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Applications of Artificial Intelligence and Future Research
Directions for Radiation Emergency Response

Younghee Park' - Soohyung Park” - Jeongsik Kim’ - Byoung-jik Kim' + Namhun Kim"?

'Graduate School of Artificial Intelligence, UNIST
2Depar‘[men‘[ of Mechanical Engineering, UNIST
*Electronics and Telecommunications Research Institute

*Korea Institute of Nuclear Safety

Increasing concerns for global environments has emphasized the need for low-carbon energy. Nuclear energy
stands out as a promising energy source in many countries and thereupon, has been extensively investigated.
However, as possibility of radiation disasters exists, research for radiation emergency response also have been
demanded. In recent years, artificial intelligence (Al) is actively applied as an effective approach for the
management of radiation emergencies. This paper presents a systematic review on the successful Al applications
in radiation emergency response. Specifically, this study provides the integration of Al into different disaster
management phases: Mitigation, Preparedness, Response, Recovery. Based on the comprehensive summary,
current limitations and future research directions that significantly advance the radiation emergency response
system are also discussed.

Keywords: Artificial Intelligence, Radiation Emergency, Disaster Management, Large-scale Evacuation, Public
Protective Action

27 S HAA AAE AL T B S5

284 MHH ow, ol ¢ HW‘ HOﬂAhE}

o) l\;g JE;EH Ao HMM 1] A /\L /\LﬁLoﬂ A
tsdlof ok 2 5 stz A dA4E 7]

(2011.3.10)F 201797 o]o}- (JAEA) 2 8 A= F5A(EURATOM) S 2-& 5472 &

A5 - TEA(2016.9.12, 2017.11.15) 0.2 I3t FAbs A kA b div) A8 & Bgehes 4= S 7] Bl A A

AT BHA| T XMzoma%_—Eoﬂ 7}&%35—}

A9y ANPoZE T dAY
AGAA - ZJ%E— T, 4919 SAFYGA EFF AF
E-mail : nhkim@unist.ac.kr
20223 49 199 A" 20229 62 10Y, 20223 8¢ 19Y, AR H4 20229 8€ 299 AlA A,

FAA

Tl

e

o YL o} £33k °Jx}ﬁouiqj—‘rl/\}<§,] A2 JYTH(No. 2003020).
FU2EZ 50 &43871ed 714383, Tel @ 052-217-2715, Fax : 052-217-2709,

mo


https://crossmark.crossref.org/dialog/?doi=10.7232/JKIIE.2022.48.6.626&domain=https://jkiie.org/&uri_scheme=http:&cm_version=v1.5

AN A S 2 9 AFA

off

)

Aud ol et dd o) A& 3L ATH(Yang et al,

2020).
A 9 ke 1Mo m2d A IS A3 A
o FE A ALAET AAAFOE W Yok 4

Ade AAE o2 WA= Al FE S5, A3 A ¢ 3]
A, &, T, A FAL, $H AAT T3 1 gkl o] ¢
AR ALLE SEgtT BEAG S AdAG 9 ARSI A G A
SHal A LA st o So] o Ha A ETAE HAAA A&
gk djgo] ozttt &9, WAbs Al A, dfrgoE ~
2L A AF1(1979.3.28) D A 2 AFIL(1986.4.26)9F 2ol
A7tY] AR F A2 TAH = A AG EA o] 73}
1‘4 SFA AT} o] @G A A5 B
Al Ao g WAEE ERAEY FHE W5 gt} §HF
ﬂ&, HAALE QI3 20 EGAG T A & 5EYH &
)7} o}2] 2 w] &3k A4 o] thMOIS, 2019). o] u] o A=
A Ao JEZE WP EQ AFA TS A &ste A7} 5
7bata 9lom thoFsk AE A Ik(Sun et al, 2020; Tan
et al., 2020). TebA AR EA O S0 A = B84 &
2 & 913l 7129 W 2ol A Blojd a7t .

AL E Y =7} Yo} Hlo|E Hoj o] go] 91
383 o3& BAEEY) YA E 7]1EY W élf’_i 771 9
€ A 20 ES g of gt AT JFE Fo|7] 9%
QR 7€ ganrt GRS (Gaillard ef al., 2013),
ThFet 1oT 71719 &4 n|tof o] SH 02 HolE 3 o] &
o3l Atk 21U FuldlME AFAT 76k A #el A
T obd FAsE o 9lA ¢S H(Choi, 2020), 53] FAA
HAke Ao= 719] A5 3oty kA g, o H] 3 & of A]

= UTA T 7leE Tosto] 94 Xl ZUHT, o3,
AR S 3} o] kg WA 712 BA R 4
A3g 40t whehA £ A7t kARl Aol A o) 9
A X AEIE AW R A O S okl A A&
7He A< Blst st f.

& 479 SR PAHAE HIET g Ad By
oA AFAT A8 BF2 gobsta AR R G A 9

400 380

Number of papaers
= o
508
g 8
s
=
S

2016 2017 2018 2019 2020 2021
Year

(a) Year of Publications

L IF A FF ATEZAA 627
5 A7 FAE EEste Aot AR dd &
A QA= Bt #E TF A7 FotRT] oY
o oolo] & Aol e ARG tSolA 712 ARE 2
8 7 AEE, dTATY T2 TS BHstaL FF
AT AT & A7 7L v 2o A2l
Ae & A7 540 fiets APdT AEE AR A 0
HESd e a9 242348 Agsint A3ZAA=
ARG oS 2ok Aol thef A =St B e 2
84S AT Ao M= AN S Eopol A
& 7hed FF A g AANTT RN AT 9%
7]of ol #3 =2l 2 npF-g g,

2 Al oA o] 137
21 3 EE

AAARN T8 AES} 24 -r] H TS- 01%&10] Hl ]EW]
oj2-of thgt A& A3t

TR B AT F3 T]:]- }‘:i“o]—‘—xl‘”(artlﬁmal
1ntelhgence)”3’+ “Ahd J?lr (disaster management)”& 52 734
olE ;%O}‘ﬂotﬁ Aol i A 71 oA FE B
o B2 H7EA wkgstr] 98l “big data”, “data science”,
“machine learning”, “deep learning” &2 AME A FAHO 2
rdlth vl s H2 A %S Felataat 20161 FHE
2022'd 1€ 3197HA 2 B E Adstglen, A4 43 %
1,40771¢] 98 F4Th <F1gure 1 (a>ollA Zelgd 4
Axol At #edA AFATE &3te A7 FEER

s 251 4

m

S7FetAt
A Fopd AT A HlFs Ay R F7HH
7]-4 = u/‘—‘.‘% A3t <Figure 1 (b> 22 2H4E AT

gL AFAS ATE RAA Aol 50% 2 7MWt
oy, x}fﬂxﬂ»} 36%, AFA A 10%, AR 49 0 2 1}
EPSTE olAE A BAS BalA BAANA o) B

~——a=

Radiation emergency

4% \

Man- made/ ‘
10%

General disaster
50%

Natural disaster/

36%

(b) Distribution Fields

Figure 1. Distribution of Reviewed Articles



628 Younghee Park - Soohyung Park -

£70 BHE 918 % 140709 A7 F B4 B4 7}
4 RRHUAE A§57 B AT R HIIE FadY 0T,
A% 02 A Bl Fok 204, PAAHY Th§ Hof 197
2 A3 1F BARGT Be BANE DA A

A8 AT A% $HS 53 ATAS B ol

2.2 A B2 AR B A

At #e] DA+ o i (Mitigation), T H] (Preparedness), -
(Response) % B-F(Recovery)] | BAZ Ud & U Th(Petak,
1985). SkAl A AT A& AAH o2 goFst At A
ﬂ?/] Aol wet IA ERsta 24 AT At edA JEA S
< 283 54, A8 HolH, F2 FugE, 4% 2 A
<Table 1>} o] Attt AFA TS &8 54& 4
HE AL 4 A dA Y Fo Bx FEegon, dA g
IoT 717] dlo] B35t of 2t A2 m|t]of vloE 5 &3 bl
o & A= &&sto] Ad Bl &3t ATt <Table
1> A A7 E e dagEo] g Bok A4 g &2 Sun er
al.(2020)& #3k4 vhge),

Q) VAL 9 291 AR AAFAL BaAA A
GRS P AS BEE Bk AT A Ao] B
EEEE R EEEERCE RS ENEEEE D)

°D1 AP E 255 FadAx ok @ AFA T 7

2 g9 wolE & A&sHA EA 8t & A Ao B}
& # Ao A Z A@Hb wol FE&EHT 4
(Yilmaz, 2010). At 29 F8 At E, Z7|7F 714 H ]H
2 AA OB E &8t L d RdZ nHA Y 7hES
o &3} AU (Rhee et al.,, 2017), A & F7) diojE & &&
3 dejd BdE o7 YAE dZ3AH(DeVries et al,
2018). o] ZA AolA Ade S A= AefAd HSTH #E
A A QY 48 YV 2AER 88 9o,
71 WHHOR dFo] ofHd At AEES FUT 5 o
(DeVries et al. 2018) % g7t M= U&7 solg FAld
“‘Ol AHE-H L FA A Y EY Z(WSN)2| 2ok ] oA
< FE5}7] 9 H iy lo 71E F el Aseg e A8
o}giu}(owum etal,2019). tAT A F AT 7| S s o
gt 7]E dlo|H e AlZ| o] wobAd F7HA <l wlolE £33}
(Rhee et al.,, 2017) &3} W2 oSS 93 =5o] B3}
Th(Cortez et al., 2018).

(b) AR RAN A E AA7EO 2 kg shebshar o] & vhe
0.2 27)9] A Felof k712l BRI AA SH G
of T AEe) Bal st o] 2R, QI BAS 716
B UE L HLIIE AO02 AN2 A5k 59l 20

GEt oheh 0 A5 S H 4318 4 Q0] ke AL 1)

Jeongsik Kim + Byoung-jik Kim *+ Namhun Kim

o
2
ut
ruln

£ 59, CCTV Hlo|E & &8-3to] 27]9| 34
# &3}8 A Y(Muhammad et al., 2019),
dto] 1452 HE 71 SE A

r4—(Wangetal 2019). o] A A7 A

Al AGe EFH oz qu T 9l
M] A Al&eta FEe Ad g

3l AFA TS A3 TUSL ATHSun ef al,
n) 2] o B o 2-& t&F HlolE 9 A &

ThS B I L2E Q75 ]Eg%_]—?O]Loﬂ

T7F 2 28t (Lieral,2018) A &3 Ad A & fs) 5

HolE & Hig o2 4 Fe] 44 2 A4 Qiﬁﬂ OF

S} (Perol et al., 2018).

o) WS AT Adel TAAS of, Ad A&e defetn
Ag ol et A4S w2 sk HIZA-AE Al ke wA ot
el eA gk g B8Ol = Alde] TAF NHOE A
A JAAA S A7) A= Ad FF-S B &stA gef
afjof e}, Abgrol A ety] ol Ad g HEe v

317] Y3l AeA TS AT =72 ALE § Tk IFR

]:

N
=

Lo 02 g
>

Ofr

=

2
4y

b4
O

et
:?L_'.
obo ru[o

o2
Mr = X ¢
[

1

e 4y 1o

)
ot
A

N
o Hy M op

]IQ,HI’E——#
Jﬂl

T gm
o BN
o

ol rlo

ol 2 (1 o Lo

S 4o
i
=

o
fa)
0o
=
ol
ol
)
=2
©
N

2HL B

L
QL

mlo

T A BE FEEG ol A A ARE I 7}
m A AArT o] HolHE E45 = dos ERHoR
(Kumar et al., 2020; Ruz ef al., 2020), o= A 23+ A8} 912 9}
T2 S5 &85 v} 2P AFER FREY &Y

AEE g AFA e RS 53 45t TxU7} Ad
4ol 2A U-$3 =S AUk T odd usE oA &
i3] 325 1 9l th(Mangalathu et al., 2019). 347+ T 2] ¢l
AAvto] golH el ESH dolHE AEY W it A
B} glof ElofE 4 ﬂ A B4 27149 AE7} 2 Q8 thRuz
etal.,2020). =3 B e A 5] Sl Bdg S A&
g -2l &3] J&% %%7} o] o] F AL gl o, A& ol
A EY AdE AA BFA FdstA FAML ef al,
2019), ko) 791 33719 A5 ARt }LH 7 g

s

T ookd AoHES Aok t:’}1’/}(R0driguez-Ramos et al,

o] A G o] &, A H A3
ﬂsﬂ ”ﬂmlé £ 71
Z A EFolls o# AlTto
g I7PLH°1]E¥E A4
°2¥ 15171 3l Al st 71&

| ARgA T 14T YA
GPS ©tl°]H, LiDAR Ho|E & thdt Ho|HE 71
BHOZ oY kg & 43| EY Uk V&
G hof Al A A 9] Ho] B & Wl al £ 3k 4
7P AP AT, FFo= AL T HoHC R 4

L
o
>

2 mlm
b 2

&L

o

2
%0,
DRt

CELEEELTE

A & F e o] Bro

Ho
ro

o
Mg
mok 1 et ;b fr o L X

lo rlr E > Lo

g

ruE re Sk

& JEE F7} A7 a2t (Moya et al, 2018). Cha et
al.(2017) 71 &9 QAzte] A4 #632‘& T2 A% ANE B ]

Ao zurt thAsl7] fal Helde L&t 2AYE ¢



Applications of Artificial Intelligence and Future Research Directions for Radiation Emergency Response

629

S A S Aok AT ol A E e ¥ A S 71€ o 3Th(Liang, 2019; Zhang et al., 2018). =8, E3}18 0 2 At
o Aol o3 Y-S AL Bt BT AL S A3 @FS Hoer] A dE ok =l A3 A
Ao sstt ol 489D Yo 2 AL QAL AL ALl 20HEE $F o F Hl2a] 9@ B AT E
AQ3 e ARV 2FE SR ol & dolHE FH  FZel oF Frh(Padil er al., 2017).
Table 1. Application Study by Disaster Management Phases
Main
Phases Purposes Data Sources Algorith Accomplishments and Limitations Reference
ms
Long-term climate forecasts - Compensate existing methods Rhee et
Drought forecast and remote sensing data RE-. Limit on data use due to sudden climate change al.(2017)
Aftershock locations | Stress variations and aftershock ANN |- Improve predictions of aftershock locations DeVries et
forecast locations - Scarcity of research on temporal distribution al.(2018)
Mitigatio |Earthquake magnitude S RNN, | Demonstrate on the possibility of utilitzing ML for random Asim et
N rediction Seismic indicators RF phenomena al(2017)
P - Show less sensitivity to simultaneous earthquakes '
Emergency event pre- - Predict effectively by reflecting long-term memory Cortez et
diction Emergency events data RNN Need additional data to evaluate different emergency events| al(2018)
Intrusion detection . - More accurate than previous methods Otoum et
system development Wireless Sensor Networks data | RL ) Less effective in case of the binary classification problem | al(2019)
Real-time safety anal- | Traffic, geometric, socio-dem- - Explore the impact of diverse parameters on real-time crash
. . . . . Wang et
ysis for expressway |ographic, trip generation pre-| SVM risk
. L al.(2019)
ramps dictors - Concern about overfitting issue
Earthquake early Local d noi f RE | Achieve the state-of-the-art performance in EEW Li et
warning(EEW) ocal P and noise wavetorms - Not perform well in image processing al.(2018)
Preparedn - Provide reliable communication by minimum false alarm and Muhammad
ess Early fire detection CCTV cameras CNN high accuracy
. . et al.(2018)
- Comparatively heavy model size
Traffic condition pre-| Spatial-temporal traffic in- | CNN, |- Overcome the effect attenuation problem Cheng et
diction formation RNN |- Lack of comparison with the state-of-the-art models al.(2018)
Earthquake detection Continuous seismic records | CNN |~ Create algorithms to reliably detect and locate earthquakes| Perol et
and risk analysis - Require enough train data from the target area al.(2018)
. . . - Offer interesting qualitative information Ruz et
Sentiment analysis Twitter data SVM 1 Need to improve data reliability al.(2020)
Rapid damage assess- . - Assess rapid earthquake-induced damage Mangalathu
ment of bridges Structure-specific data RE, DT\ Require additional validation in other bridge configurations | et al.(2019)
Identification of dis-
aster-related in- Twitter data RNN, |- Provide multi-modal system with high performance Kumar et
Response | formative social media CNN |- Consider only english tweets, not regional languages al.(2020)
contents
Dynamic movement Simulation data RL |- Detect 3D dynamic movement of multiple UAVs Liu et
detection of UAV - No use real IoT device data al.(2019)
UAV autonomou}s Position and velocity data of the - Train continuous tasks in simulation and test in real Rodriguez-
landing on a moving RL(PG) . . Ramos et
UAV - No consider altitude data
platform al.(2019)
Collapsed buildings . - Identify multiple collapsed buildings Moya et
detection LiDAR data SYM | Need more study using only post-event lidar data al.(2018)
Structural safety as-
sessment of damaged | Structural response and damage - Provide reliable statistical support Zhang et
o RF . .
buildings after earth- patterns - Require more robust datasets to train al.(2018)
quake
Reliable identification - Detect damage more accurately Padil et
Recovery of structural damage Modal data ANN Take a lot of time and require expert knowledge al.(2017)
Crack damage de- . - Lower levels of noise Cha et
tection Concrete surface images CNN - Limit on damage classification al.(2017)
Post-disaster in-
spection of reinforced Bridge images oNN | Fast and efficient condition screening of damaged structures Liang(2019)

concrete bridge sys-
tems

Need a lot of labeled data
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Table 2. Application Study by Disaster Management Phases in Nuclear Disaster

Pz:s Purposes Data Sources Main Algorithms Accomplishments and Limitations Reference
Human performance Cause code data from a - Improve human performance in NPP
p . Nuclear Power Plants(NPP)’s | Statistical analysis |- Require complex trend analysis based on prior recognition| Park(2021)
trend analysis L
management system of power plant activities
Nuclear accident Simulation data Deep Neural |- High accuracy and significant computational cost savings| Radaideh et
prediction Network, LSTM |- Difficult to obtain sufficient data due to restrictions al.(2020)
Minimization of sen- . . MISSforest, - Develop sensor fault-tolerant diagnosis system Choi et
, Simulation data - Need to build a larger database for comprehensive model
sors’ fault GRUD e ) . al.(2020)
training and testing before applications
N Identification of A ' AutoML(Logistic | Propose an effective model for 1ldent1fy1ng and responding Mena et
Mitig . Simulation data ; more quickly to reactor transients
. transient events regression, DT) . R o al.(2022)
ation - Train more models by adding initial conditions
Identification of the | Condition monitoring data - Identify automatic transient with little prior expertise
automatic reactor |from a NPP’s management| Deep Learning using an end-to-end framework Li et al.(2020)
operation system - Require sufficient data and domain knowledge
Ideptlﬁcanoq .Of . . - Detect NPP defects using data-based methods Zhang et
working conditions Simulation data PCA e knowl P imul il . /
in NPP - Require knowledge for NPP simulator implementation al.(2020)
Identification of ab- D - Provide a novel deep learning system with "don't know" -
. . . eep Neural i p Pinheiro et
normal(transient and Simulation data Network response capability and noise tolerance al.(2020)
accident) events - Lack of research on predictions for the proposed model '
- Analyze earthquake warning system to reduce the human
Risk assessment Simulation data Neural Network | error using Al based algorithm Wo0(2019)
- Study more about applications of systems
Prediction of dose in . ” Deep Rectifier |~ Predlpt radioactive plume dispersion accurately . Desterro et
. Meteorological conditions - Require further studies on the use of more variables
nuclear emergencies Neural Network o . al.(2020)
and longer prediction times
. - Efficient wireless sensor networks for radiation detection .
Prep . . R . . Multi-Armed . . ) . . Hashima et
Radiation detection | Worker’s mobile devices . - Risky to workers due to using worker's mobile devices
ared- Bandit al.(2021)
located near NPP
ness
Estimation of the . . .
. - Help decision makers determine appropriate measures
concentrations of the . . . . El-Hameed et
Do Simulation data CART - Room for performance improvement with the state-of-the
released radioactive . al.(2021)
. art algorithms
materials
Classification in- ANN, Deep - Provide anomaly detection and "don't know" response Santos ef
cluding anomaly de- Simulation data Rectifier Neural |- Evaluate the feasibility of the proposed system in realistic al(2021)
tection Network scenarios ’
Sustainable medical - Summarize the medical response system for radiation
preparedness system | General information about ra- - . | emergencies in Korea
for radiation emer- diation exposure Statistical analysis | _ Need to apply Al algorithms to radiation emergency Cho et al(2018)
gencies medicine to enhance integrity and quality of the network
Resp - Propose a generic framework of perception-based behavior
. . . Agent Based . . S .
onse Evacuation Simulation data . simulation under radiation emergency Kim et al.(2021)
Modeling .
- Lack of many aspects of the actual nuclear emergencies
- Design a large-scale evacuation with agent-based
Evacuation Survey RF, ANN, Agent modeling and simulation(ABMS) and ML Yang el
Based Modeling X ) . al.(2020)
- Consider agents psychological factors and behavior rules
Clarlﬁcathn of 'the - Present the need for research on the psychological and .
psychological dis- - . . Orui et
Survey Statistical analysis | mental health of evacuees after disaster
tress among evac- o N al.(2020)
uees - Unbalanced group distribution and limitations of surveys
Reco - . - Predict and diagnose natural forest regeneration on
very | Monitoring after dis- . . Matsala et
aster Biometrical parameter KNN, RF abandoned farmlands al(2021)
- Study other algorithms to reduce bias and get information '
Health management Surve Statistical analvsis |~ Find the effects of children's sleep behavior after disaster| Itagaki et
survey after accident 4 Y$18 | Need to ensure the quality of survey data al.(2018)
i Human-Machine Sensor data ) - Improve the efficiency and accuracy of HMI Wang et
Interaction - Insufficient interaction means and imperfect evaluation al.(2020)
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AG7HA A E #E AFEE T3 Ad BeEdA AdFAF
of Ago] AA Ads A sk H AA, BAHCE E%
o] H& As AT F Aot B Al e A AFAF<}
53 55 A g o2 WAMAR Y g SollA A7 28
St ok Slsta s G Hokoll A A FA T A8 S A A
stz stoy WA 34 AT B4 Ad g2 Ad #e
SA o Hlg o) BA Y A7 3o R xS Felsa
0. 58 £49 79,2149 A HHES EUE AA5A9
F2,62770] ERAHJ o WA o33 #HH 9= 59
T 14370180t 2 F o8¢ AT 10022 B} @A 9 vl
7l& ddo] gglo] REs4t o] 9 2 AHFH £4& v}
go2 t§ dAE FF A7/ Y83 AR AAsa, Al
T3 ol 3 BAGA Y TR FES AES A 7
o] o} &5 A7 Q3 FofZ dsth 1 o
3 d7E FUEY A AH A Aol YFol = =8t
ALARAOE A7 Az e, ol SFAInE dAARL
o] gL oito] LE A4S TEEE 5O Axe} 3o g
H7) B o2 AR HTH(The National Diet of Japan, 2012).
=3 9 g3 #d gk A7 AR E FA71EE 4
LAY At & WA A S A0E AF AR} 17 E

].

T AAA 7 Foll FFEE 7= shAT A A AR A
o F&& AT 59 7l&2 oYt <Table 3> 4 F41 o
I ok AF 25 AFAT Ao I ARG FHs
AR ol & HE O R 7 S5 AFWEE AlRts T

9 oy Eokd A WA F8 52 FE3 e gheto
Eo]& 93 FET HlolH FH 9 At EAS 18T ¢

& A7 astty, ofn] ghokdk Al Bopo A QA &
Agsto] At A3e AAG I §lom FfA 0 w7}
FEE AR O & okl A = [oT Hlo]H & Al &# o] A
dolel& +3 st &&3t1 $TH(Hashima ef al., 2021; Li et
al., 2020; Radaideh ef al., 2020; Santos et al., 2019). 3tA] 2t o]
5 FH &) A ElolE FH AFE FEs o] HA A o

3 9lof olgh A E F74HQ AU Basin HE gol &
451 9l& dlol¥ F7H(Data augmentation) &g F ol oY
A7 719 mdE gl AlEgo]d A7 (Agent-based modeling
and simulation, ABMS) & &3} 5&3 vlolg SH7} 75
sttt dlolH 57 ¢ ES MZ 2 HolHE &334 &1
T HolE B¥ds F7HE F Jom, ABMSE 7|E9 B
a8 2 A& o] M (Modeling and simulation)®} 22 Th42]
A&H YHAEY Fa &S 1T 5 9lof WA HA A
B 2 B4 A 23S IS 4 9 th(Karbovskii et al.,
2021; Santos et al., 2019). =3k At EAF B4 5o g
GNYF ATFE FLG HECE 0

Y rlo

aQ

! 4
WA EA S 13 4 F2F A7 (Feature extraction) 9} /&
A7t o) Z % ZEF AZAHGEE FH] 9
ATE E F Uth(Desterro et al., 2020). =3k o ¥
Ao 2 AFHE AL Ay RUEHY S F3)
HH 4 Ae gotdthd ool 2o A
1THLi et al., 2020; Mena et al., 2022).

A 2 g5 4G AFAtE EdE HH9 &
N AZE Aote ALZ ogh #dsto] Ay L A3 S

AT e TF BT 24 ATE AT 712 A
298 3o 5L 2ejntdAd A B FFAIR AL AL E
T3l g Ao} 2ol FH AFYF ZAS wYste o §
A7 ATHNSSC, 2019a). A 0] A4 FA4E 270 W

Foto] A EGolHFOEN A
etal., 2020). 7] &2 A (Yang
JEE 7 A% HoEz &4
sto] WAL u A} AF 3} 2 71uke g 3o A o A A 8 F

= 7MFEAd 9 ICT

Table 3. Strengths, Weaknesses, and Future Research Opportunities in Residents Evacuation

Activity Strength

Weakness Future research opportunity

- Many use cases for applying Al
technology

- Development various methods to
collect data

Investigation

- Need for in-depth integration of
emerging Al technologies and
disaster characteristics

- Data acquisition study
- Development of algorithms for
disaster characteristics

- Abundant collected data such as
CCTV, network, and traffic data

- Scenario prediction based on human
behavior

Planning - New research methodology in other |~ Uncertainty inhuman behavior - Crowd movement analysis by
fields collected data, and new approaches
- Natural language processing analysis
. - Reliable communication network |- Lack of study on Korean language | for Korean
Evacuation

- Sufficient unstructured data

processing

- Application service study based on
network
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