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Abstract— With the latest technological developments in 

UAVs and the ever-increasing evolution of commercialization, 
new UAV technologies have emerged for wireless sensor 

networks for data collection. The integration of UAVs in smart 
ground WSNs proved an effective and stable solution in many 

advanced applications for information collection, control, 
analysis, and decision-making. In this area, a wireless network 

of unnamed aerial-vehicle - wireless sensor network still faces 

many open technical challenges, despite the success of numerous 

applications and studies. These include pre-defined UAV paths, 
medium access control (MAC), UAV performance, and 

unexpected feature. The objectives of this research are to review 

and investigate the WSN system with UAV assistance focusing 

on the wide range of monitoring applications and the open 

problems for the operation of the system.

Keywords— UAV, WSN, UAV routing, Access control, flight 
path, communication.

I. In t r o d u c t i o n

The preferences to use collaborative UAV-WSN systems 
to monitor, investigate and monitor large areas of interest are 
becoming increasingly strong. This type of system will 
combine ground (WSN), air (UAV), and internet information. 
For monitoring application in the large-scale areas [1] to 
improve, accessibility, mobility, and response time in the case 
of an emergency. Thus the benefits of these collaborative 
systems have been emphasized.

Several studies, such as [2, 3] for WSN and [4] for UAV, 
are also available that analyze characteristics, applications, 
and challenges.

Comparison between WSN transmitting schedules and 
UAV flight patterns is also pertinent in the terms of 
collaborative aspects of the large-scale monitoring systems [5, 
6].

Alongside this especially in a developing, there are a huge 
number of important and recent approaches, mostly in the 
form of research papers on WSN or UAV implementation and 
research projects and commercial products.

Sensor networks in both indoor and outdoor environments 
and in different types of use in the fields which have long been 
used for data collection [7]. Gradually the sensor networks 
were promoted with the elements of data processing for the 
requirements of on-board information, provided major 
technical developments [8-10]. The processing capacities and 
data transmission have been studied in many papers in the last 
few years and have mainly related to accessibility and

production cost, reliability and scalability, networking 
protocols, and some physical limitations such as autonomy, 
communication range, and energy consumption.

On the other hand, unmanned aircraft were rapidly 
developing, allowing fast access to the large areas otherwise 
inaccessible with a basic focus on military applications and 
disaster management [11]. This type of system was known as 
drones, UAVs, aerial robots, and aerial platforms under 
various names in the literature.

Although there is no shortage of individual use for either 
WSN or UAV architectures, researchers have shown interest 
in the convergence of this technology in recent years. During 
the monitoring period, collaborative, hybrid, UAV-WSN 
systems were built [12, 13] based on existing developing 
monitoring and data collection criteria in broad geographical 
spaces [12-14].

However, an artificial intelligence aspect for collecting 
and transmitting data and processing as well as mission 
control is required for effective operation in a wide range of 
collaborative systems in the UAV-WSN [15]. Although there 
is a commercial availability of UAVs with different 
propulsion systems, only those with generally small electric 
propulsion, with reduced maintenance and operating costs will 
be included in this paper.

This article will describe and highlight the WSN 
mechanism that is supported by UAV to conduct relevant 
monitoring and evaluation system in some large areas such as 
agriculture and disaster management with a focus on the open 
issues for the operation of the system.

The remaining paper has the following structure. Section 
2 explains Aircraft tracking system implementations in wide 
fields as well as main issues raised in both agriculture and 
disaster management. Section 3 addresses the UAV-WSN 
monitoring system's open technical challenges. The 
discussion and findings are highlighted in Section 4.

II. Ap p l i c a t i o n s  o f  UAV-WSN m o n i t o r i n g  s y s t e m  in

LARGE AREAS

In recent years, environmental data collection and 
monitoring in large areas has grown quickly [16]. Increased 
monitoring coverage and increased overall processing of data 
were powered by the introduction of wireless sensor networks 
(WSN) in unmanned area vehicles (UAVs) [17-19]. Two large 
industries will be discussed in this portion.

978-1-6654-4058-5/21/$31.00 ©2021 IEEE
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A. Monitoring in the modern Agriculture sector
The expanding worldwide food needs include developing 

a high-performing, high-productivity, and sustainable 
agriculture system that involves collaboration in agricultural 
crop management between unmanned aerial vehicles 
(Unmanned Air Vehicles (UAV)) and Federated Wireless 
Sensor Networks (WSNs).

The studies in [20-23] describe applications relevant to 
UAVs-WSN systems in agriculture. The solar and air 
parameters modify the product yield and quality in a special 
type of precision agriculture. For this purpose, the solution for 
monitoring parameters such as temperature and humidity, and 
frost based on a collaborative system mini UAV (quadrotor 
type)-WSN is proposed in [20].

The UAV is used as a relay for communicating between 
sensors and a base station. In [2l] provides a real application 
for monitoring sensitive parameters, both in agro-
meteorological and UAV platforms. The ground data are 
connected to the data from the UAV platform with 8 rotors 
provided with a professional thermal camera, to achieve 
accurate monitoring of the specific indicators.

The research was conducted over two years. In [22] 
proposed a fixed-wing UAV type for data collection on large 
areas, as a data mule from the WSN ground.

Moreover, a high-definition (HD) camera has been 

attached to the UAV to detect selected diseases. 
Experimentally, several insecticides, fertilizers, herbicides, 
etc. were applied to a small tank. The UAV and WSN are both 
very cost-effective and not robust to demonstrate only. 
Furthermore, Reference [23] designed and developed a low- 
cost agro-meteorological monitoring system in a vineyard. 
Using multi-spectral image analysis, UAV acquired the best 
positioning of the sensors.

Fig. 1. UAV-WSN monitoring system in Agriculture sector

B. Disaster Monitoring and management
Unforeseeable events that cannot be avoided are natural 

disasters. However, some recovery procedures can be required 
to minimize their effects. Monitoring the effects of disasters, 
post-disaster is important to estimate, which in turn is used as 
the basis for determining recovery procedures [24]. 
Unmanned aerial vehicles (UAVs) are also a smart solution 
and can be used wherever possible for the deployment of the 
wireless sensor networks (WSNs), to monitor post-disaster.

Recently, the work of Liu et al. [25] at least in respect of 
the underlying networking environment it is one of the most 

related with the one presented above. Assist in covering the 
area provided by the UAV to reduce the number of hops, 
whereas assigning the WSN nodes the same role as the new 
study in their work. Their focus is on the scenario of post-
disaster where the established infrastructure of 
communications is supposed to have collapsed.

However, UAVs cannot always supervise the disaster area 
because of their short flight time. Also, an optimum number 
of UAVs must be specified according to the environment and 
the nature of the mission is required to bring out the disaster 
management task and communication strategy between 
UAVs. As a result, more in-depth studies would be required 
to address distinguishing problems with reliable networking 
models for communication, self-learning mechanisms for 

monitoring, and the initial optimum placement of UAVs.

Radio Access Network

Connected usersStandby robot network

Sensor network

SENSOR AND ROBOT NETWORK Robot network

Sensor network

Fig. 2. U A V -W SN  m onitoring system  in disaster m anagem ent
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III. Op e n  c h a l l e n g e s  o f  UAV-WSN m o n i t o r i n g

SYSTEM

A. Communication and UAVrouting
The difficult problem with UAV-based WSN systems is 

the detection of the appropriate routes since the UAV is 
distinguished by the battery constraints that limit their 
viability and efficiency in real-world applications (due to 
current manufacturing procedures). Features such as their 
size, shape, flight time, and the number of turns are usually 
related to energy consumption [26, 27], which often tackles 

difficult problems. Indeed, others have not been completely 
explored in the considered WSN environment, like the 
geometry of predefined UAV routes. One of the motivations 
for this work is the geometry shapes of the route that match 
the route of the UAV. Due to the geometry of the different 
route types, various metrics are investigated such as 
numbers of messages being exchanged, the average flight 
times of the drones, etc. A WSN along with the UAV as an 
information collector.

Various works deal with communication and routing 
issues between drones [26-30]. These works deal mainly 
with drones [31], where real site monitoring with a UAV 
network is represented using several UAVs at the same 
time. The underlying scenario in the work described in this 
study includes the ground to UAV communication [32, 33], 
rather than inter-UAV.

B. Medium access control (MAC)
Using UAVs with the WSNs, sensor data can be 

collected easily, with a reduced energy consumption 
prolonging the network's lifetime. Medium access control 
(MAC), as it focuses not only on system performance but 
also on battery-powered sensor nodes [34], is very 
important in UAV-aided WSNs (UWSNs). In most 
applications, it should be noted that the small sensor nodes 
are considered to be typically disposable, and their batteries 
cannot be replaced. Thus, a wide range of MAC protocols 
have been designed for UWSNs with different targets. 
Because of the fast mobility of the UAVs, the dynamic 
change of the network topology, and the operational and 
energy limitations of UW SNs, it is a big challenging task to 
establish an effective MAC protocol addressing these 
problems. Several MAC protocols are reported in UWSNs 
addressing advantages and problems with the use of UAVs 
in-ground sensor node data collection [35]. In [36] the nano 
MAC protocol indicated that the probability of disputes was 
halved when a collision occurred in [37], dynamic control 
system combinations were used to minimize overhead and 
increase energy savings. In [38] Z-MAC was developed 
using an energy-saving combination of CSMA and TDMA, 

which allows for improved utilization of spectrum and 
throughput. An improvement in overhead costs for Z-MAC 
was achieved in [39] by utilizing synchronization beacons 

and specifying an overhead reduction superframe structure. 
ER-MAC, a hybrid for wireless sensors of the TDMA and 
CSMA protocol is developed in [40]. Contentions faced by 
priority packet nodes in the Z-MAC were eliminated by two 
priority queues in ER-MAC. With the higher delivery, 
reduced latency, and lower energy consumption, ER-MAC 
outperforms z-MAC. Queue-MAC [41] addressed dynamic 
super-frames with TDMA variable slot.

C. Performance and architecture design o f UAV
Many studies are based on WSN only, irrespective of 

UAV performance. Moreover, the position, terrain, and 
quality of the wireless communications in UAV-WSNs 
should not be considered in these approaches for the 
monitoring systems.

Implementation has been proposed for the central and 
distributed clustering of k-means algorithms in the network 
[42, 43]. It is a good way to cluster WSN, but the article just 
takes into consideration the distance.

Two approaches have proposed specific 
implementations to achieve a high-quality system overall 
and suggested a new UAV-WSN architecture [44, 45]. They 
focused on specific types of WSNs and do not take into 
consideration land networks and UAV systems.

The techniques in [46, 47] have still culminated in the 
energy savings of the whole system and various methods 
have still been taken to optimize UAV-WSN protocols for 
routing and MAC transport. In various studies, path 
planning and flight control were discovered from the view 
of UAV.

These studies have motivated UAV-WSN research and 
application [48, 49]. However, the methods we mentioned 
consider either the condition or the problem from a single 
perspective (WSN or UAV) and do not regard the land and 
air robotics as a whole system. This limits its use for many 
large-scale remote monitoring applications considerably.

In summary, most of these approaches cannot achieve 
all UAV-WSN Environmental Monitoring design 

objectives.

Finally, the UAV effort required the flight path 
recalculations due to changes in the topology of the network 
caused by cluster head changes. Most research in this area 
is focused on ideal assumptions that are not realistic and that 
more work needs to be done before data is collected in 
advance.

However, additional features will create unexpected 
problems which cannot be tackled by traditional methods 
designed for low-rate UAV-WSN systems, including 
inefficient data collection, high UAV-WSN energy 
consumption, environmental disruptions. Therefore, robust 
schemes must be developed to provide efficient user 
services while retaining a certain level of networking 
performance.

IV. Di s c u s s i o n

Compliance with robust environmental structures is 
important for large-scale implementations in which the 
UAVs beyond recognition. There is no robust sensor 
placement principle since it relies on the specific 
requirements of each environment. Moreover, the sensor 
groups must typically satisfy the need for sensory and 
communication coverage.

We believe that UAV-WSN systems will face open 
technological challenges in many ways. A description of 
these directions is mentioned in table 1.

TABLE I. Su m m a r y  o f  t e c h n i c a l  o p e n  c h a l l e n g e s  o f

U A V -W SN  SYSTEM
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Technical
challenges

Description of 

problem(s)
Suggested solution

UAV

Communication

- Accurate location by 

preliminary flight of 

the ground sensors.

- UAV inspected 

sensor states 

periodically.

- Transfer commands 

to change the network

sensor strategy and 

parameters.

Although several 

research works are 

relevant, more 

efforts are needed to 

study deeply the 

topologies o f the 

aerial network and 

the integration in 

the communication 

networks.

UAV path and 

route 

Design

- Monitoring and 

special trajectory

planning.

- Data acquisition from 

WSNs through UAVs.

- Internet Remote

Control.

Develop an 

approach to routing, 

reduce packet 

losses, delivery 

delays, and UAV 

energy 

consumption.

Medium access 

control (MAC)

- establishment of 

WSNs as sensor 

clusters that can cover 

the monitored area 

both sensorially and 

communicationally.

- The cluster heads of 

the WSNs are to be 

placed, named base 

stations, which will 

communicate data to 

UAVs.

- Develop security 

frameworks that 

take into

consideration all the 

challenges 

mentioned above in 

this manuscript.

- Ensure stable 

UAV connectivity 

to the central 

controller, so 

important 

information can be 

exchanged reliably.

Performance and 

architecture 

design of UAV

- Computing for edge 

and cloud.

- Precision of UAV 

information with WSN 

information collected 

for measurement and 

parameter 

interpretation.

Development of 

new UAV 

technology 

mechanisms that 

address the 

distinguished 

challenges.

Unexpected issues

- The aggregation of 

inadequate data.

- The disruptions in the 

environment.

- Development of 

new methods to 

reduce the effects of 

environmental 

disturbances and 

eliminate them.

Although the contributions of the separate UAVs and 
WSNs are well documented and important in the large 
monitoring phase, the integration of these components 
through an IoT system is also expected to significantly 
improve the monitoring, modeling, predicting, and 
decision-making solutions. However, some problems exist, 
and some have grown insignificant. The main ones are listed 
below:

Many technological problems such as bandwidth 
allocation, limited processing capabilities, intermittent 
UAV network connectivity, and energy consumption of 
UAVs and ground nodes can be described. To design a 
robust monitoring system, so many challenges require a 
detailed analysis.

Many challenges remain open such as optimal clustering 

of ground sensors, communication performance, energy-
saving, and trajectory planning to achieve optimal ground 
sensor data collection.

In general, we consider the area of motion planning to 
have several avenues of evolution in the context of UAV-

WSN applications and will grow significantly over the years 
to come.

V. Co n c l u s i o n

The paper described an evaluation analysis for UAV- 
WSN collaborative monitoring system operation for large- 

scale areas. The survey explains how good it is to use the 
UAV-WSN system for large-scale monitoring and the open 

technical challenges, both to the Agriculture sector and the 
disaster management. Furthermore, during our study of 
these types of applications, several lessons are learned and 
can be described as follows:

• The most common method of monitoring in large 
areas is remote sensing using the UAV-WSN 
system.

• Since these types of applications are possible in the 
outdoor environment, it is necessary to take more 
consideration of the surrounding environments, 
such as bad weather, hazards, and complicated 
areas.

• Many technical challenges such as the allocated 
bandwidth, limited construction methods, 
intermittent UAV communication, and the energy 
consumption of UAVs and ground nodes can be 
established. To design a comprehensive monitoring 
scheme, all these need to be discussed in detail.
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