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Abstract : The studies on automatic ship collision avoidance system, which have been carried out last 10 years, are facing on new
situation due to newly developed high technology such as computer and other information system. It was almost impossible to make it
used in real navigation 3-4 years ago because of the absence of the tool to get other ship’s information, however recently developed
technology suggests new possibility. This study is carried out to develop the algorithm of automatic ship collision support system. The
NOMOTQO ship’s mathematic model is adopted in simulation for its simplicity. The fuzzy reason rules are used for course-keeping system
and for the calculation of Collision Risk using TCPA/DCPA. Moreover ‘encounter type’ between two ships is analyzed based on
Regulations for Preventing Collisions at Sea and collision avoidance action is suggested. Some situations are simulated to verity the
developed algorithm and appropriate avoidance action is shown in the simulation.

Key words : ship automatic collision avoidance, fuzzy rule, TCS(track control system), ship manoeuvring, automatic control
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Table 2 Reasoning Rules for Collison Risk

2 HL37 kA $& AI7El TCPA & o] &3]
& - AH ALEACE ol &H # A A& H
2o AR (K. Hasegawa, 1987, 1997)& #%3t¢

Q) 5 it

Fstal e, 00 o}“
gon, 25 Aol F7rE mef 1o ¥
|3l

T C P A
SAN MEN DAN DAP DMP MEP SMP SAP
DA § SAN MEN DAN DAP DMP MEP SMP SAP
D | DM |SAN SAN MEN DMP MEP SMP SAP SAP
g ME I SAN SAN SAN MEP SMP SAP SAP SAP
A SM JSAN SAN SAN SMP SAP SAP SAP SAP
SA JSAN SAN SAN SAP SAP SAP SAP SAP

A 5 Faste] T AU % AN Aol F A

Uzt A7k 2 4 Smiles o] HEE 2FSH o, ol F
A ga|Atizo] 4-bmiles AFoA FHEE AfAlskE AL S W
GA 71 Aot} oL A&5E4 W F242E Fig. 4 @ Table 2
of el 9l

ol il

s
ol
e
R
>
b
w12
2
s

(o
[~
I e 2

o L
e
e
-
o
>

o)

29

el

2,

Al

ok o
=)

2
3
o r

2

3
&
oot
offi o

oy
o
=)
>
ofo
e l*ll oft
nig
o i
o
B
o
o oft
=
=h
%
9,
uk

rlo
Lo

-+

2
&
ot
AR
e ot Az
ol
=R
¢]
)
-z
Ao
2,

M
>,
lo
i
HN
Pk
o
>
>
it
i
o 38
I
o
2
=
g 4 oy M

_/__>,;O¥o
:>|4:'1
2

)
{
i
koo
oo

olN
2
2

(e

i
Al
2
:(I){:‘g
ox
£
o
=l
L
=2

b
e
2>

o

E)

>

s %0
&y o

tlo vo g 5
AN (T VR < S

g
of
;u.
—\1 B
o
Ll
Ao
)
R
_i
2
=
Lo
Bx
o off
ox f

™ et
tilo

o ®

P

oX

o K
_JE: ;9‘
Lo
or
o 2

>
SN

40l AN o
gu
o

P
{

ol
R

o

:1

=)
2o

W

W e
_|u‘,
o

i

2

Encounter
Angle

Relative
Angle

39

Fig. 5 Relative angle and encounter angle

Fig. 6% Z%%el(Encounter Type)Z ?—5':3}\
7hed Fieol £ ddbo] Bxlojw, F9e

A ekl ool EMTel 2 Yol
Sujsty, oA 99 ZH2 Yoj
FoUER) e 1 9l
> olmjste, 1 =
At 29 Fejol] ws

‘o
=
L
Y
o
BN
off 4o ¢
o {
et 2 B
1
=
™, Hg
o

3o
A
L
o
2
ot
)



#75 TFEL Table 39 el 9lth. Fig. 75 Encounter
Type 49 58] AR TE& Uehic Aoz EMdo] 394

%9 294 W Az A% JYATE wAST o

Fig. 6 Encounter type between two ships according to
relative angle and encounter angle

) T
. , , - .
o_0 SN Y
4-1 4-2 Q
Own ship

nh b A B

Lo, | g

5-2 Taget Ship

Fig. 7 Encounter type according to relative motion between

two ships
A7IA, Ve B3 Joixzte] ddig2de o3 e &
on g}, B Aoy 7Ee AFES g, EMo] A
MEke 48 A Fx2d SIS 58 349 st 4
o] opz} Aujduty) BHe] AuielElE o] &3le], Y
s 2T 4 v dnddEE FrMEith Figo 79
Encounter Type 4-29] 7%, B4 $og Fxo Hdulo]
2AE FstE e 43S ZAS e drh oy 24 $d FH
Zo] Mukg oE So] Avshd, B Audure] Aol
HE UelE Viol 249 Mujg $38t3 ¢t} oldl 7

9 AT BRIl

$2 FEA Adoidute SFRgE Fdor WAL st
e duFor 248 g 3y, AL x| Mo ut
AP HH, AFATE S8z o & 495 Yut
Hal ok o714 FEERE He 2$-YUE TR
gegt B3 gl 9], F 2 Bk ol Agiae S o
&ote] £ ¥ FAAHE LEIEE G E Holg
=] Encounter Type 4-1, 5-1, 5-2% wpd7pA 2 zbzhe]
A ATE 2oz s mA s o

Table 3 Rules for collision avoidance action
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