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Abstract

Marine Casualties cause the loss of human lives, properties and marine pollution. The prevention of marine
accidents has been a major topic in marine society and various policies and countermeasures have been
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
in concern.

So far as human beings are concemed, 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 measure
and integral to represent the fuzziness in the evaluation process.

Therefore this paper aims to develop the method for this evaluation using the fuzzy measure and integral.

In this paper, Korean coastal area is divided into 8 sectors and evaluated the priority for the needs of coastal
VTS and navigational aids. The results are found as order as Mokpo, Yosu, Pohang, Busan, Inchon, Geoje,
Gunsan, Donghae coastal area.

« A3, SxsFdn fgTFAdEgy

—381—



2 WEMEEEIE F254H H4M 2001

.M &

25 TS S50 98 HARTF

Zz Aute] A3 Y w43 503 A3l 3
ofalwe] ofle] Bkt oy} A& Helx QUrk

$-2] vele Aoz 3xe] vt A 9l
T dE, FF 5 FHAIFE =4 glo] 9]
vet e didd] 8% HAREEE ¥
Astz 9lew, oA, Ak, dA4, o4 59
Egto g qlste] wjg EAMgE AAolch w3t g2
vt derside AT 3, AdYA, 9
PE2ukd, 3NN 5o Yo e o
a9l Aub-3 7o) wslste] iy skt
o] wAFLsA el E& o

ol2| gk dta el sleiA Mutgatakel Fots}
g7l opAlojArel A Fol e F=HF 4,
Aqtglzel] g B HF Fo2 Ustd sk
Alz7} widbEla gt

19914 %8 200037k =d 10047 $-2] et
A BAE seFAae AT 673%0] WAsta
glt}l. o]edt HFAlmE <lste] wid oF 25339
Qe &Alat Adut 9 3129 &4, sF2dgA v
2 202 Q% AHAQ gt A7t 2,0004
Aol ol2¢ Aoz AT

oAl A% =gt AH - EH E&HE F
olz MYAL BRIy HF HFAHA ¥
9% "Far} gl

w2ba Aot sl Qe dddgel
e A5 okdAdL Esp] 43 Wdes
gz AAde] 3 ot VTS(Vessel Traffic
Service)d] Az & F3lo ANAEFE HFH
o2 P gast vk 2y FYPRzAAH
3, dgt VTS A Fele HAd v go] &
5B g Az oAl Aol Hg hdA A
7HE 3o A £918 AAE 28t ok

T, oA leld B3 FriRde A
23z Fyz FAgosy AEAELE B
go)5lA| kAl ste BH o de AH4EHI 9l
£ e AZFEAYel sk ey AFE
Ae 7k Yrigtge] FREE shdAdel A¥st

E ¥E3E2 FAsta derEyd gseq F
S=8 Egste wbiS A qle] 7PdAel A
HapA g S HUME dele 2 H 8ol A
7t sich

ol2lgt A% HAZEE o] 4% HrAQ ¥
hubd o 24 Hriaavl 5] 249 F44
d 847 ExEHS Qo AT 5 9l HAH
Bo] FEF Ao deA Qlct2)

Ha A Eol 27 Yoy sPHAE Al &
£ WY FR5E pHAS HE3HA] g
FRH 2 HAFse HAZEEZ 3, HA
Ao 23l F3F Yridgic} a2z HARHEL
7P A$E BW 24 2§sia sl
2o AZEAYS st ok ¥ 5 Qo

uefs] £ QoM 2 e A Aty
& 879 sz TR 3 AgAdPdH 2
o et Adds, 2o B34, A2 ES WY
Atz gAS, AYE AFF 5 THAE H3HE
oz Al HAAZE Y HAHEE o] 43}
o dotsiede] &8 hdA-E Hrlsted 1 5A
o} qlch

Agtade] tAAE Hrbslr] st £ A
e FE22E FPE FREE HAZER
WA 7|3, dofujae] o Hriasto] A
A F8% 9 Hriize] A3ALATE 24}
g ohg o) & Vx2 229 HASERS) AR E
£ 7189 3rp1Ed o8 A HorsAE A
2] Y72 & HAH Esle] FHHIAE FEHLA}
g} ofgfdlA e HASE] HRHFo] d3tod
742k Amno|z g}

2.1 45k

¥ 2| &% (fuzzy measure)= vt dAHS F3
Hog ARy o] Hxzoln AARY X9 U9
o) ruAg A BE 7 [0, 119 A HE
A7l AREs g7t o 20S w53 gE

—382—



4 GEMESEELE B258 F48,, 2001

Jq7)4 713 ] & HAHE 71Ze)d, - & HAA
g o] 2ol AL4-5 = Max Min Q47 Zolch 1
2] 1 sup?} infx A¥HSupremum)® 3}EHInfimum)
£ =3k AFg X9 o g4 uch £ A S
H 4o AL, s X9 o= g4 uc) 3G
2 7Hed A AL g

Al(25)8) HAAHE Holzre gl AAE
d=ot.

S ) - &)= sup qeto, L AL ANFD] ... (26)
@ F,={x|h(x) 2 o

Ae AEdgozA A=Xd dell& At F,
dAE a7t 255 Aol FHopAln, =¥, HA
3% gv 92AE 27 Wi gAN FHY &
EX= o7t 2545 o

=3, AANEL g3 e 40 e

05 Ba)og(-) €1 i, @70
i<z R [m)-e() < [hx) - g() 28
ACB o8 [n(x) () < [n(x) () (29

Alene AAAHE 3 WAE edH, A
28y Fo¥7} & Afde 5 =z 9
A e =217 AAE HAHEA] &AL
Rolod 229 A e Iy #EATY
o] HrlAg =FPIe AL ez Qo HA
Age 7124l AAL A& A uhdd
gz gk AR X7F KA A S, Tk
E o273 7ol klx) = hx) = hxg) - - - 2 k(xy)
z7] o vydsd "Hx4 1L ofl A(210)%
o] THHr}

fA B(x) > g(-) =V iz p sl EINLFI] oo (2.10)
2, Fi={ xy, xp, X3, """ . X}

o}ate] WA A £-7A-g Fig. 2-1¢] Ro}7 Ut}

| I
X Xz X X = X

Fig. 2-1. Process of fuzzy integral
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Fig. 3-1. Candidated areas of evaluation
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(Table 3-1) Frequency of foggy days in 8 sectors

(1980~1999)

2 'y R (B F)

# o | AP G) | A EAZHDb) | [alx[b]
A 51.0 303.2 154532
B 46.0 2146 9871.6
C 27.0 111.9 3021.3
D 24.0 1165 2796.0
E 126 4438 5645
F 19.8 783 15504
G 87 32.3 281.0
H 15.0 727 1090.5
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(Table 3-3) Traffic volume in 8 sectors

(Table 3-4) Statistics of marine casualties
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Fig. 3-2. Dynamic traffic volume in 8 sectors
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(Table 4-1) Pairwise comparison matrix and
weight of evaluation factors by
AHP
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FE | x| x| x| Xy X5 w

X 1 174 | 1/4 | 1/5 | 1/3 | 0055

X, | 4 1 1 | 13] 1 |0173
xy; | 4 1 1 | 13| 2 |o0203
x4 | 5 | 3| 3 1 2 | 0413

X5 3 1 172 | 1/2 1 |0.15

Amax=5.149, C1.=0.037, C.R.=0.03
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(Table 4-2) Interaction value of evaluation factors

I X X2 X3 X4 Xs
X1 0 -041 { -040 | -043 | -0.33
X2 0 -0.36 | -0.37 | -0.29
X3 0 -0.36 | -0.34
X4 0 -0.21
Xs 0
A=-0.35
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(Table 4-3) The value of {uzzy measure g{( - )

() A& 5 ®F3)
a(xy) 0.066 0.057
alxz) 0.205 0.176
a(xs) 0.239 0.206
alxs) 0.466 0.401
a(xs) 0.186 0.160
g A 1.162 1.000

(Table 4-4) Overall evaluation value h{ - )

8| h(x) | Al | h(xs) hixd | hlxs)
A | 1.000 | 0917 | 0383 | 0309 | 0.885
B {0639 | 0841 | 0306 | 0321 | 0.023
C | 019 | 0972 | 1.000 [ 1.000 | 0.008
D | 0181 | 0864 | 0434 | 0641 0.630
E | 0037 | 0875 | 008 | 0371 | 0048
F | 0101 | 1.000 { 0113 | 0440 | 0.103
G | 0018 | 0843 | 0298 | 0519 | 1.000
H | 0071 [ 0657 | 0072 | 0287 | 0.007
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(Table 4-5) Evaluation result of each coastal
area by fuzzy integral

EREE Wb A

g | 1 2 5 3 4
A 19257121 1.000 | 0917 | 0885 | 0.383 | 0.309 | 0.393
A 2zA| 0057 | 0233 | 0393 | 0599 | 1.000

H8E | 2 1 4 3 5
B |#A%7}kx| 0841 | 0639 [ 0.321 | 0306 | 0.023 | 0.321
HAZ%2] 0176 | 0233 | 0.634 | 0840 | 1.000

HJE | 3 4 2 1 5
C #2137k 1000 | 1.000 | 0972 | 0.19 { 0.008 | 0.783
A2 Z22H)| 0206 | 0607 | 0783 | 0.840 | 1.000

HPr18E | 2 4 5 3 1
D |H2H7 2| 0864 | 0641 | 0630 | 0434 | 0.181 | 0630
#HAZ2%H| 0176 | 0577 | 0.737 | 0943 | 1.000

185 | 2 3 4 5 1
E |HA%7}4]| 0875 ) 0562 | 0.371 | 0.085 | 0.037 | 0.382
HA2x5)| 0176 | 0382 | 0.783 | 0943 | 1.000

Hq7HE | 2 3 4 5 1
F |HA7kx| 1.000 | 0527 | 0.440 | 0.103 | 0.101 | 0.440
HA2EA| 0176 | 0382 | 0.783 | 0.943 | 1.000

AL | 5 2 4 3 1
G 1A k| 1.000 | 0843 | 0519 | 0208 | 0.018 | 0519
HA22H| 0.160 | 0336 | 0.737 | 0943 | 1.000

s 1 2 4 3 1 5
H (X974 | 0657 | 0287 | 0.072 | 0.071 | 0.007 | 0.287

HAEEA| 0176 | 0577 | 0.783 | 0.840 | 1.000
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