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[Abstract]

In most disaster scenarios, evacuation is a critical action for saving lives. Traditional evacuation methods often fail in real
emergencies as they provide fixed and standardized routes. Slow advancements in safety technology and the mismatch between
supply and demand are considered as factors contributing to the shortcomings of these methods. To address these issues, in this
study, a smart evacuation guidance system is developed using real-time location data and dynamic evacuation routes that reflect
current conditions. This system employs augmented reality (AR) for an intuitive understanding of these routes. A web control
system is implemented to provide evacuees with AR-enabled escape routes in evacuation situations. Existing smart evacuation
systems and AR-based guidance have not solved problems such as difficulty in navigating stairs during evacuation. By resolving

these stair-related issues, the proposed system enhances the reliability and safety of the evacuation guidance provided.
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Fig. 1. Safety perception for society as a whole from
2016 to 2019 (unit: score)
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Fig. 2. Awareness of evacuation facilities & tips (unit: %)

A MEFAe] AR EL "ok 7
w348 Welehs Fod %

st e Az E
2ol g QAR =yl

ol A434l 03%}% A= F4, 3, A3 5] Al
ek tha] 87 o] da giARE Frel, AA, &
FARIL ol TRk 1A= A o= wtol o]l tigl w
o} FR7F Fesirhs o7lolth

sz ol LED 25
Wah= A7t 9 f:f_ ﬁ}xﬂ B A B89 e
w71 Sl A Hxl AsfaL ofof A HlolHE
7pRre . Hvt ﬂMﬂi~ Alkstar vl fEes 3l
QhiskaL qu}zg ZutEE of &g AolAde xd_%rc]oi

|
4]

2 89 % 1192 A AxE A2 2(6] A
498 ) R olle) 4145wl sla) el )
Ag iﬂaz P 6H FHAAR GF ARE A

7} glom, 8 el B et 2

EO‘iElZOH 48 Fa AR B BASSIAA,
A 52 Ao gl ] dishA e Fel whE
: o] Q7] A% WAy A Al

14 7)ke) 2
ARE AT

791

S8t AR AOE It ohfi =

e A= S& [8]
okl A 4 2] o g 2D/3D A 4 chils
ke A OO}O] e Y&t (SUEP; Shanghai University

of Electric Power)o|A A7fR 4 FE-S MeEisle] A]~
glo] gajel ARgAdel tial] A1s Aol sl vERd AT
oH9] TR AMEY 7)ES o83k A Uu Aol
WHED QR codest ARS 88 ZREEY PS AAg
AT[10], Z12]aL Unity S} APIEES B3 Afo|2 22339}

SLAM 71", QR code & ARE3) A& UF-E st =7]
S e AR A4S BAE AE[1117)F Yk 7=

ATEe Enkd A E SR SR 7N AW Wb Ao
A ATE s 71 ATelid A Aol el o
b 5035 AREA} Rl gk A g BAE o A9E

oliel ofe] F3} we

o
=
o
it
N
iy
ol
g
R
>,
5.:
éé
E

ou}

S %iﬂxguﬂ 74]
“o‘?é‘w_oﬂ el & 7=
Unityoﬂ/ﬂ
NavMeshE &3l Ax&aL 8
OJEjol A Holi= A A o= o Au
710l 58S uf o]F H-&9] 5344, 3D T3k x4 g
A, o] Wsle] Ao} 2 o]f=E AAMH UE AFso®

Ag|slA] ekar, 7149l 240] ek, o] W3tE Ag
Sh= wlAYFo] Zasit), weba] 2 Aol A= 3D Aldel

A F& ARREE NevMeshAgent 7155 2-&ate] shats
5 Agent® A At WS 3l AAFA7EA] UlnlAle] A 7]
sol & TAskER Ah ekl

Y

N

or

. = g+ 7|

=]
=

3-1QREEE 0|8

8%t AR AOLE Ot QHY

=
EASE=

2 AFo)4 QR 7= 4314 AR 2HE Fd ohiE
B A Bk QA9 S Shiwe] Teast a7

32} e, WA Aol 2ol SRl Yoz Aul 2 AE
HE BAstd Be 5o 208 ok slng Afu)s
s, ks e lEow TRt %, QRE 214 4
A= v Qhfj =7} Aol 7?%‘& gEfofoF gk

27F5e A SR WA Ql8je] s Aejolok Fi,
webd] R8RS oAl AR QR F& HAS Q14T
A3k A E A Wk B A28 ARgAe] A
2 1A} Ve ARES APk AHSATE AR A 37 715
& Megicha 3ol g Qo] AbgALe] ZnkEE] hlel

. 5, f19] 2l @A Ak s %611 B
TE 4 ARAY s SRl 2141510} 9l QR 5
p=p=3 ;}/‘\_4 ZUlEE O F o]/d sPH EA = glr o] 7]_ E_]%]

http://www.dcs.or.kr



C|X|H 2El = &t5=&X|(J. DCS) Vol. 25, No. 3, pp. 789-796, Mar. 2024

Execution with Recognized Data

Location Data
Transmission

o

* . ))) Beacon Data Recognition

»

3

Beacon

oo
T

QR Data Recognition

Location Information Request

<
<

J8 3. AAE PHE
Fig. 3. The overview of system

2E HlolH = QA= a3l “ui 913 A7) 7153
S8, ¥Al AlEjee] Fale] o] FojA| e B

A S AlEke7lol] S, M e S 1E
3349 FAEIIth THEA=E NginkE £3) ReactE T+
Aslal, APIE wWeleryl A= whalo g2 zREsit), o)dl
Al ¥ React®} Spring Boot: E¢Z o7 A E o] o]
A AL, Wele Au7E AAH e, THE= A Wi-4
o2 wel= APIE BH= dlolHE A9 § 314 Huz
AREAL 0] BHRHS | g Advh Bg s AAollA
el =ola ZA7E SAshd g EAE A
ab7] A7k W= B g S s de o ik F, g e
QF7} TR Ao GBS A = Aolth olgd o]Ho|
wob W= el ZelElsr) 2k o] ohd, Hyel
T2E Agsgih 18]ar Ubuntu 22.04004 71de4 &
T3

[e) =
H =

=z

EdE e

postLocation()

L.
*Beacnn data / QR data

\ grcode
C &
Query(Read/Update)
Fezctnaive | getCaptured_count() o]
| QRC i

v
Mys

I Return Query Value (current time) [
‘ (0]

User Location Data
(Success/Failure)

a8 4. A% 28 Jl5 S5 2

Fig. 4. The method of location request function

http://dx.doi.org/10.9728/dcs.2024.25.3.789

Display by Function

792

Return Response Code

(Success/Failure) M =
Swagger

|
Return Success/Failure
Based on Data Availability
Request
1

|
spring

®

ubuntu

React Native

Augmented Reality
Evacuation Route Request
Augmented Reality
Evacuation Route
Guidlance

& unity

Location Information Request

QR/Beacon Data

s

Return Response Code
(Success/Failure)

E3], 29 439 §o] 255+ React-NativeZ} ‘U 9

A AF & 23T Al QR dlo|E1¢} Beacon Hlo|HE Y
3= postLocation $H=E F3 T Hlo|EE AL o] 3
QR Code?] AHEZE 7} Repositorye] #HAZE o] &alA,
Reactol 4] Post® 273 QR Hlo]E]¢} DB QR Hlo]E{7}
dA|shk= Entity7} A 1t whep EAgttd 1
7}?@9_5 Aot} o] 1 HHE postLocation
] grcode W<l H71A H™ 3ld QR code s AHEAL 7}
| 2hE “’OJQEE 7] getCaptured_count() 7}4¢} 1&
gt} v e 2 AR AR dAIE v, S glo]

Entity &

E]Z grCodeRepositoryl] Entity Se|2 A% & “A&" 3}
200 AH Z=E digksit), vkek DB QR dlo|E 7 YA]3]
= A §ithd ¥A]3k= Beacon Hl©|E]7} DBl =4 €21

&}a1, Beacon Hlo]E]ZFA} Qlvhd “AH” 9} 400 AEH|mES
WEekeht) 2 A8k= Beacon Hlo]E|7F QIthH whx|ero 2 o=
AH AIZFS "AE bl deviceRepositoryE Entity &
B2 2743 3“7 7} 200 AH) ZEE wrkeic)

o8 Fol, P U 97 AE L SHHA GoAM AHE
o] AXE Wik How BAA fek. o Wt 4] vo]

2 Reactdl] A%3817] 98] GETO.2 133t} o< o
g A3lgko] FAojAell AFeM mFE= AS 9] Al
QR dlo]E1¢} Beacon Hlo|E]e] mixulo g 4% A|7HS 2
A7k AYol o] groz WMAS} ea 4l Ho]X|o] Wyl Ho

2 9A7} =Z5W DBl npAEe g2 =A% A7 1970
5 Aspken wAste] 2 ke Hxseih WAde

QR Code®} Beacon H|o]E]E Entity = #7343t}
of] A Listol] addZ F7}3H}

oI e}l



3-2 A8} Application

SR ARBAL A AlEeE Vs T <HFAR hibE
Unity & A8l ARZ Z & ZABIES Q). o9 E=2
& s] flex= HA- o] A2 E AL a7t 9t o]
£ ¢33 AEUF FQsln g 2 ZR2AE A= ATE
s AA T fARRE 29 7 3D R 2ds
Tinkercad#l= 3D Rdy Tg o7 A2k}, o] &
A= ALkE $18) Unityol A Algshs 4 37] dagss
AHEsto] H A o] ARE ALk ojw) AREE A 3] LA
252 Ax dag]Fol™ Unitydl4& ©]E NavMesh® Al
FaE)

1% 5+ NavMesh& &34 A= AlNkeE Aafelt), gk
Z1Ql NavMesh A= AlLte] -9 AW A&l tiair= 2
A2 L AFSIARE, Aol BAZE 9l Al disiA e
Z AR Fistar Akl AAolA AlLE= A5t T
At s EAES Beaslr] fsiA 7P 33 A71E
71590} 1 A, 17 549 shAdel A= Bepy How A
25 Zveld A ZA T A 772 H2EE Jgds
Aol A= EAIZE BT 5, BAXMA] Y] BRE <
Uiz o Aldi= AjZbsked 5 glvks @xdo] k. o) & &
°P7] 918l NavMeshAgentE AR&al SIS FA|ah= 344t

#E Agent® #7838 Agenté}t HAA|A| o] FRE AL
th 9 HHES Aol E wol &EEATE AR FofollA=
8 AHE Zols 4= gldt) wheba 7]E Wi T2
NavMeshAgentE €83k AR WH]Alo] A 78 WS A
A A8 T

A=A o7 18 6xXH AgentE A AH 3T AAE 7}
A3 AR 7IWre 2 A RE ME & JEF A8t
A3t F7HE Oy 7S AnEES F3 U9 G
s = hjEla= s BoErh

:“.:

38 5. NavMeshE S8t 22 At
Fig. 5. Path calculation via NavMesh

8 6. sHEIF AE W27k AlEaolM
Fig. 6. Simulation of arrows going down stairs

The Evacuation Route
Destination is Indicated
with a Cube

Evacuation Route
Guidance Arrows

Mini-map

33 7. AR 7|gt oA = ohlf
Fig. 7. AR-based evacuation route guidance

v. &4 Zn

B =29 7se EUE ofEgAleldo] FlEe] itk
WA AEARE 28 oS Alold Aa Al A% oz QR
< Q14FNS B 4 Irk QR codert 3 7]k Shjree]
QR codeE ¢14shd 2P0 = 3hHo] Wol7kAuk QR code
7k 914 Bk sk B 5 9k QR coded Q1A1EH 231
W, 1% 833 QR 7= 91E B} wEe] ATk o) st
SIS ol88 & gl 4P ) AR MES e
QR 51 914]0] B7kg 391 8kl elo] vieprir,

Is QR code e Beacon

recognition

not possible?

Moving to

Beacon Identifying...

recognition e wiess —Please wait a

step. No/Yes. moment.

“Application Created as a Prototype in Korean
a3 8. H|A olAloz Hojvhs s
Fig. 8. Screen transition to beacon recognition

http://www.dcs.or.kr



C|X | 2El = &5[=&X|(J. DCS) Vol. 25, No. 3, pp. 789-796, Mar. 2024

Qlalo] Eykom 17 99} o], FulrE ALt
e A o4, YA E ok, digAEE B, ) YA A
F0 7 o]FolA gtk A 4 HES T2 Xgd W
32 Ayt dAHEL 1192 7)1E AAF ) 18 9o
A A2 ok MES 29 a8 103 o), AR} njY
WS B8 UE Ul s AFERlA dFFZE <)
5 UinlAlo] o] st

< Back SelectScreen 119

HE %7}
£ Emergeney Eseape

1 2 8

é,.’gg ?_175 ABC DEF

4 5 6

EHI_‘LI gg c.’_"LH GHI JKL MNO

8
EHEI EE _‘I'?_l PQGRS Tuv wXYZz
U 913 » € €

*Application Created as a Prototype in Korean
a8 9. T+ &M

Fig. 9. Main menu screen

T8 10. timd2 ohf BE A

Al AR 3HH
Fig. 10. AR screen displayed when evacuation route
guidance button is executed

(RN
AR

slolo

11604 Bz vpe} o], tig) 4= g1 7t
A5 =29 TS golg) 2D T 7HhoE a2 S gelA]
Atk 8o vl 995 AE5-e AAIZE QR/HIA HloE S
Al Alz=glo g B ARgRle] A5 AFde WAS
o} wEhA] AE UIFgR] AR Bl 2D AE
AoIA, 17 129} o], 2D AL FRE
9 g9 25 glsl 4= 9ok

a4
%

i

e
i PN
o 1 oo

]

N

Z%

http://dx.doi.org/10.9728/dcs.2024.25.3.789

794

£ Back FloorMapScreen

A
¥

EvacuationMap

Xl& 55 dinj=

“Application Created as a Prototype in Korean
a8 1. 34 tudz gl Ik
Fig. 11. Floor-by-floor evacuation route check

“Application Created as a Prototype in Korean

a8 12, 38 7z § tiuE =l o

Fig. 12. Floor plan and evacuation route confirmation
screen

V.2 B

Aol w2 S35 43} Al offZe] A0S Tl w2
g dv= S ek A =EE
ARg-Ste] tiusiA v R}
At & ) 2 =g
oA thulol] PHHE QR T AVIE )
Q1 HZAo AREE= H|Bo] tjEAolt]. o]= /4% vl
glo] 949 F Ao ongth AE9] Aol A &
& B AZRS FEEE A o] HA] et 3D B
o= AES] FHE TAAYUAE QR Z=E FEsla /s
W Ao} Beksiol 8 @42 A B3l Yo s
Unity 3D 293 a7} et FE3 A3 #2381 Ul
7 2 QPRI MM E o] &5 e A7} Q). ko]
A8} 7ja-S Eal] Unity 3D 2@ o] ASEE o]y, A
AIRE 72 EQ1 UL A /3-8 Zdslgro2m] o] Al2gl
o] A= AR S U A S Aot o]y
A& Q1 MAT} BA= Al O Al2=gle] wrlol| =LA 7]
o5, o bl ALg] 5ol T3k ke & Aot}

71E




=
=

AL
B A7 ARSI B ARSIV E A
o] SWEA e A o] A2tz RS,

22

[1] Ministry of the Interior and Safety, 2021 Disaster Yearbook,
Author, Sejong, 11-1750000-000020-10, p. 11, December
2022.

[2] Ministry of the Interior and Safety, Public Safety Awareness
Survey Results for the First Half of this Year, Author,
Sejong, Press Release, p. 1, August 2019.

[3] Ministry of the Interior and Safety, Public Safety Awareness
Survey Results for the First Half of this Year, Author,
Sejong, Press Release, p. 2, August 2019.

[4] J.-H. Lee, S. S. Lee, M. Park, and H.-Y. Kang, “A Study on

the Development of Safety Evacuation Path and Guidance

System through Context-Aware Disaster Detection,” in

Proceedings of Korea Sofiware Congress 2020, Online, pp.

141-143, December 2020.

J. Yeom, S. Jo, S. Yang, and K. Kim, “LoRa-Based Fire

Escape Route Guidance System Available in Smart Cities,”

in Proceedings of Korea Computer Congress 2021, Jeju, pp.

1702-1704, June 2021.

Y.-J. Koh, N. Go, C. Y. Kim, S. H. Lee, and S. Park,

“Real-time Fire Evacuation System Based on Indoor

Location Tracking and Route Optimization,” in Proceedings

of Korea Software Congress 2018, Pyeongchang, pp.

1659-1661, December 2018.

Y.-J. Cho, S.-Y. Park, S.-H. Youn, S.-H. Choi, and S.-J.

Yoo, “Machine Learning Based Optimal Evacuation Route

Guidance AR Navigation System in Indoor Fire Situations,”

The Journal of Korean Institute of Communications and

Information Sciences, Vol. 47, No. 1, pp. 88-97, January

2022. http://doi.org/10.7840/kics.2022.47.1.88

[8] S. Kim, S. Choi, Y. Kwon, and S. Kim, “Development of an
Evacuation Route Guidance Platform Considering the
Location,” in Proceedings of Korea Software Congress
2020, Online, pp. 147-149, December 2020.

[9] Lu, F., Zhou, H., Guo, L., Chen, J., and Pei, L., “An
ARCore-Based Augmented Reality Campus Navigation
System,” Applied Sciences, Vol. 11, No. 16, 7515, August
2021. https://doi.org/10.3390/app11167515

[10] Rubio-Sandoval, J. I., Martinez-Rodriguez, J. L., Lopez-Arevalo,

I, Rios-Alvarado, A. B., Rodriguez-Rodriguez, A. J., and
Vargas-Requena, D. T., “An Indoor Navigation Methodology

795

QR Z=E5 0| 8EHAR AOIE |k ohfi e

for Mobile Devices by Integrating Augmented Reality and
Semantic Web,” Sensors, Vol. 21, No. 16, 5435, August 2021.
https://doi.org/10.3390/s21165435

[11] Fajrianti, E. D., Funabiki, N., Sukaridhoto, S., Panduman,
Y. Y. F., Dezheng, K., Shihao, F., and Surya Pradhana, A.
A., “INSUS: Indoor Navigation System Using Unity and
Smartphone for User Ambulation Assistance,” Information,
Vol. 14, No. 7, 359, June 2023. https://doi.org/10.3390/info
14070359

2| 2|Z (Ji-Hoon Choi)

0174~ Al ARUSE ARE TR A%
#PAROE: 9 ZPEAS, g WAs, dolguol s, el
%, A%

U2 (Yun-Ji Kim)

2021 : 5ol Ah e
wupelvltiol st (A3

022d~7 A AEUSHE AFEFAR A3
w@ARol: 4 TAEAE, § WA=, ATAS, T

http://www.dcs.or.kr



SREELEEEE

o

O|# (Hyun Lee)
1998\ @ Mo gl A 2} A 4ksE
(o] 3FAh)
20029 A distal gk
AR A e (o] 34T AL
20101d : The CSE Department of the

Univ. of Texas at Arlington
(FFupAL)

20129 ~d A Ao FFe et s
H

2021~ Al BK21+ o] ¥ dlo]E] 7]

i

Areb: AN SAAAA LAY, A&AFY, FAA
Azg, dhole MulolE #4 %

B 7R Qe A Fgfof

http://dx.doi.org/10.9728/dcs.2024.25.3.789

ZX|(J. DCS) Vol. 25, No. 3, pp. 789-796, Mar. 2024

796



	QR 코드를 이용한 AR 스마트 피난 안내도
	[요약]
	[Abstract]
	Ⅰ. 서론
	II. 관련 연구
	Ⅲ. 본 연구의 기능별 고찰
	Ⅳ. 실험 결과
	Ⅴ. 결론
	참고문헌


