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APPLICATION OF ARTIFICIAL NEURAL
NETWORK TECHNOLOGY FOR PREDICTION
OF SUNFLOWER HARVEST LOSSES

Introduction. The current stage of economic develop-
ment is characterized by digitalization. Digital technolo-
gies in crop production occupy leading positions in agro-
cybernetics [1].

The digitalization of society has brought to the fore
new methods of studying development processes, among
which a significant role is played by deep learning and its
most successful methods such as artificial neural networks
[2-8].

Artificial neural networks (ANNSs) have gained popu-
larity an effective tool for offering solutions to a wide va-
riety of different case studies of biological and agricultur-
al background. Their effectiveness emanates from their
ability to model complex relationships between observa-
tion data from sensors and predicted variables without
relying on assumptions about the model structure hence
they can predict the real nature of the nonlinear relation
between input and output data [3]. Yield prediction is a
major challenge in precision agriculture, closely associat-
ed to the adoption of best management practices, crop
pricing and security. Various techniques and methodolo-
gies have been developed to predict crop yield in agricul-
ture.

Yield forecasting requires control of many parameters,
including Moisture Content pH, Soil Organic Matter, To-
tal Nitrogen and Organic Carbon, which complicates the
forecasting process [3].

The purpose of this paper is to find out and substantiate
the possibility of predicting the probable loss of the sun-
flower crop by the farmer based on the analysis of the dis-
tribution of the vegetation index in the field.

Our hypothesis is that the distribution of the vegetation
index significantly affects the percentage of losses, of
course, with additional parameters.

Let us consider the use of ANN (artificial neural net-
works) to predict yield loss based on the analysis of
changes of vegetation index of sunflower. Very often
there is a need to accelerate the ripening of sunflowers by
desiccation (desiccation - pre-drying of plants in order to
accelerate ripening and facilitate harvesting). Especially
when there is uneven plant development in the field.
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This is often due to weather conditions during sowing, when there is a lack of moisture in the area of
seed germination. In areas with drier soils, the plants often sprout later after the rains.

Or there is a difference in soil temperature, which in early spring depends on the terrain. Somewhere
it warms up faster, somewhere slower. As a result, the seedlings appear in places with better heating earli-
er, and in others later. To balance the ripening process and reduce losses during harvest, desiccation of
crops is carried out. And here the farmers face a dilemma: to do desiccation and spend extra money or not
to do and save, because the possible losses are not worth the extra investment in the technological opera-
tion. In order to estimate the losses in different regions of Ukraine, data on losses from under the combine
were collected in areas with different levels of vegetation index [1]. As data for the analysis measurements
of indicators of set of fields with sunflower are chosen (fig. 1).

NDVI-0-0,3. -
NDVI-0,3-0,5.
NDVI-0,5-0,7.

o NDVI0-0,3: 47.414376 , 35.095244
e NDVI0,3-0,5: 47.41424 | 35.09459¢
o NDVI0,5-0,7: 47.414308 , 35.0940C

FIG. 1. The level of sunflower ripening in one field in areas with different levels of vegetation index (NDVI), Zaporozhye
region, 2021
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To determine the losses in areas with different vegetation indices, special frames were laid out, from
which the lost and shed sunflower seeds were removed after the combine was passed, weighed, and the
losses per hectare were counted (fig. 2).

Touxa 1 (NDV1 0,50-0,70) Touxa 2 (NDV1 0,33-0,50) Touxa 3 (NDVI 0,00-0,33)
47.308482. 34.086573 47306034, 34.086502 47.306191, 24.088263

FIG. 2. The process of determining losses during harvesting, Zaporizhzhia region, 2021

Such investigation has been conducted in more than ten fields in different regions, on different back-
grounds of vegetation indices and potential sunflower yields. There were also differences in grain mois-
ture at the beginning of harvest. Processing by the method of normal correlation in this case did not give a
clear answer regarding the construction of the formula for the dependence of parameters. What is the for-
mula for the dependence of losses on the difference in the value of the vegetation index? If we take each
individual experiment, there was an almost linear dependence of losses on the value of the delta indices in
different areas. But it is difficult to calculate the exact formula of this dependence for the whole data set
from all plots, because there are many different input data: different values of indices, different back-
ground of total yield, seed moisture, combine brands, different hybrids and more. Data for analysis are
given in the table below (table 1).

Results

The influence of parameters that characterize the harvest on its losses is, but a clear regression rela-
tionship can not be built. Therefore, the technology of artificial neural networks is used to build the model.
The model is formed in the form of an algorithm at the input of which input parameters are given (value of
vegetation index at the beginning of the study, change of index value during the study period, seed mois-
ture in the accounting area, percentage of study area from field area), at the output we get the percentage
of possible crop losses (fig. 3). The algorithm is automatically translated into a program in the C ++ pro-
gramming language (or another programming language), which allows in practice to model the farmer's
possible crop losses depending on his actions in relation to growing crops.

Data Choice of Data Model )
Input in- preparation, type of download, building, Modeling,
formation = normalization =1 artificial =4 training Y model export loss
neural and to C ++ forecasting
network network

FIG. 3. General scheme of the method of forecasting crop losses
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The input data are presented in the form of a table: the value of the vegetation index at the beginning
of the investigation, the change in the index for the investigation period, loss (kg) per 1 ha, seed moisture

in the accounting area, percentage of yield losses field area.

TABLE 1
Vegetation index Change the value of Crop Seed moisture in Crop Percentage of
at the beginning of | the index during the losses, the accounting losses % study area from
the investigation investigation period kg/ha area, % ha field area, %
1 2 3 4 5 6

0.16 0.09 40.80 12.1 1.48 13.7
0.25 0.03 60.4 12.7 2.20 79.7
0.28 0.06 56.6 12.2 2.06 6
0.13 0.06 132 9.5 3.27 10
0.13 0.06 91.7 10.8 2.27 28.67
0.19 0.03 76.5 10.5 1.89 54.94
0.22 0.12 297 131 7.35 16.31
0.13 0.06 227.3 9.3 6.89 11.1
0.13 0.06 125.4 7.5 3.80 9.2
0.19 0.03 99 8.8 3.00 51.81
0.22 0.12 171.6 10.7 5.20 24.25
0.19 0.06 57.2 8.2 1.91 52.82
0.25 0.03 77 8.7 2.57 29.58
0.28 0.15 96.8 9.9 3.23 11.01
0.07 0.12 30.3 9.1 0.81 35.63
0.19 0.06 132 9.4 3.52 38.02
0.25 0.09 189.8 9.7 5.06 23.88
0.22 0.03 63.3 5.5 3.00 3.7
0.25 0.09 2.8 6.5 0.13 84.1
0.34 0.09 5.5 8 0.26 12.2
0.22 0.09 93.5 7.1 3.60 24.88
0.31 0.06 71.5 8 2.75 50
0.37 0.12 33 9.4 1.27 25.12
0.31 0.09 44 10.1 1.42 13.22
0.25 0.06 44 8 1.42 37.48
0.19 0.06 165 7.3 5.32 49.3

0.2 0.1 24.2 6.9 0.83 43.94

0.3 0.1 11 6.4 0.38 33.67

0.4 0.1 37.4 4.2 1.28 21.42

0.3 0.1 116.6 10.1 3.62 20.29

0.2 0.1 105.6 9.7 3.28 51.25

0.1 0.1 173.8 8.1 5.40 26.55

0.3 0.1 123.2 10.9 3.83 7.39

22

ISSN 2707-4501. Kibepnemurxa ma xomn'tomepni mexronoeii. 2022, Ne 1




APPLICATION OF ARTIFICIAL NEURAL NETWORK TECHNOLOGY FOR PREDICTION ...

Continuation of Table 1

1 3 5 6
0.2 0.1 125.4 9.4 3.89 70.1
0.1 0.1 202.4 8.1 6.29 19.33
0.19 0.09 151.8 10.1 4.40 15.72
0.16 0.03 136.4 8.4 3.95 39.07
0.1 0.06 112.2 7.7 3.25 43.45
0.19 0.09 121 9.7 4.13 8.95
0.16 0.03 112.8 8.3 3.85 63.3
0.1 0.06 99 8.2 3.38 27.4
0.43 0.09 330 18 10.31 8.9
0.37 0.06 151.3 15 4.73 53.03
0.25 0.12 82.5 10 2.58 38
0.5 0.1 185.9 16 6.00 7
0.4 0.1 110 15 3.55 57
0.2 0.2 55 10.5 1.77 35
0.5 0.2 103.4 14.9 3.34 8.03
0.3 0.2 50.6 12.2 1.63 84.34
0.01 0.29 35.2 10.3 1.14 6.16
0.7 0.2 41.8 13.7 1.59 42.96
0.5 0.2 46.2 10.3 1.76 55.67
0.3 0.2 41.8 9.1 1.59 1.37
0.28 0.03 45.3 4.2 1.44 7
0.37 0.03 82.7 10.8 2.64 85.9
0.4 0.03 101 10.9 3.22 7.1
0.31 0.03 63.4 4.9 1.62 14.2
0.37 0.03 66.9 7.7 1.66 78
0.43 0.03 87.1 13.2 2.11 7.2

To construct a model based on an artificial neural network, we use classification algorithms that pro-
vide better statistics [2-8]. To do this, in the input table, divide the percentage of yield loss by the corre-
sponding number of so-called deciles (in descriptive statistics, the decile is any of the nine values that di-
vide the sorted data into ten equal parts, so that each part is 1/10 samples or aggregates) to which the neu-
ral network will include the results of losses (fig.4). Thus, we move from determining the absolute value
of the percentage of crop losses to determining the appropriate class (decile), which simplifies the proce-
dure for establishing weights in an artificial neural network and provides an appropriate (reasonable) sta-
tistical justification for the determination algorithm.

Before data can be entered into the network, it must be prepared in some way. It is also important that
the source data can be interpreted correctly.

The variety of neural network models and the many parameters that need to be set (network size,
learning algorithm parameters, etc.) can be problematic. Therefore, it is better to consider an ensemble of
models and choose the best one.

There are automated neural network systems that can automatically search for the appropriate net-
work architecture of any complexity and compare network performance.
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FIG. 4. Histogram of the distribution of the percentage of sunflower yield losses by deciles

Investigations have shown that the best statistical approximation is the model of ANN, which pro-
vides predictive values (table 2).

TABLE 2
case class target class - model Output
1 2 3
1 2 5
3 2 2
4 4 2
5 3 2
8 7 2
9 4 7
10 3 3
11 5 4
12 2 4
13 3 3
14 3 2
17 5 4
19 1 1
20 1 2
22 3 2
23 1 1
24 2 4
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Continuation of Table 2

1 2 3
25 2 2
26 6 6
29 1 1
30 4 4
32 6 7
33 4 4
34 4 4
35 7 7
36 5 4
37 4 2
39 4 5
42 10 10
43 5 5
44 3 4
45 6 4
46 4 4
47 2 1
48 4 4
49 2 2
50 1 1
51 2 2
52 2 2
53 2 1
54 2 2
57 2 2
58 2 2
Inconsistent deciles of values are marked in red.
The values of statistics in this case are given in the Table 3.
TABLE 3
Vegetation index at the begin- | Change the value of the Seed moisture in the
ning of the investigation index during the investi- accounting area, %

gation period

Standard deviation

(Validation) 0.091016 0.033780 2.53000

Neural network learning outcomes can be applied to new datasets (for forecasting) in several ways:
you can save trained networks and then apply them to a new dataset (for forecasting, classification or fore-
casting); you can use a code generator to automatically generate program code in a programming language
(C ++, C #, Java, etc.).

An example of a crop loss forecasting program (in the C ++ programming language) is shown below
in fig. 5 (based on Table 1).
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Enter values for Continwous inputs (To skip a continwous input please enter —999

Input—0OCpochatok>: 0.2
Input—1<zmina>: 0.1
Input—2<vologist>: 7
Input—3<proc_polyal: 20

Predicted category = 2
Confidence level = 0.36686851737693

Press any key to make another prediction or enter 0 to guit the program.

‘ L.

FIG. 5. Screenshot of the program in the C ++ programming language, which predicts the loss of sunflower harvest

Variable pochatok corresponds to the value of the vegetation index at the beginning of the investiga-
tion, zmina is a change the value of the index during the investigation period, vologist is a seed moisture
in the accounting area, proc_polya is a percentage of study area from field area, Predicted category is a
decile to which the program attributed crop losses.

The paper raises questions for further research:

- data preparation: how many classes to divide the initial values of crop losses,

- how losses are affected by various factors influencing the vegetation process, such as desiccation,

- what additional factors need to be included to improve the loss forecast,

- whether it is possible to extend this technique to other crops, such as corn.

The future investigations will be devoted to these questions.

Conclusion

The paper substantiates the possibility of forecasting the probable loss of sunflower harvest by the
farmer on the basis of the analysis of the distribution of the vegetation index in the field and constructs a
forecasting method (forecast model).
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3acTocyBaHHS TEXHOJIOTII INTYYHUX HePOHHUX Mepesk Il IPOrHO3YBAHHS BTPAT BPOKal0
COHSIIIHUKA

Y TOB «Cunzenma»

2 Kuiscoruil nayionanvhuii ynieepcumem imeni Tapaca Illesuenxa
SHTYY «KIIl im. Izopsa Cikopcbkozo»

* Jlucmyeanns: viola.tret@gmail.com

Beryn. L[IquHi HeliponHi mepexi (IIITHM) 3aBoroBaiu MOMyNAPHICTD SIK €¢CKTHBHHﬁ IHCTpYMEHT IIpo-
TOHYBAHHs PIllICHb JUIsl LIMPOKOTO CHEKTPY Pi3HOMAHITHUX 6i0NOrYHUX JOCIIIKEHb Ta CLILCHKOTOCIOAAPCh-
Koi c;’pepn Txns eq)eKTMBI-nch BUILIMBAE 13 3710HOCTEH MOJENIOBATH CKJIA/IHI 3B’ SI3KM MiX JAaHUMU crioctepe-
JKEHb i3 JaTYHKIB i TPOTHO30BAHIMH 3MiHHIMH, HE MTOKJIAJAf0YHCh Ha MPUITYIIEHHS MOAO0 CTPYKTYPH MOJEITI.
OTXe BOHH MOXYTh Nepef0aduTy peasibHy MPUPOLY HENiHiHHOrO BiTHOIIEHHS MK BXiIHUMHU Ta BUXiAHHUMU
JaHuMH. [IporHO3yBaHHS BPOXKAHHOCTI € CepHO3HOIO 3aJadelo B 3eMIIEPOOCTBI ITOB'S3aHOI0 3 TPHIHATTAM
HaMKpaIluX METO/IIB yIIPABIIiHHSI, I[IHOYTBOPCHHS Ta OE3MEKH.

J1s pOrHO3yBaHHS BPOXKANHHOCTI CIIbCHKOTOCIIONAPCHKUX KYIBTYpP PO3POOICHO PI3HOMAaHITHI METOU Ta
METOAVKH Y CLIBCBKOMY rocronapcTsi. [IporHo3yBaHHS BpOXKaHHOCTI BUMarae KOHTPOMIO 3a OaraThbMa Iapa-
MeTpaMmH, BKII04aouu pH BMICTy BOJIOTH, OPTraHiYHUM CKJIad I'PYHTY, 3arajbHUM a30T Ta OpraHiuyHUI ByTJIelb,
IO YCKJIAJHIOE IPOLEC IPOrHO3YBaHH.

Merta. 3'scyBaTtu Ta OOIPYyHTYBaTH MOKJIUBICTH MPOTHO3YBAaTH iMOBIpHi BTpaTH (epMEpPOM BPOXKAIO CO-
HSIIHAKA HA OCHOBI aHATI3Y PO3MOALTY IHAEKCY BereTamii Ha IToJIi.

Pe3yabTaTn. Brimus napameTpis, 0 XapaKTepU3yIOTh ypoxkail, Ha 10ro BTPaTH €, aje 4iTKy perpeciiHy
3aJIeKHICTh MOOYTyBaTH HEMOXIIMBO. ToMy Ut TOOYTOBM MOJEN BHKOPUCTOBYETHCS TEXHOJOTIS MITYYHHUX
HEeHpOHHUX Mepex. Moaens GopMyeThesl y BUTTISIIAIL allTOPUTMY, HA BXOJI SIKOTO 3aJal0THCS BXiAHI MapaMeTpu
(3HaueHHS BeTeTaIHOTO iHAEKCY Ha OYaTKy JOCHTIIKEHHS, 3MiHA 3HAYCHHS 1HACKCY 3a Mepiof TOCIiKEHHS,
BOJIOTICTh HACiHHS Ha CIIOCTEPEXKyBaHil IUISHII, BiICOTOK CIIOCTEPEKYBAHOI IJIOIII BiJ IUIOLII IOJIS), HA BU-
XOJll OTPUMYEMO BiICOTOK MOXKJIMBUX BTPAT BPOXKat0. AITOPUTM aBTOMAaTHYHO TPAHCIIOETHCS B IPOrpaMy MoO-
BOIO nporpamyBanHsi C++ (a0 iHIIIOK MOBOKO MPOTpaMyBaHH:), IO TO3BOJISE HA TPAKTHIII MOJICIIOBATH MO-
XKIIMBI BTPaTH BpoxkKaio (epmepa 3aeKHO BiJf HOTO Miif 00 BUPONIYBAaHHS CLTBCHKOTOCIONAPCHKIX KYIBTYP.

Ki11040Bi cj10Ba: COHAIIHNK, MAIIMHHE HAaBUaHHS, IITYYHI HEHPOHHI MepesKi, IPOTHO3HA MOJEIb.
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