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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 captain’s decision-making by using the FNN(Fuzzy Neura! 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.
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Fig. 1 Fuzzy controller using neural network
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8.: Heading angle(Control led)
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x»= x;: Turn rate

X3 x-position

X4 y-position

Fig. 3 Navigation control variables in coordinate system
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Table 1 Main ship data of mathematical simulator model

Ship Type: 241IM CONTAINER VESSEL MODEL Type: DMI, International
Ship Condition:  Loaded Ship degree of freedom: 3
[HULL)
L.0.A. (M) 241.1 Ship beam (Bmld) (M) 32.2
L.P.P (M) 230.5 Ship displacement (M3) 42275.0
Ship draft (fore) (M) 10.1 Block Coefficient 0.561
Ship draft (aft) (M) 10.1
[SPEED]
Max. speed ahead (KTS) 24.8 Max. speed astern (KTS) -10.2
{PROPELLER]
No. of propellers/engines 1 Propeller diam. (M) 8.00
Propeller type Fixed Pitch Max. prop. pitch (M/Rev.) 9.5
Propeller rotation CW(Right)
[ENGINE]
Engine type Diesel Min. start pressure (Bar) 16.0
Max. engine power  (KW) 47219 Gear ratio, Prop/engine 1. 000
[RPM]
RPM rate (RPM/Sec) 4.00 Max. /Min, RPM (Rev/Min)  92/20
Full ahead/astern (Rev/Min) 75/-75 Half ahead/astern (Rev/Min) 60/-60
Slow anead/astern (Rev/Min) 43/-43 D.Slow ahead/astern{(Rev/Min) 27/-27
[Bow Thruster]
No, =f 2ow thrusters 1 Ful! stb'd/port KW 1100/-1100
Bow thruster type Cixed Half stb'd/port (V) 550550
Max. rotation (Deg) 00 C Slcw sth’d/port (KW) 275/-275
Max. power (KW) 1100.0 D.Slow stb'd/port (KW) 138/-138
Nominal bow thruster force (KN) 147
[Stern Thruster]
No. of stern thrusters 1 Full stb’d/port (KW) 740/-740
Stern thruster type Fixed Half stb'd/port (KW) 370/-370
Max. rotation (Deg) 000.0 Slow stb’d/port (KW) 185/-185
Max. power (KW) 740.0 D.Slow stb'd/port (KW) 93/-93
Nominal bow thruster force (KN) 98
[Rudder]
No. of stern rudders 1 Rudder rate {Deg/sec) 002.5
Rudder limits {Deg) 035/035 (port/stb’d)
[AUTOPILOT]
Rudder gain 3.0 Gyro filter freq. (Hz) 1.00
Counter rudder time (Sec) 4.5 Rudder limit (Deg) 010
Counter rudder gain 4.5 Course ramp rate (Deg/Min) 036.0
Helm time (Sec) 80
[Position] ) S Y Z
Radar Positon -42.0 0.0 27.0
Point of view -38.0 0.0 23.0
Gravity center 1.2 0.0 -1.0
Thruster Position
1) BOW 103.7 0.0 -9.0
3) STERN -96.8 0.0 -9.0
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Weights |Learning Rates| Weights |Learning Rates| Weights [Learning Rates
We(x1) 1.129E-04 Wg(x1) 3.1E-06 Wf 0.9
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We(x3) 1.023E-03 Wg(x3) 1.1E-06
We(x4) 3.125E-02 Wg(x4) 2.0E-07

- Actual Rudder ingle
5520 E —— Estimated Rudder Angle
’ff\; % . I~ I.ﬂ
371 Wi Pl |
il , .M‘J\',\i\:;‘u o b /J\
| | l"‘j\ .A E :\1'1 : f'L B fﬁ‘f A ,“ "%ﬁ (Sample Time)
L SV
v Y
-35.00 2
35.00
---- Actual Rudder Angle
5 Estimated Rudder Angle
3
&
saqoo Ei
s |
% '
-'1 y !‘j
~3s.0 ]

Fig. 5 Comparision actual rudder angle with estimated rudder angle
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Fig. 6 Berthing control variables in coordinate system
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Fig. 8 Acquired learning data in berthing control
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Table 4 Examples of auto-acquired fuzzy rules
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Fig. 10 Comparision actual outputs with estimated outputs in berthing control

6. K @

Adupe] oiyste A 2FAS Ay AutAlole] udBF4ES FHSIT, BANUY o gL
¥R 5o THAA QAZte] Aoy A FHY HA(A oAl g Mulojo] sz} 3t
A7 A3 Fusich. B3] Aup Folot EAl: ALl BAS wlHy 548 Uehd: vl 21733
233 Hx|=2a]7} olo] ol HHY FHojct

2 =52 At oA E HHog ¥PAo] Subsystem?} FHAP A o] Subsysten?] Dual mode
HolAel 14& AUstdR, 1 Ao EY (1919 MBAFoA] Ut 2o HWLA T A18¥
T o9& ¥%A|o] Subsystem®] FNN Controller?] 74 Wetzt 1 fHAZE AU - AFsid, & =8
oA HeBAA o] Subsystem®] FNN Controller®] 748 ek AQtstadct. EE o] FANS HL-& 9
Blo] MutzE A BHOlEE ol&sta Rt Hitel ANURES diojelo]lAAA Mg Hy
Faste 2F AEHo| Mo Yslo] MA 2F55do] EEY Hgdolets Y53idrt wetd NS
o]- &3 MAEF Ao AAHN o]EY HUF5S Tt AL UEY 2&U4E TS, 2 A
A8 g 5 Y54 4 9rh

£ =T d-7E3 3edA] SF Al it 2F AN 1 2F d&Y AAE FSEA
Holo] MNSE EAA AAlE A3 ZFof it xjHos WAAHORTE Mue x5 Hojgtox
8] o} go} 7ithHc}.

gto 2 E Holql FNN Controller& A&AIY AAE&F HAAolU 2F AlFHolEHo on-lineAlH
3 I5ANE ZEY ofFoln, ulgl, 27/ 59 APRH A ol A8 To] XHH Ao A
AEF Aol FNNG o] 8% Ao71& HEAIA T35k W ol sl Rl A d77 day
Reg Ag¥cl



2EXR

1. & - HMT%: Fuzzy Logic Controlleroll 2]%t #ife] #I#, J. of Institute of Navigation,
Vol.5, No.2, pp.59-88, (1981)

2. EEHE - BEREW: A2 Fuzzy Logice ©o]83t MRS H#, J. of Institute of Navigation,
Vol.8, No.2, pp.15-28, (1984)

3. - KEE: B YxHE] A A3, J. of Institute of Navigation, Vol.14, No. 4,
pp.17-30, (1990)

4. FHEF - EFR: Y2 WEERES FAHEY SR HE, REEMEEIE, Vol 6, No.2, pp.3-24,
(1992)

5. o913, 4 FE-mxa AA"8 23, 19933 EAttsEe] HedF =F7F, Vol.3, No.l,
pp.187-196, ¥ T A A]ARIES] (1993)

6. FiE, HBYKESE RREHEAR REEMBHRSE, p.139, (1987)

7. iEEEA RREEES, EMERS [EEREB(LE), pp.3~12, (1988)

8. o]%Y - 271&, mxjo|E W &, 1A, FFA}EUAL pp.4-1 ~5-80, (1991)

9. I, A Za-SLxvbT-JRIZBEE Yy U HEAR HUABHABGRIE Vol 27,
No.2, pp.208-215, (1991)

10. I, #: 79I 4=2a-SNM2v b P-4 FYYI(I)~(), B7~8ED»I+2
AF LY yKRI2L, (1991, 1992)

1. 8, A 79I 42a-INFFI-JORBELERE, BEXT 7T BEES, Vol.4, No5,
pp. 906-928, (1992)

12 I, #: 29I 422-FhFxvbI-20 k5508 - BHFOROEE. BXUr T BAl
Vol.4, No.5, pp.929-941, (1992)

13. B 7y Y« W8, BAITEFBME, (1988)

14. BB, /M BOBEMEEED 27 LCHT3WE, BXHERBARTE, F1608, (1986)

15. /MLRk, 2 BMOEBEREROY 2T LNER(FIH), ARASHRBARE, FB162K, (1987)

16. BART KOSKO, NEURAL NETWORKS AND FUZZY SYSTEMS, PRENTICE-HALL, INC., (1992)

17. Eclectech Association Division of Ship Analytics, Design Manual for Restricted Waterways,
Final Report, p.3-11 (1985)

18. Per Bruun, Port Enginnering, Gulf Publishing Company Book Division, Vol. I, pp.198~233,
(1989)

19. AN - FEH: Kol oM MM BB, REEMEAIE Vol.7, No.2,
pp.61-68, (1993)

20. K. Hasegawa * K. Kitera: Mathematical Model of Maneuvrablilty at Low Advance Speed and its
Application to Berthing Control, The Second Japan-Korea Joint Workshop on Ship and Marine
Hydrodynamics, pp.144-153, (1993)



