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On the Ship’s Berthing Control by introducing the Fuzzy Neural Network
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Abstract

Studies on the ship’s automatic navigation & berthing control have been continued by way of solving
the ship’s mathematical model, but the results of such studies have not reached to our satisfactory level
due to its non-linear characteristics at low speed.

In this paper, the authors propose a new berthing control system which can evaluate as closely as cap-
tain’s decision-making by using the FNN(Fuzzy Neural Network) controller which can simulate captain’s
knowledge. This berthing controller consists of the navigation subsystem FNN controller and the berthing
subsystem FNN controller. The learning data are drawn from Ship Handling Simulator (NavSim NMS-90
MK 1) and represent the ship motion characteristics internally. According to learning procedure, both
FNN controllers can tune membership functions and identify fuzzy control rules automatically. The verified

results show the FNN controllers effective to incorporate captain’s knowledge and experience of berthing.

* A3l Pasrjded
*x A3]8) e o st



2 WBEMEEEIE F18E H25% 1994

.M 2

AE3E Al A9 Usteow Aube] zE
Holakel ofd AF7E AN Az gl w
ﬂul-_g] xljo]o]- 11101_";’-1-“9] E—XJ.Q_ Au}o) X{—’r—o]
7] wj gl wigtelvd zFe] <ddkg FA WA H
I, vt Adube] o] ARl HARte 2 7|
UL A3 BAd 2% stz wioll,
olet HARE +5& 71Ee] T o8 «
Alstz AL Aol Brbgsith weba] &AL
A—]zﬂ_$_§3_-7 e “fv"ﬂ'i{ ]}r]’G:‘ EA—IO 7}.1] }\]/\
o} B84 HEE /M3 dloletd Tt
de dzke] X zukgl AR s g
(Neural Network) ¥} ¥ 2] =] (Fuzzy Logic)7} =i
S =

HA e A7) AE7te] S AAFE

2 RHI Aeolgg A, 28R
A o] 7] o} H]E3}°4 o] &3, dofz Ao
FIR 2 glem, RA sl ofugt AW E

ik vt AE7Ee A A o BAE Ao+
TEaof sh ZA Ho] Uk &, A5 o
98 Fche 7 FoAA Y sAd
of dis] Aagle] BEAde wpebd o= ‘]*EJ
89 A HTF *P°]—4 oA E Akt #
LAY ke BAIE st o e
v, dAHes HE 7]—] A Mo 2 HE] Aol
<+ FAE S, HEIDY ARk ZHHo|zhEY]
FA e AAd e AT 71Fo] WA B A
g & Aol st ojzFe] At

X ::;.I@Lo]]/q}; 23 Ao Anrkeg R} Z‘jo]o‘}
A17]17] ¢k HeolgtAl o] Systeme I3 A|e] Sub-
system¥ AGAAA S SubsystemoZ  TF¥-3)
Dual mode Aol A 2] A& Al}star, A A2
w1914 A FAAAA 2 A7)
(Fuzzy Neural Network Controller)®] 74& A
4 FE5ATY R P4 FNN Control-

o S
- =2

H

=

L

o >

X]U

1

°

lerg 753 7S -2 3 sk ol & 4
3] b Al Subsystemgl d&d 4A53dsE A

Qam, Az

e B

3 AEeolElel A Fanae A
wl%wqiﬂ”ﬁ«ﬁﬂﬂ%ﬂ<i%

1Jl

Algd ol o8 ArtzF doletE d=ot w
2tA, o] & do|elg o] & }°4 H2 Al Rag
F5AA HA UEH aSgeed 2 A3
& AF ¥53tnA g

B =T gAY Ao g FAEY sl A
23| A= w2 AR e E dHsty, A
3o M= HolbAaglel rAukakal &) A| o]
Subsystem®] W&& 71&3lH, Mgl 3
XA o] Subsystem®] ¥} strdoele] 3=
ek 7lgsli, A5 e G oA o
FNNS 5A1AM L 1EE 258 9 Al
It s B53 ¥ 1 Ang SAskc

x1
2

2. HX| TS E R
HA 22 ruled] AEHE5H 24559 2%
7He&t w2 AR 3 29H(FNN) 2 Aol
et Arh AsA sebf T B =Rede
+3 [12]9 Type 19 FNNE& o]&3l=d), o]
FNNZ H7| rule®] F2A%7} 42 A5 E= 7+
23t 77 2% back—propagation T3 A&
g Aolch 7hekst AR FEL x, x,F JE, yE
EHog 298 15499 HA$olAe
(D~(3) 2} ze] EH=}

}_xgo]

Al

= il

R Ifx is Aa and x: is A then y=f,

................................................................. (1)
(i=1, 2, -, n)
W A.l(xl)A,z(xz) ...................................... (2)
Swoo
yr= ‘n‘ = Zl: T IR (3)
5
& R UiHA Y HA] ryle
Ay, Al A WS
fiEH,
n:rule ¥
iR AR Ay
o Fgel 10] He AR |,
yroFEA



1% 1& FNN9} 7A4dE redFed), (A= 1
24", (DE 288(Gy%, yD 4 Afoid 224
o Agele (VA9 A ruled] FAF7}L “yi=1,
and )/"z:fiz"i A S 2, 4 FEX = 27§, E
ojulsts AEEE way, weel wet A4k 329
ol At:E #e 2 FAHY 7 Qo

(4) (8) (C) (O ()

Premise Consequence

(2) 2 inputs, 1 output

(A)_(B) (©) (O) E) (A

Premise Consequence
(b) 2 inputs, 2 outputs

Fig. 1 Fuzzy controller using neural network

2% 1A UL unitE eI, unit AbelS w,
we 21, —12 AgsEE dridd x3 (A)F

Wl e S REHE 3

919 715% e At e 4 Y g 1E
293k bias unitel L, Y, £} 715 E 2t unite

I &Y AV 44 ogat ze] R¥dc)h

im= Z WY G o))
k
Z : 0(,"):1' ...................................................... (5)
j : o;n)zf(ijrn)) ............................................. (6)
i, o 1 Zb2t Alng Al j unite] 4
U

wrr P LA n—1%F A k unit2FE A
nE Al j unit7hx]9] A3}

e

=
A1(6)9] () : sigmoid ¥

a2y 1914 (OF9 28 od&3 2] =
.

O = r -
O = T e ) )

o714 AFEE w, we sigmoid T2 FA4
% 714715 Ase gepieleln) o]7lg At
Fo 2 AP (D)Fe] F¥eozq 27 29
el Ziz 22 AR 25T A,(x), Ax(x),
Ay(x)E AEE & gt} &, BUATEE 25385
As(x)e #3371 2 27129 sigmoid #79 &
o2 FAHAZLY witel w2t E Ay(x) <0E
Hye AL g F AR o] Afeles Ax(x)=0
2 g} 2 FNNell & HAR 245859 24§
2 setellel]l w, wE ol ojste] W7
o g e},

oh-goll, 2 HA ruled] HAY =7 ()5
A4 Fal Mt (E)ZF2 hat A2 713 & 713
unit¥=, 439 REF-E A4F 2748 7 unitel
olelxel el 2o FARE e 2Ys
o, A(8)3} 7t}

= ]DA,,(x,)

S,

RS



4 DBENEREIE F18E F2%, 1994

o iHAY fuzzy rule®] AR HYT
i ol 10] He FAsE "R A
=

B i G 4 Ay

0.5}

2

ainixy w(x)

Fig. 2 Membership function of premise in FNN

o] ot AaE wetel Fo el (MF2 2
Ho2 3, oA wrt AR AT 5 Svist
£ Aol7] wFol (ANA FHH F8A vy 2
"} o)At oste] (D~ Aol 71 2=E F 7
23} # 2| Fgo] Ads o)

£ FNNe A&, HAY 24855 2835 w,
well 23 mle] dAdg Aol 2y 20k
& 5RAe wiHAlA Fa, ol AEE BPH
728 Hoz WA e Ao wat 7t a5
2 234 P} =23, wel 271HE EF 0
o8 3o HA ryleo] A3 &R Y= A
2N 35S B3t ruled] AE AAE AY
Lid=

3t A3l Eol= back-propagation & A
steony wch AAg FNNe 744 2 a5
3 [11]& #H3ste= o] Foh

<

3. MR System2| ATt MITHIE

Subsystem

Al = TR 9] AAdA R ro] Y7d
T ok &, ATty 2R Mo =
%49 (maneuvering area)7}#|&] g Ao} =
F4dol A AYHA HAup 1~2B Ao HAs)
717k 9] Aot A ofole) &, A= tracking
FAo]la, FAE regulator FAHC|BZ A3t
Aolel AlJAlE dual mode AR Hch,

Adgde £3d QDA daE2 Ao
Subsystem?] 42 FNN 23 Aoj73
dEY a5 THE AYsigden, o714
= 2 H8Rks i

el Ale] Sybsystem2 T2 QA Mdutzx
F5 E3) A9 Ad2Z o] A|Ale] B AR
27218 2 "AzAS B4z 915y &
345 g3 o] e} lHH s A
o B} Autrte) AdA=(HA) x, A3 744
E 5, 32 FdAA AAFTA7A 2 HA x, ¥
AAFAANA FE27R ] FA 9 4717 1y
2 slgem, 13 33 o] T} £
g2 Ao glelA el AHAEF AAFE FHo 3
22 A&e dHIA T Az ST 28

ehrt yube melgieh,

GOLE
NORTH jf7 SHL
’er
B.
(X‘
7|
AT R
>

0, - Heading angle(Controlled)
0. : Heading angle(Objective)
x2:=0,—0.  Deviation

%2=x, . Turn rate

x3 - X-position

x5 © Y-position

Fig. 3 Navigation control variables in coordinate

system

FNN2| &35 AR AoAAE Ao
o2 ¥ B¥Y & A AdzF AEIK
HE Age B ddon, BAF A5F



ok Ml HA@BHE 5

Table 1. Main ship data of mathematical simulator model

Ship Type : 24IM CONTAINER VESSEL

Model Type : DMI, International

Ship Condition : Loaded Ship degree of freedom : 3
[HULL]
L.O.A (M) 2411  Ship beam (Bmld) (M)
L.P.P (M) 2305  Ship displacement (M)
Ship draft (fore) (M) 10.1  Block Coefficient
Ship draft (aft) M 10.1
[SPEED]
Max. speed ahead (KTS) 248  Max. Speed astern (KTS)
[PROPELLER]
No. of propellers/engines 1  Propeller diam. M
Propeller type Fixed Pitch  Max. prop. pitch (M/Rev.)
Propeller rotation CW(Right)
(ENGINE]
Engine type Diesel  Min. start pressure (Bar)
Max. engine power (KW) 47219  Gear ratio, Prop/engine
{RPM]
RPM rate (RPM/Sec) 400 Max./Min. RPM (Rev/Min)
Full ahead/stern (Rev/Min) 75/-75  Half ahead/astern (Rev/Min)
Slow ahead/astern (Rev/Min) 43/-43  D.Slow ahead/astern (Rev/Min)
[(Bow Thruster]
No. of bow thrusters 1 Full stb’d/port (KW)
Bow thruster type Fixed  Half stb’d/port (KwW)
Max. rotation (Deg) 0000  Slow stb’d/‘;)%rt (KW)
Max. power (KW) 11000  D.Slow stb'd/port (KW)
Nominal bow thruster force (KN) 147
[Stern Thrusters]
No. of stern thrusters 1 Full stb’d/port (Kw)
Stern thruster type Fixed  Half stb’d/port (Kw)
Max. rotation (Deg) 0000  Slow stb'd/pp%rt (KW)
Max. power (KW) 7400  D.Slow stb’d/port (KwW)
Nominal bow thruster force (KN) 98
[Rudder]
No. of stern rudders 1  Rudder rate (Deg/sec)
Rudder limits (Deg)  035/035(port/stb’d)
[(AUTOPILOT]
Rudder gain 30  Gyro filter freq. (Hz)
Counter rudder time (Sec) 45  Rudder limit (Deg)
Counter rudder gain 45  Course ramp rate (Deg/Min)
Helm time (Sec) 80
[Postion]
X Y Z
Radar Position -42.0 0.0 270
Point of view -38.0 0.0 23.0
Gravity center 12 0.0 -1.0
Thruster Position
1) BOW 103.7 0.0 -9.0
2) STERN -96.8 0.0 -9.0

32.2
42275.0
0.561

-10.2

8.00

16.0
1.000

92/20
60/-60
21/-27

1100/-1100
550/-550
275/-275
138/-138

740/~740
370/-370
185/-185

93/-93

002.5

1.00
010
036.0
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Table 2. Learning rates at each weights
Learning

Learnin; Learnin,
- Weightsl - Weight
Rates Rates Rates

w(x1) |1129E— 04| w,(x1) | 3.1E—06| w; 09
w.(x2) |9.860E — 05| w,(x2) | 3.5E—06
w(x3) |1.023E — 03| w,(x3) | LIE—06
we(x4) |3.125E—02| w,(x4) | 20E—07

Weights
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Table 3. Learning rates at each weights
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Fig. 10 Comparision actual outputs with estimated outputs in berthing control
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