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Abstract. This work focuses on methods for recognizing and analyzing
agricultural yields in Kazakhstan using data collected from unmanned aerial vehicles
(UAVs), or drones, in combination with artificial intelligence (Al). With the rapid
advancement of technology and the growing need for efficient agricultural resource
management, the integration of UAVs and Al presents new opportunities for crop
monitoring and yield analysis. The study explores modern UAV technologies
equipped with high-resolution cameras and sensors that collect accurate and
frequent data on agricultural fields. These images are processed using machine
learning and neural network algorithms to identify key factors influencing crop
yields. The research aims to develop a system capable of automatically collecting,
processing, and interpreting data on crop conditions. The main focus is on applying
machine learning and deep learning techniques to automatically recognize different
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crop types, evaluate plant health, and forecast yields. The study also analyzes the
effectiveness of various big data processing approaches and develops models that
incorporate climatic and agrotechnical factors. As a result, an integrated system is
expected to be created that significantly enhances the management of agricultural
resources and increases the resilience of Kazakhstan’s agricultural sector to external
challenges. The application of this system has the potential to improve crop yields
and farmer incomes, promoting the sustainable development of agriculture in the
region.
Keywords: artificial intelligence, unmanned aerial vehicles, agriculture, yield,

OpenCV, InceptionV3, crop monitoring, technology integration
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AnHoTanusi. byn xymbic Kazakcrannarbl aybul mapyalliblIbIFbl ©HIMAUTITIH
TaHy OHE TalJay 9IICTEpiH 3epTTeyre apHanraH. 3epTTey OapbIChIHIA THIIOTCHI3
yiry anmapartapeiHad (IT¥A), sFHM «apoH (KBagpOKONTEp)» [HeN aTajaThlH
KYpBUIFbIApAaH allblHFaH JepeKTep Herizinge sxacaHael uHTEwiekT (OKM)
KOJIIaHy KapacThIpbUIaAbl. TEeXHONOTHSIApAbIH KapKbIHABI JaMybl MEH aybul
LIapyalIbUIBIFBl PECYpPCTapblH THIMII OacKapyFa JereH CypaHbICThIH apTysl [I¥Y A
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MeH JKU-/1iH KoMIaHbLUTY bl €TiH JKaFIaibliH OaKblIay )KOHE TajIay calachlHIa )KaHa
MYMKIHIIKTEp allbill OTHIP. 3epTTey asChIHAA aybll IapyallbUTbIFbl ATKATAPBIH
OaKpUIAY/IBIH 3aMaHayH TEXHOJIOTHSIIAPBI KapacThIPhLUIA/bl, OJap YKOFaphl JTOIIIK
MIEH KUUTIKIIEH camnalibl CypeTTep MeH 0acka Ja AepeKTepil KUHAayFa MYMKIHIIK
Oepeni. 3epTTEyAiH MaKcaThl — aybUT MAPYAIIBUTBIFBI JKEPIEPIHiH Kai-Kyii Typabl
JICPEKTEep/li aBTOMATTBI TYpJC JKWHAHM, OHJEH >KOHE TYCIHJIpE ajaThlH KXYHEHI
azipney xoHe eHridy. [lumorce3 yiry ammaparrapsl (ITYA) 03bIK ceHCOpiiapMeH,
KaMepaJapMeH JXKoHE JepeKTepai Oepy KyhelnepiMeH >KaOabIKTanraH, OyJI aybul
HIapyalIbUIBIFEl JIKANTAPBIHBIH CIKeH-Terkeili OeiHenepin amyra MYMKIHZIIK
Oepeni. byn OefiHenep MammMHAMEH OKBITY OMIiCTepi MEH HEHPOHABIK MKEIIEPIi
KOJIJIAaHY apKbLIbl OHICIIII, aybUI IIaPyalllbUIbIFbI OHIMJILIITIHE 9Cep STEeTiH Heri3ri
(akroprnapael aHbIKTayFa kemekTeceni. XKympicta [I¥Y A apKpUTBI almbIHFaH YIKEH
JIepeKTepli OHJEY/IIH TYpIi TOCUIIEpPiHIH THIMIUIITIHE Tanjaay >KYpri3iiin, aybur
IapyanibUIBIFBl OHIMILIITIHE 9cep eTeTiH KIUMATTBIK KOHE arpoTeXHUKAJBIK
(haxkTOpIap bl €CKEPETIiH MOACTBIACP I 931pJICy A€ KAMTBUTFaH. 3€pTTEY HOTHKECIH/IE
aybUl IIapyallblIBIFBl pecypcTapbliH Oackapy THIMALIITIH alTapiblKTall apTThIpa
amatelH JkoHe KazaKCTaHHBIH aybUl MIapyanibUIBIFBl CEKTOPBIHBIH — CHIPTKBI
KaFaainap e3repiciHe TOIIMALIITIH KYIIECHTETIH KeeH Il XKYHe a3ipiey Ko3Ieill
otelp. Kazakcranma o3ipineHreH Oyl KemIeHII JKyHeHI KOJJaHy OHIMIIIIK TeH
TaOBICTHI €0yip apTTBIPYFa MYMKIHIIIK Oeperi, Oyi1 03 Ke3eriHae oHipae TYPaKThl
aybL1 MIAPYyaNIbUIBIFBIH JIaAMBITYFa OH BIKIIAJ TEI.

Tyiin ce3nep: ’kacaHAbl WHTEIUIEKT, MHUJIOTCHI3 YIIy amrmaparTapbl, aybil
HIapyamsUIbIFel, oHIMALTIK, OpenCV, InceptionV3, TexHomorusapas! OipikTipy
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Annortauus. [lanHas paboTa MOCBSIEHAa U3YYCHUIO METOIOB PACIIO3HABAHUS
U aHaiM3a NpPOJYyKTHMBHOCTH celbckoro xo3siictea B Kazaxcrane. B xone
HCCJIEJIOBAaHUSl pAacCMaTpUBaeTCsl TMPUMEHEHHE WCKYCCTBEHHOTO WHTEIUIEKTa
(UMW) Ha ocHOBe NaHHBIX, MOJTYYEHHBIX C OCCIMIOTHBIX JIETaTeIbHBIX arnaparoB
(BITJTA), Taxke H3BECTHBIX Kak JApoHBI (KBagpokonTepsl). CTpeMuTeIbHOE
pa3sBUTHE TEXHONOTMH W POCT NOTpeOHOCTH B A(PPEKTHBHOM yNpaBlICHUN
CEJIbCKOXO3HCTBEHHBIMU pECypcaMM OTKPBIBAIOT HOBBIE BO3MOYHOCTH  JUIS
ucnonb3oBanud BIIJIA m I B MOHUTOpHHTE U aHAIM3€ COCTOSHUS MOCEBOB. B
paMKax HCCIIeIOBaHUS pacCMaTpPUBAIOTCSI COBPEMEHHBIE TEXHOJIOTHU HAOIIOICHNUS
3a CEIBbCKOX03SICTBEHHBIMHU YTOABSIMU, KOTOPBIE TIO3BOJISIFOT C BEICOKOH TOYHOCTBIO
W YacTOTOH coOHMparh KaueCTBEHHBbIE W300paKeHUS W Apyrue naHHele. Llens
HCCIIeIOBaHUS — pa3pabOTKa M BHEIPEHUE CHUCTEMBI, CTIOCOOHON aBTOMAaTHYECKU
cobuparp, 00pabareiBaTb ¥ HHTEPIPETUPOBATH JaHHBIE O COCTOSHUH
CENIbCKOXO3HCTBEHHBIX 3eMelb. becnuioTHble setarenphble anmapatsl (BITJIA)
OCHAIIIEHBI TTEPEIOBBIMU CEHCOpaMH, KaMepaMU M CHCTEMaMU Nepeadu JaHHbIX,
YTO IMO3BOJISICT [TOTYYaTh IeTATU3UPOBAHHBIE U300paKEHHSI CETTLCKOX03SICTBEHHBIX
yroauit. DTu n300pakeHus 00padaThIBAIOTCS C IPUMEHEHHEM METOI0B MAIlTHHHOTO
oOydeHHs] U HEHPOHHBIX CETei, YTO MOMOraeT BBISBUTH KIOUEBBIC (PAKTOPBHI,
BIMAIONINE HAa YPOKaHHOCTH CENbCKOXO3SIMCTBEHHOW NpoAyKuuu. B pabote
MPOBOANTCS aHalu3 3(Q(HEKTUBHOCTH Pa3IMYHBIX METOAOB 00pabOTKU OONBIINX
naHHbIX, oryueHHbIX ¢ BITJIA, a Taxke paccmarpuBaeTcs pazpaboTka MoAETe,
YUUTHIBAIOIINX KIMMaTHYECKHE M arpoTeXHUUYECKHe (HaKTOphl, BIMSAIOUIME Ha
MIPOAYKTUBHOCTD CEJILCKOTO X03sicTBa. B pe3ynbrare nccieaoBaHus miIaHUpyeTcs
pa3paboTKa KOMIUIEKCHOH CHCTEMBI, CIIOCOOHOH 3HAYMTENbHO IOBBICUTH
3 PEKTUBHOCTh YNPaBICHUS CEIbCKOXO3SMCTBEHHBIMH pECypcaMd U YKpPEIHTh
YCTOMUMBOCTH arpapHoro cexkropa KazaxcraHa Kk MU3MEHEHHMSIM BHEITHUX yCIOBHM.
[IpuMeHeHne 5TOM KOMIIEKCHOW CHCTeMbl, paspabotanHoi B Kazaxcrane,
MO3BOJIUT CYIIECTBEHHO YBEIWYHUTH NMPOU3BOAUTEIBHOCTh M JIOXOAHOCTH, YTO,
B CBOIO OY€pEe]lb, OKAKET MOJOKUTEIBHOE BIMSIHHE HA Pa3BUTHE YCTOWYMBOIO
CeJIbCKOTO XO35MCTBA B PETHOHE.

Ki1ioueBble cjioBa: MCKYCCTBEHHBI MHTEIUIEKT, OCCIIMIIOTHBIC JIETaTEIbHBIC
anmaparbl, CeIbCKOe X03IHUCTBO, MPOAYKTHBHOCTE, OpenCV, InceptionV3, nnrerpa-
LUsl TEXHOIOTUI
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Introduction. Agriculture is one of the key sectors of Kazakhstan’s economics,
ensuring the country’s food security and a significant contribution to its economic
development. In the context of global climate change and population growth, the
agricultural sector faces the task of increasing production efficiency and resilience
to external challenges. In this regard, the introduction of innovative technologies
for monitoring and analyzing yields is of particular relevance. The use of unmanned
aerial vehicles (UAVs) is beneficial in photographing agricultural lands in difficult
physical, geographical and soil-climatic conditions, which can only be controlled
from the air. Despite certain disadvantages, in the near future it is possible to predict
the expansion of the functionality of unmanned aerial vehicles and an increase in
the number of tasks that will be solved in agricultural production using UAVs. They
become indispensable assistants to agronomists and farmers. UAVs are equipped
with various sensors and cameras that allow to obtain detailed images and other data
necessary for analyzing the condition of crops during the sowing and harvesting
campaign, in choosing the proper time for harvest and detecting plant diseases,
assessing damage from pests and predicting yields.

Al data collection is just the first step to improve agricultural efficiency. Machine
learning and deep learning allow you to automatically recognize crops, assess
their condition, and accurately predict yields. The aim of the work is to develop
a yield analysis system in Kazakhstan based on data from drones and Al, taking
into account the specifics of the country’s agricultural sector. The introduction
of such technologies will improve resource management, increase agricultural
sustainability, and help avoid a food crisis.

Drones improve crop quality by identifying infected areas and spot-treating
them with pesticides and fertilizers, including working at night. They use
multispectral systems to accurately monitor plants and the environment. Thanks
to the development of aviation and digital technologies, drones are becoming an
important tool in agriculture for rapid and high-quality survey of territories. In the
next decade, agriculture will become the largest consumer of unmanned services.

Literature review. In recent years, the use of UAVs and Al has become an
important part of innovation in agriculture. These technologies make it possible
to improve significantly the monitoring and analysis of the state of crops, which is
especially important for Kazakhstan with its extensive agricultural lands and diverse
climatic conditions. The review covers the main researches and achievements in the
field of UAV and Al applications for yield recognition and analysis.

UAVs have found wide application in agriculture due to their ability to collect
high-precision data over large areas with minimal cost. Works such as research by
(Zhang, et.al., 2012) demonstrate the effectiveness of using UAVs to obtain high-
quality images of crops, which allows monitoring the state of crops in real time.
In Kazakhstan, according to researches such as the work of (Abdrakhman, et al.,
2022), UAVs are actively used to monitor grain crops and assess their condition in
various climatic zones.

Al, in particular machine learning and deep learning, provides powerful tools for
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analyzing data obtained from UAVs. Research by Liu, has shown that deep learning
algorithms are capable of recognizing various types of crops with high accuracy
and determining their condition. Works of (Kadyrov, et al., 2018) demonstrate the
successful use of Al for yield forecasting and identifying signs of plant diseases
based on data obtained from UAVs.

Modern machine learning methods such as neural networks are used to analyze
big data. Research works by (Kamilaris, et.al., 2018) highlights the importance
of using convolutional neural networks (CNN) to process crop images obtained
from UAVs. In Kazakhstani studies, such as the work of (Omarov, et al., 2022), the
effectiveness of using these methods for analyzing the state of crops and forecasting
yields is noted.

The use of UAVs and Al in agriculture in Kazakhstan has a high potential.
Research shows that these technologies increase productivity and contribute to the
sustainable development of the agricultural sector.

Materials and methods. The multi-purpose UAVs equipped with high-
precision data acquisition equipment including multispectral and hyperspectral
cameras, as well as thermal imagers used in the given research. Multispectral
cameras (RedEdge-MX, Parrot Sequoia) and hyperspectral cameras (Headwall
Nano-Hyperspec) were used to obtain detailed images and data on the state of
crops. Powerful servers and workstations for processing big data, equipped with
NVIDIA Tesla and RTX graphics processors (GPUs) to accelerate computing in
the process of learning machine learning models. Specialized programs for data
processing and analysis were used, including QGIS for geospatial data processing
and Python libraries (TensorFlow, Keras, PyTorch) for the development and training
of machine learning models.

To plan drone flights, the terrain, weather and time of day were taken into
account using automated programs. The fields were regularly (weekly) filmed with
multi- and hyperspectral cameras during the growing season. Image correction
methods and segmentation algorithms were used to accurately align and identify
various plant sites and conditions.

Development and training of machine learning models include:

- algorithm selection: study of various machine learning algorithms, including
convolutional neural networks (CNN), recurrent neural networks (RNN) and hybrid
models combining elements of CNN and RNN;

- model training: dividing data into training and test sets, configuring
hyperparameters of models and GPU-based training to speed up the process;

- data augmentation: applying data augmentation techniques to increase the size
of the training set and improve the overall performance of models.

Data analysis and interpretation includes:

- assessment of the condition of crops: the use of trained models for automatic
recognition of plant conditions, detection of diseases and determination of growth stages;

- yield forecasting: using time series of data and recurrent neural networks to
predict yields based on data collected from UAVs.
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Integration of AI and UAV's into Agricultural Processes in Kazakhstan.

For the successful integration of Al and UAVs into agriculture in Kazakhstan,
it is necessary:

- education and training: specialists should be trained to work with Al and UAVs;

- investments in technology: purchase and implementation of modern equipment;

- software development: creation of specialized applications for crop analysis
and monitoring;

- pilot projects: developing pilot projects to test and adapt technologies in real-
world conditions.

Drones with high-quality cameras and sensors, as well as Al platforms for
information processing, were used to collect data on the state of crops and soil
in Kazakhstan. The drones collected multispectral and thermal imaging data
during different periods of crop growth. Artificial intelligence created accurate
field maps, identified problem areas, and predicted yields based on historical and
climatic data. The analysis made it possible to develop recommendations for the
targeted application of fertilizers and pesticides, reducing their consumption and
minimizing the environmental impact. Regular monitoring provided an assessment
of the effectiveness of these technologies during the season. The Al and UAVs using
efficiency was assessed by such indicators as improving plant health, reducing the
cost of fertilizers and pesticides, increasing yields and improving product quality.
In addition, there were held:

- Interviews with local farmers and representatives of agricultural enterprises
were held to assess the perception and readiness to introduce new technologies.

- The economic benefits of using Al and UAVs were analyzed, including cost
reduction, increased productivity and improved product quality.

Results. The results of the study showed that the application of these technologies
contributes to the effectiveness of agricultural production, improving product
quality and reducing negative impact on the environment.

Program Analysis for Leaf Classification Using Inceptionv3 Mode

The study is designed to analyze the state of plant leaves using the pre-trained
InceptionV3 model. The program loads leaf images, processes them, performs
classification using a machine learning model and visualizes the results as images
and a bar graphs.

Results and Interpretation

- Image display: The program displays each source image with a header
indicating the predicted class and confidence level. This helps to visually assess
how well the model prediction matches the actual image.

- Bar chart: The chart shows the confidence levels for each prediction, making it
easy to compare results between different leaf images.

The program demonstrates a basic approach to analyzing the state of plant leaves
using a pre-trained machine learning model and OpenCV library. Visualization of
results as images and bar charts (Fig. 1-8), allows to evaluate the model predictions
and compare the condition of different leaves.
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11 1s 1s/step
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Fig. 1 - Condition of plant leaves No.1

The image was captured by the drone (quadcopter). It shows a plant identified as
“horse chestnut” with a confidence level of 0.64. The plant is surrounded by other
vegetation and soil.

%, Figure 1 = o x

The original image: spaghetti_squash (0.06)

- (x, y) = (429, 271
At Q= 1138, 126, 112] |

Fig. 2 — Condition of plant leaves No.2

The next image (Fig. 2) was also taken by drone and shows groups of weeds
Spaghetti squash or vegetable spaghetti is a group of varieties of Cucurbita pepo
subsp. They are available in a variety of shapes, sizes and colors including ivory,
yellow and orange, and orange contains the highest amount of carotene.
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Fig. 3 — Condition of plant leaves No.3

The third image (Fig.3) shows a plant identified as “cabbage” with a high
confidence level of 0.92. The plant is growing in a field with vegetation and soil
similar to that shown in the previous image.

X Figure 1 - o x|

Comparative analysis of leaves

0.8

o
o

o
kY

Confidence level

0.2

0.0

buckeye spaghetti_squash head_cabbage
Leaf

f€> QAT (69)=(,0569)
Fig. 4 — Diagram of comparative analysis of leaves No.1, No.2, No.3

The bar chart shows a comparative analysis of confidence levels in identifying
different leaf types. There are three columns, each representing a different type of
leaf. Horse chestnut: confidence level is approximately 0.64. Spaghetti squash: very
low confidence level, close to 0. Cabbage: high confidence level, approximately
0.92. The table visually highlights the high confidence level of identification of
cabbage leaves compared to the other two species.

171 Is 1s/step

Results for leaf 1:
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1. head cabbage: 0.86

2. artichoke: 0.03

3. pot: 0.02

11 0s 267ms/step
Results for leaf 2:

1. buckeye: 0.75

2. jackfruit: 0.05

3. acorn: 0.02

11 0s 172ms/step
Results for leaf 3:

1. buckeye: 0.18

2. custard_apple: 0.16

3. capuchin: 0.07

11 0s 165ms/step
Results for leaf 4:

1. buckeye: 0.33

2. volcano: 0.18

3. spider_monkey: 0.05

11 0s 187ms/step

The results show the predictions of the pre-trained InceptionV3 model for four
leafimages. The model predicts which categories the images belong to with a certain
confidence level. However, since InceptionV3 was trained on a large ImageNet
dataset that includes many categories unrelated to plant leaves, the results may be
strange and may not match the expected categories for analyzing plant condition.

Explanation of Results

For each leaf, the model predicts three categories with the highest confidence
level. The results and their interpretation are presented below:

%, Figure 1 - ) %

The original image 1

/Eed PQF
Fig. 5 — Condition of plant leaves No.4
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Figure 5 shows a plant growing in a field with vegetation and soil similar to
those shown in the previous image.

& Figure 1 = o X

|
Top 3 predictions for the leaf 1

| head_cabbage 4

artichoke 4

pot 1

0.0 0.2 04 0.6 08
Confidence level

A pQ= (3,9)= (06240, head_cabbage)

Fig. 6 — Diagram of confidence level of leaves No.4

The given diagram (Fig.6) shows the confidence level, which is approximately 0.85:

1. Leaf1:

- head_cabbage: 0.86 (86% confidence)

- artichoke: 0.03 (3% confidence)

- pot: 0.02 (2% confidence)

The most likely category as predicted by the model is cabbage with a confidence
level of 86%. This shows that the model reads the image as a cabbage.

The model is less confident in its prediction for this leaf, and the top categories
have relatively low confidence levels.

* Figure 1 - [=] bl

The original image 4

R b e ek e
Fig. 7 — Condition of cherry leaves No.5

Here, the model is most confident that the image resembles a horse chestnut,
with 35% confidence.
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Fig. 8 — Diagaram of confidence level of leaves No.5

4. Leaf4:

- buckeye: 0.33 (33% confidence)

- volcano: 0.18 (18% confidence)

- spider monkey: 0.05 (5% confidence)

The most likely category is horse chestnut with 33% confidence.

Why are the results so strange?

The InceptionV3 model was trained on the huge ImageNet dataset, which
contains thousands of different categories, many of which are unrelated to plants.
This results in the model being able to predict categories that have nothing to do
with actual plant diseases or conditions.

How to Improve Results?

1. Training a specialized model: accurate analysis of plant leaf condition requires
a specialized model trained on a dataset containing images of leaves with different
diseases and their conditions;

2. Using pre-trained models for plants: there are specialized models such as
PlantVillage that can be used to recognize plant diseases;

3. Data augmentation: using data augmentation techniques to improve the
quality and diversity of the training dataset.

Confidence, in the context of machine learning and image classification in particular,
is a numerical value that reflects confidence level the model has in the correctness of
its prediction. Confidence is expressed as a number between 0 and 1, where 1 indicates
absolute confidence in the correctness of prediction and 0 indicates no confidence.

Explanation of Confidence in Image Classification

When a machine learning model as a neural network makes a prediction, it
assigns to each possible class a probability that reflects how confident the model is
that the image belongs to the certain class. These probabilities add up to 1, and the
most likely class is taken as the result of prediction.

For example, if the model classifies a leaf image and produces the following
probabilities:
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- Class A: 0.70 (70% confidence)

- Class B: 0.20 (20% confidence)

- Class C: 0.10 (10% confidence)

This means that the model considers that with 70% probability the image belongs
to class A, with 20% probability to class B and with 10% probability to class C. In
this case, the result of classification will be class A.

How to Interpret Confidence

1. High confidence: if the model’s confidence in prediction is high (close to
1), it means that the model is confident in its prediction. In the example, 0.86 for
“head_cabbage” means that the model is 86% confident that the image is a cabbage.

2. Low confidence: low confidence (close to 0) means that the model is not confident
in its prediction. In the case where all probabilities are low and there is no single dominant
class, it may indicate that the model does not recognize the image with sufficient accuracy.

Example of Using the Confidence Level

Let’s consider an example with real data that was provided:

*'plaintext

Results for leaf 1:

1. head cabbage: 0.86

2. artichoke: 0.03

3. pot: 0.02

- The model has 86% confidence that the image is a cabbage.

- The model has very low confidence that it is an artichoke or a pot (3% and 2%
respectively).

For this leaf, we can consider that the image most likely shows a cabbage based
on the high confidence level.

Conclusion: Confidence level is an important issue in classification as it helps
to assess the accuracy of the model’s prediction. Understanding this issue allows
for better interpretation of results and make informed decisions based on them.

The next stage of the study is to analyze the concentration of plant yields.

Detected P

o

Fig. 9 — Photos of plants in a field
(original image, binary image, detected plants)
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The image in Figure 9 represents the results of photo treatment of plants in the
field. It consists of three parts:

1. Original Image: source image showing field with plants. There is a ground
and plants growing on it, which are used as a starting point for further processing.

2. Binary Image: result of converting the original image into a binary image
using thresholding:

- in binary image, each pixel is either black (value 0) or white (value 255). The
black pixels represent the background, and the white pixels represent the plants;

- the goal of this step is to select plants from the background for further analysis.

3. Detected Plants: An image of the original field with overlaid contours found in
the binary image. Green contours show the detected areas that the program interpreted
as plants. They allow to visually assess the accuracy of the plant detection algorithm.

A, Figure 1 = o x ]

#€I FQE

Fig. 10 — Photos of plants in the field
(original image, binary image, detected plants)

The image (Fig.10) shows the processing results of seven photos of plants in the
field. The images are in three columns: original images, binary images and images
with detected plants.

Column 1: Original Image

- Bushes or plants growing in the field. Leaves and stems of plants;

- Similar to the first image, but with a different part of the field. The ground and
growing plants;

- Section of a field with dense plants. Large leaves;

- Trees or tall bushes with dense foliage;

- Trees or shrubs against a clear sky;

- Similar to the first image with bushes growing in a field and ground;

- A number of plants in the field with visible ground and small plants.

25



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

Column 2: Binary Image

- Thresholding has converted the image to a black and white image, where the
white areas represent the plants and the black ones represent the background;

- Converted similarly to the first image, highlighting the plants with white areas
on a black background;

- A binary image of dense plants with many white areas;

- Tall bushes or trees also converted to black and white to highlight the vegetation;

- Processing of trees or bushes, with clearly visible white areas on a black
background;

- Similar to the first image, with plants highlighted with white areas;

- A number of plants highlighted in white on a black background.

Column 3: Detected Plants

- An image with a number of plants outlined with green lines.

These images show the process of photo processing to determine plant
concentrations. The binary images help to highlight plant areas, which are then
mapped with contours in the original images. This allows a visual assessment of
how well the algorithm has recognized plants, which is important for yield analysis.

Research Process and Method for Analyzing Plant Images

The aim of the research is an automatic analysis of plant concentration in a field,
which can help in assessing the condition of crops and making plant care decisions.

The study includes the use of computer vision and image processing techniques
for segmentation and analysis of vegetation in field photographs.

1. Image Processing

Images obtained from drones are processed using the normalized difference

. NIR — RED
vegetation index method (NDVI): = NIRTRED

where NIR is the intensity of reflected near-infrared light and RED is the
intensity of reflected red light.

2. Machine Learning for Crop Classification
Machine learning and logistic regression algorithms were used to classify crops:

1

+ e—(Bo+B1x1+P2xz++PnXxn)

P(y =1|x) = 1

where x is a vector of input features, B is a vector of model weights.

3. Deep Learning for Image Segmentation

Convolutional neural networks (CNNs) are used for more accurate segmentation
and recognition of objects in images. For example, the activation function in a
neural network:
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a® = f(z0) = f<zr'lzlw at=v 4 b)

where

a® is activation at layer 1, w are weights, b is displacement, f is nonlinear
activation function (e.g., ReLU).

4. Regression for Yield Estimation

Linear regression is used for yield prediction:

Y=o+ piXs + BoXo+ -+ Xy + €

where Y is the predicted yield, X is a vector of input features (e.g., NDVI scores,
weather data, and other factors), B is the model coefficients, € is a random error.

5. Clustering for Pattern Analysis
Clustering techniques is applied to analyze patterns and identify zones with
different productivity:

n
1=y >yl
i=1 xjeCy

where k is the number of clusters, C, is cluster i, Ki is cluster center i, X, i
data point.

6. Exact Error Estimation Methods

Mean square error (MSE) is used to estimate model accuracy and analyze errors:

1 n N2
st =13 (1+1)
where Y, is actual value, ?l is predicted value, n is a number of observations.

To build a mathematical model for recognizing and analyzing agricultural yields
in Kazakhstan based on UAV data using Al, the following key components can be
considered:

1. Data Collection

UAVs are equipped with a variety of sensors and cameras (RGB, multispectral,
hyperspectral, thermal imaging) to collect field data. These data include:

- high quality images of field surfaces,

- plant spectral characteristics,

- temperature data.

2.Preliminary Data Processing

The collected data needs to be processed for further analysis. It includes:

- Image calibration: correction of distortions (Fig.11) caused by UAV movement
and weather conditions.
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Fig. 11 — Distorted field image

Iraw — Idark

Calibration: I.qipratea = 7
Iwhitet ldark

where:

Orthotransformation: image transformation to create orthophotos.

Orthotransformation:

x'=Hx

where: x”and are coordinates of the point before and after transformation, H is
homography matrix.

- Mosaicking: combining multiple images into a single image to get a complete
view of the field.

X Figure 1 =\

acs 4Q= B K

Fig. 12 — Field image in one whole
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Combine multiple images into one (Fig.12):
Lnosaic = fU1 1 oo, Iy)

where:

-1, 1, ..., I, - are separate images.

3. Data Analysis and Feature Extraction
From the processed data, key features are extracted that can be used to
estimate crop yields (Fig.13):

- NDVI (Normalized Difference Vegetation Index):

NIR — RED
NDVI = ————;
NIR+ RED

where NIR u RED are reflectance values in the near infrared and red spectral ranges.
- GNDVI (Green Normalized Difference Vegetation Index):

GNDVI = S-SR,
where GREEN are reflectance values in green spectralI}I Ir;\lng}%aD
A o Vs ) SNV s 1)
Frgaet - o x

Imag

g buh 3
1] 500 1000 1500 2000

3000 3500

®ed> Q=
Fig. 13 — Image of field

4. Building a Machine Learning Model

A machine learning model is used to predict crop yield. One approach is to use
regression or neural networks.

An example of a linear regression model:

Y =Bo+ B1Xy + BoXy + 4 BnXn + €

where:
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- Y is predicted yield value,

- X1,X5, ... X, are features extracted from data (NDVI, GNDVI, SAVI
indices),

- Bo) B1, -+» Bn are model parameters,

- € i1s model error.

5. Training and Testing the Model

A part of the data (training set) is used to train the model, and another part of the data
(test set) is used to check the quality of the model. The process includes, as shown in Fig.14:

Data split: 80% for training, 20% for testing.

Model training: minimizing prediction error.

Model evaluation: using quality metrics (RMSE, MAE)

6. Interpretation of Results and Forecasting

Once the model is trained and tested, it is used to predict crop yields on new data
collected from UAVs. The results can be visualized as yield maps, allowing farmers
to make informed decisions.

Final mathematical model:

Input data: images and spectral data from the UAVs.

Features: NDVI, GNDVI, SAVI and etc.

Model: Linear regression or neural network.

Output: Predicted yield.

This model allows to analyze crop conditions, predict yields, and optimize
agricultural operations.

To describe the mathematical model for recognizing and analyzing agricultural yields
based on UAV data using Al, several key formulas and equations can be identified:

Application of model for predicting yields on new data

Data collection UAV(Drone) Images and spectral data
'
Pre-processing of data > Calibration |——— Orthcjiectiﬁcati — Mosaicing
v
Feature extraction —_— Calculation of vegetation indices (NDVI, GNDVI, SAVI)
v
Model construction and training —> Linear regression  |=—————>p{ Loss Function (MSE)
}
Evaluation and optimization of the model —> Quality Metrics (MAE)
|
Application of the model —> Forecasting of yield on new data

Fig. 14 — Process scheme
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The research shows how image processing techniques can be used to
automatically analyze field vegetation. This program can be run in PyCharm by
installing the necessary libraries, for example using the command “pip install
opencv-python numpy scikit-learn matplotlib".

Discussion. Modern technologies are opening up new opportunities for
agriculture, especially in the field of yield monitoring and analysis. In Kazakhstan,
with its vast farmlands, the use of drones in combination with Al is becoming
increasingly relevant. UAVs collect high-quality data on the state of fields using
various sensors. Artificial intelligence processes this data, detecting plant diseases,
determining moisture levels and predicting yields with high accuracy.

Advantages of using Al and UAVs in agriculture in Kazakhstan

1. Increase Yields: accurate and timely data allows farmers to make informed
decisions about field management, which can significantly increase yields.

2. Reduced Costs: automation of monitoring and analysis processes reduces
labor and resource costs.

3. Early Problem Detection: Al can quickly identify problems such as plant
diseases or pests, allowing early action to be taken and crop losses to be prevented.

4. Optimized Resource Use: data obtained from UAVs helps optimize fertilizer
and water use, leading to more sustainable farming.

Conclusion. The use of UAVs and Al for yield analysis in Kazakhstan opens
up new opportunities for improving agricultural efficiency. The study developed
methods for monitoring fields using drones and deep learning algorithms to
accurately recognize the state of crops and identify problems at an early stage. Al
helps predict yields, optimize crops, fertilizers, and irrigation, which reduces costs
and increases profitability. The introduction of these technologies contributes to
the digitalization of the agricultural sector and the strengthening of the country’s
food security. Further development requires continued research and adaptation of
solutions to the conditions of Kazakhstan.
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