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[Abstract]

With the advancement of Al technologies, CCTV-based collection of object location and trajectory information has become
increasingly important in smart city and urban safety applications. Trajectory information can be utilized for abnormal behavior
detection, crowd safety management, and crime prevention. Therefore, it is essential to construct an effective CCTV sensing
environment. This study proposes a Greedy-based optimal CCTV placement algorithm that minimizes Path Ambiguity and Path
Discontinuity to reduce trajectory uncertainty and improve sensing continuity. Simulation experiments were conducted on Grid and
Sioux Falls networks as well as a real-world testbed in the Indeogwon area. Experimental results demonstrated that the proposed
method slightly outperformed Random and MCLP-based approaches in terms of path entropy reduction in the testbed area,

indicating its potential to enhance continuous object detection and reduce trajectory uncertainty in real-world environments.
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Table 1. Pseudo code of the proposed algorithm

Pseudocode

Input: G=(V,E), @, P_od, K, a
Output: S

1:S<~ @
2:fort=1toKdo

3: best_gain « -

4:  best_node < null

5. F_before < F(S)

6: foreachv € VWS do

7: S_temp < S U {v}

8: F_after < F(S_temp)

9: A(v) < F_before — F_after
10: if Alv) > best_gain then
11: best_gain < A(v)
12: best_node < v

13: end if

14:  end for

15: S < S U {best_node}

16: end for

17: retun S
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Table 2. Experimental setup and conditions

Network | Node | Edge | O-D | ~aoind | Instaliation
Gid | 25 | 40 | 300 X 1~7
Sioux 24 38 276 X 1~7

Tesibed | 109 | 153 | 5586 0 1~7
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Table 3. Evaluation metrics

Evaluation

Metric Definition Range

Path Entrop Reduction in the number of candidate
ropy paths that can be estimated after CCTV
Reduction ; ) )
N installation compared to the candidate
path set before CCTV installation.

ek Aeelgna, A4 F27t
Z A3 el Xt =AE Brks] 91

ATl A= CCTV iAol we o] sA F4A4 ] &
G s Wrkel] Slsl 7P olE A AlEdelHE
ko] o]EA] A vlolHE ST 7MY ol A AlE
Bl A S2A-54A(0-D) & o= 20709 &
s DA -5 2(0O-D)oll et k-Shortest
7 if? HarS Aggit o] F AE e mdlo|
AA BE7E AEE, o]& yHEste] 139
100709] o] &Al A4S AT & AFelMe s &

WA -2 2)(0-D) Al gk A= A8 Edo] vkedd 4= 9l
T2 13 A 100712 o)A At wa Zu
X]_%EIX](O_D)% %‘%]E_i {\jEuo]J] U:H_,—oﬂ H]—A{Eé— A= _\—TI_X_]I_

S0l G Beea, A4 At AS Hus]
sl 7 A3 FHA o= 303] sl webA A o
) B A% A Auele MR F 3052 149 7
3,000719] o= AAL AyAdsi)

AlgE ool A ol FAe] AR A
7 AE A g e s
7 A2 A8 Al e ®, A o
| 1 AR, A Az e eherhs 4
JSeI). olol uhet A= dolt FEFF Ho
Shol urk Ae] Jwel HEH A2 48 5

oX . o ot
(L Jo
£ ﬁ% 2
of o
o o
& 4
- _&
_o‘ﬂ
o 32
o
F Ak
to
i

oﬁ ﬂqm o,

oft 4 to T
23
2
e
o
HU

o|gH(Path Deviation) AL}
AR ole]e] ARE MYE 1—:
J3lt) ol A= Ao np&
]%iH 3] Ae e g ‘514‘4
#H3t7] $18F Aolth w3 H=E og Al
2 e A28 ¥Fslo = EF
A2 A Hgo] FA MR TS 5917
19+e] Logit 7I8F A= A8 Al Qo) H
ARR2 JFLrt iAo ® =4 vEekg < 2
erek dag]Ee] AsS FRIsh] 8lA Hla
Random %2]3} MCLP%- ©]-8-3}t). Random
WAR = F FA9R CCTV A& A48t W
713EAR1 7S 7] #1847 3k3ith Random
AlgY Slgol whet 1 \APE S o' ek ¢

o,
S
N
_“F—YL

a 04\0‘_4

ol
ob
N
I
)
mE el o™

e o2
:

Ir
o o o

N
o

oL

lo 4z Jf o
}11

HU_{O
N

AV o
PSR R O o A =

dob 2 o
i
=
:Oé

o

g;
oi

loé

o
1% o 1x o

o fu rlo rE
Y0, o _IZ‘,

N

E4. ANEelolMez MMEHo|lSA HA ol ofAl(Sioux
Falls LIE®I3 7|gh
Table 4. Sample trajectory data of moving objects generated
via scenario (sioux falls network)

Degree of similarity between the actual

SimiIPaaritth ) path and the trajectory path estimated 0~1
Y from CCTV observations.
Path Ratio at which the actual path is included 0~1

Accuracy (1) | within the estimated candidate path set.

Object | Origin | Destination Path
0 16 14 [16, 10, 11, 14]
1 24 16 [24, 23, 14, 11,10, 16]
2 14 18 [14,11,10, 9, 8, 7, 18]
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Table 5. Sensitivity analysis results of evaluation metrics with
respect to the number of candidate shortest paths (k)
(a = 0.5, Logit scenario, Grid and Sioux Falls
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Table 6. Variation of performance metrics with respect to
weight a (k=3, Logit scenario)

a enltropy edge overlap path accuracy
reduction mean mean mean

0.1 0.186 0.861 0.795

0.3 0.190 0.863 0.797

0.5 0.186 0.862 0.796

0.7 0.182 0.863 0.797

0.9 0.182 0.863 0.796

ol B7}asltt
N H e AR BT
3HA sz 84|t &
7HA] RS9I 0.2 3PAR S8, agk WSt
& Hlasith & 6ollA =ol, agt W3l w}
AE QERY AT 4 ' A8 wr) A Wat
2] = A& gR1% 4= 9tk o] Path Deviation Al&d0]
Ao M= A YelH, At darlFe] 54 7HEA
Aol HrstA o] Za PgH o FAERS ot
th WA AFolME AR REEe) AR e E 7Y
oz neshr] A% 7Eghe R agks 0.52 AAsIeih

£ 52 g}

U o

4-4 4% 2t
A AT B % 7

e thewt R E 73 E 88 A

N
ol
N
)
R
=51
il
10
ok
i)
i)
il
ko
2
o
32
tlo

sl
=
o
ot rfﬁ\
=
o
Q.
=
8!
job]
—t+
oy

Deviation) 8% n=3% wj 7} #| 55l g B+ 3 £57
22 ALkl 3olvh 3£ 7, 8ollA 1S = ol ARk ¢
nEFe] AR AERY A AR FAE, F2 L5
4] Random % MCLP tjn]&}sis v, 53] A= dEZY] 7+
4% WA Random % MCLP tjH] A% 45 4=
B3O, F2 FAESH AR Ao dAntaow s
== Aol Yelstth ol Bal Al Wel wd] 54
MRt Aso] etEE Blo] ofyw, FFAAE Hat
o] iAo = 3] A ER v AE 1F Ad HEA
o] A &2 Hell A3 vhddt A% A A A

E 7. Logit A2 20| A CCTV £IX| A 2HE o| SA]|
FHHAA It XE Hd ¥ EFEHA a=0.5,n=3)

Table 7. Mean and standard deviation of object trajectory

networks) estimation evaluation metrics by CCTV placement
K entropy reduction | edge overlap path accuracy method under the logit scenario (a = 0.5, n = 3)
mean mean mean

1 0.097 0.652 0.526 vaoertk I P?&EZESE ’ Sirzﬁ::ity ATl
2 0.178 0.703 0.588 Grid | Random | 0.152+0.066 | 0.641+0.062 | 0.529+0.068
3 0.248 0.742 0.640 Grid MCLP 0.170+0.036 | 0.638+0.053 | 0.529+0.056
4 0.316 0.776 0.687 Grid Ours 0.254+0.068 | 0.724+0.054 | 0.630+0.067
5 0.368 0.798 0.717 Sioux | Random | 0.144%+0.061 | 0.707+0.047 | 0.584+0.066
6 0.415 0.821 0.747 Sioux [ MCLP 0.174£0.040 | 0.715+0.038 | 0.585+0.060
7 0.453 0.838 0.770 Sioux Ours 0.241£0.046 | 0.759+0.040 | 0.650+0.057
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Table 8. Mean and standard deviation of object trajectory
estimation evaluation metrics by CCTV placement
method under the path deviation scenario (a. = 0.5, n

=3)
work | Meod | "Bdion. | simiary | Poth acouacy
Grid | Random | 0.147+0.074 | 0.878+0.034 | 0.844+0.039
Grid | MCLP | 0.186+0.068 | 0.876+0.034 | 0.843:0.040
Grid | Ours | 0.225%0.068 | 0.903+0.037 | 0.872:0.044
Sioux | Random | 0.118+0.066 | 0.891+0.034 | 0.852+0.043
Sioux | MCLP | 0.183+0.053 | 0.903+0.033 | 0.863:0.041
Sioux | Ours | 0.213£0.072 | 0.914£0.037 | 0.879+0.037
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Table 9. Statistical significance test results between the
proposed algorithm and MCLP under the Logit
scenario (a=0.5,n =3)

' mean difference | Holm adjusted

Network | Evaluation Index (ours—MCLP) p-value

Grid Path entropy 0.085 b <0.001
reduction

Grid path similarity 0.086 p <0.001

Grid path accuracy 0.101 p <0.001

Sioux | Fath entropy 0.066 b <0.001
reduction

Sioux path similarity 0.044 p <0.001

Sioux path accuracy 0.065 p <0.001

¥ 10. Path Deviation A|LI2|20{|A] Mot &T12|E0F MCLP 2+
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Table 10. Statistical significance test results between the
proposed algorithm and MCLP under the Path
Deviation scenario (a. = 0.5, n = 3)

) mean difference Holm adjusted
Network | Evaluation Index (ours-MCLP) p-valus
Grid Path entropy 0.039 0.083
reduction
Grid path similarity 0.034 p <0.001
Grid path accuracy 0.038 p <0.001
Sioux | Fathentropy 0.051 b <0.001
reduction
Sioux path similarity 0.025 p <0.001
Sioux path accuracy 0.037 p <0.001
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Table 13. Statistical significance test results of evaluation

metrics for additional CCTV deployment scenarios

in the testbed (0 = 0.5, n = 3)
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Table 12. Mean and standard deviation of evaluation metrics
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