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This paper presents an rCBFMPC (relaxed Control Barrier Function—Model Predictive Control) framework for robust collision
avoidance of autonomous surface vessels (ASVs) in congested maritime environments, In coastal waters, multiple ASVs often
operate in close proximity, dynamically changing their positions and significantly increasing the risk of collision, While advanced
predictive control approaches can ensure safe navigation, complex multi—obstacle interactions and external uncertainties
necessitate additional constraints to guarantee reliable safety margins, The proposed method integrates a relaxed Control Barrier
Function into a discrete—time MPC structure, By defining and enforcing a mathematically rigorous safe set within the prediction
horizon, the system effectively maintains adequate separation from potential hazards, simultaneously mitigating computational
overhead typically associated with strict barrier functions, Model tests conducted with a twin—hull ASV demonstrate that the rCBF
-MPC framework effectively maintains safe distances and achieves stable maneuvering, Compared to traditional velocity—
obstacle—based methods, the proposed integrated approach offers enhanced robustness against sensor noise and rapidly
changing traffic conditions, effectively addressing the limitations inherent in single—step avoidance strategies. In summary, this
study provides an improved collision avoidance methodology with enhanced reliability, reduced computational complexity, and
scalability suitable for real—world operations of autonomous surface vessels,
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Fig. 1 Changwon National University 3D wave tank
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Table 1 Principle dimensions of the model ship

Specifications Dimensions
Length [m] 1.2
Breadth [m] 0.65
Draft [m] 0.26
Depth [m] 0.50
Weight [kg] 50.0
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Fig. 2 (a) Rendered image of the Twin—hull model ship
equipped with sensors and control systems, (b)
Actual Twin—hull model ship with sensors and
control systems
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Fig. 5 rCBF-MPC ASV trajectory and time responses (Scenario 1)
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Fig. 7 rCBF-MPC ASV trajectory and time responses (Scenario 2)
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Table 5 COLREGs rule application and evasive action summary per scenario
COLREGs-required

Actual avoidance

Scenario Encounter type  Applicable rule  Rule compliance

maneuver maneuver
1 Head-on Rule 14 Compliant Turned to starbord Starboard avoidance
) Partially Gave way Moved ahead without
2 Crossing Rule 15 Compliant (starboard target) yielding
3 Overtaking Rule 13 Compliant Passed on starbord side Passed on starboard side
4 Static obstacle N/A N/A N/A Starboard avoidance

Table 6 Performance comparison for all scenarios

Scenario Constraint Minimum avoidance distance [m] Maximum path deviation [m] Path recovery time [s]
Head-on rCBF 4.2 3.0 2.6
Head-on RVO 3.9 1.5 4.3
Crossing rCBF 6.1 3.0 4.2
Crossing RVO 5.8 3.4 5.2
Overtaking rCBF 2.6 3.2 3.9
Overtaking RVO 2.3 3.6 5.0

Static obstacle rCBF 4.4 3.0 4.4

Static obstacle RVO 4.2 3.6 5.6

JSNAK; Vol, 62, No, 5, October 2025
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Table 7 Experimental initial conditions
Ownship Initial Obstacle initial  Obstacle speed Avoidance

Scenario Safe radius  Encounter type

position [m] position [m] [m/s] responsibility

1 (0,0) (20, 0) 1.2 1.5 Head-on Ownship
2 (0,0) (6, —6) 1.2 1.5 Crossing Ownship
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Table 8 Performance comparison for all scenarios

Scenario Constraint Minimum avoidance distance [m] Maximum path deviation [m] Path recovery time [s]
Head-on rCBF 2.2 2.7 4.2
Head-on RVO 1.9 3.8 55
Crossing rCBF 2.3 3.2 3.2
Crossing RVO 2.1 4.3 4.1
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