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Abstract

In the recent era of communication, wireless sensor
networks (WSNs) emerged as a demanding area of
study due to their communication capacity especially
in the application of Internet of things (IoT).
As the breadth and range of networks expand
quickly, it becomes necessary to sense, transmit,
and interpret the massive amount of data in IoT
devices. WSN becomes even more beneficial and
popular among the researchers when it integrates
with unmanned aerial vehicles (UAVs) to increase
the life span and establish a reliable communication
between itself and Network Control Centre in an
efficient way. Memory problems and network data
transmission processing times are also addressed by
this integration technique. In this paper, a large scale
of data gathering techniques between WSN and UAV-
controlled devices are addressed which will favor
the research community to further enhance various
design and many functional parameters like security,
resource management, positioning and different
processing techniques.
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1 Introduction

The deployment of large scale Wireless Sensor
Network (WSN) produces a great innovations
and advancements in the field of networking,
communication and material science technologies.
Wireless Sensor Networks (WSNs) are playing vital
role in many industrial applications like agriculture,
environment monitoring, and smart metering and also
in the healthcare fields [1]. The sensors requirements
in WSN are based on durability, sustainability, cost
effective and prolong life so that it can be beneficial
and suitable for the optimized network. The area of
application for WSN can be enormously increased by
deploying unmanned aerial vehicle (UAV) and mobile
agents (MA) in a distance of hundreds or thousands
of kilometers. The presence of UAVs and MA’s for
the various data gathering methods in wide scale
WSN environment are discussed in the literature. The
deployment of the sensors in WSN depends on the
type of application such as the structure using water,
gas and oil channels, bridges, highways, and coastal
line [2, 3].

Wireless Sensor Networks (WSNs) consists of huge
amount of sensor nodes which are especially used
for the data gathering techniques such as pressure
monitoring, health care monitoring, target tracking,
and fire detection. The collection of data from the
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Figure 1. Basic Architecture of WSN.

environment can be achieved by the sensor nodes
that include transceivers, transducers, and wireless
interfaces. The sensor nodes are installed at remote
distances to perform communication between the
source and destination [4] by the help of considerable
processing power, memory and battery life. The basic
structure of the communication is depicted in Figure 1.

Wireless Sensor Network is a combination of various
heterogeneous sensor nodes combined to gather the
data by sensing the modifications in the surrounding
such as noise level, pressure, temperature, humidity,
and vibration of the objects. Generally, WSN possess
no fixed architecture which may be deployed to all
different categories due to limitations and restrictions.

The brief evolution in WSN is very helpful to
understand its importance especially in advanced
technologies, industrial applications, military
applications, and large scale monitoring in the
precise agriculture fields [4]. The first wireless
network was developed by the United States Military
in 1950s termed as Sound Surveillance System
(SOSUS) to detect and track submarines [6]. This
network comprises of hydrophones, acoustic sensors
distributed in the Pacific and Atlantic oceans. This
sensing design network is still alive and provides
services to the military operations. The further
developments made in the decade between 1960s to
1970s to design the hardware for the recent network.
In 1980, United States Defense Advanced Research
Projects Agency (DARPA) initiated the Distributed
Sensor Network (DSN) to address the restrictions and
limitations in deploying wireless sensor networks. The
further transition phases [6] of WSN are characterized

as:
e UCLA Wireless Network Sensors
e NASA Sensors

e ;1 Adaptive Multi-domain Power Aware Sensors

ZigBee integrated Sensors

Center for Embedded Network Sensing

When cost effective sensors are integrated with the
network, it enables the new applications like HVAC
(heating, ventilation and air conditioning) control
optimization and lighting inside the corridor of the
buildings and homes. According to the energy report
published in 2012, a significant amount of energy is
wasted due to the absent of smart sensor system. The
presence of HVAC and smart lighting systems provides
the solution of this energy wastage by programming
the timers at best optimum parameter and avoid the
physical presence of humans.

The idea of joint collaboration of unmanned aerial
vehicle and wireless sensor network (UAV-WSN)
system for the purpose of data gathering, monitoring
large scale regions, and surveillance becomes
most popular and demanding in the era of
telecommunication today [7]. The benefits of
this collaboration emphasizes on accessibility, data
gathering, broad area monitoring, increase mobility,
and response time in emergency cases. The basic
structure of this collaboration is shown in Figure 2
where the integrated monitoring system comprises of
four main parts: Ground WSNs, GSM module, UAVs,
and ground control stations (GCSs).
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The primary objective of the UAV team is to gather
data and capturing the images of the surface of
respective coverage area where one or more structure
of the WSNis deployed [8]. To accomplish the task,
some limitations are needed to be addressed like
path trajectory and length, energy consumption of
the devices, and distance between UAV and WSN
nodes. Recently, many studies and research have
been considered especially for the joint collaboration
of UAV- WSN system design with Internet of Things
(IoT) applications for the long distance communication
abilities and also provides the control mechanism
for the cloud processing and data storage. The
combination of entire UAV-WSN model is considered
to be as autonomous multi-agent system

The emerging demand and novelty of the integrated
unmanned aerial vehicle and wireless sensor network
was introduced [9] for the data collection, control
and analysis of some specialized applications. This
idea presented a hierarchical structure related to the
joint collaboration of UAV-WSN system model for
crop monitoring in precision agriculture fields. This
study also gives advantages for the efficient central
monitoring to manage the workload and latency to
achieve the optimization.

The aim and motivation of this survey paper is to
evaluate the various data gathering techniques apply
on UAV-WSN based systems in a joint collaboration
which will be beneficial for the researchers to estimate
the best and optimum solution for their required goals
while comparing different explorations and algorithms
of all the strategies. The best suited data collection
technique is essential to overcome the barriers of
uncertainties, complexities and different limitations.
The efficient data gathering algorithm in large scale
environment will certainly bring the accuracy, cost
effectiveness and optimization in the system. The key
contributions of this paper are:

e To analyze the performance and challenges faced
under different strategies while extracting data
collection techniques.

e To implement a large scale of data gathering
techniques between WSN and UAVs controlled
devices.

e To explore the findings and constraints of different
data gathering techniques to further improve the
performance parameters of the communication
medium in a large scale environment to achieve
network optimization.
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The scheme of this paper has many sections, in which
Section 1 provides the introduction of UAV-WSB based
data gathering methods. Section 2 presents the state of
art parameters for implementation of data collection
techniques in a large scale networks. Section 3 reviews
problem statement and proposed solutions of different
scenarios of various data gathering algorithms. Section
4 discusses the latest advancements and developments
in UAV-WGSN based data gathering techniques. Section
5 presents conclusion and future recommendations
to address the constraints of different data gathering
schemes in a large scale environment.

2 State of Art

The effectiveness of data gathering techniques in the
integrated joint collaboration of unmanned aerial
vehicle and wireless sensor network (UAV-WSN)
design model is one of the emerging state of the
art solutions for wide area monitoring. With its
growing scale of networks, a large amount of data
collection schemes needed to be addressed in terms
of sensing, processing and transmitting so Wang et
al. [25] proposed Compressive data gathering (CDG)
technique in wireless sensor network which addresses
compressive sensing theory as a perfectly matched
method for the data compressing and gathering in
a large scale network. This study also proved that a
compressible data vector could be recovered from its
sparse random projections. Sparse random projections
can be acquired through a sparse random projection
matrix ® which contains entries.

or=iif, (-

where s is a constant to control the probability.
Each ®;; equals nonzero with the probability 1/s.

(M

Air pollution in our environment becomes drastically
increasing in an alarming rate which can severely
damages the human health and also makes negative
impact of economic effects especially on the urban
cities across the world. Therefore, Polonelli et
al. [24] introduced a method of centralized monitoring
of atmospheric pollution concentration with great
precision and accuracy. To accomplish the desired task,
an autonomous unmanned aerial vehicle was used to
measure the air pollution from a suitable height at a
remote distance and transmit the data to the ground
station wirelessly.

In future system design, wireless communication
integrated with the joint collaboration of UAV-WSN
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based structure is one of the emerging, demanding
and promising technologies for various data gathering
applications. All those techniques discussed above are
sufficient enough to optimize this work in the future
studies. Sharma et al. [29] proposed an idea of using
unmanned aerial vehicle for data collection of those
areas where the fire detection needs to be detected on
urgent basis. This study is very essential for detecting
the fires especially in the remote areas like forests and
immediately reporting the event to the centralized
control room in the smart cities by using UAV-WSN
systems and 5G assisted technologies.

Unmanned aerial vehicles (UAVs) is considered to
be an emerging wireless communication technology
and playing a vital role in Iol' applications where
communication hardware is used as a base station for
the data acquisition and monitoring from IoT devices
on the field. Li et al. [26] proposed an air ground
network where the multiple UAVs flies at a suitable
height to gather data from the IoI devices located in
the field in a 2D plane manner by using CSMA/CA
protocol. The main purpose of this protocol is to
adaptively allocate the time resource to the end users

among the IoTl devices located in different clusters.

Moreover, the UAV-Devices communication durations

Internet

Figure 2. Design model of joint collaboration of integrated unmannedaerial vehicle-wireless sensor network (UAV-WSN)
system.

are also different under the straight trajectory because
of devices’ different locations. Specifically, for device
Si, the communication duration can be expressed as:

_ 2R cos 0
- v

T;

(2)

3 Problem Statement & Solutions

The emerging popularity and demand of integrated
jointly collaborated unmanned aerial vehicle and
wireless sensor network (UAV-WSN) systems was
introduced for the operations like data gathering,
control and analysis of some specialized applications.
In the field of telecommunication, the monitoring
and gathering of information in a wide scale
network especially in the areas like forests becomes a
challenging and difficult task to perform successfully.
So some innovative design algorithms and protocols
address those issues by using advance technologies.
Lists of the research work are briefly introduced for
understanding the problems and solutions. Designing
and optimizing a jointly collaborated UAV-WSN
system for efficient and scalable data collection,
monitoring, and real-time communication in dynamic
and challenging environments.
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Pravija Raj et al. [10] proposed an effective data
gathering technique termed as EDGO based on UAVs
for the wireless sensor networks interacting with
the obstacles. This novel work provides the joint
collaboration of UAV-WSN approach for data collection
especially in a 3D environment with the obstacles. The
proposed method addresses the limitations of various
parameters such as angle cost of the path, reduce the
length, and reducing the energy consumption, delay,
and various evolutionary functions.

Raj et al. [11] introduced an enhanced revolutionary
protocol termed as Obstacle-aware data gathering in
UAV (OaD-UAV) assisted WSN system to address
different factors like delay in WSN data gathering,
and energy efficiency. This approach examines the
feasibility of UAV path selection and changes in the
angle in a complex obstacles-present environment.
This scheme reveals the benefits of path cost, efficiency
of data collection, network lifetime, and energy
efficiency.

Nazib et al. [12] proposed an innovative UAV based
data collection technique to address the issues of
unplanned trajectory for the remote areas. The
proposed study focused the non behavioral effects of
the unplanned trajectory of the UAVs on the sensor
nodes. The study shows that the proposed work is also
feasible and beneficial in the energy conservation and
large amount of data collection in the remote regions
in an efficient way.

Saxena et al. [13] proposed a method on the trajectory
of the UAVs which is recommended as a compatible
path that can able to include the entire cluster heads
in the wireless sensor networks. This research work
tends to estimate the path selection in polynomial
time. The need of routing protocol is eliminated if
the sensor nodes are sent directly to the UAV. The
proposed technique shows that the overall coverage of
the sensor nodes is improved with reduced delay and
minimizes data loss while comparing with single hop
and multiple hop routing protocols of WSN.

4 Advancements of Data Gathering Schemes in
UAV-WSN Along with Its Variants

The main idea of this research study is to analyze
the different data collecting methods applied
on UAV-WSN related systems as a combined
collaboration which will be suitable in the various
fields like reliable and energy efficient system,
precision agriculture, healthcare architecture, remote
sensing network, precision adjustable trajectory
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planning scheme, smart cities solutions, and weather
and air pollution monitoring systems. The ideal
data gathering technique is important for the
researchers to address the challenges, complexities
and restrictions. The efficient data collecting algorithm
in wide scale network will bring accuracy, reliability,
optimization, and cost effectiveness in the network.
The comprehensive analysis of some advanced and
emerging data collecting techniques are organized
and gathered in Table 1 to evaluate the network
performance parameters in terms of effective data
gathering algorithms. Year wise analysis of such
algorithms is as follows:

In 2019, Ali et al. [14] proposed an algorithm in
wireless sensor networks to address the problems of
data collection and the controlling of UAVs in terms
of altitude. The proposed study verifies that the
data delivery becomes steady when the UAV achieve
its required height having constant speed. Bithas
et al. [15] provided the detailed and comprehensive
study of various research works in which machine
learning techniques are involved in UAV related
communications for the various functional and design
aspects like resource management, channel modeling,
positioning, and security. Cermakova et al. [16]
proposed an efficient use of unmanned aerial vehicle
for the monitoring of changes of small water areas
and the nearby land coverage areas. The study also
addressed the effective monitoring of small water
body aligned with the vegetation spectral indices
that are observed from the available electromagnetic
spectrum. Tsouros et al. [17] proposed an article for
reviewing the most advanced and recent applications
of UAV based precision agriculture. In this study,
the outcomes of some data acquisition techniques
and technologies were addressed in terms of aerial
imagery in farming operations and also reflecting
the benefits and limitations of each method. Ullah
et al. [18] introduced a protocol based on the
concept of wake-up radio communication between
multiple BANs and UAV in terms of performance
parameters like priority allocations to the gateways,
throughput and delay. The open research problems
and limitations that are effective for the development
of advanced protocol especially for the UAV favored
data acquisition in smart healthcare networks are
also addressed in this study. Kalaivanan et al. [19]
presented a novel clustering algorithm where the
UAV data collector is used to gather the desired
information from the cluster heads that transmits the
collected information to the base station which will
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share the information to the end users via internet. The
simulation results shows that the proposed algorithm
is best suited for the network performance especially
in terms of throughput, average delay, residual
energy and packet delivery ratio. Xiang et al. [20]
presented a survey analysis of latest developments
and future aspects of UAVs for remote sensing
community. The core challenges and technologies of
remote sensing data processing on UAVs and some
future recommendations of recent UAV-RS were also
discussed which can be beneficial for the remote
sensing researchers.

In 2020, Yang et al. [21] proposed the key technologies
of UAV based data gathering technique deployed in
Internet of Things. In this study, the problems of
SNs deployment, the effects and analysis of UAV
configuration and the autonomous navigation were
addressed. Wei et al. [22] presented the analysis
for the capacity of UAV supported data collection
in WSN provided a guideline for the optimization
parameters in the existence of UAVs. In this study;,
the charging points for UAVs are located around the
service area where all the sensors are distributed. Ma
et al. [23] proposed the data gathering technique
in multiple UAVs supported many WSNs design
model. In this work, the proposed algorithm’s
performance is analyzed through the real experiments
and simulations when the topological structure of
the network is changing dynamically due to the
movements of sensor nodes and UAVs. Polonelli et
al. [24] presented a design and characterization of a
recent low energy hardware infrastructure to integrate
wireless sensor network and unmanned aerial vehicle.
This joint integration overcomes the maintenance and
data collection problems for the monitoring in remote,
and complex environments. In this study, the results
were supported by the comprehensive analysis and
extensive modeling for the application flexibility, and
reliability in a broad variety of sensors. Wang et
al. [25] proposed a smart UAV based data aggregation
strategy to address the disaster occurrence in Internet
of Things. All the desired information is aggregated by
the UAV deployment towards the rescue headquarter.
In this proposed study, the simulation results indicate
the rising aggregation ratio and reduced energy cost
of proposed technique as compared to the existing
strategies. Li et al. [26] presented a novel design
model to deal with the communication heterogeneous
structure in the network. This study proposed
an air ground network where the multiple UAVs
flies at a suitable height to gather the useful data
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from the Iol' devices located in the field in a 2D
plane manner by using CSMA/CA protocol. The
main purpose of this protocol is to allocate the time
resources to the end users adaptively among the
IoT' devices located in nearby clusters. Feroz et
al. [27] presented a comparative and detailed review
study addressing the application of UAVs especially
in the areas like remote monitoring methods such
as visual imagery, LiDAR, infrared thermography,
and bridge condition monitoring. This study also
provides detailed comparison of joint collaboration
of NDT-UAV techniques, and the bridge inspection
facilities. Wang et al. [28] proposed a precision
adjustable trajectory planning method that estimate
the area of communication related to stratified grid
technique and reduce the traveling trajectory by
limiting the data collection of the UAVs in order to
activate the tradeoff between calculated precision and
execution time. The results show that the proposed
scheme achieved 15% reduction in the amount of
visiting points and trajectory length was shortened to
45% by OD-PATP method. Sharma et al. [29] proposed
an idea of using unmanned aerial vehicle for data
collection of those areas where the fire detection needs
to be detected on urgent basis. This study is very
essential for detecting the fires especially in the remote
areas like forests and immediately reporting the event
to the centralized control room in the smart cities by
using UAV-WSN systems and 5G assisted technologies.

In 2022, Wang et al. [30] proposed Compressive data
gathering (CDG) technique in wireless sensor network
which addresses a compressive sensing theory as a
perfectly matched method for the data compressing
and gathering in a large scale network. Air pollution in
our environment becomes drastically increasing in an
alarming rate which can severely damages the human
health and also makes negative impact of economic
effects especially on the urban cities across the world.

In 2023, Messaoudi et al. [31] presented the
key contributions like monitoring, coverage, data
offloading and relay information. Minimization of
data collection (DC) delay, powering IoT devices, and
efficient delivery of collected data are also addressed in
the proposed study. Yoon etal. [32] proposed a scheme
that observed reduced energy depletion, increased
network connectivity, and the amount of data collected
at the sink node.

In 2024, Nguyen et al. [34] presented a study that
provides an effective method for energy optimization.
In this work, to protect the sensor nodes with low
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RE, we investigate dynamic working modes for sensor
nodes which are determined by their RE and an
introduced energy threshold.

5 Conclusion

The effective and efficient data collection techniques
is very crucial for wireless sensor networks especially
in the broader aspects of human health monitoring,
precision agriculture, accurate farming, temperature
monitoring, pressure monitoring, target tracking,
latest fire detection methods, evaluation of network
performance parameters, and multi-purpose tasks
by the researchers.  Similarly, the UAV based
data gathering techniques integrated with various
smart sensors can reduce the cost of large scale
searching network and achieves better efficiency
and optimization by reducing the workloads of the
end users. This survey analysis also focuses on
the latest upcoming trends of compressive data
gathering algorithms in wireless sensor network
which addresses the limitations and restrictions for
effective data collection in a large scale network. This
study can also be contributed into many areas of
network performance parameters, monitoring tools
and optimization related matters of various WSN
applications. The Researchers can be focused to design
those data gathering techniques which would be
helpful to reduce the various types of pollutions from
our environment in order to achieve better climate for
the efficient way of attaining sustainable development
goals developed by united nation. Future research
in energy efficient data gathering, machine learning
and Al based data analysis, and security can help to
optimize the use of UAVs in wireless sensor networks.
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