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Abstract

Optimizing camera placement is a two-decade-old research problem. Many researches have solved the
problem with different approaches. Some different methods such as genetic algorithm, reinforcement
learning, and greedy algorithm have been developed to obtain the maximum surface coverage. Some

J . researchers have considered specific applications in order to optimally cover a certain area such as a
,@j’) coastal area or a protected area under the coverage of CCTV cameras. Some researchers have also
» . . . *
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considered the camera's capabilities of vertical rotation or horizontal rotation or zooming in order to use
these capabilities for optimization. With the development of drone manufacturing technology, this tool is

also proposed for specific applications. But what is less discussed is the optimization of the placement of

urban surveillance cameras in a real city map. Usually, due to the high cost, all city cameras are not
installed at once, and cameras are added annually to develop the city traffic monitoring system. Therefore,
it is necessary to prioritize the selection of the route and a very important factor in prioritization is traffic.
Traffic is the most important factor in choosing the route for the placement of urban surveillance cameras
because the streets with more traffic are exposed to more traffic accidents and should be the priority for
video monitoring. Traffic data is usually big data, not available for all cities, and on the other hand,
providing traffic data may violate citizens' privacy. Therefore, there are many methods for creating
virtual traffic, which are classified into two categories: macro and micro. Macro methods model traffic as
a physical phenomenon such as fluid or gas, but micro models, which are mostly used in artificial
intelligence methods, consider traffic as a set of individual trips. In this work, we use the second method
to create virtual traffic so that routes with more traffic are prioritized for installation. Citizens usually
make a lot of intra-city trips, and the function of city monitoring systems is to monitor these routes.
Therefore, the placement of surveillance cameras should also be in such a way that it considers the
observation of these routes. In the proposed method, the real map of the city is selected as a model. Then,
by separating the main paths and obtaining the skeleton of the path, a graph of the paths is obtained, the

intersection point of the paths will be its vertex and the distance between the vertices will be the weight of

the connecting edges. Now by randomly selecting two vertices from the graph as the origin and destination
of an intra-city trip and routing between them with Dijkstra's algorithm, a trip is made. By repeating this

process, virtual traffic is simulated. To create virtual traffic similar to real traffic, the probability of

choosing high-traffic points is considered more than other points. Therefore, the probability of selecting
vertices in the graph is different according to their location in the city. By creating one hundred thousand
paths for the studied model, the edges with the highest repetition can be found as the final results and
suggested for camera installation. The evaluation of the final results is done by repeating random
experiments and using the Jaccard similarity coefficient, and the degree of similarity of the output results
is checked. The reliability of the proposed method is expressed by mathematical analysis and by drawing

graphs, and the impact of influential parameters such as the number of city trips, the probability of

choosing points, the impact of city topology, and the number of output results are expressed analytically,
and the similarity of the results is 98%. The advantage of the proposed method is not depending on special
tools such as special cameras for traffic measurement, as well as not depending on a specific location and

topology.

Keywords: placement of urban CCTV camera - Virtual traffic - Jaccard similarity coefficient - Dijkstra's

algorithm - smart city
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(Figure-2): Convert city map to graph in two steps.
First: Convert routes to route skeleton. Second: converting
the route skeleton into a graph.
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Jaccard Similarity Coefficient
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(Figure-3): Jaccard's similarity coefficient to measure the
similarity of two experiments according to the number of
intra-city trips
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Jaccard Similarity Coefficient

(Figure-4): Jaccard's similarity coefficient to measure the
similarity of two experiments in terms of the number of
intra-city trips for two sets of 100 and 50 results
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(Figure-5): Jaccard's similarity coefficient to measure the
degree of dependence of the results on the priority of the
nodes according to the number of results
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(Table-3): Comparison of the proposed method with
other methods
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(Table-2): Jaccard similarity coefficient for different
values of choice probability in three experiments

b p9o9dol | adel | 9pes | 9 Jd
4Ly PI 9 9o pow oo
3,15

Azl e Y BEV . Af . Ay
4 O .Y .y A0 - AY

cabld
Sl s ssbuosly S iy | 3550 slad oy
95 ’ ;—w KPP andllao d
Nog,5
| |1 F1IV)
—oduTrn wbg‘jﬁﬁd [
5 sl T L
T | s S mn
e
(Y]
Nos,S
s —odezy | ke 5 B0 WT: [V 4]
Tl egs | Jeps | ST | DYIDE
ol
Vo]
)<
SIS s 559 J),,S
Caxdge
—osle ks - Joe o
o ) e
EaC L RS Lo
G

Sl eanobsl polie was co ylid (V) 9o guls
Slse el oty sy Vel meS las bla Jleis]
Sl Qo yo0Y 5l S go0e

bl cays Sl 38,56 sla )b 5l s S
i 1y bl bl Jlaxsl cogdsl Ly sl 835,
Sl @S s oo als ol 1SS sz g e
9 lp O) JS8 05 valys puis (035 sladl)
alis cupo wadsl sl slawl, 5l ogline diws
9 C«.w‘o.))gT Cewdds L§>9)'> C.)Lu Sl o> g ‘) d)Lf‘)
c\JLw.J w)..a ‘NS slass 6‘;} 35“"6" oo line cL?uL.}
S b olaw b g cwl oog b (g ke o815
il salg> ol

Fo 2 Y o)kl FY JLo




=

S M Qg )l Sy 9 Amings )3 ua (SUB yamno (3 N Lkl

IR s cmlie b lodaze gl 0gl (]
5 e (Sls slaaiul wile 08 &lae S99
ez b ol lp 02 glge g 32 i lo s
ui.‘s) Lo‘ u.\..Ssn 00545:.3 J.Q.C)Q ‘) 6)L...44...~Q4
olplo aes o Sl Jb JJB o, s solpiny
Sy slad yo g sdalcawoas Jb o 1y ays 90 b
Sl )8l oS ol @ilge (28,5 Lai s L
2y Olpyaely Cans g WS 0 ade b &lge

Dyl 00 &5 5L S BB Coadge bl

WS oo bl 1) (b e a5 alats, (7)) Jgur
O Gl Bad &g 0o 4 a5 oo b, 5 09,5 )0
p90 09,5 ;3 Wl 3l oolaiul aile WS o yusS yayg0
slad Gl casmdse Sl 5l aiS o gusuaiio
ad,S ki o1y el olad b iagh pled ddlhaes )5
Sy rpss 2leilr Gl e Lol S
Mol oy 0 ot ae Bt U catas
g addllae 5y90 slad 5l Juw lprear SIS gl sl
JB SIS Gl G CuaBee o lp nlnle
el (g 3lwosly
S oadaitle Jow [1] jza b gesh ple o
slad | ainnd (oSl samdn b (a o) songs slasd

200 4

400 -

600 -

800 -

4
\

1000 4
S — —
1200 4
Zaal \
T T T T .
0 200 400 600 800 1000 1200

(Figure-6): drawing 50 routes from the final results; the first 25 routes with a thick yellow line and the second 25 routes

with a thin yellow line
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