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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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Applicable - requires a special camera Tracking a Moving Object 2025
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Applicable - requires trained data Traffic Monitoring with Deep Learning 2021
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Applicable - a difficult and time-consuming process to implement on Polygonal Location Monitoring 2024
every route of the street
Los 5l o gl 5l G1LF azejls -1l LB ooy Uiy alias Yove (23]
Applicable —requires a graph extracted from the environment Vertex Covering Problem 2024
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Yo Sz ble s o Jelse oo Sialen 5 lgd0 - 1] LB il (5 e e Yevy (25]
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complexity
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Applicable - a difficult and time-consuming process to implement on every Secure Building Surveillance 2021
route of the street
oy Sloladl sl 5 @Bl — 1,2l LG S8 oad iy alyy oyl VY. (271
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Sed s (lwg s o S ln 2l G SPB 8 v, vem [29]
Applicable for urban parks and gardens Poaching Monitoring 2021
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Applicable in special cases such as mountainous areas with different 3D Simulation 2022
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Applicable - unsuitable and unsafe for urban context Urban Surveillance 2022
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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

2 Sk ae oy 1515 dcule g (g5l SIS el O
(pgm S 9h) S35 ol
sl Lg)bu s_i:.eb., JM e m.AmAJy Lngb).:..wo ‘aLo.'{ o L

o Gisled 55 Soge a4 lei oo |y b s 5l (5l dcgomme 058 0

4.0 4

3.5

3.0 1

2.5

2.0

Time

1519

1.0+

0.5

0 — ) Ao Muond L

0.0 4
T

T T T T
200 300 400 500

Episode

Reward

e ln pagh ol 005 Qb Jale bawgi ]y (il (6l e
ly g 3gdon 485 Sl 0 00 Bloly s dale ) &S S >
S8 slp 5 =Y 05 see S oS (JuS) S S 5 S >
o gl 3 e85 6l g VO LSk Loy 4 e
B g oo 00l 51,8 ) oo ools idigy Jol 0,509, 10 ()90 Jawgs
Bad 4y ey D g0 0 .00 Hgue il pl 5l gasell o> Jele

g gn 03l avazd +V e il

fst 6Tk sl eoliilsyge slapi sl G ssriee 3l (S
blaors plo 4y Cond bases (pl o5 (S59 SG .Conl Q-Learning
LS eh 4 0,85 p 4 yie a5 cwbio S > olaws a5 il ]
2 Sy S g Vb Sy S L s 5l Sy o el o5 0585
4 e 50 I8 b Ygere nlplo sl e ol b
Sy sl ol) S ogd e (e Blol (B85 5 Sk 405
LS > ol Glp |y &S, e Q Jaaz a5 canl ol o ,6X!
o2 518 55 ke Jlaie SO L plp |y ol Jlake 5 e ololis
pll Jgaz 5l ol Cloil 0gui g0 el ouis ools Jlade iow 51Q (0l
Sl 03l e CUSLL Jo S o 4 e S oS > Ladd g 0giS
S aois 09 ool inled V aS 4l jo Ol oS as ogd ol
o2 5 ol Sad ol b U5 a3 35 ol ol ¥ S o
Slr B el el (28 iy eipsNl 5l ogs s Bl e
i 55 oy gy ol ) Sl |y 3L sl e 45
Ded oo gl

bae gl 5o ) Vb oy, 99 5l IS 58 5l el e S5
2l Gioled 25 &g 4 olgise

Route, = [(i;, ), (iy: Jo)s oo (i 5T F iy =i <1 [juy — [ <1

 Oalal,

—1000 4

—2000 -

—3000 -

—4000 +

—5000

—— Normal
—— Improved

—6000 ~— T T T T T
0 100 200 300 400 500
Episode

e bl jskaie 4 g-learning o s #lol ¥ S

Fig. 3: Modification of the g-learning algorithm for better performance



M. Esmaeili et al. (Y8¥F) OolylKas g ucloww] 5dgo
Slanie cioyes Sl Sew 1y 8,5 5 0 wb laxs 5 |

™ Ol 450 s 2y 2SS b L poutes = {Route,, Route, ..., Route, }

L wld 0 09l a3 F L\l 0 Sl cual anjp Jb e Ll call Fala,

oals jaseid Sewle Ligogise den aazgil 5015 o9
ol pnne 1213 0590 3laxd X path S g
5l aws e o sgae
ol iligy 30,8 S las Baw ,SS  bla gl gl Covgase
Ol sl ol Job 5l S wuls ead o)l pas Jsb ol
2,5 Ol pj k) Ojgon Glgiee Iy Cadgaze

Ncam

Za X X
i=1

> L

i,path —

Vpath

path

ARPU
,».l Lpath 9 el i CJ-:-.’)B“\‘ SR U‘J.uo lekk}w&h’ Slows aj Yb d.la)‘) )é
Ompgd s lp 1y sogaome 3blio (0 slad el oo 2
olass kpath 31 yiaS Al iy y90 JS olaws 5 alaly jo .08 o o2l )8

Xi , patl
i=1

s <K Vpath

path
N Vakal,

Colte gesno 338y ;8 40 1 a0 olawd il piie Cogase

+ .
X pan €27 Vi, path e,
Myb b_:LoJlD- Lg‘).v ‘a)ﬁl &ULQ—M ue}) “591; )LQ.‘> LJ"‘

o olg oo 1y B398 Jolye plowl az aims go S5 1) iym 90
90 el b aS ) e 51 (Bla5 5 05 Jlesl lazee e yile

2l Glaled ) Sygo a ]y Weld (oo o,

Vll V12 Vlm
V _ VZl V22 V2m
_an Vn2 Vnm n

Ak,

WB)5 518 mygd Lindigy S a5 s Sl gac 0 558 e ile 5o
Ao polie ddy 5 09l o0 (aTtie Hao mf goae lade S L

Q)S solazwl wy C.la.w ML’XA 9 u‘y = W).)LA u.)‘ )‘
395y 1y A8 e Jolie plod oS conl Lol oS as ¥ oS 4

S5l

Z I(i,j)eR

ReRoutes

f

i

Vala,

6,55 ) 0l e, bl ST iy ol LSS b ] g8 aba, o
Slhass ol abas jo (S5 (ST (b9, cnl 5o o sl jho
oS5 B el Sl oleme Gl 99,5 oo dnlre (55500 Sl yhs
ey aladi 1 S5 Glie G bl 2 5 098 anolie T L b
58S sl 00 S s ppns 43 blE 1S5 Lasgio ojle ol ]

welise Comy 5 b,

1 n
n><mIl

m
2. fi
= Aalal,
e e bl aie b 90 ceal Coglgl a5 S35 blas
sl oy LS5 lawgte
={(, Q) f;>f}
1 DI s,

025 1) Kbl 0 6l e 5 Sy bl Lol Sl al o o
S e

(Pl Solase lul  lagm)ge leilr (luaige ©

by 3 e o 3 T LS5 Slaws a8 b s dl e ol 4o
Vgone gl o DLl (550 cadd (sl ailS” lsieds (M asgazno)
Ompgd ral Slp Al S g il s Gl b Lo g0
oo olol 2 9o gl (528,515 50 b 95T 098 e (5l 5
S G 098 oo plodl e (pleilr vl slaaija 5 0 >
20,5 Jol> a e JSlas L

Saimes obolp o) JI3H asgemme 0 a5 SLLS I joe jo
Ol Olgise 09 o3ls Adigy Wl oo anse (nteS L L At
ILP L as oo soc (55 40l 5 alinss S
ol Oedy9d dlows aS cewl Xj alsws Q-ﬂ‘ axie 30,5 (63kw Jow

Aije 50,5 dieS Bus mli.cwli=1,2,3 5uiss pl gl g sl g4

path Neam

Min Z Zc XX, sath

path=1 i=1 A w\Jagl)

e i3 ol Ol el g 90 S Al3e W G b Al o



J. RS. GEOINF. RES. 3(2): 257-270, Summer & Autumn 2025 (Y#0)

VEeF sl g oyl F oyl o il o ilKo ledb] g 493 1 i slo iy o (rale 4 pii

Loy g 9o (o0 (LA |y (o 2 3590 Janzme Blaseine ¥ Joux
IS e aeiee o] ke 5 0,55 L

ol oy b s g e ¥ i b (50l ) 1
] gyl o bl ples 4 F 5 ¥ o ¥ Luly, 5l solizul b o
Sl ol ools HLas ¥ Sy a8 ol 0ols oS T5
el ) B s oy o A gAY SB Ly, 5l oslizl b 55T
al> o ool Lulgy 0,5 T G y90 cnad sl 1) Ll 5SS 5
dole O USs oS oo gizme 1) S5 el 2 (g5l aie S
ot ile 51 oolial L 1ol amo s i 1, oad 53 Lals, 5l laS” 1o
Sao g le oS o ymseios o] ez abaii o gl ¥ ala,
90 4 daxgi by oad Sl (Bolal Sjge 4 et Dl S
Ol asgame 5 0l walss atlo (6 0l & il Sy 00l 539,80,
S5l Sl Cawas gilee S8l glaie sbaslaxs o bl Sl
bl bl sl adsl Jlre olpre 4 bl 1S5 Lawgte (5951
3 il jlere cnl 5 SYL a5 (Bl 09l e 418 5 LA 0 SBL
20,3 A0 5l i )3 0 JS8 sl loged 3ok Trzme (g 3lme ST 5 an
ol 5 ml oiin @b il cale b g )l STl
Kool g ) (6508 date gl jo laolsasl (e Wil oo
Ol Ty et S5 5 Joo Sl oo il b osias plis s

ol (S35 (g5l aigs Jgl Bas LL isu cpl aes e

ol S as VW

: 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

2 Oy90 e Slasin ¥ Jgoo

Table 2: Characteristics of the studied environment

Value - ,laie Function -5,5 || Variable name - ,.3i0 pb
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-¥e-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 —oolatwl 8,50 Sl yayg0 Sl Neam
3 Number of cameras used
VDevvoooYoooooeoooooons 1o )90 cadigds B Al je C1-3
15000000-30000000-50000000 Cost of purchasing and installing cameras
EAIAETIRRES IS e SLly 50 00 e AL3
40m-100m-160m Field of view along the route
1¥240-Y4940-Forsf Giloe Sl obul (gl o (g5l diges Sl N
13995-39995-45664 Number of samplings to create virtual traffic
s 43 Aanly Ol 50 celio bl slond § e y2 Jgb Kbaths Lpath

Depends on route

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