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ABSTRACT

Purpose: This study was conducted for the purpose of selecting important events from among various
events that may pose a risk to railway passengers. For this purpose, opinions of various railroad
vehicle passengers and railway operator workers were investigated and analyzed. Method: The survey
was conducted on 1,000 men and women in their 20s and 60s and 429 workers at 11 company across
the country. A survey was conducted on the dangerous situations that may occur in subways, general
railroads and high-speed rail vehicles targeting passengers. For railway operator workers, the questi-
onnaire is limited to subway vehicles. Result: Among the passenger risk factors(abnormal behavior
and dangerous situations) selected based on the frequency and importance of occurrence of passenger
risk factors, the main risk factors are selected 'car door jamming', 'sexual harassment', 'intoxicating
behavior', 'fighting' /assault', 'wandering around', and 'not wearing a mask'. Conclusion: The major risk
factors affecting passengers were selected by surveying passengers and railway operators. we plan to
develop a CCTV detection system with Al technology that can quickly and continuously detect the
major risk factors of railway vehicles selected as a result of this study.

Keywords: Railway Vehicle, Subway, Passenger, Risk, Survey, CCTV, Railway Operator
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Table 1. Survey Quota Table for Different Ages, Regions and Genders

i AGH -
A A
20~29 30~39 40~49 50~59 60~69
A o 19 20 20 20 16 105
= o] 20 20 21 21 18
1= 34 34 41 41 29
A7794 © 351
o 30 32 40 40 30
I 10 9 11 12
=7 = 98
e o 8 8 1 1
1}
s = 10 9 12 13 10 07
o 8 12 13 11
1 8 11 12 10
chx i %
o 7 10 12 10
1= 14 14 17 18 15
3l i 153
o 12 13 16 18 16
} o 9 94 112 116 89
4 = 1,000
o 86 88 110 115 94

Q74 2 A Plan)- ZAHDo)-H-4(Sec) 0] A2 ARk, Flo] WZshe At ] 18 anS slekg 5 9]
E=

P A A SR AR o 2 AURS B Lkl 2ARFALS Muls) Klastart

CEESETS
ATAY JPRAS 2A] 1ol SR04 A, P24 AT NFAUNE T8 F§02 ARAASGE
kS 25 5] S1at Aol 2 1Rl the AT £ T84T, 0852 518 2ASklck Qe B
X 21912 Slat ATt 91784l et QAT 91784 Telo] ok B, B e ol f E )
AR, 91604 ot SIRAR A1 BUE R, SIEAR AN A48 TS 512 S AR Hmih, Bag 2
2 IR A(AFRACIN B, A/ BY =T ARG/ IIALE B,
1B, ToaS], FHE, A5, BARAGA, Bha n)2g), 84 5] dhete] 4918 57 2E A by
0 ZASHICk, T4 1A% U] GIE vlelaly] ik AnbERAA AR Bo) oSl et vhe) AvhE B

Sl ) el 2ARAC,

N

EEENETRER

AT wE o}§4E 1 5

Fig. 114 EAAE, QN 7472 o] g3 o] §-Slo] thel 2AFERE HolZa gick S 109 5 79
1 ool AL o].§ o] Gl A 0T ZAFHGOn], F ol §E AL o]sh vlF(45.2%)0] 7 2 A0 hekgteh

ole] AFH21.8%), EEH21.5%), FM(5.5%) w02 AUt Hre o] 8] T2 TAPR(79%)9F 15

w

736

KOSDI



Won-Hee Park et al. | Study on Factors for Passenger Risk in Railway Vehicle

(62.5%)E °]-83tL Q= A0 2 ZALE|G 0™, o]o] HIs|] AFFEE(28.8%) = A HA 02 Wttt -5 HA 5 dto] A
Lot MEATE B o]85610] Qlom, A = MEA LT o] 827 A wF o] 8xFe] thiE-E(97.2%)olct BE e
Sof|A o715 71 =2 HIF 0 2 0]85]01 9l oW A=A A 0 8 ZEL H|F0] 211, AN = AER) H

SOl gt =AYbt

O|Z2FE0l s WY H: 0|2ZHE 0183H

(N=671)

453 93

EAEE (719.0%) . 100%

NEEE (625%)

o7t
97.2
EMor AS5EE
O|#HH &ET} H | :
FdmsaE  ASEY) 1% 150% '
CEYE S SN 7.8% 73%

L b L -~ BEHEE

Fig. 1. Experience and purpose of use for each railway type

A=A 8L B e

Fig. 20141 A=A Ul 913184 ¥he] o] g ot Rl RIS Hofaeat Qlrt. Axag vl e 4= Sle 4
ot P g T 0 2 L7111 QU= -3 HRN44.9%) 7 7P BT < B o015k -SHRK44.7%) ET-fAKR H]
FoISket mEbA 53 T 712 3498 0 ' < HEGH) EE R RIches A0 2AH . AgHE 200713 3L
2 7P S 50-60t17F 3.7 Wiel=, Uo7t 7= fE T} ot E AR HERT.

e Y flgas geld3s HEE AYCiE flEas HeBE 5
(N=671, B9l : &) (Et%: 3)
HE ool
SENFT 44.7%
335 372 370
346
337
325
0f BUZ HE Iz o2 Uz 20CH 3004 4ot} S0CH 60CH

Fig. 30141 =12 1] 9130 Phejol] 2S5 o] 48 BolFm gek. BRh50 2 St Ak thiate] 74 o)
A TS, A4 U o] 60-70% 9] -SakEom, thd gkl Sukat ulle] kA ZAbIgick. B

KOSDI

737



Journal of the Society of Disaster Information | Vol. 17, No. 4, December 2021

>

G2, SR SHT 73S HY R I AME Foleh A, A&t th8(69.9%), ‘Al% U ER(63.0%) ]
T B o] = ARG WAL <Al14st th(74.3%) ol TRt 7S 152912 astal glont, ofAd <24 iy
7V Ee EUE ARG R AL QI ofet AVE Etl® HEARS ol dAF]e] 9= CCTVE 1§

Slo] 214 0 2 57 S 8% A A qiAjske AntEA|ARe) B RS MRt ¥ 4 ik

o,
ol
~~
~
=
=
S
o

SR 0|f HHE 89S 0l
(EHl: ) (EH91 - %)
74 71.1 LA
AT )2 69.9 eo2 sa3 B O A
) . 457
Tl O El2
Rl 2LEE 63.0 343
o=t 39.7

71Et J14 (N=73) e L,
g eUH

Fig. 3. Reasons for dissatisfaction

A1 o] 82| Y84 FoE P P

VEATA P8 A FS HERN Hrt =01 Fa5H| 1ASHL Q= QI 84 upAT mjEkg, < eE o]
o, S35, AF 27D, Hle], A2/ -2 A Rk A9 Fa5H| )1Ashs A o2 e e 5
Q=54 T o' upA T u|2R(3.67), TR E(3.5%), AFRG.57), A 2719658 0l A o & = A 74
om, viS)(3.47), AA2/Z3Y(3.37), SHH(3.37), F(3.27), AFEA3.13), 71ETRG.03)0] AtE oz e
aclog vepth 1&HE o]821453%) T AA SIdaAE AE A= F4(10678,23.4%), BT 1]2HE(101
8,22.3%), THWE5(3878,8.4%), Hl2)(26%,5.7%), Aha/EY(18%8,4.0%), AF E7IU(16%8,3.5%), 7I=T(14
,3.1%), 4538(9,2.0%), Z7F=A(7,1.5%), SHH(4,0.9%) <=0 2 ZAFE|JLE LRPEEo] HQofr FaA =1
U= A QA= wpAT B, <FH R E oM, AT, AR, ], K/ E 2 Y Hlee WA Ea
SHA| 145k Qiek EAPE A A lo] Bal, F 85k /1AeH Q= R e s < FHAE, AF 71 mrAaA |
2, A/ E 0 2 Uit Ad5a 2 A AN = WA S8 5H] )1Alel = Ao = Ut S e et
akA3 v)2R8(3.77)), 353(3.74), FHBE(3.67), viEl(3.67), A E71A(3.67), A/ EY3.5H) S 2 o=
EA A= o™, F(3.47), F1A(3.27), 7IETRE(3.17), A7EAIG. 187 H I o2 e gl YEPHHE &
A o] 82K(5307) T Al SR 84S AR A5 HI21(2897,54.5%), REAT HI28(22678,42.6%), TF 3 E(191
H.36.0%), A E719(145%8,27.4%), #F2/ZB(130,24.5%), F1241(1087,20.4%), ZA7FEA(368,6.8%), 353834
,6.4%), 7| 21(19,3.6%), 2H(478,0.8%) 2=0 2 ZALE]QITE AAH 9P 84 oo SHAEL EHS =942
YT H AR, BAREE2E, o382, AFA S, cliebs & 55, =55 5= Saotith Fig. 404 A= 7334 9
Aea FANIEet Fo s xR AXSIIrt WYY, 254 wjhale 7L =

Afolck, 2t A4 AL §3 91904 AN 52 5 0] B ek, Qutate} 14date] A9 ofxpr} 21

iy

,,
g
e
H

-] Rl

> b
i
H
e
e,
‘T
i
H—I
lo
B
>,

738 KOSDI



Won-Hee Park et al. | Study on Factors for Passenger Risk in Railway Vehicle

ol

Rl

Hgol 20 207 e 1R HiK|Elo] 913 EAE RSt 2] 529 Al flo] Algislel S0 nlA) $17.8k AT
BIG7} EAEE T A 20 2 el ek 5R0] 23 9 Al ZRloA 0] A0] AIREZHA
259k

Flo rulo

o
o] &

=] ] 7
SAT o 75 2R 5o Hle LRt A H ot S0 A Y-S RIR= /g o] B A7 Wehe A&

AVG=7.5 AVG=10.5 AVG=22.3

37 Al . ° o 2227
36 o o o O o ng/2Y
@ogsqa A .o AVGozas | ®7IETE
ol | P [ S W ot
w34 xg | O 5 O tj2]
: | 1 | AVG=3.34
v S st ATHYS
l::g 33 T _____ ________________ ______________ ¢ AVG=332| A=
9 2+ i it o4
ol — | | : OpA3 Oj%2
&0 1 e n * : °ofA3 nRe
ok 30 4 .. : : : x Y
. E - Xtz 27|
29 - o
S S S —
0 10 20 30 40 50 60

0lg 5 e E8(%) O-ANEC @uiTL @uHiEL

Fig. 4. Risk Experience frequency and importance by railway types

2utEZAN AR o ast d S sl BA

Fig. 5% 2ntEZA A28 =) ol amtel ¢ s BAIES HojF-1 glek. 2ulE g x| 28 5%1 o ufef A3
of o ma}, A& His- AYhE vl S EAP T Aldsial lom, AP E 2t Bl 8S7FEAIE S0l Sle AL
s ZASpIck AT U T RYEIS ALY 1626, QT A 656% A g
46.0%= SHSIICE A2 Q] A 92ishe EAES ANUBE ZAI 66.3%, ‘HI8S7H2US7H 51.6%, ‘R HE
Ay 26.8%2 ZAFE|ICE
AlAR =of wE ol =t A2E EYA 23ElE 2HFE
(EH9l - %) (T2l %)
Holge S 663
HES7H2ES7h
e Mad
(N=1,000) o (N=1,000)
Fig. 5. Expected effects and problems of smart detection system
KOSDI 739



Journal of the Society of Disaster Information | Vol. 17, No. 4, December 2021

SEA 80| E EM4 2

AE R AFE AL L T8

N

=)
i
A
2
ob
H
o
i
ok
o,
N
o2
]

i
i
A
L
L
ox
i
=
%
1o
o,
o
g
i
i)
o
NI O'E
o
£
ox
1o
o,
Ho
>,
i
ol
[o
N O{N

8, 40000] - FHDE, 500 A5 A B, 601 5 FAT 0] 7V F a8t S8k AT Gl RO R
ZAREIOIT. M ol 4] SER40] S wl kA njzhg o] 7V S veRdeh Aol et dye] A9 5
W5 0l, o] A9 AT FAT PR QASHL Gl A0 AT, AT Sl njet20, 50900) A9
} 028, 30, 40, 60ThS] A9 FHBE 0 7VE FaG 9180k ST Gl R0 ZAtsIolc, AN ]

A IR R4-0] FR T U3 BlERg o] 4 ] Uhebdeh. 8ol et de] A9 FHYT o), byl B9

Table 2. Importance of rsk factors in railway vehicle versus passenger’s age and gender

Z =] = O 1
Sl S B A S I
A 3.70 3.70 3.64 3.58 3.51 3.60 3.40 3.21 3.11 3.09
A G2t 3.64 3.55 3.61 349 3.39 3.58 3.28 3.17 3.06 3.00
= El ozt 3.78 3.88 3.68 3.69 3.69 3.65 3.62 3.56 3.18 3.21
Al 20TH 4.14 4.17 3.89 3.72 391 3.91 3.78 340 341 345
<! o 30tH 3.90 3.84 3.81 3.85 3.72 3.77 3.70 3.34 3.27 3.22
= g 400 3.52 345 3.59 3.40 333 347 3.17 3.20 2.92 2.92
o Soth 3.38 3.39 3.39 347 3.15 3.46 3.11 3.03 2.94 2.86
60tH 3.27 3.37 3.37 3.28 3.21 3.15 2.96 3.97 2.78 2.77
A 3.57 3.51 3.53 3.46 3.34 3.39 3.29 322 3.03 3.06
A 32t 3.55 343 3.55 3.46 3.30 342 3.23 3.24 3.04 3.05
1 E oz} 3.60 3.60 3.50 345 3.39 3.34 3.36 3.19 3.01 3.03
& 20TH 4.11 4.10 3.84 3.76 3.84 3.89 3.67 3.50 349 3.50
<! Sl 30TH 3.85 3.81 3.86 3.81 3.71 3.60 3.74 3.34 3.30 3.23
= 2 40t 3.46 3.30 3.51 3.30 3.22 3.25 3.20 3.28 2.92 2.94
o 50t 3.27 3.14 3.22 3.24 2.96 3.24 3.00 3.05 2.77 2.88
60tH 3.14 3.19 322 3.18 2.99 2.94 2.82 291 2.64 2.76
A 3.56 3.51 347 3.40 3.37 3.41 3.18 3.29 3.06 2.98
A 32t 3.51 3.38 3.55 3.25 3.35 3.36 3.06 3.28 2.99 2.93
Q] H oIzt 3.61 3.65 3.39 3.56 3.39 347 3.30 3.30 3.14 3.03
=]y 20tH 4.10 4.06 3.76 3.73 3.76 3.74 3.55 3.58 3.40 332
= Sl 30t 3.50 347 3.59 341 3.50 3.66 3.28 322 3.19 2.97
= 3 400 3.24 3.00 3.31 3.14 3.07 3.14 2.90 3.07 2.69 2.72
o 50TH 3.28 3.25 3.25 333 3.00 3.20 2.95 323 2.93 2.75

60TH 3.20 3.20 3.20 3.53 3.20 4.02 2.87 4.03 2.717 2.83

740 KOSDI



Won-Hee Park et al. | Study on Factors for Passenger Risk in Railway Vehicle

W& FAT AFRAE AT G 02 A AReRE 4 wret20the] S vl vEhg, 304 7
B3P, 40The] 73S FHAE, S0The] S AF BN, 60T A9 FAP o] 74 F0 T 90 QLek Gl

=29 .zjﬂa %@M%—&E b3 kg o] 7P S e OP], A, Fs BE Fash]

P}
lo —{o

=

Rt ‘E%‘FM ‘I}—E— 01%%- -?4*%135: 7:;‘*?3

ouf, 4

o 00) QL o} 491 Ao A A 7 S WS i 40c] AL ol 2

o} o2 0] 7P RS WIS Bolt-$ 714 Aok 4] etk Y ek FRO RE uhAT njgkg ol
3

7P =7 vebgem, e, <HAp, <T@ Tt o8- 5 KNS A

i
i)
re
o,
4
2
ol T
4o
t%
lo
o,
oo
lo
o
o,
m
o
2
W
A,
5[[0
rlo
PO
i
%
Jﬁ
o X%
%
&
1P
T
H
o,
4o oo %

O

EEENL

CEESL RS R

B A 08 39 ARG TS O R YRIAIS WSk LR 5ol TAPIALE el
o}, sk 4TS ol8e] 72 YEAS Aslel, 2 BEe |l ag Ade) A91o) 434 Pois Rt
Shf =291 3 1709 712, 5 42990] o] ARZA] S0P, Table 38 AL G712 $YA44E HolEet,

ol 1171 713 2P of 3t o 2 7S of], A= 95%, EL e A +4.7% 2] S HECIH:

Table 3. Number of respondents by railway operators

714 Zrodzt 4
Fabdel a4 25
HESETASLNS 39
A=A A 21
A& s 24

SOl EAAAELY 10
BFEAAEFAHASHERISA 40
Y| Q ERATFAISIAL 107

THET 49
Bt S-5A 71
S R R Rt 43

A 429

KOSDI 741



Journal of the Society of Disaster Information | Vol. 17, No. 4, December 2021

MEZALLIG

A7 17 Lol IHS] MR, F-R5b] 2ok A AE. 84S 2A] 916 IEad W,
AR 040 ZA%E, NFANE 70 42 A}o} ek, A7oTe] e 8112 91ah A A 917 el ek a1y 2
AR 910 Tl Thet ATsioRE 7, 1 oSt 1R 214 HUE, SRR AN A4 Tl
5y ARSI, T2 ABAL AL 915 57 FF R4 SHR9IE 2SI, 910t T ANkE netsp] 919)
AAFERAA AR B o ke 2ASln

EEENERER
AAefole A BRS ol
Fig 62 FRAL el 812 3 HISIOT Y8 97 A0k SIS ol LAY

745k 7} 47%, *SIBAT A1 BUE 0] 319%, 7]ek s SHSHATt |eb AL 57 20 917 8k RS of
e A 5, £ 4919 2] 27, 0] et -0l I

7idsfopg

[l
40

t

(

: %)

-

Mo

ofo

Kz 2uHE

gzt

7|Et

Fig. 6. What needs to be improved

EAEE ) P8t F0E P Y B

EAEEAA s AL, Zash Q14 T S D SR B LY
S 0 2 LR, MPAINLE S WA e, EA S as QAT Qe Ao R ek siasd S

= FAWEGAR), A 71U, BFBGH, AHEAG.1), TR HE8(3.0%), A/ EH3.0H). 02 AT
oz A BAEIgom, 7Bk, Mg, SH.63), AN 4Re] AEos e aglo R ekt
o, SEA(429%) F WIISHA ARk S IF Ak FHWE(175), 2 2719)(149%), HRATL 028 (145
), ARE/EE(1147), B85, AFRATTE), AF(T5E), MeI72%), 71 2uREGAT), F14(227) 08 2AE)
QI Fig. 75 EAAE S84 A MIzol 30w 2ApETolct AAL S1dat WS} Fawo] B2 et
et

_oE
kl
¥0,
rr
do
ol
i¥
rr

742 KOSDI



Won-Hee Park et al. | Study on Factors for Passenger Risk in Railway Vehicle

Avg. 22.1
3.4 i - <
33 !
. o Az

— 32 A !
Ko i ° Mg/aY
a1 317 o 4 : o " Jl2ma
TD . :
':r_x’ o ] o Hi g
g'j 29 7 5 Avg. 2.92| 1zzas
o 28 : EES
4 27 " o ! T
% 26 1 X | o 0123 D|&H8
oF 23 | x Sh7Y

2.4 A * - Xtz 279

23 :

2.2 T T T T I T T T T I IE T T T I T T T T I T T T T

0 10 20 30 40 50

Fig. 7. Frequency and importrant of risk factors in urban railway

Ea ) n=bd P PR B B I o e g B R A

Fip 82 Ao 3] il el BT Bl 50 oA Ee TR
of ok, AVt ThS BT The] SR oSk Qlom, Aol f-aTt 83Tt BALE Sefokn Sl A

2 ZAVEIIE. A28 5 Qo] WhE o IR ART/ IO 68%, A T 7R 55%, “EEARF R 41%
2 Sesigltt A2 =9 4] Selsie BARORE ALHR BAP 51%, BIEIHLAZIY 38%, e AT

28%2 ZAFE| T

A =0 otE of st MAR A 2RiEl= 2AIE
(Tl - %) (Hl - %)
Ary gz ot 68.1 Helge EX 50.9
M= ests 415 HES7H=2Y3S7h 380
HLSANA REHA 55.0 2 dud 27.7
71EF 3.0 7IEF 1.6

X[SFE LhollM2] 524 SlHa s HEHEat

Fig. 9% AJ512 Aol 4] 91304 WAINILE O 50 ol thet S7HS 2.9 A ARRAL AukE e
AISATE, P T, TRhAL HIE g0l |e 2AL Aol AL MPANIES} 50w o] Bk 27t LieRict

KOSDI

743



Journal of the Society of Disaster Information | Vol. 17, No. 4, December 2021

A njEh g, FHAE, A 2

oo
Tlo
;
N

102 A ol TN 3 0 B e S0 BY

o o1
S0 th=rRle] 787 B o), Abey/ H A I AR T o T 52 Wi, A7 | ol + g aae] T o}
TR A W2 A o= Yehdt: AR, AdEAl e 35 TN Yot o e w2 0% YEl
o 7180 75 Mhm/ R, Al = AN s oy T et Al A E I

Avg. 22.1 Avg. 22.3

3.8

26 A A ° q o AzEH
& S o SR o M2/ZH
gl 34 | A Avg- 345 ugupe
| n -
Ea, 32 - + 0 2

u o 4 ATHYE

o ] o
@ 3°71° i PPEES
d 281 Avg. 2.92] 4 3
B0 | ] O o O3 0j%t2
oF 267 X X ST

2.4 1 . i - A2 27

2.2 T T T T I T T T T I \ii T T T I T T T T I T T T T I T T T T

0 10 20 30 40 50 60
08 & fHas 2l %) ori=1 @EL-2Yy|H

Fig. 9. Frequncy and important of risk factors in urban railway

81 20-60tH Q1 1,000 9 2 1171 712H0] FAA} 420 oA A S Spaleliet. Autralo Al A
4 TDEAE 502 FRst0] A AR5 917 el et 48 ZALskE o] Akl Holat
2G| FAE] Gl i SAHER Fgslol, 2151 the] 919 ARl it 42 EAfslsiek. el =
¥ o] A= E 0.8 % Fe] 9lo] T ks AE wE S o) g5t

!
P 7B ek RS 53 T 3.49701H, 7] AJARIS] STFS AR AR T & APl 9L,
I

_O|L
2.1_5
S,
i

i

i
9

(8]

S
3
2
Mo
rEl
=
ol
ofy
3
ol
s

T4 278 TR 0] Bastel e Im 2N A 4 4
slofobg H o2 I YA A3 thg 27V A SHBIAT, AFE= cfldh-& A4T B ol e 2 w3t

£ 01 glouy, AR §E TS AR FAS SIS Uk AZ297I0) F9t 2AR o] EAEER @

i
r
H
= oA
H‘]
)
)
:?—I‘_L
=

w57 o] F5544) ghotA o] Brhsste] .k B/l Rk F9 25718 AR sk gl

A3HA U] .0 570 SIS 9 919 A WA 2 2 A SARp BE 08 $R5sHEA

744

KOSDI



Won-Hee Park et al. | Study on Factors for Passenger Risk in Railway Vehicle

<l o] & «np-/ZP 1 ] 93 g A2 XASHITE AAE QI QA4S 1G]
ARG 52 Bg51o] Gaulolelo] 913 R4 WS 558 ool

™
AE R Aol 755 GAElES BEole] SPRAE AT 5 G Al TA S ES vieko 2 2|5}
o

o

|
ol
)
Ol
el
rr
>,
i
o
o
i
o
o
%l
£
=
fn)
S
o
ol
o

Fu s Ndsto] 2] AFstal olE
o]

= 2
o) 2 SIS T RS S5t} 2710f) SN A 4 Sk AT
NIEE 9 4 B G R0lE S ol golch ek e A7E Sl AT HukE welsl, Wah5A
oJulg PZP] 9IRE AT, Tl TE] B4 5 ATHES A8 B o] Fol /1S ket

2

Acknowledgement

= Qe R E AT F8ATI(PK2102A5/PK2102A1/PK2102A4)0] ofsl a8 =] 951

References

ertasius, G., Wang, H., Torresani, L. . “Is space-time attention all you need for video understanding?” arXiv
11 B ius, G., Wang, H., T i, L. (2021). “Is sp i ion all y d for vid d ding?” arXi
preprint arXiv:2102.05095.

[2] Cao, Z., Simon, T., Wei, S.E., Sheikh, Y. (2017). “Realtime multi-person 2d pose estimation using part affinity
fields.” Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition, Honolulu, HI, USA, pp.
7291-7299.

[3] Chang, J.-Y., Hong, S.-M., Son, D., Yoo, H., Ahn, H.-W. (2019). “Development of real-time video surveillance
system using the intelligent behavior recognition technique.” The Journal of the Institute of Internet, Broadcasting
and Communication, Vol. 19, No. 2, pp. 161-168.

[4] Chen, W., Jiang, Z., Guo, H., Ni, X. (2020). “Fall detection based on key points of human-skeleton using openpose.”
Symmetry, Vol. 12, No. 5, p. 744.

[5] Du, Y., Fu, Y., Wang, L. (2015). “Skeleton based action recognition with convolutional neural network.” Pro-
ceedings of the 3rd IAPR Asian Conference on Pattern Recognition (ACPR), Kuala Lumpur, Malaysia, pp. 579-583.

[6] Fan, H., Xiong, B., Mangalam, K., Li, Y., Yan, Z., Malik, J., Feichtenhofer, C. (2021). “Multiscale vision
transformers.” arXiv preprint arXiv:2104.11227.

[7] Feichtenhofer, C. (2020). “X3d: Expanding architectures for efficient video recognition.” Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition, Seattle, WA, USA, pp. 203-213.

[8] Feichtenhofer, C., Fan, H., Malik, J., He, K. (2019). “Slowfast networks for video recognition.” Proceedings of the
IEEE/CVF International Conference on Computer Vision, Seoul, Korea (South), pp. 6202-6211.

[9] Kim, J.-H., Choi, J.-H., Park, Y.-H., Nasridinov, A. (2021). “Abnormal situation detection on surveillance video
using object detection and action recognition.” Journal of Korea Multimedia Society, Vol. 24, No. 2, pp. 186-198.

[10] Li, M., Chen, S., Chen, X., Zhang, Y., Wang, Y., Tian, Q. (2019). “Actional-structural graph convolutional
networks for skeleton-based action recognition.” Proceedings of the IEEE/CVF Conference on Computer Vision
and Pattern Recognition, Long Beach, CA, USA, pp. 3595-3603.

[11] Liu, Z., Ning, J., Cao, Y., Wei, Y., Zhang, Z., Lin, S., Hu, H. (2021). “Video swin transformer.” arXiv preprint
arXiv:2106.13230.

[12] Ministry of Land, Infrastructure and Transport (2021) Railroad Safety Act. Korea.
[13] Qiu, Z., Yao, T., Mei, T. (2017). “Learning spatio-temporal representation with pseudo-3d residual networks.”

KOSDI

745



Journal of the Society of Disaster Information | Vol. 17, No. 4, December 2021

Proceedings of the IEEE International Conference on Computer Vision, Venice, Italy, pp. 5533-5541.

[14] Redmon, J., Divvala, S., Girshick, R., Farhadi, A. (2016). “You only look once: Unified, real-time object detection.”
Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition, Las Vegas, NV, USA, pp. 779-
788.

[15] Seo, G., Kim, D., Choi, Y. (2015). “Disaster risk analysis of domestic public institutions 1 - Focusing on simulation
training and an attitude survey -.” Journal of The Korean Society of Disaster Information, Vol. 11, No. 3, pp.
337-345.

[16] Seo, G.-D., Kim, D.-H., Choi, Y.-C. (2015). “Disaster risk analysis of domestic public institutions 2 - Focusing on
analysis of risk factors -.” Journal of The Korean Society of Disaster Information, Vol. 11, No. 3, pp. 356-364.

[17] Yan, S., Xiong, Y., Lin, D. (2018). “Spatial temporal graph convolutional networks for skeleton-based action
recognition.” Thirty-second AAAI Conference on Artificial Intelligence, New Orleans, Lousiana, USA, pp. 7444-
7452.

[18] Yeonhap News Agency (2020). https://www.yna.co.kr/view/AKR20200922092800530.

746 KOSDI



