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Abstract - When VISOs(Vessel Traflic Service Operators) determine the degree of collision risk of two vessels, they consider
comprehensively information about each vessel's course, speed, DCPA, TCPA and encountering situation. In this study, we proposed an
algorithm in which two relative bearings as information about two vessel’s encountering situation are used to evaluate the degree of collisior.
risk. In order to verify whether the proposed algorithm is reasonable, we set twenty encountering situations and conducted a survey oi
collision risk on fifly three VISOs about those situations. By comparing the degrees of collision risk with the proposed algorithm to the
results of the survey, we ound that relative bearing at CPA is very important factor or VISO to recognize the level of collision risk wher.
two vessels are in encountering situation.
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CHEKMST, 2015). 3t ), DCPA(Distance to the Closest Point of Approach)2}

TUoll A WAEtE FEALL Rl AA A2F 5 Al TCPA(Time to the Closest Point of Approach)® ofuz} A
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Waterway Risk Assessment Program)S A|Stslar glom,
PAWSA:= 3ld 9 &7 94de dute] 71H(Delphi
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2 Y= 3tHJeong, 2003).
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Fig. 1 Comparative of 6, and 6, (DCPA=0.2 miles, TCPA=6 min)

- 494 -



v sk Fig. 19 2tk

ol Aidute]l Hm= OE( £ 360%), £92 10
DCPA+= 0.2vFY, TCPA+ 6222 A3ttt
Situation 13} 7ro] Multo] 3 1] oz B3t uff FH*
HANA 9 6,9 0, 2+ 270%, Situation 2%} 2o] $-& o
Tdow s 0,9 0,= 247 00%=7t Frh

Situation 3% 5% 6,7} 45522 FAst, 6,9 W] ube}
BAlure] e} &eo] Mskditt 9,71 90%kel 7AW B
Adutre] &¥e A FrbetH FAAALN) A

Situation 33} 7] 6,7} 11857} H¥ =2 11022 ¥ Al
(BAHheo] 15:ER fA4(AME) A& Adth Situation
59} zFol 6,7} 13557k B9 3 (B o] {2 (AMHEH
s & opzivt

Situation 49} 62 6,7} 1302 st 6,9 Wstel| whet
Biuke] H 2o} &£eo] vzttt 6,71 0%l 7MAHAH B
durel &€ A7 Skt AAEH(IEA) ARE Adeh
Situation 49} Z°] ¢,7} 6257} H¥ w2t 11052 FA4
BAuho] 15=Ex I3 (A HdujE Al Situation
63 o] §,7F 46%7F HW I (Aol FAABAE

152 A,

Neg Ao

o]
o=

A5E Azto g wysty 8L ol
T8 Situation 59 69 A9, ZF Aduke {X]delA] T g
o2 M Qo] uH AT VIS BAoAE 2 £8< 7}
2 % Huo] Hztoz mAysy Pl FAM HyE A
e BY9E 2945l Ak ogfs sl VISe 4 3
°]& Fig. 2014 &1 & 9t}
m
>
Q
<]
5 nes
§ AHe
3 J
()
=
c
=3
<} ® paw
3 Add e
A Exist a vessel ahead No vessel except astern
B No vessel except astern Exist a vessel ahead
VTS Same situation
CPA
m T e <
>
Q
o
c
=
@
=
Q
2]
c
D
g
= i At Bedur d (0]
¥ Baft Al
A Exist a vessel stb'd side Exist a vessel port side
B Exist a vessel port side Exist a vessel stb'd side
VTS Same situation

Fig. 2 Comparison of VTS’s and vessel's viewpoints
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Table 1 Patterns of encountered situation due to 6,

: o Crossing
0, 0, A’, Pattern of Encountered situation U,y
angle
>90 1: 00 <90
120 | Stand-on, B pass ahead of A fm Port 1:2 60
150 1011 30
0 180 | Overtaking, B navigate ahead of A A=B 0
210 1011 30
Give-way, B pass ahead of A fm
240 1:2 60
Starboard
<270 1: 00 <90
>90 1: 0 <120
120 | Stand-way, B pass ahead of A fm Port | 1: 17 0
150 101 60
30 180 | Overtaking, B pass ahead of A fm Port 1:09 30
210 | Overtaking, Overtake Port of B A=B 0
240 1:17 30
Overtaken, B pass ahead of A fm Stbd
<270 1100 <60
>90 1100 <150
120 11 120
Stand-on, B pass ahead of A fm Port
150 1:06 90
60 | 180 1:05 60
210 | Overtaking, Overtake Port of B fm astern | 1 : 0.6 30
240 | Overtaking, Overtake Port of B A=B 0
<270 | Overtaken, B pass ahead of A fm Stbd 1: o0 30
270 Overtaken-Parallel-Overtaking according to the 0
o) speed of B
90 | Pass Stbd to Stbd 0
<90 1: 00 150
60 11 120
Give-way, B pass astern of A fm Stbd
30 1:06 0
120 0 1:05 60
330 | Overtaking, Overtake Port of B fm astern | 1 : 0.6 30
300 | Overtaking, Overtake Port of B A=B 0
>270 | Overtaken, Overtake Stbd of A fm astern | 1 : o 30
<90 1100 120
60 Give-way, B pass astern of A fm Stbd 1:17 0
30 11 60
150 0 Overtaking, Overtake Port bow of B 1:09 30
330 | Overtaking, Overtake Port of B A=B 0
300 | Overtaken, Overtake Stbd quarter of A | 117 30
>270 | fm Port quarter 1: o0 60
<90 1100 920
Give-way, B pass astern of A fm Stbd
60 1:2 60
30 Overtaken, Overtake astern of A fm Stbd | 1 : 1.1 30
180 0 Overtaking, B navigate astern of A A<B 0
330 111 30
Stand-on, B pass astern of A fm Port
300 1:2 60
quarter
>270 1100 90
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Fig. 3 Value of the risk by relative bearing in the point of DCPA
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Table 2 Computed examples of £ ;

Situation 0, 0, R,,0) | R, E,
1 090° 090° 0.68 0.68 1.35
2 270° 270° 0.37 0.37 0.74
6 135° 062° 0.58 0.82 1.40
7 225° 298° 0.58 0.56 1.14
10 225° 315° 0.58 0.72 1.30
1 135° 045° 0.58 0.90 1.48
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Fig. 4 Examples of presented in the survey for each encountered situation
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Fig. 5 Comparison of average of survey & degree of risk

Table 3 Comparison of average of survey & F,

N=53
- Std. 95% Confidence Interval
Stuation | Mean | - Lower Uope; E;
1 1.21 0.40 1.10 1.32 1.35
2 0.61 0.40 0.50 0.72 0.74
3 0.95 0.39 0.84 1.06 1.05
4 0.96 0.36 0.85 1.06 1.05
5 1.33 0.46 1.20 1.45 1.43
6 1.39 0.42 1.27 1.50 1.40
7 1.18 0.43 1.06 1.30 1.14
8 1.27 0.43 1.15 1.39 1.22
9 1.30 0.42 1.18 1.42 1.30
10 1.39 0.37 1.29 1.49 1.30
" 1.56 0.28 1.48 1.64 1.48
12 1.49 0.31 1.40 1.57 1.48
13 1.51 0.32 1.42 1.60 1.60
14 1.58 0.36 1.48 1.68 1.58
15 1.50 0.42 1.38 1.62 1.58
16 1.54 0.33 1.44 1.63 1.42
17 1.43 0.35 1.34 1.53 1.40
18 1.54 0.36 1.44 1.64 1.38
19 1.37 0.41 1.26 1.49 1.49
20 1.50 0.26 1.42 1.57 1.56
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