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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 until 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 Tuzzy logic controller and simulations have been done in six cases of inirial 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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2. Fuzzy Logic Control & S8t B E{E

Fuzzy Logic Control & 478t7] SalAdE, wA #EMe s XA WHE @K 5 HEMT 92
4+ g=E gk god 4R 3, AN SR =Y HEERHE AT BN BEX
#: M-8 Linguistic Proposition ¢ 2 X¥g 5, & Linguistic Proposition®] Linguistic Variable -& Fuzzy

o2 FHah, 283, 4 Linguistic Proposition o] #& Fuzzy FifRE kT H, °l 59 Hihow
%48 LCR o} #3 Fuzzy BIRE ®sbaL, olel ¥is] Fuzzy Reasoning & f7étel AT B3 W
H% kakE, o MM HERe 2 AsRE HgeA Aok e ARle] Ava gl i
Al 4= Al el wol Fymsl ol gl wEe] Wl olsiah Mol whobAl fiskd ik Jjike =
= OpE B ARl Aol Kiarelet. webA olwd MIEE AT ¢ e Al HE
Fili——Fuzzy (3G —o] EESHA] "t

2.1 Fuzzy 8%

X & o:fi(Space), x & szl dh2b. &, X={«}. ol o @il Xol glelA 8 Fuzzy $i4 Azttt
Low L. nemberslnp function g, ol Ka ®FEs = Aot
Ha: XM (2-1)
=, M=(0,1)

W b A obgab gbol FBIRIH
X7t BHEA {x, 2y, oo Jaxnd o

A=j§ p1a(xi)/x; (2-2)
X7b fhisead
A={xpaln)/z (2-3)

#4 X &= Fuzzy 546 A9 A#Edolel Bdrh /9 285 A%E9 EHola 95L& 1 ER
] Membership fieo] =},
X7} miisad o Fuzy #8489 &, B, v &% b3k Zo] B

AUB= [pa(x)Vua(x)/x (2-4)
ANB=[pa0)Ves(0)/x (2+5)
A%= (1~ [pa(2))/x 2-6)

bounded sum @s$} bounded difference S #%%& vhg&3
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ABB=[IA(a(0) +2(x)) /x @7
| ABB= [0V (#a(x) —ps(x)) /% (2:8)
#4 X Y9 Fifi XxY o Fuzzy %4

R=[rxrpn(x,9)/ (5, 9) | (2+9)

&= #48] Fuzzy Bithel 28l v},
2 A Fuzzy #4 AcX, BoY o jifh
AXB=[xrtal0) Aps(3)/ (x,3) (210
£ Fuzzy B kmel el et
AcX st RoXxY &) vb-9 il
S BRE.

olv} &har YV o Fuzzy ¥4y -0

o

A ——maxmin 4% “o"

AeR= [y SUP(1a(x) Atta(, )1/ (2-11)
B4l FE Wl Fuzzy 430 BlRE 96 9 5708 Mk Jorstd &pniie) gk
e wrk. F A=l{a), ai=palx), R={rij}, rii=#e(x;,y), AeR=1{bj}, bi=pas(p))etz 5}
A,
bi=\/(ai\rij) (2+12)
(El',] V- Maximum, A= Minimum)
th-&o] Linguistic Propositione)] ¥#sted 5003}71 2 &v}. F & Fumy o841 &, P2
Linguistic Proposition o)z} &3, xeXolz} dtu, P& P=x is F & Jebd & drk. fE =
P=x is small integer & X=1{1,2,3, -, 10} %3 #Bisl=,
small integer=1./1+1./2+.8/3+.6/4+.4/5+.2/6+.1/7+.0/8
+.0/9+.0/10 (2-13)

o
)

o2 vebd o glvh
X fE¢] Linguistic Proposition P=x is F, Q=y is G, FcX, GCY 7} Fola-& o, 2 Sinnd
= ez (PQ)=(xy)is R, PcXxY etz FHrext,

2.2 MES a#8al TolMel Fuzzy reasoning!®

Fuzzy reasoning o] @}
i1 :If xis Athenyis B
WEE2 1 xis A’ (2:14)
B wmiyispB
HIME 12298 RS ##Hstes Aoz Compositional Rule of Inference g} E=lr}, I Te] A
kaEr wheb 2o PiRE 1S fijES) “If A then B”, A-»B %o 2 EWsa, = RE Ry R %
o8 EKHIV 2 d. A, B %8 i Fuzzy 40] )
ohgoll A =g S S i 3R E 5, A (bounded-product) £
x@y=0V (x+y—1) (2:15)
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shb A,
B'=A"" (AxDB) (2-17)
5" (3) =N s GO @ () Nt (3) i
AAA, u=pa(x), v=ps(y), v'=p' (M} A A=A )
o=\ {u® )]
Flu) =a®(u\v)l T2 (2-15)o 2 =
Flu) =0V {u+ (uAv) —1}

= {0V Cu~1 1N {OV (—1-+2)] (2.18)
wleb A, fle)E v 2 Parameter 244 el = v
1 ¢+

Fig.1 = 2v},
Fig. 114 v=0.24 = flu)= fHigsiel 7o)
Hel o' =\/fu)=0.2 2 =, —§%Hoeg L7

vell Hall A o/=v 2 s& A& flil¥ 5 drh

Semz, A=A @ B'=B} 4ol T
Compositional Rule of Inference o] A Ji#k3sl= »}
- A'=Ad W B'=BR 3= AHolvh, im, 2
L8] Aol A-B= e MR wihElke] gl .
»

v

4 24z gt
kel 3 o) insle “If A then If B then Fig.1. f(u) of Eq. (2-18)
C?=A-B-CY #felE, R=AxBxCx He¢] A, B’ 7} Fo]A= Fuuy reasoning & #}) ' =
gzt 2ol @,
C'=B'_ (A" iR ~p-c) (2:19)
=3, 2{&¢ implication A,—B, == A,-B, % or, and & '
A-B, or Ay—>B,=>R=R4..p;, U Rusp: }

(2-20)
A—B, and A;—B,=R=R4-p;,  Ra-m
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Fig. 2. Block diagram of ship’s steering system
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g v Y4& MR LCR & fpRsla, ©] % FAstd Fuzy Logic Control & #({Tels
ol sl FeIsla=l g},

7lA, Fuzzy Variable & Prgdbel. ol #88oll (ks sgshd 3 MR 4FE AT 4
stk A7l e HERS FEgdl #el 4 SB, SM, SS, SV, SO, PV, PS, PM, PB¢ gfHe,
RIFRS el WM A+ P17.5 P10, EP, P2.5, ZE, S2.5, ES, S10, S17.5¢) 9ffz #4%
‘et

t}-go] =, Fuzzy Variable 8 H£84& B/ [(—27.5, 27.5)2 ©3ka, Fuzzy Variable & a3}
71 &3] Membership Function -§- $%Egc}. Membership Function -& &##£4S #ilsle HwEd 4+
= 3, HKdbeled FET mEPER £HE 45 dou, d4AE AEEE #ibeld ohd
Table1 3} 7Fo] JREEs)}7] = gFe},

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 —7.5 -5 —2.5

SB ] -0 .0 .0 .0 -0 -0 -0 0 -0 0
SM .0 .0 .0 .0 .0 -0 -0 .0 0 -0 0
$S .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 .1 2 .3 7
Pv .0 -0 .0 .0 .0 .0 -0 -0 3 .8 1.0
PS -0 -0 .0 .1 .3 .5 .7 .8 1.0 .8 7
PM .0 -1 .2 .3 .7 1.0 .7 .3 2 -1 0
FPB 1.0 -8 .6 .4 .2 .1 .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 .2 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 1.0 .7 .3 .2 .1 .0 -0 .0 -0 .0 .0 ]
PV .8 .3 ] .0 .0 .0 .0 .0 -0 .0 ] .0
PS .5 .3 .1 .0 L0 .0 -0 -0 .0 .0 .0 .0
PM .0 -0 .0 .0 -0 .0 ] -0 .0 .0 -0 -0
PB .0 .0 -0 .0 .0 .0 .0 -0 .0 .0 -0 .0

& ARl LCR & gpalel Q/M ¢ st iRiER N R0 2 Ao el
Wl E S HES #ZiEsld -8 Table2 o ko] Bkslch.
Table2 ¢ LCR ol A9 s+ HiEES 2f Fuzzy Stol o,
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Table 2. Linguistic Control Rule in the case of

considering on deviation angle.

or

or

or

or

or

or

or

cr

DE
DE
DE
DE
DE
DE
DE
DE
DE

SB
SM
SS
SV
SO
PV
Ps
PM
PB

then
then
then
ther
then
then
then
then

then

RU = P1i7.5
RU = P10
RU = EP
RU = P2.5
RU = ZE
RU = §2.5
RU = ES
RU = S10
RU = 8§17.5

.
1

tp-&ofl 3= Fuzzy Logic Controller o AHJIEIAE Glifish= Fuzzy Relation & Jgsh= Jiikel

D E : Deviation Angle

S B ; Starboard BIG
S M ; Starboard MEDIUM
S S ; Starboard SMALL
S V ; Starboard Very SMALL
S O ; Starboard ZERO
PV ; Port Very SMALL

P S ; Port SMALL

P M ; Port MEDIUM
P B ; Pert BIG

RU ; Rudder Angle

P17.5: Port 17.5

P10 ; Port 10

E P ; Port Easy
P2.5 ;Port 2.5

Z E  Zero Rudder
$2.5 ; Starboard 2.5
E S : Starboard Easy
S10 ; Starboard 10

S17.5 ; Starboard 17.5

s
F

 THijsky) = kb, wlA] 4 Linguistic Proposition off ¥}8) Fuzzy Variable % Fuzzy o 2 Jehk

Too| Boll #E Fuzzy BIFE (2-10050 {43 fegbeh

fi| % Eo], Fuzzy Variable SB % Fuzzy &2 = vielui= oh&sb o},

SB=.0/-27.5+.0/—25+.0/—22.5+.0/—20+.0/—17.54-.0/ —15
+.0/—12.5+.0/~104+.0/—-7.5+.0/ =5+4.0/=2.54+.0/.0

1.0/2.5+.0/54+.0/7.5+.0/10+.0/12.54+.1/15

+.2/17.54-.4/204-.6/22.5+

Fuzzy 4% Rsg-p-11s

=z
=

Table 3. Fuzzy Relation Rgpp r.s

.0 .0
.0 .0 .1 .1 .1 .1 .1
.0 .0 .2 .2 .2 .2 .2
.0 .0 .3 .4 .4 .4 .3 0
.0 .0 .3 .6 .6 .6 .3
.0 .0 .3 .8 .8 .8 .3
.0 .¢ .3 810 .8 .3

— 2 9 —

.8/25+1.0/27.5
ksl »wd Table 3z} 7e},
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72w, 288 LCRol #3 Fuuzy Bk R2 (2-200Rel kel ket =,
R=Rsp-pizs U Rsy-pn U Rsgepp U Rgyaprs U Rso-z
U Rpv-sis U Rpsess U Reyesy U Rpgospr.s
thgoll, Fuzzy Logic Controller &) #:f4¢ 13 R 238 jeste] s o] ke,
ol Wl $lelAe] AJ(Rudder Angle) RU e} ahal (2-16)5%0.2 )

RU=A(DE)[IR (3-2)
o] uf 1/3\U91 HESS RU= {dru}et 3led, B¥%0 nol QoA BB HEF 6,2
On=0n-1+dru*, pgs(dru*)=max pugs(dru) (8:3)

olvh. A7lell A FEsL sl Sampling fifE v th&k 7bo] wriEatch. ®

]

= 57 (f max=Spectrum & ik 0

a#d), AR BEM fmax &= oF 0.5¢/solme t=0.1sec fifEol k. mEl v, A0 W B
W9 2B 2 FH L 0.2sec fLlE 2 E Farsie},

(@B-2)Rell gleAM e} A(DE)= i fi& Fuzzyfication 8t Aojvt. fil8 S DE=Starboard 10°g}
Ciasi)
—25 -eeere 7.5 10 12.5 --ee 25 27.5

.0 .0 10 .0 .0 .O>
s} ko] Non Fuzzy o 2 viebd 4% glel, =, |-
DE=10° g}z sl= DGR TRER ESl& 1l A9 do
H, ES A#4Y EEHE T & BEJAASE o] zr 1
% Modifier Nearly JZfiE 2 Fuzzyfication gFe pEIIE} = A *o]
o §- Sk},

* W HEE I Alam 10078 HEY 4 mo S modifier 2} )31,

of wlel ghel #bel HalAde P FEY MLBs oo, =

—27.5
A(DE) = <
.0

Fig.3 3t zte] Fud 10° Mot A% 1% 2H= Vector = #Hat + 10
¢l g}, Fig. 3. Fuzzyfication of nearly 10
3-2 {FA B RAEEN 8% Fuzzy Logic Control

—He 2 /M= fiifye] 27 Pak ohel fife) BILRE Wikl HEate ML oA ES

al 2D Controller o #fjir=)-&= %18 geb, ZAKffiol] A= o] o 5t #hie #REske] LCR & gfgksla o
= RSSO EASE A He Hegslne) gt}
w1l fHAY] #3 Fuzzy Variable 2= fHfgul-e %83k Fuzzy Logic Control ¢ #3He} jr— 0
o fHskaL, REel sbiel #siA: BI, SI, ZI, SD, BD ¢ SHAE, BRERS FEfie] B A=
HP, P17.5, PP, P10, F7.5, EP, F2.5, ZE, 52.5, B8, §7.5, S10, SS, S17.5, HS o 15fEE 4%
1 MifskZl = gbe}
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o}, Fuzzy Variable & 4442, fiAst fEfd #all A WK (—27.5, 27.5]8, MY @4k
BOT+1)—0(Ty, BHEBL  B)d "l Ae, ZEM] B8 BAY BILRE ofF & iEHlelek
# 1.5°/sec 2 At g BhRsted BER(~1.5, 1.5]2 &,

Membership Function -2, {Rfiell #s] A= Table 1, RHAY #MiLEd] W) A= Table 4, HEfel)
¥ie A= Table 5 8% 22 b5 7FAlet,

a2z, LCR-& Q/M ¢ st MIERAER BEHEY o B3t FEsR 2 Energy ik #He
FEEHE ZHEstd dEe3zlen, Table 63} o] #E3I .

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 .1 .4 .8 1.0 .8
S.1 .0 ] -0 0 .2 .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 .2 .0 ] 0 .0
B.D. .8 1.0 . 8 4 .1 .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.

—27.5 —25 —22.5 —20

!
s
=3
o

—15

i
—
o
o

]
-
>

|
~
o

|
o

!
o
o

HP
P17.5
PP
P10
P7.5
EP
P2.5
ZE
§$2.5
ES
S7.5
S10
SS
$17.5
HS

1.
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el
=
o
)
S

22.5

0 2.5 5 7.5 10 12.5 15 25 27.5
HP .0 .0 L0 .0 .0 R} .0 i) .0 ] .0 .0
P17.5 .0 .0 .0 .0 .0 .0 .0 0 .0 .0 .0 .0
PP .0 .0 N (] .0 i} .0 .0 .0 .0 .0 .0 .0
P10 .0 .0 .0 .0 .0 .0 0 .0 .0 .0 .0 .0
P7.5 .5 .3 .1 0 .0 .0 .0 .0 .0 .0 .0 N
EP .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0
P2.5 .8 .3 .0 .0 .0 .60 .0 0 .0 .0 .0 .0
ZE .0 .8 .7 .5 .3 L .0 .0 .0 Y .0 .0
S2.5 .8 1.0 .8 .3 .0 0 0 .0 .0 .0 ] .0
ES .2 .7 1.0 .7 .2 .0 .0 .0 .0 .0 .0 .0
S$7.5 .5 .7 .8 1.0 .8 .7 .5 .3 .1 .0 .0 .0
S10 .0 .0 .2 .7 1.0 .7 .2 0 .0 .0 .0 0
S$S .0 .0 .0 .3 .8 1.0 .8 .3 .0 .0 .0 .0
$17.5 .0 .0 .0 .0 .1 .3 .8 1.0 .8 .3 .1 .0
HS .0 .0 .0 0 i .0 .3 .8 1.0 .8 .3 .0
Table 6. Linguistic Control Rule in the case of considering on deviation
angle and it’s angular velocity.
[ if DE=SB then if CDE=B ] then RU=HARD PCRT
if DE=SB then if CDE=$§ [ then RUU=HARD PORT
| if DE=SB then if CDE=Z I then RU=PORT 17.5
if DE=SB then if CDE=S8 D then RU=PORT RUDDER
if DE=S8B then if CDE=BD then RU=PORT RUDDER
if DE=SM then if CDE=RB I then RU=PORT RUDDER
if DE=SM then if CDE=S8 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=B D then RU=PORT EASY
if DE=SS then if CDE=B ] 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=S S then if CDE=S D then RU=PORT 2.5
if DE=SS then if CDE=E D then RU=ZERO RUDDER
if DE=SYV then if CDE=B I then RU=PORT EASY
if DE=SV then if CDE=S I then RU=PORT EASY
if DE=SYV then if CDE=Z I then RU=PORT 2.5
if DE=SV then if CDE=S8 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 CDE=B I then RU=PORT EASY
if DE=S0O0 then if CDE=S I then RU=FORT 2.5
if DE=S8Q then if CDE=Z I then RU=ZERO RUDDER
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if DE=S 0 then'if CDE= § D then RU=STARBOARD 2.5

if DE=S 0 then if CDOE=B D then RU=STARBOARD EASY

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

if DE=PV then if CDE=§ [ then RU=PORT 2.5

if DE=PV then if CDE=Z [ then RU=STARBOARD 2.5

if DE=PV then if CDE=S D then RU=STARBOARD EASY
if DE=PV then if CDE=B D then RU=STARBOARD EASY
. if DE=PS then if COE=B I then RU=ZERO RUDDER
v if DE=P S then if CDE=S I then RU=STARBOARD 2.5
' if DE=P S then if CDE=Z [ then RU=STARBOARD EASY
‘ if DE=P S then if COE=S D then RU=STARBOARD 7.5
‘ if DE=P S then if CDE=B D then RU=STARBOARD 1§
if DE=PM then if CDE=B [ then RU=STARBOARD EASY
if DE=PM then if CDE=S [ then RU=STARBOARD EASY
if DE=PM then if CDE=2Z I then RU=STARBOARD 10
if DE=PM then if CDE=S D then RU=STARBOARD RUDDER
if DE=PM then if CDE=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 [ then RU=STARBOARD RUDDER
if DE=PB then if CDOE=7 [ then RU=STARBOARD 17.5
if DE=PB then if CDE=S D then RU=HARD STARBOARD
if DE=PB then if CDE=B D then RU=HARD STARBOARD

tt, CDE ; Change in Deviation Angle
BI ; Big Increase
-SL; Small Increase
ZL ; Zero
SD ; Small Decrease
BD ; Big Decrease

wleb A, Fuzzy Logic Controller ¢ AJJ¢ vh-g3b el tiEslel, ofwl pealal glel A AJI(Ru-
dder Angle)e RU T a4 (2-19)R .2 el
RU=B(CDE) " 1(A(DE) iR (3.4)
ojrt. o} o B%/U nol 9k 0%‘1 o) JLEBKYS) #ESG 8r 2 (33N F
Sampling RifG 7= Rl _\ n %+ Fuzzy Logic Control & #iilie} Fl-—3b zbe {4)Asie, =t
(8-4)5%6l A A(DE) ¥ B(CDE)= 44 fifly B fu/ufirs o) Fuzzy ¥tele} o] Biiel = DE ¢} C
= {fifael 3 @8k Fuzzy Logic Control o %ot rﬂrﬂﬂz 2 Modifier Nearly & {(#/fsted Eristcl.

4. B ARNolN W o Ex

3ovel A HERE ARAIRRE Sl 18 Fuzzy Logic Control & F{Ji{Lal»l /58 A fiiel Micro
Processor & IpEaled FEysl M- Jjike] whabA ghd ok, Sl FIUIMEE st BlME R
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B2 G rE Y AR RIEAN whEs] sl Fel], & PSRl A FHEEA F9 o
+ s HEMEE BEtd 1oz e
M W IR BB #ete] Hist] F7b] Fuzzy Logic Control 8] #Fi#is} ftzke] PD Control®
o BEBE S E 4 AEE ARdeld & #% HiEstgd e, o B#s BRE Hadkd o9&
3} zbe},

el (k3 MRS EEAHMEAL G-Da el XKEAC AfEleld M EBHEXRE
Runge-Kutta & #Asle ffistd o=, ol & Bl G-DAE REFERez FHskd 4-DX.
sl 7re] e},

A

X=AX+Bs+(D(6)*") (4-1)
Y=CX
=} ;0 1 0 ) p 0 0
A= 0 —(T\+T)/T\T: 1 | =| T, Ts/T\T; 1 D=[ 0 ]
J ¢ ""1/'[T1T1 0 /’ . TS/TIT‘.Z / ‘ -K

X'=(8, 8, x;) (" =transpose), C=(1,0,0)

e R, ARRAERAES] BIgINE sl wEsStthe BE T A IEMERS HREES MY ER
o 2 JuiRste] Energy fiske] Hab FFEMEE vhg3l 2ol FEIAE. o # f# n=4"2 3
t}.

J={(0*+nt)at

Main Program -o- o} ¢ Flow Chart of o=, FERHS 30082 8F2, ¥R 48l =

e FH FE s AR kil ¥ FHEE skl

Main Program o] Flow Chart

( START )

/ﬁﬁj‘ﬁﬂiiﬁﬁ 9 fEfye] #3 Membership Function 3}t $
CALL Minimx ( Min $fle] &3} REA &
B & Fuzzy Logic Control & #5;8 Fuzzy
BitR R-& X3}= Program)

CALL Minima (Min Al &l RBA 2 R
Mg g HHY Fuzzy Logic Control o #§
B8 Fuzzy it R& *ks&l= Program)

],‘

i)
o,
i

|
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J
[ mmeert (o5Ra, fadu, S E, JRAMEE )
Model fa o] BRHERITI RN, HHETEBRIRE,
Gain % AES s, AAS AME WLk

)

8 EHES R,
/ff\\
CALL SIMUL ( Fuzzy #3o] kg #
fe3 PD difdkel o3t A& Aol ¥ 3l
7% Ml HEV ARGl 2HEBE #&
i B XS Runge Kuttajio g Fx &
okt J& HREstd, 2 HBDS MR
AT if 2 FEEBRDZ OBl X
&= Program, ) '
,_VI,
{ STOP 3

d

( END )

AFd el Aol (HAR MRS MEE NI, o AR EHtkEise T, T, Ty o BtfE e
Ts= &% chgak 2ol

T,=45, T,=6, T;=10, T;=0.08

PD Controller o] 78 ANMEALE 6= —~K0-Kyf = FH=H, o] HEY K, Kit Ei Model
fitfne] Auto Pilot 2 #iBE BB MY HEARME FHstges, 2 e &% oo gy
K,=1.0, K4=5.0 =+ W EELY #H K=12 34,

% Bl al g A ReEleld #HEE chesl o)

ob-g#] Fuzzy Logic Control & ikitell =z} LCR & #A2 < gvh: BES FIAste ftae
i) ¥ 0.1~1.0f57k4) LA A FEMEE RT G5, HAY 0.6/52 o B 2L 99
o owebd, BEe & e gel A4 Fuzzy Logic Control 8] #5451 #EMS fRfadl e 0.61%
2 3t Rk AL E v Er

1) @i sERey Ee
WMOEEE ALY 201 F &% 2E e A4 kA Cased] ]9 #5553+ Fig.4-1~Fig. 4-6 3
— 28—
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o

}.

Z#3i9.0.2 Fuzzy Logic Control-2 PD Controlel| Hia #HH§tEk=z 2o} Eol 7t Byl delAf
+ vd RE A, e AA EAYe s FWast: Energy #Hkmel oA HEd BREFL &
RE Ve o,

=&, fEfgel #H AT Fuzzy Logic Control Mol R ¥ RAMEH EAT IE/T KitBEe 14
o g 2 Energy A% lolA ol RIFE #FEE ¥olx g&E & Utk

i) JEE GRS BE

B EMRS shatA 2 A 7A] Caseol W #RE Fig.4-7~Fig.4-12 1 Zox, 2@
& Fuzzy Logic Control & PD Controlo] 3] Energy 2ol %3 FEEBEJ 7L B Hilxc
" AA debds Bolx gl

5. &

#h

B Eell A iRpfEEfER S Fuzzy Logic Control 53-8 BEASted KIS Jrikell #is FHistd onf
FHEEA el ol A el s S 2 PD Controller o} Hifalgl ot

a2 FER, WA Y fhdEege) (£ § Fuzzy Logic Control e 31! Ffim#l J 4= PD Controle] 2
3 " AA Jekyted, ANz FHY NS (UHIEE S o}-&# Fuzzy Logic
Control ¢] [EEfiel Soft Ware ¢ zi#io v £4]A41 MG E 5meld 7 U.M WhHE B <+
= Ehe EEE d, o) FHLt 2A Mtk

& Bl s Q/M e il R B FERERS T A LCR & #REHs Bl
23 04}, System Behavior off  #a Hpriny 1£21S BRI, ST o rlde B EITE I

= BEHMEAR %9 M PR E f@)ﬁ&ﬂ% F@H?M] BEe e LCR & f51Fe) J-7vhs,
vl -4 KT Controller 9| Fiitrb wrgEstel el fA==, =3 SMAIRAER GE65 & T &R
A= MM PO LSk A4 = ﬂaﬁaoﬂ HW FENRE @ BEsHs Fuzy
Logic Control of] ¥f3F #4E7l WiT= b & A¥nket WERAZT veelel I T%D}

=, A Rl A e FEEEA A 2 & 42 st AFEel A fEE el o
n ] zre] Bbstd = HNE ot EEZ AJEE B0 w4 ol deE o & s ok
& FEe T A 2l
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MCase 1. IS fifiie] 20°, /it O0olx, Ahflel &<

il
AT
L
=]

)
20

0f FUEN o0~ = 300 B0 304
! \\\ \_\ /// )
e S
Sy
Fig. 4-1(a) Result of Control in the Case 1.
r}, ———PD Controller
——e—fii e QI Fuzzy Logic Controller
— - - —{FE/ W FAMEES {£1032 Fuzzy Logic Controller
Case 1] #Mel {Wfge]l 20°, f@faiEEest Oefa, shElel P 5
Jowkg v
7 -
/—""""".'“"."‘._.-———--/” :
50 100 150 200 250 300
(T

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

t}, ————PD Controller
— eme-e ~fE o] A 3§ Fuzzy Logic Controller
— - -Gy 9 EAMEEY B3 Fuzzy Logic Controller
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[Case 2] %19 fiffel 20°, ful /it sk 1.0%/sec o]z, ShElel §l= LI
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20
15
10
0 N A —— e
20 \\ 150 T80 200 550 = 00
-5 \> 7‘///

Fig. 4-2(a) Result of Control in the Case 2.

¢t, ——- - PD Controller
..... el (£ H ek Fuzzy Logic Controller
— - —fEfR Y (E RS 8% Fuzzy Logic Controller

[Case 2] #2) fmfge] 20°, fifdiis st 1.0%/secelx, ShEle]l €= K&
J el i)

/‘/’—.——_— T
/-'/
100 150 200 250 300

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

c}, ————PD Controller
—e—.— (@l ¥ H3 Fuzzy Logic Controller
— - —dEy 9 (FAMEE 1E A g Fuzzy Logic Controller
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(Case 3] #M fRfhel 20°, MMMy 0o]x, AH@le]l 1208 2 240%4)
## 1.0°/sec, —1.0/sec & F7{idht Hild

AN [ w

e

50 : =Y 750 7300
N \\K\ iy ,/f] b & / o)
DN | =
- B
Fig. 4-3(a) Result of Contro! in the Case 3.
=, - ———PD Controller

—e—v—{@EfAs] £ H 2 Fuzzy Logic Controlier

— - —{FEfA 2 FHHHE {h 1S Fuzzy Lozic Coatroller

[Case 3] #1Me] f@ffe] 20°, fMMIEsl Oolx, FLle] 1208 ¥ 240%be)

% 1.0°/sec, —1.0°/sec & {ifesh Hiil
cobgl oty
7
6 e .
R o st e
5 _./""“""'—_—“;__‘
4 /
; /’
2 /’
1
0 50 100 150 200 250 300
(T

Fig. 4-3(b) Criterion Function(J) in the Case 3.
%, -—————PD Controller

~~~~~ R B3k Fuzzy Logic Controller
—--—EA 9 RFEAEYES 1§83t Fuzzy Logic Controller
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[Case 41 WY fRfhe] 20°, RfEE 00z, shdle] 1208 © 24084
## —1.0°/sec, 1.0°/sec 2 frfeshs R

50 \ 100 150 200 250 300
-5 ;_—::\/

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

v, PD Controller
———— —fR Mot £ H T Fuzzy Logic Controller
— - —EA D BAEE FEe Fuzzy Logic Controller
Case 41 #1j19] frifge) 20°, RAEEEL 00]L, Al 1208 9 24084
45 —1.0°/sec, 1.0°/sec 2 Ffest igm
JEGHS] k)
o]
7
6 /
5 —_—

2
1
0 S
50 100 150 200 250 300
(€]

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

—PD Controller
----- fRfaol £ H I Fuzzy Logic Controller
—--—FA Y RAEEN RS Fuzzy Logic Controller
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fCase 5] #Hel fFAe] 20°, WA T 1.0%/secolx, s@Ele] 1208 2
240%bell K% 1.0°/sec, —1.0°/sec & FEfEshE kil

G}
20
15
10)
5.
0 300
¢V
-5
Fig. 4-5(a) Result of Control in the Case 5.
=}, ——~-—PD Controller
——— el 3 Fuzzy Logic Controller
— - - —lif 8 EAEE A E 193 Fuzzy Logic Controller
[Case 5 WIS fuifge] 207, fiffuiirk 1.0%/seco] s, Jh@Le] 120f) 9
240%bell %45 1.0%/sec, —1.0°/sec = FEfEshe Lilh
J&E 1 ub)
. S
100 150 200 250 300 (T)

Fig. 4-5(b) Criterion Function(J) in the Case 5.

=¥, ———-—FPD Controller
_____ f@faol 43 Fuzzy Logic Controller
— - - —A Y HAEEA # A Fuzzy Logic Controller
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[Case 6] el ffa0] 20°, WFAMEZL 1.0°/secolx, silo] 120% 3
240%0] &% —1.0°/sec, 1.0°/sec 2 HHESHE 5

&)
20

15

10

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

z}, ———PD Controller
_____ —{iifge) i A5k Fuzzy Logic Controller
— - - —{fH Y FEAMEA 1 H g Fuzzy Logic Controller

FCase 6] #jel ffe]l 20°, (ks 1.0°/secola, #hlel 12080 %
240550l 44 —1.0°/sec, 1.0°/sec & FF1Eshe il
QS R

11

10

oF 50 100 150 200 750 300 (T)

Fig. 4-6(b) Criterion Function(J) in the Case 6.
PD Controller
''''' {f@fye) # H3F Fuzzy Logic Controller
— - - —ff 9 [EAEREA &£ B3k Fuzzy Logic Controller
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[Case 1] #tie) fRfdel 20°, AL 0olx, A@lel %+ Him
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Fig. 4-7(a) Result of Control in the Case 1. (Non-linear)
=, PD Controller
~—s—s—{R ol # H3 Fuzzy Logic Controller
— - - —fHfE 2 EAMEA HH3 Fuzzy Logic Controller
[Case 11 #Iiie] fWfgo] 20°, fRAEIEZL 0olx, 4@l §l& KB
JCsHSL k)
15
10 o
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(€]
Fig. 4-7(b) Criterion Function(J) in the Case 1. (Non-linear)

t}, ———PD Controller
_____ R 3 H gk Fuzzy Logic Controller
—--—[FfA 2 FEAMEYN HHT Fuzzy Logic Controiler
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[Case 2] #UH8l ffael 20°, fRAMEEZL 1.0%/secolx, st@le]l = 5l

0

50 100 150° 200 250 300
m

Fig. 4-8(a) Rcsult of Control in the Case 2. (Non-linear)
PD Controller
_____ —{R#el £ 3 Fuzzy Logic Controller
— - - —{EfA U (AR P 3 Fuzzy Logic Controller
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b o) : [Fase 21 FUISl fifmel 20, S A 1.0%/sec o] 3L, shElel §li HEM
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Fig. 4-8(b) Criterion Function(J) in the Case 2. (Non-linear) ™
t}, ————PD Controller
***** Bl B 3§ Fuzzy Logic Controller

— - - —IEfy ) i £ H gk Fuzzy Logic Controller
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[Case 3] 118l fRifhel 20°, ifaigE~r 0ol sELe] 12050 2 240504l
4% 1.0%/sec, —1.0°/sec 2 frfEshes Il
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Fig. 4-9(a) Result of Control in the Case 3. (Non-linear)
ot — PD Controller
''''' el HE g Fuzzy Logic Controller
e R B s RIS Fuzzy Logic Controller
Case 3 #e fWfiel 207, il st 0ol a, shflel 1208 9 2401
%4 1.0°/sec, —1.0°sec & Al L
TCukg) sk
15 /
10
5
0 50 100 150 200 250 300

Fig. 4-9(b) Criterion Function(J) in the Case 3. (Non-linear)

t}, ————PD Controller
—e——{Eif4e] BT Fuzzy Logic Controller

—— - — (R D FAEEEA # B 3 Fuzzy Logic Controller
— 38 —
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[Case 4] #0ii9) frifgel 20°, fRAMEEF 00l x, SA@Le] 1208 W 240%be]
#H 1.0°/sec, —1.0°/sec & FE7Esh= Hi0

Fig. 4-10(a) Result of Control in the Case 4. (Non-linear)

4ty ————FD Controller
—e—+—fifel A% Fuzzy Logic Controller
— - —fif 2 fHfAME ¥ A Fuzzy Logic Controller

[Case 41 #7the) fhifgel 20%, fRMMIEA 00 x, HihELo) 120F 2 2408
A7 1.0%/sec, —1.0%/sec & Frfidhs 5
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Fig. 4:10(b) Criterion Function(J) in the Case 4. (Non-linear)
tt, — .~ PD Controller
..... ~ A # H 3 Fuzzy Logic Controller

— - -—MA 9@ RAKES BB Fuzzy Logic Controller
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Case 5] #4] fffae] 20°, (WA L 1.0°/secolm, Sh@le] 12080 %
240fpell %% 1.0°/sec, —1.0%/sec 2 FFR{ESL= M
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Fig. 4-11(a) Result of Control in the Case 5. (Noa-linear)

t}, ————PD Controller
----- —{mAd # B3 Fuzzy Logic Controller
— - - —{EfH 2 FHAEES 133 Fuzzy Logic Controller
TCase 5] #UMS) ffuel 20°, WFAHIEA 1.07/secol s, Shle) 1208 %
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Fig. 4-11(b) Criterion Function(J) in the Case 5. (Non-linear) €))

PD Controller
————— RAN £ HE Fuzzy Logic Controller
— - - —{BEfA 2 [EAEEES ¥ H3 Fuzzy Logic Controller
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[Case 6] #U4 fiifie] 20°, fRfasfiEE7l 1.0%/seco] L, #Hgle] 1208 2
2408l %% —1.0%/sec, 1.0°/sec 2 frfeste 5558
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Fig. 4-12(a) Result of Control in the Case 6. (Non-linear)
=}, PD Controller
***** fRfael ¢ H & Fuzzy Logic Controller
— -~ 2 {RAEE #¥ H3 Fuzzy Logic Controller
[Case 6] 4719 fWAge] 20°, fMMAER T 1.0%/seco]m, st@le] 1208 o
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Fig. 4-12(b) Criterion Function(J) in the Case 6. (Non-linear)

=}, ———PD Controller
~~~~~ 4ol @ ]33 Fuzzy Logic Contsroller
— - - —{ifg W (GRSl 1 H S Fuzzy Logic Controller
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