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Abstract: The objective of the work is to develop a methodology for calculating the area of a field processed from a
quadcopter, as well as flight cycles. The object of the study is unmanned aerial vehicles for processing land
and plants. The subject of the study is the efficiency of using quadcopters. Scientific novelty consists in
developing an algorithm for the number of unmanned aerial vehicles per unit of field area. The practical
significance of the study is to reduce human labor costs in agriculture, automate production and use artificial
intelligence to increase labor productivity. Modern methods of processing fields from the air require the use
of quadcopters in agriculture as the most cost-effective means of automation. Calculations have shown that
at a speed of 45 km / h, as the arithmetic mean between the average and minimum speeds, the area of fields
processed by one quadcopter in an 8-hour working day is 9.8 hectares. The use of quadcopters is also
promising for other sectors of agriculture; they are able to automate production, increase labor productivity.
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1 INTRODUCTION

Automation in agriculture means replacing human
labor when necessary. Currently, there are
unmanned vehicles with artificial intelligence that
help people cultivate fields and harvest crops. At the
same time, unmanned aerial vehicles are not used
effectively enough, since one quadcopter or dozens
may be required to cultivate fields. At the moment,
there is no developed and approved method for
calculating the number of quadcopters to cultivate a
unit of field area. At the moment, the best in terms
of price and quality are quadcopters whose flight
duration is about 30 minutes while covering a
distance of up to 4 kilometers. It is necessary to find
out how many unmanned aerial vehicles with such
characteristics are needed in agriculture to cultivate
1 hectare of crop areas (Kostin, 2021).

Such drones and their Russian counterparts are
planned to be used in agriculture for the transfer of
bulk and liquid fertilizers. Based on the above-
mentioned problems and ways to solve them, it is
worth noting that a segment of agricultural facilities
is identified for which the delivery of fertilizers by
quadcopters ~ will  be  especially  necessary
(Mashnenkov, 2023).

2 MATERIALS AND METHODS

The developed methodology is based on the analysis
of the number of quadcopter operating cycles and
the area of the fields being processed. For this
purpose, assumptions are made when drawing up a
flight task model (Belozerov, 2023). The calculation
results are rounded down to determine the safety
factors, increase reliability and reduce the number of
emergency situations and downtime (Patrik, 2019).
If we assume that fertilizers are scattered or
sprinkled over a width of b = 1 m, then with a field
length of a = 1 km, in 1 flight back and forth along
the length of the field, the quadcopter will cover an
area of:
S'=2-b-aq,
S§"=(1+1)-1000 = 2000 m?.

In this case the quadcopter will fly 2-a=2 km.

Thus, in 6 km = 3-2-a (one flight) it will cover
the area:

1)

s"=3-5
$" =3-2000 = 6000 m2.

)
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In 5 flights without recharging, the quadcopter
will cover an area of:
§=5-5",
S =5-6000 = 30000 m? = 3 ha.
Taking into account the recharging, we get that
the specific processing speed @ will be 3 ha in 80
min, that is:

©)

w = S/Tcycle’ (4)
w = 3/80 = 0.0375 ha/min.

The number of flights that one quadcopter can
perform in one working day (tsay = 8 hours = 480
min) taking into account recharging:

Ncycle = tday/Tcycle:
Neyele = 480/80 = 6 cycles.

In Ngycle the quadcopter will make N flights per

day, Ngay:

®)

Nday = Neyele * Nﬂight' (6)
Ngay = 6 -5 = 30 flights.

Thus, in 1 working day the quadcopter will
process 18 hectares under the given conditions:
Sday = Ncycle -S,

Sqay = 63 =18 ha.

It is necessary to introduce correction factors that
take into account emergency situations, hours of
downtime due to the need for the operator to move
along the field, as well as technical breaks in work:
the factors ki, ko, Ka.

Let us assume that they are equal to 0.9 each.

Then, in 1 working day, the quadcopter will
process the area:

Sday real = K1 * K2 * k3" Sqay,
Sday real = 0.9% - 18 = 13.1 ha.

Let's take into account that the initial data
indicates a speed of 60 km/h, however, due to gusts
of wind, cloudiness, etc. the speed may be reduced
by half. In this case, the area processed in 1 day will
also decrease proportionally.

Y]

®)

3 RESULTS AND DISCUSSION

Let us present the calculation results in the form of a
diagram in Fig. 1.

Analysis of Figure 1 shows that the processed
area of fields per day depends, first of all, on the
flight speed of the quadcopter. In addition, from the
point of view of solving the problem, one can focus
on the results at a speed of 45 km / h, as an average



between the maximum and minimum possible,
taking into account weather conditions. With this
value, the processed area will be 9.8 hectares after 8
hours of operation. When analyzing the problems
that complicate the implementation of quadcopters,
special attention should be paid to the possibilities of
using neural networks to improve efficiency and
optimize energy consumption (Epifanov, 2016). In
addition, one should take into account the increased
environmental friendliness of using unmanned aerial
vehicles in comparison with traditional transport
(Tsarev, 2019).
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Figure 1: Comparison of the obtained calculation results at
different flight speeds of the quadcopter (along the
ordinate axis is area processed per day, ha, on the abscissa
axis is the speed of the quadcopter, km/h).

Development prospects are related to the
introduction of unmanned aerial vehicles in the
agricultural sector. In the development of safety, an
integral part is the mechanisms of emergency
braking and means of preventing collisions
(Grankin, 2019), which serve to control air traffic.
Regulation in terms of emergency collisions creates
safe conditions for the development of agricultural
technologies using quadcopters, contributing to their
efficiency and reliability (Abramova, 2020).

In addition, the increasing level of automation in
agriculture, caused by the growth of global demand
for food, requires solutions to reduce the share of
human participation in labor processes and the use
of artificial intelligence where necessary. Power
transmission lines (PTL) are laid for newly built
enterprises, settlements, and gardening associations.
Chemical treatment allows for shorter intervals in
the processing of areas, as well as a decrease in the
number of people involved in manual labor.
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The following methods are used to clear
clearings under power lines from bushes and trees:
manual clearing, a labor-intensive and slow method,
but allows for high accuracy; a method using
mulching equipment, a method that allows for quick
clearing of the route, while reducing the impact on
the soil and vegetation. However, both methods have
a drawback - the economic aspect. Furthermore, the
study proposes using chemicals dropped from
guadcopters to treat clearings. Quadcopters used in
other industries are gradually becoming means of
automation of production used on a permanent basis.
According to research, in the world, the commercial
use of UAVs, including for the agricultural industry,
is more than 50%, which confirms the need for their
use (Mokronos, 2023). In addition, Russia has
committed to reducing its carbon footprint, which
also tells us about the need to reduce machines and
units that pollute the environment. In agriculture,
vehicles with artificial intelligence and machine
vision are already known; quadcopters should not be
an exception (Kotsko, 2023; Makhonin, 2021).

The development prospects of the industry are
connected with the introduction of unmanned aerial
vehicles, their use as an innovative solution can
significantly increase the efficiency of treating
shrubs with chemicals. An important factor is the
pinpoint impact of sprayed chemicals, safety for
surrounding fields used for agricultural purposes.
Economic aspects can be improved by using new,
more capacious batteries, increasing the accuracy of
the global positioning system (Savitsky, 2017).

It should also be noted that the areas adjacent to
main pipelines, in particular passages under power
lines, must be cleared of bushes, which can be done
manually, but this takes time and human resources.
The same operations can be performed automatically
when spraying chemicals from quadcopters. In this
case, human presence near the object is not required,
since the flight time is about 30 minutes when
covering an area of 3-4 kilometers (Andrievsky,
2023).

The development prospects of the industry are
related to the introduction of unmanned aerial
vehicles and their connection with the legislative
framework, which takes into account infrastructure
requirements and safety. For a more detailed
assessment of economic investments, it is necessary
to assess their volume, the negative impact of
possible emergency situations and  weather
conditions on the efficiency of using quadcopters. In
addition, it is necessary to take into account the
reliability factors of using quadcopters, such as
battery charge, weight resistance (Gonta, 2023).



Regarding the battery charge, its capacity can be
increased only through the use of new materials.

4 CONCLUSIONS

The result of the work is a developed method for
calculating the area of a field processed from a
quadcopter, as well as flight cycles.

1. Modern methods of processing fields from the
air are reduced to the use of quadcopters in
agriculture.

2. There is no need to use either ground-
controlled vehicles or air vehicles controlled directly
by a person (airplanes).

3. Calculations have shown that at a speed of 45
km / h, as the arithmetic mean between the average
and minimum speeds, the area of fields processed by
one quadcopter in an 8-hour working day is 9.8
hectares.

4. Quadcopters for technological purposes, for
example, for chemical treatment of bushes in places
where power lines pass, demonstrate high efficiency
in delivering low-weight cargo.

5. The reliability of quadcopters is limited by the
capacity of their batteries and, accordingly, the
range.

6. In places where pipelines are laid, it is
possible to use quadcopters for chemical treatment
of adjacent territories.

7. Quadcopters can be controlled by an operator
remotely. Thus, human participation in life-
threatening work is not required.

The study provides a comprehensive analysis of
the integration of quadcopters into the agricultural
industry, including an assessment of foreign and
domestic experience, efficiency and reliability
factors. An analysis of the efficiency of using
unmanned aerial vehicles in the fuel and energy
complex for servicing lands adjacent to pipelines is
also provided.
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