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Abstract @ In December 2017, many collision accidents of small vessels, such as those between oil refineries and fishing boats, occurred near
Yeonghung-do in Incheon. In order to prevent marine casualties from small vessels, the government is striving to improve the safety capabilities of
ship operators by strengthening education and improving the working environment. They are providing education and refining training regulations for
fishermen operating vessels under 5 tons. However, the situation includes certain vulnerabilities. In this study, we propose a collision prevention
algorithm for small vessels using the Wireless Access in Vehicular Environments (WAVE) communication system, which is a new communication
technique to prevent collisions with small ships. The collision avoidance algorithm used is based on DCPA/TCPA. Research analyses, simulation
experiments and questionnaires have been conducted to define the criteria of DCPA/TCPA. As a result, the standard for DCPA was S(La +[¢7) and
for TCPA was 2.5 min. Three different accident cases were selected, and this algorithm was applied to confirm alarm responses at certain times.

This algorithm can provide information to the operators of small ships in advance to help them recognize potential collision situations.

Key Words : Small vessel, Marine accident, Collision prevention algorithm, WAVE communication System, DCPA, TCPA
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AIS
161.975 Mhz,
162.025 Mhz

2 sec ~3 min

Approx. 50 miles

580
(5.855 ~ 5.925 (i)

WAVE

100 msec
Max. 5 miles

Equipment
Frequency

Table 1. Comparison of WAVE communication and AIS
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Table 2. A summary of previous research

Previous Study Target Commuq1cat10n Criteria
ship Equip.
Lee(2004) Fishing Ultrasonic | Distance (50 m)
vessel
Lee et al011) | TSPNE | copiiar phone | DCPA/TCPA
vessel
Fishing Distance
Seo et al.(2018) vessel Cellular phone (500 m)
Kim et al(2011) | Merchant ATS Ship domain
ship
Szlapczynski and | Merchant
Szlapczynska(2016) ship AlS DDV, TDV
Merchant Dynamic
Wang et al.(2017) ship AIS DCPA/TCPA
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Fig. 1= DCPA/TCPA 7' =2 LEpvIT).

Fig. 1. DCPA/TCPA conceptual diagram.

Uub4 © 2 DCPA/TCPATE #olH Z=¥ol 2sted A4t
31, Fig. 19] DCPA/TCPA /H =& WY o2 =%% DCPA
o} TCPA A4t th53 ZtH(Kim, 2013).

RV, = V% SinCyp— V, X SinC, (1
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Fig. 2. Target ships and simulation.
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Table 3. The result of simulation

fome o' Speed]sps | 10kss | I5kis | 20kis

Average Speed S5.6kts | 7.8kts | 12.8 kts | 18.2 kts
Average ROT(°/min) 68.9 9.8 21.7 33.6°
Average course 343.1° 0.1° 0° 0°
Average course movement | 4.5° 1.5° 2.1° 2.3°
Max. course movement 10° 3° 4° 5°

Fig. 3:& A5 W&o 22497 DCPA 7|79 #AE |
bl 1R o]}

Fig. 3. Relationship between course movement and DCPA Criteria.
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Table 4. Maneuverability of small vessel

(Unit: m)

No. LOA Beam Advance | Transfer g;céligf; .

1 17.0 5.0 111.1 59.3 131.5

2 16.0 49 85.2 40.7 90.7

3 11.6 3.6 63.0 27.8 66.7

4 14.6 43 101.9 48.2 113.0

5 14.3 42 77.8 37.0 81.5

6 14.9 42 81.5 50.0 113.0

7 13.9 3.8 92.6 20.4 87.0

8 12.2 35 98.2 61.1 146.3

9 10.1 3.0 79.6 27.8 75.9
10 5.6 2.0 61.1 29.6 53.7
11 9.9 2.6 88.9 40.7 94.5
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Table 5. Case study for marine accident on fishing boats
Situation Accident Name Date
Head on Collision between fishing
1 Situati boat Seasidacho and fishing | 2014.2.12.
1tuation .
boat Jeilho
Approachin Collsion between fishing
2 %I;mationg boat Jel006Jinkangho and | 2014.10.3.
fishing boat Jellkyongnamho
Crossin Collision betwwen fishing
3 Sit(l)lz.stioi boat Gisungho and fishing 2014.1.8.
boat Badaho
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Fig. 5. Accident summary for case 1.

Table 6. Distance, DCPA, and TCPA by time of day in case 1

Time | Distance (mile) | DCPA (mile) | TCPA (min) | Alarm
18:35 5.75 0.00 13.82 0
18:40 3.94 0.07 10.25 0
18:45 2.42 0.00 473 0
18:47 1.92 0.02 2.87 0
18:48 0.80 0.01 1.92 1
18:50 Collision
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Fig. 6. Accident summary for case 2.

Table 7. Distance, DCPA, and TCPA by time of day in case 2

Time | Distance (mile) | DCPA (mile) | TCPA (min) | Alarm
13:30 4.98 0.17 43.63 0
13:40 3.67 0.06 3145 0
13:50 2.50 0.31 21.30 0
14:00 1.12 0.04 8.37 0
14:05 0.43 0.02 3.33 0
14:06 0.36 0.02 2.67 0
14:07 0.22 0.02 1.62 1
14:08 Collision
(3) Ol 745 OfM HiCkE SEAA
2014 1 84 10A] 50278 AAA o]FEF Q1 3] F el
A ol 714} o4 vlehE st FE Apdelw, F Adut
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ol WA, o114 71459 A Fe 07Tmel, vl
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Fig. 7. Accident summary for case 3.

Table 8. Distance, DCPA, and TCPA by time of day in case 3

Time | Distance (mile) | DCPA (mile) | TCPA (min) | Alarm
10:46 1.01 0.01 4.07 0
10:47 0.76 0.01 3.05 0
10:48 0.51 0.01 2.05 1
10:49 0.26 0.00 1.03 1
10:50 Collision
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