casz 5.

=}, ~e-———PD Controller
----- IR # [ 3k Fuzzy Logic Controller
— - - —{ff R RAEE #7135 Fuzzy Logic Controller

[Case 5] 1S fiiffge]l 20°, fii MHMiE 7L 1.0°/seco] i, HF@Elo]l 1206 o
240fpoll R4 1.0%/sec, —1.0°/sec & Fp7Eshi= hi

MGG A . —
11
10 /—--

—

- ———— o ——

50 100 . 150 200 250 300 (T)
Fig. 4.5(b) Criterion Function(J) in the Case 5.
%, ————PD Controller
_____ A @ 33 Fuzzy Logic Controller

— - - —{RA 9 FAMEEY #H3 Fuzzy Logic Controller



A 22 Fuzzy Logic-& FIT MMuRiERY &8 21
[Case 6] %S ffAe] 20°, fRAEE7E 1.0°/sec o]z, 4i@lel 1208 ¥
240F56l %4 —1.0°/sec, 1.0°/sec & FESHE T8

@
20

15

10

300
T

Fig. 4-6(a) Result of Control in the Case 6.

PD Controller
_____ @ fgel ¥ B sk Fuzzy Logic Controller
— - - — [ Y FAMEE @ H e Fuzzy Logic Controller

[Case 6] #/ fiifGe] 20°, faifgstlE7 1.0°/sec ol a, Sh@lo] 1208 2
240fbel] %% —1.0°/sec, 1.0°/sec = HFES= il

50 . 100 150 200 250 300 (T
Fig. 4-6(b) Criterion Function(J) in the Case 6.

PD Controller
''''' gl # B g Fuzzy Logic Controller
— - - —(FA 9 FAEE ¥ B3 Fuzzy Logic Controller
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[Case 1]

T

50 00

e Tt
150 200

A Rfe] 20°, AR 0ol:, AARle] 9% i

P

Fig. 4:7(a) Result of Control in the Case ]. (Non-linear)

D\l"

PD Controller
—e—s—fRA B3+ Fuzzy Logic Controller
—--—fFfA 2 FHAMEN B Fuzzy Logic Controller

[Case 1] #iie] fhiffel 20°, R 0o)a, ShRle]l 9+ 4l

JCEHE 1)

15

10 e

5

0 50 100 150 200

250

Fig. 4-7(b) Criterion Furction(J) in the Case 1. (Non-linear)

&}, ————PD Controller

ffael B & Fuzzy Logic Controller

—-~-—{RfA 4 RAEEN B8 Fuzzy Logic Controiler

300
)
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[Case 2] w1l fRfyel 20°, WAMKEZL 1.0°/seco]a, si@le] Sl HiB
0 50 100 T30 e —— 300
)
Fig. 4-8(a) Rcsult of Control in the Case 2. (Non-linear)
=}, PD Controller
————— {RA ¥ B3 Fuzzy Logic Controller
—--—fRfA 9 FAEENPERS Fuzzy Logic Controller
1oupg TGase 20 01 Aol 20°, MR AREE A 1.0%/sec o] 3L, JHELe] §li B
‘. f
20 e
//
15
/// -

5

/,
o /

50 T00 150 200 250 — 300
Fig. 4:8(b) Criterion Function(J) in the Case 2. (Non-linear) (™
t}, ————PD Controller

————— fffol i B Sk Fuzzy Logic Controller
— - - —{ffA 2 [FAEEY & A3 Fuzzy Logic Controller
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Case 5] i) fRAC] 20°, RAKE/F 1.0°/secolx, sglel 1208 2

2400 &4/ 1.0°/sec, —1.0°/s:c 2 st BH

%0 100 150 200 250%

(T
Fig. 4+-11(a) Result of Control in the Case 5. (Non-linear)
&}, ————PD Controller
----- —{ffgel # B3 Fuzzy Logic Controller
— - - —FA 9 FA¥EE ¥ HS3F Fuzzy Logic Controller
[Case 5] @S] fHfAel 20°, RAEE7F 1.0°/sec o], s@Ele] 1208
240F0ll &% 1.0%/sec, —1.0°/sec & fErEsl= Lil
J(ek9) e mb)y
251
20
15 i
— —
/(—/
e
10 /
5 A3
)
0
50 100 150 200 250 300
Fig. 4-11(b) Criterion Function(J) in the Case 5. (Non-linear) @

£}, —————PD Controller
----- Rl B3k Fuzzy Logic Controller
—--—{FA 2 RAHREA F B3 Fuzzy Logic Controller
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[Case 6] %11 Mol 20°, RAMEZF 1.0°/sec o] 2, Sh@lo] 1208 2
240l £ 4& —1.0°/sec, 1.0°/sec & st 158

0 N ==
50 100 150 200 7250 S~——"""300
™

Fig. 4-12(a) Result of Control in the Case 6. (Non-linear)

=, PD Controller
————— A @ B e Fuzzy Logic Controller
— - - —{FfA 9 FEAMEE & 835 Fuzzy Logic Controller

iCase 61 #1319 f@fmel 20°, BAMEF 1.0°/secol 2, Si@le] 1209 ¥

‘ 240F0ell £4 —1.0°/sec, 1.0°/sec & F7Est= BB
JOsts] ub)

2 /

L
100 150 200 250 300(T)
Fig. 4-12(b) Criterion Function(J) in the Case 6. (Non-linear)
[ — —PD Controller i
"""" R fael B Fuzzy Logic Controller

— - - —fifA D {{HEEA EHs Fuzzy Logic Controller
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