Fuzzy Logic Controllerdf] St #L#fne] HI4E

Application of Fuzzy Logic Control to Ship’s Steering System
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Abstract

Many studies have been done in the field of fuzzy logic theory, but it’s application is not \o
‘much, and particularly, there isn’t any application to the ship’s steering svstem, until now.

This paper is to survey the effect of application of fuzzy logic control 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 inputs and the output, and take the inputs derived from
the errors, that is, de\f_iation angle and it’s angular velocity. These two variables together
give information about the state of the steering system, and the Linguistic Control Rules are
implemented on the digital computer,

The characteristics of this system were investigated through the computer simulation and

satisfactory results compared with that of the conventional PD controller were obtained,
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I Xet elol 4} ¢) Fuzzy 4 Az 5g3b 28 membersh P tunction wadl] 718 F2%E 4o},

P CNY 2.1)
t, M=[0,1.
LAY kg3 gre] EBigke)
~Y7}' -ﬁ-lll%“é\ {-’\‘!; x;’) "',Xn} Oévtﬂ
A=Yha(x)/x (2.2)
1=}

X7b drlilEed o

A={ hatz)/x (2.3)
& X Funyfs A9 pfidolst 2dd. /9 2258 fsiss Exc)z aze
Membershipfie] =}

AT EIAY A Fuzzy$ae &, 8, flit 44 9o o] wiksn

AUB= [\ ha(x) /x (2.4)

AN B= [ha(x) Nhs (x)/x (2.5)

A= (1= [ha(x)) /x (2.6
bounded sum& ¢+ bounded differences = %4 thgst 7o

AEB=[1Ahalx) +hs(x))/x 2.7)

=_f0v(/z.4(x)—lze(x))/’x (2.8)

WAX} Yo R XxYe) Fuzzy pa

R=[_ he(x,2)/(x) 2.9

= <#8) Fuzzy BiffRel Ealo),

ACXe REXXYS thge d44 aMolel 32 YY) Furyiipksas Exerc
AsR= [ SUPTha(x) Ahe(x, 3) /5 (2.10)
x€x

2] Fuzzyshis AcX, BzY? itk

. AxB={_ ha(x)Ahs(3)/(x,3) (2.11)
& Fuzzy ZIe) (R4 i) o,

T':‘éﬁé.w: B A Fuzy®est HE 8 9 50e Euetd ZRas aRsil

BRI -

b vt &, A={a), a=ha(x), R={r;), ro=haxn v, AR=\{b;l, b =hak(y)eba hed..

bi=\/(a:\ri;) (2.12)
4

(=F, \’+= Maximum, Ax Minimum)
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o} Lo} Liguistic Propositionsl] ¥3ted FWIsts] s sre},

FE& Fuzzy #4449 8, PZ Linguistic Propositione]gl 3}3, xeXelzt 8, P+ P=x
is Fa Jepd == o}, & So] P=“x is small integer”® X=1{1,2,3,--, 10\l g FH3},

small integer=1./1+1./2+ -8/3+:6/4++4/5+-2/6
+.1/7+.0/8+.0/9+.0/10 (2.13)

o2 vepd 4 9lrh

5 i Linguistic Proposition P=x is F, Q=y is G, FcX, GCY7} F13 & =, L GR&GE .
+ ez (P,Q=(xy) is R, RcXxYela Frsd v

Fuzzy B84 RS #miih-e Compositional Rules]z} 3tz t}g 37bx7} 2 £ZEE ol Fa goh,

“x is F and y is G*->R=FxG (2.14)
“x is F or y is G*-R=¥yG (2.15)
“it xisF then y is G"-R=1-F3( (2.16)

AAA, Fe FcX9 Cylindrical extensnonO]?,]- 23l XxYY Fuzzy #H4oELQ6, he(xy)=-
he(x), VyeYel EFEA v

2.9. Fuzzy Reasoning®} #i#h

Fuzzy Logic Control¢ KH a7l BsiAE ARlY g%oe #d HEERS 53 A& e
¢] #:fI1-¢ Linguistic Propositione 2 %B§ 3, #% Linguistic Proposition®] Linguistic Variable-&-
FuzzyBo = el 282 % Linguistic Propositionel]l #3F FuzzyBilfhe %3 H, o] €9 &&
o2 288 LCRo| %% Fuzzy BA{RE kel olel #al Fuzzy Reasoningg Tited HIATIG &
e ke o] HEMAQ BIFEes ALE & HE A e

Lt @G OE Bod HlAE SEmAA RS HE MEE BEE L4 Fas :HE
712 83 d7lo|A & Fuzzy Reasonings] Ha\ Ak ®EIsHA2 ot '

Fuzzy Reasoninge] 2, i & “if x is A then y is B”s} “x is A/"23-= “y is B/"& #&KH
E AL T & BHAGE “if xis A then y is B"E “(x,3) is R"Z #Z&3T &F “xis A7
£ 2914 d B'=A'Rd| {&s “yis B"E ##HdlE RAelt}t. o] A& Compositional Rule of Inference -
2 &yl

BTl A € gl ekt 2 4 E(implication) & f§E3] “if A then B, A—-B¥22 #.
BElm, = RS Ra.s, Ras o8 KFSV 2 g}, A, B%S L /5% FuzzysEeccl.

Compositional Rule of Inferenced)] A "'T?’] o] il e vt: A'=AY o B'xBz = Bolc},

M 1 Lk Aol A-Bz B #iFR WhEke] dud 2o

o s WIHHAE 1 Al ERAST Be TE 4+ 9t H8s % &
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A7l A-B HHY o] 4 (Fuzziness)ol]
€ FUAstd 22A& KBS kol #aiAn 448 vz

pEs

HAA = U5 Zol Ekstx 23, lul Fuzzybls

A=1./x+6/x.++3/x,
B=-2/y,+-4/y,+ -7 /x;+ <9/y,
2t 3" R (2. 1)z 3
4 -7 -91
o4 -6 .6J
.3 .3 .3

..

o] Rk, relA, WY A'=7/x;+-5/x,+-4/x2 319, X (2.10) 08 L} B

e T/n2 A BED KSR Q1A ) R Botel AR5E KRR ARuis=-2/5, 4 4/54 -7/

ys++9/y7t Aol B} ~ﬁw. o] LilFE 1Bem
et Fig 13 2},
ol sh o 1Binske] “if A then if Bthen C”
=A—-B-Ce) Hifldl, R=AxBxC=2 s 4,
B'7} 1= 5 Fuzzy #:i#Re) #5R C'= &3l Zo]

2.

/
i
|

Ra.s=|

MNN

= 2/y++4/y,+-7/

.8

C'=B/¢(A’°Ra-s-c) (2.17) p Y ~
9, LS 4 Je

f#ie} implication 4,—B; or A.,—B,¢ or,
Fig.1. Cempositicnzl Rule of Inference,

‘41‘_’B1 or Ag“’Bg@RZRAlaﬁg 'JRA:—-B«_)

(2.18)

Al—’Bl and Ag—’ngR:RA:»B‘ nRAjaBg

3. Fuzzy Legic Controlol| &3t 2%l £8

afRo] HBNIEAER #HURT LM, fsE"’dE@h’éﬂf‘f‘a Bets BEEEA s S5

9 An, Compass %ol dvh. EHBEAT/E oh ARl 2 ity il
il A v F 22t 81 Fuzzy Logic Cortrollerel] &

Quarter Masterz},
ol & L\ﬁ"‘ﬂ“a block#@E =2 ~lelw) | Fig. 23 72},

‘Logic Controller7} &} 7}A] =},
Fig.2¢] Blackiiifilol 9doiA %% el #ste 4872 guh,

«--1‘_"54 A_.L:;j f_é_& fong '—'"JZDJO = l‘/]»——_-—] 2];& %x}f/{g{éx/l ]‘.l.;t-—.i j Lt—k '/TL' CT:L. D

9
TT, i+ (T, +T,)- ("t 6= To-rTT, Ht (3.1)
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w, T3, Ty, Ty BREtEEls ﬁ, T, ERFIBER

O RAEEE, 8:4efa, s ReAEIE
-6 Auto Pilc 0y Steering ' f)‘ . s Gvro s
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Fig.2. Block diagram of ship’s steering system,
Auto Pilote]l {£%+ Course-Keeping®] 53, IR{FEQ sta< PDHIMS 438c]E do= —kb0—kd 2,
P.L.DHIES B & Go= —kb—keb—ki[0dtz &2 FAH, of fEf] St
g m =) =, fEel KEMES] st AMNS BHAATA i HANE 6 Hastz, o 6%
Easte BN BAE AR, of HJE Feed BackdA ane) 6% =mez #imsA =
.
QM FiBel & FEM 6.5 5ol kel FWEHA Fo =4 e HIET SEsA 4&EA =
oldl QME AR EHRHA BBl KA FEY 27, BEY BT, A KT Lee
Vey ¢ ZEs /M4 B@shA A9 3, fFfd A7 S5ekd uy 2o = A/ 39, @A
) @med gl o € A FHEA U
Fuzzy Logic Controllers] el & o] o} & Q/M9 8 Miprye WSEEESe Ay LCR
R H, o] LCRe| ¥t FuzzyBtRe ketx, #iake) Fuzzy jieshel 8l SIWASS #E4 5
rEsted B Skl S |
LT At 4 BBAHE, RAd HET E3) FE 2 WANS T3¢ 584 % 4
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3.1 (R0l ZHE$ Fuzzy Logic Control

R EIA A QMY R 8] Fo] 'fﬁﬁ%«] Z7lell A EHistd W To e M Fovsy it
e HET 4 Qo 44 Aps LCRS fERsHT, o & %ij)}rjo]-ai Fuzzy Logic Control-g- 7T
R L B el S 2

R4 Fuzzy Variableg JeEdteh. o] & &gl #@ pigEstd 8o Haigsco4@s fHg 4
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Starboard Zero, Port Small, Port Medium, Port Big®] 7@ =, #liR ql ftfmdl #8A = Hard Port,
Port, Port Easy, Zero, Starboard Easy, Starboard, Hard Starboards] 7z 75 7% sEgc}.

L oh, Fuzzy Variabled] £s4e 771 [—27.5, 27.5_2 i},

o5l &, Fuzzy Variabled @sgsts] Sa ) Membership Functiong- $k5E3tc}. Membership Func-
tiong: AHEE LI RET 45 A3, Fistd FET WMk FRE 7= dov,
A7 € AEES BEitste] g Table 13 o] sl 2 g},

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(HP) .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0
SM(PP) .0 0 .0 .0 .0 .0 .0 .0 .0 .0 .0
SS(EP) .0 .0 .0 .0 .0 .0 .0 .0 .0 .1 .3
SO(ZE) .0 .0 .0 .0 .0 .0 .0 .1 .2 .3 .7
PS(ES) .0 0 .0 .1 .3 .5 .7 .8 1.0 .8 .7
PM(SS) .0 1 .2 .3 .7 1.0 .7 .3 .2 .1 .0
PB(HS) 1.0 8 .6 4 .2 .1 .0 .0 .0 .0 .0

0 25 5 7.5 10 125 15 175 20 22.5 25 27.5
SB(HP) 0 .0 0 .0 .0 .0 .1 .2 .4 .6 .8 1.0
SM(PP) .0 .0 1 A\ )¢ 47 1.0 .7 .3 .2 .1 .0
SS(EP) .5 .7 8 1.0 .8 .7 .5 3.1 .0 .0 .0
SO(ZE) 1.0 .7 3 A | .0 .0 0 .0 .0 .0 .0
PS(ES) 5 .3 1 00 .0 0 .0 0.0 .0 .0 .0
PM(SS) 0 .0 0 .0 .0 .0 .0 0 .0 .0 .0 .0
PB(HS) 0 .0 ¢ 0 .0 .0 .0 .0 0 .0 .0 .0

Table 1o &) 30 2dd, IS So], Starboard Mediumeo] 2t fiifge] £y 15° 2/ Starboardz.
A7 Aoz, Portsl 9 15° f2E i o v ftfae F= 2o g &le Membership Functiong Sg&t 7
ol e,

& FifEEd LCRY #mK e, fRfde] Starboard Bige]® §tE Hard Ports 3}x Starobard
Mediumo] = Port Rudderz gtc}s o) Q/M-‘ll f25%-% iH4aste, o8 Table 29 3ro] EFE T},

Table 2. Linguistic Control Rule in the case of
considering on deviation angle,

if DE = SB thne RU = HP ©:, DE; Deviation Angle RU ; Rudder Angle

or
if DE = SMthen RU = PP SE : Starboard BIG HP ; Hard Port

or .
if DE = SS then RU = EP SM ; Starboard MEDIUM PP ; Port Rudder

" { DE = SO then RU = ZE SS ; Starboard SMALL ~ EP; Port Easy

or ) : 2 E: ZERO R T
if DE = PS then RU = FS SO ; Starbcard ZERO ZE ; ZERO Rudde

or . PS : Port SMALL ES ; Starboard Easy
1 = = S

or \IDE = PMthen RU = S8 PM:Port MEDIUM  SS ; Starboard Rudder
i DE = PB then RU = HS PB : Port BIG HS ; Hard Starboard

L2 LCRol 41 o] IRt #(FRS /4 Fuzzy ol o},
th&oli = Fuzzy Logic Controller®] 7 piApii2 20 8t Fuzzy Relationd HEstE Fikd &
# S 2 dte), mA %4 Linguistic Propositiondl] #}&+ Fuzzy Variable$ Fuzzyfto = YERY 1
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| 5ol ¥a FuzzyBilfi® (2. 1DR &Kaf k.
o], Fuzzy Variable SB(HP)% Fuzzy®o 2 iehd 2= chgsh 2o
SB(HP) = -0/-27.5+-0/-25+-0/-22.5+-0/-20+ -0/-17.5+ -:0/-15
+-0/-12.5+ +0/-10+-0/-7.5++-0/-5+-0/-2.5+-0/-0
+-0/2.5+-0/5.0+ +0/7.5+-0/10+ -0/12.5+ -1/15
++2/17.5+-4/20+-6/22.5+ -8/25+1.0/27.5
Fuzzy [H5 Rss-np® K& 2= c}-g& Table 33k 2t

=
i
st

’

Table 3, Fuzzy Relation. Rsz—up

0 0

1.1 .1 .1 .1

1 1.2 .2 .2 .2 .2

i o 1.2 .4 .4 .4 4

‘ 1.2 .4 .6 .6 .6
1.2 4 .6 .8 .8
1.2 .4 .6 .81.0

t}-2, % Linguistic Propositione] %% Fuzzyffifas £t 3re] k3 -‘ﬂ, %8 LCRel] #3F Fuzzy
% RE (2.18)Rell s Rkgheh
= R=Rsg-rr_ Rry-rp _ Rss-epURso-ze
JRps.rs' Rea-ssU Reg-Hs 7
ti-e<, Fuzzy Logic Controllerd) £ff-e b3t R2X #HiHsls "/‘téi‘P 7ol e
S el ool A 7 7(Rudder Angle)-& RUz 8= (2.10)%0 % %=,
RU=A(DE)=R (3.2)

oldd RUS ©#4% IRU={4ru}eh 3=, B%0 nol QeI A e el s Rl 5MHQ 6 2 o
sp 2t
on=0n, = dru*, h@(Jru*) =maxhe{dru) (3.3)
od7lal A RBEZT S = <a"np1m<z MR & o3t Zol wETH”
1 e 1o s
T G, e Spectrum—% Hx i A B

5E) feoom oF 0.3¢/87 OIEE A=0.1sec 2ol b, y+ 29 BrE#e
HErer Farsth,
a3k QA ADE)E S Fuzzyficationgt Relst. & £+ DE=Starboard
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~{—27.5 —25 7.5 10 12.5 25 27.5
ADE) = (7?15 010 00 o)

% ko] Non Fuzzy@o g vebd 4% glvb, 28y, :H@lk DE=10%x e RS MEs ok
EHE HBE AY don, =8 A%4Y ERHE g1 i AAAAE o] gh-e Modifier
Nearlyf/fe 2 Fuzzyficationdled [EFESFE R o] wj$-

EFIS} T,
[ .-
B) A" HMEE Nf Ais m 10°°8 #BE o /\
mg modifiersh S ol @e] Zre] Lo \
HA A= BES 558 S4E) 9o, =, | 1o
Fig. 35t Ze]l F51 10° stellA = gt 2 Fig. 3, Fuzzyfication of nearly 10,

= Vectorz FIEY < gt}

3.2 (RA 8 {(RAFE FH3 Fuzzy Logic Control

—H2f92. 2 Quarter Master+= {Rf8¢) 27 ¥t ohie} Rfae SLRE Rkl ZEste iBAER
©. =4 28 PD Controllere] #fEs] & Z#1¢ ol Kol ol gt #& #iEstd LCRE
MRS o) & BANEIATS) ESE BR2el Ma BHS A §o. =4 @&d S8 Fuzmy Variable
2x RfdE BET Fuzzy Logic Controle) #ifel M—8t AL HANT, ®HY sLBel )
A& Big Increase, Small Increase, Zero, Small Decrease, Big Decreases] t}AlfF, iffr@al ftfael
#s A &= Hard Port, Port Nearly 22.5° Port, Port Nearly 10°, Port Easy, Port Nearly 5°, Zero,
Starboard Nearly 5°, Starboard Easy, Starboard Nearly 10°, Starboard, Starboard Nearly 22.5%
Hard Starboard®] 13f8% ##& {ffstla o},

%, Fuzzy Variables] H#48¢, RAsk fifd M4 B (275, 27.512, {Rfa9 #44
BOT+D-0(T), Azl - 2)oll AL, BHRHNY 158 HBAY BLEL ofF = i3ile}ok
W 1.5%/sec BE Avte BiE BF3to, ER [-1.5 1.5]2 %},

+, Membership Function, {Ffadl #aiAd £ el HI Fuzzy Logic Control2] 3‘335@34'- fal
—% & JHA, BAEY #LEd #A & Table 4, ﬁtﬁﬁ] %l A £ Table 59 2 zH¢ 1=
23

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

~L5 —L2 —0.9 —06 —0.3 0 03 06 09 L2 15
B.1 .0 0 0 .0 o . 0 .2 4 T 10
S.1 0 0 000 2 . TL0 T 4 2
z.1 .0 .2 4.7 8 10 8 .7 4 .2 .9
S.D .2 4 710 7. 20 0 .0 .9
B.D 1.0 .7 4 2 o . o 0 0 .0 .
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Table 5. Membeship Function of rudder angle in the case of considering on deviation angle and

it’s angular velocity.

—27.5 —25 —22.5 —20 -—17.5 —-15 ~—12.5 —~10 7.5 -5 —2.5
HP 1.0 .8 .6 .4 .2 .1 .0 .0 0 .0 .0
P22.5 .4 .7 1.0 .7 .4 .2 .0 .0 .0 .0 .0
PP .1 .2 .3 .7 1.0 .7 .3 .2 1 .0 .0
P10 .0 .0 .0 .0 .0 .2 .7 1.0 .7 .2 .0
EP .0 .0 .0 .1 .3 .5 .7 .8 1.0 .8 .7
P5 .0 .0 .0 .0 .0 .0 .0 .£ T 1.0 7
ZE .0 .0 .0 .0 .0 .0 .1 .3 .3 7 .8
S5 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0
ES .0 .0 .0 .0 .0 .0 .0 .0 .0 .1 .3
S10 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0
SS .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0
S22.5 .0 .0 .0 20 .0 .0 .0 .0 .0 .0 .0
HS .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0

0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20 22.5 25 27.5
HP .0 .0 0 .0 .0 .0 .0 .0 .0 .0 .0 .0
P22.5 .0 .0 0 .0 .0 .0 .0 .0 .0 .0 .0 .0
PP .0 .0 0 .0 .0 .0 .0 .0 .0 .0 .0 .0
P10 .0 .0 0 .0 .0 .0 .0 0 .0 .0 .0 .0
EP .5 .3 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
P5 .2 .0 0 .0 .0 .0 .0 .0 .0 .0 .0 .0
ZE 1.0 .8 7 .5 .3 .1 .0 .0 .0 .0 .0 .0
S5 .2 .7 1.0 .7 .2 .0 .0 .0 .0 .0 .0 .0
ES .5 .7 8 1.0 .8 .7 g5 .3 i .0 .0 .0
S10 .0 .0 2 .7 1.0 7 .2 .0 .0 .0 .0 .0
SSs .0 .0 1 .2 .3 .7 1.0 .7 .3 .2 .1 .0
$22.5 .0 .0 0 .0 .0 .0 .1 .4 .7 Lo .7 4
HS .0 .0 0 .0 .0 .0 .0 .2 .4 .6 .8 1.0
&, LCRE Q/M¢] #REE3L MAUEMRY BoBHE" ] %3 WXk REE Z£Tdd gsden,

“able 63+ 7ro] HERCEHE T,

Table 6. Linguistic Control Kule

velocity.

in the case of considering on deviation angle

or

or

or

or

or

if DE
if DE
if DE
if DE
if DE
if DE

I

S B then if CDE = B 1
S B then if CDE = S 1
S B then if CDE = Z I
S B then if CDE = SD
S B then if CDE = BD

SM then if CDE = B 1

then RTJ
then RU
then RU
theu RU
then RY
then RU

[}

1l

I

HARD PORT
HARD PORT
HARD PORT

PORT NEARLY 22.
PORT RUDDER
HARD PORT

2
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or
if DE
or
if DE
if DE
if DE
if DE
if DE
if DE
if DE
or
if DE
if DE
if DE
or
if DE
if DE
or
if DE
if DE

or
or
or
or
or

or

or

or

or

or

or
if DE

if DE

or

or
if DE

if DE

or

or
if DE

if DE

or

or
it DE

if DE

or

or
if DE

if DE
it DE

or

or

= SM then if CDE = S 1 then RU = PORT NEARLY 22.5

= SM then if CDE = Z I then RU = PORT RUDDER

= SM then if CDE = S D then RU = PORT NEARLY 10.

= SM then if CDE = BD then RUJ = PORT EASY

= 8§ then if CDE = B 1 then RU = PORT RUDDER

= S8 then if CDE = S I then RU = PORT NEARLY 10

= S S then if CDE = Z [ then RU = PORT EASY

= S S then if CDE = S D then RU = PORT NEARLY 5

= §§ then if CDE = BD then RU = ZERO RUDDER

= SO then if CDE = B 1 then RU = PORT EASY

= SO then if CDE = S I then RU = PORT NEARLY 5

= SO then if CDE = Z I then RU = ZERO RUDDER

= SO then if CDE = SD then RU = STARBOARD NEARLY 3
= SO then if CDE = BD then RU = STARBOARD EASY

= P S then if CDE = B I then RU = ZERO RUDDER

= P S then if CDE = S 1 then RU = STARBOARD NEARLY 5
= P S then if CDE = Z I then RU = STARBOARD EASY

= P S then if CDE = S D then RU = STARBOARD NEARLY 14
= P S then if CDE = BD then RYJ = STARBDARD RUDDER

= PM then if CDE = B I then RU = STARBOARD FASY

= PM then if CDE = ST then RU = STARBOARD NEARLY 1¢
= PM then if CDE = Z I then RU = STARBOARD RUDDER

= PM then if CDE = S D then RU = STARBOARD NEARLY 22,5
= PM then if CDE = BD then RU = HARD STARBOARD

= P B then if CDE = S D then RU = HARD STARBOARD

= P B then if CDE = BD = HARD STARBOARD

then RU

=k, CDE ; Change in Deviation Angle

w}2} 4, Fuzzy Logic Controller] # Jj& t}-&3b o] rgEslch,

ofwl % i)
dder Angle)ys RU} #hd, (2.17)3%c2 o)
RU=B(CDE)~(A(DE)-R)
ol A RUS| #58¢ JRU= Urjch v, 1520 nsil slol 49 JLEya) =

BI : Big Increase
SI  : Small Increacse
21  ; Zero

BD ; Big Decrease
SD ; Small Decrease
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4

=

A4S T es, AFelold Bi2sh e @A e 2

*

mptel (8 HYANS) E@HRRS (3 1A 2ol EEAd AfHleld e e MEIRRS
nge-Kutta & MAS fietg o=, o & T8l 3. DX+ W

= A=
o] R},
X=AX+Bs (4.1
Y=CY
tk, /0 1 0. 0
a-|o - (T,+T/T.T, 1 B= " TT:/T\T,
o ~YT.T, 0, © TT\T,

X'=(6,6', %) (!=transpose}, C={100)

Gvro Compasse] il fiifs& Errorg

S

it
Lo
i
~
i
|o
o

Az
_\114
&
b3

e,
\ain Program& o}#l ¢} Flow Chartsh zreowl, = /J& b &3 e},

=1 z) LCRe| {83 Fuzzy Variables?] Membership Functiond] 2F A:-(1), A1), - ALD)
31( I)y B:( I )» R Bs( I )-’ Cl( I ), Cz( I )! C.‘,( I :% 3}“1::‘”}
2o o) &g FUME, Al ik Eiﬂ Fuzzy Logic Controllers] ¢} Fuzzy El+& liste

ub Program Minimxs} fifs 2 @AM & E% Fuzzy Logic Controlle

= Sib Prozram Minima® Y-8 % Fuzzyi§lih

B B

azl:, o] 5 5 Fuzzy Logic Controllere] A7Jjel #EF: s, el ¥ Fuzy %z Fe 5%

2} Sub Program Input2 38| %% &3+x, PDControllerd) Hifidle 2245 & 5= — K —Ke)

¢ 1
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= S AlFElol A& Eiakel

ol AlFlel Aol A e FTRERIS 3008 (FERIRIRE 0.280)2 ohx, FMBIEME= A& 271& &%
e B b BEBel $E iHT¢ sk (Program List: [k 2z

Main Program?| Flow Chart

START

!

Lf%éf:'.’-, WA Y 8efgel ¥3- Membership Function 7 o =:-, i

|
CALL Minimx(Minimax 341! & gl {53 Fuzze
Logic Control®] k§i8 Fuzzy fB%% R€ 3R3}: Program)
&

o

-
CALL Minima (Minimax 381 & V) ;
#H 2 Fuzzy. Logic Controlé] i3 FuzzyMiifE R< ko= |

Program) - i
|

DRG], WA, RERE. BAMES), Moded BE

o RRIHTEN, BEEESY, Gain ¥ AFLS 27, A

el BE 9o}, !

}

i T

CALL SIMUL(A 71 € Fuzzy %ol Na 6/ 2 P D&

Eoz2 o pigiel EHFHEkq WERK. HoHER

Runge Kuttag:o g Zoj 4 ABS Bl Sy @
Z HIBYsted %818l Program)

i
="
C END j

AFelel Aol MY Model #3448 MRS, 2 RS BEMEEE T, T, Too BEF
BES T &% ohg3t 2ev Ti=45, T,=6, T,=10, T;=0.08

PD Controllers] 4538 AJIfERE 0= ~Kib-Kd2 B, o 58 K. K LE Model 3
fiel Auto Pilot2. I Bl WY MEMEGE (S ed, 1 e 55 gn 2o,

K»=1.0, K«=5.0" '

# 0B HT Afeleld HRE o5t 2o

Fig.4.b% MMRARE R /o] St [Case 19 #Felel, Fiifse Lxe BWRES PD
Controle} 3E8e] tusl, fRfel EHE Fuzzy Logic Controle] el &y 2°. &y o (HAEST

]

i

©

AR FiBoll = 49 1° % gA=, FRHKE o} Solske mMd ¢ SL, (Efdl EED
Fuzzy Logic Control®) #5@el& 7 130%, fifs % RfA¥Ed A Fuzzv Legic Controls] 52
ol & # 128% 24, PD Controle] 160F¢] s} ¥4 o Sfs WL Yol ot} =3, Fe-t
TEAR HAR o @A 8 WANE AT 558 o BFY #7E voln 129 o & et

— 79 —
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[Case 1] #A9] fRfMAol 20°, {RAWES 001, SHdLe]l gl E8

“ n I .': v . e st ek
W wo o v lbb""";‘:'b“"'W"“do""‘m""'w(q:}}_y
A e

Fig. 4. Results of case 1.
PD Controller
{Ffasl B3 Fuzzy Logic Controller,
————— BA = [BAEES EH3 Fuzzy Logic Controller.

[Ccse, 21 ##AS] RA0l 20°, RAREZF 1.0%/secol =, AFlel S+ BB

2 249

2

Fig.5. Results of case 2,
PD Controller, .
Rl T 833 Fuzzy Logic Controller,
_____ "A 9 EfAEETY #2335 Fuzzy Logic Controller,

Fig.5% /MELe dou RAME Hests [Case. 20 $ah sFad, < 558 Ritszye
o] #prg-o PD Control®) i%iBel| Hei fRfd] £ H§ Fuzzy Logic Control®) :Fifledlx 59 2.6°, &
9 EAEE EBET 58 e 5y 1.2° 2F e g, MK RerEol sty R Aol
AE, %742 Fuzzy Logic Controle) 3558 # 140724, PD Controllers] §7 1608¢] HalA ©f A
Tk $5T8 dolx gk, odAAE nha A2 289 WA R SRS B {5
U RS EA B o BIFR &S oln v
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[Case.3]; #AS] Rl 20°, BAMES 0ol =2, AFlel 1208 D 210fbe), 25 —

1°.0/sec,
1°.0/sece. FF¥Est= H8
. \'\ N w 2= . \‘rz*_ / N
RIS ST
] N
-10"
Fig. 6. Results of case 3.
tt, -—————— PD Controller,
------------ {RAl #H T Fuzzy Logic Controller.

————— fFA 2 (HE&E¥Ee 83 Fuzzy Logic Controller,
Fig. 62 Shflol fEstE [Case. 319 #hiiteldl, 2i%gye moll4] Ead =53
3 ORAREA EET LN o B MRS Belm g8 o & g}

=

[Case. 4 ¥1ie] fiiAe 0°, ALzl 0012, S8Le) 120% 31 2408pe), =5 --1°0/sec,

1°0/secz 7%

@AY

P SRR WU T, VAU L.~ PR S S SR | /rf

N 1 1 i i i 1 1 1
0 X B s TR 20— 2T -
Nl W 2T
- 5 R——

.

=10

Fig. 7. Results of case 4.

%}, ———— PD Controller,
@) Ak Fuzzy Logic Controller.
—e—e— (@A P EAUWE A% Fezzy Logic Controller,

A #R% 29, Fuzzy Logic Controllers} PD Controllersl Hal frsigt =

+ Aet el q Hd ES kHEY Bad e LCRE BEN § L8 o
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“Case.5): Wil el 20° AN 1° 0/sec, SiELel 1208 3 21087), X% 17.0/scc
—1°.0/secz FrTEsl= EB

o ;w<4%3>>

Fig.8. Results of case 5

tl, ———— PD Controller,
------------ HAs fi"ﬂ Puzzx Logic Controller,
..... f3fg 2 (FAEE i 83 Fuzzy Logic Controller,

Case. 58 #7q Fig.8. & x= [Case. 4;9 hiBs vl=gE & 4 Ak

BlES) A 3han5sE e Fuzzy Logic Control 5308 37ste #ifES = Ji&e

FiEs 2 9= PD Controllergl &8s~

3B B Fuzzy Logic Controlg]
H& Soft Ware®] Zfizo =
BESd JH #®s HEE + dE H TR
0 #yvrel A= Quarter Masters) pEfae ETRy EER e BEs
- prgdl 3 o}, System Behaviore] 53 fpEay EES BEEE,
AR HY A F

Controllers} 33iF 7}

2 %R, RG99 RA

g o}, ob&8 Fuzzy Logic Corn

& LCRE fsEsh vizkeisd,
7o) TeEs} WEEs e vieleh,

k2 R R FEMHY BEE
BHES R #HstE Fuzzy Logic Control} ¥ PEEzb 7=, 2% 0¥
Geviel BEd g
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#t£3; Programming

SIMULATION COMPAIRING FUZZY CONTROLLER WITH PD CONTROLLER OF SH
[P"S STEERING SYSTEM THROUGH SOLVING THE THIRD ORDER DIFFERENTIAL
EQUATION

REAL M1, M2, M4, M5, LW, LWT

DIMENSION FAA(21), FA(21), FAAA(21), DX/3), X(3),DY(3), Y 3},DZ(3),Z(3)
COMMON N, DT, T, TP, TD, T1, T2, T3, T5, LW, LWT, W(3)

COMMON FUZZ(23, 23), FUZZ1(23), FUZZY (23,11, 23), FUZZY1(11, 23), FUZZY2(23)
COMMON W1, W2,Z1(690), YK1, YK2, KA1,KA2

COMMON A1(23), A2(23), A4(23), A4(23), A5(23), A6(23), A7(23;,

B1(11), B2(11),B3(11), B4(11), B5(11)

COMMON C1(23), C2(23), C3(23), C4(23), C5(23), C6(23), C7(23), C8 23),

C9(23), C10(23), C11(23), C12(23), C13(23)

COMMON M4, M5 '

DO 702 1=1,23

READ(7, 703) A1(l), A2(I), A3(D), A4(D), A5(1), A6(D), A7(I)

FORMAT (7F5.1)

CONTINUE

DO 706 I=1,11

READ(7,707) BI(),B2(1), B3(I), B4(1), B5(I)

FORMAT (5F5.1)

CONTINUE

DO 710 I=1,23 .

READ(7, 711) C1(I), C2(1), C3(I), C4(), C5(1), Co(1), C7(D), C8(), T3, C10(D), C11D,
C12(D, C13(D

FORMAT (13F5.1)

CONTINUE

LOAD MINIMX

CALL MINIMX

DELETE MINIMX

LOAD MINIMA

CALL MINIMA

DELETE MINIMA

RETURN=0.0

CONTINUE ,

READ(7,261) N, DT, T, W (1), W(2), W(3), TP, TD, T1, T2, T3, T5, LW, LWT
FORMAT (15, 12F5.2,F6.2) -

WRITE(8,2) T1,T2,T3,T5

FORMAT (1H1, 20X, ‘MANEUVABILITY INDICIES OF THE MITEL SHIP' /20X, ‘T1
~' F5.2,3X, ‘T2=",F4.1,3X, ‘T3=",F4.1,3X, ‘T5=",F5.2/,.
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WRITE(8.3) TP, TD
3 FORMAT (20X, ‘GAIN’, /20X, ‘“TP=",F4.1,3X, ‘TD’, F4. 1'//)
WRITE(8,4) T,W(1),W(2,W(3),LW,LWT
4 FORMAT (20X, INTIAL CONDITIONS /20X, ‘T=",1X,F4.1,3X, ‘X(1) =7, 1X, F4.1,
3X, X(2)=",1X,F4.1,3X, ‘X(3)=",1X,F14.1,3X, ‘LEE. WAY=",1X,F5.2,3X, ‘LEF.
WAY TIME INTERVAL=",1X,F6.2 ///}
WRITE(S, 8)
8 FORMAT (50X, ‘PRINT COMPUTER SOLUTIONS EVERY 5 SECONDS’ ///)
WRITE(8, 7) -
FORMAT (18X, ‘PD CONTROLLER’, 15X, ‘FUZZY P CONTROLLER, ‘12X, ‘FUZZY PDr
CONTROLLER’, ///)
WRITE(S, 6)
6 FORMAT(6X, ‘T”,9X, X(1)’,6X, ‘X(2)’,5X, ‘DA’,9X, ‘Y(1)*,5X, ‘Y(2)’,5X, ‘YK,
1 8X, ‘Z(1)’,5X, Z(2)’,5X, ‘YK2' //)
LOAD SIMUL
CALL SIMUL
DELET SIMUL
RETURN=RETURN+1.0
IF(RETURN.GE.5.0) GO TO 263
GO TO 260
263 CONTINUE
STOP
END

oy

-

SUBROUTINE SUBPROGRAM

SUBROUTINE MINIMX

REAL M1, M2, M4, M5, LW, LWT

COMMON N, DT, T, TP, TD, T1, T2, T3, T5, LW, LWT, W(3)

COMMON FUZZ (23, 23), FUZZ1(23), FUZZY (23, 11, 23, FUZZY1(i1, 23 , FUZZY2(23}

CONMION W1, W2, Z1(600), YK1, YK2, KA1, KA?

COMMON A1(23), A2(23), A3723), A4{23), A523", AG/23), A7(23),B1:11},B2(11),
1 B3(11),B4(11), B5(11) _

COMMION C1(23), C2(23), €323, C4(23), C5¢23 , C6/23), C7(23), (822,
1 C9(23), C10(23), C11(23}, C12:23", C13(23;

COMMON M4, M5

DC 1 1=1,23

DO 1 J=1,23

M1=A1(I) .

IFAKD.GT.C1(); Ma1=Ci'D

M2=A2(0)

IFQM2.GT.C3())) M2=C3{1,

I
~
o

|
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IFOM1.LT. M2 M1=2>M2
Ma2=A3(D)

IF(M2.GT.C5(), ) Mz=C5(J)
IFQMI.LT.M2) Mi=M2

M2 = Ad(D)

IF(M2.GT.C7(1y) M2=C7(])
IF(M1.LT.M2) M1=M2
M2=A5(I)
IF(M2.GT.C9(J)) M2=C9(J)
[F(M1.LT.M2) M1=M2
M2=A6(I)
[F(M2.GT.C11(J)) M2=C11(J)
IF(M1.LT.M2) M1=M2
M2=A7(I)

CIF(M2.GT. C13(J)) M2=C13(])
[F(M1.LT.M2) M1=M2
FUZZ(1,J) =M1
COUNTINUE
RETURN
END

SUBROUTINE SUBPROGRAM

SUBROUTINE MINIMA

REAL M1, M2, N4, M5, LW, LWT.

COMMON N, DT, T, TP, TD, T1, T2, T3, T5, LW, LWT, W(5;

COMMON FUZZ(23, 23), FUZZ1(23), FUZZY (23,11,23), FUZZY1(11, 23), FUZZY2(23)
COMMON W1, W2,Z1(600), YK1, YK2, KA1, KA2

COMMON A1(23), A2(23), A3(23), A4(23), A5(23), A6(23), A7(23), B1(11),
B2(11), B3(11), B4(11), B5(11),

COMMON C1(23), C2(23), C3(23), C4(23), C5(23), C6(23), C7(23), C8{23),
C9(23), C10(23), C11(23), C12(23), C13(23)

COMMON M4,)l5

DO 11=1,23

DO 1 J=1,11

DO 1K=1,23

M4=A1(D :

IF(M4.GT.B1(J)) M4=B1(J)

[F(M4.GT.C1(K)) M4=CI{K)

M5=A1(D)

[F(M5.GT.B2(J)) M5=B2(])

IF(M35.GT.C1(K)) M5=Ci(K)
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IF(M4.LT. M5) M4=M5
M5=A1(l)

IF(M5.GT.B3(J) M5=B3(J)
IF(M5.GT.C1(K)) M5=C1(K)
IF(M4.LT.M5) M4=M5
Ms=A1()

IF(M5.GT.B4(])) M5=B4(})
IF(M5.GT.C2(K)) M5=C2(K)
IF(M4. LT.M5) M4=Ms5
M5=A1(I)

IF(M5.GT.B5())) M5=B5(J)
IF(M5.GT.C3(K)) M5=C3(K)
IF(M4.LT.M5) M4=M5
Ms=A2(D)

IF(M5.GT.B1(J)) M5=B1(J)
IF(M5.GT.C1(K)) M5=C1(K)
IF(M4.LT.M5) M4=M5
Ms=A2(I)

IF(M5.GT.B2(])) M5=B2(])
IF(M3.GT.C2(K)) M5=C2(K)
IF(M4.LT.M5) M4=M5
M5=A2(D)

[FAM3.GT.B3(J)) M5=B3(])
IF/05.GT.C3(K)) M5=C3(K)
IF{A4.LT.M5) M4=M5
N5=2A2(1)

IF(M5.GT.B4(J)) M5=B4(J)
IF(M5.GT.C4(K)) M5=C4(K)
IF(M4.LT.M5) M4=M5
Ms=A2(D)

IF(M5.GT.B5(J)) M5=B5(])
IF(M5.GT.C5(K)) M5=C5(K)
IF{M4.LT.M5) M4=M5
M5=A3(D)

[F(M5.GT.B1(J)) M5=B1(J)

IF(\5.GT.C3(K)) M5=C3(K)

[F(M4.LT.M5) M4=>\5
M5=A3(D)

IF{M5.GT.B2())) M5=B2{))

IF(M5.GT. C4(K)) Ms=Ca(K)
IF(ML. LT M5) M4=1I5

— 80—



