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A Study on the Integrated Control of Ship Motion

Based on Joystick Control

Byung—-Hun Choi
Department of Control & Instrumentation Engineering,

Graduate School, Korea Maritime University

ABSTRACT

This paper suggests a new integrated control system of ship to be able

to generate arbitrary maneuvering motions using multi-actuators as shown
in the below figure.

Operator Sensor System
Command Input . | Equipped in
Module Ship
Ship Motion Command Measured Motion Variables Occurred Ship Motion
Acceleration
Computat ion
Algor ithm
of Ship
Operator Input Reference 1 v Required +_ Control led Thrust Ship
Tt Input Acceleration Thrust i
'deTt'f'.Cat'm I » Computat jon > Computatjon | Computat jon [ Allocation 9y under
Algor i thm Algor i thm Algor i thm Algor i thm Algorittm || Control
A A
Information 3 DOF Nonlinear
for Activated Mathematical
Thrusters Model of Ship

The concept of the suggested integrated control system of ship is to



compute the controlled thrusts of main axes of ship motion in the present
sampling time and to allocate the computed thrusts to actuators equipped in
ship, in order to asymptotically follow the desired ship motion commanded
by operator.

In order to implement the suggested control system, several algorithms
must be developed, such as a joystick command input algorithm, an input
identification algorithm for command motions, a reference input generation
algorithm for motion variables, a computation algorithm for controlled
accelerations, a controlled thrust generation algorithm for main axes of
ship motion, and a thrust allocation algorithm for actuators.

In this paper, all algorithms to comprise the suggested control system
were developed based on the velocity kinematics of rigid body, ship
dynamics, and control theories. And also, a simulator was implemented
using a real joystick device for command input and MATLAB SIMULINK
program for developing several softwares including a ship model under
consideration.

Several simulations were executed to verify the possibility of the
integrated control philosophy and to assure the control performance of
the suggested control system. At first, two simulations for basic ship
maneuvering motion corresponding to a pure translation and a pure
rotation were executed. From the simulation results, it could be found
that the resultant heading angle was changed for the pure translation and
the axis of rotation center was shifted for the pure rotation. In order
to eliminate the resultant errors, the suggested integrated control
system was compensated by adding an controlled acceleration computation
algorithm and the same simulations were executed. Three simulations, at
last, were executed by comprising scenarios for arbitrary ship motion
commands in the sequence of translations and rotations. From simulation
results, the possibility and the control performance of the suggested

integrated control system of ship were assured qualitatively.
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M, = —(sz+A15)qw+(sz—A42)vr+(me—f—AGQ)vp
+ (mezG— A46)r2— (meZG—AM)pQ —[(,+A4,)— (L —|—A66)]pr
—f—Muuu2 —f—Mww—f—(Mq—meu)q+Mw‘w‘w|w|+Mddq|q|+de‘q|w|+MTC

YAW
(IZ—FAGG)?'"— (mezG—AM)j)+(me+A62){) =M

z

(2.34)
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~(2.40)7} o] Ageldy).

SURGE

(m—Xﬁ)iL = (m— Yi))vr—f— (me— Y;)rg—f—quug—f—vag
+ X550° + X, ulul+ X

(2.38)

SWAY
(m—Yb){)—f—(me— YT)TZ Yo+ (Y, —mu)r (2.39)

+ Vv ol + Yy rlrl+ Yy, plrl + Y50+ Yo
YAW

(IZ—]\@)%-}—(me— Yr)v = M)U—F(Nr—meu)r-f—]\fv‘v‘ﬂﬂ
+M‘T‘T|T‘|+NT‘U‘T|’U|+N5(5+NC

(2.40)

(2.41)~(2.43)3} #o] zrefs) Ho}
SURGE
(m—Xﬁ)iL = (m— Yi))vr—f— (me— Y;)TQ—}—XC
(2.41)
SWAY

(m— Yi))z')—f—(me— Yr)r = va—f—(Yr—mu)r—f— Y6+ Y.
(2.42)
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YAW
(IZ—N%)% +(mrg— Yr)v = N,v+ (N, —mz g u)r+ N;o+ Ng
(2.43)

Ay FAAAAE I o] AL 2FLEAM YV =02 TAFEEaL FAF

Aol A gz A] 98E FH z,=00]22 2 (2.41)~(2.43)& t=3 &

(m—Xﬁ)iL = (m— Yi))vr—f—XC

(2.44) (m—Yv)v = Yo+ (Y, —mu)r+ Y;0+ Y,
(2.45)

(IL—N.)r = N,o+Nr+N;o+ N,

(2.46)

Y= (m— Yv)v — va—(Yr—mu)r— Y;o
(2.48)
No=(IL,—N.)r —N,v—N,r—N;0

(2.49)
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XC(n—f—l):(m—Xﬁ)iL(n)—(m—Y)v(n)r(n) (2.50)

v

YC(n—f—l) =(m— Yv)v(n) — Yv(n)—(Yr—mu(n))r(n)— Y55(n) (2.51)

NC(n+1) = (IZ—N%)i"(n) —Nwv(n)—N.r(n)—N;5(n)
(2.52)
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Table 3.4 Input variables and computation equations for mode 4

S J|E 2 HAHA

yaolel 2w &0l JHNOF & 28
uref uref | T€f| sind
Vres = |V, cost
77bref wref :%
A49ls 0= [V < | Vigend

0< Cé Cmax%l (TH | ref|
E (0l vldiotes &38t=s

Viad € (0 = €= Guad)

|V;"ef|

3.6 o] EE= gl tiste] AHMe]l ole&Hk  HYAv|+=

_27_



YA AL ol M)

Ok

0= |V;"ef|£ |Vmax|

® ALy E

o] 18] 3.794 H

=5 ¥EUY 7E

b et

Ik

I

59

=

5)

upe} o] 73k 3}

1
s

=13
=1

A

d

Woll A ol 28] 71e7] (ol wep 7

T A<
LI ]

o

Table 3.5 Input variables and computation equations for mode 5

KK

&0l JtMOE & 28 D

|V;ef|Sin0

Uy i

[V, Jcost

Uref

Yo

= 0= |V;"ef|£ |Vmax|

! | ref|:|Vmax|<

77b1"ef

<
i)l
o
OH

Pl
ol
0
a0

uref

vref

Ok

(TH | V;"ef| &

C ol
max =

¢oll die

(0 < ¢ < Cuax)

=
=

dots.

M
=

otEE

=
=

|V;"ef|

el o] wj JPHEES FHjA

4

v, tanf| =

2 04 AR, iy

_28_



Ofor
i
03

Yy

% 3.7 ¢ol W RE5 LR JF e S E T2

Fig. 3.7 A variable velocity profile for mode 5 according to ¢

Aufo] T3k @S} @] Fo| 28 BAG G2ol A Rol2Ele] 7197 (ol
Wl A B 6o d@ ANeEas JE 4 Ader] AF sw x
zatde 19 3.83 2u). of W Au FHAlelAsY WA S Ay

T 7|+ Z AXAE 7 3.67 o] FrHET.

¥ 3.6 RE60] WYY $EWSe} 2)E @ AN

Table 3.6 Input variables and computation equations for mode 6
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V.l 2 ColgasEs 2805, 5, [V /=|Voul¢ (0= (< Cuu)

_29_



Fo| 28 ZAAE §7ko] @,@ 94 Wl IS Aol A
AN} Vool =852 3 94 2490 |V, 2 243 3y
e WY Auszd g |l =v,, 2 A4S F
e e = [ = [0 tan6l 2 A= A5 o] % AU$E 278 =
29 %0 )-S5l a7z A ek oA
Vet =1 Vinasd = V[t Vi 2 a7 gt o714
[y e = O tan 0] €] 71 IS @A) BA SR PP S8 WS ol A
AQEnt. zo|2¥ 7] (ol wel o|Fxme] Zvvh ek WeE
0 < |Vif = [Vid ~ ©13L COll WIESES |V, | & 44T 5 v}
asew 2, (M a8 &)
y, (2 &)

6 T 7w ghe VNS E LRk

173 3.8 (o uh =
Fig. 3.8 A variable velocity profile for mode 6 according to (

_30_



¢ F

& A4

5 ¥EdY 71

b Ao

A

I

79

=

)

7

—_
fife)

—_
fife)

il

o] H=F=l Side thruster

=
=

= )

A

O
.ZTI

Aupe)

d

=2 A3A7IE=

o} o

}ed, 4w Side thruster?] 53

A7 918

Kol
=

agoe® Yeld, 19 3.99F o

O - O
To=

el

]

A+ A

}o] 4w Side thruster?t %

J|

) 9] Side thruster]

dojrtr] wZeltt.

oo

B!

—

0

—

T

Ho
o
Ho

A
A

o

& A 14~15].

TH

0

N

4

(3.1)

V=V+Y,

i
B

¥ 3, o7]A4

22

(3.2)

V.=rxXuz,

_31_



24 BAZA & 299 afanoz oF A5 dAFAe o]FHERA A
3]

Vs WY SEASVS JRAG. o W ¥ 3.99F ¥ 3.10, 4 (3.1)3%

\ yb

T = T

a9 3.9 Autel MeFAl & S I 2% B4

Fig. 3.9 A motion analysis for rotation about bow center axis

Ay
4>
=}
O

T 3,10 Adurel Al d3eEo Ea

Fig. 3.10 Motion decomposition of the rotation about bow center axis

_32_



Table 3.7 Explanation of terminologies in mode 7

[z
X0

[z
X0

[

o
; N
U _
a || > o | o
o | ar| o1 |2 o | o
IS H | H 20 50| A I
R I I = I T
BO| O | U0 | U o | =
- <0 S| = <F Jy| <
W ko oo ®
Rl - 5 |3
o K| K S 2
S
+ BB S W 5
o | | S o} e
Ll Kt0 7 X
R
T |0
00 |
g 100
B | 5 TR T
& w O _ 1O g
< ~ - —1 I
| A:m RO P~ RO A
LI e v [N g
KA - oy
0 N~ ol Ho WO 2
SRR P R
W ooy | 2| Zp | o s A
= | oS 0|5 ol W
55 I L o I S e 3
= g | <0 7 <0 ol _
%y | R0 OF K0 ko =)o
B = = )
N = ook T
o |
g
% R P 3 S -

Table 3.8 Input variables and computation equations for mode 7

-

4 A
bl - | Uk Al mo
1o 1o oy ]
oH g u|o ol o}
_ PR R
or .A|_ 3 ] < n N o
e T e e A=
5 Ol 3 W iso | O mw )
= =0 ol D
b SR
o ol e
= = 75 o
< = %
T
< O
= o | o mm
o Il Il
RS e
o
L TR =
Doy I
e N B
B =
o
ob
4
B
o
oH s S
i =] 3 =
ol
70
50

_33_



1| CPP<]

o &

=

-

% ALY F

v, =07} ¥%=5 A5 Side thruster?
AR A A

=
Eus

KeR
| N

=% HEAY 7
A=Y

BB
=13
RS |

J
1A

3]

o

|

X
o]

A
8) =8

oo B U o N
K oy Ho X T 4r o =
F X w A il
mo T O o
<A Mw ol ® To I © 7l
No == N Ak o © T B = =
T 0N AR N AR 7l
A J e il No 2 +
T W T T W o= 5 <+
WoE T R 7
W oo N ™ o g
— T RO TR = "
° W oo T
<P g o) 5 STV
o o dNE
Noo =y W o8 2 MO o
©om Y X Z :ﬂw ol wi ﬂ
g = S N
TR o
Wooa o o T 7l
T - o
Mw o © S g O | <0
LT N o B8 W
Lo X we HeE s 2
‘_LOl ° 0 O.W + — <
A N
0 —
- oy = Wye =
K Mm o zm mw ~ o = +
m% o~ m o o~ T M B o
6N s
oo s oo oW B S
,UI o oR H Lt 0 =
o 0 S % I AF mﬁ, T N A
Mo o oy TR oy oy
0 :.L o of N -
o~ W o «
T S R | 20
N ok ToR G
o — N — i.o e]
N — — ™ P = = ﬂ <k
sy O o) = T I
ﬂAl o N ~ 1 b
W o E % oW o~

Fig. 3.11 Motion decomposition of the rotation about gravity center axis
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¥ 6.1 A4 ALY

Table 6.1 Principal dimensions of ship

FAo A 280 By e AF

Hull

Length over all Loy (m) 188.0
Length between perpendiculars Lpp (m) 175.0
Breadth B (m) 25.4
Depth D (m) 15.4
Draft d (m) 8.5
Trim s (m) 1.0
Block coefficient Cy 0.559
Prismatic coefficient G, 0.58
Distance between 2 propellers (deg) 0.38B
Angle of bossing to horizontal 0
Radius of gyration about z-axis 0.24
Longitudinal center of gravity from midship -0.018
Rudder

Area Ap  (m?) 13.345
Height H (m) 5.44
Aspect ratio A 1.833
Area ratio Ap/Ld 1/55.73
Propel ler

Diameter D (m) 4.6
Pitch Ratio P/D 1.055
Expanded area ratio 0.73
Number of Blades 5
Tuning direction(looking from stern) outboard
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i 6.2 AAQFS

2rE T8 A A

Table 6.2 Hydrodynamic derivatives and constants from ship dimension

27 A%
U SH 0% Aas = 8e As

m (kg) | m= S pL% [203/%)] 220940
L (kg +m?®) | L= (025L)*m 422892968
X, (kg) | =X, = (0.05~0.1)m 11047
Y, (kg) | —Y,= (0.7~1.0) m 1767356
N. (kg em? | —N. = (08~1.0) 1L 39482.1
Y, Y, = —(%WAJF 1.403%)(1+%§) —0.286973

Y, = Y, /=pLdV?

Y, 2 — 22332 % V*
Y, Y, = Yr/%pLQdV 1202800 X V
Y; Y, = Y(;/%pLdVQ — 5882 % V*
N, N/=N,/ %pLQdVQ — 1207400 < V*
N, N/ =N, /%pL?)dV — 106110000 < V'
N, N = N/ pL*dV? 510730 % 1
Y. Y = %71’/1(14— 0.5%) + X,/ 0.0840833
N, N,/ =—-A(1- 022,7 %) —0.886901
N (kg » m?) | N =—(0544— A*)(1 +o.3§) —0.0445387
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Fig. 6.25 Ship motion information occurred under scenario 1
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