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EECCIERER ) JIEGITEY Optimizing the placement of surveillance cameras is a

fundamental component of intelligent urban traffic management systems. Proper camera
deployment significantly enhances traffic monitoring accuracy and reduces incident detection
time. As a result, the problem of optimal camera placement has long been a research
challenge for many scholars. Modern approaches employ multi-objective optimization
methods to enable simultaneous analysis of various influential parameters. Despite significant
advancements in optimization techniques, current methods rely on 2D and 3D grid-based
modeling of the study area, which faces major limitations in complex urban environments. In
these methods, the space is divided into a regular grid, and optimal camera locations are
selected with appropriate angular rotation. However, in real urban topologies, road networks
consist of nested and irregular paths, causing many computed points to fall outside accessible
routes. This mismatch between theoretical models and practical conditions severely
undermines the effectiveness of traditional methods. Given these limitations, developing a
new framework that simultaneously considers real urban topologies, physical constraints, and
urban planning requirements has become essential. New methods must integrate actual
traffic routes, permissible camera installation points, and mandatory angle adjustments into
their models. This requires using realistic virtual traffic data and applying artificial intelligence
algorithms for optimization.

The current research analyzes urban maps and requires a comprehensive and
precise city map to identify optimal locations based on real data. The map is represented as
a matrix—a 2D grid of points—where accessible paths and obstacles are defined by different
numerical values. Since a street's width includes multiple points, a central row is selected to
represent the path, restricting vehicle movement to this route and providing an ideal location
for surveillance cameras. The optimal placement process is systematically conducted in four
stages after matrix formation. First, origin-destination pairs are randomly generated using
population density-based probability distribution. Second, optimal routing for each pair is
simulated based on traffic behavior—shortest path selection during normal hours and
alternative routes during peak hours. Third, all generated routes are aggregated to create
virtual traffic, and path density is calculated for traffic-based optimization. Finally, considering
different camera types based on purchase cost and installation expenses, placement is
optimized for cost efficiency.

One hundred thousand new data points were generated, and two experiments were
conducted. The first experiment used a greedy algorithm to maximize camera coverage across
all paths. The second experiment applied the proposed method, first identifying high-traffic
points, then maximizing coverage in these areas while minimizing installation costs. Results
showed that the proposed method improves monitoring efficiency by 40% on new routes and
reduces project costs by 6.6%.

In urban surveillance camera placement, methods focusing solely on maximum
path coverage are ineffective, and traffic assessment is crucial for optimization. Additionally,
since geometric features of paths are eliminated in the proposed method, it is scalable and
applicable to any city and routing system. Furthermore, urban planners often purchase
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cameras with varying fields of view and brands, which can be leveraged as an opportunity for
cost optimization.
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Fig. 1: A representation of a portion of an urban environment where paths

(streets) are marked in bold blue and non-paths in pale blue. The path skeleton is
the thin white line in the middle of the path.
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1: RL-Func{path):
2: Maze=gij[1352¥1551] Discrete Environment
3: Agent=A vehicle for traveling from origin to destination
4: Define Actions-Space=8 directions, States = Relationship(1)
5: Define Rewards MAX-Reward, Episode
&: for all {States, Actions) do

7: if Q(State Action)=’ Block’ then

B: Q(5tate Action)= MAX-Reward
g: else

10: 0|5tate Action)=0

11 end if

12:end for

13: for all Episode do

14 Update O-Table on Epsilon Greedy Policy
15 if Last 10 O-Table Values are Same then
16: 5ave path

17 break

18: end if

19:end for

20: return path
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: Define aij, pij, vij Matrices
: Define CAMI —Width, CAMi —Length, IntraCity—Trip — Count
In GEM Customize Environment
: for IntraCity —Trip — Count do
origin, Destination=Random-Select(zij ,pij |
All-Path=ASTAR — Algorithm(origin, Destination)
end for
8: for path in All-Path do
9: REE-Pathl=Length|path|= Average-Length(All-Path)
10 : end for
11: for path in RES-Pathl do
12: CAMiCount=0R-Func|Path)
1z :for CAM-Type in CAMiCount do
14: Wisible=Placement-Func(Path, CAM-Type)
15: vij Matrix < Vizible
16: end for
17: end for
18: for selected-paths in All-Path do
19: RL-Path =RL-Func [selected-path|origin, Destination))
20: end for
21: for path in RL-Path do
22: RES-PathZ=Length(path)= Average-Length(RL-Fath)
23: end for
24: for path in RE5-Path2 do
25: CAMiCount=0R-Func|Path)
26: for CAM-Type in CAMiCount do
27: Wizible=Placement-Func(Path, CAM-Type)
28: vij Matrix — Visible
29: end for
30: end for
31: OR-Func{path):
32: Model-Variables = CAMiCount
EER Meodel-Constraints=Relationship(11) ,Relationship(12], Relationship(13)
34: Medel-objective-Function=Relationship[13)
35: return CAMiCount=Maodel Sclved [}
3&: Placement-Func{Path, CAM-Type):
27 Slope=Delta¥ [ DeltaX for x,y on Pathlxi, yi)

S W

38: if0.2 =< slope <5 then

39 return Chlique-Rect-FOV|xi,yi)
40: elze ifslope < 0.2 then

41 : return Horizontal-Rect-FOW([xi, yi)
42: else ifslope = 5then

43: return Vertical-Rect-FOV|xi,yi)
44; end if

s See baee Slasie ¥ Jgoo

Table 2: Characteristics of the studied environment

Value - ,laie Function -5,5 |l Variable name - ,.si0 pU
AFOY %100 ~lass s yile ol m*n
1551*1352 Dimensions of the environment matrix
--f — oyl goae polas Num1-4
0-4 Numerical values of the matrix
Ae—pe-fe-v. — e bl o515 ()59 polie wi4
20-40-60-80 Weight values of the density of urban points
v¥ 090 b Sl e Slass Npath
204 Number of routes in the desired city
Y —oolatuwl 8,50 sl yayg0 Sl Neam
3 Number of cameras used
VDevooooYoooooooooooons o )90 caaigdy B Al je C1-3
15000000-30000000-50000000 Cost of purchasing and installing cameras
EAIAETARRES IS e SLly 50 00 e AL3
40m-100m-160m Field of view along the route
1¥240-Y4940-Forsf Gile Sl obl gl o (g5l diges Sl N
13995-39995-45664 Number of samplings to create virtual traffic
o Ay Al QT 50 cewlie bl 0lasd g yus 2 Job Kpaths Lpath

Depends on route

Length of each route and the number of suitable points in it
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