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Abstract—Recent vehicle cooperation is utilized for advanced
missions, including next-generation communication and dynamic
real-time information. active safety control for interconnected
vehicles, collection of a heavy traffic information. In particular,
the urban traffic surveillance should be one promising topic
toward advanced vehicle road cooperation service supported by
smart camera and Internet of Things (IoT). In this article, we
introduce an augmented fluid surveillance system to create an
adaptive fluid surveillance using a group of single lens cameras
for intelligent transportation service. The research problem for
augmented fluid surveillance is formally defined. Its objective
is to optimize the surveillance efficiency for various traffic
circumstances of traffic volumes so that the optimal deployment
of smart camera is achieved. To settle the problem, two different
methods are proposed with clear execution procedures and
specifications. Then, their performances are evaluated with
obtained results by extensive simulations for diverse settings and
applicable scenarios. Furthermore, future research issues and
works are described briefly.

Index Terms—Augmented, fluid, surveillance, transportation,
vehicle cooperation.

I. INTRODUCTION

TRAFFIC management in smart cities is considered as
a key element of sustainable urban development. The

traffic sensing and management can be supported by various
components, including Internet of Things (IoT), 5G and 6G
communication technology, unmanned aerial vehicles (UAVs),
and Industrial IoT [1], [2], [3], [4], [5], [6]. And, it can
be utilized for various missions, including data handoff in
edge computing, federated learning, trust-based certificate
management, digital twin, and detecting compromised IoT
components [7], [8], [9], [10], [11], [12], [13]. With the
increasing traffic volume, the complexity of urban environ-
ments, the generalization of self-driving vehicles and the
advent of connected equipment, the need for an efficient
transportation system have become more important to be
studied than ever [14], [15], [16], [17], [18]. It is highly
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anticipated that traffic monitoring can take a key role toward
intelligent transportation service and vehicular networks in
regard to autonomous vehicles, federated learning, generative
AI, metaverse, and Industrial IoT [19], [20], [21], [22], [23],
[24], [25], [26].

On the other hand, the surveillance should be a criti-
cal research branch because it can be used for numerous
applications and essential tasks covering patrol service, terror
threat prevention, criminal tracking, border surveillance, and
so on [27], [28], [29], [30], [31], and [32]. Previously, the
concept of barrier coverage was studied for surveillance
purpose, including network intrusion detection, reconfigurable
surveillance, virtual emotion-enabled surveillance, maritime
transportation surveillance, etc [33]. In particular, the barrier
coverage in traffic situations can be a very important factor in
traffic management and safety. And, traffic monitoring barriers
can play an essential role in ensuring the safety of vehicles and
pedestrians, and keeping traffic flow smoothly. It reduces the
risk of traffic accidents, prevents collisions between road users,
while maintaining traffic order and promoting compliance
with traffic laws. The barrier coverage is essential in taking
prompt action in response to emergencies. For example, in
the event of an accident, rapid rescue and emergency services
may be provided with appropriate barrier coverage. In the
traditional traffic management system, barrier coverage was
mainly achieved through cameras or sensors installed in fixed
locations. These static barriers were limited to specific areas,
making it difficult to respond flexibly to changes in traffic
volume. In addition, these systems might have limitations
in reflecting the diversity of traffic conditions, especially in
coping with rapid traffic changes or unexpected situations.
Given surveillance system to generate an adaptive fluid surveil-
lance using a group of single lens cameras, the existing study
does not deliberate on the extensive evaluation with various
scenarios covering different traffic volume, slope, and angle
of camera for adaptive surveillance environment. Therefore,
it is indispensable to study how to provide the augmented
surveillance with efficient strategy according to an amount of
traffic volume toward intelligent transportation service.

Then, based on the above observation, we give a concise
summary for the main contributions of this article as follows.

1) An augmented surveillance model using grid sensing
is introduced to create an adaptive fluid surveillance
using a group of single lens cameras beyond the static
surveillance by a single lens camera in existing traffic
conditions.
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2) The proposed system automatically activates or deacti-
vates cameras according to changes in traffic volume,
performs extensive monitoring during high-traffic situa-
tions, and a small range of monitoring during low-traffic
circumstances.

3) Then, a main research problem is formally defined
for augmented surveillance. Its goal is to maximize
the sustainable efficiency with augmented surveillance
according to various fluid traffic volume and status.
Then, two different methods are devised to seek a
solution of the problem, as well as are described with
execution procedures and specifications.

4) The performances of the developed schemes are demon-
strated through extensive simulations with several
configurations, including different traffic volume, slope,
and angle of camera.

The organization of this article consists of the following
structure. In Section II, the previous works and the existing
related works have been investigated for traffic monitoring and
surveillance. In Section III, the assumptions, key terms, and
problem definitions of the introduced system are specified.
In Section IV, the proposed algorithms are specified to find
a solution for the defined problem. Then, in Section V,
we demonstrate the performance of the devised methods by
expansive simulations with various settings and scenarios and
provide discussions for obtained outcomes. And, this article is
concluded in Section VI.

II. RELATED WORKS

There are numerous surveillance studies with various con-
centrations. Guo et al. [3] studied integrated network which
covers security challenges, surveillance issues, and defense
countermeasures in air and ground space. In [9], researchers
investigated trust-enabled certificate administration for indus-
try IoT networks to detect untrusted components, on-off
attacks and then, provided security analysis against a party
of potential security threats for compromised devices, denial-
or-service, trusted related attacks. Zhu et al. [14] focused on
the study of promising transportation systems to consider the
mobility and dynamics of intelligent vehicles. Man et al. [17]
deliberated on AI-assisted intrusion detection for intelligent
Internet of vehicles, as well as suggested open issues for
edge computing, federated learning, transfer learning, active
defense, and privacy protection widely. Xiao et al. [20]
introduced a federated learning system to provide self-
motion traffic synthesis through multiple distributed generative
adversarial networks. In [25], they studied vehicular digital
twin networks for security and privacy with their solutions.
Sarieddine et al. [28] proposed a real-time testbed with
collaboration of multiple stakeholders and studied different
cyberattack vectors in electric vehicle. In [29], they devised a
deep learning system of radio surveillance that a fixed-wing
drone is utilized for reliable radio surveillance. In [32], they
designed a communication framework using dual-UAV for
the surveillance among UAVs and ground elements. In [33],
they introduced a secure framework to support differential
surveillance by the generated security barriers in maritime

transportation stations. Different from previous studies, this
study presents a solution of how to support the adaptive fluid
surveillance using a group of single lens cameras beyond
the static surveillance in traffic management environment
where reflects the diversity of traffic conditions or unexpected
situations.

III. SYSTEM ASSUMPTION AND PROBLEM DEFINITION

Now, the system overview, assumption, key terms, and
problem definitions are explained.

A. System Overview

The proposed system deliberated on the utilization of
multiple single lens cameras to overcome the limitations
of existing static surveillance barriers, enabling the system
to adjust to varying traffic volumes. The proposed system
automatically activates or deactivates cameras according to
changes in traffic volume, performs extensive monitoring
during high-traffic times, and a small range of monitoring
during low-traffic times. Through this, it is expected to create
augmented surveillance to adapt to fluid traffic conditions.
The first landmark of the proposed system is to deploy
and optimize single lens cameras effectively. Existing traffic
management systems mainly focus on monitoring vehicles
using single lens cameras, which have a difficulty in accurate
detection due to the limitation of the vehicle’s height or
viewing angle in the event of an accident. As a solution to this,
we utilize an three by three (3 × 3) array camera formation
which is arranged at various heights and angles, providing
an optimal viewing range to operate effectively in various
vehicle types and traffic conditions. Also, the second objective
of the proposed system is to seek a solution that dynamically
controls the operation of the single lens camera according to
changes in traffic volume. So, we proceed experiments using
an arbitrary graph showing the characteristics of traffic volume
by time-variant factor (i.e., the peak of traffic during morning
rush hour, lunch, and evening rush hour). It is determined by
analyzing the slope and changing speed of the traffic volume
whether each camera is activated or not. Such a dynamic
surveillance system shows that it is possible to create a flexible
barrier according to the flow of traffic, which is different
from an existing static system. For multifaceted analysis, the
proposed system explores how the augmented surveillance
system with a single lens camera that is dynamically adjusted
according to traffic volume, as well as make a bridgehead to
new opportunities for traffic management.

Fig. 1 depicts the examples of various traffic volume and
monitoring situation through an arrangement of single lens
cameras. Fig. 1(a) shows two single lens cameras are set up
with different angles and directions when two traffic flows of
vehicles on roads are given. Fig. 1(b) stands for the status
of heavy traffic volume on roads where three by one array
of single lens camera is located. And, Fig. 1(c) describes the
status of low traffic volume on roads where three by one array
of single lens camera is still positioned. As shown in Fig. 1, it
is necessary to develop the adaptive surveillance strategy with
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Fig. 1. Examples of various traffic volume and monitoring situation through smart camera. (a) Traffic situation for different directions. (b) Heavy traffic
volume monitoring. (c) Low traffic volume sensing.

Fig. 2. Examples of single lens camera detection area with several circumstances and views. (a) Sensing area of single lens camera. (b) Sensing area in
traffic situation. (c) Single lens camera activation with plan view.

energy and resource efficiency depending on traffic volume
and conditions.

B. Assumption

Now, the assumptions which are used in the proposed
system are specified.

1) The size of the traffic road is set up as 60 (width) × 30
(height) square-shaped area.

2) A single lens camera is installed in the air of the road.
And, the single lens camera senses the objects within the
detection range of the camera which has a fan-shaped
sensing area with a radius of 10 and an angle of 60◦
when are viewed from top side.

3) Single lens cameras are not positioned in the equal
location, but can recognize overlapping regions. And,
they do not monitor off-road areas.

4) Single lens camera is placed with following the order
of Level 1, Level 2, and Level 3 from the direction of
traffic.

5) The proposed system utilizes time-variation traffic
random graphs. Each graph has a maximum value
depending on specific time. For example, 08:00 morning
rush duration, 12:00 lunch hour, and 18:00 evening rush
period.

6) In any given graph, the amount of traffic below a certain
level is indicated as zero. It manages the power of single
lens cameras at every 10 min.

C. Problem Definition

Then, a key term and a main research problem to be resolved
are defined as follows.

Definition 1 (Augmented Fluid Surveillance): Suppose that
there is the set of single lens cameras C, the set of random
traffic flows T on the traffic road space S. The augmented
fluid surveillance, called as AugmentFluSurv, is to provide
augmented detection adaptively according to low traffic vol-
ume or heavy traffic fluid through the optimal assignment of
cameras.

Definition 2 (Augmented Fluid Surveillance Efficiency
Maximization Problem): Given that the set of single lens
cameras C, the random traffic flows T on the traffic road space
S, the augmented fluid surveillance efficiency maximization
problem, referred as MaxAugmentFluSurv, is to maximize the
resource efficiency with the minimum number of single lens
cameras on condition that the requested surveillance through
scale factor and base value is satisfied.

For the augmented fluid surveillance system with
AugmentFluSurv using a group of single lens cameras for
intelligent transportation service, the system purpose is to
maximize the resource efficiency for the minimal number
of single lens cameras on condition that Sustain3DSurv is
accomplished with the generation of minimum number by
the requested surveillance through scale factor and base value
is met. And, we specify that the objective function (1) of
MaxAugmentFluSurv problem is to

Maximize α. (1)

Fig. 2 shows The examples of single lens camera detection
area with several circumstances and perspectives. Fig. 2(a)
presents the sensing region or the detection area covered by
single lens camera with 3-D view which is similar to pyramid
shape. Fig. 2(b) simply depicts the sensing area of single lens
camera which is equipped at traffic monitoring bar which
generates the 3D-shaped detection space. Fig. 2(c) expresses
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Fig. 3. Applicable scenario of single lens camera 3 × 3 array arrangement for detection area with various views. (a) Case of the blind spot due to accident
situation. (b) 3 × 1 array with 3-D view. (c) 3 × 3 array with bird-eye view.

the status of single lens camera activation in traffic situation
with plan view.

Fig. 3 depicts the applicable scenario of single lens camera
3 × 3 array arrangement for detection area with various
views. Fig. 3(a) indicates the case of blind spot by the single
lens camera because of an accident situation on traffic roads.
Fig. 3(b) describes the state of sensing range with 3-D view
when a single lens camera with 3 × 1 array is used for traffic
roads. Furthermore, Fig. 3(c) represents the status of sensing
range with bird-eye view when a single lens camera with 3 × 3
assignment strategy is applied properly.

IV. PROPOSED SCHEMES

In this section, the proposed methods to resolve the
MaxAugmentFluSurv problem are specified. It is noted that the
goal is to adjust the power of the single lens camera according
to the graph with the linear features of the traffic situation
and the graph with the curved features to create and cover the
targeted traffic surveillance roads with more space when there
is heavy traffic, and to reduce the area by creating fewer traffic
surveillance roads. This goal can be achieved by combining
straight and curved graphs to see if such a strategy can be
applied to the actual traffic graph and whether the number
of on/off cameras increases or decreases similar to the given
situation. The study further develops two key approaches:
One is based on random value propagation by camera level
and another is achieved with all random with weight value.
These approaches dynamically control camera operations in
response to traffic volume changes, as demonstrated in graphs
representing typical traffic patterns.

A. Initialization:Time-Variation-Graph-Creation

As a system initialization, the Time-Variation-Graph-
Creation is performed, which generates two random types
of graphs: Graph 1: Linear-Graph and Graph 2: Curvature-
Graph. Two graphs have maximum values based on 8 o’clock
in the morning, 12 o’clock in the afternoon, and 18 o’clock
in the evening, respectively.

The Graph 1: Linear-Graph is a function that increases
and decreases linearly from 2 h ago based on each maximum
value. The slope of the function is fixed to 0.5 when the

traffic increases and decreases by −0.5. Also, the Graph 2:
Curvature-Graph is a function that increases and decreases
along the curvature of the sin function from 2 h ago based
on each maximum value. The corresponding function is a
sin(1/4 × π) function and represents the interval between 0
and π . Note that a random value is assigned to each single
lens camera and the function of turning on the power when
the value is less than the value of the graph defined above.
The base is the minimum percentage of cameras in the graphs
where the camera is always on except for the camera for
essential sensing. Also, the scalefactor is a function that scales
the amplitude of the function. The power management of the
camera can be performed only if the value of the function is
fixed into a value between 0 and 1. If the base is set, it becomes
the scalefactor = (1 - base). This is because the maximum
value of the function is 1 and a function graph is moved by
the y-axis by the base, so the function must be applied in the
area of the size of (1 - base).

Fig. 4(a) and (b) represent the movement rate of the vehicle
changes with the variables scalefactor and base for normal func-
tion. Also, Fig. 4(c) and (d) show the cases which scalefactor

= 0.5 and base = 0.5 are applied in Graph 1: Linear-Graph
and Graph 2: Curvature-Graph.

B. Algorithm 1: Random-Value-Camera-Level

Note that the primary objective is the strategic deployment
and optimization of single lens cameras for augmented fluid
surveillance for dynamic traffic volume. So, we propose 3 × 3
array camera system, strategically arranged to cover diverse
vehicle heights and angles, ensuring effective operation under
various traffic conditions. Fig. 5 presents the placement of
camera 1 through 9 according to vehicle direction based on
3 × 3 array camera system where each level consists of three
number of single lens camera. As shown in Fig. 5, considering
the nature of the traffic situation, Level 3 with cameras 1
through 3 is always supplied with power through the proposed
algorithm processing to enable at least 1 fluid surveillance.

Also, the performed study showcases the potential of
dynamic surveillance to adapt to traffic conditions, reducing
unnecessary camera usage in low traffic situations. The use
of scalefactor and base values further refines the system’s
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Fig. 4. Normal function according to the movement rate of the vehicle changes, scalefactor , base in Graph 1 and Graph 2 where X-coordinate: the hour of
time variation and Y-coordinate: movement rate of the vehicle changes. (a) Movement rate of the vehicle changes linearly at 08 o’clock, 12 o’clock, and 18
o’clock for Graph 1: Linear-Graph. (b) Movement rate of the vehicle changes linearly at 08 o’clock, 12 o’clock, and 18 o’clock for Graph 2: Curvature-Graph.
(c) Scale factor = 0.5 and base = 0.5 applied to Graph 1: Linear-Graph. (d) Scale factor = 0.5 and base = 0.5 applied to Graph 2: Curvature-Graph.

Algorithm 1 Random-Value-Camera-Level
Input: C, S, T , G Output: |Cact|

1: identify the traffic road space S;
2: verify the set of single lens camera C;
3: check the graph type G;
4: create the activated set of single lens camera Cact;
5: assign 3 × 3 array camera system for C;
6: set Cact ← ∅;
7: set C′act ← ∅;
8: while 24 hours is not elapsed do
9: declare a random value R for every single lens cameras

in C;
10: subtract 0.5×scalefactor from the declared random value

of Level 1 to obtain the values of Level 2 single lens
cameras 4, 5, and 6;

11: subtract scalefactor from the declared random value of
Level 1 to obtain the values of Level 3 single lens
cameras 7, 8, and 9;

12: estimate the number of cameras turned on cn for a
camera having a value smaller than the given graph G
at every 10 minutes;

13: set C′act ← C′act ∪ cn;
14: end while
15: calculate the average value and set it as |Cact|;
16: return |Cact|;

Fig. 5. Placement of camera 1 through 9 at each level.

responsiveness, allowing for efficient power management and
barrier formation tailored to real-time traffic needs. This
strategy not only advances traffic management strategies but
also opens avenues for its application in various dynamic
environments requiring augmented fluid surveillance.

Based on initialization, Time-Variation-Graph-Creation and
above strategy, the first algorithm is devised, which is
referred as Random-Value-Camera-Level. It is noted that the
MaxAugmentFluSurv problem is to maximize the resource
efficiency with the minimal number of single lens cameras
such that the required surveillance through scale factor and
base value is met. To resolve the issue, the basic idea of
Algorithm 1: Random-Value-Camera-Level is to only assign
random values to Level 1 cameras, propagating these values to
cameras at the same column but with different weights at each
level. This results in Level 3 maintaining a baseline barrier
coverage, while Levels 1 and 2 adaptively expand coverage
in accordance with traffic volume. That is, the Random value
propagation by camera level method is a method in which
only single lens cameras in Level 1 are given a random
value, the random value is propagated to single lens cameras
in the same column’s Levels 2 and 3, and different weight
values are applied to each level. If the corresponding value is
smaller than the value of the graph enhanced by the scalefactor

and base, the camera is turned on. Level 2 has a weight of
−0.5×scalefactor. If −0.5×scalefactor is performed on random
values propagated in leaves, the value may be greater or less
than base, which manages sensor power for dynamic barrier
coverage in level 2. The weight of Level 3 is −scalefactor. If
you do −scalefactor for any random value, it will be smaller
than the base, and the camera of Level 3 will always be on.
This will essentially result in line 1 barrier coverage at Level
3 and expand the area of fluid surveillance using the value
of Level 1 to achieve additional fluid surveillance. Then, the
pseudocode of Algorithm 1: Random-Value-Camera-Level is
elucidated in Algorithm 1 in more detail.

C. Algorithm 2: ALL-Random-With-Weight

After initialization, Time-Variation-Graph-Creation and
3 × 3 array camera arrangement are performed, we propose
the second algorithm, referred as ALL-Random-With-Weight.
The essential idea of Algorithm 2: ALL-Random-With-Weight
is to assign random values to each camera, with weight
adjustments based on camera levels. Cameras at Level 3
are always active due to their weight being adjusted by the
negative scalefactor. It follows that The all random with weight
value method gives a random value to all cameras and a
weight value to each level to which each camera belongs.
If the corresponding value is smaller than the value of the
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Algorithm 2 ALL-Random-With-Weight
Input: C, S, T , G Output: |Cact|

1: confirm the traffic road space S;
2: certify the set of single lens camera C;
3: validate the graph type G;
4: generate the activated set of single lens camera Cact;
5: arrange 3 × 3 array camera system for C;
6: set Cact ← ∅;
7: set C′act ← ∅;
8: while 24 hours is not passed do
9: ascertain a random value R for each single lens cameras

in C;
10: subtract scalefactor from random value of cameras 1, 2,

and 3 in Level 3;
11: check the number of cameras turned on cn for a camera

having a value smaller than the given graph G at every
10 minutes to which scalefactor and base value are
applied;

12: set C′act ← C′act ∪ cn;
13: end while
14: compute the average value and decide it as |Cact|;
15: return |Cact|;

graph adjusted by the scalefactor and base, the camera is turned
on. The weight of Level 3 is −scalefactor. If −scalefactor is
considered for any random value, it will be smaller than the
base, and the camera of Level 3 will always be on. Given
random value R it is replaced with scalefactor = 1 − base in
R− scalefactor, that is, R+ base− 1. Hence, any value R will
be smaller or the same as the base. Levels 1 and 2 are not
weighted, and this expands the area of Level 3’s line 1 fluid
surveillance barrier according to the change in the given graph
G showing the change in traffic volume so that additional fluid
surveillance barrier can be achieved.

Then, the pseudocode of Algorithm 2: ALL-Random-With-
Weight is expounded in Algorithm 2 in more detail.

V. EXPERIMENTAL EVALUATIONS

A. Numerical Result Analysis

In this section, the performances of the enlightened
Algorithm 1: Random-Value-Camera-Level and Algorithm 2:
ALL-Random-With-Weight are demonstrated. For the executed
simulation environments, all simulations were operated by ad-
hoc server with Window 11. The simulation program is coded
by Python 3.9.13. The total number of single lens camera is 9
where its sensing range is 10 and the detection degree limit is
set as 60◦ for each camera. The total number of experiments is
24(h) × (60(min)/10(min)) = 144 when 24 h is given. Fig. 6
shows the simulation setting environment which is composed
of 3 × 3 array camera arrangement on traffic road whose size
is 60 by 30. As a whole, the simulation sets consist of four
different simulation scenarios and settings for the proposed
schemes. It is analyzed for the composition of 9 single lens
cameras in a 3 × 3 arrangement to achieve fluid surveillance
according to the graph of traffic volume.

Fig. 6. 3 × 3 array camera arrangement on traffic road size with 60 by 30.

For the first set of experiments, Algorithm 1: Random-
Value-Camera-Level is implemented by different scalefactor

and base for Graph 1: Linear-Graph. At Fig. 7, the
X-coordinate illustrates the hour of time variation and
Y-coordinate stands for an activated number of single lens
camera for augmented fluid surveillance. The dotted red line
is about traffic volume depending on time variation per hour.
The solid blue line is the result value of Algorithm 1: Random-
Value-Camera-Level. Fig. 7(a) and (b) represent the output
when scalefactor = 0.7 and base = 0.3 and scalefactor =
0.8 and base = 0.2 are given. Fig. 7(c) and (d) show the
result if scalefactor = 0.9 and base = 0.1 and scalefactor =
0.99 and base = 0.01 are used. As shown in Fig. 7, it is
demonstrated that Algorithm 1: Random-Value-Camera-Level
shows the feasible efficiency to provide fluid surveillance
according to various traffic volumes with time variation.

About the second group of simulations, Algorithm 1:
Random-Value-Camera-Level is executed by various scalefactor

and base for Graph 2: Curvature-Graph. Fig. 8 has the equal
representation for X-coordinate, Y-coordinate, the dotted red
line, and solid blue line, respectively. Then, Fig. 8(a) and (b)
show the numerical result when scalefactor = 0.7 and base
= 0.3 and scalefactor = 0.8 and base = 0.2 are put into
the scenario. Also, Fig. 8(c) and (d) confirm the outcome if
scalefactor = 0.9 and base = 0.1 and scalefactor = 0.99 and
base = 0.01 are utilized in Graph 2: Curvature-Graph.

On the other hand, for the third set of experiments,
we executed Algorithm 2: ALL-Random-With-Weight through
several factors of scalefactor and base for Graph 1: Linear-
Graph. Similar to previous settings, at Fig. 9, the X-coordinate
depicts the hour of time variation and Y-coordinate presents
the activated number of single lens camera, as well as the
dotted red line is about traffic volume and the solid blue
line is the output of Algorithm 2: ALL-Random-With-Weight.
Fig. 9(a) and (b) verify the result when scalefactor = 0.7 and
base = 0.3 and scalefactor = 0.8 and base = 0.2 are set up.
Fig. 9(c) and (d) show the performance if scalefactor = 0.9 and
base = 0.1 and scalefactor = 0.99 and base = 0.01 are utilized.
As it can be seen in Fig. 9, it is checked that Algorithm 2:
ALL-Random-With-Weight returns the adaptive results for fluid
surveillance depending on traffic volume changes.
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Fig. 7. Performance of Algorithm 1: Random-Value-Camera-Level with different scalefactor and base for Graph 1: Linear-Graph where X-coordinate: the
hour of time variation and Y-coordinate: the activated number of single lens camera. (a) scalefactor = 0.7 and base = 0.3. (b) scalefactor = 0.8 and base =
0.2. (c) scalefactor = 0.9 and base = 0.1. (d) scalefactor = 0.99 and base = 0.01.

Fig. 8. Performance of Algorithm 1: Random-Value-Camera-Level with various scalefactor and base for Graph 2: Curvature-Graph where X-coordinate: the
hour of time variation and Y-coordinate: the activated number of single lens camera. (a) scalefactor = 0.7 and base = 0.3. (b) scalefactor = 0.8 and base =
0.2. (c) scalefactor = 0.9 and base = 0.1. (d) scalefactor = 0.99 and base = 0.01.

Fig. 9. Performance of Algorithm 2: All-Random-With-Weight through several factors of scalefactor and base for Graph 1: Linear-Graph where X-coordinate:
the hour of time variation and Y-coordinate: the activated number of single lens camera. (a) scalefactor = 0.7 and base = 0.3. (b) scalefactor = 0.8 and base
= 0.2. (c) scalefactor = 0.9 and base = 0.1. (d) scalefactor = 0.99 and base = 0.01.

Fig. 10. Performance of Algorithm 2: All-Random-With-Weight with various scalefactor and base for Graph 2: Curvature-Graph where X-coordinate: the
hour of time variation and Y-coordinate: the activated number of single lens camera. (a) scalefactor = 0.7 and base = 0.3. (b) scalefactor = 0.8 and base =
0.2. (c) scalefactor = 0.9 and base = 0.1. (d) scalefactor = 0.99 and base = 0.01.

About the fourth group of scenarios, Algorithm 2: ALL-
Random-With-Weight is accomplished by various scalefactor

and base for Graph 2: Curvature-Graph. Fig. 10 covers the
same representation for X-coordinate, Y-coordinate, the dotted
red line, and solid blue line. Fig. 10(a) and (b) turn up the
output when scalefactor = 0.7 and base = 0.3 and scalefactor =
0.8 and base = 0.2 are entered. Fig. 10(c) and (d) are open
to the view of the performance if scalefactor = 0.9 and base

= 0.1 and scalefactor = 0.99 and base = 0.01 are given.
As a whole set of experiments, it is verified that the power
of the single lens camera is less unnecessarily turned on in
low traffic situations as scalefactor and base are adjusted. We
can see that the lower value of base is desired to be turned
on basically and the less unnecessary power is wasted in
situations with less traffic. Furthermore, we demonstrate that
Algorithm 1: Random-Value-Camera-Level has the advantage
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TABLE I
AVERAGE NUMBER OF SINGLE LENS CAMERAS USED PER 10 MIN FOR

FOUR BASE VALUES IN REGARD TO TRAFFIC VOLUME WHEN THE

PROPOSED ALGORITHMS ARE TESTED IN GRAPH 1: Linear-Graph AND

GRAPH 2: Curvature-Graph

of forming a fluid surveillance leading to Level 2 Level
1 from Level 3’s perspective, but on average, it has the
disadvantage of using more single lens cameras. On contrary,
Algorithm 2: ALL-Random-With-Weight has the advantage of
dynamically turning on and off the single lens camera where
Level 3 generates 1 line of essential surveillance barrier, but it
also has the disadvantage of expanding the surveillance area
randomly.

In addition, the performance of Algorithm 1:
Random-Value-Camera-Level and Algorithm 2: ALL-Random-
With-Weight is summarized in Table I. As seen in Table I, it
can be checked that both algorithms return adaptive activation
according traffic volume increase and decrease with time
variation for Graph 1: Linear-Graph and Graph 2: Curvature-
Graph, which is definitely better than the static surveillance
barrier without any adaptive strategy.

B. Complexity Analysis

If it is estimated for the time complexity of the proposed
Algorithm 1: Random-Value-Camera-Level and Algorithm 2:
ALL-Random-With-Weight, we use the given information of
both algorithms, including the given areas S, a set of single
lens camera C, and a set of activated set of single lens camera
Cact. When both algorithms are considered with asymptotic
perspective, assume that the total number of single lens camera
is n, the total number of levels is q where n > q.

For the time complexity of Algorithm 1: Random-Value-
Camera-Level, it identifies the traffic road space S within O(1).
Since a random value is assigned to every single lens camera
for generation of random graph G, it takes O(n). For selection
of random value R, it takes O(1). Then, for the calculation of
scale factor in applying single camera in every level, it takes
q·O(n). And, the transitioning into Cact and returning operation
of Cact takeO(1). Accordingly, the total number of iterations
will be O(1)+O(n)+O(1)+q ·O(n)+O(n)+O(1). Because
O(1) and q are constants, an asymptotic upper bound is O(n).
The complexity of Algorithm 1: Random-Value-Camera-Level
is O(n).

For the time complexity of Algorithm 2: ALL-Random-
With-Weight, it confirms the traffic road space S within O(1).
Because the random value is utilized to every single lens
camera for creation of random graph G, it takes O(n). When a
random value R is chosen, it takes O(1). About the weighted
calculation of scale factor in single lens camera in each level
of the traffic road space S, it takes q ·O(n) consequently. The

verifying time for the number of activated camera takes O(n).
Then, the transitioning into Cact and returning operation of Cact
take O(1). Consequently, the total number of iterations should
be O(1)+ O(n)+ O(1)+ q · O(n)+ O(n)+ O(1). Therefore,
the complexity of Algorithm 2: ALL-Random-With-Weight is
estimated as O(n).

VI. CONCLUSION

In summary, this study introduced an innovative approach
for augmented fluid surveillance using a group of single
lens camera for urban traffic management, addressing the
increasing need for adaptable traffic systems in smart cities.
After the MaxAugmentFluSurv problem is formally defined,
two different schemes were proposed with system initializa-
tion. Then, the performances of the devised methods were
evaluated by earned outcomes through extensive experiments
with various settings and scenarios, including different traffic
volume, slope, and angle of camera. Since the proposed system
only performed simulations own scenario through ad-hoc
server, as future works, it is necessary to achieve augmented
fluid surveillance through real-world traffic data to compare
with existing critical methods and focus on time series data
studies with deep learning.
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