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Automatic Ship Collision Avoidance in Narrow Channels through

Curvilinear Coordinate Transformation
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This study addresses autonomous ship collision avoidance in narrow channels using curvilinear coordinates, Navigation in narrow
channels or fairways is known to be much more difficult and challenging compared with navigation in the open sea, It is not straightforward
to apply the existing collision avoidance framework designed for use in the open sea to collision avoidance in narrow channels due
to the complexity of the problem, In this study, to generalize the autonomous navigation procedure for collision avoidance in narrow
channels, we introduce a curvilinear coordinate system for collision—free path planning using a parametric curve, B-spline, To demonstrate
the feasibility of the proposed algorithm, ship traffic simulations were performed and the results are presented,

Keywords : Automatic collision avoidance(XFs S=3|I), Narrow channel(&i4=2), Curvilinear coordinates(Z2MEHHEA)), B—spline(H|

Az2i0)
1. A-I 2 (IMO), 1972; Woerner et al., 2019).

SH[2F St ZHoM = AHECZ X|SHEl Jte =2 FH

|2 A8 F2lM(autonomous surface ship)oll CHer 2HA] %E =¥ 7%;3J %_Elﬁl_ 3501 Hek=e _%i—?_—oﬂ _[EP_EWE ®
o 371512 Slooi Olof BRIE T1E T|GBM RIR/RIZ 7| 1o b EECL BREAS 08 s SRAH B
& U RE/3E5T 5o Nged Jlg Lol usl oz o 1= BRI Rl BESinanow chame) S
OX|T Slck. ok, 7|aE HESP| flsk AigRel fxy T #OIE U EN TYHE L 2 FHAES2
O1F 283 Aslol ZZ AIEI SOLIT ek (Hanetal, & 1 1120l SE EHP] HEol, JIFel tef 2siS
2020; Kufoalor et al., 2020). 53|18 East= Riges o= HEE A2 HIS HINOR 2Fol= durlSS
Holo| A2 53 3 AR sofote MolM egxe 7o MBSE oleh HES RUR JISH0] ol HER
22 Ads| 22 4 e Hoz Jltjelsr oS 9o ciet AT Olol et afEO 2 HS HF0| 22 Mgl Ht 1
3t 7| E0| MA|=l 2 2Act (Huang et al., 2020). £3], 7|1& 27t F7He@ 2FErh ofol thal, Wang et al. (2019)2
AHS EE35T| 7 arEkS XFSEolM0| FlAlA] SOl At 2ot Walsh elojo] NHE AZE MM + o|EEo
3} 5 ool A 2o SHe Mol ZHS £m fel Mut  HRl BRS UESE 2uRIES Mokigien, 2UF
0| Z=4slof sH= ZM[sHAS oY 2 E|(COLREGS: International RoboatE 7H5t0{ &lel ABSIUCE Thyri et al. (2020) &
regulations for preventing collisions at sea)g 123t Cft Al HER0M Qlelel 1HE H2E 4M = digeeol ot
oMol Xtgest YA |E IS =Mooz o|20{X ot 2l 425 MEisle 2125 351920, 0{7]0] & =0
(Cho et al., 2020; International Maritime Organization Me| &2 ExE Al=sk| 2ol 42 2ot &3 RfplofAM Z
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Fig. 1 Cunvilinear coordinate system in the Cartesian coordinates.
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Table 1 Parameters for collision avoidance

parameter value unit
Wea 10.0
Woq 0.2
Vb 3.0
Yn 90.0 [m]
Ws 150.0 [m]
W 20.0 [m]
t; 160.0 [sec]
The number of yj; 61
The number of V, 3
The range of [wo—20.0, wo+20.0] [deg]
The range of V, (4, 6] [m/s]
Calculation frequency 0.5 [Hz]
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Fig. 7 First result of the ship traffic simulation. Blue and red ship—shaped pentagons are the own ship and the traffic

ships.
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Fig. 8 Second result of the ship traffic simulation. Blue and red ship—shaped pentagons are the own ship and the traffic

ships.
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