CHgtxMSts| =2 %! Research Paper
Journal of the Society of Naval Architects of Korea

elSSN:2287-7355, Vol. 60, No. 3, pp. 155-164, June 2023

https://doi.org/10.3744/SNAK.2023.60.3,155

Km Check for updates

P
Z
U
@)
d
[
|O
[% 0
1T
i
|l
ton
El

oT i) o (il
SEfristn Matsf gz staf
STEIUTE AR B MUTHABHEGATA KSE MR
sristn A2 A ZSF

Event—Triggered NMPC—Based Ship Collision Avoidance Algorithm

Considering COLREGs

Yeongu Bae'- Jaeha Choi' - Jeonghong Park?®- Miniu Kang®- Hyejin Kim®-Wonkeun Yoon®

"

Department of Naval Architecture and Ocean Engineering, Chungnam National University1
Advanced—intelligent Ship Research Division, Korea Research Institute of Ships and Ocean Engineering2
Department of Autonomous Vehicle System Engineering, Chungnam National University3

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons,org/licenses/by—nc/3.0)
which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

About 75% of vessel collision accidents are caused by human error, which causes enormous economic 10ss, environmental
pollution, and human casualties, thus research on automatic collision avoidance of vessels is being actively conducted, In
addition, vessels must comply with the COLREGs rules stipulated by IMO when performing collision avoidance with other vessels
in motion, In this study, the collision risk was calculated by estimating the position and velocity of other vessels through the
Probabilistic Data Association Filter (PDAF) algorithm based on RADAR sensor data, When a collision risk is detected, we
propose an event—triggered Nonlinear Model Predict Control (NMPC) algorithm that geometrically creates waypoints that satisfy
COLREGs and follows them, To verify the proposed algorithm, simulations through MATLAB are performed,
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Fig. 3 Model Prediction Control (MPC) conceptual diagram
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Fig. 5 Unmanned ship model used in NMPC
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Fig. 9 The PDAF algorithm flow chart
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Table 3 Parameters used in the PDAF simulation

Item Symbol Value
(unit)
Detection probability Py 0.95
Gate probability P, 0.99
Density of the clutter A 0.05
Gate threshold ~ 9.21
State vector z [z, y, u,v]
Initial state vector z, [0,—50,0,2] 7
010 0 O
. . 0010 O
P
Initial error covariance 0 0 0010
0 0 001
107, 0
System model matrix F 010 7
001 0
000 1
Measurement model " '1000]
matrix 10100
Process noise (012 0 |
covariance @ mG‘{ 0 0.12] Ch
Measurement noise R 102 0
covariance k 0 10%

Table 4 RMSEs value of location z,y

T Y
RMSEs 5.78 5.34

PDAF Simulgtion
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90800 |
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9400 -

9200 |

9000 |

L L L L L
232 224 226 228 24 242 244 246 248 25

Fig. 11 Results of the PDAF algorithm
6. Al=2l|o|d Zxf

Mokt de|Eg AEsk| flsh AlEallold2 2.8 GHz i7
Z2MMollA MATLAB R2021aE &850, NMPC 12|
Z2 CasADi framework/IPOPT solver (v3.5.5 for MATLAB)E
ARBSIRICE Algsoldol| 7, = 0.1 2 HFsI¥en, XMzt
EfMO| S&2= 2PHZ head-on, crossing, overtaking2| &=
A=lol| Csl AlSalloldo] RIRICE AlSa{olMof| ARBEl F2
Ii2jo|e{= Table 52F 2Tt

Table 5 Parameters of the simulation

ltem Symbol Value
(unit)
DCPA D, (m) 15
TCPA T, (s) 10
Safety boundary | Dy, (M) 15
Pred|ct|lon time N 60
horizon
Intensity of the
poisson point A 0.01
process
Gate threshold v 9.21
Detection
P,
probability b 0.95
Gate probability P, 0.99
Process noise 012 0 T
covariance @ G’C{ 0 012 %
Measurement n 1.22 0
noise covariance k 0 1.2
State weight Qurc | diag|10°,1,1,10°, 10°, 10°
Control input
Weightp Bypo diag[1e7®, 178]
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Fig. 13 Crossing simulation
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Fig. 14 Overtaking simulation
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