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Agriculture as an element of ensuring food security of countries plays an important
role in the world and regional economy. The use of digital technologies in agriculture can be
one of the sources of growth in the industry. Data in agriculture can be collected using
various mechanisms, including the use of unmanned aerial vehicles. This article discusses the
selection of unmanned aerial vehicles for agriculture and gives recommendations to farmers
on the choice of drones for data collection and monitoring. For example, it is possible to
collect useful information on the state of agricultural fields (the size of fields, the level of
germination, the state of vegetation) with the help of drones. The basis of this study is an
overview of the relevant literature on the use of unmanned aerial vehicles in agriculture in
different countries and the author's own experience in implementing the project with the use
of an agricultural drone in the experimental fields of the Astrakhan State University. In
addition, a survey of farmers of the Astrakhan region was conducted to identify the most
demanded areas of agriculture for monitoring in order to increase the effectiveness of
decision-making.

Keywords: digital agriculture, data science, agricultural drone, unmanned aerial
vehicle, precision farming.

Introduction

Agriculture as an element of ensuring food security of countries plays an
important role in the world and regional economy. Increasing the pace of
agricultural development and the effectiveness of agribusiness is becoming a
priority. The use of digital technologies in agriculture can be one of the sources
of growth in the industry. Typically, this approach includes methods of precision
farming, data collection and analysis. Data in agriculture can be collected using
various mechanisms, including using unmanned aerial vehicles.

Unmanned aerial vehicles (drones) have recently become popular in many
industries. In agriculture, for example, it is possible to collect useful information
on the state of agricultural fields (the size of fields, the level of germination, the
state of vegetation) with the help of drones. By analyzing data from agricultural
fields, a farmer can see the whole situation, manage it more efficiently and
respond quickly to emerging problems. Such an approach can help a farmer save
money and other resources used in agriculture.

Materials and Methods
The basis of this study is an overview of the relevant literature on the use
of unmanned aerial vehicles in agriculture in different countries and the author's
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own experience in implementing the project with the use of an agricultural drone
in the experimental fields of the Astrakhan State University. In addition, a
survey of farmers of the Astrakhan region was conducted to identify the most
demanded areas of agriculture for monitoring in order to increase the
effectiveness of decision-making. The study used a questionnaire, part of the
results of which are demonstrated in this article. The survey was conducted on a
voluntary and anonymous basis with the participation of 42 farmers over 18
years of age engaged in crop production.

Literature Review

One of the methods of collecting data from agricultural fields is aerial
photography. The focus of recent research has been on using unmanned aerial
vehicles in agriculture. The basis of this technology is the use of unmanned
aerial vehicles (for example, the drones) with a spectral camera (spectral filters)
for obtaining multispectral images or video in the visible and near-infrared
ranges from agricultural fields [1].

Applications of using unmanned aerial vehicles in agriculture include
vegetation monitoring (e.g. [2, 3]), mapping (e.g. [4, 5]), crop classification (e.g.
[6, 7]), water stress management (e.g. [8, 9]), pest management (e.g. [10, 11]),
leaf analysis (e.g. [12, 13]), and weed surveillance and management (e.g. [14,
15]). A good review of the application of unmanned aerial vehicles for
agriculture was conducted by Zhang and Kovacs [16].

Satellite imagery is also used as a source of data in agriculture (e.g. [17,
18]). Although several studies have indicated that there are barriers and
limitations in the use of satellites in agriculture. Berni, Zarco-Tejada, Suarez,
and Fereres identified two important restrictions for using space satellite in real-
time crop management: the absence of images with optimal spectral and spatial
resolution and unfavorable times to revisit for most applications of crop stress
detection [2, p. 722]. Another problem can be poor visibility due to cloudy
weather.

Results and Discussion

A survey of farmers in the Astrakhan region, organized in 2017, was
conducted to identify farmers' understanding of data collection and analysis
technologies in agriculture, readiness to implement such technologies and
identify the most demanded data. One of the most important goals of the
questionnaire was to learn in which field of agriculture and at what level,
according to farmers, can it be efficient and appropriate to use data collection
and analysis technologies. The answers were distributed as follows (see Figure).
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Figure - Stages of plant growing for effective application of the technologies

Among other things, the demanded tasks are assessment of the sowing
condition, vegetation level, and yield forecast. Unmanned aerial vehicles can be
used to solve these tasks.

In agriculture, drones with a multispectral camera are used, which allows
farmers to take field shots in special spectra [6, p. 92]. To identify the state of
vegetation, the normalized difference vegetation index (NDVI) is used. It
calculates on the basis of the difference in the values of different spectra [19, p.
272]. Visualization of such data allows identifying problem areas in agricultural
fields and monitoring the level of germination and growth.

Unmanned aerial vehicles used in agriculture have three main varieties:
fixed wing, helicopters, and multicopters [20, p. 871]. Multicopters and
helicopters are better suited, for example, for a more thorough examination of
individual sections of the agricultural field, since they fly low and slow
compared to fixed wing unmanned aerial vehicles. This gives more control over
each shot. Fixed wing unmanned aerial vehicles can cover large volumes of
fields (and collect more data) due to higher speed and altitude of flight.
Additionally, fixed wing drones often carry a large payload and, therefore, can
use more sensors to collect data.

It is worth noting that several companies offer special sets of unmanned
aerial vehicles for agricultural purposes. An overview of some unmanned aerial
vehicles for agriculture is presented in Table.
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Table - An overview of UAVs used in agriculture

# UAV Special Special Software
Cameras

Manufacturer /
References

1 DJI Matrice 100

DJI/

+ - www.dji.com/matrice-
200-series
2 | BirdsEyeView PrecisionHawk /
FireFLY®6 Pro; + + www.precisionhawk.co
Lancaster 5 m/agriculture
3 | AgBot Aerial Technology
International /

+ + :
www.aerialtechnology.c
om/

4 | Honeycomb AgDrone HoneyComb
Corporation /

+ +
www.honeycombcorp.co
m/agdrone-system/

5 | Trimble UX5 Trimble Inc. /
Multispectral UAV + + www.trimble.com/Surve
y/UX5-
Multispectral.aspx
6 | eBee SQ; senseFly, Parrot Group /
Ag 360 + + www.sensefly.com/indus

try/agriculture/

7 | The Sentera PHX;
The Sentera OMNI AG; + +
The Indago AG

Sentera LLC /
sentera.com/agriculture-
drones/

8 | Sentera NDVI Upgrade
for DJI Phantom 4 PRO + +

DJI; Sentera LLC /
sentera.com/dji-ndvi-
upgrade/

9 SOLO AGCO Edition
UAV + +

AGCO Corporation /
www.pages05.net/agco/
SOLO _UAV/

10 | AgEagle RX60, RX47
& RX48

AgEagle Aerial Systems
/ ageagle.com/products/

Limitations in the use of unmanned aerial vehicles in agriculture,
identified after the analysis, are as follows: the high cost of the device, the short
battery life, some restrictions in the legislation (in some countries it is necessary
to obtain a license for the use of unmanned aerial vehicles), and the need for
additional training for working with devices (and related software).

An alternative to the use of unmanned aerial vehicles in agriculture for
analyzing the state of vegetation from the air is data from satellites. Compared to

satellites, drones can help farmers collect more accurate and

detailed data at the
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right time (regardless of cloud conditions) and do it more often. At large sizes of
agricultural lands, the use of drones can be more profitable not only in time, but
also in financial expenses.

The main stages of using drones in agriculture are as follows:

1. Flight path planning. Many agricultural drones have software for flight
planning based on GPS coordinates. After loading coordinates, the drone
will automatically fly over the specified territory.

2. Flying and shooting fields. If a specialized agricultural software is
included with the drone, the drone will automatically shoot the fields and
store the relevant data. Otherwise, the farmer managing the drones should
additionally control the cameras for shooting.

3. Image processing. After the work is done, the farmer has tens or hundreds
of high-resolution images that need to be processed. Specialized image
processing software (including cloud solutions for fast data processing)
can be used for this. Different algorithms are used to process images
depending on the purpose of the analysis.

4. Analysis of the results and take action. Analysis of the results can reveal
the features of crop growth and identify possible problems. Timely
solution of problems can help a farmer reduce costs and increase yield.

Monitoring of the state of vegetation can be conducted manually by a person
(who walks the fields and records the state of vegetation) or from the air using
unmanned aerial vehicles or satellites. The farmer can independently calculate
the costs of such monitoring and choose the most optimal option. With large
field sizes, the use of images from satellites or drones can be a more
advantageous option than an examination by a person who can make a mistake
(inaccuracy) due to inattention.

The advantage of drones compared to satellite imagery is that the drone can
be used more often (and collect more data) and these images will be more
precise and accurate despite cloudy weather. On the other hand, satellite images
can be used as retrospective data to build the necessary models.

The literature review, analysis of the drones specifications and the work
experience of the author on the use of unmanned aerial vehicles in agriculture
have shown some limitations for their use. Besides, unmanned aerial vehicles
are relatively expensive devices and if a farmer wants to utilise it into their
agricultural business, the following conditions should be considered:

1. The size of agricultural land.

2. Frequency of measurements. In certain situations, it can be rented or a
farmer can use the services of third-party companies that offer this type of
work.

3. The type of unmanned aerial vehicle (fixed wing, helicopter or
multicopter). This choice depends on the size of the fields, the terrain, the
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typical climatic conditions in the region (for example, a strong wind), the
payload capacity needed, the speed of field survey, and flight range [20, p.
874].

Software for processing and analyzing data obtained with an unmanned
aerial vehicle. Some drones, for example, can determine the humidity and
temperature of the soil with the help of special software (and cameras). It
may make it possible to abandon the corresponding soil sensors at a
certain level of accuracy. In addition, the latest versions of the drones
have software for building the flight path and recording GPS coordinates.
Possibility to export data to third-party software.

Availability of special cameras. For example, to calculate the normalized
difference vegetation index used to analyze the state of vegetation, a
multispectral camera is needed [21, p. 614]. The presence of several
cameras in the kit can significantly increase the cost of the device.

The cost of an unmanned aerial vehicle.

The need to obtain permission to use an unmanned aerial vehicle. In some
countries, for example, in Russia, the USA and the UK, it is necessary to
obtain an appropriate license before using the drones.

Presence of instructions on the use of an unmanned aerial vehicle and its
software. Training materials and courses can help a farmer more
efficiently use devices in agribusiness.

10.1f farm management information systems are used in the current business,

then it is necessary to make sure that the drone is compatible with the
system.

Conclusion

Digital technologies can improve the efficiency of agribusiness management
with the proper use of tools and methods. The collection and analysis of data in
agriculture is becoming a competitive advantage for farmers. Unmanned aerial
vehicles play an important role in this area, and drones can help a farmer to
quickly monitor the condition of their farmland, promptly respond to problems
and forecast yields. At the moment, drones for agriculture are relatively
expensive (especially for small farms) and the correct approach to choosing an
unmanned aerial vehicle is very important.
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A.B. Komkapos
BbIbOP BECHHMJIOTHBIX JIETATEJIbHBIX AIIIIAPATOB U1
HU®POBOI'O CEJIBCKOI'O XO34AUCTBA

Acmpaxanckuii 2cocyoapcmeenHbulli yHugepcumem, Acmpaxans, Poccust

Cenvckoe x0351CmB0 KAk d1eMeHm obecneyuenus npooo6oibCMEeHHOL 6e30nacHocmu
cmpan uepaem OONLULYIO PONb 8 MUPOBOU U PESUOHANbHOU 3KOHOMuKe. Mcnonvsosanue
YUPPOBLIX MEXHONO2ULL 8 ACPOUHOYCIMPUU MONCEM CMamb OOHUM U3 UCMOYHUKO8 pocma
ompacnu. Jlanuvie 6 ceibCKoM Xo3aticmee Mo2ym Oblmb COOPAHbL ¢ NOMOWBIO PA3HBIX
MEXAHU3ZMO8, 8 MOM YUCIe C UCNONb308AHUEM OECNUNIOMHBIX JIeMamelbHbIX annapamos. B
OGHHOU cmamve paccMampusarOmcs, 60ONPOChl  8blOOPA  OECHUIOMHBIX  1eMAaAMmelbHbIX
annapamos 0 CenbCKo20 XO3AUCMEd U Oaromcs pekomeHoayuu gepmepam no 6vloopy
0poHO8 01 cbopa OanHbIX. B uacmuocmu, ¢ NOMOWBIO OPOHO8 MOJICHO COOUPAMD
HeoOX00UMYI0 UH@OPMAYUI0 0 COCMOSHUU CEeNbCKOXO3AUCMEEHHbIX Nojell (pazmep nogel,
VpOoBeHb  gcxodicecmu,  ypogeHb  pacmumenvHocmu). (OCHO8Y O0AHHO020 — UCCIE008AHUS
cocmasnsiem 0030p pDeNeGAHMHOL  JUMepamypbl NO  UCHONb30BAHUIO  OECHUIOMHBIX
JIlemamenbHblX annapamos 8 CelbCKOM XO3AUCMEe 8 PA3HbIX CIMPAHAX U COOCMBEHHbII ONbIM
asmopa no peanuzayuiu NPoeKma ¢ UCNONIb30BAHUEM aAcPOOPOHA HA IKCHEPUMEHMATbHbIX
nosix ACmpaxanckoeo 20cy0apcmeeHHo2o yHugepcumema. [[onoiHumenvHo Ovll nposedeH
onpoc  epmepos Acmpaxauckou —obaacmu  Ha  npeomem  GvlAGIeHUs  Haubojee
80CmMPebOBAHHBIX 0bIACMEll CelbCKO20 XO3AUCMBA 011 MOHUMOPUHEA C Yelblo NOBbIULEeHUs
aghhexmuenocmu npuHAMUsL peuteHui.

KialoueBble ciaoBa: 1mdpoBoe CEIbCKOE XO3SMCTBO, Hayka O JIaHHBIX,
CEeIbCKOXO035MCTBEHHBIN JPOH, OCCIMIIOTHBIH JIETaTeIbHBIN anmapar, TOUHOE 3eMJIIEICIIHE.
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