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The use of unmanned aerial vehicles (UAVs) in agriculture is one of the key directions of
modern agro-technologies, especially within the framework of precision farming. These
technologies enable highly accurate monitoring of crop conditions, optimization of resource
usage, and increased yields through effective agro-process management.

The use of UAVs provides farmers with extensive opportunities for real-time data collection
on soil conditions, vegetation, and yield. Equipped with multispectral, thermal, and RGB
cameras, UAVs allow for high-resolution imaging and the assessment of plant health using
indices such as NDVI, GNDVI, NDRE, and others. This facilitates more accurate diagnostics
of problematic areas, more efficient application of plant protection products and fertilizers,
and quicker responses to changes in the agroecosystem.

UAYV imaging offers significant advantages over satellite imagery due to its ability to provide
detailed real-time data. High-precision field maps created using UAVs serve as a crucial tool
for decision-making, providing farmers with timely and reliable information.

Considering technical, economic, and human resources, Ukraine has substantial potential for
implementing UAVs in the agricultural sector. The integration of unmanned technologies into
precision farming processes opens new opportunities for improving the efficiency of
agricultural production and ensuring the sustainable development of the agrarian sector.
Keywords: precision farming, monitoring, digital agriculture, remote sensing (RS),
geographic information systems (GIS), plant protection products (PPP), pesticides, UAVs.
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Introduction

While acknowledging the significant successes of modern Ukrainian agriculture, it is also essential to
highlight the substantial challenges facing the industry. These include economic difficulties,
productivity and profitability issues, and a growing labour shortage caused by war and the
depopulation of rural areas. The latter is driven by unfavourable economic and social conditions,
rising unemployment, intensified migration processes (urbanization of cities), and, as a result, the
decline of rural communities. Additionally, environmental degradation, the increasing trend of animal
protein consumption, shifting dietary preferences due to an aging population, and global climate
change are among the pressing concerns (Gnip et al. 2008; Carpenter et al. 1998).

Another major challenge is the need for accurate identification and quantitative assessment of
pathogenic factors affecting plant and animal health, which, in turn, pose risks to human health.
Furthermore, crop yields are approximately 80% dependent on natural and weather conditions (A
Review on the Use of Drones for Precision Agriculture, 2019). In the coming decades, Ukraine is
expected to face rapid climate change, particularly in the form of droughts and heavy rainfall
(Hnatiienko at al., 2020).

An alternative solution lies in the modernization of agricultural production and the implementation of
precision farming technologies. One of the promising solutions is the implementation of precision
farming technologies based on the use of UAVs for monitoring soil and crop conditions.

The transition to differentiated precision land-use technologies represents an innovative approach to
land management. This method is based on managing the productivity of agricultural crops while
considering the spatial and temporal variability of plant habitats (Semenyaka et al.,2024).

Theory

Today, preference is given to advanced technologies, specifically precision farming systems (crop
cultivation) based on the use of satellite and computer technologies. (Makedonska et al.,2018)

At the core of precision (smart) farming are agricultural robots, among which UAVs have gained
widespread application (Ju, et al, 2018; Muchir et al.,2018).

With the implementation of precision farming technologies such as No-till and Strip-till, digital-
controlled agricultural machinery, and UAVs, the influence of weather and climate on crop
production efficiency is reduced to 20%, while the remaining 80% depends on technology and
management in agriculture (A Review on the Use of Drones for Precision Agriculture 2019).

The continuous advancement of UAV technology has significantly expanded their applications across
various agricultural domains. These applications include pesticide and fertilizer application, spraying
of plant protection products (PPPs), seed planting, weed detection and identification, soil fertility
assessment, mapping and yield prediction, field security, and more (Mogale et al, 2018).

Modern technologies, particularly UAVs and laser scanning, introduce new possibilities for
conducting rapid and highly accurate cartographic surveys. Due to their high precision and speed in
data collection, these technologies enable large-scale imaging, the creation of orthophotos, and real-
time digital terrain modelling. This significantly reduces time and resource costs compared to
traditional mapping methods, allowing for the generation of detailed geospatial data used for land
resource analysis, agricultural planning, and land management.

However, despite numerous advantages, there are certain limitations and challenges associated with
the use of these technologies. One of the main issues is dependency on weather conditions, which
may restrict aerial imaging during unfavourable periods such as rain, strong winds, or limited
visibility. Additionally, there are constraints related to surveying large areas, as UAVs have limited
flight time and payload capacity. This may require conducting surveys in multiple stages or
integrating additional technologies to cover extensive areas. Furthermore, obtaining flight permits and
planning routes in special conditions—such as during martial law, in areas near strategic
infrastructure, or high-voltage power lines—presents additional regulatory and logistical challenges.
These factors must be considered when planning and implementing mapping projects using UAVs
and laser scanning technologies.

Despite a few limitations, the use of UAVs in precision farming has the potential to revolutionize
agriculture. UAV technology enables the rapid collection and processing of data, making agricultural
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production more high-tech and precise. The benefits of using UAVs include lower costs compared to
manned aircraft, savings on fuel and lubricants, and the absence of the need for airfield infrastructure.
Moreover, with ongoing technological advancements, UAVs are becoming more affordable, compact,
and functional.

The methodology for UAV application in the agricultural sector is based on remote sensing (RS),
which allows for the acquisition of spectral images of crops. Multispectral, hyperspectral, and thermal
cameras are used to collect information, capturing vegetation indices such as NDVI, GNDVI, NDRE,
NDWI, and OSAVI.

The average cost of a standard UAV starts at €1,300. The price of UAVs for general agricultural use,
without specialized technology, ranges from €2,000 to €3,000. Advanced UAVs designed for
specialized operations start at €8,000, while some models—such as UAV sprayers and those equipped
with hyperspectral cameras and other high-end equipment—can cost upwards of €30,000 (Ostapenko,
n.d.).

UAVs provide farmers with the ability to conduct regular aerial surveys, generate mapping materials,
monitor soil and crop conditions, assess vegetation indices, predict yields, protect fields from fires and
pests, and even improve soil conditions by applying microfertilizers and plant protection products.
The tasks performed by modern UAVs are illustrated in (Fig. 1.).
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Figure 1 Tasks performed by modern UAV:s.

Results

The use of UAVs in field conditions allows for the collection of precise data on crop variability across
different field zones, identifying areas with moisture and nutrient deficiencies. The implementation of
remote monitoring reduces the risk of yield losses, enables a rapid response to stress factors, and
optimizes the application of fertilizers and plant protection products.

Digital agriculture technologies are aimed at maximizing crop yields and profitability while
simultaneously reducing costs. One of the key elements of this process is effective field monitoring.
However, traditional methods of assessing crop conditions, detecting diseases and pests, and
preventing fraud have limitations, as manual analysis of large areas is impractical.

The use of unmanned aerial vehicles (UAVs) opens new opportunities for farmers. Through aerial
imaging in both visual and multispectral spectrums, it becomes possible to determine vegetation
density, identify weeds, assess vegetation levels and yield potential, and generate stress maps of
crops. The captured images and videos facilitate the creation of accurate field maps, including
topographic changes, which are crucial for planning drainage systems, identifying areas of excessive
moisture or drought, and optimizing irrigation methods.

Aerial photography using UAVs enables the generation of elevation maps—a flat representation of
field topography. These maps use color coding like conventional geophysical maps (mountains are
marked in brown, while lowlands are in green). In addition to color coding, contour lines connecting
points of the same elevation are displayed on the relief map (Fig. 2).
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Figure 2 Examples of elevation maps.

Moreover, modern UAVs can analyse nitrogen levels in the soil, allowing for precise dosing of
fertilizers and plant protection products (PPPs). This enhances resource efficiency and improves soil
health (Fig. 3), thereby reducing the pressure of pesticide load on the natural environment.

Thus, the application of UAVs contributes to increasing the productivity of the agricultural sector by
reducing human influence while ensuring accuracy and timely decision-making.
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Figure 3 The main advantages of using UAVs in field monitoring.

Modern innovative platforms enable farmers to efficiently analyse data through a unified control
panel that integrates all available tools. The use of machine learning algorithms and artificial
intelligence ensures the automatic processing of images and the generation of vector maps, which can
be viewed in real-time. The data is exported in shapefile format with coordinate system integration,
simplifying the precise application of fertilizers, plant protection products (PPPs), and desiccants.
Information is displayed in the form of color-coded layers in geographic information systems (GIS),
containing data on plant health, weed infestation levels, pest damage, weather forecasts, and various
vegetation indices (NDVI, GNDVI, OSAVI, etc.).

UAYV control is performed manually via a radio modem or through specialized applications that
automate flight operations. At designated waypoints, the UAV captures images or records videos,
creating accurate terrain maps. These applications also regulate flight speed and altitude, enhancing
safety and ease of operation.

Crop monitoring is critically important for early problem detection and decision-making. While early-
stage plant inspections can be performed manually, monitoring taller crops becomes increasingly
difficult. The lack of complete field data can lead to significant losses. Therefore, the use of UAVs
provides farmers with precise and timely information, optimizing agricultural processes and
improving overall efficiency.
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Conclusions

Precision farming is a key direction in the development of modern agriculture, contributing to

increased productivity, reduced environmental risks, and the rational use of material and technical

resources. The implementation of these technologies requires a detailed study of field heterogeneity,
which is impossible without the use of remote sensing (RS), particularly aerial imagery from satellites
and unmanned aerial vehicles (UAVs).

UAVs offer farmers a wide range of capabilities, including high-precision mapping of cropland,

assessment of vegetation health, weed infestation analysis, yield prediction, and soil moisture

monitoring. Additionally, they enable targeted application of fertilizers and plant protection products

(PPPs), minimizing environmental impact and improving resource efficiency.

Despite the difficult conditions caused by military aggression, Ukraine continues to actively

implement these innovations. The use of UAVs in agriculture is increasing, despite the need for

permits, coordination with military units, and restrictions on airspace usage. Thanks to unmanned
technologies, farmers can effectively perform a wide range of agricultural tasks, including remote
crop monitoring, soil analysis, fertilizer application, and even crop protection against pests.

The expansion of UAV applications in the agricultural sector is accelerating the digital transformation

of Ukrainian agriculture. The adoption of these technologies not only enhances the competitiveness of

farming enterprises but also makes agricultural activities more environmentally sustainable and
economically efficient.
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