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Abstract : Korea Maritime Safety Tribunal (KMST) statistics released in of 2019 indicated that most collision accidents involving small-size vessels with
less than 20 gross-tonnage occur mainly due to operational carelessness, such as forward-looking negligence and unskilled vessel control. As an effective
remedy, training and education for vessel operators are being strengthened to prevent accidents. However, collision accidents are increasing, and
technical measures are continuously developed to reduce accidents caused by human factors. In this study, an avoidance algorithm and prototype of
terminal-controller against collision between two nearby vessels was developed for implementation on relative navigation control by adopting WAVE
telecommunication technology. Moreover, several sea trial tests were performed to verify the collision avoidance algorithm and control system using two

fishing vessels for different scenarios.
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Fig. 1. Basic concept of rudder control system for the collision

avoidance.
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Fig. 2. The concept of DCPA/TCPA for the encountering
2(two) ships.
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Fig. 3. The collision avoidance algorithm for each stage.
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Fig. 4. Collision avoidance algorithm according to the encounter

angle in two vessels within 0.5 mile distance.
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Fig. 5. The collision avoidance scenarios for each encounter condition.
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Table 1. Initial condition for the virtual Overtaking simulation

Item Own ship | The other ship
Distance between vessels 1.5 NM
Heading(") 0 0
Speed(knots) 15 5
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0412 0m
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Fig. 6. The simulation results for the overtaking condition (Own
ship: 20 knots, the other ship: 5 knots).
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Table 2. Initial condition for the virtual Head-on simulation

Item Own ship | The other ship
Distance between vessels 1.5 NM
Heading(") 0 180
Speed(knots) 15 15
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Fig. 7. The simulation results for head-on condition (Own ship:
20 knots, the other ship: 15 knots).
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Table 3. Initial condition for the virtual Crossing simulation

Item Own ship The other ship
Distance between vessels 1.5 NM
Heading(") 90 0
Speed(knots) 15 15
1 10560 nm
0.163 nm
Jo234 nm
E

[-0.039 nm

Fig. 8. The simulation results for crossing condition (Own ship:
15 knots, the other ship: 15 knots).
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Table 4. The summary on the sea trial test for overtaking conditions

.. Vessel position
Condition Category
Start 4-stage End
Encounter angle (°) | 299.4 1194 -
10-5
overtaking DCPA (NM) 0.52 0.49 0.61
TCPA (min.) —-0.0001 | 0.00042 -
Encounter angle (°) 33.1 141.8 -
15-5
overtaking DCPA (NM) 0.55 0.49 0.66
TCPA (min.) -0.0001 | -0.00045 -
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Table 5. The summary on the sea trial test for head-on conditions

. Test location
Condition Category
Start 4-stage End
Encounter angle (°) 180.6 0.6 -
12-13
head-on DCPA (NM) 0.52 0.49 0.66
TCPA (min.) —0.00044 | 0.00045 -
Encounter angle (°) 179.7 0.3 -
15-15
head-on DCPA (NM) 0.53 0.49 0.64
TCPA (min.) -0.00044 | 0.00045 -

[ovoigace
Own ship(blue) [

| [ B

The other ship

Fig. 12. The test results in each head-on condition.
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Table 6. The summary on the sea trial test for crossing conditions

" Test location
Condition Category
Start 4-stage End
Encounter angle (°) 73.0 107.0 -
10-10
crossing DCPA (NM) 0.63 0.44 0.61
TCPA (min.) 0.0005 0.0003 -
Encounter angle (°) 97.8 82.2 -
15-15
crossing DCPA (NM) 0.52 0.48 0.61
TCPA (min.) -0.00044 | 0.00045 -
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