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Trajectory tracking control of underactuated vessel by combining
virtual ship leading and Line-of-Sight methods

LIN Yunhe', HAN Bing'?, PENG Zhouhua®, DUAN Zaiyu'
(1. National Engineering Research Center of Ship Transportation Control System, Shanghai Ship and
Shipping Research Institute Co. , Lid. , Shanghai 200135, China; 2. College of Marine Electrical
Engineering, Dalian Maritime University, Dalian 116026, China)

Abstract: To support the autonomous navigation of cargo-carrying vessels with specific time and position requirements,
research on high-precision trajectory tracking control is necessary. In response to the limited existing studies on cargo
vessels and the insufficient consideration of actuator characteristics-where thrust and torque are often treated as directly
controllable inputs, leading to limited practical feasibility-a control method combining a virtual vessel leader and an Integral
Line-of-Sight (ILOS) approach is proposed. This method uses a propeller speed prediction algorithm to synchronize the real
vessel with the virtual vessel and employs speed feedback correction to compensate for disturbances. To improve tracking
accuracy, the relative positions are utilized to determine the desired heading through the improved ILOS method, thereby
reducing the problem to one of course keeping. Ultimately, vessel trajectory tracking is achieved. Simulation results show
that the controlled vessel accomplishes trajectory tracking under disturbance, with a steady-state error of less than +0.5 m,
an error convergence time of less than 50 s, an 86% reduction in rudder jitter, and 71% reduction in propeller speed

jitter. The proposed control method is straight forward, demonstrating high performance, can serve as a valuable reference
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for engineering applications.
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Tab.2 Values of the actuator servo system
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model parameters
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Tab.4 Values of the main values of the

vessel under control

24 y¢IEN 28 oy
L/m 119.8 I./(kg +m?) 3.608 x 10°
B/m 23.6 J../ (kg + m*) 2.740 x 10°
D/m 5.5 A/m’ 13.02
o 0.835 Ay/m’ 85.70
xe/m -0.51 A /m’ 435.0
m/kg  4.022 x 10° K, 0.034 48
m./kg  2.629 x 10’ T, 22.12
m,/kg 2,185 x 10° Zy/m 1.04

SP IR S SRR EME LK S, £S5
Hhs U R 4 R, w, Ry RE DR 2K SR B HLAE R
Hal A — IR, BE IE LR S % il , Foe A5
iR (0,110.8) S 4L ¥, 24 0.200 9 rad, BAE
SEME ) IR AL E O (4507, 113.1), W1 kg K
0.190 0 rad,
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Tab.5 Setting values for external environmental

conditions and sailing speeds

*6 BN FEALEZIREGNEHSHE
Tab.6 Control parameter values obtained by

particle swarm optimization algorithm

SR BUE SR A S8 HiH SR A
U,(0)/(m/s) 5.087 8 Ve(0)/(m/s) 1.25 S, 3.651 Y, 0.022 42 T
’ “ ’ 180
v, (0)/rad w/3 v, /rad /6
S, 0.072 5 I 2.137
u,/(m/s) 5-5.14 u,(0)/(m/s) 3.57 s, 0.001 0 4738
\ \ N N Lo N Y, 20. 62 3.717
S E PR 5 B AR, A R ’ 7
w \ Y 2. 381 2
B H ' 3% A
1 L max 2 ) ) Y/) 247. 6 - -
J = 7J (wy e, +wye, + wyey +
e 27 iz
w, " + wyn? ) di (32) 200 —— R
150 . S

B2 FMNEw, =1 w, =5 w,; =0.5 w, =5 w5 =
2, BEMBITHE T AT HRECRHS 2 EURY
PRI, HAR 2l i i e

T AXEE G 2 A B AR AE S PPl 45 1 0R 19 48
b, i ELA BT A AR RE Sk kL 5 BE O AL A5 AT
FEHRISEOAIE . e Hh, 0T B PR ™ A
L5 R TR R B AR IE LT, J I RiE SOl
EJTF o W max(le,[) >20 m 5% min(5) >
0. 06 rad/s B, A JLET) J = + 0

AT TR R . 7R 1, el
PP R A4 10 7512, R 2 sl SREm A, St 1 32
Mo 7RIS I, A SCE X4 PSR SRS , fir 44
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RIS 1 H o AE T 30 Uk BT 48 Hh 45 i 5 1 i A L
P I T 2 AE 0 LA g A ~ il S s
E 2RISR ROCR , ik J5 ik vh & ey e 5 &
SR, WPAR R AR ALAE T IR s e, 5 e, BUNCEIUN
], e i H B e AT 4ERFTEL - 0.5,0.5]m N
FEm, ss 8 5 n By AR B, o kA
S (A )/t = 1), S (A0 (D)t = 1)
AT R AR R P g T, A R B 2
PPLASHUE , GG H g C b A 9ME.
3.2 RAWER

PEATIES T, 7E 4 s A b AT 50,2 41
PID 15 \ILOS IS HEFEHI S E I E LK 6.
FEMIEERILIE 7 ~ 18] 11,

SRS AR AL A T s, BT

100 RERAAE

. 50r
g 22.
= 0,
=50 1219
2
=100 -
=150 1216 %
215 N
=200 “i912 1916 1917
-250 1 1 L 1 1 J
0 1000 2000 3000 4000 5000 6000
x/m

BT S-S BRSO CE A AT i R DL A i
T BB S (/N D R R IR
Fig.7 Positions of the realistic vessel and the virtual vessel
during the voyage and the motion trajectory connected

by all the positions, with a partial enlargement
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Fig.9 Duration curves of virtual vessel’s velocity u,,

realistic vessel’s velocity relative to the water u, ,

and realistic vessel's velocity u
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Fig. 10  Duration curves of rudder angle § and yaw

angular velocity r of the realistic vessel
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the desired heading ¥, given by guidance law, and

-0.3

Duration curves of virtual vessel’s heading ¥, ,

realistic vessel’s heading ¥, with a partial enlargement
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Tab.7 Results of comparative experiments with

different control strategies

e J e S e WS SEHR  ndHER
A 0.3603 50 50 0.000 503 0.060 8
B 6.6037 200 100 0.003 727 1.365 1
C  0.4249 80 150 0.000 213 0.061 3
D 0.4788 50 130 0.000 633 0.067 7
E  0.5942 40 60  0.003 609 0.209 1
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