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Abstract

The most important information required to help people escape from disasters such as fires is knowing the number of people
that are trapped in the building and their mobility situation. For this purpose, CCTV can be installed and used at entrances,
but they do not need to rely on visual monitoring. This paper describes the system of automatically detecting access personnel
information from video frame images collected from the CCTV in real time. We propose to improve the region growing method
commonly used in the digital image processing field without the degradation of the recognition rate. The proposed method is
based on a pyramid-type hierarchical area structure, and is designed to compress the resolution of the top layer to 1/16 of the
bottom layer. In this hierarchical structure, the top layer is a casting that primarily serves as a trigger to decide whether to
proceed with further analysis and, if necessary, a lower level analysis. In addition, CPU consumption time was reduced by ensuring
that only areas related to the high-level triggered areas are processed at the lower-level layers. As a result of the experiment,
the proposed layer area analysis method was able to reduce the execution time to 13.96% and the overall processing time to
69.92% over the existing one-layer analysis method.

Key words : Building Fires, CCTV, Video Analysis, Hierarchical Area Structure, Automatic Event Detection

L X
A T A AFelA AdE FE 7MY 8% ARe Od W Ao 1Y Fkebsg o) F Aol o] & fstd YT
CCTVE AXsle A9 < BUE P 9T 5 3o gtk & =& CCTVAlA 38 vt e =& o|n A ZRE
Ao 2 AU ANE AF0R AEAHE A2UE HYSHY UAD G 24 Bofol 4 3] ALgEhE 54 Wl
A A Astel AHE Astglol BoF nko T LASE ke ALY AT WAL Hetv) =y AS I
TZE 7]1&9& sl= b FAY dlolol] A=} HEHY dolo] BT} /162 Y4EHES *Mlok‘iitk o2 g AT FZolA
299 dolol F/bHS $AE AW AUAT A EolA QBE P2 gdohy, Badl de a9l el e
Qs Fxolg, £ 49 ode] A8 Joist BAR 250 S5l el dololol 4 A HES Sed 1A
CPU &% A& %%{E}. Ad A3, JA A FollA 5 FF DA Al CPU &7 Algte] 7|& &Y HIOlOi T o]
13.96% FEOZ A Aol Ay e FASRYL, AA A AL ANE 69.92% FEOE FEHT F AU
A R0]: 1Y sAl, CCTV, ¥ &4, AF 99 &, As % HAE

*WAAAL, A3 Y, A Ad7EA T AP AT A 4 AT (Tel: +82-31-369-0512, Fax: +82-31-369-0540, E-mail: seungun.chae@kict.re.kr)

Corresponding Author, Member, Semor Researcher, Fire Research Center, Korea Institute of Civil Engineering and Building Technology
HF)EZESF TedTa AT
Research Engineer, Technical Research Center, SoftSangchu Inc
(P RTEF 71EAFE FYDTY
Assistant Research Engineer, Technical Research Center, SoftSangchu Inc
() RLEAE 7SR TFE FYDTY
Assistant Research Engineer, Technical Research Center, SoftSangchu Inc
*****““‘zr‘ﬂ“% f_s]—ﬁ 7-1 1]—:—]57_%3’,]. j_ﬂ_ﬁ',:
Professor, Dept. of Computer Education, Gongju National University of Education
w1 5] 9 gt 15383 W (Email: jaesung@hnu.kr)
Member, Professor Dept. of Architectural Engineering, Engineering Hannam University

- 113 -



1. M2
5 AR Ve 74] G “]*1-/] A -8 ALE]
s fHIFE 2 HES Sl Atk ARS] AkE o
A% CCTV 5 2= Al AH Hyo] 5HA &4
JAI= Hrk X]bilﬂ e} A oA TS 2t
WU(Smart Building) .2 H=E3}3l Qi)
=& E Y 7 A Y W AR S HES|=
o] Tl QJX|SkH= CCTV ZHHletA| 2Elo] Zh5=ofof &
A5 B 7%l Bk Aok B =5 2y 77|25
"‘/\]7}—‘?— AHH= HIY L oHAE Als 248kl &Y
dell A3 ARE FE5h= w4 7ol A3 Aotk
(Rosebrock, 2018; Wikipedia, 2019). o2+ G 4 7=
< 9 onAIE AFF AEeh= tAE o|n|A] 24 7let
FY EAS FE3hL BAshe JIE3AT AZESY] 7&
< 7|¥to g gt
2A At T A5 S 2 A ZE(People Counting)dh=
e AE %?j‘?% FAste LA Helol 83tk
! BT T8 BRE ARSE 1jr
o] flollx, Mgk 5 *J7} Aol AJsle] =Ush= <)
A= /\yﬂ BA 9F A 5 29 I THS ;qq._
AFES] kA Jjﬂﬂ ol 282 5 UTHPopa et al,, 2010).
53], =4l WA sAiv A 5 At Adsde] S
W A= S8 TR 22 5 Aok ol
1787 el AT 213k A tiF ) JE
X Fasith
5% CCTVE AHEA 7[EFog &
A= 7]‘*6‘01 HA =7 = sh=d, o)A F= oln]x|¢]
R =gk kA ®lolE AFs =3 CCTV
=3} *l’éﬁ% d7b Sh= Eg]A(Trigger) &2olt}. o]k
kS| 7@.% ]Lo:% 3t Ao 722 W3E 48]
Ao shAgh Haro] ofEshy] wiZel Bt
"] T@O] ol A 914 5] F=AI] Walet
A=K ;q/\lo] :UE}E]‘— or= u]—;;H L ol
HJ. AT 71E CCTV7} 2he F8A]
< ARk ZE geo] duid=
dollA HIEE v} I T8 ER o3 A3k
71 Rto 2= Sdsh= A =Y ARE
k= Zlo] offal i S 1Be A=
0@4 il g@7-E kAL STk
B =20 CCTV 7hEle] 2% BXe| #3F AZEY0]
darelE FolA AR FE AR HAEske 1E TReH
(People Counting)& ZAFFE] TZ 130 #A3}L Zlolt}. E3),
AAAR] o|m|A] B4 A FolA 24 B F= @A
T2 wgkele] Bt wEA EAE e = e daEls
< Aersith
ARks= 4 °

=

l% M

3
=181

‘1‘31::

e
e

m'lﬂ Jlm

L gy
r ‘W ot
S . )
mlru N

t

0 > Vi Ar o
t ™ o > o}
: it o
i _‘;]
m‘h“ 2 o

e

i

Me o ¢

X to
Olv

E
n}i

o] §84S BTy 9sle] YukA

114 S=YUXES =22, M20# 25 20204 43

Q1 olm|A] ¥Y A 7H AL
Azt sttt Aljkee A % 2].2- 71]%/‘3—% ZH=
oA #ojo] = Y o|n|x Hﬂc‘.a YA s}t

T, o] AlSE Ad Ao oJslA] Az 2 e
&z NS A=sgn o ue AA A2l Xg

SN 5845 Folaat ST

xil%olt wale] J84 AES fsle] AAl AE =2

AL TP TE 7 T2 vt QY OlUleE—
A shs B, 40 AR 9 EAS FEske FiE
I O &S AP dAE eth

Aol ARSE EAL oln|ollA Fashs Al 7t
do] = FYe] A1} i PG| ARPE wo] #goltk
3L o]u)A] YolA JHe Belshs IS AAZ i
Hlnl J2)e F2 ARSE] wjlEe] AlRE A7) FA] Q.
B =RolAE ol 7dalr] flsle olm|R|e] B =&
A=z o7 ukE A8 vuhalS A okakgnt

2.

re

21 o7

Untd o 2 1]F 7Ef(People Counter)= LH2| T2
U ATE AW A 5 SHske AA 717
oJm 3}, Ruser and Pavlov (2006) GTolAE 5 A=)
(Manual Clickers), 21241 q] Al X|(Infrared Beams), =&
ofo)uto] 2 7|(WiFi Trackers)E ©]-&sh= Hlnl% ©<=gh
ANs HE A 11\3]34;@—% Z70skar ok

BT} 52 ES fRiMe Bt 7RI A37A 3

< Q= 2D onR] FAo] HeshH, CCTV 71l 3l
7}]2K(Thermal Imaging Cameras) 50] 48d Stk

Ak o g vE 7ReE darElEe A F VA e
2 FR3F 2= otk 3 WA e 2H A2 upaog
oA E Y& %‘(Image Segmentation) ¥t $-0l] % <]
A 7IRIE AR PEEIES sl A8k WH4lolth Dittrich
ctal. Q017 A7 24 U2 05 BHAS o
dPES AREsle] gk B BRE ””1 Fstar A
olm||e] EA BAsl= wrAlolg} 3 4 9lrh

2 7k Qs HEs 01\3‘43 o] LA
AAet] s A% AT E BalE I UTh Wang et
al. (2015)= 7W7I1S 8] Bk o] Hshe 99
AES I Al B2S ARESkaL ok

Wang et al. (2010)] 97+ BT} B2 F{(View)E 47|
st B2 7HletE 01%3}93\‘:} B olm]A| 3ke] /A
ARE A5 BYAE shdehe =8 ARE 28d o Utk

B AY ou|A= 27] v oln|A|et FAE WLt
A=E- W3t S 2k IS ek (Yao and Odobez,
2007; Niranjil and Sureshkumar, 2015; Huynh-The et al.,
2017; Li et al,, 2017). L8| 2& °P7§?<4(ﬂ Hj 74 o]u| =] <]
StR7E 24 BRe Aes #e-sith

¢



Cho et al. (2019) 7= HE F9o] EHo =z 33}

B 5(Optical Flow)E ©]-8-3}3th. Yao and Odobez (2007)=

A9 o]zl #¥l(Local Binary Patterns, LBP), RGB 3}4
Zk 0] AREEATE Farou et al. (2015) AFoldE= A 7194
QF &3 2d(Gaussian Mixture Model, GMM)S &-8-3F
AT A= HuE ok

3. Al =4 Z=Te| 9

Z4 U AF HE olleldE(Agent) T2 1Y
Y E47l AXE CCTV G ARE FHsh= AHolA
At

THEE AR =} AEE A == A=
izl DB3}ste] Agstal #A4E a7t ik E =70l
A S Fig. 13 o] THE=E IR AXE CCTV 7He7t
UL FAE A= Z42) 7hjgke] vt e ZE|Y) o|n]RE
AARE skl E4EtEE &3k

2
KICT =

Fig. 1. CCTV Control Program for Automatic People Counting
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