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Abstract : The prevention of marine accidents has been a major topic in marine society and various policies and countermeasures have
peen developed, applied to the industries. The coastal VTS and navigational aids are considered as one of the effective methods to promote
marine safety but they need relatively huge amount of budgets to build Thus prior to establishing these coastal VTS and navigational
aids, it should be evaluated the navigational safety level in the coastal waterways from the Environmental Stress. So far as human beings
are concerned, there are many types of fuzziness in the evaluation of navigational safety level. In order to reflect these fuzziness on this
evaluation, this paper introduces the fuzzy integral suggested by Choquet to represent the fuzziness in the evaluation process. This paper
aims to develop the method for this evaluation from the viewpoint of mariner’s operational stress using the fuzzy measure and Choquet
integral. In this paper, Korean coastal area is divided into 8 sectors and evaluated the priority for the needs of coastal VTS and
nauigational aids.
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Table 1 Navigational Aids in 8 sectors
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s | B AR | s
A 387 12475 3.22
B 284 14135 498
C 257 34175 13.30
D 342 2483.2 7.26
E 261 2042.7 7.83
F 160 126.2 0.79
G 206 3324 161
H 93 2165 2.33
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Table 2 Frequency of foggy days in 8 sectors
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Table 3 Environmental Stress in 8 sectors
e | 9e3e) | g2y wgEcE) | ESH
I 2 40 620
B 2 30 606
C 1.5 40 635
: D 15 10 646
{‘ E 1.5 20 654
F 2 10 550
G 2 10 590
H 2 20 596
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Table 4 Traffic volume in & sectors
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E 0436 | 36734 | 65743 | 29766 | 141,680 E 9,862
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H 1661 | 8094 | 3594 | 4744 | 18093
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Fig. 3 Dynamic traffic volume in 8 sectors
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Table 7 Pairwise comparison matrix and weight of

evaluation factors by AHP

PR x| Xy X3 Xy Xs Xg w
X 1 3 1/2 1/3 1/4 2 0.10
X 1/3 1 1/4 1/5 1/6 1/2 0.04
s 4 | 1 12l 13] 3| o6
x4 5 1| 12| 4 | o
s 6 2| 1 | 5 | o3
Xg 172 2 1/3 1/4 1/5 1 0.07

Amax=6.127, C.1.=0.025, C.R.=0.02
* FZEAANDF(x)), B INTFALF(xy), 29

i)
]
I AETH xy), ANFAT FRATT(x5), AEE HFZ(xp)

Table 8 Interaction value of evaluation factors

B X X3 X3 x4 X5 Xg
Xy 0 -045 | -038 | -0.13 -0.43 -0.33
Xy 0 -041 | -040 | -041 -0.36
X3 0 -0.36 -0.37 -0.29
x 0 | 03 | 034
X5 0 -0.21
Xg 0
= - 036
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Table 9 The value of fuzzy measure g( - )

a(-) HA S EA EF3
&(xy) 0.12 0.10
&(xy) 0.05 0.04
2(x3) 0.19 0.16
g(xy) 0.30 0.26
g(xs) 0.42 0.36
&(xg) 0.09 0.08
4 117 1.00
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Table 10 Necessity of evaluation factors( v;)
g5 I Vi
X 0.34 0.70
X 041 0.61
X3 0.36 0.71
X4 0.32 0.78
s 0.36 0.79
g 031 0.72
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Table 11 Overall evaluation value #( - )
GINc x) | Ry | Wxs) | B(x) | Bxs) | ACg)
A 0.24 1.00 0.91 0.38 0.31 0.89
B 0.37 0.92 0.89 0.31 0.32 0.02
C 1.00 0.53 1.00 1.00 1.00 0.01
D 0.55 0.50 0.94 0.43 0.64 0.63
E 0.59 0.29 0.95 0.56 0.38 0.05
j F 0.06 0.36 0.86 0.53 0.39 0.10
| G 0.12 0.18 0.86 0.30 0.52 1.00
! H 0.18 0.29 0.87 0.07 0.29 0.01
S UALL B AFe] FHriE AR AAST M B2
-EEFH SO E 1L.02R 3y D}% s Se] njsl wlwA

AD)7} 0.642 i}

L_lﬁ:
T
N
=
o
[\.')
O
fil
N
_|>i
5
N
o
N
~
I
L 32
_u

ol el Azt ol

AAZEA 95 HARAA U S T T Choquet ™ i
& ol gatel FHW/IE A
QAT B HdA HAAFE Table 125} o]

Table 12 The evaluation result of Inchon coastal area by

Choquet integral

A7 HAZEA] A
h(xy)-h(xg) | 00O g(x,) 0
(xg)-h(xg) | O g(xy x3) 00
Wxg)—h(xy) | 051 g(xy x4 xg) 028 09
h(x)-h(xs) | 007 gy %3 %6 %) 054 ’
h(x5)-h(x) | 007 g(xy x5 Xg %4 X5) 090

h(xy) 024 | glxy x5 x5 %, x5%) | 100

<

23} olxA HrlH

=] o

4 Table 133 #o]

Table 13 The evaluation result of Gunsan coastal area by
Choquet integral

HAE7EA] HAFEA Bhe
h(xg)-h(x3) | 03 g(xy) 0
h(x3)-h(x)) | 0R2 a(xg x3) 020
Wx)-h(xs) | 0B g(xy x5 %)) 030 ol
h(x5)-h(xy) | 001 g(xq 24 2, x35) 066 '
W(x)-h(xg) | 029 g(xy X3 %) X5 %4) 0P

h(xg) 0 | g(xyxy 2y x52, %) | 100

EXadEGe] 3 hAAd HIbH 4= Table 1494 2]
0.8901t}.

Table 14 The evaluation result of Mokpo coastal area by
Choquet integral

A7 HAASZEA] s
h(xs)~h(x,) | 000 &(xy) 016
Mx)-h(x5) | 000 glxy xy) 042
h(xs)-h(x;) | 000 &(x3 x4 x5) 078 0
h(x)-h(xy) | 047 glog xy x5 %)) 08 '
h(xs)- hxg) | 02 (x4 2, %5, %1 %3) | O

h(xg) 001 | g(x3x4%52; x5 %¢) | 10D
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Table 15 The evaluation result of Yosu
Choquet integral

coastal area by

HAH7 A HAEEA] W
R(x3)-k(x5) | 030 g(x3) 016
h(x5)* h(x(;) 001 g(x3‘x5) 052
h(xs)’h(xl) 0 g(xg‘xs,xs) 060
062
h(xl)ih(xz) 0B g(x:;’xS,xG‘xl) 070
h(xz)ih(x‘i) 007 g(x3'x5,x6‘x1'x2) 074
h(xy) 043 | glxg x5 x5 %, x3.%0) | 100

AR o] T FHA

06201}

Table 163 7

BrHRSE

Table 16 The evaluation result of Geoje coastal area by
Choquet integral

HRB7EA] HAZER] Brhs
w(x3)-h(x) | 0% g(xg) 016
h(x)-A(xy) | 008 g(x3 %)) 0%

R(x )~k xs) | OI8 glxs.x) x4) 052
h(xs)-hxy) | 009 glxg 2, x4 %5) 08 o
)~ k(xg) | 024 | glxgx) x4 5%, | 0P

(xg) 005 | glxs xy %4 %5 %9 %) | LD
A e B8 <A BrHaE Table 173 2ol

Table 17 The evaluation result of Busan coastal area by

Choquet integral

HAF7A HRELA] B
M(xy)-h(xy) | 033 g(xy) 016
mx)-h(xg) | 014 g(x3.xy) 042
(x5)-h(xy) | 008 g(x3 x4 x5) 07 ous
M xp)-xg) | 06 g(xq x4 %5 %) 0
Mxg)-h(x) | 004 g(xq x4 X5 %9 Xg) 090

h(xy) 006 | glxgxyxsx,x6x) | 100
g T3 AdHA o= Table 187 2o

Aol B SHA Bl

Hgl g AT

Table 18 The evaluation result of Pohang coastal area by

Choquet integral

HAPE7HA] HRZEX] DEPIEIES
h{xg)-h(xy) | 014 g(xg) 0
W(xg)-h(xs) | 034 &g x3) 024
Wxs)=h(xg) | 02 2(xg x4 %5) 060 050
Mx)-h(xy) | 012 | glagxsxsx) | 08
Mxp)-i(x1) | 008 g(xg x5 %5 %4 Xo) 090

h(xy) 012 | glwg ;25 x4 %% | 100

SHzsisige % ¢HAY H7Hse e Table 199 2o

Table 19 The evaluation result of Donghae coastal area by
Choquet integral

HAE7HA] HAZER] e
I(x3)- h(xy) | 058 a(xy) 016
h(x9)— h(xs) | 000 (x5 x9) 0
h(x5)- h(x)) | 011 g(x3 x5 x5) 056 -
A(x)-h(xy) | Q11 g(x3 %y x5 1) 065
(x)-h(xg) | 006 |  glxsxg x5 2,2, | 0R

h(xg) 001 | g(ors xg 25 21 %4 26) | 100

moog Mo K
A
o

ol
bt

2 8o
=
Y
>
BN
r>~
2
10,
N
&
]
o
2,
8
ol
ir
X
rir
)

- 402 -



27 el o Pl

BolAER

32

£
T o
%
off e
0.?!.3{_2
e 2
R
o &
= A o
ML
rl
501:(',
2

9

H
_Ll)t:’ﬂ
B

it
ol
o
K
it/
=

oft
o
a2
2
ox
kJ
ol
o
ity
J4
o
o
fu
s 3
“
oy
£

1]

=N

- o] E(1993), H4EAAA L AW AF1xY &

Ao F7F dudE, =R, A7E, 1%
3] KPGE— - 43 - W OEREA997), 77 Y4 AHPIC B
FARBE G EEEOREYOFM, AE7 7Y

1 BEEg, VOLY, NO.I.

A1 FERRE - EER - KNEA997), NEIT REE IR Y

[EaHTiE, AAT7 7 2 Bt VOLS, NO.L

2] o)A

TR

5] E&£FHIT(1993), MBARIHRLORME, R ANEEE
it Y5,

[6] FRokis - REBRAN?), AMZEM-€ 7 LIz BT 5
EROBEUCHMT 2 -TE RA7 721 83 VOLY,
NO. 6.

(7] b= - ), R m(1998),1 sl Z RifE ok
W74 B4 CREICHT 2% 1 -IREAWMOESE
123D FR A o INEEVE R (- H AR G i 97 i e i
T,

[8) BAEFARE, HAN E)(1979), Fuzzy WEIHOMRE, (HEIE
BrHlEB e R 15,

[9] Lipnickas, A(2001).
dependent aggregation

with data
7" International

Classifiers fusion

schemes,
Conference on Information Networks,
Technologies ICINASTe.

[10] Satty, T.L. and Kearns, K.P.(1985), Analytical Planning,
Pergamon press.

[11] Satty. T.L.(1980), A Scaling Method for Priorities in

of Mathematical

Systems and

Structure, Journal
psvchology Vol.15, No.3.

[12] Verikas, A. - Lipnickas, A. + Malmqvist, K. - Bacauskiene,

Hierarchical

M. - Gelzinis, A(1999), Soft combination of neural
classifiers; A comparative study, Pattern Recognition
Letters 20.

- 403 -



