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ABSTRACT

CCTV for crime prevention is expanding; however, due to the absence of guidelines
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for determining installation locations, CCTV is being installed in locations unrelated to
areas with frequent crime occurrences. In this study, we developed a CCTV Priority
Installation Index and applied it in a case study area. The index consists of crime
vulnerability and surveillance vulnerability indexes, calculated using machine learning
algorithms to predict crime incident counts per grid and the proportion of unmonitored
area per grid. We tested the index in a pilot area and found that utilizing the Viewshed
function in CCTV visibility analysis resolved the problem of overestimating surveillance

area. Furthermore, applying the index

to determine CCTV installation locations

effectively improved surveillance coverage. Therefore, the CCTV Priority Installation
Index can be utilized as an effective decision—making tool for establishing smart and

safe cities.

KEYWORDS : CCTV Location, Crime, Urban Spatial Big Data, Machine learning, Visibility
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TABLE 1. Previous studies on CCTV placement

Analysis Unit of
Case Summary Data method Analysis
Kim - Park Analyzing crime incidence rates and CCW coverage . Coverage Spatial
areas by urban space yypes to identify spaces Crime, CCTV ;
(2010) - . analysis type
requiring surveillance
Do - Pyo Proposal for an Ufban crime prevention CCTV. system . Hot spot,
process facilitating crime prevention and criminal Crime -
(2010) . Overlay
apprehension
Lee - Kang Research on rleS|den.t|a| CCTV placement for crime cCoTV Space syntax Point
(2012) prevention using space syntax theory
Park - Lee Simulation of CCTV coverage areas and identification Coverage )
(2016) of optimal placement points CCTv analysis, Point
P P P 3D simulation
Ministry of the Interior L . . . Crime, Environment, Scoring,
and Safety Devellopment of crltgrla for selecting CCT\/ mstlallat.lon Floating Analytic Hierarchy 100x100m
locations and creation of a manual for dissemination .
(2016) population, CCTV Process
Arif Pribadi et al. Development of a model for classifying CCTV Environment, Daﬁaglizlgg, Point
(2017) types(performance) based on location conditions Roads, CCTV learning
Eric L. Piza Performing visibility analysis for analyzing the crime ) Propensity score
(2018) prevention effect of CCTV installation in public spaces Crime, CCTV analysis Viewshed
Xincong Yang et al.  Research on determining optimal placement(location, oCTV Coverage Point
(2018) direction) of CCTV in construction sites analysis
Julien Kritter et al. Study on optimal placement of CCTV considering coTV Coverage Point
(2020) budget and other practical requirements analysis
: o L Crime, Scoring,
Choi et al. Devellopmem of a prlorlty installation mdgx for CCTV by Environment,  Analytic Hierarchy 100x100m
(2023) scoring crime, environmental, and surveillance factors
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TABLE 2. Comparative analytical methods with previous studies

Index Ministry of the Interior and Safety(2016) This Study
Summanon of crime var|ables(grade1cr|me), Prediction of crime incidents using social variables(7), Urban space
Crime enwronmenta! vanaples(gradeZenv), floating variables(13), crime response variables(4)
’ population variables(gradedflow)

vulpe(rjabmty Crime vulnerability index Crime vulnerability index

ndex =gradelcrime+grade2environment +grade3flow - Classifying crime incident counts per grid into 10 categories

1~10 1~10
) Percentage. of unmomtoredlarea vithin Percentage of unmonitored area within grids(Viewshed analysis)

Surveillance grids(buffer analysis)
vulnerability Surveillance vulnerability index=(1-a)*10 Surveillance vulnerability index=(1-a)*10

index a=CCTV coverage area/total area a=CCTV coverage area/total area

1~10 1~10
Weight by grid Weight by index(Expert survey)
Proportion of female population=1.095
Weight Ratio of detached housing area to total housing Weights for crime vulnerability index=0.6544
area=1.041 Weights for surveillance vulnerability index=0.3456
Proportion of foreign population=1.014
CCTVinstallation index CCTV priority installation index

) CCTV. =(Crime vulnerability index+Surveillance =(Crime vulnerability index*Weightcrime vulnerability+Surveillance
msitr?(ljlzzon vulnerability index) *weights vulnerability index*Weightsurveillance vulnerability)
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TABLE 3. Variables selection

Category Variable Category Variable
Crime 5 major crimes Residential area
Total population Commercial area
Density Land use Industrial area
Growth rate Green area
Population Youth Land use mix index
) P Elderly Accommodation
Social . -
Female Facility Entertainment
; Urban . .
Floating Financial
- space :
Resident ) Housing area
- - Housing - -
Econom Housing prices Aging housing
y Official land prices Building density
Police station Number of floors
) Fire station Architecture Building coverage ratio
Crime response
CCTvV )
- Floor area ratio
Streetlights
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TABLE 4. Regression analysis results
R-squared Adjusted R—squared Durbin—Watson F D
0.477 0.457 1.604 23.566 0.000

TABLE 5. Criteria for selecting optimal machine learning algorithms

Index 70:30 Bagging Tree 80:20 Bagging Tree 90:10 Bagging Tree
RMSE 0.65214 0.62287 0.63292
Accuracy of Prediction vs.
Actuals(%) 81.21 78.81 80.25
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