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Abstract. The protection of agricultural crops from pests in Northern Kazakhstan,
such as the striped bread flea (Phyllotreta vittula) occupies an important place in
crop production, allowing not only to preserve the harvest, but also to strengthen
food security. Early detection of the pest to find solutions remains a challenge in
the field of sustainable agriculture. The most promising way to protect plants from
pests is the use of new technologies, such as machine learning, neural network.
We investigate the factors for the identification of the striped bread flea, in order to
obtain versatile information: the collection and processing of data characterizing
the species composition, distribution and development of the pest is organized,
we collect data for the last ten years in Northern Kazakhstan. Machine learning
methods will use numerical data to identify the pest of plants. The use of machine
learning in agriculture makes it possible to increase the efficiency and accuracy of
farming with less labor and high quality products. The next stage of the research is
to normalize all the collected data using data normalization in the Python program
and further use them in neural network training. The normalization process enters
the initial stage, after data collection during forecasting in machine learning.

Keywords: data normalization, machine learning, forecasting, agriculture,
bread striped flea
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Anpgarna. Conrycrik Kasakcranaarsl aybul MIapyallbUIbIFel JaKbUIJapbIHHAH
xonaktel Oypre (Phyllotreta vittula) cusikTel 3uMsHKecCTEpIeH KOpFay OCIMJIIK
HIapyalbUIBIFBIHA MaHBI3bI OPBIH aNaibl, Oy eTiHAl caKTam KaHa KoiiMai, a3bIK-
TYJK KayilCi3OiriH HeIFaiiTyra MyMKIiHIIK Oepexmi. 3usSHKeCTEpIi epTe aHBIKTay
aybul IIApyallbUIBIFBl cajlachlHAa wiemrimiaepai Taly yImiH ami e mpobiema
Ooubill TaObUIAABI. OCIMAIKTEPl 3USHKECTEPJCH KOPFayAblH €H MEPCIeKTHBAIBI
KOJIBI MAIIUHAJIBIK OKBITY, HEHPOHIBIK JKENi CHSKTBI JKaHa TEXHOIOTHSIIAp.IbI
naiinanany. HaHHbIH >KonakTel Oyprecin aHbIKTay (akTopiaapblH 3epTTEHMI3, KaH-
KaKThI aKnapar ajy YIIiH: 3UusTHKECTEPIiH TYPIiK KYpaMbIH, Tapalybl MEH 1aMybIH
CUMATTAUTBIH JEPEKTEepHi >KUHAY XOHE OHACY YHWbIMAacThIpbuiaabl, CONTYCTIK
Kasakcranna COHFBI OH JKbUINAFBI ACPEKTEpAl )KUHAMMBI3. MalluHANBIK OKBITY
ozmictepi ©CIMIOIK 3HMSHKECTEpiH aHBIKTAyFa apHajfaH CaHIBIK JAepeKTepai
nainanaHanel. Ayl MIapyallbUIBIFBIHAA MAaIlIMHAIBIK OKBITYIbl KOJIJaHy €HOEK
IIBIFBIHAAPBIH  a3aMTHIN KOHE OHIM camachlH apTThIpyFa MYMKIHIIK Oepei.
3eprreyain keneci ke3eHi-Python OarmapnamachlHAarel JepeKTEpi KajblKa
KeNTipyAl KoJaHa OTHIPBII, OapIbIK KUHAIFaH IePEKTePAl KAJIbINKA KETIpY *KoHE
OHBI HEHPOHJIBIK KEJIiHI OKBITYHa Of1aH opi KoyigaHy. Kamnbika kenTipy nporieci
MAaIllMHAJIBIK OKBITYa OOJKay Ke3iHJe NepeKTepAi KUHAaFaHHaH KeiliH OacTamnkbl
KE3€HIe CHEII.

Tyiiin ce3nep: nepexTepli KalblllKa KENTipy, MallMHaJBIK OKBITY, OOJDKay,
aybUI HIAPyallbUIBIFB, )KONAKTHl HAaH Oypreci

Kap:xblianasipy: 3epTrey aBTOpiapablH KeKe Kap>KbIChIHAH KYPTi3iii.

Mynaesep KakThIFbICHI: ABTOpIIap OCBI MaKajaia MYJAeiep KaKThIFBICHI JKOK
e MAJIIMAEH 1.
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AHHOTanus. 3alIUTa CEIbCKOXO3SHCTBEHHBIX KYIBTYp OT BpeauTeNeid B
CesepnomM Kazaxcrane, Takux kak xyieOHas nonocaras onomika (Phyllotreta vittula)
3aHUMAaeT BaKHEHIlIee MECTO B paCTEHUEBO/ICTBE, TIO3BOJISISI HE TOJIBKO COXPAHUTh
ypoXail, HO U YKpPEeNnuTh NPOJOBOJIBCTBEHHYIO 0€30MIaCHOCTh. PaHHee BbISBICHHE
BpEOUTENS AJISl MIOMCKA PElICHUH MOo-TPeXXHEMY OcTaeTcs mpobneMol B obmacTu
YCTOWYHMBOTO CEJIBbCKOTO Xo3siiicTBa. Hamboiee mnepcneKTUBHBIM cHocoOoM
3alIUThl PACTEHUH OT BPEOUTENsl SIBISETCS MCIOJIB30BaHUE HOBBIX TEXHOJIOTHUH,
TakuX Kak MalmnHHOe oOydeHue, HEHpOHHas ceTh. McciemyeM (akTopsl 1o
BBISIBJICHUIO XJIEOHOM MOJI0CaTOH ONOIIKH, C LENbI0 MONyYeHHsT pa3HOCTOPOHHEH
nH(pOpMaIMK: OpraHu3yeTcs cOOp W 00paboTKa NaHHBIX, XapaKTEPH3YIOIIUX
BUZOBOW COCTaB, pacpOCTpaHEHUE U pa3BUTHE BPEAMTEIs, cCOOMpaeM JaHHBIC 3a
nocnenuue aecsats JeT B CeBepHom Kazaxcrane. MeToapl MatmHHOTO 00y4YEHUS
OyIyT MCIIOIB30BaTh YUCIOBBIEC JaHHBIE 10 HACHTU(DUKAIIMN BPEAUTEIIST PACTCHUH.
[IpuMeHeHne MamMHHOTO 00YYECHHUS B CEITLCKOM XO35HCTBE MO3BOJISIET TOBBICHTH
3G PEKTUBHOCT U TOYHOCTH BEJICHUS CEITLCKOT0 XO3IHCTBA C MEHBIIMMHU 3aTpaTaMu
Tpyda U BBICOKMM KaueCTBOM MpoxyKuuu. CIenylomuM 3TaloM HCCIeAOBaHUS
SBJISICTCS. HOPMaJIM30BaTh BCE COOpaHHBIC NAHHBIC, HCIIONB3YS HOPMAaIH3aLUI0
JaHHBIX B mporpamMe Python u B manpHelilmieM npuMeHeHHE MX B OOyueHHH
HelipoHHOU certd. IIponecc HopManu3auuu BXOAMT B HayalbHBIA 3Tall, IIOCIE
cOopa IaHHBIX NPH MPOTHO3MPOBAHHH B MALTMHHOM OOyUYCHHHU.

KiwoueBble ciaoBa: HopMmanu3alus JaHHBIX, MAalIdHHOE OOydYeHHe,
MPOTHO3UPOBAHKE, CETBCKOE X035 CTBO, XJIeOHas monocaras Onomka

dunancupoBanue: VccnenoBanue MpoBOAMIOCH U3 TMYHBIX CPEJICTB aBTOPOB.

Konduukr wuHTEepecoB: ABTOpHI 3asBISAIOT 00 OTCYTCTBHM KOH(IHKTa
HWHTEPECOB.
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Introduction

Agricultural productivity makes a significant contribution to the economy of
Kazakhstan. Pests of grain crops seriously affect the main production and cause
great damage to the economy. One of such permanent pests of grain crops is the
bread striped flea.

Health monitoring and early diagnosis of pests of grain crops is the most
important task of sustainable agriculture. Information about the early diagnosis of
certain plant diseases can facilitate pest control by choosing the right methods of
combating them to increase grain yield. Manual identification of disturbances in
grain crops can lead to inaccurate measurements of pesticides.

This work is carried out manually by agronomists, the above problem requires
the intervention of the latest technologies for predicting the appearance of plant
pests. Therefore, a method for recognizing pests of agricultural crops based on a
modified capsule network has been proposed in world science (Zhang, 2022). The
modified capsule network is used to improve the traditional convolutional neural
network, and the attention module is introduced to capture the most important
classification features and accelerate network learning. The results of experiments
with a set of images of pests confirm that the proposed method is effective and
feasible in classifying various insect species in field crops and can be applied in the
agricultural sector for plant protection.

Currently, machine learning is very widely used in agronomic research. The use
of machine learning in agricultural data processing makes it possible to increase
the efficiency and accuracy of farming with less labor and high product quality.
Machine learning has emerged together with big data technologies and high-
performance computing to create new opportunities for analyzing, quantifying and
understanding processes that require large amounts of data in agricultural operating
environments.

A comprehensive review of the research of foreign scientists on the application
of machine learning in agricultural production systems is presented. The filtering
and classification of the submitted articles demonstrate how agriculture will benefit
from machine learning technologies. By applying machine learning to sensor data,
farm management systems are transformed into real-time Al-enabled programs that
provide detailed recommendations and analytical information to support farmers'
decision-making and actions (Liakos, 2018).

Modern technologies, such as the Internet of Things (IoT), lay the foundation
for precision farming, which minimizes human labor and costs, as well as increases
agricultural productivity. The Internet of Things generates large amounts of
data that can be used for practices such as crop monitoring or disease detection.
The analysis and interpretation of these data make it possible to understand the
relationships between various agricultural factors, such as soil characteristics and
climatic variables. This contributes to timely and informed decision-making and
planning. Machine learning plays a central role in these decision support systems
by modeling complex patterns that may exist in the data (Condran, 2022).
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The data generated in modern agricultural operations is provided by a variety
of different sensors that allow a better understanding of the working environment
(interaction of dynamic crops, soil, and weather conditions) and the operation itself
(equipment data), which leads to more accurate and faster decision-making.

Tasks are usually divided into various broad categories depending on the type
of training (supervised/unsupervised), learning models (classification, regression,
clustering and dimensionality reduction) or learning models used to implement the
selected task.

In general, the effectiveness of a machine learning solution depends on the nature
and characteristics of the data and the performance of the learning algorithms. In
the field of machine learning algorithms, classification analysis, regression, data
clustering, foreign economic activity - for the effective construction of data-driven
systems, there are methods of structure design and dimensionality reduction, the
study of associative rules or reinforcement learning (Sarker, 2021).

Machine learning, including neural networks, prompted the processing and
analysis of big data obtained in the research of the agricultural sector. To carry
out machine learning, you need to perform a number of actions that include:
preparation of reliable data, normalization of data suitable for machine learning
algorithms, data transformation, method selection (neural network architecture),
re-sampling, building a neural network model and training a neural network. The
main and initial stage in data training is the normalization of the data itself.

Data normalization is a fundamental preprocessing step for data mining and data-
based learning. However, finding a suitable method for normalizing time series is
not an easy task. This is due to the fact that most traditional normalization methods
make assumptions that are not valid for most time series. The first assumption is
that all time series are stationary, i.e. their statistical properties, such as mean and
standard deviation, do not change over time. The second assumption is that the
time series is considered uniform. None of the methods currently available in the
literature solves these problems. Therefore, a new method of normalization of time
series is proposed in world science. The method, called Adaptive Normalization,
was tested together with an artificial neural network in three prediction tasks. The
results were compared with the other four traditional normalization methods and
showed an increase in accuracy in both short- and long-term forecasts (Ogasawara,
2010).

The use of satellite images for monitoring drought in agriculture, both regionally
and globally, is attracting increasing attention of researchers. Since agricultural
drought is one of the most destructive agricultural threats worldwide, which can
lead to significant losses in agriculture and water shortages. Foreign scientists first
analyzed the correlation between the temperature of the earth's surface and the
normalized difference vegetation index using time series under different vegetation
growth conditions, the data obtained showed that the index of the temperature
regime of vegetation can be used only in the warm season (late spring and summer
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periods), when negative correlations are observed between the temperature of the
earth's surface and the normalized difference vegetation index (Hu, 2019).

Thanks to the capabilities of nonlinear modeling, prediction networks with deep
learning have become widely used for intelligent agriculture. Since sensor data
contains noise and complex nonlinearity, and it was necessary to increase their
performance, scientists proposed a reversible network for automatic normalization
of selection. Integrating the level of normalization and renormalization for evaluation
and selection of the normalization module of the forecasting model. Prediction
accuracy has been effectively improved by scaling and transforming input data
using trainable parameters. The results of the forecasting application showed that
the model has a good forecasting ability and adaptability for greenhouses in the
system of intelligent agriculture (Shi, 2022).

Plant diseases are one of the problems that can lead to losses in the production
and economy of the agricultural sector. Early detection of this disease to find
solutions and treatments remains a challenge in the field of sustainable agriculture.
Currently, image processing methods and machine learning methods are used to
successfully detect plant diseases. In order to increase efficiency in the multiclass
classification of plant diseases, automatic diagnostics of leaf diseases is proposed.
This is the development of a system for a convolutional neural network with a
deep learning approach based on batch normalization for the classification of plant
diseases. The importance of using deep learning technology is to make the system
end-to-end, automatic, accurate, less expensive, and more convenient to detect
plant diseases by their leaves (Fahad, 2021).

In the research conducted by, a total of 50 indicators from the categories of
productivity, stability, efficiency, durability, compatibility and equity in agriculture
are used to find out which normalization method is most suitable for further
mathematical analysis to develop a final composite indicator. In order to understand
the consistency and quality of normalization measurement methods and compare
the advantages and disadvantages of various selected normalization processes,
indicators of agricultural sustainability were considered (Talukder, 2017). Each of
the different normalization methods had its advantages and disadvantages. This
research showed that the rules of proportional normalization and hybrid aggregation
of the arithmetic mean and geometric mean are suitable for the selected data set and
that this method has wider application for the development of composite indicators
for assessing the sustainability of agriculture.

In machine learning tasks, the source data is often set in different units of
measurement and types of scales. Such data should be transformed into a single
representation by normalizing or standardizing them. The paper shows the
difference between these operations. The main types of scales, operations on the
data presented in these scales, and the main options for normalization of functions
are systematized. The rules for separating the features of tree classifiers are invariant
to the scales of quantitative features. They only use the comparison operation.
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Perhaps due to this property, the classifier of the "random forest" type as a result
of numerous experiments is recognized as one of the best when analyzing data of
different nature (Starovoitov, 2021).

Thus, it can be seen from the studied scientific works of world scientists that
the following methods have been studied and proposed: the influence of adaptive
normalization on the prediction of time series using artificial neural networks;
the use of satellite images to monitor drought in agriculture; reversible automatic
normalization network for greenhouses in the intelligent agriculture system;
development of a system based on batch normalization for the classification of plant
diseases; rules of proportional normalization and hybrid aggregation for assessing
the sustainability of agriculture; a classifier of the "random forest" type transformed
into a single representation by normalizing them. But the studied scientific sources
do not provide complete information about the factors and normalization of input
data on agricultural pests, including the striped bread flea, for training in a neural
network. Analysis of literature sources has shown that the normalization of data
regarding the processing of data on pests in the agricultural sector, such as the bread-
striped flea, remains poorly studied. This area requires a more thorough analysis,
taking into account statistical data on factors affecting the growth of agricultural
pests, in particular the bread striped flea, and obtaining normalized data for further
training in the neural network.

The purpose of this research is to determine the factors and indicators for the
normalization of input data used in predicting the growth dynamics of the main pest
based on an analytical system to improve yields. To achieve the goal, the following
tasks were set: a) determination of factors for the identification of plant pests
(numerical data of which will be data for machine learning) and data collection
b) normalization of the collected data for further use in neural network training.
The normalization process enters the initial stage, after data collection during
forecasting in machine learning and affects the learning outcome. Therefore, it is
important to consider this stage more carefully.

Methods and materials

Data normalization is an important step in data preparation before training
the neural network. The result of training depends on correctly normalized data.
And also, before data normalization, by analyzing previously researched data on
pest population growth, factors were selected that reflect the dependence of pest
population growth.

There are many ways to normalize and scale feature values to a common range for
use in various machine learning models. They can be divided into two large groups:
linear and nonlinear, depending on the function used. Nonlinear normalization uses
logistic sigmoids or hyperbolic tangent functions with calculated ratios. With linear
normalization, changes in variables are carried out proportionally according to a
linear law.

The need to normalize data sampling is the very nature of the variables used
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in neural network models. Because they differ in a physical sense, their absolute
values are often very different from each other. For example, a sample may contain
concentrations measured in tenths or hundredths of a percent, as well as a pressure
of hundreds of thousands of pascals. Data normalization allows you to move all
numeric values of the variables used to the same change area.

To perform data normalization, it is necessary to know exactly the limits of
change (theoretically possible minimum and maximum values) of the values of
the corresponding variables. Then they will correspond to the boundaries of the
normalization interval. If the limits of variable variation cannot be set precisely,
they are set taking into account the minimum and maximum available data samples.

Forecasting methods in machine learning, including: review and analysis of
the state of the number of pests of grain crops in Kazakhstan; analysis of existing
and promising methods of accounting and forecasting the current state of crops.
The general methodology of the research was the application of a systematic
approach. The following methods were used to solve the problems: analysis,
scientific generalization, comparison, experimental research. During the analysis,
a comprehensive analysis of the state of forecasting the yield of grain crops for
the nth number of years. With the help of scientific generalization, the results of
existing experiments in the field of research will be reviewed and summarized.

To obtain normalized data, first of all, factors for identifying plant pests were
determined (numerical indicators of pest characteristics, the data of which will be
data for machine learning) and data collection: exit from wintering sites on grasses,
abundance, migration to crops, damage to the leaf surface, mating, hatching of
larvae, the emergence of a new generation, going to wintering grounds.

The bread striped flea is a permanent pest of grain crops. Under the condition
of a warm and humid spring, and also taking into account the accumulated stock of
the population due to successful overwintering, a widespread increase in the pest
population is expected. Its harmfulness is largely manifested in dry, hot weather
in the initial period of growth and development. At this time, the first leaf suffers
most from the bread flea. Young plants are noticeably depressed, turn yellow and
dry up. Early crops are damaged more than later ones. Another factor contributing
to the development of the pest is the severe damage of plants by root rot. To a
greater extent, barley and spring wheat are damaged, to a lesser extent — oats,
corn. The harm caused by the phytophagus can be reduced by using insecticidal
mordants, observing agricultural cultivation techniques, and, if necessary (due to
their peculiarities of populating fields) — carrying out local edge treatments (band
width — 50-100 m) with insecticides.

For the future, the forecast of the number of growth of the bread striped flea
is associated with the phenophase of culture development suitable for the insect
(1-2 leaves), as well as with the weather conditions of the year. The authors have
revealed a direct dependence of the bread flea on temperature and the reverse on
precipitation in the year of sowing (Kozulina, 2021).
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Key aspects of the development include knowledge of system dynamics
based on data from several seasons. An alternative approach was to construct
models parameterized on the basis of independent controlled experiments aimed
at identifying the response of organisms to a number of environmental factors.
The two most popular examples are the phenological models of insect pests and
infection models (Welch, 1978, Magarey, 2005). Such models can be used to
determine how climate change may affect the frequency of pesticide use. In some
cases, it is possible to assess the impact on the crop by converting pest intensity
forecasts into crop loss forecasts.

The development and spread of the pest of agricultural crops are influenced
by the weather and climatic conditions of the growing season. Accounting of all
data was carried out on warm windless days in the ear phases from germination to
tillering, and for normalization, data obtained only on windless days were taken.
Thus, objective data were obtained, which are presented in Table 1 since 2011.

Table 1. Factors influencing the number of development of the bread striped flea (Northern
Kazakhstan)

North.Kaz. | 2011 [2012 |2013 |2014 | 2015 2016 [2017 |2018 [2019 |2020 |2021
Exit from |14 10-21 [16-22 |21- |20-29 |11-19|15-20|20 10-25 |15 Ap- | 17-23
wintering | April- | April | April |25 April | April |April |Ap- |April |ril-5 | April

grounds on | 5 May Ap- ril- 5 May
grasses ril May
Number 1-50 |0,5-18 |0,4- |1-80 |0,5-70 |1-60 |0,5- |1,0- |10 1,0- 1,0-
(ex/m2) 1,0 50 50 -38,3 140,0 |50
Migration |I May [28-31 [24- |25-29 |15-20|25-28 |2-4 |24-26|20 29
to crops decade May |28 May May |(May |[June |May |May |May
of May |to 2-4
June June
Number 1,0- 2,0- 2,0- (2,0- |1,0-150|1,0- |1,0- [2,0- |1,0- |1,0- 2,0-
(ex/m2) 300 300 300 |25 300 [150 |300 |100 |100 200
Damage|6-22 |0,3- 2-8to [0,1- |0,5- 5-23 (0,5- |04- |3- 1,0- 6-22
to the leaf 22,0 20-25 (5,0 |25,0 25,0 22,0 25,0 |50,0

surface (%)
Mating 5-18 |26 5-21 |9-16 |12-19 |5-20 |7-17 |28 2-20 |28 15-18
June |May June |June |June June |June |May-|June |May |June

-6 June 7
June
Hatching |from |28 25-26 |late |18-22 |25 27 25 20 3-23 15-28
of larvae |28 June June |June |July June |[June |[June |June |June |June
June |-29

July
The 14-29 | until 17-24 | 17- | until 20-25|18-28 | 18- |until |9-24 |15-25
emergence |July |mid- |July |23 mid- July [July |25 mid- | July July
of a new August July | August July | Au-
generation gust

number To 50 |to 47 1-35 [2-35 |2-40 to 50 [to 40 [to 40 [to 40 |5,0-51 | to 40
(ex/m2)
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Goingto |10 Au-|3-24 17-20 | 18- |15-20 |18-22|10-25|18- |10-22|14-25 |25
wintering | gust- | Au- Au- |21 August |Au- |Au- |25 Au- | Au- Au-
grounds I gust gust | Au- gust |gust |Au- |gust |gust gust
decade —1st | gust- gust -7-10 |-5
Sep- half |1 Sep- | Sep-
tember of de- tem- |tem-
Sep- |cade ber ber
tem- |of
ber Sep-
tem-
ber

Thus, 10 factors were considered, the normalization results of which are shown
in Table 1. To build a specialized normalization model, data from such factors as air
temperature, relative humidity and leaf moisture, soil temperature, radiation, wind
speed were included. This data is needed to reduce uncertainties during calibration
and evaluation.

Other datasets at a lower level of detail may be collected from real fields to
validate the model development and calibration performed using the detailed
dataset.

Table 1 presents data in such units of measurement and ranges of values as
in months, ex/m2, percentages, degrees. The measurement data was used in a
numerical format, since the numerical format allows us to compare and normalize
the data. And in such a way that none of them has any advantages over others. the
main condition for proper normalization is that all signs should be equal in the
possibilities of their influence.

After normalization, all numeric values of input features will be reduced to the
same area of their change — some narrow range. Data normalization will allow
us to prepare input data for machine learning and ensure the correct operation of
computational algorithms (Peshawa, 2014).

Table 2. Lower pest data (initial stage) from Table 1

Exit from | Number | Migra- | Number | Damage | Mating | Hatching | The | Number |Going
wintering |(ex/m2) |tion to |(ex/m2) |to the of larvae |emer- |(ex/m2) |to win-
grounds crops leaf gence tering
on surface ofa grounds
grasses (%) new

gene-

ration
14.04 20 01.06 |100 6 05.06 |28.06 14.07 |20 10.08
10.04 9 10.05 | 100 1 26.05 |28.06 10.08 |15 03.08
16.04 0.4 28.05 | 100 8 05.06 |25.06 17.07 |7 17.08
21.04 30 24.05 |2 1 09.06 |30.06 17.07 |7 18.08
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20.04 15 25.05 |50 5 12.06 |18.07 10.08 |8 15.08
11.04 20 15.05 |90 5 05.06 |55 06 20.07 |10 18.08
15.04 20 25.05 |45 2 07.06 |57 06 18.07 |8 10.08
20.04 18 02.06 |35 3 28.05 15506 18.07 |8 18.08
10.04 10 24.05 |10 3 02.06 |50 06 10.08 |8 10.08
15.04 15 20.05 |10 7 28.05 |03.06 09.07 |11 14.08
17.04 17 29.05 |33 6 15.06 |15.06 15.07 |9 25.08
Table 3. Upper data from Table 1
Exit from Number Migra- Number Damage Ma-  Hatch- The Number | Going to
winter-  (ex/m2) tionto (ex/m2) to the ting  ingof emer- (ex/m2) |winter-
ing crops leaf larvae  gence of ing
grounds surface anew grounds
on (%) genera-
grasses tion
05.05 50 10.06 |300 22 18.06 |30.06 |29.07 50 20.09
21.04 18 20.05 |300 22 06.06 (29.07 |15.08 47 24.08
22.04 1 31.05 |300 20 21.06 |26.06 |24.07 35 15.09
25.04 80 28.05 |25 5 16.06 [30.06 |23.07 35 20.09
29.04 70 02.06 |150 25 19.06 [22.07 |15.08 40 20.08
19.04 60 20.05 [300 23 20.06 |25.06 |25.07 50 22.08
20.04 50 28.05 | 150 25 17.06 [27.06 |28.07 40 25.08
05.05 50 04.06 |300 22 07.06 |25.06 |25.07 40 25.08
25.04 38 26.05 |100 25 20.06 [20.06 |15.08 40 22.08
05.05 40 20.05 |[100 50 28.05 [23.06 |[24.07 51 10.09
23.04 50 29.05 [200 22 18.06 |28.06 |25.07 40 05.09

Data normalization in Python is used to make the machine have to process a
smaller range of data. The results depend on the choice of the correct normalization
method. The popular sklearn method was chosen to normalize the data in this
research. The work uses the NumPy and sklearn libraries for machine learning of
the Python programming language. The preprocessing class is imported from the
sklearn library. The preprocessing class allows access to the normalize() function.
That is why this method is called the normalization method of the sklearn library.
Next, a NumPy array is created with unique integer values, then the normalize()
method from preprocessing is called and numpy_array is passed as a parameter. All
integer data is normalized between zero and one.

Results

As a result of the research, more than 1000 input data were considered, taking
into account the upper and lower bounds.

To begin with, we take the lower data in the form presented in Table 2 and
normalize the data in the Python program, at the end we get the normalized data
presented in Table 4.
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Table 4. Normalized lower data from Table 2

0123456789

00.127390 0.181468 0.009618 0.907339 0.054440 0.045911 0.254599 0.127663 0.181468
0.091460
10.091326 0.081866 0.091417 0.909622 0.009096 0.236957 0.255240 0.091690 0.136443
0.028016
20.144079 0.003593 0.251958 0.898245 0.071860 0.045451 0.225100 0.153330 0.062877
0.153420
30.351692 0.501462 0.402005 0.033431 0.016715 0.151441 0.502465 0.285332 0.117008
0.302214
40.294068 0.220111 0.367585 0.733702 0.073370 0.176969 0.265160 0.147914 0.117392
0.221285
50.108482 0.196526 0.147886 0.884366 0.049131 0.049721 0.246247 0.197214 0.098263
0.177659
60.222798 0.296274 0.371084 0.666617 0.029627 0.104585 0.400859 0.267684 0.118510
0.149322
70.313123 0.281248 0.032187 0.546871 0.046875 0.438278 0.391560 0.282342 0.124999
0.282498
80.254030 0.253018 0.608507 0.253018 0.075905 0.052122 0.507553 0.255042 0.202414
0.255042
90.320663 0.319810 0.427479 0.213206 0.149245 0.598044 0.065241 0.193378 0.234527
0.300195

Next, we take the upper data from Table 3, we also run it through the Python program and get the
normalized data in Table 5.

Table 5. Normalized upper data from Table 3

0123456789

00.016124 0.159647 0.032121 0.957879 0.070244 0.057664 0.095980 0.092819 0.159647
0.064146

1 0.068066 0.058231 0.064863 0.970519 0.071171 0.019604 0.094043 0.048785 0.152048
0.077900

20.071505 0.003244 0.100737 0.973300 0.064887 0.068326 0.084547 0.078091 0.113552
0.048957

30.230647 0.736892 0.258373 0.230279 0.046056 0.147931 0.276887 0.212501 0.322390
0.185052

40.162456 0.391596 0.011524 0.839135 0.139856 0.106626 0.123465 0.084361 0.223769
0.112332

50.060349 0.190175 0.063550 0.950873 0.072900 0.063582 0.079430 0.079461 0.158479
0.069984

6 0.114089 0.284654 0.159691 0.853961 0.142327 0.097124 0.154055 0.159805 0.227723
0.142782

7 0.016251 0.160905 0.013065 0.965427 0.070798 0.022720 0.080645 0.080678 0.128724
0.080710

8 0.194970 0.295880 0.202834 0.778632 0.194658 0.156194 0.156194 0.117418 0.311453
0.171922
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90.036514 0.289216 0.144970 0.723040 0.361520 0.202813 0.166733 0.174036 0.368751
0.072955

A specialized normalization model is presented in Table 6, where data from such factors as
air temperature, relative humidity and leaf moisture, soil temperature, radiation, wind speed were
included.

Table 6. Custom Model

0123456789101112131415

00.016124 0.159647 0.032121 0.957879 0.070244 0.057664 0.095980 0.092819 0.159647
0.064146 0.018750 0.082031 0.017578 0.019922 0.996088 0.004687

1 0.068066 0.058231 0.064863 0.970519 0.071171 0.019604 0.094043 0.048785 0.152048
0.077900 0.013054 0.054520 0.012286 0.013822 0.998249 0.003839

20.071505 0.003244 0.100737 0.973300 0.064887 0.068326 0.084547 0.078091 0.113552
0.048957 0.023159 0.083372 0.017369 0.022001 0.995831 0.006948

30.230647 0.736892 0.258373 0.230279 0.046056 0.147931 0.276887 0.212501 0.322390
0.185052 0.021014 0.088482 0.017696 0.022121 0.995423 0.007742

40.162456 0.391596 0.011524 0.839135 0.139856 0.106626 0.123465 0.084361 0.223769
0.1123320.023722 0.077097 0.016605 0.021350 0.996329 0.009489

50.060349 0.190175 0.063550 0.950873 0.072900 0.063582 0.079430 0.079461 0.158479
0.069984 0.019278 0.082466 0.016065 0.020349 0.996023 0.009639

60.114089 0.284654 0.159691 0.853961 0.142327 0.097124 0.154055 0.159805 0.227723
0.142782 0.021261 0.083926 0.014547 0.020142 0.995920 0.005595

7 0.016251 0.160905 0.013065 0.965427 0.070798 0.022720 0.080645 0.080678 0.128724
0.080710 0.023261 0.069784 0.015508 0.021046 0.996918 0.007754

80.194970 0.295880 0.202834 0.778632 0.194658 0.156194 0.156194 0.117418 0.311453
0.171922 0.018402 0.084431 0.017319 0.021649 0.995852 0.006495

90.036514 0.289216 0.144970 0.723040 0.361520 0.202813 0.166733 0.174036 0.368751
0.072955 0.019710 0.077745 0.016425 0.018615 0.996454 0.005475

Normalized data for the striped bread flea obtained by using the normalize()
function. This data is already ready for training. The training of the obtained data
will be carried out in the next research. Thus, we have obtained the results of
normalization.

After normalization, all numeric values in the input features are moved to the
same area of change (a certain narrow range). This combines them into one machine
learning model and guarantees the correct operation of computational algorithms.
For clarity, Figure 1 shows a graph of normalized upper and lower data of a bread
striped flea.
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Fig.1. Normalized data in the range [0..1]

Discussion

When applying the lower bounds from Table 2, the normalized data from Table
4 is larger than from Table 3, where we took the upper data and got the normalized
data from Table 5. That is, the lower the input data, we get a larger normalized data.

Normalization plays an important role for further research in network training.
All pest detection data is ready, that is, it is normalized and ready for training in
a neural network. Data normalization generally speeds up training and results in
faster convergence. Normalizing the input data according to certain criteria before
the training process is crucial for getting good results, as well as for significantly
speeding up calculations. Agricultural research has profited from technological
advances such as data mining, automation.

Conclusion

So, to achieve the goal is to determine the factors and indicators for the
normalization of input data, for use in predicting the growth dynamics of the striped
flea on the basis of an analytical system to increase productivity. Such tasks were
implemented as in the first task: identifying factors and collecting numerical data to
identify the pest, which will serve as data for machine learning. We collected data,
identified the main factors for the detection of the striped bread flea. The fields of
Northern Kazakhstan were studied from 2011 to 2021 and the results are shown
in Table 1. The second task was to normalize the collected data for use in neural
network training. Of all the collected data, the normalization indicated in Tables 3-6
was described and carried out.

As a result, the goal of the research was achieved and optimal normalized
data were obtained for further training data in a neural network to predict the pest
population. The continuation of this research will be work on creating a neural
network model.
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