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Abstract: Innovation in wireless communications and microtechnology has progressed day by day,
and this has resulted in the creation of wireless sensor networks. This technology is utilised in
a variety of settings, including battlefield surveillance, home security, and healthcare monitoring,
among others. However, since tiny batteries with very little power are used, this technology has
power and target monitoring issues. With the development of various architectures and algorithms,
considerable research has been done to address these problems. The adaptive learning automata
algorithm (ALAA) is a scheduling machine learning method that is utilised in this study. It offers a
time-saving scheduling method. As a result, each sensor node in the network has been outfitted with
learning automata, allowing them to choose their appropriate state at any given moment. The sensor
is in one of two states: active or sleep. Several experiments were conducted to get the findings of the
suggested method. Different parameters are utilised in this experiment to verify the consistency of
the method for scheduling the sensor node so that it can cover all of the targets while using less power.
The experimental findings indicate that the proposed method is an effective approach to schedule
sensor nodes to monitor all targets while using less electricity. Finally, we have benchmarked our
technique against the LADSC scheduling algorithm. All of the experimental data collected thus
far demonstrate that the suggested method has justified the problem description and achieved the
project’s aim. Thus, while constructing an actual sensor network, our suggested algorithm may be
utilised as a useful technique for scheduling sensor nodes.

Keywords: sensors; wireless sensor network; learning automata; adaptive learning; coverage area;
energy efficiency

1. Introduction

The rate of advancement in the area of wireless communication is steadily rising.
With the increased usage of wireless communication, many devices and applications are
developing. Wireless sensor networks are the most popular and growing area of wireless
technology (WSNs). These sensors are tiny, low-power, low-cost, multi- functional devices
with a short-range communication capability. The network’s sensors main functionalities
include detecting, processing, and communicating [1–3]. The development of wireless
sensor network technology began while military applications for battlefield surveillance
were being developed. The development and innovation of new methodologies in wireless
sensor networks has expanded the field of application, and it has been used to monitor
various fields such as home, disaster prevention, pollution, environmental monitoring,
health care, temperature, and so on [4–7].

The coverage area is another aspect of wireless sensor networks [8–10]. This is the
region in which a sensor node observes and tracks the activities of the chosen target. Each
target should also be constantly monitored by at least one of the sensor nodes to ensure
network operation continuity. While doing so, effort has been taken to ensure that energy

Sensors 2022, 22, 1083. https://doi.org/10.3390/s22031083 https://www.mdpi.com/journal/sensors

https://doi.org/10.3390/s22031083
https://doi.org/10.3390/s22031083
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sensors
https://www.mdpi.com
https://orcid.org/0000-0001-8492-0274
https://orcid.org/0000-0002-1905-6800
https://doi.org/10.3390/s22031083
https://www.mdpi.com/journal/sensors
http://www.mdpi.com/1424-8220/22/3/1083?type=check_update&version=3


Sensors 2022, 22, 1083 2 of 23

is used efficiently. For this, the network’s nodes have been maintained in two states: active
and sleep. Nodes in the sleep state are considered OFF (use no energy), while nodes in
the active mode monitor their surroundings or targets. The network’s lifespan has been
extended by programming each sensor’s activity in active and sleep modes [11–13].

A lot of study was done on coverage in order to develop an energy-efficient wireless
sensor network. Various scheduling methods are developed for this aim to plan the activity
of the sensor nodes [14–17]. Learning automata is one of the planning techniques for an
energy efficient wireless sensor network. This technique enables the sensor switch to detect
its current condition and choose the appropriate state to extend battery life [18–21].

At this point, it is assumed that all of the sensor nodes are operational and that they
are monitoring at least one target. As a result, the sensor nodes are planned with active
and sleep modes to ensure that the network is as efficient as possible and that battery
consumption is kept to a minimum. The sensor node is supplied with a sleep mode of
state if it is not monitoring the target, and an active mode of state if it is monitoring the
target. The scheduling method based on adaptive learning has been developed for this
idea. During network operation, each node is endowed with a learning automaton, which
allows it to choose one of two states: active or sleep. A node does not consume energy
while it is in sleep mode, but it does when it is in active mode.

Problem Statement

Using adaptive learning, how can a wireless sensor network achieve energy-efficient target
coverage?

Consider a collection of M targets, indicated by M = M1, M2, . . . , Mm, that are
monitored by a set of N sensor nodes, denoted by N = N1, N2, . . . , Nn, and that these
two sets are deployed in a XxX area, with each sensor node covering all targets. Each
experiment has a defined sensing range “R” for all sensor nodes. There are also more sensor
nodes than targets, according to the assumption. This is because it is necessary to keep
track of targets in sensor networks. This helps to save energy and extend the life of the
network. The sensor nodes scheduling algorithm has been presented to schedule. This will
provide you the status of the sensor nodes. A sensor node can be in one of two states: active
or sleeping. The sensor node’s status is active if the target is within its range. The target is
in a sleep state if it is beyond the sensor’s range. The sensor consumes some energy when
it is active, but it accomplishes nothing when it is asleep. The sensor node is said to cover a
target point Mj within the range 1 ≤ j ≤M. 1 ≤ I ≤ N, if it is inside the range of one of the
sensor nodes.

The project use the following notations:

• N is the number of sensors;
• M denotes the number of targets;
• X sensor and target deployment area;
• R, the sensor node’s sensing range;
• Γ, the initial active time duration of both sensors and targets;
• Ni is the ith sensor node such that 1 ≤ i ≤ N;
• Mj, the jth target in 1 ≤ j ≤M.

The primary goal is to arrange sensor node activity in order to maximise network
lifespan.

A collection of M targets M = M1, M2, . . . , Mm and N sensor nodes N = N1, N2, . . . ,
Nn are taken in a X region for sensor deployment. Sensors are installed redundantly in
such a way that each sensor may monitor at least one target to obtain a maximum lifespan.

The adaptive learning automata technique was used to schedule the sensors. This
technique will assist sensor nodes in selecting their state based on their probability vector
without interfering with the network’s functioning. This learning automata approach
assists sensor nodes in selecting their proper state based on the network’s operational
requirements. The initial Euclidean distance between the sensor node and the targets was
determined to determine target coverage. The sensor compares euclidean distance to sensor
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detecting range to see if the target is within their range. The sensor is monitoring the target
if the computed Euclidean distance is smaller than the sensing radius “R.” Sensor switches
to the active state at this point. Otherwise, it will remain dormant and in a sleep condition.
The sensor consumes some energy when it is active and none when it is in the sleep state.

The suggested technique would choose the best active sensor nodes from all active
sensor nodes that cover the most targets after many iterations. As a result, the active sensor
count is lowered. This means that utilising fewer active sensors uses less energy, resulting
in total network energy saving and increased longevity.

The following issues will be addressed by this research work:

• What is the best way of calculating the number of active sensors?
• How should the sensor node be scheduled for maximum energy conservation in a

wireless sensor network?

2. Related Work

There is a description of how to handle the target coverage issue in [22–26]. As a result,
there is a need to manage goals in order to get the greatest lifetime. The paper utilised a
probabilistic coverage model to achieve this goal.

Sensors may be split into cover sets to provide sufficient target coverage. This cover
set includes a time period for monitoring targets. This solution, however, has been shown
to be NP-complete. As a result, authors in [27–29] have suggested a centralised heuristic
method to achieve coverage. Cover sets are generated by this method, which aid in the
monitoring of all targets.

There are a few techniques in the future that focus on the bio inspired algorithms
to solve the issue of energy conservation in sensor networks. Rango et al. [30] suggest
a technique for exploring an unfamiliar region based on ants’ behaviour, as well as an
unique swarm-based protocol for recruiting and coordinating robots for jointly disarming
mines. The usefulness of the proposed ant-based task robot coordination (ATRC) with
simply the exploration task and combined exploration and recruitment procedures is
demonstrated through simulation experiments. The robots’ recruitment time and the
overall area exploring time have both been regarded as reduction targets. Palmieri et al. [31]
presented a restricted bi-objective optimisation problem in which mobile robots must
undertake two distinct tasks of exploration while also cooperating and coordinating to
disarm the dangerous targets. These are diametrically opposite aims, with one valued only
at the expense of the other. As a result, a good trade-off must be made. This problem is
solved using a nature-inspired method and an analytical mathematical model that considers
a single equivalent weighted goal function. The suggested coordination model’s findings
are shown in a two-dimensional terrain simulation to analyse the applicability of the system
workable solution. The authors investigated the approach’s performance and the impact of
the goal function’s weights in static and dynamic situations. In this case, the robots may
fail due to a strict energy budget or dangerous circumstances. Palmieri et. al. [32] explores
the use of several bio-inspired metaheuristics for the coordination of a swarm of mobile
robots that must explore an unfamiliar environment in order to rescue certain scattered
targets. This issue is defined by first constructing an optimisation model, then examining
two subproblems: exploration and recruitment. To begin, robots use a modified form of ant
colony optimisation to progressively investigate the area. When a robot recognises a target,
a recruitment mechanism is activated to enlist additional robots to help with the disarming
job. Authors developed and compared three techniques based on three distinct bio-inspired
algorithms for this goal (artificial bee algorithm, particle swarm optimization and firefly
algorithm). Simulation findings show that, in most cases, the firefly-based technique
outperforms the competition and saves energy, especially in complicated settings. Our
Work differs from the above-mentioned studies as we are intending to use the least amount
of sensors to cover a target. This, in return, minimises the overall energy consumption of
the whole network.



Sensors 2022, 22, 1083 4 of 23

P2P networks are built on data retrieval methods, and this study tackles the challenge
of effectively searchingf for files in unstructured P2P systems. We present a completely
distributed and bandwidth-efficient improved adaptive probabilistic search (IAPS) method.
In order to find file container nodes with a high likelihood of success, IAPS employs ant-
colony optimisation and takes file kinds into account. We studied the performance of IAPS
using extensive simulations and compared it to the random walk and adaptive probabilistic
search algorithms. IAPS achieves high success rates, high response rates, and considerable
message reduction, according to our testing data [33].

In [34–36], you may find the solution to the issue of how to manage the schedule of a
big number of sensor nodes installed. The maximum lifetime coverage issue is presented
in this article as a big sensor deployment. As a result, the authors offer a solution to the
aforementioned issue by using a polynomial-time approximation method.

The network’s lifespan is determined by the channel used to carry data from the
environment to the sink. The suggested technique aims to find the most cost-effective
data transmission path. This study examines efficient routing approaches for maintaining
k-coverage in a sensor network, and then provides a strategy for preserving k-coverage and
data dependability while allowing for logical fault tolerance. Network nodes are supposed
to be aware of how much energy they and their neighbours have left. The two types of
sensors are coverage and communicative nodes, with some being classified as clustering
and dynamic nodes in the process. The proposed approach, according to simulation results,
uses energy more effectively [37].

Because the WSN node has a limited power backup, this is a highly important problem
to address. It is proposed in the paper [38,39] that wireless sensor networks (WSNs) can
benefit from computational intelligence techniques such as multi-objective particle swarm
optimization (MOPSO), with the overall goal of concurrently minimising localization time,
energy consumption during localization, and maximising the number of nodes that are
fully localised. Using Dijkstra’s algorithm, refs [40–42] construct an improved version 15
July 2021 submitted to Mathematics 3 of 19 versions of the low-energy adaptive clustering
hierarchy (LEACH) protocol in a cloud environment. This protocol optimises the power
consumption or energy usage based on shortest route selection, and it is referred to as
LEACH-DA. Refs [43,44] utilise round robin, throttled, active virtual machine, particle
swarm optimization, ant colony optimization and odds algorithm for efficiency.

The k-coverage is described as the user-specified region of sensor coverage where
the sensor may cover its objectives, according to [45]. In the article, two methods were
proposed for this purpose. The first is the PCL-greedy-selection (GS) method, which is used
to deal with sensors that have a defined sensing range and are part of disjoint subsets. The
PCL-greedy selection-adjustable (GSA) method comes next, which works with sensors that
belong to non-disjoint subsets and sensors that have adjustable sensing range capabilities.
The study found that the GSA method is a superior approach for solving the k-coverage
issue in wireless sensor networks after comparing the two techniques.

To ensure the wireless sensor network is durable, the actions associated with the cover
sets must be scheduled which are sensor node groups that cover a certain number of targets.
As a result, in order to acquire these cover sets, sensor nodes must be placed in such a way
that target coverage is attained. To determine the network lifespan, the authors of [46–48]
used a heuristic and an artificial bee colony method. As a result, the authors suggested
two scheduling methods for sensor deployment: heuristic and ant colony. The solution to
the cover set issue, as stated in the preceding article, is explained in [49–52]. The authors
described the learning automata algorithm in this paper. This method is used to plan the
nodes’ sensor activity in order to optimise the network lifespan.

Target coverage, as well as the issue of data gathering in WSNs, are addressed
in [53,54]. This information gathering aids in the transfer of sensed data from nodes
to sinks. The issues described previously are examined using polynomial-time approxima-
tion and polynomial-time constant approximation techniques. Experiments are carried out
using sensors that have the same sensing and transmission radius. To exchange information,
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the sensor interacts with its neighboring node. This sensor necessitates the usage of some
energy. However, high data rate transmission requires a significant quantity of energy. As
a result, this sensor network problem should be taken into account throughout the course
of the network’s lifespan. For this, refs [55–58] proposes an energy-efficient pattern for
high data rate transmission in wireless sensor networks without compromising sensing
coverage rate.

If there is a need to deploy sensor nodes in a wide region with a significant number
of sensor nodes, such as for environmental risk monitoring. To improve throughput, a
suitable monitoring algorithm is required. In [59–62], a physics-based heuristic method is
presented. This method aids in the effective placement of scalable sensor nodes in wireless
sensor networks to determine coverage of fixed objectives. The idea of virtual sensors was
proposed in this paper. This is used to move and merge sensors in order to obtain the
smallest number of target-covering sensors possible.

In [63–65], the author discusses how to choose suitable coverage methods for im-
proved wireless sensor device performance in the industry. This article presented four
methods for solving the target coverage issue. The average energy usage, coverage time,
network lifespan, and other characteristics of these four algorithms were examined. The
results are used to choose the best methodology for improving industrial WSN connection
and coverage.

The key goal and essential sensor aspects are highlighted in [66] for optimising the
network lifespan of the wireless sensor network. This important target is covered by the
fewest number of sensors, and this sensor is referred to as critical sensors. The author
developed a heuristic for choosing a small number of essential sensors to extend the life
of sensor networks. Furthermore, by covering all targets, this sensor will cover important
targets for a longer period of time.

The novelty in our approach, looking at the state-of-the-art, is that the sensors will be
scheduled using the adaptive learning automata approach. This method will let sensor
nodes choose their state depending on their probability vector without interfering with the
network’s operation. This learning automata technique will aid sensor nodes in determining
the best state for them depending on the operational needs of the network. To assess target
coverage, the initial Euclidean distance between the sensor node and the targets will be
calculated. To determine if the target is inside the sensor’s detection range, the sensor
compares Euclidean distance to the sensor’s detecting range. If the calculated Euclidean
distance is less than the detecting radius “R,” the sensor is monitoring the target. At this
point, the sensor enters the active state. Otherwise, it will remain inert and in sleep. When
the sensor is operating, it needs some energy and when it is asleep, it uses none.

3. System Model

This section goes through the environment setup and algorithm utilised in this project
in greater depth. This section will also discuss how design is applied and formulated in
accordance with the plan. The design is more easily conveyed when figures, tables, and
algorithms are used.

The design step is broken down into smaller chunks in this section. The plans indicated
in the approach section are explained in this section. This section describes the circum-
stances that were employed to execute the project. There is a description of what standards
and rules to follow when designing our project in accordance with the plan’s flow.

3.1. Sensor Deployment

This provides a description of how the project’s sensors are distributed and the tac-
tics used to do so. Uniform random, square grid, and tri-hexagon tiling are some of
the sensor node deployment models. The random model is employed in his project uni-
form. As a result, the sensors are placed in a rectangle region at random, each having
the same sensing range. The number of sensors is always assumed to be more than
the number of deployed targets in this case. All sensors have an equal chance of cov-
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ering the targets in the initial condition. The suggested learning automata technique
aids the sensor node in learning its state automatically in each iteration as the prob-
ability value changes based on its state. The sensor network’s coverage is calculated
using the distance formula. The distance between the sensor node and the network’s
target is calculated using this formula. The sensor is covering the target if this obtained
value is less than or equal to the sensor sensing range. Otherwise, the target is beyond
the sensor node’s range. The Algorithm 1 represents the sensor deployment working:

Algorithm 1: Sensor Deployment.

Grid size = 600;
Range sensor = 100;
Number of sensors = 20;
Number of Targets = 10;
x sensor = [0]* Nsensors
y Number of = [0]* Nsensors;
x Targets = [0]* M Targets;
y Targets = [0]* M Targets;
for i→ Number of sensors do

Initialize x_sensor and y_sensor with random number;
plot the points with text;
Scatter plot the sensors;
assign circular coverage of Sensors;

end

The variable N Sensors in the above algorithm represents the number of sensors that
will be deployed. For example, in this script, N Sensors is set to 20 with a sensing range
of 100 and a network grid size of 600 m. The sensor’s value fluctuates depending on
the experiment’s requirements. The x sensor [i] and y sensor [i] variables determine the
sensor’s position. This is the sensor’s position within the x- and y-axes.

3.2. Target Deployment

In this project, the target is used as a sensor at random. The position of the targets
is random. The number of targets placed is always smaller than the number of sensors
deployed. As a result of the assumption, there should be at least one sensor that covers the
target. The Algorithm 2 for target deployment is given as:

Algorithm 2: Target Deployment.

Grid size = 600;
Range sensor = 100;
Number of sensors = 30;
Number of Targets = 25;
x sensor = [0]* Nsensors
y Number of = [0]* Nsensors
x Targets = [0]* M Targets;
y Targets = [0]* M Targets;
for i→ Number of targets do

Initialize x_sensor and y_sensor with random Number;
plot the points with text;
Scatter plot the targets;

end

3.3. Proposed Approach

Learning automata are a machine learning paradigm. This is an abstract model that
chooses the best action from a limited number of options and executes it in a complex
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environment. The environment then analyses the chosen action and reacts to the automaton
using the reinforcement signal environment. To choose the next action, the automaton
must first update its internal state from the previous action and then receive a signal. Thus,
by following a set of rules, an automaton can discover the optimal output solution and
interact with the environment in order to make the best choice for appropriate action, as
shown in Figure 1.
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The environment is composed of three models. They are given as follows:

• P-model: In this paradigm, b can only accept binary values of 0 or 1.
• Q-model: This model’s environment allows finite output sets to have numerous

components that take values in the [0, 1] range.
• S-model: The environment’s output in this model is a continuous random variable

that takes values in the range [0, 1].

In addition, there are two types of learning automata: fixed and variable structure
stochastic models.

A learning algorithm may be stated in formal terms as follows:

P(n + 1) = T[p(n), a(n), b(n)] (1)

The actions selected are p(n) and a(n). The moment at which an action is carried out is
called n. The action is based on the probability vector of the action p. The action probability
vector p is updated using the repeating equation below, which is a linear learning method.
Let a1 (n) represent the chosen action at n.

pi (n + 1) = pi (n) + a[ 1pi (n)] (2)

pj (n + 1) = (1− a) pj(n)∀j, j 6= i (3)

when the environment favours a certain behaviour (i.e., b(n) = 0) and

pi (n + 1) = (1− b)pj (n) (4)

pj (n + 1) =
b

r− 1
+ (1− b)pj(n)∀j, j 6= i (5)

when the environment punishes a certain behaviour (e.g., b(n) = 1).
The punishment and reward are represented by b and a, respectively, and the number

of reductions and increases in action probability is calculated. The number of actions
performed is represented by r. pi(n) and pj(n) reflect the probability of the acts ai and bi,
respectively [67,68]. Linear reward–inaction (LR I) algorithm for b << a, linear reward
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epsilon penalty (LR − εP) method for b = 0, and linear reward–penalty (LR − P) algorithm
for b = 0. The Algorithm 3 for initial phase is given as:

Algorithm 3: Initial Phase.

Input: Given, N number of sensors, M number of targets and R sensor sensing
range, a end e learning automata parameter
Result: Number of active sensors that cover the targets
Initialize the Networks parameters:
Calculate the distance between sensor and target;
Determine the coverage and covered targets in the network;
while All targets not covered do
If (Range of sensor ≥ distance between sensor and target) then

Set sensor mode to active;
Add them to list of active sensors by using learning algorithm;

else
Set sensor mode to sleep by learning algorithm;

End
Iteration = iteration + 1
end

The algorithm aids in the selection of the most effective active sensors capable of
monitoring the greatest number of targets. The first phase begins with the sensor node’s
information being disseminated to its neighbours through a message. It comes to an end
when a neighbour responds with information on the watched targets. The learning phase
then begins by utilising learning automata to choose a node’s state and concludes with the
proper probability vector value for the whole process. The target monitoring phase is the
last step, which begins with learning automata to choose the optimal action of sensors and
concludes with a sensor that operates in accordance with that action.

There are three phases to this algorithm.

3.4. Initial Phase

During this phase, all of the network’s sensors are given learning automata LAi. This
aids the sensor node in determining whether it should be active or sleep. The chance of
choosing the state is set at 0.5 in the early stages. The project’s sensor nodes are deemed
self-contained. That is, they initiate contact and send messages to their neighbour node on
their own, providing their ID, location, and list of covered targets. As a result, they know
which state to choose in any circumstance. The learning and target monitoring phases
follow this one.

3.5. Learning Phase

Each sensor node is provided with learning automata at this step. The node is chosen
at random at first. Select the state of the node using purposed learning automata. Then
it sent the message packet to its neighbours, containing all of its information. All nearby
nodes respond to their status by listening to this message. The sender then takes the
following steps:

# If the sender node’s Learning Automata LAi state is active and the Replying Neighbor
node is also active, the sender node goes to sleep by lowering its probability vector
value for covering the target.

# If the sender node’s Learning Automata LAi state is active and the Replying Neigh-
bour node is likewise asleep, the sender node will be active and will cover the net-
work’s goal. As a result, the probability vector of covering the target will rise. The
Algorithm 4 for learning phase is given as:
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Algorithm 4: Learning Phase.

Input: Number of active sensors that cover the targets
for N number of sensor in network do

for Each action of sensor node do
initial probability = 0.5;

end
end

for i = 0 to iteration do
for Every Node in Network do

Node = choose random action;
Send action packet to neighbour nodes;
Receive action packet from all neighbour nodes;
If Node action is sleep and neighbour node could cover the target then

set the action mode of sender node to Sleep;
Decrease the probability vector to cover;
he target by using learning automata;

else
Increase the probability of sender node to cover the target
end

if Node action is Active and neighbour node could not cover the
Target then Then Set node mode to Active state;
Increase the probability vector of;
Learning automata to cover the targets;

else
Go to sleep mode using learning automata

end
end

end

This phase will continue until all of the network’s targets have been covered. The
likelihood of an active state sensor node increases with each cycle of operation.

3.6. Target Monitoring Phase

In this phase, the sensor nodes select its state for the whole operation as an active or
sleep. The Algorithm 5 for Target Monitoring Phase is given as:

Algorithm 5: Target Monitoring Phase.

Input: Number of active sensors that cover the targets
for N number of sensors in network do

Select Best action ();
If Best action () = Active then

Node state = Active;
Current Coverage set = Current Coverage U Node;

else
Node State = Sleep;

end
end
Monitor the target till end of target monitoring phase;

4. Result and Discussion

This section goes over the many implementation phases, the findings that were ac-
quired, the problems that were encountered, and the various error sources that might have
impacted the experiment.

The suggested approach, known as the Adaptive Learning Automata Algorithm
(ALAA), is also assessed here. The evaluation is carried out by running a network simula-
tion on a computer with sensors and targets placed at random in a 600 m × 600 m region.
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The following parameters are utilised in all of the experiments:

• N is the number of sensors that are placed at random. Its value ranges from ten
to eighty.

• M is the number of targets that are deployed at random. Its value spans from 4 to 60.
• R is the sensor’s sensing range. Its value varies between 50 and 600 metres.
• To obtain a result, the experiment is repeated 1000 times.
• The script makes use of a random seed. This allows you to use the same setup for all

of your tests.
• Parameter for learning:

Lambda (λ) has a range of values between 0.0001 and 0.4.
Epsilon(e) has a constant value of 0.01 throughout the experiment.

All the experiments have been performed on google colab notebooks using Python
programming language. The algorithm is also coded in Python on a colab notebook. Only
the parameters that need to be examined are modified for the experiment, while the others
stay constant. The following experiments have been performed to check the validity of the
proposed technique:

1. A minimum number of active sensors covering all targets is discovered by adjusting
the sensing range of sensors.

2. To attain the smallest number of active sensors, experiment with altering the number
of sensors while maintaining a set sensing range.

3. Determine the effect of target density on discovering the smallest number of active
sensors.

4. Examine the suggested learning ALAA’s efficiency. This is accomplished by altering
the proposed algorithm’s parameter. The learning automata algorithm is changed in
this case by keeping e constant during the whole procedure.

5. Create a 2 n binary combination of sensors to test the validity of the experimental
results, where n is the number of sensors utilised in the experiment. This is referred
to as a brute force approach. It pulls just the active sensor combinations that cover all
targets from these combinations. This is used to determine whether the combination
obtained is accurate. This brute force approach generates a list of all conceivable
active sensor combinations. This list is compared to a previously obtained list in order
to verify the proposed algorithm’s output.

6. Analyse the impact of sensor and target density on learning automata operation.
7. Compare the effectiveness of the suggested learning automata to the work of others

(LADSC scheduling algorithm).

An experiment is conducted with the main objective to see how sensing range and
sensor density affect the performance of a large network. A network with a high number
of sensors and objectives is referred to as an extensive system. The experiment begins by
changing the sensor range between 150 and 600 m with 70 sensors and 50 targets. (Figure 2).

The next test is to increase the density of sensors in order to evaluate the algorithm’s
performance and get the smallest number of active sensors. (Figure 3).

The experiment is carried out to look into the effect of a certain number of sensors on
the network’s active sensors. This sensor number is chosen from a range of 20 to 30 with
a one-step increment. All the distances represented in the plots and in metres. Figure 4
shows the results of 10 and 15 targets with sensing ranges of 300 and 400 m, respectively.
Figure 5 shows 15 targets having a sensor range of 100 m. Figure 4 depicts the collected
data, which demonstrate that as the number of sensors increases, the number of active
sensors decreases. Furthermore, there is little influence on the network when the number
of targets and sensing range grows. As a result, both curves are equidistant. This indicates
that as the number of sensors grows, the demand for active sensors decreases. As a result,
the network’s lifetime can be extended.
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The results of using a small sensing range are represented in Figure 5. It illustrates
the requirement for extra sensors to cover the targets when the sensing range is limited.
However, when the detecting range increases, the number of active sensors needed to cover
the target decreases, displaying the same pattern of findings as Figure 4. As a result of
this experiment, one can see how the number of active sensors decreases as the number
of sensors increases. Furthermore, irrespective if a big or small sensing range is used, the
results follow the same pattern.

As a result, the number of sensors that must be active to monitor the target is reduced.
All other sensors that are not in an active condition can be put to sleep to preserve battery
life. They can also be utilised in the following phase of testing. Based on the foregoing
findings, it can be concluded that as the detecting range of a sensor increases, the number
of active sensors in a vast network decrease as shown in Figure 6.
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An experiment conducted to see how target density affects the average number of
active sensors in a network. The goal is chosen between 4 and 26 with 30 sensors and a
sensing range of 100 m in order to do this. Figure 7 depicts the outcome of the experiment.
This finding shows that the number of target sensors and the average minimum active
sensors have an inverse relationship. This means that as the number of targets grows, so
does the number of active sensors required to cover them. However, when the number of
targets grows, there is an influence of sensing range.
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average minimum active sensors.

This result suggests that our suggested method will have a high scheduling capacity.
To put it another way, the suggested method is aided by the lowering value of the learning
parameter value in scheduling the sensor nodes’ activity more effectively. As a result, the
network lifespan is maximised by using the fewest possible sensors. It also demonstrates
that, in order to get the optimum results, the value of the learning parameter should be
varied for a big network with a large number of sensors (Figure 8).



Sensors 2022, 22, 1083 14 of 23

Sensors 2022, 22, x FOR PEER REVIEW 14 of 24 
 

 

 
Figure 7. Plot depicting the effect of increasing the number of targets on achieving the experiment’s 
average minimum active sensors. 

This result suggests that our suggested method will have a high scheduling capacity. 
To put it another way, the suggested method is aided by the lowering value of the learning 
parameter value in scheduling the sensor nodes’ activity more effectively. As a result, the 
network lifespan is maximised by using the fewest possible sensors. It also demonstrates 
that, in order to get the optimum results, the value of the learning parameter should be 
varied for a big network with a large number of sensors (Figure 8). 

 
Figure 8. The effect of target density on achieving average minimum active sensors was simulated. 

Figure 9 shows that as the sensing range increases, there is a consistent declination 
in the plot. This has the effect of extending the sensor’s detecting range in a big network. 
This is due to the fact that when the detecting range grows, the sensor’s covering area 
expands. The larger the coverage area, the more likely it is that more targets will fall inside 
this range. As a result, it can keep track of the number of targets. 

Figure 8. The effect of target density on achieving average minimum active sensors was simulated.

Figure 9 shows that as the sensing range increases, there is a consistent declination in
the plot. This has the effect of extending the sensor’s detecting range in a big network. This
is due to the fact that when the detecting range grows, the sensor’s covering area expands.
The larger the coverage area, the more likely it is that more targets will fall inside this range.
As a result, it can keep track of the number of targets.
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Figure 9. A large network of 70 sensors and 50 targets with a sensing range ranging from 150 m to
600 m.

Figure 10 depicts when a vast network of sensors is deployed then there is a better
chance of obtaining fewer active sensors to keep an eye on the targets. To get these
results, reduce the value of the probability parameter as the number of sensors grows.
Another experiment has been conducted with the primary objective to investigate the link
between the learning parameter rate and the number of active sensors. Two parameters
are employed in the suggested method. Lambda (λ) and epsilon (∈) are two examples. To
obtain the findings, the lambda “l” parameter of learning automata is changed.
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Figure 10. The outcome of a big network with 50 targets and a sensing range of 300 m, with the
number of sensors increasing from 70 to 80.

The linear curve of results is obtained using the brute force approach (Figure 11).
However, the suggested learning algorithm’s outputs the first slope to some extent before
showing linear behaviour. This demonstrates that brute force produces better results than
the suggested technique. As a result, it aids in determining the efficacy of our suggested
algorithm in achieving our aim.
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Sensors ranging from 40 to 80 are used with 30 targets in this experiment. Each sensor
has a detecting range of 400 m. The experiment is then formulated by using several values
of the learning parameter lambda “λ”. The values of lambda are “ λ = 0.1”, “ λ = 0.01”,
“λ = 0.001”, and “λ = 0.0001” in this case. Figure 12 summarises the findings. As a result of
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this finding, one may deduce that the demand for an average number of minimum active
sensors decreases as the value of the learning parameter decreases. However, when the
value of the learning parameter is reduced, the number of iterations increases, resulting in
more exact outputs. As a result of this phenomena, algorithm execution time and memory
consumption both rise. Another rationale is that as the number of sensors grows, the
learning parameter value should decrease in order to achieve the optimum outcomes.
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automaton algorithm’s learning parameter.

According to the findings, when the number of sensors in the deployed environment
grows, a modest value of the learning parameter must be used to get satisfactory outcomes.
This allows for the employment of fewer active sensors to keep track of all the targets.
As a consequence of this finding, the suggested method offers optimal scheduling to
enhance the network lifetime with an increase in the sensor network with a small amount
of learning parameters.

These methods are compared first on the basis of sensor density, and subsequently on
the basis of sensor range. The algorithms are rated based on their ability to use the fewest
number of best active sensors while still covering the targets. For the first comparison, 9
targets with sensors ranging from 9 to 25 with a detecting range of 100 m are used. In the
second comparison, 15 targets are used, the sensor’s detecting range is increased from 50 to
100 metres, and there are 20 sensors in total, as shown in Figure 13.

The purpose of this experiment is to see how accurate our suggested learning automa-
ton algorithm’s findings are. The experimental setup consists of nine targets and a number
of sensors ranging from ten to twenty. All sensors have the same detecting range, which
is set at 100 m. The experiment then begins by utilising the suggested learning automata
method to determine the number of average minimum active sensors. Then, using the
same configuration, brute force testing is carried out. The deployed number of sensors
is multiplied by 2 n in this brute force technique. The number of sensors utilised in the
experiment is denoted by “n”. Only the best active sensors are produced as a result of
this combination. The best outcomes are found by observing and comparing the results of
both approaches.
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Figure 13. A graph of the results of the 2 n technique and the brute force approach is shown in this
diagram. The figure shows the number of active sensors for each algorithm, along with the targets
that they cover. Using these methods, the influence of sensor density on obtaining an average number
of minimum active sensors is assessed for a sensor number increasing from 10 to 24 with a sensing
range of 100 m. Based on the obtained findings, it can be concluded that our suggested scheduling
algorithm outperforms the LADSC method in terms of getting a lower number of active sensors to
monitor all targets. Even while the LADSC algorithm appears to use fewer active sensors in some
cases, it is unable to cover the entire target. As a result, it is inefficient in comparison to our method.
This means that our method consumes less energy than the LADSC algorithm, allowing us to extend
the lifetime of a sensor network. Finally, the best outcomes possible are acquired.

Figure 14 depicts the outcomes of the experiment. As can be seen, the results achieved
using the brute force technique (2 n) and the suggested learning automata algorithm
(ALAA) method are similar.
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The outcomes of this experiment are shown in Figure 15. Green towers represent
sensors, whereas red towers represent targets in the diagram. The number denotes the
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sensors that are covering the targets, and black circles represent their coverage. As a result
of this outcome, it can be concluded that brute force is more effective than the suggested
learning automata method in finding the best solution.
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This experiment compares the suggested learning algorithm against different algo-
rithms in order to determine its efficiency (Figure 16). To compare the outcomes of the
proposed learning automata method, the LADSC scheduling technique from [69–71] is
used. LADSC outperforms other scheduling algorithms like MC-MIP, and Slijepcevic and
Potkonjak in the experiments. Thus, we have decided to choose LADSC to benchmark
against our approach [72].

The plot of the results obtained after constructing two algorithms is shown in Figure 17.
The varied patterns of the findings are clearly seen in this diagram. In comparison to
these two algorithms, the suggested method produces superior results. The LADSC
algorithm demonstrates that they employ fewer active sensors at various points in the
graph. However, they are not covering all of the targets in this scenario. Our suggested
method, on the other hand, covers all of the objectives. As a result, the suggested method
proves to be more consistent than the LADSC algorithm.

Figure 17 illustrates that when using the LADSC method, more sensors are required
to cover all of the targets, whereas the suggested approach uses fewer active sensors. As a
result of this finding, the suggested algorithm is capable of producing optimal outcomes.
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5. Conclusions

This article focuses on resolving the wireless sensor network’s energy issue, as well
as the target coverage problem. This necessitates the creation of an architecture and a
machine learning algorithm. The adaptive learning automata algorithm is the name of this
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algorithm. The findings acquired after formulating the experiments using this approach
were examined to see if they were valid in meeting the project’s objectives. It has also
been compared to other algorithms mentioned in the project’s related work section to
determine its efficiency. This method uses a learning approach to arrange sensors in order
to conserve energy, thus, that they may choose whether to be active or sleep on their
own. In the active mode, sensors are expected to use some energy to cover the accessible
targets. To test the performance of the developed algorithm and architecture, several
experiments and simulations are carried out. The suggested algorithm lays forth a way
for determining the smallest number of active sensors required to cover all targets. In
other words, by using the smallest number of active sensors, the network consumes the
least amount of energy, and therefore this idea aids in energy conservation in wireless
sensor networks. As a result, this research focuses on the idea of an energy-efficient target
coverage network. Both small and big wireless sensor networks can benefit from this
method. However, in order to obtain exact findings, the learning parameter value should
be addressed throughout the formulation of experiments in this sort of network. The
sensor’s sensing range has the same effect on both sorts of networks. Furthermore, while
comparing related work algorithms in terms of sensing range and number of sensors, the
findings demonstrate that our suggested method outperforms the comparison algorithm.
Finally, all of the experimental data collected thus far demonstrate that the suggested
method has justified the problem description and achieved the project’s aim. So, while
constructing an actual sensor network, our suggested algorithm may be utilised as a useful
technique for scheduling sensor nodes.

Author Contributions: Conceptualization, H.S.M. and J.A.; methodology, J.A., A.Z.K., M.A.P.M.; soft-
ware, J.A. and H.S.M.; validation, J.A. and H.S.M.; formal analysis, J.A.; investigation, J.A.; resources,
J.A., data curation, J.A., H.S.M., writing—original draft preparation, J.A., H.S.M.; writing—review
and editing, H.S.M.; visualization, J.A.; supervision, A.Z.K. and M.A.P.M.; project administration,
J.A.; funding acquisition, A.Z.K. and M.A.P.M. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ullah, F. A Beginner’s Guide to Developing Review-Based Conceptual Frameworks in the Built Environment. Architecture 2021, 1,

5–24. [CrossRef]
2. Munawar, H.S.; Ullah, F.; Qayyum, S.; Heravi, A. Application of Deep Learning on UAV-Based Aerial Images for Flood Detection.

Smart Cities 2021, 4, 1220–1242. [CrossRef]
3. Munawar, H.; Ullah, F.; Khan, S.; Qadir, Z.; Qayyum, S. UAV Assisted Spatiotemporal Analysis and Management of Bushfires: A

Case Study of the 2020 Victorian Bushfires. Fire 2021, 4, 40. [CrossRef]
4. Aslam, B.; Maqsoom, A.; Khalid, N.; Ullah, F.; Sepasgozar, S. Urban Overheating Assessment through Prediction of Surface

Temperatures: A Case Study of Karachi, Pakistan. ISPRS Int. J. Geo-Inf. 2021, 10, 539. [CrossRef]
5. Ullah, F.; Qayyum, S.; Thaheem, M.J.; Al-Turjman, F.; Sepasgozar, S.M. Risk management in sustainable smart cities governance:

A TOE framework. Technol. Forecast. Soc. Chang. 2021, 167, 120743. [CrossRef]
6. Atif, S.; Umar, M.; Ullah, F. Investigating the flood damages in Lower Indus Basin since 2000: Spatiotemporal analyses of the

major flood events. Nat. Hazards 2021, 108, 2357–2383. [CrossRef]
7. Qayyum, S.; Ullah, F.; Al-Turjman, F.; Mojtahedi, M. Managing smart cities through six sigma DMADICV method: A review-based

conceptual framework. Sustain. Cities Soc. 2021, 72, 103022. [CrossRef]
8. Qadir, Z.; Munir, A.; Ashfaq, T.; Munawar, H.S.; Khan, M.A.; Le, K. A prototype of an energy-efficient MAGLEV train: A step

towards cleaner train transport. Clean. Eng. Technol. 2021, 4, 100217. [CrossRef]
9. Munawar, H.S.; Hammad, A.W.A.; Haddad, A.; Soares, C.A.P.; Waller, S.T. Image-Based Crack Detection Methods: A Review.

Infrastructures 2021, 6, 115. [CrossRef]

http://doi.org/10.3390/architecture1010003
http://doi.org/10.3390/smartcities4030065
http://doi.org/10.3390/fire4030040
http://doi.org/10.3390/ijgi10080539
http://doi.org/10.1016/j.techfore.2021.120743
http://doi.org/10.1007/s11069-021-04783-w
http://doi.org/10.1016/j.scs.2021.103022
http://doi.org/10.1016/j.clet.2021.100217
http://doi.org/10.3390/infrastructures6080115


Sensors 2022, 22, 1083 21 of 23

10. Khan, S.I.; Qadir, Z.; Munawar, H.S.; Nayak, S.R.; Budati, A.K.; Verma, K.; Prakash, D. UAVs path planning architecture for
effective medical emergency response in future networks. Phys. Commun. 2021, 47, 101337. [CrossRef]

11. Munawar, H.; Aggarwal, R.; Qadir, Z.; Khan, S.; Kouzani, A.; Mahmud, M. A Gabor Filter-Based Protocol for Automated
Image-Based Building Detection. Buildings 2021, 11, 302. [CrossRef]

12. Munawar, H.S.; Khan, S.I.; Qadir, Z.; Kiani, Y.S.; Kouzani, A.Z.; Mahmud, M.A.P. Insights into the Mobility Pattern of Australians
during COVID-19. Sustainability 2021, 13, 9611. [CrossRef]

13. Ullah, F.; Sepasgozar, S.M.; Thaheem, M.J.; Wang, C.C.; Imran, M. It’s all about perceptions: A DEMATEL approach to exploring
user perceptions of real estate online platforms. Ain Shams Eng. J. 2021, 12, 4297–4317. [CrossRef]

14. Ullah, F.; Sepasgozar, S.M.; Thaheem, M.J.; Al-Turjman, F. Barriers to the digitalisation and innovation of Australian Smart Real
Estate: A managerial perspective on the technology non-adoption. Environ. Technol. Innov. 2021, 22, 101527. [CrossRef]

15. Ullah, F.; Al-Turjman, F.; Qayyum, S.; Inam, H.; Imran, M. Advertising through UAVs: Optimized path system for delivering
smart real-estate advertisement materials. Int. J. Intell. Syst. 2021, 36, 3429–3463. [CrossRef]

16. Ullah, F.; Al-Turjman, F. A conceptual framework for blockchain smart contract adoption to manage real estate deals in smart
cities. Neural Comput. Appl. 2021, 1–22. [CrossRef]

17. Qadir, Z.; Ullah, F.; Munawar, H.S.; Al-Turjman, F. Addressing disasters in smart cities through UAVs path planning and 5G
communications: A systematic review. Comput. Commun. 2021, 168, 114–135. [CrossRef]

18. Agiwal, M.; Roy, A.; Saxena, N. Next Generation 5G Wireless Networks: A Comprehensive Survey. IEEE Commun. Surv. Tutor.
2016, 18, 1617–1655. [CrossRef]

19. Rashid, B.; Rehmani, M.H. Applications of wireless sensor networks for urban areas: A survey. J. Netw. Comput. Appl. 2016, 60,
192–219. [CrossRef]

20. Akram, J.; Malik, S.; Ansari, S.; Rizvi, H.; Kim, D.; Hasnain, R. Intelligent Target Coverage in Wireless Sensor Networks
with Adaptive Sensors. In Proceedings of the 2020 IEEE 92nd Vehicular Technology Conference (VTC2020-Fall), Virtual, 18
November–16 December 2020; pp. 1–5. [CrossRef]

21. Manju; Chand, S.; Kumar, B. Target coverage heuristic based on learning automata in wireless sensor networks. IET Wirel. Sens.
Syst. 2018, 8, 109–115. [CrossRef]

22. Wang, J.; Ju, C.; Gao, Y.; Sangaiah, A.K.; Kim, G.J. A PSO based energy efficient coverage control algorithm for wireless sensor
networks. Comput. Mater. Contin. 2018, 56, 433–446. [CrossRef]

23. Thathachar, M.; Sastry, P. Varieties of learning automata: An overview. IEEE Trans. Syst. Man, Cybern. Part B Cybern. 2002, 32,
711–722. [CrossRef] [PubMed]

24. Callebaut, G.; Leenders, G.; Van Mulders, J.; Ottoy, G.; De Strycker, L.; Van der Perre, L. The Art of Designing Remote IoT
Devices—Technologies and Strategies for a Long Battery Life. Sensors 2021, 21, 913. [CrossRef] [PubMed]

25. Rostami, A.S.; Mohanna, F.; Keshavarz, H.; Badkoobe, M. Target coverage in wireless sensor networks. In Recent Advances in Ad
Hoc Networks Research; IEEE: Piscataway, NJ, USA, 2014; pp. 113–151.

26. Manju; Singh, S.; Kumar, S.; Nayyar, A.; Al-Turjman, F.; Mostarda, L. Proficient QoS-Based Target Coverage Problem in Wireless
Sensor Networks. IEEE Access 2020, 8, 74315–74325. [CrossRef]

27. Pananjady, A.; Bagaria, V.K.; Vaze, R. Optimally Approximating the Coverage Lifetime of Wireless Sensor Networks. IEEE/ACM
Trans. Netw. 2016, 25, 98–111. [CrossRef]

28. Munawar, H.; Hammad, A.; Waller, S.; Thaheem, M.; Shrestha, A. An Integrated Approach for Post-Disaster Flood Management
Via the Use of Cutting-Edge Technologies and UAVs: A Review. Sustainability 2021, 13, 7925. [CrossRef]

29. Munawar, H.S.; Inam, H.; Ullah, F.; Qayyum, S.; Kouzani, A.Z.; Mahmud, M.A.P. Towards Smart Healthcare: UAV-Based
Optimized Path Planning for Delivering COVID-19 Self-Testing Kits Using Cutting Edge Technologies. Sustainability 2021,
13, 10426. [CrossRef]

30. De Rango, F.; Palmieri, N.; Yang, X.-S.; Marano, S. Swarm robotics in wireless distributed protocol design for coordinating robots
involved in cooperative tasks. Soft Comput. 2017, 22, 4251–4266. [CrossRef]

31. Palmieri, N.; Yang, X.-S.; De Rango, F.; Santamaria, A.F. Self-adaptive decision-making mechanisms to balance the execution of
multiple tasks for a multi-robots team. Neurocomputing 2018, 306, 17–36. [CrossRef]

32. Palmieri, N.; Yang, X.-S.; De Rango, F.; Marano, S. Comparison of bio-inspired algorithms applied to the coordination of mobile
robots considering the energy consumption. Neural Comput. Appl. 2017, 31, 263–286. [CrossRef]

33. Shojafar, M.; Abawajy, J.H.; Delkhah, Z.; Ahmadi, A.; Pooranian, Z.; Abraham, A. An efficient and distributed file search in
unstructured peer-to-peer networks. Peer-Peer Netw. Appl. 2013, 8, 120–136. [CrossRef]

34. Ullah, F.; Khan, S.I.; Munawar, H.S.; Qadir, Z.; Qayyum, S. UAV Based Spatiotemporal Analysis of the 2019–2020 New South
Wales Bushfires. Sustainability 2021, 13, 10207. [CrossRef]

35. Akram, J.; Javed, A.; Khan, S.; Akram, A.; Munawar, H.S.; Ahmad, W. Swarm intelligence based localization in wireless sensor
networks. In Proceedings of the 36th Annual ACM Symposium on Applied Computing, New York, NY, USA, 22–26 March 2021;
pp. 1906–1914.

36. Akram, J.; Najam, Z.; Rizwi, H. Energy Efficient Localization in Wireless Sensor Networks Using Computational Intelligence. In
Proceedings of the 2018 15th International Conference on Smart Cities: Improving Quality of Life Using ICT & IoT (HONET-ICT),
Islamabad, Pakistan, 8–10 October 2018; pp. 78–82. [CrossRef]

http://doi.org/10.1016/j.phycom.2021.101337
http://doi.org/10.3390/buildings11070302
http://doi.org/10.3390/su13179611
http://doi.org/10.1016/j.asej.2021.04.023
http://doi.org/10.1016/j.eti.2021.101527
http://doi.org/10.1002/int.22422
http://doi.org/10.1007/s00521-021-05800-6
http://doi.org/10.1016/j.comcom.2021.01.003
http://doi.org/10.1109/COMST.2016.2532458
http://doi.org/10.1016/j.jnca.2015.09.008
http://doi.org/10.1109/vtc2020-fall49728.2020.9348848
http://doi.org/10.1049/iet-wss.2017.0090
http://doi.org/10.3970/cmc.2018.04132
http://doi.org/10.1109/TSMCB.2002.1049606
http://www.ncbi.nlm.nih.gov/pubmed/18244878
http://doi.org/10.3390/s21030913
http://www.ncbi.nlm.nih.gov/pubmed/33572897
http://doi.org/10.1109/ACCESS.2020.2986493
http://doi.org/10.1109/TNET.2016.2574563
http://doi.org/10.3390/su13147925
http://doi.org/10.3390/su131810426
http://doi.org/10.1007/s00500-017-2819-9
http://doi.org/10.1016/j.neucom.2018.03.038
http://doi.org/10.1007/s00521-017-2998-4
http://doi.org/10.1007/s12083-013-0236-0
http://doi.org/10.3390/su131810207
http://doi.org/10.1109/honet.2018.8551332


Sensors 2022, 22, 1083 22 of 23

37. Ahmadi, A.; Shojafar, M.; Hajeforosh, S.F.; Dehghan, M.; Singhal, M. An efficient routing algorithm to preserve $$k$$ k -coverage
in wireless sensor networks. J. Supercomput. 2013, 68, 599–623. [CrossRef]

38. Rafi, A.; Rehman, A.U.; Ali, G.; Akram, J. Efficient Energy Utilization in Fog Computing based Wireless Sensor Networks. In
Proceedings of the 2019 2nd International Conference on Computing, Mathematics and Engineering Technologies (ICoMET),
Sukkur, Pakistan, 30–31 January 2019; pp. 1–5. [CrossRef]

39. Mehmood, M.; Javaid, N.; Akram, J.; Abbasi, S.H.; Rahman, A.; Saeed, F. Efficient Resource Distribution in Cloud and Fog
Computing. In Lecture Notes on Data Engineering and Communications Technologies; Springer: Berlin/Heidelberg, Germany, 2019;
pp. 209–221. [CrossRef]

40. Akram, J.; Najam, Z.; Rafi, A. Efficient Resource Utilization in Cloud-Fog Environment Integrated with Smart Grids. In
Proceedings of the 2018 International Conference on Frontiers of Information Technology (FIT), Islamabad, Pakistan, 17–19
December 2018; pp. 188–193. [CrossRef]

41. Manju; Bhambu, P.; Kumar, S. Target K-coverage problem in wireless sensor networks. J. Discret. Math. Sci. Cryptogr. 2020, 23,
651–659. [CrossRef]

42. Manju; Chand, S.; Kumar, B. Maximising network lifetime for target coverage problem in wireless sensor networks. IET Wirel.
Sens. Syst. 2016, 6, 192–197. [CrossRef]

43. Lu, Z.; Li, W.W.; Pan, M. Maximum Lifetime Scheduling for Target Coverage and Data Collection in Wireless Sensor Networks.
IEEE Trans. Veh. Technol. 2014, 64, 714–727. [CrossRef]

44. Njoya, A.N.; Thron, C.; Barry, J.; Abdou, W.; Tonye, E.; Konje, N.S.L.; Dipanda, A. Efficient scalable sensor node placement
algorithm for fixed target coverage applications of wireless sensor networks. IET Wirel. Sens. Syst. 2017, 7, 44–54. [CrossRef]

45. Han, G.; Liu, L.; Jiang, J.; Shu, L.; Hancke, G. Analysis of Energy-Efficient Connected Target Coverage Algorithms for Industrial
Wireless Sensor Networks. IEEE Trans. Ind. Inform. 2015, 13, 135–143. [CrossRef]

46. Mostafaei, H.; Montieri, A.; Persico, V.; Pescapé, A. A sleep scheduling approach based on learning automata for WSN
partialcoverage. J. Netw. Comput. Appl. 2017, 80, 67–78. [CrossRef]

47. Mostafaei, H.; Meybodi, M.R. Maximizing Lifetime of Target Coverage in Wireless Sensor Networks Using Learning Automata.
Wirel. Pers. Commun. 2012, 71, 1461–1477. [CrossRef]

48. Munawar, H.; Ullah, F.; Qayyum, S.; Khan, S.; Mojtahedi, M. UAVs in Disaster Management: Application of Integrated Aerial
Imagery and Convolutional Neural Network for Flood Detection. Sustainability 2021, 13, 7547. [CrossRef]

49. Liaquat, M.; Munawar, H.; Rahman, A.; Qadir, Z.; Kouzani, A.; Mahmud, M. Localization of Sound Sources: A Systematic Review.
Energies 2021, 14, 3910. [CrossRef]

50. Liaquat, M.; Munawar, H.; Rahman, A.; Qadir, Z.; Kouzani, A.; Mahmud, M. Sound Localization for Ad-Hoc Microphone Arrays.
Energies 2021, 14, 3446. [CrossRef]

51. Maqsoom, A.; Aslam, B.; Gul, M.E.; Ullah, F.; Kouzani, A.Z.; Mahmud, M.A.P.; Nawaz, A. Using Multivariate Regression and
ANN Models to Predict Properties of Concrete Cured under Hot Weather. Sustainability 2021, 13, 10164. [CrossRef]

52. Malik, Q.; Nasir, A.R.; Muhammad, R.; Thaheem, M.J.; Ullah, F.; Khan, K.I.A.; Hassan, M.U. BIMp-Chart—A Global Decision
Support System for Measuring BIM Implementation Level in Construction Organizations. Sustainability 2021, 13, 9270. [CrossRef]

53. Ullah, F.; Sepasgozar, S.M.; Shirowzhan, S.; Davis, S. Modelling users’ perception of the online real estate platforms in a digitally
disruptive environment: An integrated KANO-SISQual approach. Telemat. Inform. 2021, 63, 101660. [CrossRef]

54. Azeem, M.; Ullah, F.; Thaheem, M.J.; Qayyum, S. Competitiveness in the construction industry: A contractor’s perspective on
barriers to improving the construction industry performance. J. Constr. Eng. Manag. Innov. 2020, 3, 193–219. [CrossRef]

55. Munawar, H.; Khan, S.; Anum, N.; Qadir, Z.; Kouzani, A.; Mahmud, M.P. Post-Flood Risk Management and Resilience Building
Practices: A Case Study. Appl. Sci. 2021, 11, 4823. [CrossRef]

56. Shaukat, M.; Shaukat, H.; Qadir, Z.; Munawar, H.; Kouzani, A.; Mahmud, M. Cluster Analysis and Model Comparison Using
Smart Meter Data. Sensors 2021, 21, 3157. [CrossRef]

57. Munawar, H.; Khan, S.; Qadir, Z.; Kouzani, A.; Mahmud, M. Insight into the Impact of COVID-19 on Australian Transportation
Sector: An Economic and Community-Based Perspective. Sustainability 2021, 13, 1276. [CrossRef]

58. Ullah, F.; Sepasgozer, S.; Tahmasebinia, F.; Sepasgozar, S.M.E.; Davis, S. Examining the impact of students’ attendance, sketching,
visualization, and tutors experience on students’ performance: A case of building structures course in construction management.
Constr. Econ. Build. 2020, 20, 78–102. [CrossRef]

59. Low, S.; Ullah, F.; Shirowzhan, S.; Sepasgozar, S.M.; Lee, C.L. Smart Digital Marketing Capabilities for Sustainable Property
Development: A Case of Malaysia. Sustainability 2020, 12, 5402. [CrossRef]

60. Ullah, F.; Sepasgozar, S.M.E. Key Factors Influencing Purchase or Rent Decisions in Smart Real Estate Investments: A System
Dynamics Approach Using Online Forum Thread Data. Sustainability 2020, 12, 4382. [CrossRef]

61. Munawar, H.S.; Qayyum, S.; Ullah, F.; Sepasgozar, S. Big Data and Its Applications in Smart Real Estate and the Disaster
Management Life Cycle: A Systematic Analysis. Big Data Cogn. Comput. 2020, 4, 4. [CrossRef]

62. Ali, Q.; Thaheem, M.J.; Ullah, F.; Sepasgozar, S.M.E. The Performance Gap in Energy-Efficient Office Buildings: How the
Occupants Can Help? Energies 2020, 13, 1480. [CrossRef]

http://doi.org/10.1007/s11227-013-1054-0
http://doi.org/10.1109/icomet.2019.8673423
http://doi.org/10.1007/978-3-319-98530-5_18
http://doi.org/10.1109/fit.2018.00040
http://doi.org/10.1080/09720529.2020.1729511
http://doi.org/10.1049/iet-wss.2015.0094
http://doi.org/10.1109/TVT.2014.2322356
http://doi.org/10.1049/iet-wss.2016.0076
http://doi.org/10.1109/TII.2015.2513767
http://doi.org/10.1016/j.jnca.2016.12.022
http://doi.org/10.1007/s11277-012-0885-y
http://doi.org/10.3390/su13147547
http://doi.org/10.3390/en14133910
http://doi.org/10.3390/en14123446
http://doi.org/10.3390/su131810164
http://doi.org/10.3390/su13169270
http://doi.org/10.1016/j.tele.2021.101660
http://doi.org/10.31462/jcemi.2020.03193219
http://doi.org/10.3390/app11114823
http://doi.org/10.3390/s21093157
http://doi.org/10.3390/su13031276
http://doi.org/10.5130/AJCEB.v20i3.7056
http://doi.org/10.3390/su12135402
http://doi.org/10.3390/su12114382
http://doi.org/10.3390/bdcc4020004
http://doi.org/10.3390/en13061480


Sensors 2022, 22, 1083 23 of 23

63. Sepasgozar, S.; Ali, T.H. Real Estate Stakeholders Technology Acceptance Model (RESTAM): User-focused Big9 Disruptive
Technologies for Smart Real Estate Management Smart City Management: Applications of Disruptive Technologies View project
Six Sigma implementation in construction industry of Pakistan View project Real Estate Stakeholders Technology Acceptance
Model (RESTAM): User-focused Big9 Disruptive Technologies for Smart Real Estate Management. In Proceedings of the 2nd
International Conference on Sustainable Development in Civil Engineering (ICSDC 2019), Jamshoro, Pakistan, 5–7 December
2019; pp. 5–7.

64. Munawar, H.S. Flood Disaster Management: Risks, Technologies, and Future Directions. Mach. Vis. Insp. Syst. Image Processing
Concepts Methodol. Appl. 2020, 1, 115–146.

65. Munawar, H.S. Reconfigurable Origami Antennas: A Review of the Existing Technology and its Future Prospects. Int. J. Wirel.
Microw. Technol. 2020, 10, 34–38. [CrossRef]

66. Ullah, F.; Ayub, B.; Siddiqui, S.Q.; Thaheem, M.J. A review of public-private partnership: Critical factors of concession period. J.
Financial Manag. Prop. Constr. 2016, 21, 269–300. [CrossRef]

67. Munawar, H.S. An Overview of Reconfigurable Antennas for Wireless Body Area Networks and Possible Future Prospects. Int. J.
Wirel. Microw. Technol. 2020, 10, 1–8. [CrossRef]

68. Ullah, F.; Thaheem, M.J.; Sepasgozar, S.M.E.; Forcada, N. System Dynamics Model to Determine Concession Period of PPP
Infrastructure Projects: Overarching Effects of Critical Success Factors. J. Leg. Aff. Disput. Resolut. Eng. Constr. 2018, 10, 04518022.
[CrossRef]

69. Ullah, F.; Thaheem, M.J. Concession period of public private partnership projects: Industry–academia gap analysis. Int. J. Constr.
Manag. 2017, 18, 418–429. [CrossRef]

70. Ayub, B.; Rasheed, F.; Sepasgozar, S.M. Risks In EPC Hydropower Projects: A Case Of Pakistan. In Proceedings of the
8th International Civil Engineering Congress (ICEC-2016) “Ensuring Technological Advancement through Innovation Based
Knowledge Corridor”, Karachi, Pakistan, 23–24 December 2016; pp. 23–24.

71. Munawar, H.S.; Khalid, U.; Jilani, R.; Maqsood, A. Version Management by Time Based Approach in Modern Era. Int. J. Educ.
Manag. Eng. 2017, 7, 13–20. [CrossRef]

72. Ali Awan, U.; Khalid, S.; Munawar, A. Maqsood, Revolutionizing Telemedicine by Instilling H.265. Int. J. Image Graph. Signal
Processing 2017, 9, 20–27. [CrossRef]

http://doi.org/10.5815/ijwmt.2020.04.04
http://doi.org/10.1108/JFMPC-02-2016-0011
http://doi.org/10.5815/ijwmt.2020.02.01
http://doi.org/10.1061/(ASCE)LA.1943-4170.0000280
http://doi.org/10.1080/15623599.2017.1333400
http://doi.org/10.5815/ijeme.2017.04.02
http://doi.org/10.5815/ijigsp.2017.05.03

	Introduction 
	Related Work 
	System Model 
	Sensor Deployment 
	Target Deployment 
	Proposed Approach 
	Initial Phase 
	Learning Phase 
	Target Monitoring Phase 

	Result and Discussion 
	Conclusions 
	References

