A olo QLT coniad 0 5lodd (P93 § St 0395 (s ) o (S39195C § pole

S eulos sokun 4 diwy slo S (390 pigy (Sl dug 9 (R F O
S 4w (Sl (S yan 9 S-ROPE i 5951 31 ooliinl b gigy <Ky yeinigo
"o

Mgy Ao
vahidnia84@gmail.com

AVIAIY : ol gyl AVIE/N edl e &)U
odS

izl Coel 5 Conyy Lanmms Lai> (5150 (65,70 (Slalis alalbe (sl (150 (ol Sy 5iige ()0 galsz ;01808 g Al
Bur Cewl 90 slo Al Slalllas glo il alex 5l QT S ‘_,’.'>|)Ja 0959 5 (yy90 slo ALl (g5le c\.....ef..b—‘ o led 4
s_il B u&o.a LQJ"S"A) Ws.v ).»SLD él}u‘ g M)LM LgLQ )99 6&.»4)&»4 u,«ﬁLJ 6‘)4 Lo 6‘ 09—~.~J 4.'..49.' allae U”‘)‘
sl (6 s (gLad

2 (90 (lilSe o oS Jlasl Jol al> o )0 sl aid 57 alonl 47 Jlo ) al> 50 59 50 gy (nl (IS ek wiemy 2 (P95
o el 9 @ e Dygo g S dn sLaE 53 pos alo e o o flenel s @ (7555 5 3y (0 D50 G 90 sl
u|9_..s: a S'ROPE fv-*-’)jij‘ )‘ 9 gA.S)JJ.: r:L?u‘ Python (5“"94 MLJ)J QL\) 9 ArCGIS )‘)5| ‘n); )| oolaiw! Ll =\.1>)A U’J9| ..)b;
009 (29990 ;b g 0 dygly Jold 120,651 jo Dbasd aF (pl s ol oolaiwl by g0 | Ewl die ;o YU s e b obg,
S50 00wl Cawd & (g, iy liel (sl Engine City Lo ,o (som 4w 3ldos pgd a> e j0 28,8 plol adlais
A oolaiwl (5 e 00 gue

Slaare e WANTA Colas a5 (5l 4555 a5 28,5 plonil o (ay90 (6 Slogsl 35 15 S5 S-ROPE o, 6301 L il aidly,
A y90 03¢ 90 Ll (Gum ds oy il e 8,8 (13 gy ot LAY o o Sladllas 00900t o ye e VAOY/AA Colis IS
2500k (0 9o 29> B ro s MBS a4 I 4 sla 90 Shas ;3 ol soleitin 39, L 16 S Al g Sy
oS 03k oo S5 sl Colae sl anld izl e 55 Gy GHlr L el anlys Cews @y 5 (See Giigy (i Sl (e
QS o oloul golpitn (g, yo B altas Cuale g Sl et LAz L

5 Gk 4, ool g, S-ROPE, cus aw Gl (6 pay i Hlae (6lo pay90 0 00gazme Judodi g o Loz 1 guudS s olg

Ol ey coligizs 5 pele amly oMl ol oKy () Laisa § ords gl 0aSiiils (GIS 5 j9 51 Lomiw ol ol 5=

ng)a& Ol colabss g pale axly oDl 5T olKizsls cumn; Laummao 4 b ol oasluils .GIS 5 590 3l Lot 05,5 JLoliul -Y
(s


mailto:vahidnia84@gmail.com

J. Env. Sci. Tech., Vol 22, No.8, October, 2020

Locating and Optimizing Coverage of CCTV Cameras to Support
Better Monitoring Using S-ROPE Algorithm and 3D Visualization

Jafar Karmi *

Mohammad H. Vahidnia *

vahidnia84@gmail.com

Admission Date:October 24, 2018 Date Received: July 1, 2018

Abstract

Background and Objective: Modern surveillance systems based on CCTV cameras is an essential
element for protecting the environment and social security. Camera network optimization and
designing its architecture are among the issues of camera network studies. The purpose of this paper is
to develop a geospatial solution to find configurations for CCTV cameras in such a way that creates
the maximum possible visual coverage in an urban area.

Methods: In general, this research is performed in two steps. In the first step, the algorithm is used to
locate cameras in two-dimensional space, and the resulting output is analyzed in the second step in a
three-dimensional space and visually. The first step was performed using ArcGIS software and Python
programming language, and the S-ROPE algorithm was used as a high-precision method for 2D
camera deployment. After the modifications were made at the viewing and non-binary regions of the
region, the location of the cameras was determined. In the second stage, the three-dimensional model
of City Engine software was used to validate the output obtained using the S-ROPE algorithm. The
evaluation of the applied method was performed on an urban study area.

Findings: With the S-ROPE algorithm, an automated location determination for cameras was taken so
that the area of 1798.28 m2 was covered by a total area of 1953.98 m? of study area, i.e. 92%. After a
three-dimensional review, only two cameras were added to the total of cameras to cover 100%.
Discussion and Conclusion: With the proposed method, the number of cameras used makes
significant savings, and the most possible coverage is achieved. The only challenge is the process time
for large areas, which, due to the non-urgent nature of the problem, does not create a dent in the
proposed method.

Keywords: Line of Sight and Visibility Analysis, Close Circuit Television (CCTV), 3D Visualization,
Simple Rank and Overlap Elimination Method (S-ROPE).
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1- Closed-Circuit Television (CCTV)
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1- setcovering problem

2- visibility coverage problems

3- greedy approaches

4- multiple terrain covering problem
5- location set covering problem

6- maximal coverage location problem
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3- simple Rank and Overlap Elimination method
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Figure 3. Although it is covered in the 2D space of the entire area, it is not considered to be full coverage in 3D
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Figure 6. A schematic illustration of the primitive gridding operations by the S-ROPE algorithm, a) placing the
camera at each intersection of the grid; b) Place the camera at the center of each home to prevent the blind spot
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Figure 7. Viewing angle of each camera. The range of non-binary viewing is considered, and accordingly, points
that are outside the camera's viewing area are also due to non-binary visibility in the network coverage.
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Figure 8. 3D camera coverage deployment. Added cameras are marked in red
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Table 1. Evaluation of methods used to determine the number and location of CCTV cameras
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