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Selection of Appropriate Location for Civil Defense Shelters Using Genetic
Algorithm and Network Analysis
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Abstract

Various studies have been conducted to analyze the location appropriateness and capacity of shelters. However,
research on how to select new shelters is relatively insufficient. Since the shelter is designated in case of
emergency, it is also necessary to efficiently select the location of the shelter. Therefore, this study presented a
method for selecting the location of the shelter using network analysis that has been used to analyze the location
appropriateness of shelters and genetic algorithm which is a representative heuristic algorithm. First, the network
analysis using the existing civil defense evacuation facility data was performed and the result showed that the
vulnerability of evacuation has a high deviation by region in the study area. In order to minimize the evacuation
vulnerable area, the genetic algorithm was designed then the location of new shelters was determined. The initial
solution consisting of candidate locations of new shelters was randomly generated and the optimal solution was
found through the process of selection, crossover, and mutation. As a result of the experiment, the area with a
high percentage of the evacuation vulnerable areas was prioritized and the effectiveness of the proposed method
could be confirmed. The results of this study is expected to contribute to the positioning of new shelters and the
establishment of an efficient evacuation plan in the future.
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Table 1. Service area and the capacity of shelters by districts

. . . Service area of shelters (km?)
Eup/myeon/don Target area %Zﬁz‘lltl:r?(ﬁlgzlc.l?f, Ci:)pitlcll;tyi;‘(r)lr 4km/h 3.4km/h
p/my g (km?) popula

peoples) (rati0) I 5 min | 10min| 20min| 30min | Smin | 10min| 20min| 30min
Munsan-eup 3237 176205 399 261 | 710 | 1797 | 2468 | 209 | 561 | 1493 | 22.14
Paju-eup 1993 19368 1.55 122 | 322 | 875 | 1342 | 097 | 258 | 706 | 11.26
Beobwon-eup 23.38 5827 0.52 023 | 073 | 246 | 457 | 0.18 | 055 | 193 | 3.57
Jori-eup 16.67 242657 8.50 137 | 344 | 797 | 11.69 | 110 | 278 | 679 | 10.11
Jindong-myeon 18.91 161 0.92 0.15 | 039 | 140 | 326 | 0.3 | 031 | 1.02 | 2.28
Jangdahn-myeon 22.27 0 - 000 | 000 | 010 | 063 | 000 | 000 | 005 | 029
Jinseo-myeon 473 0 - 0.00 | 000 | 0.19 | 077 | 0.00 | 0.00 | 0.06 | 048
Wollong-myeon 17.62 20190 1.47 0.69 | 1.69 | 446 | 8.61 | 0.56 | 134 | 339 | 657
Tanhyeon-myeon 37.30 8234 0.60 070 | 234 | 762 | 1303 | 055 | 176 | 6.00 | 10.56
Gwangtan-myeon 2774 12239 1.04 0.54 | 129 | 379 | 700 | 043 | 1.02 | 292 | 549
Papyeong-myeon 1795 1827 049 145 | 406 | 931 | 1296 | 113 | 316 | 799 | 11.53
Jeokseong-myeon 35.54 3893 0.55 036 | 130 | 377 | 734 | 027 | 096 | 3.00 | 533
Gunnae-myeon 23.75 410 1.03 0.52 | 1.54 | 460 | 7.19 | 040 | 121 | 362 | 6.00
Geumchonl-dong 322 83676 3.86 097 | 199 | 301 | 322 | 078 | 177 | 272 | 322
Geumchon2-dong 2.53 104828 3.05 1.16 | 181 | 247 | 253 | 105 | 164 | 227 | 2.53
Geumchon3-dong 10.34 52598 190 132 | 261 | 528 | 701 | L1l | 224 | 464 | 620
Gyoha-dong 2698 342954 873 219 | 470 | 1075 | 1782 | 1.85 | 393 | 872 | 14.67
Unjeongl-dong 9.08 512319 12.68 1.83 | 3.61 | 6.52 | 852 | 1.57 | 318 | 590 | 767
Unjeong2-dong 283 412479 1173 1.81 | 253 | 2.83 | 2.83 | 159 | 239 | 2.83 | 2.83
Unjeong3-dong 5.57 465152 9.04 2.30 | 3.89 | 5.30 | 5.54 | 2.01 | 349 | 5.00 | 552
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Table 2. Service area of shelters depending on the number of newly selected shelters

Service area of shelters (km?)

Eup/myeon/dong 4km/h, 30min 3.4km/h, 30min
n=5 | n=10 | n=15 | n=20 | n=25 | n=30 | n=5 | n=10 | n=15 | n=20 | n=25 n=30
Munsan-eup 2468 | 26.18 | 25.04 | 2565 | 2595 | 24.68 | 23.63 | 2352 | 2214 | 22.14 | 2276 2277
Paju-eup 1372 | 13.93 | 13.77 | 13.42 | 1471 | 16.39 | 1146 | 1128 | 1194 | 1146 | 11.36 13.85
Beobwon-eup 457 | S18 | 819 | 915 | 460 | 563 | 383 | 710 | 446 | 450 | 357 6.07
Jori-eup 11.80 | 1178 | 11.69 | 1230 | 1276 | 13.76 | 10.11 | 1017 | 10.15 | 1038 | 12.39 10.48
Jindong-myeon 326 | 326 | 326 | 326 | 326 | 3.26 | 228 | 228 | 228 | 228 | 228 2.28
Jangdahn-myeon 063 | 063 | 063 | 063 | 063 | 0.63 | 029 | 029 | 029 | 029 | 029 0.29
Jinseo-myeon 077 | 077 | 077 | 077 | 077 | 0.77 | 048 | 048 | 048 | 0.56 | 048 0.48
Wollong-myeon 1276 | 864 | 869 | 861 | 861 | 944 | 657 | 951 | 657 | 1035 | 799 7.79
Tanhyeon-myeon 18.00 | 21.89 | 1892 | 22.53 | 21.82 | 21.77 | 1497 | 1451 | 1537 | 1802 | 1941 17.04
Gwangtan-myeon 746 | 709 | 1292 | 1016 | 945 |12.22| 549 | 550 | 564 | 591 | 817 10.48
Papyeong-myeon 1296 | 1296 | 1361 | 1313 | 13.80 | 12.96 | 11.53 | 11.53 | 11.53 | 11.88 | 11.80 11.78
Jeokseong-myeon 765 | 734 | 734 | 799 | 1253 | 734 | 955 | 533 | 553 | 541 | 708 5.87
Gunnae-myeon 719 | 719 | 719 | 719 | 719 | 719 | 600 | 600 | 600 | 637 | 6.00 6.00
Geumchonl-dong 253 | 253 | 253 | 253 | 253 | 253 | 2.53 | 2.53 | 253 | 253 | 253 2.53
Geumchon2-dong 322 | 322 | 322 | 322 | 322 | 322 | 322 | 322 | 322 | 322 | 322 3.22
Geumchon3-dong 719 | 703 | 701 | 836 | 723 | 7.03 | 620 | 621 | 629 | 675 | 620 6.47
Gyoha-dong 1981 | 21.64 | 1841 | 21.50 | 2006 | 18.78 | 15.40 | 15.21 | 22.88 | 21.23 | 1794 1977
Unjeongl-dong 852 | 852 | 852 | 852 | 897 | 907 | 820 | 850 | 896 | 885 | 832 8.94
Unjeong2-dong 2.83 1283 | 283 | 283 | 283 | 2.83 | 2.83 | 283 | 283 | 2.83 | 2.83 2.83
Unjeong3-dong 554 | 554 | 554 | 554 | 557 | 5.57 | 552 | 553 | 556 | 553 | 555 5.52

n: number of newly selected shelters
5. 22 RO SRR 4 hal 1) 12 Al 8-

B ATOIA L B TS o 2 HEYS B4
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