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Abstract : Author presented some study with regard to “automatic control for ship collision avoidance system” before. Those papers are
to deal with unsolved problems in the previous study. In this paper, two issues relating to ship collision avoidance were investigated.
One is to suggest a new algorithm of avoidance of a group ship. This algorithm is useful when a ship takes avoiding action for a group
fish boats and a group of merchant vessels. In the stage of taking avoidance action, newly-developed algorithm was used. The other is
to develop a unified model of collision risk. Generally collision risk changes according to various type of encounters. The new model is
to take into account of these situations. The above-mentioned algorithm and model were verified through simulation under various
encounters between ships.
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Table 1 Particulars of the ship

Type Tanker
Lpp (m) 325
B (m) 53
d (m) 21.8

Cb 0.8306

FEANADN 2R BY ANe FEANGEN A
2o 54 Aol diste]l $58 $4L 90k o] A5 5%
o bsAol Qi AiAube] olal & st TF @ A
of g EE A3 BAS FYSA Hol, dF T v
FEQQEA B2 3R A7 FF 28R B B9 2
2 ojdo] Puow HEsu g A%l AFdt ol
FAE A7) Aste] Pust o Lo] merHUnh

i

qed AP
(Hasegawa, 1996)°]l Ztelit 4= 9lth Fig. 29 (a)} 22 7
tatab 719 ek wg guelFel s

T8 47 .o
Ade FEAPET 7 w2 B Lol diste] -gér-ﬂﬁl
e TR s Ha, 8 WMAE Aldshd, £ A

Bl 29ke] 918t o wolA A o] 1 glqsl B |

v} olxAl HW EuA e 29 98 A& AAE
ol %9 Mg TAE A Hr). A e 139 %%ilﬁl 5
Zto] 935 EbA 2¢te] ZE HEAES 7193 4H4E xH
3t B ol ‘?}%“6}711 g g}, o]t &

=
g @4
WAE7] $8te, 27 &3 9 F7he| dide] Hir g§A
B Gabsl Mub wo-posidbel Mubol] dfshe] Crisk 2ole
BRaL, T1 T1EEhell EHERz 7R dvred) vl 99
= 99 (Hasegawa, 1996) 7}
vk FAE Jas HE S5 4% doF T A

, Fig. 2(b)ek #Zo] 1 e F2¢9% dix

f— @

N7

2 — ha
gz d Aduke) £ dgnkaks HAdd srew oy,
T3 1 A gAZ FAEE o)Rm gliz AMube] ¥

det Agslel B AGe] Mol £xaiw shael
B g AR G BRE bAe ARE FREY

ol 5o} A A gk,



GroupShip

[—
Targefl /
? //
Targer2 I |
N0

/
.V
Targeil ‘

OwnShip

(a) (b)

Fig. 2 Old model concept for multi-ship avoidance

A1e] LgE g ol w9 ol Be Mkl Puke
ol A s YA, threl Aol RAH Ao] thrlei
FRA 8 el aeln, fElh 2R o 3l
RS Ga 94 33w 01%— | gli= el Al

A7 el A g A4S Ads dE &
5 ol8A mEe U AAAG WP W v]% vpde] of
go] wih,

7]1&9 A (Hasegawa,1996)3= ©|& $8] HA o228 &

Jatel, FHral v ek sk £ Apol & o] fated, 11
F3 A AdE mygste, Firg A el aE3) 9
T otz TP S Alatsle, ol o] 8% 1HEE Faslial
ALk A of HAA HA A4 FFE A Hs)
717F SojslR] ¢kiz % AL gl A E‘Mﬁa% | w2 A
3al Aeli Fu "ol Qliz Advle] A$ ojd A A
3 ANA o WFF B HAE A %‘&‘r Lﬂrﬁ} 1 03_-11011

&
A gpobiz 9 F 9w nbsATh
1

Fig 33 0] 271 4 83 EAAA e, B A5 o
B AT 9 AR e D e g, 8
':‘:' d il #

olitu} “multi ship
Adiset Lol digh & 3|3 s2o2

& woleh &, A A
AAE T Tl HE W&zt v.S FHE A
| Ao}, e 2E Autel] uis] FEY S A
S|EE, I1E *i%ﬂﬁlﬂ' Kiae Eh"‘v’;‘

& 4 ol Arkh geby 71Ee) Ay 5ol
Fa was wagl Hu, LREY A9
31 Qliz Aute) FEIN U3

A e ARy
P37l slof, 241
ol T2kl m Avel distel FEAWESE A

2 Atk ol
T(Im, 2003)& %
2ol 7o)

i, o

2o
114

T

-

fif
139
,
(N
<0,
ox 4 e
olet 2
~ o L
2 g 0 3 =
sl o Al
nE o

o Mm@
o [o
o ]

s
fo

S

T
o
2
AR
fl
ol
o

)
o
LU

o ofj
il
do
i)
b
il
o
oo
o
f
o

il
Y
N
o M
o
£

ja
t
K

2 e

d
RN

)y

9

2

-

i

L

2

‘E

o ofy -

Pﬂ
o
o
e 7
1o

>
e
D)

2 o

n =

FIO ) rl-U: N r’:‘_,
2
o

R=)
EOE
]

Lo
oo
ojft E
o
L
e

2 Ao
xo
3

oo oot

v:)
3o MLt i
2

'
)

ox
%
=2

=
1-(Hwang, 2002 ; Jeong,

o
i

(

X,
>
o °
S
4]

£

- 477 -

ofy
=2
>
AN
N
o
:L

stk o2l A

AL o A57E f

N
o
_oan
R
b
i
0%
=
=
=
o
ofje
i
fo
il
H

o
)
>
g
)
)
>

o i
e)

,d
K

S
>,
il
s
a3
2

o BN
o
ot
K
=
il
oft
o
o
iy,
ox
1k
£

>
>

rot
o
&
odt

al
AR A el E

Ry

Wﬂ

o
2
oh
1)
o
2
&
M)
o
g
o

4>
A
o
fr
2
o o
< o
ol
¥ o
o

Z oL ¢
L, 2 ik T

> M
I
kB of

2

y, o
ol

ol

ir

o

i
E)
ol
ﬂlr
x

e
lo

x
£
©

1

ol t
_amr
w

ald
5

ol
0

ki

£

H

ofe
i
X

, o
e d
£
o



[
A=
ol
il
)
>
o

4.1 71&2 S=9gE Eotel 2HME

HA Aol B, wAel FAAAA o FFAIA]
of ol wheh 7hEA]3 ¥-of Stof HA3 ¥R AL Al
Fupa], A% A (Hwang, 200200 43 Aol dute] 2441
gabar sk el mek Hds] FAE sheto], vk
A 28 A48e adsh 9 Bl AHYE 89l
o = %% :

TCPA/DCPARME: 088 ) o A F
s ﬁvla}-: WAl wbdslel, - Aduizke] it AU
ofgatel, 9 Fatel] wehs MR 20E AA Bkl (Im,
2004) *= Aupo] Wi Hirehis waAlE s skglvh ¥

Qo Miz olF HS HAAA, 7Y 2 Aol
Folubol W ek A% WA, =W 71Ee) ALgsh
9 fen AEe e 48E S oo watera

1 A
o st Fd ul g S 45 v]Eel Aol A AA

NEe wedol g, Ad 2He] FAE A 5
_ o
w5

AR, FEE sHe] vavh Hir AeE AR
3, @A Aedrkg olgdted, T3y gz gl o] &8k
DR, FE et F Anke "t A, T 5 vk
(713 4 ool vhekE 24dE Al

chstol S s el LA S, s ol a

X
- W o
oft -
ol

W 3 Z9)

9L
K
)
P
2t
b
12
o
=

Hd 60 FAM, WY, FUY, AFRN F 2 25
Aol mek A4As QL vl TR HAe dehla

Atk 243 712 E(CR)el Mg, F1 48

oo FE 99 S AR gk S
B A 2 Aeas A VI A 5 4l A
o FH9E ¥ 5 FEIY S ARSHA sk sk, 3t
Al e 001X —14tole] e S gho Asf ok
ol Z Al 5‘.‘1-‘5“1 °X]**91 G 74]"&&1%‘- AP s A st

o] % AE 9 Alte] shsd] Wk B A rel A Abg
& grazse] AH Ve Was i AL el daa)
o) e &9 2ol, Aute] $FaH= sloje) vk wHY, Iy
ol ol fi7dell wel WA T E FAjol

s vkl e, olit
Al A8 woh A A @A) and FASES FE

fjo

A% AFA] M

A7t ALE AVIA G o g F

HMo] A53= 19 o] QoA -1AkolY A &
Atk AVA CRy,., 3= H6B)l 3] Al Y43
Mol qigk 121 25 AL E YEbdck 2 (B)eA RBiz qﬂ
#, dy,d 9 7ol = HMuke] 1y A E olgstd ¥k

A ALt , TREAR e R AR
Az AtE ek o]FA A CRy,, v AGAT ThA] ¢
At 9] 5 of zhzho) AR EH A g3t
1 AFETE ARbEICh ol9p 3ho] 7]EY) Ao} whE] Wi
Mukel Z9- "Lg]"’ﬂ U}TJ/} s 9«1%? f? = AME FEEA
T FE fl‘ﬂ‘: [ o

AL Qo

Ao LR

Tl »——-J L

,4

H}wjg

CR =CR'(1+1) 4
CR =CR,,, (1+1) (5)
CRy, = CR gy + (1= CR gy (=

| (6)
¢ A, g8 A def 93w A As
ty D3, gAY W 9 A A
CRy.,, - 4, 9549 W9 12 F8 9=
CRepr @ A 827 M A3 oAzt
CR  : TCPA, DCPA% ol &8 Ag 7z A3
d D Aukgke] A g
d 4, 959 Ao 9 AR AAE 7
CR  #Z AME 58 94
w2 odgte AlEd o)Al Az £=-01, {1=-0.1, CReup=0.7,
dy=05vieli Agste} asigich

5. AIEd0lM 1t

do
2
R
)
-0
f—

Ol

b oratl 8 o gstel, B A gl nu-z.-}

Ngelolde sHsk, 1 ehdAe Aeke 13

Iebdut ey gnalse 48d Ads) Fig 4,
o

ool A ®azoAkeh 3Ee], Aad Adiilute] oist
ol

o8 e
m &
L o1 o Y
o o N
N
y

of shylel FEad AL HuFE wolFIL A Ao
visto] 2z Adiaet 3ol dlatel, sl ol 2539
g 5] 9% R4S AYsta Y wel SRy ¥
g s e & welFar Ak wmel v)Ee] FEay o
S EE ATk, G A F F7r Aol gale] 5
W BRI FAL S, 1 AFAE fASE A9 28

19 Bapo] olitolxiz @



Own Ship

Target Ships

1 miles

/

Fig. 4 Ship trajectories in multi ship encounter of meet type
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Fig. 5 Ship trajectories in multi- ship encounter of across type
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Fig. 7 Ship trajectories in overtaking situation

1‘
TR - =)

BE M

1o 1o

o N

r>~
flo

offe i L
e

o 1y [1#

,
)
tob
3o
M o
e ot
B G
S
—l),h mlo
w4y
Qe
h
r..\.,
149
z
o

]
e

i
FA

i

R
~
=
by
[
=

o,

=

= <
-

30 Mo
ol
ok
£z
S

o

olr

ol

oo

Ho f
iy

-

ke
s
o
‘
2

\f

%4
B
eI
i+
of
%

fi

5 105
ke] .
-
2 o
=y O
£
2 0
©
<

© =05

-

Fig. 8 Time history for overtaking situation
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