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Abstract

In the fuzzy control of ship, the qualitative knowledge and information that the ship’s
operators have acquired through their experience can be logically described by the Linguistic
Control Rule(LCR). The algorithm of the control is made of the LCR, and the control of
the ship is performed by processing this algorithm implementing a computer.

The problem in the fuzzy control is that it is very difficult to discribe qualitative human

knowledge in the LCR correctly.

To tackle this difficulty, a Fuzzy Neural Network(FNN) was introduced in this paper.

The characteristics of the multi-layer FNN control system applied to the ship’s steering
system is investigated through the computer simulation, and the results were compared with
those of the ordinary fuzzy control system of a ship. The results showed that the FNN
method is a very effective to translate human knowledge into the LCR.
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PB : Port Big
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Fig. 3.5 The graphic 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
fuzzy neural network

DA Al ZHE)
DAV SB|{SM|SS|SV|ZO|PV|PS PM|PB
# |BD|PV|PU|ZO|SV|SV|S]|SK|SB|SB

2 |zo|pM| Py [ P1[PU|ZO|SU] sl | S] |SM
= | sI|PB[PK|PM| PI |PU|zO|SU[SV] sI
(AE) | BI|PB|PB|PK| P] [PV |PV|ZO[SU|SV

@ hhu
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Fig. 3.6 Fuzzy Neural Network considering
deviation angle and deviation angle

velocity
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deviation angle and deviation angle
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Table 3.4 Identified data

s U o + a2 4 L 2w 2En
0 4.0000 .0000 -2.6400 -2.5040 301 -4.0000 .0000 2.6400 2.4423
1 3.9900 -.0140 -2.5900 -2.5359 302 -3.9900 .0140 2.5900 2.2026
2 3.9500 -.0260 -2.5300 -2.4843 303 -3.9500 .0260 2.5300 2.0244
3 3.8900 -.0360 -2.4600  -2.3973 304 -3.8900 0360 2.4600 1.8818
4 3.8100 -.0450 -2.3800 -2.2701 305 -3.8100 .0450 2.3800 1.7519
S 3.7100 -.0520 -2.2900 -2.1357 306 -3.7100 .0520 2.2900 1.6363
6 3. 6000 ~-.0580 -2.1700 -2.0003 307 -3. 6000 .0580 2.1700 1.5302
7 3.4800 -.0630 -2.0200 -1.8773 308 -3.4800 .0630 2.0200 1.4320
8 3.3500 -.0670 -1.8600 -1.7774 309 -3.3500 .0670 1. 8600 1.3404
9 3.2100 -.0700 -1.6700 -1.7015 310 -3.2100 .0700 1.6700 1.2548
10 3.0700 -.0710 -1.4600 -1.6650 311 -3.0700 .0710 1.4600 1.1840
100 .0600 . 0000 -.0600 -.0415 400 -.0600 .0000 . 0600 .0570
101 .0600 . 0000 -.0500 -.0415 401 -.0600 .0000 .0600 .0570
102 .0600 . 0000 -.0500 -.0415 402 -.0600 .0000 .0500 0570
103 .0600 -.0010 -.0500 -.0348 403 -.0600 0000 .0500 0570
104 .0600 -.0010 -.0500 -.0348 404 -.0600 0010 .0500 0501
105 .0600 -.0010 -.0500 ~.0348 405 -.0600 .0010 .0500 .0501
106 . 0600 -.0010 -.0500 -.0348 406 -.0600 0010 0500 0501
107 .0600 -.0010 -.0400 -.0348 407 -.0600 0010 .0500 0501
108 .0500 -.0010 -.0400 -.0264 408 -.0600 0010 .0400 0501
108 .0500 -.0010 -.0400 -.0264 409 =-.0500 0010 0400 0421
110 .0500 -.0C10 -.0400 -.0264 410 -.0500 .0010 .0400 .0421
200 -.0100 .0000 .0000 .0164 500 .0100 .0000 .0000 .0000
201 -.0100 . 0000 .0000 .0164 501 .0100 .0000 .0000 .0000
202 -.0100 . 0000 . 0000 .0164 502 .0100 .0000 .0000 .0000
203 -.0100 .0000 .0000 .0164 503 .0100 .0000 .0000 .0000
204 -.0100 .0000 . 0000 .0164 504 .0100 . 0000 .0000 . 0000
205 -.0100 . 0000 . 0000 .0164 50s .0100 .0000 . 0000 .0000
206 -.0100 . 0000 .0000 .0164 S06 .0100 . 0000 .0000 . 0000
207 -.0100 . 0000 . 0000 .0164 S07 .0100 . 0000 . 0000 . 0000
208 -.0100 .0000 .0000 .0164 508 .0100 . 0000 .0000 .0000
209 -.0100 . 0000 . 0000 .0164 509 .0100 .0000 .0000 .0000
210 -.0100 . 0000 .0000 .0164 510 .0100 .0000 .0000 .0000
300 -.0100 . 0000 . 0000 .0164 601 .0100 .0000 .0000 .0000

4. AEZ20|M A &S st HERZAE HBIRIES, AW, A W

: Compass ol Utk FEEAC7F obdlar Aliell

ffnol MENAEZ MY S HAESRE A o) fAES 7ol [EMRAES A Quarter

@ hhu
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Ship's Dynamics

Fig. 4.1 Block diagram of ship's steering system
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dt
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9~9, RAN RAEES e 49 $RE
AEFE 24~24~14~14 & AH83PATH

A FhExls —1~1 AIEBE AHS-E
oo, BERL 03 22 nAHsA Agdelds
gatgdch A Fde] 49 F Programe 59 &
Fx9 Zch

Flow chart of the main program

w-% % %

Table 4.1 Adjusted values

Ay | 049573 00068 023110 02439 030162 059802

pio | 026410 000350 012312 012999 016069 031

Wi | L0245 026112 -027333 105637 —347085 -213606 145535

-013%48 -2.30772

27 ZA(A7, 274, AL E, Model
Hupe] 2FolSHS, 2345
27 9 371, 49 d
s oolard el dute) 5
214 E, eh4e gl 59

|

Hz= AAs 2 5 AAM 7,
Membership &4, &, ¥ & HIY

S

714 RED bRIEe] AFZ T T2 B
B diojHEZYH i A2 BHEeE & e
W+ e #8#H 813 Membership B B
oz MdA=el MM Aoy HE ¥ 5 S
< ¢ F Uk

a3 4.2 (b= #EMAC] +4.0°2 75l
Sampling®t I A - 7 dlolEa] (-)% 3
£ €43 A - 70l A& Universe of discourses
[—10, 0.0]22 E#{L(Normalized) Al A 5% @
REMAd £2FA A2E el s} o)
BEeoq453], AH4H HAIBE 5dx, AR
FifijE (B)~(E)2 ArE 8~8~5~5 o]l oy,
AE= 474 e & 4.29 Zr}

Table 4.2 Adjusted values
Ay | 049979 044872 033483 015208 055145

23 42 (A Z27/RAC] +4.0°20 A¥ &L
ol 2% AR HEERQ RER A AT
Sampling¥t A A - 177 dlele1 8] Universe
of discourse & [0.0, 1.0]> & IF# {t(Normalized)
Al A 2] WEREEA $#HA 23S et
I ook BUEEy ]z PREOEEY JEIE(B)
(B)9] A+ HitES AH#MEA FEHd H3
Membership &2l A2t FAdsHA &l & o,
BUEe 121383 slgdx, AH4E HHIEE 670
a, AR g (B)~(E)Y AF<e 10~10~
6~6 olddct #E 4.1 FK ¥ Membership Bl
GHA)), (), AR W B(W) S b

di @ hhu

wo| 025155 022584 016852 007654 027755
We| 288292 22345 -115836 077822 -275427 -0.605% 167605
064819 -1383%4

a2y @REIRES e BF dole g Al
Ay g BE dolel g ALstd el
dsthe £Ygkol ARt Al 2AE o, 2
d 4.3 (a), (b Lkicd 2712& ¥ 602749
B3R dloleld] tig A - HF9 Universe of dis-
courseZ [+10, 1.0]°.2 A 3t(Normalized) Al
7 W R B A4E ehdlln
Qlch olu BT 10213, 2149 HABE 470
A, MEgd b (B)~(E)e RAFE 6~6~
4~4olqlx, Mk 7h7he] e B 4.3% )

Table 4.3 Adjusted values
Ay | 049979 035907 030431 029840
wo 034195 02467 020821 020416
Wo | 208403 090991 -133123 028923 -376411 -160101 233018
002384 -2.18363




Rudder Angle/Deviation Angle(deg)

Rudder Angle/Deviation Angle(deg)
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Fig. 4.2(a) Simulation result of rudder and
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(Deviation angle : 4.0°)
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Rudder Angle/Deviation Angletdeg)

Rudder Angle/Deviation Angle(deg)
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Fig. 4.4(a) Simulation result of rudder and Fig. 4.4(b) Simulation result of rudder and
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a9 4.5 (a), (b= A +4.0°~—-4.0°2

deviation angle(linear)
(Deviation angle : —4.0°)

Table 4.4 Adjusted values

deviation angle(non-linear)
(Deviation angle : 4.0°)
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Table 4.5 Adjusted values

A; | 049908 000389 024919 028364 028340 (3%8%

wo| 023233 000181 011600 01304 013103 038588
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006987 -231542

- - 1=
. o

:" Fuzzy Control for leviation Aagle 1 .g . 1 - .- Fuary Control for Deviation Angle
E FNN (ontrol for Devistion Angle | -~ ) FNN (ontrol for Devietion Angle
[ Deviation Angle L 10 Deviation Angle
w 10 ":‘ 4N
g i < i

B i [

i ]
5 5 BEIRER
=S : - !
i1 ) TS ] 'E ;1 \ .
> T . : - ez 5
2 03— = - = = s s et § 0 — o e T sricesan
& 77 I S BN
R l g
T -57 2 -5
< ] | < 3
5 7 s 3
3 -10} 1og -ty
3 b | 2 j .
= ] i « i
-15 T \E T T ~rt -15- T T — ~r—r—rTr
0 100 200 300 0 100 200 300
TIME(SEC) TIME(SEC)
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Fig. 4.8(a) Simulation result of rudder and Fig. 4.8(b) Simulation result of rudder and
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Table 4.6 Adjusted values

Aj | 04998 026166 029214 028977 08077
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Fig. 4.10(a) Simulation result of rudder angle
and deviation angle/deviation angle
velocity (linear)

(Deviation angle : 4.0°)
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Fig. 4.10(b) Simulation result of rudder angle
and deviation angle/deviation angle
velocity(linear)

(Deviation angle : —4.0°)
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Fig. 4.11(a) Simulation result of rudder angle

and deviation angle/deviation angle
velocity(linear)
(Deviation angle : 15.0°)
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Fig. 4.11(b) Simulation result of rudder and de-

viation angle/deviation angle velo-
city(linear)
(Deviation angle : —15.0°)
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Fig. 4.12(a) Simulation result of rudder angle

and deviation angle/deviation angle
velocity(linear)
(Deviation angle : 15.0°)
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Fig. 4.12(b) Simulation result of rudder and de-
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city(linear)

(Deviation angle : —15.0°)
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