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Learning Method for Real-time Crime Prediction Model Utilizing CCTV

Seung-Hwan Bang *, Hyun-Bo Cho™*

Abstract

We propose a method to train a model that can predict the probability of a crime being committed.

CCTV data by matching criminal events are required to train the crime prediction model.

However,

collecting CCTV data appropriate for training is difficult. Thus, we collected actual criminal records

and converted them to an appropriate format using variables by considering a crime prediction
environment and the availability of real-time data collection from CCTV. In addition, we identified

new specific crime types according to the characteristics of criminal events and trained and tested

the prediction model by applying neural network partial least squares for each crime type. Results

show a level of predictive accuracy sufficiently significant to demonstrate the applicability of CCTV

to real-time crime prediction.

» Keyword : Real-time Crime Prediction, Crime Types, Criminal Records, Neural Network Partial Least

Squares
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[I. Crime Prediction Method

Table 1. The Possibility of Real-time Data Acquisition of Crime Prediction Factors

Criminal Environmental Factors
Absence .
. Spatio—
of capable | Offender Victim Nodes Paths Edges Legal
. temporal
guardian
Race O O O
Gender ] ([
Age ([ ([
Population O O @) O
Average
. O O O O
income
Academic
N O O O O
Crime ability
Prediction O;Z:]Z:t:)orn O O O O
Factors ] ([
Patterns
Crime rate O O O O O
Time ([
Space o ([
Criminal
()
tools
Type of
yP ° °
crime
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Table 2. Categories of Crime Prediction Variables

Category Variable Value
Gender Male/Female
Birth Year ( )year
Crime Occurrence
Place (Place Name)
General Crime Occurrence Dawn/Morning/
Time Afternoon/Night
Crime Occurrence
Date Year/Month/Day
Conversation Before
Crime Yes / No
Meal or Drinkin
Before Before Crimeg Yes / No
Crime Play or Amusement
Info Before Crime Yes / No
’ Approach or Trail
Toward Victim Yes / No
Violence Using Hands Yes / No
Crime Violence Using Feet Yes / No
Violence Using
Method Deadly Weapon Yes / No
Info. Threat Yes / No
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Table 3. Using Variables to Train the Prediction Model

Variable Value
Gender Male/Female
Age ( )year
Home/Public House/
Place BackStreet/Parking Lot/
School/Park/Amusement
Center
) Dawn/Morning/
Time Afternoon/Night
Mon/Tue/Wed/Thu/
Day Fri/Sat/Sun
Drinking Before Crime Yes / No
Approach or Tail Toward
Victim Yes / No
Using Tools Yes / No
House Breaking Yes / No
Violence Using
Hands or Feet Yes / No
Kidnapping Yes / No
Hiding Yes / No
Attack While Walking Yes / No
Disability of Victims Yes / No
Attempting to Trespass
by Using Instruments Yes / No
Grabbing Yes / No
Physical Fight Yes / No

EF, W75 Bdd doly F RE wg] o 4w
T 2L oA §E A9, 1 59 BATE Rk o5 2
Shpols 283k Aokt WS AR oF, dlelHe| &
As FPATI oS B AREE wol7] S8 ol

7ol At Wy

2. A ¢ #xnt

BoApoA C4.5 dueF 7)uke] A EAANES g-ga)
ol MF F8& AEF s, Aiwd WH rdEE e
HESZ 7N REH2ASH S &8st o5 RdS 853t
ek UESA 7Rk F2H a2l A3de A5 9
& A2~ S AEA T 7 vE AL} HaEAS 785t
gtk AA doly F 60%5 2E <y, 20%S HAE, U
A 20%E HE &gsiglon, g5 HAE W AZd g4
w= dlolElE ke vl st qlol® skl 103] wiE

kit 4 A= Table 49} 2t
2A2g 39N 3 Fd MEYAS i YEH= 7
HzAswel 45 Aeng dud) B3k o, 4% 4
2 Apol= gtk ey, q5nd S5S A dlolE e
71 A5 rstel MAdSEAR 7Y UEHA
Asrol 7P Agstrtar skl

N
=
4z
f
_1‘-&
[

Table 4. Results of Prediction Model Test

ocistc #o| #2| #3 | #4 | #
ogistio 490 | 45.8 | 50.0 | 545 | 57.7
Misclassification
#6 #7 #8 #9 #10 | Avg.
rate(%)
50.0 | 53.9 | 529 | 56.4 | 53.8 | 52.4
N # #2 #3 #4 #5
oural NeWOIKS 1= > 44.5 | 46.8 | 49.4 | 50.0
Misclassification
#6 #7 #8 #9 #10 | Avg.
rate(%)
50.0 | 46.8 | 52.3 | 54.5 | 48.8 | 48.8
NN PL # #2 #3 #4 #5
S 43.9 | 445 | 44.9 44.2 52.6
Misclassification
#6 #7 #8 #9 #10 | Avg.
rate(%)
50.0 | 448 | 51.6 | 50.6 | 48.7 | 47.6
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Table 6. The Number of Criminal

Records of Each

Table 7. Suitable Crime Types of Each Detailed
Crime Prediction Model

Model(Type) Suitable Crime Types

Model 1(Type 1) Assault, Robbery

Model 2(Type 2) Assault, Theft, Robbery

Model 3(Type 3) Theft, Sexual Offence

Model 4(Type 4) Assault, Sexual Offence

Model 5(Type 5) Sexual Offence

Model 6(Type 6) Theft, Sexual Offence

Model 7(Type 7) Assault, Robbery

Model 8(Type 8) Assault, Sexual Offence
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[V. Conclusions

HHE dsta B W] gis] A&e dlg 284
o] Z7ksta it} o= <lal], CCTVAlA 3 EE 94 o]
ElE Yo wo} Wzx7} dojupr] A e dojts o
WHHE o5 9 ddde] Pasit) o2 s CCTVAA +3
HE dolHE ZE3 & e A HERTA oF Wi
W3 A= APt

AT WA oS BES Slyer] 98] CCTV o
El7} obd A& BHIFEDoA #E Fol e HAVES
ggapglon, o Rdd Age Je= Wlste] Agst

FE AR ALY oIS BDL Sreks WO AP
Rtk W K3 ARFI s AA WL ol
A A BES FEHGOH, AA WA BF S0l
FARSE ThE WA folee e WA fEoR RRH9
o ARRE FHEE AR WA A% 2 9559
o), oF wae dolee B4 Wa o 849 47
e VEAD 7N $RAAASEE BeSn e v
g A2 e vasE 4% 4R Fee nylo
W, 49 88 P54 SwolAY AgHS nat B8
WA71S A48 W F90] okl AAR sl B
S99 e fY0e o zas el 3ane

P QTE CCTVE 283 WA WaS d52 4 9)
SAE Gobr skt HolA felE zt=th AAl CCTV Hl
oE| 2 g3le] HEeAE YA o= mddA
W2 CCTVIA R7bss#] Bekste] o))
CCTVE 83t BAA|2~Hlo|A nf2 83t 4
oﬂq_ 5’_ 01]21:11:4]0 ﬂ&o}cq _,4131—*3 7]_1;}0_% Oﬂé?—?}q—
71ze] FgRANAgeA e 84 BT ASES o
ol el & &

12 zﬂ_ N;\]ﬂ,oi é‘

°]
F A deld ® A2, AgH 9 HolHE

O

11\010

¥4

QLo Ko (B 21 ot

e
AL
7l
=2}
=

O

WA weRTY TS AR dlZo] Al Ao dad
.
REFERENCES

[1] C. Shu, A. Hampapur, M. Lu, L. Brown, J. Connell,
A. Senior, and Y. Tian,
System(S3): A Open and Extensible Framework for

“IBM Smart Surveillance

Event based Surveillance”, IEEE Conference on
Advanced Video and Signal Based Surveillance, pp.
318-323, Como, Italy, September 2005.

[2] Predpol, Attp.//www.predpol.com/

[3] J. W. Brahan, K. P. Lam, H. Chan and W. Leung,
“AICAMS: Artificial Intelligence Crime Analysis and
Management System”, Knowledge-Based Systems,
Vol. 11, No. 5, pp. 355-361, November, 1998.

[4] Y. S. Chung, J. M. Kim and K. R. Park, “A Study of

Predicted Probability to

Journal of The Korea Society of

17, No. 4, pp

Improved Ways of the
Criminal Types”,
Computer and Information, Vol
163-172, April, 2012.

[5] Y. HO Kim and J. M. Mun, “A Study on the
Development of Crime Prediction Program(CPP)”,
Journal of The Korea Society of Computer and
Information, Vol. 11, No. 4, pp. 221-230,
December, 2006.

[6] Daejeon Metropolitan City,
http://www.daejeon.go.kr/uic/index.do

[7] T. Troscianko, A. Holmes, J. Stillman, M. Mirmehdi,
D. Wright and A. Wilson, “What Happens Next? The
Predictability of Natural Behaviour Viewed Through
CCTV Cameras, Perception, Vol. 33, No. 1, pp.
87-101, January, 2004.

[8] D. Grant and D. Williams,

Perceiving Social Contexts When Predicting Crime

“The Importance of

and Antisocial Behaviour in CCTV Images”, Legal

and Criminological Psychology, Vol. 16, No. 2, pp.
307-322, September, 2011.

[9] 1. Darker, A. Gale, L. Ward and A. Blechko, “Can
CCTV reliably detect gun Crime?”, IEEE Conference
on Security Technology, pp 264-271. October,
2007.

[10] S. H. Bang, T. H. Kim and H. B. Cho, “A Study on
the Applicability of Data

Prediction : Focusing on Burglary”,

Mining for Crime
Journal of The

Korea Society of Computer and Information, Vol.



98 Journal of The Korea Society of Computer and Information

19, No. 12, December, 2014.
[11] Seoul Statistics, http://stat.seoul.go.kr
[12] L. Cohen, and M. Felson,
Crime Rate Trends: A Route Activity Approach,"

"Social Change and

American Sociological Review, Vol. 44, No. 4, pp.
588-608, August, 1979.

[13] P
"Environmental Criminology," Wavelend Press Inc,
pp. 27-54, 1991.

[14] S. Y. Ko, K. O. Kim, Y. D. Jung and D. H. Choi,
“A Study to Classify Serial Sex Offenders Based
on Crime Scene Actions”, The Korean Journal of
Forensic Psychology, Vol. 1, No. 3, pp. 171-183,
November, 2010.

[15] J. R. Quinlan,

Brantingham, and P. Brantingham,

“Introduction of decision trees”,

Machine learning, Vol. 1, No. 1, pp. 81-106,
March, 1986.
[16] J. R. Quinlan, “C4.5: Programs for Machine

Learning”, Elsevier, 2014.
[17]1 G. V. Kass,

Investigating Large Quantities of Categorical Data”,

“An Exploratory Technique for

Journal of the Royal Statistical Society. Series C
(Applied Statistics), Vol. 29, No. 2, pp. 119-127,
1980.

[18] L. Breiman, J. Friedman, C. Stone and R.A. Olshen,
“Classification and Regression Trees”, CRC press,
1984

[19] Y. D. Kim, C. H. Jun and H. S. Lee, “A New
Classification Method Using Penalized Partial Least

Data &
Information Science Society, Vol. 22, No. 5, pp.
931-940, October, 2011.

[20] E. Malthouse, A. Tamhane and R. Mah. “Nonlinear
Partial Least Squares”. Computers and Chemical
Engineering, Vol. 21, No. 8, pp. 875-890, April,
1997.

[21] S. Wold, M. and L.

“PLS-regression: a Basic Tool of Chemometrics”,

Squares”, Journal of the Korean

Sjostrom Eriksson,

Chemometrics and Intelligent Laboratory Systems,
Vol. 58, No. 2, pp. 109-130, October, 2001.

[22] F. Famili, W. M. Shen, R. Weber and E. Simoudis,
“Data Data
Analysis”, International Journal on Intelligent Data
Analysis, Vol. 1, No. 1, pp. 1-28, March, 1997.

[23] S. Zhang, C. Zhang and Q. Yang, “Data Preparation
for Data Mining”, Applied Artificial Intelligence,
Vol. 17, No. 5-6, pp. 375-381, November, 2003.

Pre-processing and Intelligent

Authors

Seung Hwan Bang received the B.S
degree in Industrial and Management
Systems Engineering from Khyung Hee
University, in 2013. In addition, he has
been a graduate student and a Ph.D.

candidate at Pohang University of

Science and Technology since 2013.
student of the

Department of Industrial and Management Engineering

Mr. Bang joined as a graduate
at Pohang University of Science and Technology,

Pohang, Korea, in 2013. He is interested in data

analytics, data modeling and smart system.

Hyun Bo Cho received the B.S. and
M.S. degrees in Industrial Engineering
in Seoul National University, Korea, in
1986 and 1988. In addition, he received
the  Ph.D.
. Engineering
2~ University, Texas, in 1993.
joined the faculty of the Department of

Industrial
A&M

degree in

from Taxas

Dr. Cho
Industrial and Management Engineering at Pohang
University of Science and Technology, Pohang, Korea,
in 1993. He is currently a professor in the Department
of Industrial

and Management Engineering. He is

interested in data analytics on smart system and

smart manufacturing.



