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Capacity Analysis of Civil Defense Shelter and Optimal Positioning
Using Spatial-Database and Genetic Algorithm

ABSTRACT

Currently, the establishment and management of civil defense shelters are under the initiative of the government and local governments
to protect the lives of citizens. In the future, there is a need for efficient civil defense shelters operation through the expansion of general
shelters, including designated dedicated shelters. Therefore, it is more efficient to consider the distribution of residents and the location
of access to shelters, not the quantitative operation considering only the number of residents. This study uses genetic algorithms and
Huff gravity model based on census output data, building data, and road network information to understand the distribution of
inhabitants more precisely than existing administrative district data. In addition, the spatial- database was used for efficient data
management and fast processing, and if this study is improved, it can be used as a basis for the selection and improvement of general
shelters positioning for a wider area.
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Fig. 1. Flowchart of Genetic Algorithm
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Table 1. Creating Function to get Nearest Node Id
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PostgreSQL Y] 3H(71€} SQLOIIA Q] A7 Z2A|#]9} FU)=
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Wil Be AsATe] $4) 2
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2 Qloje] ) Fafrg AR Tk, o Feke ol S
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4.2 pgRouting= 0|83t 7{2| ARt - 71

Table 2= JAGRAT FA4K] 7P teso) wir)alio]
7k =E7t AelE dikstra daEjEo 2 ARkl s 73
&k o]t} Dijkstra=‘per_dijkstra’gh= o8] 3 el
& A8 4 9L, 9 AekEE Comen et al2001)e] Akt
e yulo 2 FHEon, e D9} H 8-S nyhHR
olgul=r}. B JForE H|8-S =7t AR AAgslgon],

SQL function

Explanation

CREATE OR REPLACE FUNCTION GETNODEID
(cent_geom geometry, nbuff INTEGER)
RETURNS setof varchar
AS
$SBODYS$
BEGIN
retun QUERY

ktdb_node tm60

by ST Distance limit 1) nearestID;
END;
SBODYS
LANGUAGE 'plpgsql';

select nearestID.node_id from (select node id, ST Distance(geom, cent_geom) from

where true in ( select ST Within(geom, ST BUFFER(cent_geom, nbuff)) ) order

(D Create function with inputting centroid point
and buffer size

(@ Returns node ID

(® Calculating the distance for finding nearest
node id

(@) Generating buffer and checking that the point is
inside the buffer

The rest is the code needed to implement the
function
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Table 2. Creating Function to get the Distances by using Dijkstra Algorithm

SQL function Explanation
(O CREATE OR REPLACE FUNCTION GETDIST () (D Create function with no parameters
(@ RETURNS void
AS $$ @ Returns nothing
(3 DECLARE
node_ids_bound varchar; (® Declares a temporary local variables
tot_cd varchar; with datatype
val_popu integer;
gid_shel varchar; @ Using iteration function for calculating
node ids_shelter varchar; the distance between the center of
id_pk integer; census boundary and the shelter
area_ double precision;
BEGIN (® Insert the dijkstra algorithm results
@ fornode ids_bound, tot_cd, val popu, gid shel, node ids_shelter, id pk, area in (select * from| into an existing table
census_foralg_s cross join bldg_foralg_s order by tot reg_id, id pk) LOOP
® insert into result_table(tot _cd_id, gid_shelter, pk _id, shelter_area, value popu) (©® 'edge =-1' means that the algorithm has
values (tot_cd, gid_shel, id_pk, area , val_popu); found the shortest path and can
provide cumulative distances
update result_table set dij_score =tmp_table.agg cost
® from (select agg_cost from pgr_dijkstra(SELECT f node::bigint AS id, f node::bigint|The rest is the code needed to implement
AS source, t_node::bigint AS target, length::float8 AS cost FROM ktdb_merge', the function
node_ids_bound::integer , node_ids_shelter::integer, true) where edge =-1 ) tmp _table
where tot_cd_id=tot_cd and pk_id=id_pk;
END loop;
END;
$$

LANGUAGE 'plpgsql';

FHEAH O AFAT B =solx] WA B ==t

Argsl7] wieel ofefgt Zjol7} v

st Aoz el 7

A1e] A 72 72)E agg cost Wl RIS k. RS & GAZ duEES olgdte] & 1504 1:111-5'1—%]7] A7},
59 A darggo g AAE e vt At HAl 98AhelM HEE sk 208 Uepston] o= A3 A9
7ol thell A BR2E ARFsi, g Arha?] Azl(dij_score)= W AFshL Sl e 1 14787 8S tilavt 8 & Sles
*}X%ﬂ ARl F& HlolBel] APdetes Fasgict 5 Akl ofm|EKFig. 7). 9841t o], U ghe] WEo] glont o=

8eks] ARgB7] S18) Aufient ohe}, Al A
D (tot cd id), TSI g) 2] 315 ID (gid_shelter), R1H-$]d=]
2x0] W(shelter_area), 3d H557A17- W] 217-5(value_popu)
£ Ho]E(result_table)oll 3 AASI=S A=FSIAT

E4duo] oz Qe vl sl 14,7878e B 58
T S dart $5 AA-E

m,;

7] diees ek, o]F-¢]

Shelter capacity

5. &y 2t

JAVAS} PostgresSQLE A1g3te] 7t 3kpaie] w29 23
£ AL JAVAS] 2= Vs 7S B8 s F3E
A, g AE Akl F SAREe] A8, $Y
S o 5~694 oY A8 HAA A -
HWE ATk AFEPAT HE B EH«LV\QJ-Q] =

Dijkstra @150 2 Alkeh= Tl 71 B AR 51351

=T, pgRoutinge & wie- WhE &g 74]

MEAN POPULATION

Fvga)

51 el 71 81 91

101 111 121 131 141
GENERATION

Fig. 7. Mean Population for each Generation

Vol.39 No.6 December 2019 961



SZtelolE o] Aet fAAL daelES B8e Wedua 8 58 BA 9 A 9x A4
vk & opher} St FHo R APES HAT 5 Uk
Table 32 2% AR tholas Aehrg 7Ps el dmefrs
8 A 1915E Ve Zloe, RE tslhe] $7} v
e AR Aol FPse 429 Ao I,
Huff 58 Xlo] 7gjo)] 79ks: & Rfo)7lel, =ze] &3t
SR B S W Zlox gakErk A% vk Aol A
7o) W Ao i FEa) A 2|l APF Qo L ARl
Wt B2S AAshs 7 B2 A Pele] A8e AR,
F AT i) B Sl U SR w2 R
HIX]E07] whEolt(Fig. 8). ol ek 712] darels<] Dijkstra
o] Fakol o3t Zlo & et 3] w25 uleh HAagke] AR
o oFarAA tiv)ag wehs Ao) o ARt Besiellol
L ole} e iyl wEE Zlow wekEr)
Fig. 8. Selected New Shelters from Genetic Algorithm 6. 724 =
Ao FYE B5S BAT 5 Ak B Qo Ealxle] BRIY, FRU, o) 5] el wngs)
LSS A, 3080 AR oS, 05 ok KA 4§ SR] QRE ) Sl £
£ s IPAR, Au okE)el 11329 S(PRZID),  FIL B PR 8] fAx Duekns Ak #4
o), o, SRl B A e, 4 Suelel] AN 4S8 SEes e 2 38
ol EZ(2), 015@1’) Y, MY G5 Aol HE A0 2 7S E83te] AtiE AAFS BE AFUs 78
At &, 45’-«1 39 Aot T3, Mkt 2e HEe] e et s Ak & ﬂ%ﬂé I, 53t
TE7L 2 FE APEe] SR, 7 8-S Wl Yujas tloJefo]2ote] H5E E8f b HrE AT F U2
7@“6}0“‘7101] 2 7he] tiulart ] shaler FEEo] =2k sk
Fig. 82 % =29 diiiuapde Aol #2535 20 R, Huff 59 2de 7] w57t whede mgol7|o] vkl
71 SRR A AL Q= Urthade] %7'4 AFRIe] olsS Haslelr] Slal A el el 1 5 Al
o} FARE S1Xol) e I 5 ek euh ke 7 U AdEE0] FE AYEE AL T F AT EE,
2 41 Aol e vz Aldo] AdAH o] ZER Tt LBJE]?J AR )] T ik =7) wiel] HE AR Zolu,
HFR1E o) 5 HasRE Ao w ww, @RHoY o] Fe Az 0 2= He ool she 75 ke Aotk et
785, B2 ZFRle] Bl Y= =4 AHo] §lo] Tt AREAQ] Apdolre] thet G RS o] mlg et
Table 3. Selected Shelters Capability from Genetic Algorithm
Class Sannae deul Apt. ldons% }el:(l)e(:)rlnelntaly Cheonbo Apt. You;lcg}?;licl Irlliddle You;lcg}?;l; rrliddle Sannae (r;tl IPARK
Number of Evacuee 1439 558 747 471 654 979
Number of Capacity 1723 863 986 1634 1171 1165
Class Jungli school Youzf}l:;l;rlﬁiddle Nogok school Noghyub ldor;%;(l)ZTelrtary Yoursl«:g}l;):)ll;]high
Number of Evacuee 1718 602 719 788 1399 1249
Number of Capacity 2062 814 1105 931 1674 1630
Class Younilzl}lllz (e):llellnentary Id;)cl;i E;i(ﬁile Pocheonlcizti)t;;oungbuk Sanho Apt. Young;lzlllll; zllelnlwntary
Number of Evacuee 678 501 653 628 1004
Number of Capacity 798 1163 818 738 1194
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ARE npgo 2 ARde) thn] BRE g Frie AlE ol 118y
BZ, olg| frERlL g B s 83 4 3l
AAshe Ao] o F8slER on| Qe Ade} s

shy, Huffe] 59 Reks A=l glo] A3 73AIE ofeA
TS wet 13e] At debd 4tk o], Huffe]
HES ARESE MddTexte Q] Fado] vV flitke 7Y
3tol| A3 E&3kaL ¢lthKurowska et al., 2017). £ $37-9]
o = A, A3 A o] A Hex= dhaart A]
219 =2 igfelA] et A9 W tieirle o 2o 2 vigfet
A =t 7o) 285 Zlolt) et d ek sid ARRE
7Rl et lem R, 55 ol thigh Hete] IQ3 Ao
2 ) sk nklieiAp R AEst = Qe APIEe] SRt
i 2R Aol e B 1ee 8317] Sl vt
& AW SR AAES e QISIE! 2o Holn, 11 A3 s
APdo] e B4R ZA ¢ tigjart A" Flo 2 sjetdr

FL- AFelxd= FRolE 0] 2E o] 85k thE-TF vlo|E 9
e 9 885 Eiete], WEA 7HE 37t 85 EA
Al 1] FHSIEE A Hol| itk A ITE S8k
Huff £2 2doA 7148 F Fdsiold ARES ddsteh=
kS A7 Alglolr) mEeh X i FAjelx] ke tho)a
A o] Hofg Q1 Ah=dl tigk HoE JiAE g go]
A71E) Q= WHEH(Korea Research Institute for National
Strategy, 2016), 215+ W2t Alpe] =551 A A78E Gyt
APde] FRKTE U TR dig] AP AE 4 vk FeEll
A S B3l A AR E AldS Sasle] BEAQ
g4 #E Ve F US AR wE:

2ol 2

o] = AT AnIREIFI ORI =Pl IAE
(Aol 7Ivk 2] wpdtie] Sl o] Ads
ol =38 $37-41(2018-MOIS33-001).
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