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Abstract In case of a dangerous situation, the roof, which serves as an emergency exit, must be
open in case of fire according to the Fire Act. However, when the roof door is opened, it has
become a place of various incidents and accidents such as illegal entry, crime, and suicide. As a
result, it is a reality to close the roof door in terms of facility management to prevent crime, various
incidents, and accidents. Accordingly, the government is pushing to legislate regulations on housing
construction standards, etc. that mandate the installation of electronic automatic opening and
closing devices on rooftop doors. Therefore, in this paper, an intelligent emergency door
opening/closing device system is proposed. To this end, an intelligent emergency door opening and
closing system was developed by linking wired and wireless access counting and Al image analysis.
Finally, it is possible to build a wireless communication-based integrated management platform
that provides remote control and history management in a centralized method of device status
real-time monitoring and event alarm.
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Fig. 1. System overview




4  CIXEYAMSSIX| H1H H25

o3t Bl A AE A AL Qlsf
B3E 3K A2 g SAlske S| AR, BlAd=] A
¥ AJEE AAsk, sl Ale B Bl #E] 5]
A= HAE ) ASE bR AR 2 HAg
Shz ko R 3 oA AT, v BE Be 2 S
A E] sl vl GAl, G AR §F=S CCTV
7hEl2 AEsh= CCTV AHHOIAS ZFSIc)

3.1 RFH FI2EHHM HF

71eE AN SRS B 2% Al 58 7}
LEFT 712E AL BAE ) & ok 1
ZoAY SAlIA AYTE Ale] S(0let 7hE S
A l AE S5 BA Avz ASE 5 Ao A
71eE AAE B4 S9E] 43 A2
U A Az AT e

ﬂ—ﬂﬂ Kol o8 CCTV 94 5-& Edf A2+
07 3loIg} &= g H|AF AJBlo| AT 2QJA] o] A
St A 5 AEsHA mhefd & Al "Il

29 E4] d52 93t 71oEL TA 7he-EH AAE
NEoz AgstEA 44 JheE AAE AAstel 4l
242 FEaigich. $74 7heE A A5 it e
AEE 7HeE AAEA&SA)L A 7+ AAE B4l
o7 9 9% 7}E AA 9 2h go|gy) WA =g
glo] Iz MMz dFEo] ARgAF Ulet DB wHy:
A BASKY Fig 2= FA 9 94 7HeE
Al Azol it BIAE FAdEolth

=]
T O
el A
==

&

e
BN | =R
il

- - s
—L =
.
Sensor data

collection device

Control screen
<Wireless counter sensor test configuration diagram>
o | )
==
EM lock —

—— T
Wirdess repeater LET Router |ismEE|

o o SERVER

Open

l 2

g e ‘Control screen

il Courter sensor

<Wire counter sensor test configuration diagram>

Fig. 2. Wireless/Wire counter sensor test configuration
diagram

A 2 A 7HeE AlA sl bitt HAEE
HlE AAotal ARl G0l Aol i %
A A MY 292 33l o] AN AT
ASe A% B9 I =95 FPSAH. HFH L
2 A ZF ol ¢ DB HolE dloly ZYEHH
% HAES Foror, 24E Aol tidt I
gele 5 49l 242 APl

Fig. 32 E3F o9 dlo[HdA Ald 7h28 Al
A HlolgE &Rlsk] fet 01@1 DB A= shdolH,

Fig. 4= AHATHA 2SS At 59} shgog ni7tA
£ B3t HolHE TEtl= Aot HFHO=E HAE
ZAIE Table 12 TS

Receive counting sensor data

Fig. 3. Counter sensor detection data reception history DB

Motion detection angle

Fig. 4. Recording screen for fact verification



QEM 7128 ASE Al GMEM HIMNE NI AAH Y b
Table 1. Test results Learning 7|5F9.& Object Detection HH<S 8313
Division Total sample | Total detection | positives on EX == 4l 2 ot 3PS TPUA A5k,
status sample status X X = Q=
Toral number a58 o35 0 SSD(MobileNetV1)  Architecture®  AMESIH,
. ” » KOTRA A% %8 34miel -gsto] sheAlzch
Details ol&gt Al JAEAAAE CCTV THARS F:415}0]
o | 9 e ° Al AERY BE, CCTV SGAHS BAsl0] A

Accuracy (%) 97.67%

False positive

2.33%
rate

3.2 Al GAEAMXIR |

oo™ o

Al GAEAZA = CCTV 7225 H CCTV 59
A& SAlskH, CCTV 7Hehs vl /1S 1A
o HE AeAHAAC o6 FYE Ao,
CCTV 594 AZE 4 9t

4 oAl ol s B4 YEEE o]-8sto]
CCTV 5949 a&4d =g dS 2451, ol4ds
A guEE2 T oA E AA, AF 99 ¢
b Y9 A, JIE AA7F 9 Yol HAIst
W AYARS AT 5= SITH10-13].
Be 4 YuEES ol8sto] CCTV &

ZH YL BASH, 2EPF £ g

252 T UM B9 e AAE AEsta, B

9 A= AA stz IEskEY S WY U
o] At ¢row ANskE AT 4 ATH14015).

Al YRS 93 EaeEL2 Color 715k A4
727 FHelge wsls HAoZ RGP Color

Space ¥ HSV Color space°l4] o}&] 24L& =5}

R>G=>=B8B - R, G, B: RGP Color Space
oA R/G/B Channel
Ry - S HSV Color SpaceolA]

Saturation
- R T.S_T: Threshold

S>(255—R)S,/ R,
&3 ARM 7]49t9] CPUE ©]85t= Raspberry Pi
of FAgste], C++ 7[§FS] IVS VA Engine
Raspberry Pioll Portingdt®] 1FPS °©]519] &&= A5
Hoh CPU 7]8te] AAkg FAsket7] sto] Deep

2 7S AAISH, AWakE Atk A3
4 2E, CCTV 5942 ~EfY 2E 4 A3
B4 BE F ojL sh} EE ¥R Adgsiy, Tt
9T CCTV 5944= Assh= CCTV I/O & 4
AUAES A AHE Adcte A3 ZEAAE X
it} Fig. 5+ Al QARAZAE +@8% Aol

CCTV I/0 2E 9 A5y Z2AAE 233t} AE

gy RES CCTV
CCTV 5342 CCTV 7HHete] Qs BAg=H, AE
g Hgo] AT A5d #4 2EE CCTV 5%
&g BAsk], At I T7HeAE A% A3
24 252 9 Al Qbd Al f¥EE Ao|sh
E oY I B4 g1EES oY S Atk #4
A3k, AL WY 7HsAdol SloW A5E 24 HE
CCTV &QRoIAM AAs &3ttt CCTV 1/0 B
2 CCTV 7Hiet E #ejap & 7 9248 st &
olt}. CCTV I/O BEL CCTV 71225 E 5415
CCTV 94 2EY HE L A58 #Y Bg 5
ojL sh EE & Mgt $HH, CCTV I/0 &
B2 WA dUERE £418 CCTV 5948 Alg &
ol et AEY HEC] AGH CCTV 534 E=

1 Ao



6 CIXIZYHMSS|X| H13 H25

CCTV 7egta el $415 CCTV 594 et &
Tz AL A5q ZTrANE A8 2
= Alofdttt. 253 Z2AME Asd 4 ZE9
A A3} A2 B 7Aool AAEWH CCTV 94
A FEd 29 B4 B EE 8 B4 Az A
ST BA Als A5 Hekd ) 3 | ERE
of E&sto] AL AL WA TeAdE AES
gt F7tHoR, 8Qtoz AYARS wosly] o
35, TeAe FIEARA N F&sto] =3kd CCTV
qu/g-.g_ i}o]z‘ﬂ 2~ 3)\1*4- ;(].‘:'6:] _\‘IE/\ﬂ/\-P:_ /\Ea]u]
BERRE CCTV 594S weiat gue deai,

Al JHRAYA] d3t HaE: og%%%xm
Ae 7E B4R B A2 2 fA, IPRAYA 2
AA oHIE LAY glo[E 7} W2t glo] Iz A

Hm

B2 AEEo] A8A Ulet DBl #1d-Ag=EAE
RIskI. HAE AURles f740 72 AlA
st HAESL 5UT W02 APt Fig. 62
G ElolE HEE AR EAF ol HolEoA 4l
°]% DB 3hdg Hehd Aotk

o &

Fig. 6. Video data reception history DB

T3 Fig. 72 24/ 1A € 28 A4 =
Uehd Aolt} upAleto g Table 2% Color 7]t

AR A B 23 FINES A8W Al FAASR

AojAe] 7] BJAE ATHE e Folth,

Fig. 7. Entry/Access detection and violence detection

Table 2. Test results

S Total sample | Total detection "
Division False positives
status sample status
Total number 1,287 1,287 0
Aczes 738 738 0
Details Vool
oen 549 549 0
ce
Accuracy(%) 100%
False positive 0%
rate
4. 32

&9 S47 22 SAEL et 22 v A
& WA, AFAEO] HET 4= Qe Aholrt e
U SQAER] AREL £l 8=, o At
9] YHo] EolA7] wEol| LAMRE Bohe HIAE
2 4 ABolA = Hafi=lo] lofok gt =u F
| 4 A AENA SYAA RS Hdlisk= ol
= 3 Qo= B 9 Qb9 AlE tfg et
SHAZE Q7] WiEolch 7129 HIAE BA 9 Aof A
ARIEL o] B9 ZAIE 7hstal Qlok E3E, HlA
T AR o2 S T v A Al
9] Aol oWt Feet g w4 gtk
EA-e] Atk
7129 593 R AN v A T
A A 2 A5 7 715wt tHlskar Qlot whebA
227E YA A v A o E AR AR
HAA 9 A & RE IRIT & glvke ZAIF ]
A71= L ek

uebA|, v A NEEAE oA B 9 A
ofshi= A|AHo] BQsitt & =FoAe l%o v
= HEEA AlA"RE AjbelT ol e, fFA
9 7He% 9 Al QAL Asoto] A6 HE
A A" gstict. @ AAg] Bt HAE
A, 54 7ReE A% HAEAN = &Y AA i
S ATt 97.67%2 =EEOH, Al FAHEGA
AHE &Y ¢ 2o digt 4] =7t 100%E =
Z= Ut

ol Foll, 7|0 EUE AR FARY, &
YR} JH= Ado] E7bsote] HMEo] ERiExrt F
AP BAE A 2ske R Aol 755k

rir rl' r

_4

)i“j



Al RN HigE

JHE| AJAR JHe 7

E3} 719 A A5S Eso] AR AR 9ko] B

(1]

A Aol gt S A

REFERENCES

C. S. Moon. (2020). High Influential Factor of
Cadmium and Lead Exposure in Outdoor
Workers.  Journal of Korean Society of
Occupational and Environmental Hygiene, 30(2),
163-173.

DOI : 10.15269/JKSOEH.2020.30.2.163

Y. J. Woo, J. K. Min & S. Y. Yang. (2016).
Evaluation for Capability of the First-grade
Elementary Students to Open the Emergency Door
Integrated with the Fireproof Shutter. Journal of
the Korean Society of Hazard Mitigation, 16(6),
257-2606.

DOI : 10.9798/KOSHAM.2016.16.6.257

S. G. KIM, M. S. Kim & S. J. Yoo. (2018).
Development of Smart Switchgear for Versatile
Ventilation Garments: Optimum Diameter and
Voltage Application Unit Time of One-way Shape
Memory Alloy Wire for a Bi-directional Actuator.
Korean Journal of the Science of Emotion and
Sensibility, 21(2), 137-144.

DOI : 10.14695/KJS0S.2018.21.2.137

C. D. Ho & S. H Won. (2013). A Study of
Improving Way about the Fire Door Performance
Criteria in Buildings. Journal of the Korean
Society of Hazard Mitigation, 13(1), 281-288.
DOI : 10.9798/KOSHAM.2013.13.1.281

Y. A Song & Y. C. Kim. (2015). Programming
Learning Using Image Detection and Tracking
Devices. Journal of Practical Engineering
Education, 7(1), 17-23.

DOI : 10.14702/JPEE.2015.017

H. R. Kang. (2019). A Study on the Application
Design for Wireless Communication Control and
Development of Stepping-motor Microcontroller
Unit capable of Wireless Communication Control.
Journal of Digital Convergence. 17(12), 503-508.
DOI : 10.14400/JDC.2019.17.12.503

J. J. Lee, S. U. Kang, J. H. Jeong & G. 1. Chun.
(2018). Development of groundwater level
monitoring and forecasting technique for drought
analysis (I) - Groundwater drought monitoring
using standardized groundwater level index (SGI).
Journal of Korea Water Resources Association.
51(11), 1011-1020.

DOI : 10.3741/JKWRA.2018.51.11.1011

S. Y. Heo, T. H Moon & J. Y. Kim. (2018).
Cost-Benefit and Spatial Effects of CCTV on
Crime Prevention. Journal of the Korean
Association of Geographic Information Studies.
21(3). 63-75.

DOI : 10.11108/KAGIS.2018.21.3.063

. C. Park. (2014). Fast Human Detection
Algorithm for High-Resolution CCTV Camera.
Journal of the Korea Academia-Industrial
cooperation Society, 15(8), 5263-5268.

DOI : 10.5762/KAIS.2014.15.8.5263

H. S. Jang. (2015). Intelligent Image Analysis
System for Preventing Safety Hazards in
Dangerous Working Area. Journal of the Korea
Safety Management & Science, 17(2), 47-54.
DOI : 10.12812/ksms.2015.17.2.47

H K. Yoo & J. M. Chung. (2019). Augmented
Reality Algorithm Selection Scheme for Military
Multiple Image Analysis. Journal of Internet
Computing and Services, 20(4), 55-61

DOI : 10.7472/iksii.2019.20.4.55

Y. S. Lee. (2020). Analysis of Utilization and
Problems, and Learner Behavior of Distance
Science Learning. Journal of the Korean Society
of Earth Science Education, 13(2), 175-185

DOI : 10.15523/JKSESE.2020.13.2.175

S. G. Oh, Y. H. Lee, Y. W. Chung, J. K. Chang &
D. H, Park. (2010). Video Event Analysis and
Retrieval System for the KFD Web Database
System. The Journal of the Korea Contents
Association, 10(11), 20-29.

DOI : 10.5392/JKCA.2010.10.11.020

S. K. Kim & T. I. Oh. (2018). Real-time PM10
Concentration Prediction LSTM Model based on
IoT Streaming Sensor data. Journal of the Korea
Academia-Industrial cooperation Society, 19(11),
310-318.

DOI : 10.5762/kais.2018.19.11.310

N. R. Shin & A. H. Yu. 2017). Preliminary Study
on Utilization of Big Data from CCTV at Child
Care Centers. Korean Journal of Childcare and
Education, 13(6), 43-67.

DOI : 10.14698/JKCCE.2017.13.06.043



8 CIXIZYHMEs|X| H13 H25

Z & 4(Cheol-soo Kang) sSEE|

20159 2¢ : 271 EARSY FE
BASEIHZEAD

-2021¢ 10¥ : @AC|AAAHE
Al 7|FRAATA A7

- TAECF : [oT AlAH, A ABlA

- E-Mail : ily01@hanmail.net

£ X| ¥Ji-yun Hong) [(H3)2]
20024 2¥ : SEPEYEY =
Sl =S

20179 109 : @Al]ddAg 1=
Al TEo]A}
- TAEOF ¢ AT A, AREQIEY

- B-Mail : ceo@knxnetworks.com

2 &2 &(Bong-hyun Kim) EER)
20094 2¥ : ShtOElw HEET
Slal(FEEA

2012 39 ~ 20159 2¢ : Aty
st AFETS v
- 20209 3 ~ @A ALy &

HEGolaly B4

THAEOoF ¢ Ho[EHE4, 10T, B4, v&
‘E-Mail : bhkim@seowon.ac.kr



