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DESIGNING A CONCEPTUAL MODEL OF
AN ANALYTICAL SYSTEM THAT AUTOMATES
THE FORECASTING PROCESS IN AGRICULTURE

The study of the subject area and the creation of a conceptual model
are important steps in the development of any system, as they help to
determine the requirements, functionality and structure of the system, as
well as establish a common vision of the project before its
implementation. Automation of agriculture requires the development of
analytical systems to predict the growth of pest populations, which in turn
involves the study of the subject area and the presentation of a conceptual
model for the analytical system. The solution to this problem will help
automate the work of scientists in the field of agriculture in calculating
and predicting the growth of the number of pests of grain crops.

The review of existing conceptual models in various fields of activity,
especially in the agricultural sector, is carried out. System requirements
have been put forward to ensure high efficiency and reliability of the
System.

Keywords: conceptual model, analytical system, forecasting,

agriculture, pests, bread striped flea.
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Introduction

In the era of intensive development of IT technology, much attention is paid
to the development and design of systems that ensure consistency in the sequence
of technology applications. The main component of system design is system
modeling. Modeling helps to create an abstract representation of the system,
including its components, relationships, and processes. Modeling also helps to
avoid mistakes at an early stage of development. Creating a model allows you to
better organize the development process, determine the sequence of work and
manage resources more efficiently. System modeling includes a conceptual,
logical, and physical model of the system. The conceptual model should illustrate
the most important concepts of the problem area and demonstrate the relevant
aspects [1, P. 1-14].

All systems, when studying the subject area and for a full understanding of
it, need to design a conceptual model, the diversity of areas, including the
ecosystem, covering this process is shown by the work of scientists, including
systems such as flood damage assessments in large cities using representative
factors such as rainfall intensity and the intensity of natural disasters floods
[2, P. 1-11], a mangrove ecosystem degradation system for remote sensing,
where the gap between satellite-derived variables and ecosystem degradation is
eliminated through clear ecological linkages [3, P. 1-19]. The conceptual model
was created for the system of determining the mathematical dependence of the
groundwater flow in the lake, as well as the interaction of surface and
groundwater [4, P. 1-12]. A conceptual model has also been proposed, which
highlights important independent and dependent variables for groundwater
quality management in northern Iran. The conceptual model of the groundwater
quality determination system shows the interaction of ten factors (types of land
use, lithological units, geological units, distance from wells to outlet, distance to
residential areas, direction to residential areas, depth of groundwater, type of
aquifer, transmission coefficient and population) [5, P. 1-13].

In addition, scientists have proposed a conceptual model as a tool that
creates a clear, formalized and systematic representation of a subject area like
agriculture. Farms where grazing intensity and timing of major production cycle
events are poorly controlled have led to the development of a diagnostic support
system for environmental intensification in natural meadows, systems to improve
the production and environmental performance of most calf farms in Uruguay
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[6, P. 1-11], a ciguatoxin loading system in the Greater Caribbean region that
uses empirical field data (temperature, Gambierdiscus cell density, macrophyte
cover) to obtain simulation results [7, P. 1-13]. In the agricultural sector,
scientists [8, P. 89-102] have proposed a conceptual model based on impulse
differential equations to describe the dynamics of populations of susceptible and
resistant pests over time. Researchers [9, P. 57-80] synthesized the available
literature on a conceptual model of arthropod pest control strategies suitable for
organic systems.

By the authors [10, P. 313-356], the presented model was based on the
metaphor of a cube and supports geometric shapes and corresponding
membership values, which provided a more expressive representation of vague
spatial data, in which the application of pest control in agriculture was
successfully described.

The model reproduces the properties of the system observed in field studies
and shows under what conditions diametrically opposite hypotheses about plant
viability and plant stress are confirmed [11, P. 1-12]. A conceptual model based
on impulse differential equations was proposed [12, P. 71-82] to describe the
dynamics of populations of susceptible and resistant pests over time.

It can be seen from the studied scientific sources that these studies help to
develop a conceptual model for system automation, for software development,
and various applications in different areas of human activity, in particular
ecology, agriculture, and economics [13, P. 1-17], [14, P. 1-18].

The subject area, which uses information systems, applications, and
software in its development in general, has a wide range of human activities,
including medicine, in which scientists [15, P. 149-160] have shown the
application of a conceptual model for an application describing the relationship
related to clinical car.

One of these ranges of human activity is agriculture. For the comprehensive
diagnosis, treatment and protection of plants from diseases and pests of corn, a
conceptual model of an expert mobile application for pest and disease control
has been developed [16, P. 1-8].

In the textbooks of A. P. G. Brown, P. Chen and other authors of the 60s
and 70s, a conceptual model of the domain was proposed, representing the result
of its object decomposition or ER model. The authors [17, P. 1-5] proposed a
conceptual software model where, based on user stories, the flexibility of
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software development is determined, offering the decomposition of models using
UML diagrams. In research [18], using the flexible method, a model was shown
that can generate various variants of requirements. [18, P. 1-10].

The purpose of this research is to create a formalized and systematized
representation of an analytical system for predicting the growth rates of crop
pests using a conceptual model. To achieve the goal, the following tasks were
set: a) to develop requirements for the design of a conceptual model; b) to
develop a conceptual model of an analytical system for pest forecasting.

All the actual material requires automated viewing and analysis in order to
optimize the process and perform specific production tasks. In this study, an
automated pest prediction system is based on machine learning. By using
automated pest control systems, farmers can minimize labor costs, save time and
reduce crop risks.

As a result of the development of any system, the problem arises of the
correct organization of the interaction of system objects, which leads to the study
of the subject area and the design of a conceptual model.

Methods and materials

In carrying out this study, such theoretical methods as analysis and
synthesis, as well as modeling were used.

Analytical methods [19, P. 1-14] used at the stage of forming a conceptual
model contribute to increasing the reliability of data in substantiating the model
being developed. One of the main analytical methods that has found application
in the formation of a conceptual model is the method of system analysis.

Analyzing the current state of creation of conceptual models it is revealed
that for forecasting and operational management of agricultural production,
additional accounting and retrospective information on the yields of relevant
crops is provided.

One of the main analytical methods used at the stage of conceptual model
formation is also the method of statistical data analysis. The essence of this
method is to collect statistical data on the object of study, then quantify the
presence or absence of dependencies between the obtained data, and then use the
identified dependencies for their mutual linkage within the conceptual model.

In the process of developing an analytical system for predicting the growth
of the number of pests of grain crops, all stages of software development were
followed. At the first stage of this study, the subject area was studied, that is, data
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on pests of grain crops, in particular bread fleas, the causes of their spread
(reproduction), factors influencing the growth of their numbers, which include
location (regions of the Republic of Kazakhstan), soil, climate, and the number
of distributions in previous years were studied. In the Republic of Kazakhstan,
grain crops are privately grown in the northern, eastern and central regions of
Kazakhstan and less often in the southern ones. In the course of the study,
consultations were received from scientists in the field of phytosanitary
forecasting of population dynamics of pests of grain crops. The harmfulness of
bread fleas will largely manifest itself in dry, hot weather during 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 wither. Early crops
are damaged more than later ones. Hence, the factor contributing to the
development of the pest is a severe damage to plants by root rot. The next factor
is the influence of the weather and climatic conditions of the growing season.

Hence, having studied the subject area, predicting the growth of the number
of pests of grain crops, in particular the bread flea. In the conceptual model, the
structural approach describes the structures of objects and their relationship. To
develop a requirement for the design of a conceptual model, you should first
answer a few questions:

1 Why do we need a conceptual model?

2 What will the conceptual model include?

3 What will the conceptual model look like?

Having received answers to these questions, it is possible to build
requirements for a conceptual model of an analytical system for predicting the
growth of the number of pests of grain crops.

The conceptual model development stage considers the sequence of actions
to obtain a forecast of the number of bread flea growth. At the beginning of the
project, data are collected from the RSU "Republican Methodological Center for
Phytosanitary Diagnostics and Forecasts” on the number of density of striped
fleas per m? in 8 regions of Kazakhstan. In addition, climatic indicators are
obtained from the hydrometeorological center. All the received data is processed
and presented in one tabular format (EXCEL databases). An EDA analysis
(exploratory data analysis) is carried out, finding patterns in them and correlating
between features (data). The result of the EDA analysis is the calculation of
statistical values and the identification of the average, maximum, minimum
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values of all quartiles (25 %, 50 %, 75 %) by all indications. Correlation matrix,
dependency graphs. After the EDA analysis, an experiment is conducted to
compare the results of using standard forecasting models (linear regression,
gradient boosting, random forests, machine learning). Before the experiment,
the processed data was normalized. The normalized data will serve as indicators
of the input data, on the basis of which a data interaction matrix is created. The
data is normalized through the Python StandardScaler library and is called from
sklearn. A neural network is selected from standard forecasting models, with the
help of which data is trained. After training the data, the result is visualized
through an analytical system.

Results and Discussion

Requirements for the design of a conceptual model

The answers to the questions that will help to develop requirements for the
design of a conceptual model of an analytical system will be as follows:

1 A conceptual model of the system is needed to visualize the complete
picture of the system and the interaction between the objects of the system and
to eliminate repetitions and errors in the system.

2 The conceptual model will include all objects and their interaction.

3 The conceptual model will be presented graphically using a UML
diagram.

Having answered the questions, you can put forward the following
requirements:

1 When defining the objects of the system, take into account the type of
objects.

2 The model must include all the intended objects

3 It is necessary to take into account the connections between objects, the
action of objects

4 The model must exclude the repetition of the action of the same object

5 The model should eliminate the looping of the process

6 The model must exclude the incompleteness of the algorithm

7 The model must comply with the principles of consistency, consistency
and accessibility.

8 The model must be flexible so that blocks can be changed or replaced at
any time.
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Development of a conceptual model of an analytical system for
forecasting a pest of grain crops.

The concept of an analytical system describes what a block should have that
trains data every time it is updated. The trained data is stored in the system
database. The data is updated with the annual input of new data on the number
of bread fleas. There are two ways to enter data manually or automatically. The
analytical system provides a forecast for the number of pest growth for the next
year, and provides analytical data for the past year. Indicates one or another factor
that influenced the numerical growth of pests.
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Figure 1 — The conceptual model.

The developed conceptual model (Figure 1) includes 8 interconnected
blocks containing descriptions of objects interacting with each other. The
conceptual model describes the information flow of data, which shows which
objects the analytical system includes. Each object interacts with another object
in one way or another and this is clearly reflected in the model. Clarity in the
execution of the conceptual model gives a clear idea to developers who will be
able to create a full-fledged working system with a user interface based on the
model.

The data flow diagram clearly shows the movement of information from
one object to another, as well as which object operates within which rule. Data

processing requires data on climatic conditions and pests. This data is processed
25



TopaiirsipoB yHuBepcuTeTiHiH Xabapibicel. ISSN 2710-3420. Dnepeemuranvix cepusicor, Ne2. 2024

in the normalization block, where it is converted into vectors, for further
preparation for training. Preparing data for training consists in performing
calculations for forecasting and transmitting them to a neural network. The neural
network, based on the established rules, generates a forecast. Then the
constructed neural network stores the results in a database and offers a choice of
analysis methods. The final stage is the visualization of the forecast and the
selected analysis methods.

The development of a conceptual model of an analytical pest forecasting
system is an important stage in the design of an analytical system. It is worth
noting that the choice of appropriate analysis and modeling methods is crucial
for the successful implementation of an analytical system. In this research, a
review of the scientific literature of the proposed conceptual models for various
systems was conducted, which made it possible to identify optimal approaches
to designing a conceptual model for an analytical system for forecasting pests of
grain crops in agriculture.

The conceptual model in Figure 1 shows objects interacting with each other
in the system. In this conceptual model, all objects and their interaction are
clearly and clearly expressed, how data gets into the system and what happens to
them, which gives the developer a clear understanding of the sequence of
analytical system development, user interface development. The conceptual
model was developed with respect to the above requirements, and therefore the
model is error-free.

The conceptual model meets all the requirements for the design of modern
systems. The sequence of the information flow described in the model indicates
the consistency in the organization of the model.

Finally, the proposed model for the pest forecasting system is an important
tool for improving the efficiency of developers' labor productivity.

Information about financing. This research is funded by the Science
Committee of the Ministry of Science and Higher Education of the Republic of
Kazakhstan (grant no. AP19675312).

Conclusion

As mentioned above, the purpose of this research was to develop a
conceptual model of an analytical forecasting system for the main pest of grain
crops — the bread striped flea (Phyllotreta vittula). As a result, the purpose of the
study was achieved and trained data in a neural network for predicting the
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number of pests was obtained. Accurate and timely identification of the striped
bread flea is an important step in increasing yields and ensuring the sustainability
of agricultural production. The conceptual model is designed to help farmers
mitigate the effects of pest attacks. The proposed model represents a practical
way to predict the dynamics of the pest population.

In the design methodology, the entire development process is divided into
three main phases: conceptual, logical and physical design. In this study, a
conceptual model of an analytical system for predicting the number of pests of
grain crops was presented.

In the future, the results of this study can be applied at the next stage of the
development of an analytical system for forecasting and managing the number
of pests in agriculture.
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Ilondik canamvl 3epmmey dHcoHe MyHColPbIMOAMATBIK, MOOETb KYPY
Ke3-KejleeH — JICYlieHl  0amblmyodabl  MAaWbl30bl  Kaoamoap  60abin
maobwliadbl, OUMKeHi o1ap XHCYUeHily Maianmapvid, QyHKYUOHAIObI2bL
MeH KYpbUIbLMbIH AHbIKMAY2A JICOHE OHbl JiCy3e2e acvlpmac Oypoin
AHCOOAMBIY  JHCATNBL  KO3KAPACHIH — opHamyaa  Keomekmeceli. Aywii
WAPYaQUbLIbIZLIH  ABMOMAMMAHObIPY  3USHKECMep — CAHbIHbIY — OCYiH
0001Cay YWIH AHATUMUKATLIK Jicytienepdi 93ipneydi manan emeoi, 6y 63
Ke3e2iH0e MAKbIPLINMBIK CANAHbL 3epmmeyOi JCOHE AHAIUMUKALBIK,
Jlicytie YWin MyHColpblMOAMAnblK MO0enbOi YCblHyObl Kammuowl. by
MOCENEH] Wewy aybll WapyaubLiblebl CAlACbIHOA2bl 2anbIMOaApOblH
00HOT 0aKbLIOAPObIY 3USAHKECMEPTH AHBIKMAY CAHBLIHLIY OCYIH ecenmey
JHcoHe 60dICaAy Ke3iHoe2i HCYMbICHIH A8MOMAMMAaHObIpyed KoMeKmeceoi.

Op mypiii KblzMem cananapblniazul, ocipece ayblil WAPyaubliblebl
CEeKMOPbIHOA2bl KOJIOAHBICHAZbL MY HCHIPLIMOAMATIBIK MOOETbOepee ULOLY
arcacanovl. JKyuenin acoeapvl muimoiniei Men CeHimMOiNieiH KaMmMAamacol3
ememiH Jicylieze KOUbLIAMbIH MALIanmap Kousliobl.

Obvexminep men 01apovly 63apa OAUNAHBICLIH KAMMUMbIH OOHOI
0aKbLI0apObly  3UsAHKeCmepiH 0odcayea apHAN2AH — AHATUMUKATBIK
JICYUEHIH MYAHCHIPLIMOAMATILIK, MOOeNi YCbIHbLI2AH. TYHCHIPLIMOAMATBIK
MOO0eb ACYUeHTH aneopummoepi Men npUHYUNMepin KAMmuobl.
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Kinmmi ce30ep: — myxculpblMoamansly Mooennb, aHATUMUKATLIK
Jcylie, 6ondncay, ayvll WAPYAWLIIbISH], 3UAHKECMEp, HCONAKMbl HAH
oypeeci.
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[Moctynuno ¢ ucnpasnenusmu 26.04.24,

IIpunsto B nevats 02.06.24.

INPOEKTUPOBAHUE KOHIIENITYAJBHOMN MO/JIEJIN
AHAJIMTUYECKOM CUCTEMBI ABTOMATHU3UPYIOIIEN
MPOILECC IPOTHO3UPOBAHUS B CEJIBCKOM XO3SIICTBE

Usyuenue npeomemnoil obnracmu u co30anue KOHYENnMmyaibHOU
MoOenu ABNAI0OMCS BANACHBIMU Wiazamu 8 papabomie 000U cucmembsl,
HOCKONbKY OHU nomoaaiom onpedenums mpebosanusi,
DYHKYUOHATLHOCMb U CIPYKIMYPY CUCTEMbL, A AKICe YCMAHOBUNb
obwee eudenue npoekma neped e2o peanusayuell. Asmomamuzayust
cenbeKkoeo xo3atcmea mpebyem paspabomiu aHATUMUYECKUX CUCTeM
0151 NPOSHO3UPOBAHUSL POCMA YUCIEHHOCMU 8pedumeneil, Komopas 6
C6010 0uepedb npednonazaem usyyeHue npeoMemuou oobaacmu u
npeocmaesienuss  KOHYeNnmyaibHoi — MoOenu  Oisl  AHAIUMUYECKOU
cucmemvl. Pewenue 0annoi npobiemvl HOMOIICEM A8MOMAMU3UPOSAb
pabomy yueHvix 6 00IACMU CeNIbCKO20 XO03UCMEd npu pacieme u
NPOCHO3e POCMA  YUCIEHHOCMU  GbISIGIEHUST  BPEOUMENiss  3ePHOBbIX
KYIbmyp.

Ilposeden 0630p cyuwecmeylOuWux KOHUENMYaIbHbIX MOOenel 60
DA3HBIX cpepax OesimebHOCmU, 8 ocobeHHoCmU 8
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CeNbCKOXO3AUCMBEHHOM cekmope. Bviosunymor mpebosanus k cucmeme,
obecneuusarougue bICOKYI0 IPHeKmuUeHOCMb U HAOEHCHOCHb CUCTLEMBL.

Ipedcmasnena konyenmyanbHas MOOelb AHAIUMUYECKOU CUCTEMbL
Ol NPOCHO3UPOBAHUSL BPeOUmeNisi  3ePHOBbIX  KYIbMYp, KOMOpasi
sKIIOUAem 00bEKmMbl U UX 83aUMOCE513b Medcdy coboii. Konyenmyanvhas
MOOeNb BKIIOHACH A20PUMMbL U RPUHYUNBL PADOMY CUCTEMBbL.

Kniouegvle cnoea: konyenmyanvhas MOOeNb, AHATUMUYECKAs
cucmema, nPOSHO3UPOBAHUE, CEIbCKOE XO3AUCME0, 8peOumeu, XieOHas
nonocamas 610uKdA.
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