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Objective: Cereals are among the most important sources of dietary protein, with wheat
being a significant cereal crop with high protein content. Currently, the rapid and excessive
population growth, coupled with the perceived scarcity of resources available to meet basic
human needs, poses one of the greatest challenges facing the world. The foundation of
proper planning and management in agricultural affairs relies on having accurate and up-
to-date statistics and information on agricultural capacities. Hashtrood is one of the
southern counties of East Azerbaijan Province and serves as the center of Hashtrood
County. This city is located between the geographical coordinates of 36°45' to 37°24' north
latitude and 46°25' to 47°24' east longitude.

The lack of research in the field of creating wheat cultivation maps using machine learning
algorithms in Iran and the study area prompted us to undertake research in this area,
aiming to develop wheat cultivation maps in the study area using the selected machine
learning methods.

Methods: In this study, Sentinel2-L2A satellite images were first acquired, and the
Normalized Difference Vegetation Index (NDVI) was extracted using the set of images
containing terrestrial reflectance data. Then, using the R programming language in the
Jupyter Notebook environment, Support Vector Machine (SVM) and Random Forest (RF)
classification algorithms were applied to the images. Finally, the outputs of both
algorithms were analyzed in ArcMap software, and the final maps were generated.

Results: The evaluation of the generated maps' output revealed that the Random Forest
algorithm, with an overall accuracy of 93% and a Kappa coefficient of 87%, performed
better and more effectively compared to the Support VVector Machine algorithm, which had
an overall accuracy of 90% and a Kappa coefficient of 82%. This preference is due to the
higher accuracy and Kappa coefficient of the Random Forest algorithm compared to other
algorithms, indicating a greater agreement with reality and higher precision in predictions.
Conclusions: The analysis of the findings from this research indicated that each algorithm
has its own specific strengths and weaknesses. The Support Vector Machine (SVM)
algorithm is often used due to its simple structure and effective performance in many
classification tasks. However, in this study, it performed worse compared to the other
algorithm, the Random Forest. The Random Forest algorithm, known for its ability to
combine different models and reduce the effect of overfitting, typically provides accurate
results. Nevertheless, its high computational complexity can be problematic in larger-scale
applications.
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Introduction

Cereals are considered one of the most important sources of dietary protein, with wheat being a major high-protein cereal
crop. Due to its high yield, the ability to be cultivated in most parts of the world, excellent baking properties, nutritional and
industrial value, and superior gluten quality for bread production, no other cereal can compete with wheat. The imbalance
between the supply of food and the growth of the population in many countries, especially in Africa and the Middle East, is a
serious issue. Given the population increase and the limited arable land, expanding the cultivated area is not feasible, and
thus, increasing the yield per unit area must be planned. Therefore, timely and accurate mapping of wheat production on a
large spatial scale has significant implications for global food security warnings, optimizing agricultural land use, and
decision-making. One of the modern and up-to-date methods for this purpose is the use of remote sensing techniques, which
enable continuous monitoring and land-use changes across various resources. Considering the current conditions and the
opinions of experts from relevant organizations, the lack of accurate and sufficient data on wheat cultivated areas and
changing cropping patterns underscores the necessity of this research. Hashtroud County in East Azerbaijan Province was
selected as the study area to leverage modern remote sensing technology based on satellite images for rapid and cost-effective
identification and determination of cultivated areas. Ultimately, the lack of research on developing wheat cultivation maps
using machine learning algorithms in Iran and the study area prompted us to conduct this research to create wheat cultivation
maps in the study area using the desired machine learning methods.

Materials and Methods

In this study, Sentinel2-L2A satellite images were initially downloaded, and the Normalized Difference Vegetation Index
(NDVI) was extracted using the set of images containing ground reflectance data. Subsequently, to perform classifications
based on the Support Vector Machine (SVM) and Random Forest (RF) algorithms, this set of images was imported into
various machine learning libraries of the R programming language in the Jupyter Notebook environment. After extracting the
study area from the downloaded images, supervised classifications (SVM and RF) were applied to them. Finally, the
validation stages of the classifications were performed in the Rstudio software, and the overall accuracy and kappa
coefficient values were calculated. After observing, analyzing, and interpreting the results, the best map from each algorithm
was selected and compared. The final stage of creating the output maps was done in ArcMap software, and the area of the
wheat fields was also determined.

Results

In this section, we will examine and compare the results obtained from different algorithms to determine the best algorithm
based on the criteria of accuracy and kappa coefficient. The aim of this comparison is to select the algorithm that
demonstrates the best performance on the data under review. The comparison criteria for the algorithms include two main
factors: accuracy and kappa coefficient. Accuracy represents the percentage of correct predictions out of the total predictions.
This criterion indicates the algorithm's ability to correctly identify samples. The kappa coefficient is a measure for evaluating
the agreement between the algorithm's predictions and reality, eliminating the effect of chance. The kappa coefficient ranges
from -1 to 1, with values closer to 1 indicating higher agreement. According to the tables, it can be observed that the Random
Forest algorithm, with an overall accuracy of 93% and a kappa coefficient of 87%, performed better and more appropriately
compared to the Support Vector Machine algorithm, which had an overall accuracy of 90% and a kappa coefficient of 82%.
This selection is due to its higher accuracy and greater kappa coefficient, indicating higher agreement with reality and greater
accuracy in predictions.

Conclusion

In this study, two algorithms, Support Vector Machine (SVM) and Random Forest (RF), were examined. The results from
these algorithms showed that each has its own strengths and weaknesses. The Support Vector Machine algorithm, with an
accuracy of 90% and a kappa coefficient of 82%, demonstrated acceptable performance. This algorithm is used in many
classification problems due to its simple structure and adequate efficiency. However, in this study, it performed weaker
compared to the other algorithm, the Random Forest. The Random Forest algorithm, with an accuracy of 93% and a kappa
coefficient of 87%, showed excellent performance. This algorithm typically provides accurate results due to its ability to
combine different models and reduce the effect of overfitting. Nevertheless, its high computational complexity can be
problematic in larger applications. Overall, comparing the results of this study with similar research indicates that the
Random Forest algorithm generally performs better than the Support Vector Machine algorithm in classifying agricultural
data. These findings confirm that the RF algorithm, due to its high capability in combining different models and reducing
overfitting, can be used as an effective method in analyzing agricultural data. On the other hand, the SVM algorithm, with its
decent accuracy and efficiency, remains an efficient method for many classification problems, though it may sometimes
underperform compared to RF. Given the importance of wheat as a high-protein cereal crop and its critical role in meeting
global food needs, using accurate and effective methods in analyzing data related to this crop is of great significance. The
results of this study show that using the Random Forest algorithm can help improve the accuracy and efficiency of analyses,
making it a powerful tool for agricultural management and planning.
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