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SUMMARY 

 
 

The research is aimed at monitoring the state of crops and their possible loss using remote sensing and 

artificial intelligence tools. Using these tools in the research process, the following results were 

achieved: the boundaries of agricultural land arrays were determined; identified boundaries of crops 

and their areas under individual agricultural crops by vegetation phase; analysed volumes of cultivated 

areas, their structure in a territorial section. It is proved, that using both Sentinel-1 and Sentinel-2 

satellite images data give more accurate results. Crop profiles are proven to be the key to improving the 

quality of crop classification results, as they allow algorithms to better distinguish between crops. 
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Introduction 

 

Today, more than ever, agriculture and rural areas in Ukraine are experiencing significant losses, and 

as a result, threaten the country's food security. The reason for this state of affairs was the full-scale 

invasion of the troops of the Russian Federation into Ukraine. More than a third of the country's territory 

is occupied or unsafe for economic activity, primarily on agricultural lands due to their damage. In 

agricultural enterprises, there is a shortage of fuel and lubricants, spare parts, plant protection products, 

seed material and fertilizers. Infrastructure objects were significantly damaged, seaports were blocked, 

which significantly disrupted logistics and economic chains. Agricultural machinery was also damaged, 

some of which was stolen, and some of which was reoriented to humanitarian and military needs in 

Ukraine. The situation is no better with the employees of agricultural enterprises, some of whom left 

the occupied regions for safer ones, some – outside the country, and some joined the ranks of the armed 

forces of Ukraine or territorial defence. Accordingly, in order to ensure Ukraine's food security, there 

is a need to review the existing structure of agricultural land use, which should be preceded by its 

analysis, and the next step – forecasting. 

 

Overcoming the crisis situation in the agrarian sector of the economy of Ukraine is possible if there is 

reliable information about the sown areas of crops and their spatial identification, including in the 

occupied territories. There is a need to assess the ability to carry out work on harvesting and 

organization of transport and storage processes. In each region, it is important to determine the potential 

of the harvested crop, taking into account the structure of crops, available local resources, as well as 

climatic, industrial and military features. 

 

Hence, the goal of the research is to use remote sensing and artificial intelligence to analyse and monitor 

agricultural crops for conducting agrarian policy in both military and post-war conditions to ensure food 

security of Ukraine and reduce the level of decline in agricultural production in Ukraine on world food 

security. The research is directed towards the maximum involvement of areas of agricultural land that 

are safe for cultivation, as well as the identification of potential hazards on the lands for involvement in 

agricultural cultivation. The research is aimed at monitoring the state of crops and their possible loss 

using remote sensing and artificial intelligence tools. Using these tools in the research process, the 

following results were achieved: the boundaries of agricultural land arrays were determined; identified 

boundaries of crops and their areas under individual agricultural crops by vegetation phase; analysed 

volumes of cultivated areas, their structure in a territorial section. In the future, it is envisaged: 

identification of infrastructure objects that were destroyed during military operations; identification of 

areas occupied by natural resources damaged during hostilities and assessment of the possibility of their 

involvement in the production of agricultural products; forecasting productivity and gross harvest of 

agricultural crops using vegetation indices. 

 

Method of investigation and Theory 

 

It was possible to achieve the obtained results by attracting a significant amount of source information, 

namely: cadastral data; satellite images; attributive data regarding the category of land and the intended 

purpose of land plots. In the future, in order to identify the areas occupied by natural resources damaged 

during hostilities and to assess the possibility of their involvement in the production of agricultural 

products, the following data are needed - satellite images of: territories damaged by military operations, 

as well as buffer territories with a distribution capacity of no more than 1m ; territories that have not 

suffered damage - with a distribution capacity of no more than 10m; the state of the area for three to 

five days (the period of work on the project) after the end of hostilities. 

 

This research is implemented by an interdisciplinary team formed on the basis of the National Academy 

of Agrarian Sciences (NAAS), which analyses and processes the data obtained by research farms of the 

National Academy of Agrarian Sciences in the course of their research and economic activities. 

Accordingly, this cooperation provides an opportunity to receive real-time data from farms on the 

structure of crops and the vegetation phase of agricultural crops, possible crop losses, as well as 

technological operations carried out on each experimental field. The data are presented in the form of 
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figures with fields and tables with a list of crops in each field (Figure 1). Accordingly, field research 

plays an important role in our research. 

 

 
Figure 1 Reporting of research farm Shevchenkivske in the form of a figure with fields and a table 

with a list of crops on each field and their condition 

 

The main tool for the implementation of our research is the use of land remote sensing methods, which 

we use to analyse and control the structure of agricultural land use. As part of the research, the 

identification and formation of agricultural land arrays is carried out, for the purpose of which an 

unsupervised classification of Sentinel-1 and Sentinel-2 satellite images is performed, which allows 

identifying and distinguishing agricultural arrays and areas with wild vegetation. After that, supervised 

classification is already carried out using training data, which are the data of NAAS research farms. At 

first, only Sentinel-2 images were used in our study, because they are highly effective in crop 

identification, but Sentinel-2 data loses its quality in cloudy weather, while Sentinel-1 radars provide 

high quality data in cloudy weather. Accordingly, it was decided to combine data from both missions 

within the framework of the study. In the future, the structure of crops and their condition is determined 

using methods of classification of satellite images and AI. Within the framework of the study, great 

importance is attached to detailing the classification of crops, which means the possibility of accurately 

determining individual crops and their varieties and the vegetation phase, which ensures the accuracy 

of analysis and forecasting. The accuracy and quality of the results of our research is determined by the 

quality and detail of the data collected by the farms, the resolution of satellite images and the features 

of the classification algorithms. 

 

We analysed the publications of scientists who conducted similar research. The vast majority of them also 

combined both image sources and classification methods. In particular, some researchers come to the 

conclusion that the maximum similarity algorithm provides the best classification results (Yang et al., 

2010), others claim that obtaining high-quality results is possible only when several classification methods 

are combined (Pena et al. 2014). Other teams of scientists, like us, combine image sources, namely 

Landsat-8 and Sentinel-1 (Kussul et al., 2017), or Landsat-8, Sentinel-1 and Sentinel-2 (Kussul et al., 

2017) using machine learning algorithms, however, we insist that the raw data that become reference 

polygons in machine learning models play a key role. After all, the algorithms need identified samples of 

agricultural crops based on satellite images, and by such samples we mean the formation of digital profiles 

of agricultural crops (Figure 2). Such a profile is a chain of median values for each corresponding Sentinel-

2 band across the growing season. Profiles are very useful due to the fact that in certain growing periods, 

different crops can be identified by satellite sensors identically, or almost identically, which significantly 

complicates their differentiation, but during the entire vegetation period there are differences between all 

crops that make it easier for algorithms to differentiate crops in the classification process. They become 

the key to improving the quality of crop classification results, as they allow algorithms to better distinguish 

between crops. We form such digital portraits of different cultures in different climatic zones for their 

further use by machine learning algorithms. The use of artificial intelligence gives us the opportunity to 

collect and process large amounts of data in a short time. 
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Figure 2 The steepness of the slopes of arable land in the studied territory of Vinnytsia MTC 

 

Results of investigation 

 

In terms of our research the highest classification accuracy is provided by random forest tree algorithms 

and artificial intelligence-based neural network algorithms. Figure 3 shows on the left the result of 

image classification using the random forest tree algorithm on the example of the Cherkaska Research 

Station of the National Academy of Sciences, and on the right the result of classification using as well 

the random forest tree algorithm but with data from both Sentinel-1 and Sentinel-2 on the example of 

agricultural land of the Vinnytsia Municipal Territorial Community (MTC). 

 

 
Figure 3 The result of classification of the Sentinel-2 image using the Random Forest Tree algorithm 

on the example of the Cherkaska Research Station (left) and on the example of the agricultural land of 

the Vinnytsia Municipal Territorial Community (right) using both Sentinel-1 and Sentinel-2 data 

 

After completing the research on the territory of NAAS farms, we carry out classification for the 

territories of climatic zones, based on the collected training data from several farms in each climatic 

zone. In the future, such a classification will be possible throughout the territory of Ukraine. At the 

moment, identification of cultures has been carried out in the zone of the right-bank forest-steppe, on 

the territory of which the Cherkaska research station and Vinnytsia MTC are located.  

 

In order to increase the accuracy of crop identification, as well as reduce the load on computing power 

and save resources within the framework of our research, we form and digitize arrays of agricultural 

land in accordance with the definition established by the Law of Ukraine “On Land Management”. 

Accordingly, we get the opportunity to classify and process only those parts of the images that contain 

data on agricultural land. The conducted research makes it possible to obtain operative reliable data on 
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the actual structure of agricultural land use in the conditions of war and post-war conditions, to identify 

threats to food security. In general, our research provides an opportunity to monitor and analyse land 

use, crops, according to a wide range of indicators. Also, this approach makes it possible to identify 

land plots that are used without a registered right to them, as well as to compare the legal status and 

configuration of land plots registered in the cadastre and their actual use (Figure 4). 

 

 
Figure 4 Structure of agricultural land plots by owners and by actual agricultural use 

 

Recommendations and conclusions 

 

According to the results of the current state of research implementation, we can affirm the high potential 

of the selected model and approach to the classification of satellite images for the purpose of identifying 

agricultural crops. We manage to obtain results whose accuracy, as a result of constant improvement of 

machine learning tools and algorithms, exceeds 85%, and in some cases approaches 95%. In addition 

to the currently developed results, including scientifically based methods: analysis of the structure of 

agricultural land use, collection and processing of statistics and agricultural scouting, as well as methods 

of systematization of these data, selection of the most high-quality and characteristic digital profiles of 

crops according to the parameters of layers of satellite images and a selected list of data sources and 

classification algorithms, future research also involves the collection and analysis of accounting reports 

and forecasting of the agricultural land use structure and crop yield. 
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