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A Study on the Criteria for Collision Avoidance of Naval Ships for Obstacles in
Constant Bearing, Decreasing Range (CBDR)
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Abstract - Naval ships that are navigating always have the possibility of colliding, but there is no clear maneuvering procedure for
collision avoidance, and there is a tendency to depend entirely on the intuitive judgment of the Oflicer Of Watch (OOW). In this study,
we conducted a questionnaire survey when and how to avoid collision for the OOW in a Constant Bearing, Decreasing Range (CBDR)
situation wherein the naval ships encountered obstacles. Using the results of the questionnaire survey, we analvzed the CBDR situation
of encountering obstacles, and how to avoid collision in day/night. The most dificult to maneuver areas were Pyeongtaek, Mokpo, and
occurred mainly in narrow channels. The frequency appeared on average about once every four hours, and there were more of a large
number of ships encountering situations than the 1.1 situation. The method of check of collision course confirmation was more reliable
with the eye confirmation results, and priority was given to distance at closest point of approach (DCPA) and time at closest point of
approach (TCPA). There was not a diflerence in DCPA between the give—way ship and stand-on ship, but a difierence between day and
night. Also, most navigators prefer to use maneuvering & shifiing when avoiding collisions, and steering is 10-15°, shifiing #5knots, and
the drift course was direction added stern of the obstacles to the direction of it. These results will fcilitate in providing officers with
Standards for collision avoidance, and also apply to the development of Al and big data based unmanned ship collision avoidance
algorithms.

Key words - Naval Ship, Officer on Watch, Collision Avoidance, Questionnaires, Check of Situation in CBDR, DCPA, TCPA
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Table 1 Geometry of type A, B, C, D, E, F

Size Type | Length [m] | Velocity [knots]

A 130 18

Medium B 100 15

C 90 15

D 60 15

Small E 60 12

F 50 10
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< Time to understand maneuverability of new ship >
Less than 12 months or more(3%)
1 month(9%

s to less than
ths(17%)

1 month

3 mon o less than

hs(31%)

Fig. 2 Time to understand maneuverability of new ship

< Understanding maneuverability of own ship >

30 -©-Less than 1 month
=1 month to less than 3 months
3 months to less than 6 months

20 =56 months to less than 12 months
% / =#-12 months or more
8
o
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ok . —0— . -

very likely somewhat likely  neutral somewhat unlikly very unlikely
Month since taking office

Fig. 3 Understanding of maneuverability of own ship

- AT

Fe(73%), =
E(14%) F-<rol wka WelEd fl= 4R Fighst 2ol

H5s W17 Boke Ao ok P,
o ol glE ol WFEE AW om

e
>
~
T
e
do
X
i
Y
2
=

< Hard place to maneuverability >
etc.(2%) Jeju(1%)
inhae(4%)

Fig. 4 Hard place to maneuverability

< Where is the situation in CBDR >
entry of narrow channel__€tc.(6%)
after departure

En-Route(ENR) to
port(17%)

channel(10%)

Fig. 5 Where is the situation in CBDR

< If places change, is it hard or easy to maneuver >
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100 - < When the weather is bad, is it different to work rudders >
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< When do rudders work bad >

100
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Wave height [m]

Fig. 7 When the weather is bad (a) is it different to work
rudders (upper), (b) when do rudders work bad

(lower)
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< How often do you experience the situation in CBDR >
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-©-night for 4 hours

F

o

less than 1 2~3 4~5
Number of situation
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Fig. 8 How often do you experience the situation in CBDR
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< The risk about target ship >
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=the larger the size, the greater the risk
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Fig. 9 The risk about target ship
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< Daytime/night give-way/stand-on, collision avoidance factor >
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Fig. 10 Collision avoidance factor
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< Preferred DCPA for each ship >

People

\\

0 bt L L
1000yds 012t 1000~1500yds 1500~2000yds 2000~2500yds 2500~

DCPA [yds]
Fig. 11 Preferred daytime DCPA for each ship

Table 2 Collision avoidance DCPA of types
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Size Type Average DCPA
Daytime(A) | Night(B) | (A)-1B)
A 1,550 1,830 280
Medium B 1,500 2,160 660
C 1,310 1,910 600
D 1,480 2,020 540
Small E 1,370 1,700 330
F 1,100 1,600 500
TCPAE E5F 57108 A &5

o7 wokow Agjet 74&

k
2

A, @ TH2 sekE oks Fig 129 2ol
A, AGA, oAHA 3]Y sh=A o Bka FAEE v
53 g AES B ols AR AE FE Iy 7)E
w3 BgAstnRe S0l dad Adow M = qrh

100 < The priorities in the areas that need to research >
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Fig. 12 The priorities in the areas that need to research
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1001 < How to avoid situation with CBDR >

-©-A type
—+B type

80 C type
-&-D type g

60 E type

< \ ©-F type/
40
20 /

O e v !
only maneuverability only increasing veloity both manuverability and veloity

Fig. 13 How to avoid situation in CBDR

< Working rudders to avoid situation in CBDR >

100

-©-A type
80 B type
C type
L D type
° 60 -»-E type
° -9-F type
401
¢
20
[
0— \ | | >
5° 10° 15° etc. no response
Rudder [°]
Fig. 14 Working rudders to avoid situation in CBDR
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100 - < Increasing velocity to avoid situation in CBDR >
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Fig. 15 Increasing velocity to avoid situation in CBDR
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Table 3 Criteria of collision avoidance

- The most difficult to maneuver
areas were Pyeongtaek(73%),
Mokpo(1496), and occurred mainly

General )
) ) in narrow channel(61%).
information
o - The frequency gppeared on average
of collision
. about once(60%) every 4 hours.
avoidance

- There were more a large number of
ships encounter situation(64%) than
the 1:1 situation(36%).

- The method of check of collision
course confirmation were more
reliable with the eye(83%) than
value of ECDIS.

o — The priority was DCPA, TCPA.
Criteria of . ]
. - There was not difference in DCPA
collision )
between give-way and stand-on
awareness . .
ships, but a difference between
daytime and night.

— The priority DCPA standards vary
from ship to ship.

- TCPA is preferred for 5-10 minutes.

) - 10-15° is preferred for steering.
Behavioral . . .
L - Drift course was direction added
criteria of
. stern of the obstacles to the
avoiding . . .
. direction of it.
collision . o
- *bknots is preferred for shifting.
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