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Abstract

Control Algorithms of the Auto-Pilot system have been studied for the navigational eco-
nomics and crew s comfortability since 1960 s, when Auto-Pilot system was installed on
the trans-ocean ships. At the beginning the PD control algorithm was used with the
weather adjust function introduced to reduce the response of the auto-pilot system to the
high freqnency wave excitation in rough sea.

In this study, the optimal and adaptive control theories are applied for the auto-pilot
control algorithm. And those two algorithms are compared through the pre-defined cost
function to obtain the most effective control technique for the Auto-Pilot system. The pa-
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rameterization of the ship meneuvering equation for the adaptive control algorithm design
procedure was examined and the advantage of the adaptive control was found through the
simulation result with the wrong initial parameter value.
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Fig. 1 System responses due to the performance index
changes (Q/R=0.2, 0.5. 1, 1.5, 2)
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Fig. 2 System responses due to the parameter changes
with optimal statefeedback gain (+ 30%)

x106
4

N

)

Responses (degree)
(@)

IS

50 100
Fig. 3 Nonadaptive control

(=)

o2 g=-0.72 #atn FRwkEE FA
shel Az 2527 ' 5°E mdlE FACh ©9A
Azgo] 2agko] Ty =1.05,T,'= 1.05T,", Ty’
=0.957y', K'=0.95K%} o] Rasa gog 3
AU Ld nFE o]5L 2 2d JEANE

Transactions of SNAK, Vol 31, No. 2, May 1994



Auto-Pilot Al 20 H L5 = Ao} GualEd sty 43

— 40 100
[ —_
o O
g 5
T 207 2 .
P B 50 1
g £
5 0 < !
e o
o o
& 3
20 * =
0 50 100 % 50 100
Control input Control input
6 10
[e ) o
g4 L gs
n ]
8 2
c =
22/ 2 °
i 2
0 * -5 *
0 50 100 0 50 100
Reperence and output signals Reperence and output signals
2 2
8 ] 3 |
© 1t 1 © 1t
£ E
7 J ) —
5 5 O
q’ -
= £
s '1 I s _1 b
< &
" y
-2 . _2 "
0 50 100 0 50 100
Parameter estimates Parameter estimates
Fig. 4 Adaptive control(for 5% error) Fig.5 Adaptive control (30% error)

REBEIPEESUR M3 14 HOW 19944 5H



44

o] &3} Fig. 37 o] B 7 Alxwlo] &} 07
v, B2d7)E ALA 7Y E o] 481 FigdolA B
Ro] o} RHEAYA BYFFo| o] Fojc}, Aol
el Elzte Me HYFEL At JE S
Age AL &+ Ut deg el T)'=
137y, Ty'= 13Ty, 14'=0.7T,', K'=0.7KY
W= Fig.50lM Bol &£3-¢8L 15¥ i), 2
At AoldYQ Bo] a2 Zoz wE AEL
gt o & 2AE e FHA dAME 285
& DE2YA FF3EE st AP L etzo] o)
£ AXA o}, o] o] getuly ghEol Ak
%} 30% olHE FAHE ASole HE2de A
Auto-Pilot& 7A€ 4= it}

6.d ¢

B a3 AAE Auto-PilotAl AHe] Aojgdpe)
B8 A oA ddte] $EERE YeEhE %
glolele] R e 3 9 3d2dd g His
23T o A AojgneEL Fu §ho] 2o
Ak ¢A B oble} o) A4 wEmEe FAE A
Aoy7|Hete HgA 0719 d%°] Auto-PilotA]l &
AME UL o= Hc} ¢z SEA A A=
o] AgAel7ld uizt HEI} o|FojAol & Ao
=3

ZGoged

[1] M. Gimprich and 1. Schiff, "Automatic S-

A8, F47

teering of Ships by Proportional Control ,
Trans. SNAME, 1949

Abkowitz, M.A., “Stability and Motion
Control of Ocean Vehicle", MIT Press,
1969

Nomoto, K., “Analysis of Kempf's Stan-
dard Maneuver Test and Proposed Steer-
ing Quality Indices”. DTMB Report,
1461, 1960

G.C. Godwin and K.S.Sin, “Adaptive Fil-
tering, Prediction and Control”, Engle-
wood Cliffs, NJ: Prentice-Hall, 1984.
Matsumoto, suemitsu, "Maneuvering Per-
formance Test Analysis by Mathematical
Response Model”, FAZAH 3R A 180%,
1981

Bryson & Ho Optimal Control, 1969
AAge, 23T F371E (D), F57]
AL TA A3 231 UCE 337-1082.D,
MAR. 1988

Kailath, T., “Linear Systems’. Prentice-
Hall, 1980.

“MatrixX User s Guide(1987) Engineer-
ing Analysis and Control Design’, Inte-
grated System Inc, 1987

Franklin, Powell and Emami-Naeini,
“Digital Control of Dynamic System’,
Prentice~Hall 1990

Transactions of SNAK, Vol 31, No. 2 May 1994



