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Abstract : 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 risk level in the coastal wate-ways
from the Environmental Stress. So far as human beings are concerned, there are many types of fuzziness in the evaluat on of
navigational safety level. In order to reflect these fuzziness on this evaluation, this paper introduces the fuzzy in-egral
suggested by Choquet to represent the fuzziness in the evaluation process. This paper aims to develop the method fo- this
evaluation from the viewpoint of mariner’s operational stress using the fuzzy logic 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 navigational aids.
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2.1 HX[Z2Z|(fuzzy logic)

HAZZE JEAEE HA gt vhg AAFE %
IE =223 T AAE HFASElY AgsE
YR Al Bk (Zadeh, 1976).

HA 222 [F-THEN 829 #4754
Adc HRAF2HL Mamdani® max-min
2 2 AdFAME o]8% max-min HE&
T 27het EERS 19 Al2dg P

d g At (Tt &, 2004 5 Mamndani, 1975).
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Input x is A" AND vy is B’

R! IF x is A; AND y is B, THEN z is C
OR R? IF x is Ay AND v is By, THEN z is G,
OR R" IF x is A, AND y is B, THEN z is C,
Conclusion zis C
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Fig. 1. Foggy days related risk.
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Fig. 2. Complexity in waterway related risk.
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Fig. 3. Traffic volume related risk.
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Fig. 4. Dangerous cargo volume related risk.
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Fig. 5. Frequency for marine accident.
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Table 1. Risk Level expression
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Fig. 6. Fuzzy Risk Level expression.

C 23.4 534 9232
7 g2y A HAFE FH F FAL 4% 5 D 22 510 684
gzl B3 BHEEY ¥4 (environmental  stress E 151 2415 2422
related risk level; ER)A&2 th&3 2t} F 174 224 2992
Rule 1: f CW is VL and MA is VL, Then ER is VL G 86 297 2.960
Rule 2: If CW is L and MA is VL, Then ER is VL H 134 168 1673
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Table 3. Risk level for environmental stress

a4 | S | edice | B0 | AR | wen
A 2 40 620 178 3.342
B 2 30 606 185 2.964
C 15 40 685 584 9.232
D 15 10 646 370 8.203
E 15 20 654 215 5450
F 10 590 224 3.082
G 2 10 590 297 45%
H 2 20 556 168 2455

# W7 115m, B4 15Kts

@, sl EPel oF AYHL WIS Table 49 2
o

Aoz et

sy | ERES | ARA2 Lk
A 97,543 178 8636
B 78,125 18 8.822
C 251,130 534 9232
D 118,290 370 9.195
E 143576 215 9.185
F 134,592 224 9.168
G 77,183 297 9.215
H 17,182 168 5197
AdE FAF% A AFAHE H7Feh Table 59 ol
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Table 5. Risk level for weight of dangerous cargo volumes

A 196,423 178 8414
B 5421 185 0.768
C 2,125 584 7.000
D 134,632 370 8421
E 10,439 215 1.212
F 23,428 224 2310
G 213,842 297 9.232
H 1,936 168 0.768
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Fig. 8. Flow chart of Fuzzy logic and Choquet integral.
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Table 6. Pairwise comparison matrix and weight of
evaluation factors by AHP

b5 X1 x2 X3 x4 w
X 1 13 | s 3 | 01z
x, 3 1 | 15 | o2
X 5 3 1 7 0588
X, 13 | s | 1 0.057

Amax=4.118, C1.=0.039, C.R.=0.044
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Table 7. Interaction value of evaluation factors

60“‘% X1 X9 X3 Xy
% 0 -0.38 -013 -0.33
X9 0 -0.36 -0.29
X3 0 -0.34
X4 0
= - 031

mEt AFEAEANA T TRES] AT FEFE A
2109 A3 g(x))FE g(x,) A

H71eEo] gk WA EEX g( . )= Table 87 2t}

Table 8. The value of fuzzy measure g( - )

g ) 541255 23}
g(xy) 0.143 0128
2(xy) 0.209 0.269
g(x3) 0.603 0542
2(xy) 0.063 0.061
3 A 1113 1.000
43 TRIEIIR p( - )AE

Zy s B E 409 UM RS (01402
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Table 9. Overall evaluation value A( - )

Ra h(xy) h(xy) h(x3) h(xy)
A 0.837 0.362 0.935 0911
B 0.827 0.321 0.956 0.083
C 1.000 1.000 1.000 0.758
D 0.741 0.339 0.99% 0.912
E 0.262 0.590 0.995 0.131
F 0.324 0.334 0.993 0.250
G 0.321 0.498 0.998 1.000
H 0.181 0.266 0563 0.083
44 thasidel Sg EY ZEET}
oo} Axle] oJal] HAZFEX g( )54 JV 37HA (- )

Table 10. Evaluation result of Inchon coastal area by

Choquet integral

A7 HAEEA Bpde
h(2xq)~ h(xy) | 0024 g(xg) 042
h(xy)~ 1) |0024 g(x5.%,) 0618
0773
h(xy)~ h(x5) | 055 g(x3.x4 %) 0731
h(xs) 0362 g(x3. %4 %1 %) 1000
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Table 11. Evaluation result of each coastal area
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