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Development of CCTV Cooperation Tracking System
for Real-Time Crime Monitoring
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Abstract Typically, closed-circuit television (CCTV) monitoring is mainly used for post-processes (i.e. to
provide evidence after an incident has occurred), but by using a streaming video feed, machine-based
learning, and advanced image recognition techniques, current technology can be extended to respond
to crimes or reports of missing persons in real time. The multi-CCTV cooperation technique developed
in this study is a program model that delivers similarity information about a suspect (or moving object)
extracted via CCTV at one location and sent to a monitoring agent to track the selected suspect or
object when he, she, or it moves out of range to another CCTV camera. To improve the operating
efficiency of local government CCTV control centers, we describe here the partial automation of a CCTV
control system that currently relies upon monitoring by human agents. We envisage an integrated crime
prevention service, which incorporates the cooperative CCTV network suggested in this study and that
can easily be experienced by citizens in ways such as determining a precise individual location in real
time and providing a crime prevention service linked to smartphones and/or crime prevention/safety

information.
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CCTYV, Integrated Control System

E =7 4779 A1 A 9(20190542-001)°] 9Jsh SR =EH T
*Corresponding Author : Joon-Yeop Na(KICT)

email: naz@kict.re.kr

Received September 25, 2019 Revised November 7, 2019
Accepted December 6, 2019 Published December 31, 2019

546



Al
=2

A7 WH RUHRE 97 CCTV B AL AT A7

=2

—

1. M

FT A9, RS, Ak, 0ot 5 44 dEEHe &
@ % A, vjop gl AR A Z2 gEok] o
3t =114 o]Fo] L2HA] CCTV, 59, AlA 5 7]
<0 iR A A EoHAAL Sl o] F AxHeR
ARAbaLe A SAYdE Alsske CCTVE €0l 2

5 1 F8740] A FAEIL 3t ofel 7 ARAl=

SHIAMEE d-ste] CCTVE BAlstaL lom, 74
5 58 AAYE 24 AYlE § TR kge

71&0laL k. SHAIEE FAPAIS] CCTV &4
AUZE ARIARLY] 3 e HEsEe AR S8
AaE E-8d Holqlrt. E3k AR o] i35t
T fAl g BUEFR &5kl o #A2Y
108 BYEY 7t 22 Bt 100tH7F Hol7k=

ol

5 29 B4l S W 271U A7) wlgol uet
AP bS] BEERIS FAAG 0% F0] Asfe}

=

0}O A

HhAelA] k2 Anta Abdo] TAEE B9t
stk AACIAE A5 CCTV, YAA 0] 4
TA 59 A5 HHAAS Tyt AT, dA
A 71efEe] sHAet FALY EE 5ol uE
CCTVE &-83h AR MFAHS2 A9 o]HAA] o=
A o]t}

olo] & AL 3k 3] CCTVOIA &4 ol 44
(&o2H7F WS "oly T2 CCTVE o153 u 3
T Ao At FALE JEE BTARA Adsto] A
9 AAE Y FHoke 7|E ATATet AAE |
FH S AHA WRES AAIGH. o] Yol 28l e
T 2ol A5y W A ¢ ofu|x] Bl oigh W
24 AgATet o] WhiAu A A% Aujic 3
Fojre AT B AES 59 A7Rg 4%, A =
A2, diolg] Y 5 ASEA 94 2y 4
A

|

41zl
E

E
=

[>

547

A CCTV #4 i 7erfd2
ISHA o]FA L o, FF Eopolx
A HEE 53l Auart AsEE B
ARA A= HE CCTV&S HE &8s
P SHo] 1ER g Qiok HZ =01 &
SHo] 1#H" Ay W AFAFHCrime-Zero
Zone) 2/3Z Hste] ¥ A & 9 AIAHY 24
=92k 713 QA THARRE AAIG A7 A
o & 15719 ¥i71e & 5 CCTV @Yol 29,
A5H GdEA0] 3=9E AAsk= 5 CCTV BH 7]
&9 S5 A e & = AT B3 A5
3 WAL 75T AHA BTt 7)E 9 fARAE
TET AREAF AHA SHOA Y BHEY ofEgA ol
TEE A7F AAEHATH2). E o d7E A5
Al AUtE 7171 o]-&5te] AlashH, &A1Y 91317

2 Adsle] FHY CCTVE 53] ZYEHY 3= S
8% ADAHAE AASHATHAL SHARE s AH|A
2 AR ANEE o] Z2jAloldE Bl ANE 8
Aofof st & A-grjido] AgtHelt). A5F CCTV &
25t A5 AR Y, [oT(Internet of Things) 7|4t
AOE CCTV W4 AuAE AN dAts
RC(Radio Control) Caroll F&He 7HHzts 53 oA
AAEQlo) et AJE o] AAet AfH|AoloH4]
CCTV A58 FHEAAAHO] gt AujARES A
Alg A9 A AFATE EoHA] =2 AT A
AcH5). mHAEto 2 CCTV @ EE 7Iftoa AAt
WG AlaEE AARE A AR ET= AP
EZlo = HpEolel= tha FHOA qinHol & I+
= AAIZE ALAZA CCTVEYES B9l S92 AAE
FHTl= AHARES 7]&4 o] P AFEAS BF
AAete] AP ATet] AHS 5 gt

AT PHEHOE on|R] ERE 5

=1P4

gl

9]
[o )0

opel

=
=

1o

S
i
=

1

Ay :
ERE AT JE AT
< AHEY, §j9joAE D.Madrofal’t B2 4 of7]
X049 SVM(Support Vector Machine, ©°J]3}
SVM) 715t A7t sto|n] AHEH o|u[x] EF ATE
SYSHATHTL. ol M= MAled ey 7]9ke] 14
G4 dHlole AAY Asst AlA" AA D 7 At
AP ATHE]. i 7= 2 59 ¢ FEHEE
LA WAl 7S E85to] o|nARRE Agt
=E=olth & A7 IA] o ShEdEEE E85to]
ol ERAPET =& gL E FAstuA gth

2.2 U2 YHAMH|A



SHEARSH7| &85 2] #1208 Al12E, 2019

o] vhy AfR|A ERke AwEE 20161 124 7
£ 190714 AAAY] SEIAAE 7L F5-FF=H 9L
on, FAPMAFE= 20199744 A= 22978 BE AHX
Aol HAAFthe HHE 2 Utk 20189 A7k =
AAARE ATEY, #FeY 199 ZYEH
CCTV B+ 71571 3632, FFRARY AR
A FARHEA77] SEEAAME 15 D 2J+E'Y
1919 BUE™ A4 50t Aol H|s] 74) o1 =
Al e Qiek ol HHAST WA Al A 1t
27| Q3 FEHIS AU, TALYEY
P57} 7HEE 59 o2 AP dAEE & dllo]
o} H S0 FENEROA AUEAE SHEAT B
ARG 4 Foll QLo W ECRe] AfH| A= AREA
AAARTL oHIE 9 JAREE 112, 119 AlEZ AF
Sk Eo = AFAQ] A AT AATE @Sl
gk 7t SFA171A Eotal JATH9L.

Sielo] v A AXAREE ATHEYH nj=e] F¢
T8 AEHo| nfo|a 24T EQ} T& AESt AAZ
X7 A B9HAIAEIQ]l DAS(Domain Awareness System,
o5} DAS)E 2012WRE F&-Alo] A-gsto] &9 S
k. DASE 3,000tHe] CCTV, s=uofefo] pFH st
Q14] FHet SoRHH HolEQl HHet H2dH DB
9 5ol AAIZFo R AJeAdRE E /ih7he] 3A%
BE AALR A5 34245t W digk 544
Q1 g W FAI G S5t Utk LAAA = AL
RS} 8RbEo] gt HldlolE 7]%ke] i F |
ZA|AEl(PredPol: Predictive Policing)s T-53}9]
EHS Ao AAZte R HIEGSHREE HEA A
Fotal it ofdio] ER2th MY oS ATE o]
91 #AHW(Hunchlab), A7FiLe] AHE Hoe EHE
(Smart Data Platform) 5 tl=oAs HH A& &
AH EAAAE 7]&o] 1edlE]o] A HAgS 9
sfgof| o]-&= 1 UrH2]. s AZIAL} Zo] =ollA
T TA A(EE AAA 292 A3t Afba
£ 2957 STt IAXAH Edo] 8T AoR B
It

548

@ PHAHIAE AASRALAL @ 71E AR R e
BF Z-8HH Rt gl HEsHA Eshke CCTV
A LR Se Hastarl, CCTVRE olEshe &
g F4- oA AARE tSAIAER] CCTVEY
71&g A7/t CCTV 847162 82t ZiAof
et ot SYHERE #AT 7, FAE F il
'3 7S E8ste] e AARE FAE 242 S5 A
ARt ol FARRE FAJT. T 7IeS B3 ARACIA
g8t 7hs et il MB|ARES oA AAISHES Q.

3.2 o2y Ay

£ Aol A JidstaRt sk CCTV 89 71&e2
F9] CCTVOlAl 24 &ozKels AAN7 8
oju +2 CCTVZ ol &3S uf 82z} AAof tf
A JEE JAA A Aot A8E EoRtE 4
Sk Z2 O3 Bdojrh, @ HE AXAA o2} &
ARt X558 CCTV ¥ ELAAAAE =hsta glovt
Qo] wlHsty, Hdt AJAH] F5E[E0 = Qlsfo] X
A 4to] o]FA|A] ¢l St} & CCTV FY 7l&2
AA=AS A3 A JERE AFtER A@Holn
FE&2AQ AA| FHo] 7hssith Bt FATA AW
2O 9 g T2 59 AnEQoE TEFAl
2Hlof] AASIY 5L PEER HX]H|-Go] A7
A8 7Fs/do] &t

HolEH o R AnH, V& oju|R] ER=
E4] WE|(Image Feature Vector)E E3f o|u|X|& 4
Z|skelgict. ol 98] Color Histograms, Local
Binary Patterns(LBP), Histogram of Oriented
Gradients(HOG) 59| ®Ho] ARGE QI SHAIE o]H
LU HESS EFAY HolE &40 wet Hgxrt 2
A G2 £ qlom, Bd XH3kE siejdk dsol B
o] ojxlt}, o] Hsly] Yl AT HAld 7]&o]
A=Y 9t B A= Pre-Classification based
kNN, Data Augmentation, SVM(Support Vector
Machine) based PCA(Principal Component
Analysis) 59 MAlgd 71&ES SEATISt] HMA#
FHo| E8ol= Rk AAfstaAt it

=
=

ke
il

2o HE o

oJu]A]

3.3 S ZzAA

£ A7olA 847 AF ] of
st GgAE 9 Al 7]

St

gl



AR HE BUEAS 93 CCTV Y 2AA2E A AT

ZA(object detection), AP EF{pre-classification),
E74 FZ(feature extraction), ¥F(classification)9]
4GA19] T2AAZ Z1FFIT,

Input Image Target object select

15 15
Shake correction Color & Texture Feature Extraction

T T

Background estimation & subtraction Train by K-NN(1-Positive 4-Negative)

i

Pre-Classification & Select Targets

Object Detection
Pre-Classification

T
Object detection

Data Augmentation for Train
T
Convert RGB to HSV,LUV
1z

Extract Feature of Color Channel

IT

Transform Feature Vector using PCA

One-Class-SVM Train
LT
One-Class-SVM Classifier

Classification

T
Show the Top 5 Rank Objects

Feature Extraction

Fig 1. Architecture of the proposed similar object
classification approach
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Fig. 2. Visionserver’s main screen streaming playback

4.1.2 Shake Correction
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Fig. 3. Local feature-based shake correction
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Fig. 4. Target object selected for the 1st classification

4.2.2 Color & Texture feature extraction
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Table 1. Texture features from Haralick features set

No. |Haralick features Equation
— ;o2
1 Homogeneity E= Z Z(M(IJ))
LY |
m-1
2 Contrast C= Z k? Z M, )
k=0  li=jl=k
= p)(j — MG, )
3 Correlation Cor = Z Z : ( J) ]
= 0'50'}'
4 Entropy H= Z Z M(, Plog (M, /)
i
5 Local LH = Z z M(I J)
homogeneity 1+ (- })2

4.2.3 Train by K-NN
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4.2.4 Pre-classification from selected target
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Fig. 7. Result of pre-classification by K-NN classify
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Fig. 8. Training data augmentation by Gaussian filter
and illumination adjustment

4.3.2 Convert RGB to HSV, LUV
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Fig. 9. Principal component extraction results of an
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4.3.3 Extract Feature of Color Channel
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4.4.2 One—Class-SVM Classifier
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4.4.3 Show the Top 5 Rank Objects
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Fig. 12. Real-time crime monitoring scenario
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