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Method for improving the coverage efficiency
of wireless sensor networks based on UAVs

Abstract. The purpose of this study was to adaptively optimise sensor networks using unmanned aerial vehicles to reduce
information losses and ensure the minimum possible technical performance of information transmission channels in the
face of a considerable number of architectural obstacles. In this study, experiments were conducted on data transmission
via a wireless channel using Wi-Fi technology, where the access point was placed on an unmanned aerial vehicle. The
study was conducted in complex architectural settings, using the 2.4 GHz and 5 GHz frequency bands to investigate the
behaviour of radio channels and assess their effectiveness in real-world conditions. As a result of the study, a new method
for estimating and optimising the energy parameters of radio channels was proposed, which accommodates the influence
of a range of factors to improve the coverage efficiency of wireless sensor networks based on unmanned aerial vehicles.
This method helped to partially solve the problem of information losses through adaptive optimisation of network coverage
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Method for improving the coverage efficiency...

when influencing factors occur. The experimental models developed in this study allow estimating the signal distribution in
space for sensor networks based on unmanned aerial vehicles, considering the influence of external factors, using fluctuation
coefficients. The study also developed a mechanism for using a control device that allows measuring signal strength at
any distance from the base station, providing flexibility and accuracy of assessment. The results showed a prominent level
of measurement accuracy, with 95% reliability for an observation period of 20 seconds and an error of up to 0.5 dBm. The
total error of the methodology does not exceed 5%, which confirms the high reliability of the results and their compliance
with real operating conditions. Thus, the findings of this study contribute to improving the efficiency and reliability of
wireless sensor networks based on unmanned aerial vehicles, providing stable and high-quality connection in various
operating conditions

Keywords: wireless sensor networks; wireless channel; energy parameters; throughput; model; UAV; statistical

analysis; information loss

INTRODUCTION

Wireless Sensor Networks (WSNs) play a significant role
in technological systems, enabling continuous monitoring
and data transmission in a variety of environments. The in-
troduction of unmanned aerial vehicles (UAVs) into these
networks opens new opportunities to increase their effi-
ciency and flexibility. As a result, UAVs can serve as mobile
base stations, enabling rapid network deployment in areas
where the installation of fixed infrastructure is difficult or
uneconomical. The use of unmanned aerial vehicles to cre-
ate coverage for wireless sensor networks provides added
benefits, such as the ability to respond quickly to changing
conditions and reduce the cost of network maintenance
and deployment. However, the introduction of UAVs into
wireless sensor networks faces a range of challenges that
limit coverage efficiency and connection stability. One of
the main problems is the presence of architectural obsta-
cles that affect signal propagation. Multi-storey buildings,
walls, and other structures can considerably degrade sig-
nal quality, making it difficult to ensure reliable and stable
connection between sensors and base stations. A method
to improve the coverage efficiency of UAV-based wireless
sensor networks can significantly help solve the problem of
architectural interference. Thanks to the adaptive tuning
capability of unmanned aerial vehicles, signal transmission
routes can be optimised to avoid interference and minimise
data loss (Seidaliyeva et al., 2024). This approach also ac-
commodates the impact of external factors, which helps
ensure stable and reliable connection. The use of special
algorithms to optimise the parameters of radio channels
allows for efficient use of resources and high-quality cov-
erage even in difficult conditions.

Internet of Things (IoT) devices have become wide-
spread for offline data exchange and storage. The architec-
ture of such networks is based on the use of various types
of sensors or sensors to track and convert certain physical
quantities into information signals for further processing.
P. Karlin (2021) examined the impact of architectural solu-
tions on the performance of IoT networks by investigating a
modified method of interaction between IoT nodes. A. San-
gaiah et al. (2020) also investigated the possibilities of opti-
mising data exchange in IoT networks, considering the use
of different types of sensors and sensors. V. Kryzhanovsky

& S.P. Sergienko (2020) focused on the investigation of
energy-efficient devices and their impact on the Internet
of Things. However, despite the progress made, further re-
search in this area is needed to further improve IoT net-
works and ensure their stable and efficient operation.
Considering the widespread use of wireless network
technologies such as Wi-Fi, Bluetooth, and 4G/5G massive
data systems, it is important to consider their diversity
and application possibilities. M. Mollah et al. (2020) inves-
tigated the effectiveness of various wireless technologies
in terms of their bandwidth, transmission range, and in-
terference resistance, showing their advantages and disad-
vantages. Y. Zhuang et al. (2022) analysed the use of Blue-
tooth technologies in home automation systems, where it
is important to ensure stable connection and low energy
consumption. Q. Khanh et al. (2022) explored the potential
for 4G/5G technologies to connect smart transport systems
and infrastructure, confirming the significance of ensuring
high data rates and low latency. However, it should also
consider integrating other wireless technologies to create
integrated and efficient data collection and processing sys-
tems that will ensure more efficient use of resources.
Another important factor is that wireless technologies
can be used in various industries and households. P. Ma-
lik et al. (2021) considered the effectiveness of wireless
technologies in production processes and their impact on
increasing the productivity of industrial plants. A. Utsav et
al. (2021) experimented with the implementation of wire-
less monitoring systems in military operations to optimise
command and control processes and respond to military
threats. S. Routray et al. (2020) also explored the possibil-
ities of using wireless technologies for military purposes,
to improve monitoring systems on the battlefield. At the
same time, it is vital to continue research to improve the
efficiency of wireless technologies in various areas, which
will facilitate their rapid development and spread, as well
as improve their functionality and reliability in general.
The purpose of this study was to develop and imple-
ment a new method for optimising sensor networks using
UAVs to reduce information losses and increase data trans-
mission efficiency in the face of a considerable number of
architectural obstacles. The main objective of this study
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was to develop adaptive algorithms for estimating and op-
timising the energy parameters of radio channels, which
accommodate the influence of various factors, to improve
network coverage, and ensure stable connection. Anoth-
er important task of the study is to develop experimental
models for estimating the signal distribution in space and
studying the influence of external factors, which will im-
prove the accuracy of the estimation and ensure the relia-
bility of the results in real-world operation.

MATERIALS AND METHODS

A range of experimental studies were conducted to develop
a method for estimating and optimising the energy param-
eters of radio channels. This study developed a methodol-
ogy that involved the organisation of wireless information
transmission channels using Wi-Fi technology. This tech-
nology was chosen as the main tool for data transmission
due to its popularity among drone manufacturers thanks to
its low power consumption and high efficiency.

Within the framework of the experiment, the Wi-Fi ac-
cess point was placed on a UAV and acted as a model of an
intermediate base station, which is important for creating
an effective wireless network. During the research, a mo-
bile measuring device was used, which moved within the
network coverage area and simulated the sensor field. This
helped to investigate the behaviour of radio channels in
real conditions. To ensure maximum representativeness of
the experiment, the study was conducted in two frequency
bands: 2.4 GHz and 5 GHz, which made it possible to assess
the efficiency of data transmission in different scenarios.
Based on the findings obtained, two types of data transmis-
sion channels were created: between two unmanned aerial
vehicles (UAV-UAV) and between an unmanned aerial vehi-
cle and a sensor (UAV-sensor).

The studies were conducted in areas with complex
architectural buildings, where significant architectural
obstacles, such as buildings, walls, and other structures,
could affect signal propagation. This helped to investigate
the behaviour of wireless channels under real architectur-
al constraints, which is important for the further develop-
ment of networks that should function effectively in urban
or similar environments. Furthermore, a variety of equip-
ment for the channel between unmanned aerial vehicles
was used for research. This included testing with different
types of devices to get generalised results on the behav-
iour of the signal on different surfaces. This approach made
it possible to detect signal fluctuations depending on the
type of equipment used. Analysing such fluctuations helps
to better understand the impact of different devices on the
stability and quality of connection, which can be useful
when planning and deploying networks.

Based on the proposed methodology, a series of studies
of signal coverage from the intermediate base station used
on UAVs were conducted, which provided important data
on the efficiency of data transmission in real conditions
involving unmanned aerial vehicles. To evaluate the prop-
erties of the radio channel in different frequency bands,
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the study first considered the results in the 2.4 GHz fre-
quency band, which is typical for further analyses due to its
general significance and analogous nature to other bands.
Analogous studies were also conducted in the 5 GHz fre-
quency band, including its upper 5.8 GHz part, which made
it possible to examine the properties of the radio channel
at higher frequencies in greater detail and assess its ability
to ensure connection stability.

RESULTS

The architecture of sensor networks can be represented
as a four-tiered model that includes the sensor layer, data
links, data processing layer, and application layer (Fig. 1).

Application level

F—& J

Data processing level

Ground
Task manager node Database segment base
— Wireless channels ‘.’)
<
~r :
Sensor field
]
= = e — >
2 2 s = . 1
ﬁ @ ML = I = ﬁ fﬁ
+ 2| | = < 2

Sensor nodes

Figure 1. Structure of the sensor network
Source: developed by the authors of this study

The first is the sensor layer, which is responsible for
monitoring certain environmental parameters. This layer
consists of a variety of sensors combined into sensor nodes
that can measure various physical quantities such as tem-
perature, humidity, pressure. The capabilities and param-
eters of these sensors determine the purpose and type of
the entire network. The next level is the information trans-
mission channel, where the collected data is transferred
from sensor nodes to central nodes or base stations. These
channels can be either wireless or wired, depending on the
specifics and requirements of the network. It is important
to ensure the reliability and speed of information trans-
mission for the effective functioning of the entire system
(BenSaleh et al., 2020).

The data processing layer is also a vital component of
sensor network architecture, where the collected data is
processed and analysed for further use. This involves filter-
ing, aggregating, and interpreting data to extract useful in-
formation from raw measurements. Data can be processed
both on-site, in sensor nodes, and in centralised computing
systems (Cai & Shi, 2020). The fourth layer is the applica-
tion layer, which is responsible for creating various services
based on the processed data. Thus, the basic component of
sensor networks is the sensor layer, which combines vari-
ous sensors as part of sensor nodes. Sensor nodes form a
so-called sensor field, which can be autonomous, directly
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subordinated to ground stations, or use intermediate base
stations to collect and transmit data. Such stations can be
either stationary or mobile. Fixed stations are usually lo-
cated in fixed locations and provide continuous data col-
lection and transmission. However, mobile stations that
can be deployed on unmanned aerial vehicles offer much
greater flexibility and efficiency (Kopetz & Steiner, 2020;
Laghari et al., 2021).

UAV-based mobile stations act as repeaters, allowing
for efficient coverage of large and hard-to-reach areas. This
approach is known as clustering, where unmanned aerial
vehicles act as mobile network nodes. Due to their mobili-
ty, unmanned aerial vehicles can quickly change their po-
sition, providing the optimised location for data collection
and transmission. This is crucial in environments where
a rapid response is required, such as natural disasters or
military conflict zones. Additionally, the integration of
sensors directly on the UAV opens new opportunities for
monitoring. Such sensors can be used to create an entire
UAV-based sensor field that can move and adapt to chang-
es in the environment. In military applications, UAVs with
sensors can be used for reconnaissance, battlefield surveil-
lance, detection of enemy movement, and other important
tasks (Tertyshnik et al., 2024). Mobile sensor networks
based on UAVs allow for rapid deployment and reconfig-
uration of the network depending on the operational situ-
ation, which considerably increases the efficiency of mili-
tary operations.

After converting the physical value into a digital code,
the sensor transmits the information to the base station
via a wireless channel created by the transceiver pair.
This channel has several key parameters that determine
its effectiveness. The main ones are the signal strength of
the transmitters of both the sensor and the base station.
Power defines coverage areas, with radii denoted as r, for
the sensor and r, for the base station. To ensure efficient
and symmetrical data transmission, the signal strength
at the receiving end, denoted as Pm, must be sufficiently
high. This is to avoid asymmetries that could lead to data
loss or connection failures. A channel with a bandwidth
of V. must be available within the coverage area (denoted

as ABh) to allow the transmission of data frames without
delay to the base station of the terrestrial segment. The
average value of the parameter Pm can be estimated by
the following formula (1):

1 T 1
P~ 2 [y Pm(Ddt ~ —

i=1 Pmi> 1)
where T - the observation period; n — the number of mon-
itoring cycles.

The process of estimating V| can be expressed as fol-
lows (2):

1 T 1
Vo = ?fo Vpi(Ddt = "

i=1 VpLi» (2)
where V_ ;. - the measurement of throughput during one
monitoring cycle; n — the number of monitoring cycles
during the observation period T to obtain the required re-
liability.

A range of experimental studies have been conduct-
ed to develop a method for estimating and optimising the
energy parameters of radio channels with regard to influ-
encing factors. A special methodology was created for this
purpose. Wireless information transmission channels are
often organised using Wi-Fi technology. This technology
is popular among drone manufacturers because of its low
cost and low power consumption of radio modules (Er-
tam et al., 2020). The use of Wi-Fi can substantially reduce
the material costs of manufacturing UAVs, while maintain-
ing high efficiency. Wi-Fi provides high-performance data
links with low latency video streaming, high image quali-
ty, and interference resistance, which are critical require-
ments for special purpose networks (Chen et al., 2020).
Within the framework of the experiment, the access point
was placed on a UAV and served as a model of an interme-
diate base station. A mobile measuring device that moved
within the coverage area simulated the sensor field, allow-
ing for a detailed study of the behaviour of radio channels
in real-world conditions. Two frequency bands were used
for the research: 2.4 GHz and 5 GHz. This allowed for two
types of data links to be created: one between two UAVs
(UAV-UAV) and one between a UAV and a sensor (UAV-sen-
sor), as presented in Figure 2.

Figure 2. Structure of experimental studies of UAV-based network coverage
in conditions of complex architectural obstacles
Source: developed by the authors of this study
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Based on the proposed methodology, a series of stud-
ies of signal coverage from an intermediate base station
based on unmanned aerial vehicles were conducted. The
results of the studies in the 2.4 GHz frequency band should

P dbm
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-76.

-80

a)
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be considered first, since they are typical for other bands
and have an analogous nature. The signal power distribu-
tion for the channels between the UAV and the sensor, as

well as between the two UAVs, is presented in Figure 3.

Figure 3. Signal power distribution for the 2.4 GHz frequency band
Note: a) UAV-sensor channel; b) UAV-UAV connection diagram

Source: developed by the authors of this study

As Figure 3a shows, the UAV-sensor channel shows
characteristic signal peaks and troughs near architectural
obstacles. That is, when the signal crosses any architec-
tural elements such as walls or poles, it can experience a
considerable increase or decrease in power. For instance,
when a signal passes through a building wall, it can lose
some of its power due to absorption by the wall materi-
al or reflection. On the other hand, when a signal passes
through an open area, its power can increase. As for Fig-
ure 3b, there is a difference between the different devices
in terms of the constant attenuation factor. This means
that different devices can have different levels of signal

loss when passing through the same architectural ob-
stacles. Such a difference in attenuation coefficients can
lead to an increase in the jitter interval of up to 15 dBm.
In some places, the signal may be significantly weaker or
stronger than in other places, creating uneven connection
quality. Analogous studies have also been conducted in
the 5 GHz frequency band, specifically, its upper 5.8 GHz.
Studies in this range allow examining the properties of
the radio channel at higher frequencies, which can affect
the ability to transmit data in demanding conditions and
ensure connection stability. The data obtained are pre-
sented in Figure 4.

Figure 4. Signal power distribution for the 5 GHz frequency band
Note: a) UAV-sensor channel; b) UAV-UAV connection diagram
Source: developed by the authors of this study
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In this case, there is a different distribution of signal
peaks and troughs compared to the previous results, as well
as a higher attenuation coefficient, which may be due to
the physics of wave propagation in this particular frequen-
cy range. Furthermore, for the UAV-UAV channel, there is
a significant maximum between the two stations, where
signal fluctuations can reach up to 20 dBm. Such indica-
tors may indicate intensive interaction between devices
and possible interference in the signal path, which affects
its stability and reliability of data transmission (Saeed et
al., 2021). As such, channels in the 2.4 GHz band are prov-
ing to be more appropriate in terms of stability and range,
due to their ability to penetrate obstacles such as walls and
ceilings with less signal loss than higher frequencies. They
can provide reliable connection at a distance and in con-
ditions of limited line of sight between devices. However,
2.4 GHz channels have a rather narrow bandwidth, which
can limit the data transfer rate, especially when there are
many connected devices. Furthermore, this frequency band
is also subject to significant interference and noise from
other wireless devices, microwaves, Bluetooth devices, and
other sources, which can result in signal loss and reduced
data transmission efficiency.

The 5 GHz frequency band has a wider frequency spec-
trum compared to 2.4 GHz, which opens the possibility of
creating a much larger number of frequency channels. These

P dbm T

-42

-48]

-54]

-60

channels can be continuous or have a wide bandwidth,
making them attractive for high-performance multimedia
transmissions with minimal chance of architectural inter-
ference. The use of the 5 GHz band can be recommended for
data exchange between UAV intermediate stations, where
high bandwidth and reliability are important. However, one
should consider the possibility of architectural interference,
which can lead to signal loss and reduced data transmission
efficiency. If sensor networks are used for bandwidth-con-
strained tasks, such as low-intensity data collection, it is
more appropriate to use the 2.4 GHz band with narrowband
channels. This can provide greater connectivity stability
and less vulnerability to architectural interference and in-
terference, which can be critical for data reliability in such
scenarios (Shahraki et al., 2020; Abdulsahib et al., 2024).

To obtain an experimental model of the signal pow-
er distribution, it is important to consider the spatial as-
pect, which can be represented by two coordinates: | and d.
However, in this case, a simplified model was used, where
only the 1 coordinate corresponding to the line of sight was
used. This simplification can introduce a certain error in
the results, as it does not accommodate other factors, such
as the distance d from the signal source. The results of the
signal power distribution studies for the 2.4 GHz and 5 GHz
frequency bands are presented in the form of graphs pre-
sented in Figure 5.

__aPdbm I, m,
0 1

2 3! 4 5 6

d

Figure 5. Research results for the 2.4 GHz band by line-of-sight coordinate
Note: a) 2.4 GHz “UAV-sensor”; b) 2.4 GHz “UAV-UAV”; c¢) 5 GHz “UAV-sensor”; d) 5 GHz “UAV-UAV”
Source: developed by the authors of this study
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The analysis of Figure 5 suggests that the UAV-sensor
channel is characterised by a quadratic fading law, which is
typical for channels with a considerable influence of exter-
nal factors. Specifically, this may include obstructions or
other sources of interference that may cause harmful in-
terference to signal transmission. To build a model of the
signal power distribution (3) in space for the UAV-sensor
channel, a regression analysis based on the line-of-sight
coordinates can be used:

PUS: (a*Aa)l*+(b*Ab)l +k+Ak, &)

where a, b - the signal attenuation coefficients along the
line-of-sight coordinate; k — the initial level; Aa, Ab, and
Ak - the fluctuation parameters of the respective attenu-
ation coefficients.

Mykhalevskiy et al.

When analysing the UAV-UAV channel and separating
the results into individual devices, it can be established
that the signal power distribution model can be simplified
to a linear nature as follows (4):

P, =(d*Aa)l+k=Ak, )

where d - the signal attenuation coefficient along the line-
of-sight coordinate.

By applying statistical analysis to the results present-
ed in Figure 5, the attenuation and fluctuation coefficients
for formulas (3) and (4) were determined, which indicate
how the signal changes with distance or depending on
other factors of influence. The obtained values of the at-
tenuation and fluctuation coefficients were summarised
and presented in Table 1.

Table 1. Attenuation coefficients

UAV-sensor UAV-UAV

Coefficient a Aa b Ab k Ak d Ad k Ak
2.4 GHz 0.002 +0.002 -0.2 +0.1 -65 *5 0.13 +0.03 62 *2
5 GHz 0.005 +0.003 -0.5 0.3 -55 *5 0.3 *0.5 55 2

Source: developed by the authors of this study

Thus, formulas (3) and (4) provide a means to assess
and predict the level of signal coverage, accommodating
a range of factors of influence, by using fluctuation inter-
vals. They allow accommodating the influence of various
variables, such as the distance between devices, architec-
tural obstacles, and other factors that can affect signal
stability. Based on models (3) and (4), which reflect the
signal distribution in space for the sensor field and the
intermediate station, a new method for estimating and
optimising the energy parameters of radio channels was
developed, considering the influence of a range of factors.
This method includes several stages, which will be dis-
cussed in greater detail below.

At the first stage, the software and hardware of the re-
ceiving device are used to estimate the signal power at the
receiver input (P ). The evaluation is carried out based on
the average statistical value of the parameter P_, which is
calculated according to formula (1). To obtain this value,
an observation period of 5 seconds and a monitoring cycle
of 1 second are used. This stage allows collecting data on
signal strength and creating a basis for further analysis
and optimisation of radio channel parameters.

At the second stage, the network coverage area is
determined based on mathematical models (3) and (4),
which consider the signal distribution in space. For this,
a control sensor is used, which is placed at a certain
distance from the base station, but within the coverage
area. This distance can be set arbitrarily and is denoted
as 1. The control sensor records the signal strength it

receives when it is located at a certain distance from the
base station. The data received from the control sensor
allows applying mathematical expressions to describe the
distribution of the signal in space, making it possible to
accurately determine the zone where the signal values
fluctuate from minimum to maximum, and providing the
necessary signal strength for stable and reliable connec-
tion. The resulting formula (5) based on model (3) allows
quantifying the network coverage area, considering the
factors of influence:

P =(atAa)(I>-1)+(b=Ab)(1-1)+P_+AP, (5)

where AP - the level of signal power fluctuations, which is
defined as follows (6):

AP ~ 2 (23R, max(Py i — S XL, min{Pn ), (6)

where n - the number of observation periods for obtain-
ing experimental characteristics P_(1).

For instance, the calculations for the UAV-sensor
channel based on the measurement of the control sensor
are considered. A fragment of the calculation is presented
in Figure 6. Thus, one can analyse the level of maximum
and minimum signal values based on fluctuation inter-
vals, which allows predicting the impact of various factors
on the signal. This approach involves the use of a pre-
built database, which helps to predict and analyse the im-
pact of factors on radio communications more accurately.
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a)

Figure 6. Fragment of network coverage based on reference measurement for the UAV-sensor channel

Note: a) for the 2.4 GHz band; b) for the 5 GHz band
Source: compiled by the authors of this study

The third stage involves assessing the bandwidth,
which is a key indicator of the radio channel’s efficien-
cy. For this, one can use statistical matching coefficients,
which reflect the degree of correspondence between the
estimated and factual channel capacity. Statistical coeffi-
cients accommodate a range of factors such as interfer-
ence, signal fading, and other specific channel character-
istics. The use of statistical relationships makes it possible
to make predictions about the possibility of data transmis-
sion in specific conditions and to adjust the radio channel
to achieve optimised throughput (Mykhalevskiy, 2020).
The static relationship can be expressed as follows (7):

Bandwidth,
Mbps

200
180 |
160 |
140 |
120
100 |
80 |

60 |

40

20 &

a)

V, ()*K(P, £AP)+S *AV, (7

where K - the correlation coefficient between the signal
power at the receiver input and the bandwidth; S is the
initial coefficient; AV - the bandwidth fluctuation interval,
which is defined as follows (8):

V= %Z{Ll(max{vm.i}j - min{vm.i}j)’ ®

The results of experimental studies of the throughput
for the UAV-sensor channel are presented in Figure 7.
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Figure 7. Measurement results of throughput values for the UAV-sensor channel

Note: a) for the 2.4 GHz band; b) for the 5 GHz band
Source: developed by the authors of this study

The obtained results and the expression of the statis-
tical relationship (7) allow establishing a correspondence
between the radio channel bandwidth and the required
minimum signal power level.

This process is carried out considering the fluctuation
interval, which is allocated to ensure that information

loss in the network is minimised. This analysis helps to
determine exactly what signal power values are required
to ensure optimised channel throughput under different
connection conditions, which allows for efficient radio
channel management and minimises data loss during
transmission.

Machinery & Energetics. Vol. 15, No. 2




At the fourth stage, the need to adjust the coverage
area to ensure the minimum required channel capacity
is assessed, including an analysis of the signal power
fluctuation intervals (AP) and bandwidth (AV). The cor-
rection interval, denoted as Al, is defined as the mini-
mum signal power value that allows maintaining the re-
quired channel bandwidth. This stage involves detailed

Mykhalevskiy et al.

signal modelling and analysis to identify the points
where changes need to be made to ensure stable and ef-
ficient connection. Based on the data obtained, the cov-
erage area can be optimised to minimise signal loss and
provide the required throughput even in areas with high
fluctuations. An example of determining the correction
interval Al is presented in Figure 8.

Figure 8. Estimating the adjustment interval

Source: developed by the authors of this study

As Figure 8 shows, between the coverage areas creat-
ed by UAV1 and UAV2, there is an area with insufficient
signal strength, denoted by the length Al, where the sig-
nal strength is lower than the minimum required. In this
zone, information losses may occur, such as delayed video
stream transmission, errors in information frames, add-
ed transmission cycles, and other problems. Therefore, in
such a situation, it is necessary to adjust the coverage area
to ensure a stable signal strength and minimise informa-
tion loss, which is crucial for maintaining the efficient op-
eration of the network.

The fifth stage involves deriving the estimation results,
considering the fluctuation intervals specified in formulas
(6) and (8), as well as measurement errors. At this stage,
the error minimisation operation and coverage optimisa-
tion are performed. This is achieved by adjusting the Al
parameter, which defines the area with insufficient signal
strength. Due to the mobility of UAVs, their position can
be adjusted to ensure that the minimum required channel
capacity is set (Meng et al., 2022). Thus, this stage involves
the dynamic adjustment of the position of unmanned vehi-
cles to achieve optimised network coverage and ensure sta-
ble and reliable data transmission, minimising the impact
of negative factors.

The proposed method is relatively simple and af-
fordable, since it is based on the control measurement of
the energy parameter Pm using the sensor’s software and
hardware or a subscriber device. The parameter P_ is esti-
mated within the range of coverage from the UAV, using the
parameter 1, within the sensor field. This involves placing
sensors at different points in space to measure the strength
of the signal reaching them from the base station to the
UAV, enabling the creation of a detailed picture of the signal
distribution in space. The reliability of the results used to

create the experimental surfaces with an observation peri-
od of 20 seconds is 0.95 with an error of up to cP+0.5 dBm,
confirming their accuracy and reliability. Even when the
observation period is reduced to 5 seconds, the error stays
within cP+1 dBm, which ensures an error of no more than
5%. This level of accuracy is sufficient for most practical
applications. The accuracy of the measurement of the pa-
rameter P_ also depends on the characteristics of the sen-
sor receiver and the parameter database of the statistical
connection model v, for different devices, which indicates
the significance of having such a base for correct evalua-
tion and optimisation. Thus, this method allows collecting
reliable data on the energy parameters of radio channels
used in the network and ensure their optimisation, accom-
modating the influence of a range of factors. This helps to
increase the efficiency of the wireless sensor network by
ensuring stable and high-quality data transmission, min-
imising losses, and improving overall system performance.

DISCUSSION
Research in the field of wireless sensor networks based
on unmanned aerial vehicles is of significant importance
for technological development. Such networks are critical
to ensure continuous monitoring and data collection in
a variety of environments, from small urban areas to re-
mote areas. The detailed investigation of wireless sensor
networks can make a considerable contribution to the de-
velopment of modern technologies, allowing to optimise
the efficiency and reliability of such networks, and ensur-
ing stable connection even in challenging conditions. The
development of new methods for assessing and optimising
the energy parameters of radio channels will help reduce
information losses and ensure efficient data transmission
(Lavdanskyi et al., 2022). In addition, new advances in this
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area may contribute to the development of innovative
technologies that will automate and optimise processes
in these industries. They will improve data collection and
processing, which will open new opportunities for efficient
use of resources and provide generally more accurate and
prompt decisions.

The experiment carried out within the framework of
this study drew attention to the study of radio channels
in real conditions. The access point placed on the UAV
acted as a model of an intermediate base station, creat-
ing unique conditions for connection analysis. Particular
attention was paid to the use of two frequency bands -
2.4 GHz and 5 GHz, which made it possible to obtain com-
prehensive data on the efficiency of signal transmission
in different frequency spectra. Comparing the results
in both bands helped to understand how frequency af-
fects the quality of connection and helped us determine
the optimised parameters to improve network efficiency.
Z. Al Aghbari et al. (2020) also addressed significant as-
pects of the efficiency of wireless sensor networks, includ-
ing their adaptive optimisation and reduction of informa-
tion loss. T. Vaiyapuri et al. (2022) focused on improving
methods for analysing radio channels in different operat-
ing conditions, which ultimately contributed to increas-
ing the reliability and stability of connection. J. Bhola et
al. (2020) developed new network optimisation strategies
to maximise performance and speed, which proved to be
a major step in the development of wireless sensor net-
works. However, when comparing the findings of the cited
studies with the results of the present study, it should be
noted that the latter allowed considering a wide range of
factors, including the impact of different frequency bands,
external interference, and other factors affecting the qual-
ity of connection. Quick progress has also been made in
developing new methods for assessing and optimising the
energy parameters of radio channels, which makes it pos-
sible to increase the network’s resilience and efficiency
(Sabibolda et al., 2022). This analysis opens new prospects
for further research and development of wireless sensor
networks based on UAVs.

It should also be emphasised that the experimental
results indicate that the channels in the 2.4 GHz band are
more appropriate in terms of stability and wave propa-
gation range. Their ability to penetrate obstacles such as
walls and ceilings with less signal loss than higher fre-
quencies enables reliable connection over distance and in
conditions of limited line-of-sight between devices. How-
ever, 2.4 GHz channels have limited bandwidth, which can
limit data rates and increase vulnerability to interference
from other wireless devices. At the same time, the 5 GHz
frequency band has a wider frequency spectrum, which
opens the possibility of creating more frequency channels.
Such channels can be either continuous or have a wide
bandwidth, making them attractive for high-performance
multimedia transmissions with minimal architectural in-
terference (Kabdoldina et al., 2022). The use of the 5 GHz
band is recommended for data exchange between UAV in-

termediate stations, where high bandwidth and reliability
are significant. However, considering the possibility of ar-
chitectural interference that can affect the quality of con-
nection, it is important to choose this range with special
attention. H. Khan et al. (2020) also analysed the impact of
various data transmission parameters on the performance
of wireless sensor networks depending on the selected
frequency range, which revealed key factors for optimis-
ing parameters to achieve maximum data transmission
efficiency in concrete operating conditions. K. Qureshi et
al. (2020) investigated the impact of network configura-
tion and node location on connection efficiency in wireless
sensor networks, allowing to identify optimised strategies
for node location and network configuration to achieve
the best performance and reliability of connection. Thus,
the findings of these studies can complement the present
study, expand its scope, and improve the understanding of
the processes occurring in wireless sensor networks based
on UAVs, accommodating various aspects of their opera-
tion and optimisation.

As a result of the present study, the proposed method
proved to be effective and easy to use. It is based on the
control measurement of the energy parameter P_, which
is important for evaluating the performance of radio chan-
nels in wireless sensor networks. The use of sensor hard-
ware and software or a subscriber device simplifies the pro-
cess and allows measurements to be carried out without
significant difficulty. The estimation of the parameter P_
takes place within the range of coverage from UAVs, which
ensures the reliability and accuracy of the obtained find-
ings. The use of the I, parameter within the sensor field,
which allows obtaining detailed information about the
distribution of the signal in space, should be highlighted.
Placing sensors at separate locations allows detecting var-
iations in signal strength and identifying optimised solu-
tions to improve network efficiency, making it possible to
accommodate real-world conditions and adapt the system
to changes in the environment. S. Chatterjee et al. (2021)
also investigated the impact of adaptive network coverage
optimisation on the resistance to interference from other
wireless devices, which revealed valuable findings for re-
ducing the impact of interference and improving connec-
tion reliability. J. Akram et al. (2022) focused on the use of
adaptive sensors to optimise target coverage in wireless
sensor networks, helping to determine the optimised con-
figuration of the network and its parameters to maximise
performance and minimise signal loss. Comparison of the
findings of the present study with the results of the cited
studies suggests that the proposed method is effective in
comparison with other strategies for optimising a network
based on unmanned aerial vehicles. The identified differ-
ences in approaches and results offer a better insight into
how different parameters and strategies affect network
performance in different operating conditions. This anal-
ysis helps us to determine the optimised parameters and
optimisation methods to improve connection quality and
ensure network reliability.
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It is also worth emphasising the reliability of the find-
ings of the present study, which helped to draw significant
conclusions to ensure the reliability and accuracy in assess-
ing the energy parameters of radio channels. Based on the
data obtained during the observation period of 20 seconds,
it was found that the reliability is 0.95, with an error of up
to 0.5 dBm. This demonstrates the high accuracy and re-
liability of the findings obtained, which makes them credi-
ble for further use in practical applications. Even when the
observation period is reduced to 5 seconds, the error stays
within £#1 dBm, which ensures an overall error of no more
than 5%. This elevated level of accuracy is important given
the wide range of applications for this data. Notably, the
accuracy of the measurement of the Pm parameter also
depends on the characteristics of the sensor receiver and
the availability of a database of parameters of the model of
statistical connection V| for various devices. This indicates
the significance of having and using such a database cor-
rectly to ensure adequate evaluation and optimisation of
radio channels. Correctly selected parameters of the statis-
tical link model play a key role in ensuring high accuracy of
energy parameter estimation, which is an essential aspect
for ensuring the efficiency and reliability of wireless net-
works (Bloshchynskyi & Klyatchenko, 2023). M. Nguyen et
al. (2021) examined the process of data collection using
UAVs in wireless sensor networks, opening new opportuni-
ties for understanding the interaction between radio chan-
nels. M. Nomikos et al. (2020) investigated the dynamics
of changes in energy parameters during the movement of
sensor devices, which provided valuable information on
the adaptation of wireless networks to changes in operat-
ing conditions. However, the findings of the present study,
in comparison with the cited research, helped to analyse
the impact of external factors on the parameters of radio
channels in greater depth and develop effective strategies
to optimise their operation in a changing environment.

Thus, achievements and developments in this area are
important for the development of wireless sensor networks
based on unmanned aerial vehicles, helping to understand
and optimise energy parameters and dynamics of chang-
es in different conditions. They contribute to the creation
of more efficient and reliable data transmission systems,
which is of significant importance in the digital world, en-
suring high performance and resilience of such technolo-

Mykhalevskiy et al.

proposed, which accommodates the influence of a range of
factors to improve the coverage efficiency of wireless sensor
networks based on UAVs. This method is aimed at partially
solving the problem of information loss by adaptively op-
timising network coverage when influencing factors occur.
During the research, experimental models were obtained
that allow estimating the signal distribution in space for
sensor networks based on UAVs. These models accommo-
date the impact of external factors using fluctuation coef-
ficients. Specifically, a mechanism was developed to use a
control device that allows measuring signal strength at an
arbitrary distance from the base station, providing flexibil-
ity and accuracy of assessment.

The reliability of the findings was confirmed by the
prominent level of measurement accuracy. For an obser-
vation period of 20 seconds, the reliability is 95%, with an
error of up to 0.5 dBm. For shorter observation periods,
such as 5 seconds, the error increases to =1 dBm. The total
error of the methodology does not exceed 5%, which en-
sures high reliability of the findings and their compliance
with real operating conditions. This approach ensures effi-
cient optimisation of sensor network coverage, considering
both spatial and energy parameters, which significantly
improves connection quality and reduces information loss.
Thus, the new method helps to increase the efficiency and
reliability of wireless sensor networks based on UAVs, pro-
viding stable and high-quality connection in various op-
erating conditions. Notably, the study focused mainly on
standard environmental conditions, which may not con-
sider all possible variations in real field conditions. Fur-
thermore, the use of specific UAV models and sensors may
affect the universality of the results obtained, which also
requires added attention and study.

Areas for further research could include extending
the analysis to more diverse environmental conditions
and further investigating the impact of different UAV
models and sensors on the findings. It is also worth ex-
ploring the possibilities of applying the methods to a
wider range of applications, including security, environ-
mental monitoring, and intelligence, which will allow for
further improvement of unmanned vehicle systems and
wireless sensor networks for more accurate and efficient
use in various industries.
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MeToa niaBuLEeHHA epeKTUBHOCTI MOKPUTTS
6e3npoBiAHNX CEHCOPHUX MepeXX Ha 6a3i BIMNJ1A

AHoTauiq. [laHe NOCTiZIKEHHS CIIPSIMOBAaHE Ha aJalITUBHY OMTYMi3allilo CEHCOPHMUX MEPEX i3 BUKOPUCTAHHSIM Oe3MiTIOTHUX
JITaTBbHUX anaparis Ijis 3MeHIIeHHs iHpopmaliiiHux BTpaT i 3a6e31medeHHsI MiHIMaJIbHO MOKIMBYX TEXHIYHMUX TTOKa3HUKIB
KaHaIiB nmepenavi iHGopmarllii B ymoBax 3HaUHOI KiJIbKOCTi apXiTeKTypHUX Iepenrkos. B xoni po6oTu 6ysio mpoBeneHo
eKCIIepMMEeHTH 3 Tiepeaui JaHuX yepe3 6e3MpoBiJHNIT KaHas 3a JoroMorolo TexHosorii Wi-Fi, ne Touka noctymy 6yna
po3MillleHa Ha 6e3MiIOTHOMY JIiTadbHOMY amnapati. JJoCIiIKeHHSI TPOBOAMINCS B YMOBAX CKJIaAHOI apXiTeKTypHOi
3a0yI0BM, 3 BUKOPUCTAHHSIM YaCTOTHMX Jiamna3oHiB 2.4 [T ta 5 [T, 106 feTanbHO BUBYMTY MTOBEAIHKY paZiokaHaliB Ta
OLiHUTH iX e)eKTUBHICTD Y peaibHMX YMOBax. B pe3ynbraTi JoCiIkeHHs 6y/10 3alIpOIIOHOBAHO HOBUIT METOZ, OLiHIOBaHHS
Ta ONTUMi3alii eHepreTMYHMX MapaMeTpiB pafioKaHaiB, IKMIi BPaXOBY€E BIUIMB Pi3HUX (PAKTOPIB /IS MigBUILEHHS
edexTUBHOCTI MOKPUTTS 6€3MPOBIJHNX CEHCOPHUX Mepesk Ha OCHOBI 6e3MMiIOTHUX JTiTaTbHUX anapatis. [Januit meton,
II0O3BOJIMB YaCTKOBO BUPIMINUTY ITpobiemMy iHbOpMaIiiiHMX BTpAT Yepe3 afanTUBHY ONTUMI3allil0 TOKPUTTSI Mepexi i,
Yyac BUHMKHEHHS BIUIMBOBMX (akTopiB. EkcriepuMeHTaNIbHI MO, po3po6iieHi B X011 LOCTiIsKeHHSI, Jal0Th MOXK/IUBICTh
OIIiHIOBATM PO3TIOAiJI CUTHATY B IIPOCTOPI [IJIS1 CECHCOPHUX MepeX Ha 6a3i 6es3IMiIOTHMX JIeTaJIbHMUX allapaTiB i3 BpaxyBaHHSIM
BIUIMBY 30BHIIlIHiX ()aKTOpiB, 3aBsIKM BUKOPUCTAHHIO KoedilieHTiB (uryKkTyariiii. Takoxk B po6oTi 6y/10 po3pobaeHo
MexaHi3M BMKOPUCTaHHS KOHTPOIBHOTO IIPUCTPOIO, IO JO3BOJISIE BUMIPIOBATHM MOTYKHICTb CUTHATY Ha OYIb-sIKilt BifcTaHi
BiJ 6a30BOi cTaHIlii, 3a6e3Meuyoun THYYKICTh Ta TOYHICTb OL[iHIOBaHHS. OTpMMaHi pe3ylbTaT MoKa3aayu BUCOKUIL piBeHb
TOYHOCTi BUMIipIOBaHb, 3 TOCTOBIpHICTIO 95 % N5 epiomy crioctepeskeHHsT B 20 ceKyH[, i ToXm6Koto 1o 0.5 nbm. 3aranbHa
MoXMbKa METOAMKY He TlepeBuIIye 5 %, 110 MiATBepIyKy€e BUCOKY HAJiliHiCTh pe3yJIbTaTiB Ta iX BiAMOBiIHICTh peasbHUM
yMOBaM eKcIuTyaTallii. TaKuM YMHOM, Pe3yJIbTaTy JOCTiIKeHHS CIIPUSIOTH MiJBUIIEHHIO e(DeKTMBHOCTI Ta HaAiliHOCTI
6e3MPOBiTHUX CEHCOPHMX MEePEX Ha 6a3i 6e3IMiIOTHUX JIeTaTbHMUX arlapariB, 3a6e31euyoun cTabiIbHMIA i IKiCHMIA 3B’SI30K
y pi3HMX yMOBax eKcIuryarariii
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