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A Study on the Threshold of Avoidance Sector in the New
Evaluation of Collision Risk

Tae-Gweon Jeong
Division of Ship Operation Systems Engineering, Korea Maritime University, Pusan 606-791, Republic o Korea
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> Evaluating the risk of collision quantitatively plays a key role in developing the expert system of navigatin and

collision avoidance. This study analysed thoroughly how to determine the thresholds as described in the new evaluaion of

collision risk using sech function, and developed the appropriate equation as applicable.
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<Table 1> Lelative Speed and Danger Zone

Relative
Speed | vr=0.39{0.39> vr=028|0.28> or=0.17| vr <0.17
(mile/min)
Danger
Zone 212
(mile)

1.59 1.06 0.71

<Table 2> Data of Ownship and Target
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<Table 2>¢] X9 HZ7} 000(°)e]x _,v:!,o] 0.4(vFQl /5
A ), 355.94(°) 700} "ol B @gEo] HLHE 05utY2
AEss 2492 Agur|z g o7 a7 21200

. Course(°) 000 000 000 000
Ownship - -
Speed(mile/min) 0.4 04 04 04
- Course(°®) 180 3114 000 345.7
latget - - —
Speed(mile/min) 0.1 0.257 02 0.30
Initial Bearing(®) 355.9 037.7 3533 331
Position Range(mile) 70 5.0 30 30
£ i . 2 . .
DCPA before ACFIOI’] 05 0 0.3 0.1
after Action 212 1.59 1.06 0.7
Avoidance Time 1.25458 1.26689 1.26017 1.23128
Threshold - —
Avoidance Sector 0.616969 0.916592 0.95543 1.22408
New Course of Own Ship(°®) 025 30 12 12
| :Range at Avoidance Time(mile) 487571 3.23619 210152 1.53934
Relative Speed(mile/min) v=05 v~=0.30 v~=0.20 v=0.13

where, gradient coefficients a=0.818 and 5=0.180.
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TAS of 0.61697 at Relative Speed of 0.5 (mile/min)

1.4 T T + T T
N

1.2%
\\ —— CR by Own Ship's Course J

-- Threshold of Avoidance Sector

3
[
€ i
k] i
2 e e
8 /
{
i
/
//
/
/
- e
i ({ . .
100 150 200 250 300 350 400
Own Ship's Course(®)
<Fig. 1> TAS ar Relative Speed 0.5 (mile/min)
TAS of 0.86212 at Relative Speed of 0.3 {mile/min)
1.4 T T T T T T T
1.2 "\\ —— CR by Own Ship's Course ;/
\ —— Threshold of Avoidance Sector !’
i
i /
\ i
B V) H
@ i {
& O.SF \ |
F ‘ ]
206l |\ i
3] \ J
\\ f
04 /
T [
1 /
i J
0.2} 7
-
ol 2 N ) .
0 50 100 150 200 250 300 350 400

Own Ship's Course(°)

<Fig. 2> TAS ar Relative Speed 0.3 (mile/min)

Aok <Fig. 2>oA #H23FHe

27} B A F5Y
o FAZQ) 030°% X A8k Stk
TAS of 0.95543 at Relative Speed of 0.2 (mile/min)
1.4 T T T T T -
II/‘\
1.2 \ —— CR by Own Ship's Course H
\\ ...... Threshold of Avoidance Sector I/
| /
L 8 -
...................................... ]
s
x \ /'l
\
8 08¢ |y
« \ /
c i !
:g \\\ /
S 06| % v
o N
0.4}
0.2+
0 50 100 150 200 250 300 350 400
Own Ship's Course(®)
<Fig. 3> TAS ar Relative Speed 0.2 (mile/min)
TAS of 1.2241 at Relative Speed of 0.13 {mile/min)
14 T T T T T T T
\. e !
N —— CR by Own Ship's Course ;
O T R Threshold of Awidance Sector ,
|
!
08} |
o« /
5 {
,f
Z 06
[¢]
0.4} (
0.2}
0 p2 PO Vo S o  — e { n
0 50 100 150 200 250 300 350 400

Own Ship's Course(°)

<Fig. 4> TAS ar Relative Speed 0.13 (rnile/min)

e d2A 353.3(°) 307+ R 033.1(°) 3.0°tY E 7

7he) BB H2AR 0301, 01912 22} W 7

7(°) 500t "oizl ZRZo] HTHAY 02vYz

A7l sidstE A

Z‘-—]% Clney

SR |

$E A9EV|2 gk qr)A fETY 150k
= 3236714 9)
S 126700tk HEE EE gk 09179]
swe} Aae 030°7} At} <Fig. 2>& 4
= Adte] st 3 #g

ol g 2Asl A wdel We FEIUEE HAS
o ek o] Y 091780 AL FEAYES HFse 3

-5

8 4u71Z Btk oS BEZo| 247 YT 106719,
woz Mg XN st Al

0.79+ Pt Age
210201, 15407Hdeln 3 wo) FEAREE 74 1.260,

1.2310jc}. B9 BE g Z2z) 0955, 1.2240]7 o 7]9] s

Fate Ao A2E TR 012°0|t)h <Fig. 3> <Fig. 4%
dalgEo] 242 020001/, 0.13(ehd/ )9 Adbe] {23
u), Z}7+e] Adute] digte] & A7 FEAI EM M2
WA w2 2EYIEE FAsta Qlok o] FEgke] 0955,
1224%ck Z+zb 22 ZESP R gste ARs B &
Ag PETHo| Elc} <Fig 3> 2 <Fig. 4> #HAge o
ik

A

Q—



32 g dulof] AL

tpel Aute] Hate FSol® @ Heol Auts Fdail
g 5 Aok

<Fig. 5>+ o8] Mdulo] Hsle FLE
o= FEHFP 7 pF E A
&g ot azxEng e FE
dol HE AHE FTY0L €

HASZ gtk o]
ug gabez WgTe BY
Y=l et Pzt
o},

T T T

—— No.1027° 9.2 miles

16+ ’ N - - No.2 167°, 6.5 miles
’ * —— No.3 276°, 9.8 miles

—— No.4 002°, 12.0 miles

.
0.8

Collision Risk

04} \

Safe Sector T Yy
v ke N . ) '
oz} ’ N
\ ) /.
ol ol s . ' .
) 50 100 150 200 250 300 350 400

Ownship’s Course(°)

<Fig. 5> Mary Targets & Threshold of Avoidance Time

4. 48

o] AFNME sech §FE ol &3 2 &S
v 587 2Eigks AAsly] Ag iy
RE Hotshe s Bx 2 o8 e ZEE HEL4E E
7 ey e 2E2S Ak

@ 7ol BEGe NG BEG ARl AT 9
BFAL ol AW FENY=2A 32 5 Aok

@ o TEguG Fe FEAYRCl AHE A2t B4
o HF GEFol Ak,

@ thael duto] et ASE @33 B 48
¥ 4 qloh

Al FEAIEA/TNA et EAH
ol e FAERAME AEASF p, g
9 ©(0, )& H &3t Holth
shte] BA2AME HIAZ £ F$9 st ok
T AMdMe A Aot ol At o]Eof st FF
A72 v Eoh

i~n e
BN
ox
_Ql_g
A
.g:
rhe
2
ox
)

L i,
N

sl

re

AZE

(1] HeNB(2003):Sech FFE o83 M2 FEAEE H7t
Y, skl ahutelsix) 21273, A123, pp.103~110

(2] efH 200304 FEHE =R 717 Al AR &3
AT shsraka) abetstE] 2, 4274, A3E, pps5l~358

[3] 4R EQITHMREIIE DPIT & BATETS, MR >~
Ry L, HAMINEE S, pp.80.

[4] 7Rteh5(1980) MM 35 1 & Wl IR I B3 B FI9E, it
i, 635, p.130.

[B]  SEEQ081): i TEE
W, fidkodss, p.180.

M EFRE L e lRaEgEic -

{61 4 - Anh(984): BRI OBEIZ DT, BiERH70+,
p.203.
[7] SrrtEI6(1984) R & B¢ TIp8LEE, BODERE,  pp80~

&9.

[8] A G Bole, K D Jones (1982), “Automatic Radar Plotting
Aids Manual”, Heinemann, p.120.

[9]1 AG. Bole, W.O. Dineley (1992), “Radar and ARPA
Manual”, Butterworth-Heinemann, pp. 303~304.

[10] H. Imazu (1978), “Collision Avoidance and Risk in Radar
Navigation”, Instituto Universitario Navale di Napoli

[11] H Imazu & AM. Sugisaki (1979), “A Theoretical
Analysis of Collision Risk for Vessel”, ISSOA-79, p.189.
[12] RF. Riggs & J.P. O'Sullivan (1979), “An Analysis of the
Point of Possible Collision”, IAIN-1979, p.256.

[13] T. Degre & X. Lefevre (1981), “The Manoeuvring Room
Concept”, 4th International Symposium on VTR, p.169.

(141 T. G. Jeong(2003), "A Study on the Threshold of
Avoidance Time in the New Evaluation of Collision Risk”,
the Journal of Korean Institute of Naviagaion and Port
Research, Vol.27, No.6, pp.619~624.

{15] T. G. Jeong(2004), “A Study on a New Evaluation of
Collision Risk and the Problems Involved”, Asia Navigation
Conference 2004, Korean Institute of Navigation and Port
Research

[16] W. Burger, M.Sc. (1998), “Radar Observer’s Handbook
for Merchant Navy Officers”, Brown, Son & Ferguson, Ltd,
pp.202 ~204.



