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Ship path following control based on improved integral
line-of-sight guidance law

DUAN Zaiyu', HAN Bing'?, CHEN Yuhang'”, LIN Yunhe'

(1. Intelligent Ship Research and Application Division, Shanghai Ship and Shipping Research Institute
Co. Ltd. , Shanghai 200135, China; 2. College of Physics & Electronic Information Engineering, Minjiang
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Abstract: Addressing the requirements for ship’ s autonomous navigation and high-precision path following control, this
paper proposes a fuzzy control method with partitioned integral regions based on the Integral Line-of-Sight (ILOS) guidance
law for path following control of autonomous navigation ships. Based on the established ship motion model, an extended
Kalman filter is employed to estimate ship states such as speed and heading using GNSS measurement data. Fuzzy
controllers are designed to dynamically adjust the look-ahead distance parameter according to different navigation
conditions, thereby improving tracking performance. The 700 Twenty-foot Equivalent Unit ( TEU ) battery-powered
container ship built by COSCO Shipping Group is taken as the plant for path following experiments on a simulation platform.
Comparative analyses with results from different algorithms show that the proposed control algorithm achieves superior
performance and smoother rudder angle manipulation. This method can provide reference for path following control of
autonomous navigation ships.
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Tab.2 Hydrodynamic parameters
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Fig.1 The Z maneuver simulation test
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Fig.2 The turning circle simulation test
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Tab.3 Calculation of desired heading by different
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Fig.5 Area schematic diagram
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Tab.4 Components of fuzzy rules for the line condition
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Tab.5 Components of fuzzy rules for the curvilinear

condition
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Tab.6 Components of fuzzy rules for the rotation
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Fig. 6 Simulation results of linear test
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Tab.7 Comparison of algorithm tracking performance

in linear test
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LOS 0 2515 241300
Borhaug's ILOS 117 251 24190
Lekkas's ILOS 22 251 24 200
it JE TLOS 5 271 #4200

3.2 MZREFEREIRE

P e th & ke S E

{Xd = 500a
Y, = 500cos(a)

Kfia = [0,47],

WG AE Sy (- 100, 500) , LAIEZRJ7 15 9 9 46
il iy 10 kn KGR 1.5 m/s KU 1 Ry 45°,
THA 2.2 m/s Y Al 450, DU RD s A T
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Tab.8 Comparison of the algorithm tracking

performance in cure test

SRV R/ m BRERTRZE/m BREZI ]/

5455 LOS 7.5 48 241160
Borhaug's 1LOS 9.6 758 241 580
Lekkas’s ILOS 8.3 24 27190

it JE TLOS 4.2 271 #7220
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PEARBREZHEATIE ], 45 R AN 8 P, HAAR(E L3R
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WeSCH B . i1 8b n] LA Y, Bt s 19 1LOS 5303
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Tab.9 Comparison of the algorithm tracking

performance in rotational test

ARV RGBT/ /m BREZRZE/m BRERISE]/s

{545 LOS 7.9 257 JF 3 000
Borhaug's 11.OS 7.9 213 242 000
Lekkas’s 1LOS 7.8 271 241 500

et Jg ILOS 7.5 251 24 500
4 4 #
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SRR HES AL T AR T R G07m, it T RIg>

PP il DX IR PR 32 il T 2 i AL B8 ) ILOS 5
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