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On the Control of Ship’s Steering System by
Introducing the Fuzzy Neural Network
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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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o,
DE ! Deviation Angle
SB ! Starboard Big SM : Starboard Medium
SS : Starboard Small SV [ Starboard Very Small
Z0 : ZERO

PV ! Port Very Small  PS : Port Small

PM : Port Medium PB : Port Big
RU ! Rudder Angle

SB : Starboard Big

SK : Mean of SB and SM

SM ! Starboard Medium

SS ! Starboard Small

SV : Starboard Very Small

SU ? Mean of SV and ZO

Z0 . ZERO

PU  Mean of ZO and PV

Pl ! Mean of PV and PS

PJ : Mean of PS and PM

PK : Mean of PM and PB

SJ I Mean of SM and SS
SI: Mean of SS and SV

PV : Port Very Small
PS ! Port Small

PM : Port Medium
PB : Port Big
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- Fig. 3.5 The graphic representation of triangle
membership function of the deviation

angle velocity

BD : Big Decrease
SD : Small Decrease

%, BI . Big Increase
SI : Small Increase
Z0O : Zero

22}3 LCRS /M9 &5 Mfnigitfhel &
BHEA N HEER) A HEE 1
st} E 3.29F o] FAsHE =AY E 319
& If—then 84 Al 45702 LCRE Zteh3]
kgt Hel 2 A Ao} HifHHEAIS HEE
PP FAlske] RY(1, D, R¥(L,2), R(1,3), -, R
“(9,4), R®(9,5) €22 = 9}t

Table 3.2 The LCR considering the deviatioin
angle and deviation angle velocity for
fuzzy neural network

DA AdsHd2(E)

DAV |SB|SM|SS|SV|ZO|PV|PS|PM|PB
2 |BD|PV|PU|Z0O|SV|SV|S] |SK|SB|SB
7+ |SD| PI |PV|PU|ZO|SU| SI |SM|SK | SB
2t |zOo|PM| P] | PI[PU[ZO|SU| SI | S] [SM
% | SI|PB|PK|PM| PI |PU|ZO|SU|SV| SI

(AE) | BI |PB|PB|PK| P] |PV|PV|Z0|SU| SV

X1

R-F B &

ol A& st Ml SlIM RBA 2 RA
wsleks Aho 2 dha BERQ fAS Hhe
2 3le X @WEEpgESs #istd 19 3.63
Zov] HifEE Membership g TH+ 244 9
7, 57) o], ola] E(Partition)-< HAl) o3}
o 4571 2 pel it

(4) (8) () (D) (E) (F)

Network
deviation angle and deviation angle

Fig. 3.6 Fuzzy Neural considering

velocity
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I¥ 3.7 o)A #HmBHEE JEh Relm
atel,

2% 378 AR, BIETEE x5, x4
Z+ 40, 012 Ah= A%, Mind el o8 #HE
E(uwE T3 R®, R R® R* A #5% 3te
Zt=dl, 2+ 0.38, 0.63, 0.2, 0.27) ). o)A
o8 & HIERAIS] HRERGBY) 2 % #HHE
Bl AREMB*)E 2o e} 2-ad, HaRa
R® R¥9| HUEHBEIT SURA 2 =] sy
+ 7HA B2 Max Akl 9 HAE7F ¥& R?
o] R*& E3ste] 3709 HIEMAIe) Max 5HE
Hel 2 Ho] ol whA= A RA, HAz &
A (y*)& K(2.7)el 3] 29107} H1, o] 7 o]
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Fig. 3.7 Fuzzy reasoning process considering the
deviation angle and deviation angle
velocity(DA=4.0°, DAV=0.1(deg/sec))
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Hel 2915 22 A - ) ALE FA 23t
A9t A3HA Feim A - H welEe (B
3.481R) ntebis BEFA|7)9H Universe of discou-
rse [—1.0, 1.0] b9 Zt© = mapping 3+ 2 A D
1 770l A Membership g zto] BHEH,
FEHE 2BBREE RANHY H2 A—
stk 2% 3.8 BE4el £iEExee] Bk
£ Yeliz gich

olu] T3tz FEHE S %I THE vt
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W) HeRRREel Foh(X 3.4 B2R)

TOTAL ERROR

11

18
17+
16 -

R LTI M S ———

120
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ITERATION

Fig. 3.8 The relation of total error and iteration

Table 3.3 Adjusted values from result of lear-

ning
Woss | 163 | -1t -79] 36| 124] 54| -08] —56] 1
-1 18| e8| 20| -%| 261 -7 -9 %
-8 2|0y wa| -m -wa| -u| 3| s
5| o -o6| oo -1l m| s -ee] 123
4 -05| -13| 200 -7 -136 11| -34|-235
Weias | -22) 100) —17] 52| -75) 91| 140206
% -g 0| m u-10] -2 -3
% 8| 5| -4 2% 81| 55 -5
Weoe | -01| 37| 00| 00| 326 136 -50| 396
o 41 2] -1 -] 00 261 29
a1 a8t -o1| 2| -8 -3 -0l o
AyXD) | 50] 480 42 0l 000 o0 08 a7l 29
M%) | 0] 4] w| o s
n-is | 00 ool o oo o o 0o oo w
ul npoo| o 0 o o o o
o e o o o o o o o
o o o o oo 0 o o ©
Blow n el oo o o o s
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Table 3.4 Identified data

fafgel BEMERAEE AUBT A5 BAERE T4

Compass 5

p=N

A
o] et BEMRMEZE ot
o3 #AtE A-Fol= BEEAERE A

s J 2 4 2ex | T 2 94 =2E
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 - -3.3900 0350 2.4600 1.8819
4 3.8100 -.0450  -2.3800 -2.2701 | 305  -3.8100 .0450 2.3800 1.7519
5 3.7100 -.0520 -2.2900 -Z.1357 | 306  ~3.7100 .0520 2.2900 1.5363
6 3.6000 -.0580  -2.1700  -2.0003 | 307  =3.5000 .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 .0500 0000 ~.0600 -.0415 | 400 -.0600 .0000 .0600 0570
101 .0600 .0000 -.0500 -.0415 | 401 ~-.0800 .0000 0600 0570
102 L0600 .0000 -.0500 -.0415 | 402 -.0600 .0000 .0500 .0570
103 L0600 -.0010 ~. 0500 -.0348 | 403 -.0600 .0000 .0500 .0570
104 .0600 -.0010 -.0500 -.0348 | 404 -.0600 .0010 .0500 .0501
105 .0600 ~.0010 -.0500 -.0348 | 405 ~.0800 .0010 .0500 .0501
106 .0800 -.0010 -.0500 -.0348 | 406 ~.0800 .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 -.0010 -.0400 -.0264 | 410  -.0500 .0010 .0400 .0421
200 ~.0100 .0000 .0000 .0164 | 500 .0100 .0000 .0000 .0000
201 ~.0100 .0000 L0000 0164 | 501 .0100 .0000 .0000 .0000
202 ~.0100 .0000 L0000 .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 L0164 505 L0100 . 0000 ., 0000 . 0000
206 ~.0100 . 0000 L0000 .0164 | 506 .0100 L0000 .0000 .0000
207 ~.0100 . 0000 . 0000 .0164 507 .0100 . 0000 . 0000 . 0000
208 ~.0100 0000 .0000 .0164 | 508 .0100 L0000 .0000 .0000
209 ~.0100 .0000 .0000 .0164 | 508 .0100 .0000 .0000 .0000
210 ~.0100 0000 .0000 0184 | 510 .0100 .0000 .0000 .0000
300 ~.0100 .0000 .0000 .0164 | so1 .0100 0000 .0000 .0000
4. AlE2f0|M % &t she EREAE GBS, ftmda i 2

INGL!
Quarter
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Ship's Dynamics

Fig. 4.1 Block diagram of ship’s steering system

x wxe 2B FA RA ¥ RAEES
233 HR HH FERES BE voleE AL&st
of BES AFY

#atel 23 e EFHHERE Rl DH
o] vehx Al g el A figae EEyHRER
4 Runge-Kuttaz-g& HHASI] At =d], FF
wrd 49 XU DE REHFERCE 2431
£(4.3)3 Zo] RFHT, I 45 RU.2DF
XU OE ZHs 44 g & Adchr2?

2.

d%0 de
TT,——— + (Ti+T») +6+(K(6)°)
dt dt
ds
:T58+T3T5— .............................. (4‘ 1)
dt
da’e de

TT.—— + (T, +T +0
12 dtz ( 1 2) dt

dd
:'1‘584_’[‘3'1‘5T ............................. (4.2)

W, T, T, Ts: Hitthse 58
Ts | HRHEFIE E
0 . RA
0 REEE
K )*: g ESR
S [ AtEME
ds/dt : HEfg EEE

X=AX+Bs+ (D )?)
Y=CX ' }

X=AX+Bbs }
Y=CX

o,
0 1 0
A:[ 0 —(T1+T2)/T1T2 1

0 - 1/T1Tz 0
0 0

B=|: T:Ts/TiT, D=[ 0 }
Ts/TiT, ’ -K

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

Al o)A B 3002 s P A
+4.0°9%F +150090 A5 diste] AA 3t

& RIA= oA HREREA 2 #fhe
HERMERS #Est A EdeldE dddz,
HPR & 752 A HlE sE A
doizl nptA e e EEHR o2 - Me-
mbership E# s} HES AETT 449 A=
RAel +4°9F +15°90 Aol lolA #HBiFE #t
Aol diste] B, IR M EEA
Blof oisted s= FiE} A2 HREIRHEIS
HEE B3 B2FE AMS delee zhzte
Agol A B, ERFHLE HHE =
23l 602712 Samplingd+ dlelElE o] 4319
}.

Al B o) ol 2147 MRS &K 125(M), BF
KALE 6000(K/T)S] WBEminl L, Mifel #
HMERESS R T, T, Toe 27 45, 6, 10017, it
FETH T 0082 Fo13c}

o} 7] ol A Sampling FIfE t= oh5-3 2e] AA
Lia=

a9, A 4% fu.(Spectrum®] FHi F
)7} ¢F 05(c/s) 0] B & v 0.1(sec) FEo]T),
ey EY] BREEE S 222 AE4 0.2
(sec) E=XE FH3)c)

=3 BEE A A HA iR E KA
FAS 158 459 FREEY AFE 16~16~
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9~9, FAT RAEEEES 18 49 $REY
Rye 24~24~14~14 & 43P

Y EHE —1~1 ALEHE AHLst
on BERL 03 o8 1Aste A|EHe)A
B3t AlFH o] 2] F Programe th59]
A da o

lote afo 32

Flow chart of the main program

START

R-F & &%

Table 4.1 Adjusted values

Ay | 049573 000658 023110 02439 030162 059802

026410 00030 012312 01299 016069 031
L5045 026112 ~027333 10637 -347055 -2.13606 145535

b
W

27 R F7), 4% % WY 229 g)
o4 e £5 A9 A7,
4.

= AAZEG st AIAM HEA,
Membership &, &, =& A3}

L

-013048 23072

714 AED FREY ATEHE Fo9H £
H dele 248 M Alade] e 3 et
We &ES HEBAIZ Membership EE7F &
oz dA=] ik Aol HE T 5 de
¥+ 4 F Uk

28 4.2 (b= FHREC +4.0°8 A5l
Sampling3t #HE A - B dle]Hd (—)®%
E ¥4 A - 74 937 Universe of discourse
[—10, 0.0]>2 JF#{k(Normalized) A A H=) 7
REEA BFA 2 275 vehz e} ol
BE2455, 4" HABE 509%, #HEl
F g (B)~(E)9 AF+= 8~8~5~5 olgem,
AEE Zzte] g2 X 4.2¢ 2

Table 4.2 Adjusted values

Ay | 040979 D82 033483 015208 05515
mo| 025185 022084 016852 007634 02775

28 42 (a)= 271FEAC] +4.0°9 3¥ &L
Bl ofqF oA HIEHRER A BIER ftMmd dg
Samplingdt #E A - 7 dlolele] Universe
of discourse® [0.0, 1.0]2.2 FE#t(Normalized)
Al A 2] REIRE BEAL A9E vehy
2 ok BEN 5l @REERAEY FERE®)
EB)e AS+E §iHESH ANEE FEAd 93
Membership EE] A5 Fd3HA sld-& o,
BEL 1213F 3z, A4 BAEE 671d
2, A% PRE (B)~(E)9 AFE 10~10~
6~6 °Jgich X 4,12 FEF Membership B
HAp, BEE(, B#8EF EBHWYE Jehyz
Atk

We| 288262 223445 ~115836 Q77822 275427 -0605% 167605
064819 —13834

v REIRMES e BE dolHE A
AR B BF o)y g AM4sH Kol
P3te FHg ZAgTE A HIg W, 2
d 4.3 (@), (e ki 271s & 602719
B8E dolele] A A - 179 Universe of dis-
coursed [+1.0, 1.0]22 A3 (Normalized) A|
7 A EE A BEHAIZ AHE e
k. ofwl BT 10213, A& HAIES 49
QAL AEH FEE B)~E)Y A+-E 6~6~
4~401%l 3, FER 779 e X 4,35 2},

Table 4.3 Adjusted values

A | 049979 03507 030431 029840

no| 03419 024567 020821 020416

W) 208403 0991 -133123 028923 -376411 -160101 233018
002384 -2.18363




Rudder Angle/Deviation Angle(deg)
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Rudder Angle/Deviation Angle(deg)
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Fig. 4.2(a) Simulation result of rudder and Fig. 4.2(b) Simulation result of rudder and
deviation angle(linear) deviation angle(linear)
(Deviation angle : 4.0°) (Deviation angle : —4.0°)
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Fig. 4.3(a) Simulation result of rudder and Fig. 4.3(b) Simulation result of rudder and
deviation angle(linear) deviation angle(linear)
(Deviation angle : 4.0°) (Deviation angle : —4.0°)
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x 4 Deviation Angle 1 [ - ... Deviation Angle
CERE I & 33
= p ¢ 8 B:
< 2 < 3
- 24 24
FRR IR
Z . 7 S A I . N
é Y E B & 05 T
P PESE
CAE / ]
< 27 J E -2
e 3 = _ o3
I 71
3 -44 3 -4
& 3 & 1
5 F———rrr e L B e e —54, T T T T T T T —r T T
- 0 100 - o200 300 V] 100 200 300
TIME(SEC} TIME(SEC)
Fig. 4.4(a) Simulation result of rudder and Fig. 4.4(b) Simulation result of rudder and

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

a3 4.5 (@), (WE WAl +40°~-40°

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

Table 4.4 Adjusted values

F7boll A HfER fEMel HE FERPHL A - i A | 05 00%E2
F1el deiA #H A @REIREY 2B AHE wo| 091418 008582
el 3, o)u) EES 54003, AH4-F HARES Wl 067312 216651 -276341 030646 —327301 355609 306371
oz, BEY FEE B)~EY AFe 3~ 563483 ~71852
3~2~2 olglom, M Z7te) e E 4.49
z},
™ 6 E . Fuzzy Contrul for Devistion Angle ’9 6 3 N :‘"‘:Izy Control foli) vai(glionA Ax}slf
< 5] I o N i o eintn e
FIE i % 4
s 33 a0 < 3—;_ T
£ 23 § 23 . NI
3 14 & ] / L
£ o] & 0] e s
%_l‘é §_l§ w ' 7
B -2] 2 -23
- -3 < -33
< ~43 < -43
E —5—§ z -53,
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TIME(SEC) TIME(SEC)
Fig. 4.5(a) Simulation result of rudder and Fig. 4.5(b) Simulation result of rudder and

ol

deviation angle(non-linear)

(Deviation angle : 4.0°)

a3 4.6 (a), (e KA +15°~—15°% T3t
A BRER AEAY O BIEH A - Bl QA

deviation angle(non-linear)

(Deviation angle | —4.0°)
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Rudder Angle/Deviation Angle(deg)

Rudder Angle/Deviation Angle(deg)

A WEEEgES FIRT el s
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Mo, & SR (B)~E)Y As+= 10~ Table 4.5 Adjusted values
10~6~6 ol 9, FA%d 272 & % 45 9 A | 049908 000389 024919 028364 028340  0.32893
zt}, go| 023233 000181 011600 013204 013103 (38588
We | 234999 14383 ~073018 092833 380191 -195785 232719
0.06987 —2.31542
15- = 173
: N oo o Deviation gt 3 TR gtrer o Deaon, Anle
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1 5 1 \y
El ARl
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Fig. 4.6(a) Simulation result of rudder and Fig. 4.6(b) Simulation result of rudder and
deviation angle(linear) deviation angle(linear)
(Deviation angle : 15.0°) (Deviation angle : —15.0°)
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Fig. 4.7(a) Simulation result of rudder and Fig. 4.7(b) Simulation result of rudder and

deviation angle(linear)
(Deviation angle : 15.0°)

deviation angle(linear)
(Deviation angle | —15.0°)
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Ru{!der Angle/Deviation Augie(deg)
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Fig. 4.8(a) Simulation
deviation angle(non-linear)
(Deviation angle : 15.0°)

a3 4.9 (), (e BA +15°0~—15°1 77
oAl A HRIEE AEfAol uld SERERY A - H o

result of rudder and

Fig. 4.8(b) Simulation

result of rudder and
deviation angle(non-linear)
(Deviation angle : —15.0°)

Table 4.6 Adjusted values

Fig. 4.9(a) Simulation
deviation angle(non-linear)
(Deviation angle : 15.0°)

result of rudder and

Fig. 4.9(b) Simulation

oA Hx) EREKBY BEA) A2 e B | 049908 026166 02024 0297 0807
Wx, ol BT 46315 g AH4-H Hale 0237 011932 032 QR4 0387
5oz, A%D FHE B)~(E)Y AfE 8~ We | 23417 15757 07635 088763 ~362133 178964 238268
8~5~5 o1, FAEL A4 G % 4.6 I 015163 ~23570
7},
18 . m |
15 —. .. Fuzzy Con!rolafror 'D‘-ivi-h"inn Anzlv i ] Fuzzy Control for Deviation Angle
12 - Pevtation ngier Dristion Anel | :'i T Deetation Anger rvintion Angle
9] y 1 &
3 s S e T 2 P
¢ I Y AN | I S A
E ‘\/? . A S g 1 oN_ T S 7
-3 > ; ;o= \/
_63 -E“ j. : )
L4 - N
..9 — N
—12% Y127/
3 < ]
-15] g -159,
-1 T T T T T T T ~18F——— T
V] 100 200 300 (V] 100 200 300
TIME(SEC) TIME(SEC)

result of rudder and
deviation angle(non-linear)

(Deviation angle . —15.0°)
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2% 4.10 (@),(b)< RA +4°~—4°d T3bol
A RAEE7 BEeR EAste A BirE
fefel g B A - Hd oA Hx
RERKEA BEAZ AnE Jehlz, o 2
Be 9635 st AR HAIS 157012, 3
%= SRE B)~((E)Y A+ 16~16~10~10
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Table 4.7 Adjusted values

19

a3 4.11 (), (= KA +15°~—15°9 F+ .
Zrell A RAEE 7} MPNSE EA%te 45 #
fEE el S WA A - I o oA =
A @A AC] BERZ] AHE el 3, o)
BEe 11235 s9n A8 #HEAlL 15700
AEE SRR (B ~([E)Y A+ 16~16~10~
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Table 4.8 Adjusted values

Ay(X) | 050 048 042 008 017 029 AXD | 050 049 045 003 006 022
A(X) | 002 042 003 050 A(X) | 002 047 002 050
Wi 011 009 002 004 007 013 002 004 0.08 1 001 013 012 002 006 014
Wii-s 63 -1 -79 3 14 Wa-s 157 - 66 - 87 36 116
We-10 | —54 -08 -5 51 -1%9 Ws-10 | —56 =09 - 54 51 -197
Wiu-s{ 179 68 20 92 261 Wi-15 | 168 8 09 -9 240
Wig-20 | =79 —92 86 -28 -52 Wig-0 | 66  —104 81 -29 -0
W25 | —237 M - -4 - Wer-as | —2.34 4 -12 -4 -13
Wizs—30 3l 59 35 07 —26 W30 30 12 36 07 —24
Wesi-3s 0 -1 3 65 -6 Wiat—as 00 -21 36 65 -6l
Wis—20| 123 42 -0 -13 207 Wis-ao| 123 47 =20 -13 193
Wf41—45 -97 - 136 =17 - 34 - 235 W[41445 -99 - 143 - 06 - .35 - 226
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Fig. 4.10(a) Simulation result of rudder angle
and deviation angle/deviation angle
velocity (linear)

(Deviation angle : 4.0°)

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

Fig. 4.11(b) Simulation resuit of rudder and de-

viation angle/deviation angle velo-

300

Fig. 4.12(a) Simulation result of rudder angle
and deviation angle/deviation angle
velocity(linear)

(Deviation angle : 15.0°)
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