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Abstract

This paper is concerned with the design of automatic ship maneuvering system
including automatic path tracking controller and automatic berthing controller. The
optimal control technique is employed to design the automatic path tracking controller,
which is based on the linearized equations of ship motion. The numerical example
shows that the automatic path tracking controller is capable of tracking the line
between way points which are determined by pilot a priori. The decentralized control
technique is employed to design the automatic berthing controller. In addition to the
automatic path tracking controller, the fuzzy logic controller is used to control the
forward speed. The numerical example shows that the automatic berthing controller
can be successfully implemented.
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Fig. 1 The Coordinate System for Ship
Maneuvering
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Table 1 Ship Parameters and Nondimensionalized Coefficients
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Fig. 2(a-b) Turning Trajectory for 35 ° Port
Rudder Turn (7 knot) and Time
History of Yaw Velocity for
20 °/20 ° Zig-Zag Maneuver
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Elzd Alojol WA £EAE BTl FHAIFA H
v uegtAd Ale] Alz2"Ee MIMO (Multi-Input
Multi-Output) Alz=¥o] Hrh 2 AFA &=

FAFgAA, F etgAolst SHAATL M2 HA
Agse] 9= ASE nyskdnt. wetA ez
ojE YellA 2 HHAVIZ FPstn HZ

suAolE AAzqol 2AG A7E A8
.

41 Als ol A HA =g MO
19 A A
AXNZA Aoi717h FHHA Aol el wiste]



¥
Ao
=y

Table 2 Fuzzy Rule

2 ZE | PS |PM | PB | PG | PF

NS | PS | PS|PM|PM| PB | PB
ZE | ZE | ZE | PS | PS | PM | PM
PS | NS | NS | ZE | ZE | PS | PS
PM |NM|NM| NS | NS | ZE | ZE
PB { NB | NB | NM | NM | NS | NS
PG | NB | NB | NB | NB | NM | NM
PF | NB | NB | NB | NB | NB | NB

qte g AAE ol F o7 kA FE&EA A 2
Aol 4FH vk oy HA2F A7)
A gol o] HAZA | ALE 5= Membership &

o) Ay A4 @ FAYl BB FH
Zeo] ug oAy A4 Be AT AYF]
.

Rure] Holeh EAlo] thate]
37 Aside Az A %
AN, Mez Ada 53} e AUHsrE A
dejor aw o] E wiwtow Eztw zzde &9
2 AAseior gtk B E=EAME o9 po| o
3 7hel el datd HA=AL AARGE A
of W o7 WEo] A&AE M52 AF
2 zﬂoiil?—a 2e)stel WL Aor)E A
At AEAoE HAA2A AIE ALEE
-rsmwa deWiE A&7 Ave x5 @
o ¥ ArelAE dute) XS Folk HAA
nele AAADE HA=H Aojrle gYow
AFE o Aol HARH Aol e
ol EAW.

if Aol u,

AA2Ze He

U9, & A%, A

ofs A MAE} [; o|dH
Z2498 rpm< #n; 7F 4.

ola3 e A WA (fuzzy rule)d TS H{

3te] HAAE AMSA Hed B dFdME

g 2L £ RE olg3tgdt T XY /

< o33 Zo] A

o]

M oA #
I=sgn(d’—d") d (22)
d=V (R,—P.)*+(R,—P,)* ,
o] 7] A
&=V (R,—A,)+(R,—A,)*

=V (P,— A, +(P,—A,)* 23)
dvl d = @A AR A AX Aole] H4A

Zolm 4" 9 = AAAAAA Hold HEE
Yelz) 9std =g Aol 9714 R, R,
Aty 9% ®HF, P, P, = Ho He FHET,
A,, Aj A& Way Point® F3o|h

42 &x AL 2o}

Auke] AA A 5 knot o £H o2 HYsd
HAgee] FrE g A ste FAE ?ilE
AHE Bete AFskgoh Fig. 4@ AFCAAM

0% HoAxlE Aol Way PointEdH 6719 Way
Pointgo] AR ¥} ZhZe] Way PointE9] 34
ubA4 & 0, 400, 400, 400, 400, 200m=z FolH=d
g & F dRol Muke njny Fol FHek
gEE F FH31 ‘}l%% %-_‘ oo HEFHS
2 A & H ol Mute] HEsA € &
oz = ). Fig. 4(b)-rE1 Flg 4c)es AFESQ,
MEQ 2 elZte] AZRISE HAFa gtk

= O
= =

5.

K

22

Adre] g7 Fx @ oot FAE 437 ¢
v/;:

o] <t
A= 0431 e 4, = A

, el 9%, A

w7t H4g 7 2L AHESEE ASsodl
stm o8 u}%gg Bz Zede £3¢ 4%
delof @ e WA Al U ARY A4
g SlaidE A FeAe ¥ g dolEst Al
Z¥ojo} 9. GPSY DGPSS 2ol F&3A
A Qe AARATNY pge due AF £
32 e A AAASL A5A T go
2 guow A U FEYAE I AT} B



>
£

AgAth o9 tEol Hmel
Pol @ AFHE A5HE

T Aol e o]
of T3 AUAEF &P
)

EFolFol ud

A HFL ATt

B AFoqe ol Zol 2147
A7) 9 7 vje2A %S §
59 F7bo) diA L AL dHE

2500

Zal
tet A2 sjlA A
is Z7}
g At ANEge

Ho

o

20001

X(m)

1000

' L A
1500 2000 2500
Y(m}

"
1000

o

L s ) L " ' L L
5 10 15 20 25 30 35 40 45
t(min)

Fig. 4(a-b) Time History of Trajectory and
Ship Speed for Automatic
Berthing Control

50

Hojzlel A

Ad Az A A
g Aol Nage
vk obgel Au
ds Ajge A
o AFet

Murel g2 A

f

T
A

f

et o
Aol A

A A A 2HEF o
kg A% W HA EFA Yot HAFA
o2 FEHE ALzFEDY d8d o 43
3% mdg wgez AAE FHHAI} A
e HAL 9ES A5 E vy 44d 3=
2 A3 &S FdsAh AF Hold
M HFdaAArIHEE n A= ol

o]

o
=
=
% s

[e

-20
a

. : . .
2 30 40 45
tmin)

20

01

) . L L L
25 30 35 40 45
t(min)

L "
15 20 50

Fig. 4(c-d) Time History of Yaw, Yaw Velocity
and Rudder Angles for Automatic
Berthing Control

- Q0 —



g
Ho
4

A& Aol A
AAste A& ¢
AaA e HAA7IE 228
Aozt Wl ode HE g
e Aefrlel nleted HA dAE 5 Aot
EAAY] BEE HAAVR Ll
e HolA 2 840 458t
2 Aol xelg olE Aojrle FARALE
o] a2 mZgAel dF:HJgT. 2y HA A

=
[s)
& AsiM e Adsord EAdEe] Bed WA
A

Ao)7)e] dEor At 23 mdo) Fejus
2 ASE & dE FAY el Hast. g
Y o8 AHHEFESL BEF AZY F Y FF
o &= observer AAE 1#d Hojopgtrt mg M
ahol A& ol ulgh FEg 2FRdo] AL
ojof st HF JHo Y A% Hadir =
2y 3 A U3 FEmdoe] Pedu Myt
o] o= NgslE g 3 zFrdo] FQ
stoh ohA) gl AMdbe] AHEg ZFRdol H
83tk W o]BHoE 2FRAS FEFY U}
vty A3¥S =3 system identificationo] I &
stk ol AS  AA"E o8 system
identification®] F+&% Ao = o],
< Jl
B oATE dI7Ad7Y AdedEdd A
o anAz FHFHUTH BAA o EA AL
o] &g sttt
o Fol

[1] P48, oA, 1993, “F 2ol oA Hurz
Hel HAgEAo), dRFRN ATA A2
3, 61-68.

(2] TA&, ol 2o, 1994, “Mubgoleke] H A s
Ao” g=gs)drE A A 18 Al 235, 61-68.

(3] &7, A4E, 1997, “AA B o &3 vt
& AszE A AolAad AW, U@z

A3 A, 3478 23, 56-63.

[4] e, AR, 1997, “AATE ol dut
& AFzE A A2y LAW”, hezx

Ae3l ) 348 3%, 19-26.

(5] A9, 1988, “2-H% FA71H AL 1),
=71 A A4 H3A, UCE 337-1082 D.

[6] A7d3d9, 1993, “du¥& Auto-PilotAl2=¥ 7
WD), FETIAATY Adsg FEATLMNE B
2 A, UCN 295-1725 D.

(7] F&R&, o]E 9, 19%, “A&A AANLeREdS
o] &3 FNN Autygolqt A=l f84 AA”
st A F7E, 39-55.

[8] Mort, N., Derradji, D.A., 1993, "Application
Of Neural Networks To Marine Vehicle
Proceedings of 10th Ship Control
Systems Symposium, Canada, 2-287 - 2-305.
[9] Poznyak, A.S. EN., 199,
System Identification And
Trajectory Tracking Using Dynamic Neural

Control”,

and Sanchez,
"Nonlinear

Networks”, Proceedings of the 35th Conference
on Decision and Control Kobe, Japan, 955-960.
[10] Yamato, H., Uetuski, H. and Koyama, T.,
1990, "Automatic Berthing by the Neural
Controller”, Proceedings of the Ninth SCSS, Vol. 2.
[11] Papoulias, F.A. and Chism, S.R. 1992,
"Path Keeping Of Autonomous Underwater
Vehicles Using Sliding Mode Control”, Int.
Shipbuild. Progr., Vol. 39, No. 419, 215-246.

{12] Papoulias, F.A. and Healey, A.]., 1992
"Path Control of Surface Ships Using Sliding
Modes”, Journal of Ship Research, Vol. 36, No.
2, 141-153.

[13] Grimble, M.J., Zhang, Y. and Katebi, M.R,
1993, "Hw-Based Ship Autopilot
Proceedings of 10th Ship Control
Symposium, Canada, 2-25 - 2-66.
[14] Chinn, N.L. et al., 1993, "Robust Control
Design For Motion Control Of Swath Vessels”,
of 10th Ship Control
- 1-212

Design”,
Systems

Proceedings Systems

Symposium, Canada, 1-198



rx
i
A
ofn
Mo
o

[15] Farbrother, H. N. R,
Control Of A
UnderWater Unmanned Vehicle Using Cascade
of 10th Ship Control
Systems Symposium, Canada, 3-401 - 3-409.

[16] Fossen, T.I, 1993, "High Performance Ship
Autopilot with Wave Filter”, Proceedings of 10th
Ship Control
2-271 - 2-285.
[17] Kallstarom, C.G. and Theorén, K., 1993,
"Dynamic Compensation System”, Proceedings of

1993,
Mine-Counter-Measures

"Trajectory

Control”, Proceedings

Systems Symposium, Canada,

10th Ship Control Systems Symposium, Canada,
2-379 - 2-407.

[18] Reid, R.E. JW., 1982, "A
Steering Control System to Minimize Propulsion

and Moore,

Losses of High-Speed Containerships. Part I:

System  Dynamics”, Journal of Dynamic

Systems, Measurement and Control, Vol. 104.
[19] Reid, R.E. JW. 1982, "A
Steering Control System to Minimize Propulsion

and Moore,

Losses of High-Speed Containerships. Part II:
Controller Design”, Journal of Dynamic Systems,
Measurement and Control, Vol. 104.

[20] Minorsky, N., 1992, "Directional Stability of
Automatically Controlled Steered  Bodies”, J.
Amer. Soc. Nav. Eng., Vol. 34.

[21] Layne, ]J.R. and Passino, K.M., 1993, "Fuzzy
Model Reference Learning Control for Cargo
Ship Steering”, IEEE Control Systems, 23-34.
[22] Biancardi, C.G., 1988, "On a Simplified
Mathematical Model for an Onboard
Simulator Potential

International

and its
Applications to Ship Control”,
Shipbuilding Progress, Vol. 35, 401.
[23] Burns, R.S. and Polkinghorne, M., 1993, "A
Neural Network  Controller For  Optimal
Guidance Of Surface Ships”, Proceedings of 10th

Maneuvering

Ship Control Systems Symposium, Canada,
2-195 - 2-200.
[24] Hasegawa, K. and Kitera, K. 1993,

Hoizlel MA

"Mathematical Model of Maneuverability at Low
Advance Speed and its Application to Berthing
Proceedings of the
Japan-Korea Joint Workshop on
Marine Hydrodynamics, 144-153.

[25] Kremer, G. T. et al, 1990, "The Effect of

Second
Ship and

Control”,

Selective  Availability on Differential GPS
Corrections,” Journal of the Institute of
Navigation, Vol. 37, No. 1.

[26] Kasabeh, Y.A., Pourzanjani, MM. and

Dove, M.]., 1993, "The Navigational Problems In
Auto-Pilot Design For Automatic Berthing Of
Ships”, of 10th Ship Control
Systems Symposium, Canada, 3-79 - 3-106.
[27] and Shimizu, K.,
"Fundamentals of Automatic

Proceedings

1984,
Harbour
of the 7th Ship
Control systems Symposium, Bath, U.K.

Koyama, T.

Maneuvering”. Proceedings

[28] Fabiani, P., 1993, ” Control Of A Ship
Course Turning Under Roll Constraints”,
Proceedings of 10th Ship Control Systems

Symposium, Canada, 2-255 - 2-269.

— 1M —



