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Abstract

Since L. A. Zadeh introduced the theory of fuzzy sets in 1965, E. H. Mamdani applied the theory to
the steam engine conrol in 1974. Since then, scientists have shown a great deal of interests in its applica-
tion to practical problems, and the possiblity of the application of the theory to 2 more complicate system
has been increasing greatly.

In the fuzzy control, the qualitative knowledge and intuition that the operators of a system has acquired
through their experience can be logically described by the Linguistic Control Rule(LCR). The algorithm
of the contro! is made of the LCR, and the control of an object is performed by processing this algorithm
implementing a computer.

In this thesis, the fuzzy controller of the ship’s steering system is devided into two systems, namely
FC1 and FC2, according to their control function. FC1 is for the course keeping steering. wheress FC2 :
is for the altering of a ship’s course.

The characteristics of the control system were investigated through the digital computer simulation and
the results were compared with those of the conventional steering system. It was found that the fuzzy

control was more efficient than the conventional auto pilot system.
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Fig. 2.5 The grahpic representation of triangle
membership function of the deviation
angle velocity.
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Table 3.2 The LCR considering the deviatioin
angle and deviation angle velocity for
FC1
DA A5 8 AE
DAV SB|SM|SS|SV{ZO|PV|PS|PM|PB
BD|PV|PU|ZO|SV|SV|S] |SK|SB|SB
SD| PI |PV|{PU|ZO{SU| SI [SM|SK,SB
ZO|PM| PJ | PI {PU{ZO}ISU| SI | S} |SM
SI |PB|PK|PM| PI |PU|{ZO|SU|SV] SI
(AE) | BI |PB|PB|PK| P] |PV|PV|ZO{SU|SV
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Fig 3.7 Fuzzy reasoning process considering the
deviation angle and deviation angle velo-
city(DA=4.0°, DAV=0.1(deg/sec))

ol el ol Zt HEHAIS HRLERB) 2
7t HRERS ARMEBT ) 2l st 224,
FIEHA R®, RS He-RBEEUL SURAM 22
o2 BHE SR 22 Max G 28} FHAET
*& R%o] R¥*E& L ¥3te] 39 HEHAl o] Max
iR ddl2 s gk A A RA,
ol Ay A (2.12)¢] 28 291°7F o)

ol Abe] HERFERM Lol nd, ANRS
o] 4.0°2 A #E ) FE4E W B P 9,
Rfae] BLRo) 0.1(deg/sec) A A% U2
3Tl A Hhfie 291°24] 3.L1 H
9] 25609 2a] RAY BEES Iejdtd X
o} oge ftAe HE A o F U

=

]
a2 2

3.2 Bitgfr A0l HE HX| Hi6
2 dell M BEHEMESA A A H A HE

gl == HEhel MY A 9

ol gl A, Fiffiz bR R R o A ¥
o} B 2 BAEEA A% A5 datod, 2z
zte] A i dneFEE oS el TAE
At

3.2.1 Rl 9% A il

B e el HamEeel] Y 25 Bkl
3.1.1 FHell M A% 23 Fd3r HREES
Zed, chat LCR wisfAer ® 3.35% o] z
Maledd. ¥ 3.38 Agud FEERTXAE
ge], JAe we AAsr] 8 o & A
A48t Qles 4 4 Stk

Table 3.3 The LCR considering the deviatioin
angle for FC2

R': If DE=SB then RU=PB or
R?: If DE=SM then RU=PB or
R*: If DE=SS then RU=PI or
R If DE=SV then RU=PM or
R®*: If DE=ZO then RU=ZO or
R¢: If DE=PV then RU=SI or
R’ : If DE=PS then RU=SM or
R®: If DE=PM then RU=S5B or
R®: If DE=PB then RU=SB

3.22 kA ¥ RAEEC AT A3 HE

2E Epel FoiA Hkel 3.1.2 H $d3
o}, oiwt @AY LCRe Ayt ® 3.4
ol FAsA e, gAML AR 2 RA
of chete] ¥l B fEAE ANEE FAHA
det.

Table 3.4 The LCR considering the deviatioin
angle and deviation angle velocity for

FC2
DA A g #H Z(E)

DAV SB{SM|SS|SV|ZO|PV|PS |PM|PB
H |BD|PM{P]|PV|SU|SJ|SK|SB|SB|SB
2+ |SD{PB|{PK|PS|PU|SI|SJ|SK|SB|SB
4 [ZO|PB|PB|PM| PI|ZO| SI |SM|SB|SB
% | SI|PB|PB|PK|PJ|PI|SU|SS|SK|SB

(AE) | BI |PB|PB{PB|PK|PJ|PU|SV|S]|SM
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Algd o] AL (1) Rl <% A HH, 2) R
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HHE it Azt 0 BEY &Ee
o}-g 3 i}

Aol 2% fesae] EHHRKS e A @
D3 el Yehllz A Fdlolde faRae) EENH
X & Runge—Kutta®l & H A3l A3 =4,
o] & A&l 4 3.3y KEAHEKLZ Tl 4

=3
=
Z

F Program2 13 4%} 2 on], A EHdo]A Bf
]S 30022 sl gifiEe Si@lel 2718 7z
7]l gel3le Ao BW, g AL a8n

A Sol el X 4.1 o] 87FA] ZH Sl
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27} 237, 97, w9 £ "7 slE s
Model **“‘94 1%‘-°l§—’5§-’?, E2EFAATA T,
23 —‘171 F7), Ay 9 vy g9
e 4 *S-" U}.

CALL INPUTI(R Z el o A+
H2 & Aol o8 elg 7o}

<+ Program)
|

CALL INPUT2(8Z 9 #HZ} X0
o}t A5 sHx FF FAo o4
E}Zt-§ F8h= Program)

[

@ D3 ol FHE + Ak

CALL RUNGE(Fuzzy 3&9 1% 2712] 73} PD
Aojol] %t epztel] ois, Adute] &5 w4l 27
A3 o]¥ A48 Runge-Cuttali o2 E3 371 §
T JE A4S, 1 £5& A7l dizte] w3
z &%, g7, iyl g2 2b7) 443t R¥Ee

Program)

X:AX+B8+D(é)3 ........................ 4.1
Y=CX
< 1 0 0 0
A=0 _(rx+T2yr1Tz 1|B= TgTJrsz D=] 0
-UT 1 T, o) » L TsThTe ’ —X

X'=(8, 6, 8 ) (=transpose), C=(1, 0, 0)

Table 4.1 Simulated condition for the case study

STOP

END
Fig. 4 Flow chart of the main program

Case No. Condition T ZepyAl
Case 1. ID:40 IV:00 NF:100,200 NV : 00, 0.0 .
linear course
Case 2. ID:40 IV:05 NF: 100260 NV:00 —03 Keeni
eepin
Case 3. ID:40 IV:00 NF:100200 NV:00, 0.0 non— ping
- linear method
Case 4. ID:40 IV:05 NF:100,200 NV:00, —03
Case 5. ID:40 IV:I00 NF:100200 NV:00, 00 i
linear course
Case 6. ID:40 IV:05 NF:1100200 NV:00 —03 teri
alterin
Case 7. ID:40 IV:00 NF:100200 NV:00, 00 non— g
linear method
Case 8. ID:40 IV:05 NF:100200 NV:00 —03

,ID: &7 Hz(deg) IV:Z7] ¥Z £ X(deg/sec)
NF : 9J&t £7[(sec) NV : 2| Z7|(deg/sec)
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Fig. 4.1(a) Result of drift angle in the Case 1D
=4.0, IV=0.0, NF=100, 200, NV=00,
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Fig. 4. 1(b) Result of drift angle velocity in the
Case 1(ID=4.0, IV=0.0, NF=100,
200, NV=0.0, 0.0)
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Fig. 4.1(c) Result of rudder angle in the Case 1
(ID=4.0, IV=0.0, NF=100, 200, NV=
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(ID=4.0, IV=0.0, NF=100, 200, NV=

0.0, —0.0)
[ oo oy —
----- o Cows
730C.0 LT S Comrsl ter DA o DN
= #909.5
% P
2 B
£ as00c
'3 [ R
€
IR PP SEEE L
<
S q;
130C.0 —4
3
o 50 SILELEE S S D DL BRL A B8 {
ob oo’n”‘l:zo”"u&c' 240 30
Time(sec)

Fig. 4.2(d) Result of criterion value in the Case
1(ID=4.0, IV=0.0, NF=100, 200, NV
=0.0, 0.0)

Aol e FERBHERY I HER vl
PD #f1 2 A el 2t 77%, 88% A
24 eHaEs #Esde A& ¢ 57 Ao
Al ol BES A (@ DA vehte Bt
o), HQMEFRI KT P 9L 37
o Zolc}. Byl Y WHHERIT Hx BEHE
woAzhe etk A fife] A 2
Over—shoot® 77 W&ol ZElE=E A3kl
velA e 283 FEMEECAE, vIE RTH
ME} mAe FAH 2tEA7AR A G DA
A oF 4 9lEo] 4tfS FoEVE ¥ A7) AE
o FEHHEFRI B FHEES FebiH, B
SRS Ase AR fifel d Fad A3
24 gz

4.2 BitigrcsR0l et 2R

i) B aEHERe 235

19 4.3)8 AHyd EEMeEE HA #H
M7} Estuwpaeis IEENEY 453 &
s AL & 4 ded, AT e d2FH
2, $A, EtgEGEEEAA PD ¥ HA H
#7) 27t 58, 4222 Jehdm, FFEEBECIA
= 57 %47} PD HES) 70% A= vepi
et

i) R EBHEAR H T

wpsETRe Aol fArgd, BRiEel A PD &l
M2 A $eErr 22 3%, 30%0] 1, FHEEK
Tl 2] H87) PD HE vid 79% V=
24 ;33 #£EE Jebiz o

A Moz Adynd, FEGHHER 53
Jelhdr}l =, PD Aol A FEtEEgHHES
@ EEMEERsE 247 582, 33%0lX, FHR
ENES R AER SusERe] 77% A5
2 Jehyz 9ok =&, #HA HiEel A FEtilE
SESS 8, EEHA7T 47 42%, 30&°l%,
FEENES FEHHERT RN 88%
R e g viehdrl

o] Aboll A ArHE wie} e A HE] EET
ge 13 430904 A HEel Assh AHEE
feme Ahud & o § oed, v AEE Q
M7 EfestE A gAeigs ¥ 5 A



0
----- "0 Cantrat
Fumy Contrad bur D4
—— Ve Costral tor DA ard DAY
=
€
2
T o1 N T
;.
<
a
]
BT S 2 B o e L S S B 0 GRBR BN S50 GLERBR ALSY SLEL B Y T
ob 30.0 1od0 150.0 2040 u&o 300.0
Time(sec)

Fig. 4.6(a) Result of drift angle in the Case 5(ID
=4.0, IV=0.0, NF=100, 200, NV=0.0,

0.0)
02 ]
T I e G tor 84
H 4 —— Fumy Contal for DA ars DAY
~ 0.1
s o'
L
§ood— s
s b
0
*'ZQDYIIIEQYVI:J-OIVI:ol"lﬂ"'u‘llllm
Tume(sec)
Fig. 4.6(b) Result of drift angle velocity in the

Case 5(ID=40, IV=00, NF=100,
200, NV=0.0, 0.0)

10
1 e 70 Conwrwt
Fumy Costros tor OA
T2 Famiy Contrst for DA one O
' 4
s
2 RN
K1 y\;
;u T
4 4 L
s A
o
3 14
L3 i3
=Tt T TTTY T Ty T T T YT T YT Yy v yrrT
ol so].o wl.o 1500 zoA.o ué.o 304

Fig. 4.6(c) Result of rudder angle in the Case 5
(ID=40, IV=0.0, NF=100, 200, NV=
0.0, —0.0)

LAl

i

Critation Yolua(dag)
o
l

Akt 1

o
o

T le T asde T b

o

Fig. 4.6(d) Result of criterion value in the Case
51D=4.0, IV=0.0, NF=100, 200, NV
=0.0, 0.0)

gaffel oA s WY R 13

=5
oM

5. &

£ =Fode HA §Hed A K] BB
%e FAst 283 Hikel Wt o7,

AEdelde stk 1 GREE oeH Bo)

LR l=

i) Zt FHRERN sleiAl, PD Hige] g 5=
HEDe) EE7F REHERIES R AT A+ 65%,
et AR e AtE 75%24 HA HEHR

53 i &BE Jebix sk

i) FEtisEEesmmel A, REHREHKS] A+
£ PD &5}, et ARl 23 Aol
2 HE7 F7y 53k Jebdoh ey o)
7Sel oM FEEMS FEEHBEFH o2
T2, HAY LCRE FAUYE o g &
BE dg F UL Aotk

i) HubA o2 FERHABHERTT GFaBH
el wls FEHEEGEE R SFEERE A
o8 5% S2E e Aok

olAtell A2} 7ol AARAE EHERALR] WY HA
HEe Ao 383 FHs: BRE 2 T+
Ao, £ =i A9 ule} o] x| H
#e] Ade LCREZS 53 Ko HHBAMS
AYY 5 A= A &, 9271 Soft wareg &
Aahed MR Aol A EREEE= Wgd
Zretst, AMMEBREEEY A HA HE
Adel 34 7ld €

B =FollA tpFolRR] kL Lee wayll H#¥
Aets) @ERERE 2 BEH#ELearning Control)
o] Frihdd, oS J3T BB BIRNEEE
o] AdAC} daEs, ol AFo HRFEE ¢
AF712

2 F X M

1. FEE  BMEHRIERe] RERE M
o, J. of KMGS, Vol. 1, No. 7. pp.2—6, (1970)

2. 4 Optimal Design of Automati¢ Stee-
ring System of Ship’s at Sea, J. of Institute of
Navigation, Vol. 2, pp. 35—47, (1978)



14

10.

11.

. BIRIER]

L KEHERS ¢ 7 7 2 4 BIBNE X DHESRE,

A AR 7 7 4 MR,

SRR GE H14%F 450 1990

. FH 4 - $#5 | Fuzzy Logic Controllerel] 2

g #i8A2) HIE, pp.59—88, J. of Institute of
Navgation, Vol. 5, No. 2, (1984)

. B - BRE D M2 Fuzzy Logics %

T faAaERAE Rl S8, pp. 1528, 1. of Insti-
tute fo Navigation, Vol. 8, No. 2, (1984)
w77 AL Oy b
NI RBEHR—Z01, BHERBRERL
%, 582%%, pp. 13— 24, (FAK25F)

. FTEERE A THABRPI 51T 5 AENRAE

N Tal =3y LRI, BAME
BEK, pp. 1112, (1979)

s
4180, Vol. 28, No. 11, pp. 17—21, (1989)
L S,
Vol. 28, No. 11, pp.4—10, (1989)

EOK - THEE 771 BROEEND

R, B&7 7« B&K, Vol 1, pp.63—68,
(1989)

#7724 HERARL X7 .08,
1 & #14, Vol. 28, No. 11, pp. 22—27, (1989)
HEEK - fiEgk . 77 1 HBOHER,
& HE, Vol. 28, No. 11, pp. 11— 16, (1989)

12.

13.

14.

15.

16.

17.

18.

19.

EHEL D 770 #l#, pp.5—25, BARTLHE
A, (1988)

FIREZ 5 BUERICEE - B LK,
7 L8, Vol. 18, No. 1, pp.45—57, (1974)
FEHE . REHEFEOMNEMB(Z 0 1), BEE
RS &R SCH, Vol. 135, pp. 129138, (1974)
N. Minorsky . Directional Stability of Automa-
tically Steered Bodies, J. of ASNE, Vol. 34,
(1922)

M Horigome | . Micro Processor based AR
Autopilot System for Ship’s Steering SHIP
OPERATION AUTOMATION ISSOA 79, (19
79

L. A. Zadeh ! Fuzzy Logic and Approximate
Reasoning, Synthese, pp. 407 —4238, (1975)

E. H. Mamdani : Advances in the‘Lingustic
Synthesis of Fuzzy Proposition, Proc. IEEL.
Conf. on Design and Control, New Orieans,
(1977)

F. V. DER RHEE : Knowledge Based Fuzzy
Control of Systems, IEEE TRANSACTIONS
ON AUTOMETIC CONTROL, Vol. 35, No. 2,
pp. 148— 155, (1990)

X



