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Abstract

Many studies have been done in the [icld of {uzzy logic theory, but it’s application is nct g0
much, and particularly, there isn’t any application to the ship’s steering system, until now.

This paper is to survey the e{fect 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, deviation 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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B Xoll olo] 4] Fuzzy#iar Awk )83 740 membership function pasil /8 4

pa X—>M
E[]_-: M= [0, 1—!
by 1 A vhgs) el EBigel
1Y7}' %]]’J‘»iﬁ\’{l\ {xly Xy "',Xn} oi“’ﬂ
A=Tha(x)/x
X7t itk ad

A= le (x)/x

#& X FuzyRée A9 fkaoleh wilvh /9 2252 Hifiad B

Membershipfiie] v,

Xob fmiligia e o Fuzzyfisd &, &, v 4% sb&af ol wiisch
AUB=[ha(x)\ha(x)/x
AN B={ha(x) Nhs(x) /x
A= (l—jlz,q(x))/x

bounded sum@- 2} bounded differenced 3= # % th-&-3k 7o},
Ak B= 1A (ha(x) +ha(x))/x
ASB= [0V (ha(x) —hs(x)) /x

WAEX Y WEs XxYe) Fuzzy #4084
R={ he(x,3)/(x3)

+ 58] Fuzzy Bzl S}

e seael e,

2.1

(2.2)

(2.3)

DETNES - *

(2.4)
(2.5)

(2.6)

(2.7)

(2.8)

(2.9)

AcXst ReXxYe vh-f9 od4bg Aozl st Yo Fuzzyir#a-S Mgt

A-R= [ SUPha(x) Nhw (x, )1 /v

2ffie] Fuzzy#isy AcX, BCYe ikl

Ax B=j ha(x) Aha()/ (x,3)

XxY
£ Fuzzy illfie) fCEpyel filel o,

HfEAo] fitar o Fuzzylaat HifE e 8 1340 st Korsld

(2.10)

(2.11)

2 ST T

L Beb, &, A=l{a), a=ha(x), R=1{rs), ro=he(x,v), AR={b;}, bi=haor(y)e}i 544,

bJ = \::/ (a:/\ri}')
1

(zF, /3 Maximum, A= Minimum)

(2.12)
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t}o¢ Liguistic Propositione] #fs}ed 5035} 7] 2 &b},

FEZ Fuzzy 34#4579 4k, PE Linguistic Propositione]z} 3}, xeXolz} §td, PE P=x
is F2 Jvekd 4 ol flE S¢ P=“x is small integer”s X=1{1,2,3, -, 10} %3l FHishd,

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

22 vepd 4 gl

“F ff¢] Linguistic Proposition P=x is F, Q=y is G, FcX, GoY7t Fe13 < =, 2 AR&E

+ —dne s (P,Q)=(xy) is R, RcXxYe}x =55 o},

Fuzzy B RS #iy:-o Compositional Rules)g)l 3t v}-& 7R 74 2 JEAk-S o] 53 9let.

“x is F and y is G"—»R=FxG (2.14)
“x is F or 3y is G"-R=F_G (2.15)
“f xisF then y is G'—R=1"F&C (2.16)

A7 A, Fe FcX9 Cylindrical extensiono]e} £e] &
he(x), VyeYel ekt

Xx Y9 Fuzzy #4raadd, he(xy)=

2.92. Fuzzy Reasoning3} #|#

Fuzzy Logic Control& #BIst7] e A& ARNS filge s Hel HEANE BT S HEL
o] #:M1-8 Linguistic Proposition® 2 #Hst %, % Linguistic Proposition®] Linguistic Variable-$:
Fuzzy@o 2 FHarch, zelx % Linguistic Propositionell #i3F Fuzzyiilthd K& H, ol &9 #&

788 LCRo| %3 Fuzzy RS sksbm, o]e] #4s] Fuzzy Reasoning® 178k fHlfHATI %
ki Hjjjf’* Fahe o] #ifmM I B e Axd-g HEHAl =
b B ohE ol el A £ 3ol A Mne B REE fE obE=A e Y
72 &3 o 7] A & Fuzzy Reasoningol] WA Ak sty = gk},

Fuzzy ReasoningO] gh, MEdbaE “if x is A then y is B8} “x is A’"v ¥ Yy is B'"E fEiRst
AL w3k}, Vel “if x is A then y is B"E& “(x,9) is R”2 EHSLI 4F “x is A
Q8w B'=A<Rol| &l “yis B”E st Aolth. o] A& Compositional Rule of Inference
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LT A gifidt wheh 22 0 (4l (implication) & fifEis] “if A then B”, A-B%eog #
Welm, = RS Raws, Rap 5o & FHslrl 2 vt A, B%-L 25ihi Fuzzyfigol ot

Compositional Rule of Inferences| & $-2] 50| #1455t uli A’~A9 o] B'~B= =& Mol

i 2 LS Aol A-Bm el IR WhEkel duiw 2Ao® e,

— o B IR TAEE 1 HEF ES e vk B £ g SiiE Uk fIE B e
g AR e v etk ] e A Felgbm we TE 4 %i HHEE AT 9. o
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A7l A A-B BHY oiwl 4 (Fuzziness)sl #s) A& U5 o] sEsksbd 23, vhat Fuzzyhld
F MBSt 22¢ IS ik el Ak A s nx
BIEsEe,
A=1/%++6/x,+ 3/,
B=12/y1+ 4/y;+ +T/y5+ <9/%,
2t std K (2.1 R Xy

2 -4 -7 -9
Ri.z=| -2 -4 -6 -6
2 +3 -3 -3

o] B}, AFalA, kel Al=-7/x;+ 5/x,+ 4/x2) 39, (2. 10008 B8 B =-2/y+ 4/y,+ 7/
ys+ o 7/nE H e BEI HREL QAR W] Bt AcR4E REFE AcRas=-2/y +4/y,+ -7/
y3++9/y,7F 5ol B} ~ﬁcf&“/}. o] g 2¥oew
FoRskA Fig 19k b w9
fziko] h vl Bkl “if A then if B then C”

=A—-B-C8 lEMldlE, R=AxBxC=2 5j¢] A4/,
Bob 2R Fuzy 49 61 O vhgsh 2ol |
2t
=Ble(A’°Ra-g-.c) (2.17) < < py
5l 2fH9] implication 4,—B; or 4,—B.9] or, g - ¥ i
and 548 Fig.1. Compositional Rule of Inference,
A,-B;, or A,—»B;=>R=Ra;-8. URa,-5,
A,—B;and A,—»B,=>R=Ra1,-8, N Ra,-B, (2.18)
o] rt
3. Fuzzy Logic Controlol| &8t #aeRel §l@
fife] EBNRAEE AT SDW, SN BHACRE MBGEHE BEEA T ABIRREE, IR, At
2 ki, Compass #e] olvh, EEMEREZL oh] ARl {gr ] Lilel = HBEACE R
‘Quarter Masterz}, Kol A vl Z3=} sk TFuzzy Logic Controllerel] {48 44t &l + Fuzzy

‘Logic Controllers} Eef 747 el o] & HfEHE blockigli 2 +iel = Fig. 284 e},
Fig.2¢] Black@ilell olel Al #4449 Tl Hale 4x ¥ r12 ghel,
BRine) EE T REAE e 2 v 2P IR BHE oA

TTV” T T —+é:<Trf) T, ‘Z" (3.1)
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=, T, Ty, Ty L&iﬁﬁtﬂufaﬁ Ts; HBeREER
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, 68, Auto Pilot 0. Steering T ) - o Gyro b
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- Q/N Fngine k Compass
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oo
Tueey fovic )
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Fig. 2. Block diagram of ship’s steering system,

Auto Pilote] {#%+ Course-Keeping®] i, MfE&<l Befg-e PDHIFS billel = o=~k ka2,
P.LDHES 5ol & do= —kib—keb—ki[0dt2 %4t FAxed, o] fEfge] Steering Engine isked
FE AR, fel AEEEe] FAstel AMAS HEHAA LA st WARE 07t Bast, o] 0%
figrsbd Wiel WAs QAEA, of MJE Feed BackAl A 4iine $HiRE m@o= HEs}A
o,

QMY 5Bl = fEH S8 ibrdl (k8] @A FoRAM NS EERE wEstAl flEstAl S

oldl Q/Mx =F7Hx18 Eid gl ka4 ®BA] 27, A BLEE, SRl (KTt Lee

Way %-& ZEsl 7HA @shAl Ao &, fAd A3 st 4k oz M 59, WA
of Hmstwd Aoz o B HEAS e A

Fuzzy Logic Controller®] i5ifidl] =

pLe

ol o} Z-& Q/Me #Egsk MKy WekRER Fe LCRE
fEiEr ¥, o] LCRell #3 Fuzzyfiithe Rebx, @iske] Fuzzy fitdael &8 HIEA I #EMH 68
RESFA AREEE HESA = ek
LT A& i EBAES, WA AT L5l A 2 WAL EAE BB wWl %
% A" ¥z grl

3.1 {FHo B3t Fuzzy Logic Control

A il A QM gl vlFel fifhe] =rlel o pistd A F
WBE e 4 A 44 KR LCRE fFstz, o %
k= kel #el RISkt gt

WA Fuzzy Variable- Jeiizgbeh. o] & fhfol {iall teagshd H= AWt o 501E FIAE 4
Aok, A7l AL HEEY ol ¥4 =, Starboard Big, Starboard Medium, Starboard Small,

L2 fitfe FomM i
Fiskel Fuzzy Logic Control-g H/{F
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Starboard Zero, Port Small, Port Medium, Port Big®] 7z, {7 1tal fU7hel ) A v Hard Port,
Port, Port Easy, Zero, Starboard Fasy, Starboard, Hard Starboarde] 7= 751 EErr.

2 v, Fuzzy Variabled] #4408 72F [—27.5, 27.5]% jighet.

y &
t}&ol =, Fuzzy Variable® #f5ssk7] 153 Membership Functiong peyi#gtel. Membership Func-
tione AHES EHbsld WER s o3, Hfbeel Eirst miliEr BN £ o,

A7l A= HRAS st vy Table 13t o] [fjfdslr] 2 gt

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
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Table 1ol s HWis) Bw=l, {fj& Fof, Starboard Mediumo] 2} fiife] #) 15° #2f£ Starboard
A7 Aoz, Portzt §9 15° fUE s o2 fitfig & A2 shed Membership Functiong& F3+ A

o]

£

t}o- o Higingel LCRe fERlel, fiifije] Starboard Bigel= #t& Hard Portz b1 Starobard’
Mediume] = Port Rudderz g&teli o) Q/Me] &g fll4sted, vhd Table 294 2ol HpLaret,

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

if B J = . ..
or if DE SB thne RU HP =t DE; Deviation Angle RU ; Rudder Angle

o if DE = SMthen RU = PP SB ; Starboard BIG HP ; Hard Port
if DE = SS then R = EP SM ; Starboard MEDIUM PP ; Port Rudder
O DE = SO then RU = ZE $S ; Starboard SMALL ~ EP ; Port Easy
or . P " . ~
£ DE = PS then RU — ES SO ; Starboard ZERO  ZE ; ZERO Rudder
or PS ; Port SMALL ES ; Starboard Easy
if DE = =SS
o [[DE = PMthen RU =35 PM ; Port MEDIUM $S ; Starboard Rudder
if DE = PB then RU = HS PB ; Port BIG HS ; Hard Starboard

152 LCRe A o] 4Rt R{FE-S i Fuzzynio] v,

v}l 3= Fuzzy Logic Controllere) Z W HEIRE ilifistis Fuzzy Relation® JiEste Jipell ¥

& 398kl = v, WA % Linguistic Propositiond] $¢48F Fuzzy Variable2- Fuzzyio 2 yebl 3t



Fuzzy Logic Contrller«} {£70 f5iiel i o
ol Tell #eh Fuzzyliifig (211586l faf kghe}.
% Ee¢l, Fuzzy Variable SB(HP)Z Fuzzyfro & el mw &3 70c).
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 B4 Rss.mp& k3] ¥wl v}& Table 33 2o},

Table 3. Fuzzy Relation. Rsg->up

1.1 .1 .1 .1 .1
1.2 .2 .2 .2 .2
0 1 .2 .4 .4 .4 4
1 .2 .4 .6 .6 .6
1.2 .4 .6 .8 .8
1 .2 .4 .6 .81.0

vl-2, # Linguistic Propositiond] 23t Fuzzylilths ¢ el zro] k& %], 4:88 LCRel| %3+ Fuzzy
Bt RS (2,183l {f8] fgte},
Z, R=Rsp-inpjRru-rp U Rss-epU Rso-zE

U Rps-es ! Rey-ss U Rpg-ts
vk, Fuzzy Logic Controller®] #2300 Rz Ye] iindled ©}-&3 7o) bl
of wl tzell <lelAe] 7 J7(Rudder Angle)-& R/l\fa} sl (2.10):to.3 B,

RU:A(DE)wR (3.2)
ol RUS| #:350r& ARU= (dru)eh 3Ved, WiZl mol el 9) 4nicl o) JLpyyel AEfel 6r o of
St Zet
On=0n.y +dru*, hw(dru*)=maxhm (dru) (3.3)

o7l A b ¥ 3= sampling g t% o}&xb o] hipdbe}
c= 20} Fume = Spectrume] f & )i s )
ElEL, B BOE froas oF 0.5¢/sV o] B @ A=0.1scc fFel e, el 4Hne) Rl o
$-ZE2 [RH 0 0.2sec PUYRE F4yabut,
el (3.2) lelAe] ADE)+ fHfi4 Fuzzyficationsh zlol}. 1% S¢] DE=Starboard
1072} 81+,
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_ (=275 -2 7.5 10 12.5 925 27.5
ADE)=(TP T 0 1.0 0 g o)

2 Zo] Non Fuzzyfte = vtebd 4% 9. 28, UL DE=10"2tx o+& Miks Bz &
EH w8 AY gor, =% A%4Y FEKE AT dtE BEAAR o 3% Modifier
Nearly#/f8 2 Fuzzyficationdte] RIS o] =&

EFE} e}, [
) W GEE N Ads m 102 LB W) //\\
m% modifiersh S o) el zkel (Lol .
Sl A WS R LB oo =, | o

Fig. 35 7o) 2wl 10° Wbl A= zte 7 Fig.3, Fuzzyfication of nearly 10.
<= Vectorz, B 5 9=t

3.2 RA % (FAEEN B3 Fuzzy Logic Control

—Hi o2 Quarter Master+ fiifi9] =27] b obel fiifie] b Frkdl #%Estel Hatar
e, wA] e PD Controllers] #fES & #H1& &oh. KA = ol8d & #Estd LCRS
Wk ol & ANHIAlel NSk @il Ml oIt ek, wA frfge] #E Fuzzy Variable
& fAEE £ Fuzzy Logic Control®) 5ilish [M—ar A% M+, Hae sk Ha
4 & Big Increase, Small Increase, Zero, Small Decrease, Big Decrease?] ©w}Al{H, IRfE&el #t1qd)
e Al = 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®] 13fHE 4% Hsts]= 3bet.

%, Fuzzy Variable®] HHA4-E, ffuzt ol HaAA T i) [—27.5, 27.5]%, {49 @4k
BOT+D)-0(T), AZbd$] @ 2)ell $al A =, NS 500 M) #Ege obF & hiitelok
# 1.5°/sec BE vk BiE HEse, ] [-1.5, 1.5]2 3rr},

%, Membership Functiong, {ifell ¥l A = s £H T Fuzzy Logic Controle) £7iel |4
—3F 3t AR, wAY #Rd HWal A& Table 4, #Efol #Wal A= Table 59 242 8 71z
o},

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.1 .0 .0 .0 .0 .0 .0 0 .2 .4 .7 1.0
S.1 .0 .0 .0 0 .2 .4 7 1.0 7 A4 .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 0
B.D 1.0 .7 .4 2 .0 .0 0 .0 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.
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thg, LCRe Q/Me) Bzt MRS R@HEd Ha WEkRE ZEsto

Table 63} o] R3S v},

Table 6. Linguistic Control Rule

r_,‘L
ja
32
lo

s

in the case of considering on deviation angle and it’s angular

velocity.
if DE = S B then if CDE = B I then RV = HARD PORT
o it DE = S B then if CDE = S I then RU = HARD PORT
o if DE = S B then if CDE = Z I then RU = HARD PORT
o if DE = S B then if CDE = S D theu RU = PORT NEARLY 22.5
. if DE = S B then if CDE = BD then RU = PORT RUDDER
o if DE = SM then if CDE = B 1 then RU = HARD PORT
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o if DE = SM then if CDE = S 1 then RU = PORT NEARLY 22.5
. if DE = SM then if CDE = Z I then RU = PORT RUDDER

* if DE = SM then if CDE = S D then RU = PORT NEARLY 10.
or if DE = SM then if CDE = BD then RU = PORT EASY

o if DE = S8 then if CDE = B 1 then RU = PORT RUDDER

. if DE = S & then if CDE = S I then RU = PORT NEARLY 10
o if DE = § S then if CDE = Z I then RU = PORT EASY

or

if DE = S S then if CDE = SD then RU = PORT NEARLY 5
or

if DE = S S then if CDE = BD then RU = ZERO RUDDER

or

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

if DE = SO then if CDE = S 1 then RU = PORT NEARLY 5
or

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

if DE = SO then if CDE = S D then RU = STARBOARD NEARLY 5
or

if DE = SO then if CDE = BD then RU = STARBOARD EASY
or

if DE = PSS then if CDE = B 1 then RU = ZERO RUDDER
or

if DE = P S then if CDE = S I then RU = STARBOARD NEARLY 5
. if DE = P S then if CDE = Z I then RU = STARBOARD EASY
. if DE = P S then if CDE = S D then RU = STARBOARD NEARLY 10
. if DE = P § then if CDE = BD then Rl = STARBOARD RUDDER
o if DE = PM then if CDE = B then RU = STARBOARD EASY
. if DE = PM then if CDE = S 1 then RU = STARBOARD NEARLY 10
. if DE = PM then if CDE = Z T then RU = STARBOARD RUDDER
o if DE = PM then if CDE = S D then RU = STARBOARD NEARLY 22.5
. if DE = PM then if CDE = BD then RU = HARD STARBOARD
or

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

if DE = P B then if CDE = BD then RU = HARD STARBOARD

£}, CDE ; Change in Deviation Angle
BI ; Big Increase
ST ; Small Increase
Z1 ; Zero
BD ; Big Decrease
SD 5 Small Decrease

wle} 4], Fuzzy Logic Controllere] AJ7& vh&3l 7ol ikeExlvh, olwd Wil el Aol A3 {Ru-
dder Angle)S RU a4, (2.17)i%0 % e
RU=B(CDE)(A(DE)*R) (3.3)
o) ®) RUS) fifad ARU=[drulet ahed, Mgl noll SholA ) JLigel H01 5 st 4



Fuzzy Logic Contrllerell {K3F Aff1e] #4013
k& At
6n=0n-y +dru*, ha(dru*) =maxhwo (dru) (3.4)
Sampling [Hf@ & {ff4] #H ¥ Fuzzy Logic Controld] 5l [l—3t & Agehd =},
(8.3)RA A A(DE) 4 B(CDE)= ## fifh ¥ (RAMES Fuzzyfolrt, o IZdlx DE9
.CDE:= {Rfid] B3 Fuzzy Logic Control®] #5389} wbalzbxl 2 Modifier Nearly® i fisle] s
et

4. HHHE#E AIRYO0IHE B ER

3ol Al B AMRAERS  #& Fuzzy Logic Control& FHLsZl Bal A&, ffel Micro
Processorg #%Este Hiaal R Jigiel whbAshgl o, #idinel FHIEE @ e &
T2 AEE GBS BRE FY ¥AAQ Ml 27 sl Fedl, K WAL JHITE A e
ol A& a HIHAERE HEtel ®ol®m dr}

wiiske} F74x] Fuzzy Logic Control®) hijlel fitzke] PD Controle] LiME His] & 4+ Jdx 2
A el g FHEsg o, AlSraleld Esk 1 REE EAaskd oh2a 2

Rl (LR MRS EETAEAL (B DK Ze]l EBIsGH, A Falold-e A By LS
‘Runge-Kutta /73l #Ask 1lEstgd o, o] & MO (3 DAE WRES Mg kilstd ohga

o] =t

o

X=AX+B3 (4.1)
Y=CX
o}, 1,/o 1 0, ‘/ 0 ‘
4=‘ 0 --(T,+T.)/TT, 1| B=‘\ T.T,/T\T, j
‘0 —-1/TT, 07, - TJT.T,

X'= (6,6, x,) (!=transpose), C=(100)

Gyro Compass®] el i /h-& lrrors flskd o, il Ye hiMme sibao my by

gkl ok,
Main Program-2- o}ull ¢} Flow Charte} zro=), -1 (4% v}l 7o),
2] LCRel| {# 1% Fuzzy Variabless] Membership Function®] 7t A,(1), A.(1), -, A(1)

BS (1), Bi(1),++ Bs(1), Ci(1), C(I),C( 1)E ¢l Erh.

ol o] B4 FIFsle, figfyell & Fuzzy Logic Controllerd) hiihe] Fuzzy FIHE 13
dlub Program Minimxeb {fifg 2 {7 8] £ 18 Fuzzy Logic Controllere] Liie] FuzzyBlig sk
+ Sub Program Minimaz 35 4 Fuzzy i %38 8o},

oe]la, o] & F Fuzzy Logic Controllere] A-ijel ££5f4 8%, $lelld kgt Fuzzy,l'az By 52
JEiR3k= Sub Program Input® X8| 4% :Répar, PD Controllere] iiilell = #E/M4 6= — Ko~ Kq9

_~71h
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2 Fof, #RAR9 ﬁ@jﬁﬁ}!{;i Runge—Kuttapz: o 8 Fo] A Falo]d-S 478k Sub Program SimuB
& ol Aol A& Eige.

of Alfralo] Aol A & FHATRENIE 3008 (BERIMIRE 0.280) 2 Sla, BN ARy 271& &%
gl st v bR HEBe #Rr FHETS shgleh. (Program List: fiffh =)

Main Programg| Flow Chart

START

!
Lﬁ«iﬁl, iy o fesel ¥3ek Membership Function 2t~ &=+, E
: - i

CALL Minimx(Minimax &Helel s gl yEi1g Fuzzy
Logic Control9] kil Fuzzy B#{F R-% sks}= Program)

) { -
CALL Minima (Minimax il (8l B o EEAdmA
£ H ¥ Fuzzy Logic Controle] i FuzzyBR{E R > Ksli=
Program) D

l N e
TR, 478, %, WbER), Model Hiff
?Hf ﬂtgfhf& fﬁwﬁ%& Cain 2 %%4 o

J

| S PR MR

!

CALL SIMUL(A F1¢ Fuzzy Mol Biar 4ofs o P.DHEME

Eoz Fol Mol HBHARRU 2MMEK WHSHERS

Runge Kuttap oz Eol4 1 HES B:fflel S Ao
2 HBislo] %3R3l Program)

=
)

A FAl o) Aol A% Model #Hil FAEMESitel =, = MG IRMMRERRE T, T, T:9 BHEFI
BEH T &% tbe3t 2eb. 0 T,=45 T,=6, T;=10, T;=0.08

PD Controllere] #3i8 AJREfMS 6= —Kf—Kd2 £HAA, o] 1B K, Ka= L3 Model #
flio] Auto Pilotz ¥ il HT MEAWEES Mg om, 2 e 44 ohast 2ok

K,=1.0, Ka=5.0"

% Kol #3 AFEleld fRE ohgal 2,

Fig.4.be WMMRMAEE 2L Aflel ol [Case 119 FEQH, FEftiz Au9 #RES PD
Control®} 1EHo| Hiall, R EB% Fuzzy Logic Controld] IIBd X 9 2°, R 2 RARE
WA BB i 1° BE wxul, AEME Fob Foste Hid AL, A HBET
Fuzzy Logic Control®) 1Fifiell &= & 1308, R 9 REAEE 718§ Fuzzy Logic Control®] #%:E
ol & # 128824, PD Control9] 160fbell Hal HAl v RIFT FHRE ¥olx glvh. =37, Rl
A gHBRd M 9 FEAFUE A3 SPES o RITE AARE Holx g&& o 4 gl
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[Case 11; ¥l {RA0] 20°, {RAMEET 0ol 2, Lol 8l 8

S &)

8

= T L Rt e — 7 S S T .
0 20 AN i 0 Ao o b HE a0 D RD e (4 A
R *
ST -
-5 ‘s‘ ‘j'/</
-10}

Fig. 4. Results of case 1,
PD Controller
fRA g Fuzzy Logic Controller,
—e—o— {GfA B FAFEE HHAS Fuzzy Logic Controller,

[Cese. 31 IS R0l 20°, WAER T 1.0%secol 3, #Fle] 9 158

Fig.5. Results of case 2.

PD Controller,
FAad H 3¢ Fuzzy Logic Controller,
A 9 FAERF ¥R 8 Fuzzy Logic Controller,

Fig.5= #H8l& ok mAEEST st [Case. 2o HI #5HRdl, o] LB FEHRE Y5,

o) #irat-o- PD Controle] #Fiflel] H.a)
fi1 2 WARE HEHET F8dE

fEfdl B3 Fuzzy Logic Controle] #5ifel = # 2.6°, &
1.2° BE we abd, fEstika golso) /b wififd] o

A, $71A Fuzzy Logic Control®] iFiE #y 140f2 4], PD Controliers] # 160fbol Hsi A o B

PR A5RE Relx gl AR

rhAEA B 2fgye]l A Rl LAY SERE fifl,

R RIS EE Bt o BITE #5RE Be)n giv,
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[Case. 3] wi1S] fRACl 20°, MAMEEIL 0012, AFlel 12080 2 2408, £4%& —1° 0/sec,
1°. 0/secz fEFESHE 1E5E.

Fig. 6. Results of case 3.

&, ————— PD Controller,
------------ fRfasl I B3 Fuzzy Logic Controller,
_____ A 2 GAEEE EHS Fuzzy Logic Controller,

Fig.6& sMRL0] fefish [Case. 319 fhaldl, Z:@imel Mol el EET SR hify

RS AR S o AL A 2elm 99 ¢ 4 dth
[Case. 4] #1309} {Riffel 20°, ffuudiisol 0ol , #1&Lol 120%) 1 240Fbe), &% —1°0/sec,
1°0/secm FF7ushs i,

A //\
i A > " ;}/ n :D /b J
20 4o \\W /i \« W 2p0 38 ¢ ,47):1)
O Ps e
-y S ——

Fig. 7. Results of case 4.

t}, ———— PD Controller,
{FAsl £ B3 Fuzzy Logic Controller,
''''' i 2 MmNyl B § Fuzzy Logic Controller,

¢l 0.0 ok
F=A

9 #HEE ¥9, Fuzzy Logic Controllers} PD Controllerel] [l fiiksl TES xolx 98¢
% vk, oleldr R NEE 1hisksl Bl e LCRE 51 F OEY ek,




{Case. 5] ; Fie] {HHol

Fuzzy Logic Contrllers] &
MM} 1° 0/sec,
—1°.0/secz ﬁwo} Eigs:
B3

)y RS W 17
HELY 1208 2 240%bell, # % 1°.0/sec
207
w4
10"

-4

~/0"

Fig. 8. Results of case 5
PD Controller

fiifgel £ HY Fuzzy Logic Controller
rcaSE. 5_]9] THH\O] Fig. 8.

=

W 2 EAEEA {1 sE Fuzzy Logic Controller
2yl [Case. 4.9

Sish v

lxg& & & Adrh
5 ¥ )
-oll A BHAPEE RS Fuzzy Logic Control Jig-g WiAshe] [Hifiels ko) ¢
s Aol A& s B ULE BN 3 9l PD Control
A, s i
SJ“" 6{L11L°]’93~D]‘.

st s ¥

o}-%-# Fuzzy Logic Controlé]
HEE G 4 o

= Quarter Mastere]
= PrRte] 23 o), System Behaviore]
GEEED

/{*v it )Coﬂ Xi

Ty A sl v
bRy 7t i ek
1ol JuuﬁHﬁ‘JT‘l’m‘r ol

& LCR-S 151EsH

L.
T

TAS A LCR-E HEIKEE
, sk o 7]

sk e
Pk, ol
29 et A

MEse

e e
) WREERE IR AR kel TRTTE N
1 FEr Controller®] 353k WlpEshol el F0d0s] o ofo) 33} oo
e = akel el
ob&ul fiify 8 fiifae) sEfbiit el {EHgF Fuzzy Logic Controlell 4] —x jijdisked, {igell
Hisrit= iG] #1Esk Fuzzy Logic Contrelel b Wfsirb Wirsalebd, SIRE wk3k VDR T7L
eelvl Al o

J"GH wt[jo}'(/a E‘
o} Hofist ol vt
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#4%; Programming

SIMULATION COMPAIRING FUZZY CONTROLLER WITH PD CONTROLLER OF SH
[P"S STEERING SYSTEM THROUGH SCLVING 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),Bz(11),B3(11), B4(11), B5(11)
COMMON C1(23), C2(23), C3(23),C4(23),C5(23), C6(23),C7(23), C8(23),
1 C9(23), C10(23), C11(23), C12(23), C13(23)

COMMON M4, M5

DO 702 1=1,23

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

FORMAT(7F5.1)

CONTINUE

DO 706 I=1, 11

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

FORMAT (5F5.1)

CONTINUE

DO 710 I=1,23

READ(7, 711) C1(D), C2(I), C3(I), C4 (1), C5(1), C6(1), C7(1), C8(D), Co(I), C10(D), C11 (D),
1 C12(I), C13(D)

FORMAT (13F5. 1)

CONTINUE

LOAD MINIMX

CALL MINIMX

DELETE MINIMX

LOAD MINIMA

CALL MINIMA

DELETE MINIMA

RETURN=0.0

CONTINUL :

READ(7,261) N,DT, T,W(1),W(2),W(3), TP, TD, T1, T2, T3, T5, LW, LWT

FORMAT (I5, 12F5. 2, F6. 2}

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

FORMAT(1H1, 20X, ‘MANEUVABILITY INDICIES OF THE MODEL SHIP’ /20X, “T1
1 =,F5.2,3X%, ‘T2=",F4.1,3X, “T3=",F4.1,3X, ‘T5=",F5.2//)

—
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WRITIZ(8.3) TP, TD
2 FORMAT (20X, ‘GAIN, /20X, ‘“TP=",V4.1,3X, “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) =", 1X, 4.1,

13X, X(2)=",1X,F4.1, 3X, ‘'X(3) =7, 1X, F4.1, 3X, ‘L1 WAY =",1X,F5.2, 3X, ‘LEE

WAY TIME INTERVAL=",1X,F6.2 ///)
WRITE (8, 8)

8 FORMAT (50X, ‘PRINT COMPUTER SOLUTIONS EVISRY 5 SIHCONDS’ ///)
WRITE(@®8,7)

7 FORMAT (18X, ‘PD CONTROLLER’, 15X, ‘FUZZY P CONTROLLER, ‘12X, ‘FUZZY PD
CONTROLLER’, ///>
WRITE (8, 6)

6 FORMAT(6X, ‘T’,9X, X(1)’,6X, X(2)’,5X, ‘DA’, 09X, ‘Y(1)’,5X, ‘Y(2)’,5X, ‘YKI’,.

18X, ‘Z(1)7,5X, ‘Z(2)",5X, ‘YK2' //)
LOAD SIMUL
CALL SIMUL
DELET SIMUL
RETURN=RETURN +1.0
IF(RETURN.GLE.5.0) GO TO 263
GO TO 260

263 CONTINUE

STOP
END

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, 28), FUZZY1(11, 23). FUZZY2(23

COMMON W1, W2,71(600), YKI, YK2, KA1, KA2

COMMON A1(23), A2(23), A3(23), A4(23), AB(23), AG(23), A7(23),B1(11),B2(11),
1 B3(11),B4(11), B5(11)

COMMON C1(23), C2(23), C3(23), C4(23), C5(23), C6(23), C7(23), C8(23),
1 €9(23), C10(23), C11(23), C12(23), C13(23)

CCMMON M4, M5

DO 1 1=1,23

DC 1 J=1,23

M1=A1(D)

IF(AL(D.GT.C1(I) Mi=Ci(D) .

M2=A2(D)

M2, GT.C3())) M2=C3(D)



—

—

IF(M1.LT.M2) Mi=2M2
M2=A3/D)

IF(M2.GT.C5(])) Mz=C5(],
[F(M1.LT.M2) M1=2M2
M2=Ad4(I)

IF(M2.GT.C7(I)) M2=C7())
IF(M1.LT.M2) M1=M2
M2=A5(])

IF(M2.GT.C9(})) M2=Co(J)
IF{M1.LT.M2) M1=M2
M2=A6(1)

[F(M2.GT.C11(J)) M2=C11(J)
IF(M1.LT.M2) M1=M2
M2=A7(I)

IF(M2.GT.C13(])) M2=C13())
IF(M1.LT.M2) M1=M2
FUZZ(,]) =M1

COUNTINUE

RETURN

END

SUBRCUTINE SUBPROGRAM
SUBROUTINE MINIMA
REAL M1, M2, M4, M5, LW, LWT

Fuzzy Logic Contrllers) K3 fi#iel 418 21

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

COMMON M4, M5

DO 1 1[=1,23

DO1J=1,11

DO 1K=1, 23

M4=A1(l)

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

IF(M4.GT.C1(K)) M4=C1(K)
M5= A1(I)

IF(M5.GT.B2(J)) M5=B2(])

IF(M5.GT.C1(K)) M5=C1(K)
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IF(M4.LT.M5) M4=M5
M5=A1(D)

IF(M5.GT.B3(J) M5=B3(J)
IF(M5.GT.C1(K)) M5=C1(K)
IF(M4.LT.M5) M4=Ms5
M5=A1(I)

IF(M5.GT.B4(J)) M5=B4(J)
IF(M5.GT.C2(K)) M5=C2(K)
IF(M4.LT.M5) M4=M5
Ms5=A1(D)

IF(M5.GT.B5(J)) M5=B5(J)
IF(M5.GT.C3(K)) M5=C3(K)
IF(M4.LT.M5) M4=M5
Ms5=A2(])

IF(M5.GT.B1(J)) M5=B1(])
1F(M5.GT.C1(K)) M5=C1(K)
IF(M4.LT.M5) M4=M5
Ms5=A2(I)

IF(M5.GT.B2(J])) M5=B2(])
IF(M5.GT.C2(K)) M5=C2(K)
IF(M4.LT.M5) M4=M5
M5=A2(I)

IF(M5.GT.B3(])) M5=B3(])
IF(M5.GT.C3(K)) M5=C3(K)
[F(M4.LT.M5) M4=M5
M5=A2(I)

IF(M5.GT.B4(J)) M5=B4(J))
IF(M5.GT.C4(K)) M5=C4(K)
IF(M4.LT.M5) M4=M5
Ms=A2(1)

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

IF(M5.GT.B1(J)) M5=B1(J)
IF(M5.GT.C3(K)) M5=C3(K)
IF(M4.LT.M5) M4=M5
M5=A3(I)

IF(M5.GT.B2(])) Ms=B2())
[F(M5.GT.C4(K)) M5=C4(K)
IF(M4.LT.M5) M4=Ms5



M5=A3(I)

IF(M5.GT.B3(J)) M5=B3(J)
IF(M5.GT.C5(K)) M5=C5(K)
IF(M4.LT.M5) M4=M5
M5=A3(I)

IF(M5.GT.B4(J)) M5=B4())
IF(M5.GT.C6(K)) M5=C6(K)
IF(M4.LT.M5) M4=Ms5
M5=A3(D)

[F(M5.GT.B5(J)) M5=B5(J)
IF(M5.GT.C7(K)) M5=C7(K)
IF(M4.LT.M5) M4=M5
M5=A4(I)

[F(M5.GT.B1(J)) M5=B1(J)
IF(M5.GT.C5(K)) M5=C5(K)
IF(M4.LT.M5) M4=M5
Ms5=A4(D)

IF(M5.GT.B2(])) M5=B2(J)
IF(M5,.GT.C6(K)) M5=C6(K)
IF(M4.LT.M5) M4=Ms5
M5=A4(1)

IF(M5.GT.B3(J)) M5=B3(J)
IF(M5.GT.C7(K)) M5=C7(K)
IF(M4.LT.M5) M4=M5
M5=A4(])

IF(M5.GT.B4(J)) M5=B4())
IF(M5.GT.C8(K)) M5=C8(K)
IF(M4.LT.M5) M4=M5
M5=A4(I)

IF(M5.GT.B5(J)) M5=B5())
1IF(M5.GT.C9(K)) M5=C9(K)
IF(M4.LT,M5) M4=M5
M5=A5(])

IF(M5.GT.B1(J)) M5=B1())
IF(M5,GT.C7(K)) M5=C7(K)
IF(M4.LT.M5) M4=M5
M5=A5(I)

IF(M5.GT.B2(])) M5=B2(J)
IF(M5.GT.C8(K)) M5=C8(K)
IF(M4.LT.M5) M4=M5
M5=A5(1)
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IFQO5.GT.B3()) M5=B3())
Ms.GT.Co(K)) M5=Ca(K)
[F(M4. LT M5) Ma=M5
M5=A5(D)
IF(M5.GT.B4())) M5=B4()
IF(M5. GT.C10(K)) Ms5=CI0(K)
IF(M4.LT.M5) M4=M5
M5=A5(1)
[F(Ms. GT.B5(J)) M5=B5())
IF(M5.GT.C11(K)) M5=C11(K)
[F(3M4.LT. M5) M4=M5
M5=A6(1)
[F(Ms5.GT.B1())) M5=B1(J)
[F(M5.GT.Co(K)) M5=C9(K)
IF(M4.LT.M5) M4=M5
M5=A6(1)
[F(M5.GT.B2(])) M5=B2())
IF(M5.GT.C10(K)) M5=C10(K)
IF(M4.LT.M5) M4=M5
Ms=A6(1)
[F(M5.GTB3())) M5=B3(])
IF(M5.GT.C11(K)) M5=C11(K)
[F(M4.LT. M5) M4=Ms5
M5=A6(D)
IF(M5.GT.B4())) M5=B4()
IF(M5.GT.C12(K)) M5=C12(K)
IF(M4.LT.M5) M4=M5
M5=A6(I)
IF(M5,.GT.B5(J)) M5=B5(])
IF(M5.GT.C13(K)) M5=C13(K)
IF(M4.LT.M5) M4=M5
Ms=A7(I)
IF(M5.GT.B1(D)) M5=B1(J))
[F(M5.GT.C11(K)) M5=C11(K)
[F(M4.LT.M5) M4=M5
Ms=A7(D)
IF(M5.GT.B2(J)) M5=B2())
IF(M5.GT.C12(K)) M5=C12(K)
[F(M4.LT.M5) M4=M>5
Ms=A7(I)
IF{\M5.GT.B3())) M5=B3(D



IF(M5.GT.C13(K)) M5=C13(K)
IF(M4.LT.N5) Md=M5
Ms=A7(D)

[F(M5.GT.B4(])) M5=B4(J)
IF(M5.GT.C13(K)) M5=C13(K)
[FO\M4.LT.M5) M4=M5
M5=A7(D)

IF(M5.GT.B5(])) M5=B5(])
IF(M5.GT.C13(K)) M5=C13(K)
IF(M4.LT.M5) M4=M5

FUZZY (1, ],K) =M4

CONTINUE

RETURN

END

SUBROUTINE SUBPROGRAM
SUBROUTINE SIMUL
REAL M1, M2, Mg, M5, LW, LWT

Fuzzy Legic Contrilersi] {f:<

ool M

DIMENSION FA(21),FAA(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, 22}, FUZZY2(23}
COMMON W1, W2,71(600), YK1, YK2, KA1, KA2

T6=T
T7=T
T8=T
N1=N
N2=N
N3=N
DT1=DT
DT2=DT
DT3=DT
X(1)=W()
X(2)=W(2)
X(3)=W(3)
Y(1)=X(1)
Y(2)=X(2)
Y(3)=X(3)
Z(1)=X(1)
Z(2y=X(2)
Z2(3)=X(3>
KAI=0

__83_
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10

50

111

222

100

KA2=1

KA3=0

KA4=0

AA4=1.0

L=3

M=0

L1=3

M6=0

L2=3

M7=0

CONTINUE

IF(T8.EQ. (LWT*AA4)) GO TO 111
GO TO 222

KA4=KA4+1
IF(KA4.NE.2) GO TO 222
X(2)=X(2)+LW
Y2)=Y(2)+LW
2(2)=Z(2) +LW
AA4=AA4+1.0

KA4=0

LW=-LW

CONTINE

LOAD RUNGE

CALL RUNGE(T#6,DT1, N1, X, DX, FAA, L1, M6, JA, IGA)
DELETE RUNGE

LOAD RUNGE

CALL RUNGE(T7,DT2,N2,Z,DZ,FAAA, L2, M7, JB, IGB)
DELETE RUNGE

LOAD RUNGE

CALL RUNGE(TS8,DT3,N3,Y,DY,FA, L, M, IC, IG)
DELETE RUNGE
IFOM.EQ.1) GO TO 10
GO TO(100, 200, 210), L
Wi=Y (1)

W2=7(Q)

LOAD INPUT

CALL INPUT

DELETE INPUT

DY (1) =Y(2)

DZ(1)=2(2)

DX (1) =X(2)



200

209

268
260
210

601

Fuzzy Logic Contrllerel] f&&} fiAfTel %

DY (2) = — (T1+T2)*Y(2)/T1/T2+Y(3) + T3*T5*YK1,/T1/T2
DY(3) =-Y(2)/T1/T2+T5*YK1/T1/T2

DZ(2) =~ (T1+T2)*Z(2)/T1/T2+Z(3) + T3*T5*YK2/T1/T2
DZ(3)=-2(2)/T1/T2+T5*YK2/T1/T2

DA = —TP*X (1) — TD*X(2)

DX(2) = - (T1+T2)*X(2)/T1/T2+X(3) + T(3)*T5*DA/T1/T2
DX(3) = -X(2)/T1/T2+T5*DA/T1/T2

GO TO 50

PRINT RESULTS

Z1(KAL)=Z(1)

KA1=KA1+1

IF(KA1.NE. (10*KA3+1)) GO TO 268

WRITE(8,209) T8, X(1),X(2),DA, Y(1), Y(2), YK1,Z(1), Z(2), YK2
FORMAT (1X,F7. 3,5X,F7.3,2X,F7.3,2X,F7.3,4X,F7.3,2X,F7.3,2X,F7.3
4X,F7.3,2X,F7.3,2X,F7.3)

TEST FOR TERMINATION

KA3=KA3+1

IF(T8.GE. 300.0) GO TO 210

GO TO 50

CONTINUE

RETURN

END

SUBROUTINE SUBPROGRAM

SUBROUTINE INPUT

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), FUZZY!1 (11, 23), FUZZY2(23)
COMMON W1, W2, ZI(600), YK1, YKZ, KA1, KA2

LOAD MAMA

CALL MAMA (W1, K1)

DELETE MAMA

LOAD MAMA

CALL MAMA(W2,K2)

DELETE MAMA

DO 601 J=1,23

FUZZ1(J) =FUZZ(K1, D)

CONTINUE

LOAD FAFA

CALL FAFA(FUZZ1, M6)

DELETE FAFA

27
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DO 602 J=1,11
DO 602 K=1,23
FUZZY1(],K) =FUZZY (K2, ], K)
602 CONTINUE
IF (KAI.GE.0. AND.KA1.LT.3) GO TO 301
IF(KA1.NE. (2*KA2+1)) GO TO 302
DD=Z1(KA1-1)-Z1(KA1-3)
KA2=KA2+1
GO TO 302
301 DD=0.0
302 CONTINUE
LOAD PAPA
CALL PAPA(DD, J1)
DELETE PAPA
DO 603 K=1,23
FUZZY2(K) =FUZZY1(]1,K)
603 CONTINUE
LOAD FAFA
CALL FAFA(FUZZY2, M7)
DELETE FAFA
AK1=FLOAT (M8)
AK2=FLOAT (M7)
YK1=(AK1-12.0%2.5
YK2=(AK2-12.0)*2.5
RETURN
END

C SUBROUTINE SUBPROGRAM
SUBROUTINE RUNGE(T, DT, N,Y,DY,F, L, M, J,IG)
DIMENSION DY(3),Y(3),F(21)
GO TO (100,110, 300), L

100 GO TO(101,110),1G
101 J=1
L=2
DO 106 K=1,N
K1=K+3*N
K2=K1+N
K3=N+K
FK1)=Y(K)
F(K3) =F (K1)
106 F(K2) =DYX)
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"~ GO TO 406
110 DO 140 K=1,N
" Ki=K
K2=K+5*N
K3=K2+N
K4=K+N
GO TO(111,112,113,114), ]
111 F(K1) =DY(K)*DT
Y(K) =F (K4) +0.5*F (K1)
GO TO 140
112 F(K2) =DY (K)*DT
GO TO 124
113 F(K3) =DY (K)*DT
. GO TO 134
114 Y(K) =F(K4) + (F(K1) +2. 0*(F(K2) + F(K3)) +DY (K)*DT) /6.0
" GO TO 140
124 Y(K) =0.5*F (K2)
Y(K) =Y (K) +F(K4)
GO TO 140
" 134 Y(K) =F(K4) +F(K3)
140 CONTINUE
GO TO(170, 180, 170, 180), J
170 T=T +0.5*DT
180 J=J+1
IF (] - 4; 404, 404, 299
299 M=1
GO TO 406
300 IG=1
GO TO 405
404 1G=2
405 L=1
406 RETURN
END

C SUBROUUINE SUBPROGRAM
SUBROUTINE FAFA(A K)
DIMENSION A (30), B(30)
AMAX=A()

DO 55 1=1,23
[F(AMAX,LE. A(I)) AMAX=A(D)
55 CONTINUE
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77

66

88

50

C

DO 77 1=1,23

K=24-1

B(I) = A(K)

CONTINUE

K=24

DO 9 [=1,23

K=K-1

[F(AMAX.EQ.B(I)) GO TO 66
CONTINUE

CONTINUE

KK=0

DO 88 J=1,23
IF(A(]).EQ.AMAX) KK=KK +1
CONTINUE

KK=KK/2

K=K-KK

RETURN

END

SUBROUT INE SUBPROGRAM
SUBROUTINE PAPA(D, J)

Q=-1.65

DQ=0.3

DO 50 I=1,11

ZQ=Q+DQ

IF((D.GE.Q).AND. (D.LT.ZQ)) J=1
Q=Q+DQ

RETURN

END

SUBROUTINE SUBPROGRAM
SUBROUTINE MAMA(C, K)
= —-28.75
DQ=2.5
DO 50 I=1,23
ZQ=Q+DQ
[F((C.GE.Q).AND. (C.LT.ZQ)) K=1I

50 Q=Q+DQ

RETURN
END



