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About 75% of vessel collision accidents are caused by human error, which causes enormous economic l0ss, 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,

Keywords : Nonlinear model predict control(H|AS 2EI0ISXH|0]), COLREGs(ZAMGHASZ0RITZE]), Automatic collision avoidance
(XI= &= 3/m). Probabilistic Data Association Filter(Z=A C0]E ¢t ZIE)
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Table 4 RMSEs value of location z, y

z Y
RMSEs 5.78 5.34
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) . ) Fig. 11 Results of the PDAF algorithm
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. ZZM|MollA MATLAB R2021aS 223519120, NVPC L2
Table 3 Parameters used in the PDAF simulation Z2 CasADi framework/IPOPT solver (v3.5.5 for MATLAB)E
Symbol ARBSITE AlZafolMol 7, = 0.12 MEBI%eH, Az}
[tem ) Value _
(unit) EMM0| E42% REE head-on, crossing, overtakinge| =
Detection probability r, 0.95 Aol chsl AlZaflolMo] RIEZICE AlSafolMdol| ARBE F2
ol2jo|e{= Table 52 ZC}.
Gate probability P, 0.99 =
Density of the clutter A 0.05 Table 5 Parameters of the simulation
Symbol
Gate threshold v 9.21 ltem (unit) Value
State vector [z, y,u,v] DCPA D, (m) 15
— T (s) 10
Initial state vector z 0,—50,0,2] 7 TCPA -
. [ ] Safety boundary | D, (m) 15
010 0 0 Prediction time
" . 0010 0 hori N 60
Initial error covariance P, orizon
0 001 Intensity of the
0 0001 poisson point A 0.01
107, 0 process
01 O‘ T Gate threshold ~ 9.21
System model matrix F i Detection
001 0 . Py 0.95
000 1 probability
v ™ — Gate probability P, 0.99
easuremeht moae H (1)(1)88] Process noise 0 G 012 0 .
matrix L covariance k ko 012k
i 2
Proces; noise Q, 106G, 01 02] Gr Measurement R 122 0
covariance 1 0 01 noise covariance k 0 1.22
Measurem‘ent noise R, 10 0 ] State weight Qure | diagl10°,1.1,10% 10°, 10°]
covariance ’ | 0 102 Control input R diag[1e-5, 10-%]
weight Mpe tagrie - e
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Fig. 12 Head—on simulation

Fig. 13 Crossing simulation

Fig. 14 Overtaking simulation
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