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Objective. The purpose of the article is to optimize the parameters of energy-efficient automated
control of the apple sorting process with the recognition of their varieties.

Methods. In the work, to evaluate groups of closely spaced objects and extract apples from a set
of options to be selected from the general flow, multi-criteria selection methods were used, namely:
lexicographic, ideal point, selection by the main criterion, convolution. specific criteria.

Results. It is noted that today it is difficult to imagine the functioning of any technological
facility, including food sorting processes, without an automated control system. Enterprises must
not only ensure the safety and sustainability of technical processes, but also constantly improve
their economic efficiency. It is believed that the automation of sorting processes is one of the most
relevant areas in the food industry. However, so far the sorting process has not been considered
holistically, taking into account the methodological, theoretical and technological components.
Therefore, one of the main ways to improve the efficiency of the technological process is, of course,
the improvement of technology and modes of technological processes at the enterprise. Attention is
focused on the fact that significant effects can be achieved by improving automated process control
systems by including in their structure the system of the intellectual component of the mathemati-
cal apparatus operating on the basis of fuzzy logic algorithms, neural networks, etc. A compre-
hensive analysis of the methods of multi-criteria choice was carried out, namely: lexicographic,
ideal point, selection of the main criterion, convolution of particular criteria. It is believed that
automatic sorting methods are based on the formation of systems for selecting suitable parameters
Jfor solving object recognition problems. When qualitatively-quantitatively assessing the criterion
of interfixation and selection of apples on the sorting device, the following characteristics are
taken into account: size (d), weight (m), color (g). In this case, the centers of image fragments are
located at points that correspond to the predicted coordinates of a given object, that is, they are
identified using discriminant functions. Based on a comprehensive analysis, an algorithm is pro-
posed with the inclusion of an intellectual component of a mathematical apparatus in the structure
of the system, working on the basis of fuzzy logic algorithms. The proposed method for automatic
sorting of apples is a promising direction for improving technical and economic indicators in food
production.

Key words: sorting, automation, parameter optimization, sorting attachments, technological pro-
cesses, apple, methods of rich-criteria selection, algorithm, grub industry.
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Formulation of the problem. Today it is quite difficult to imagine the functioning of any tech-
nological facility without an automated control system, including the processes of sorting food
products. Enterprises are forced not only to ensure the safety and sustainability of technological
processes, but also to constantly improve their economic efficiency.

Of course, one of the main ways to improve the efficiency of technological processes is to
improve the technology and modes of technological processes at the enterprise [1]. A significant
effect can be obtained by improving automated process control systems with the inclusion in the
structure of the system of the intellectual component of the mathematical apparatus operating on
the basis of fuzzy logic algorithms, neural networks, etc. To separate the control algorithm for the
apple sorting process, it is necessary to analyze the technological process, determine the place of
the mathematical apparatus in the structure of the process control system.

Analysis of recent research and publications. Making an assessment between groups of closely
spaced objects that must meet quality indicators is quite difficult. Therefore, it is advisable to use
the methods of multi-criteria selection to extract apples from a variety of options to be selected
from the general flow. The choice of the optimal variant requires consideration of appropriate ap-
proaches to solving the problem of sorting apples, including lexicographic, ideal points, the meth-
od of analyzing hierarchies, highlighting the main criterion, convolution of partial criteria, etc.

According to the lexicographic approach, in multicriteria optimization problems, both in a
clear [2] and fuzzy [3] setting, first, particular criteria are ordered according to their degree of im-
portance, and then each individual criterion is sequentially optimized from the most important to
the least significant. The disadvantage of this group of methods is the ability to take into account
only the fact of the advantage of one criterion over another, however, the degree of prevalence in
this case is not taken into account, which can lead to an unjustified narrowing of the set of alter-
natives.

The application of the method of selecting the main criterion [4, 8, 9] is expedient if one of
the particular criteria significantly exceeds the others in importance. In this case, the main crite-
rion is considered the only one. The use of this approach when forming the management of the
process of sorting apples is not advisable due to the lack of sufficiently significant advantages of
private criteria, as well as the need to use special methods to justify the limiting values of private
criteria in the process of converting them into restrictions.

Objective of the article — optimization of parameters of energy-efficient automated control
of the process of sorting apples with recognition of their varieties.

Presentation of the main study material. Automatic sorting methods are based on the for-
mation of a system for selecting appropriate parameters for solving object recognition problems.
When forming a qualitatively quantitative assessment of the criterion for interfixation and selection
of apples on a sorting device, the following features are taken into account: size (d), weight (m),
color (g), (fig. 1).

Specific areas of the image containing apples with specified characteristics are scanned.
In this case, the centers of the image fragments are located at the points corresponding to the

(]
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device

Figure 1 — Features of sorting apples 1 — apple to be selected; 2, 3 — location options
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predicted coordinates of the given objects. Recognition of apples is carried out using discri-
minant functions.

x=(x, %, o x) L, ()

where n — is the measuring vector of apple features.

Figure 2 — The result of scanning some areas of the image flow of apples

Having W image classes W, W, W, the recognition problem can be formulated as follows:

you need to find W from functions d,(x), d,(x), ..., d (x) that have properties such as i image x
belonging to the class w, , then
di(x)=d j(x),j=1.2,.. W, j#1i. )

An unknown image x is assigned to the i-th class if, during the substitution of x in all discrimi-
nants of the function, the value will have the greatest value di(x) [5]. The distribution surface be-
tween classes W, and w.is the set of values x for which d; (x)= d;(x) or the set of vectors x for which
di(x) — di(x) =0. The dlistribution surface between two classes can be described by a single function

dij(x) = d; (%) — d;(x) = 0, (3)

where dj;(x) > 0 — for class images W; dj;(x) <0 — for class images.

Finding the corresponding functions requires estimating the parameters of images that are
representative of the given class. Feature vectors can be constructed based on quantitative descrip-
tors for regions or boundaries. If the boundary is described using Fourier-descriptors, then the
value of the i-th descriptor becomes the value X, that is, the i-th component of the feature vector.
Let each class be defined by its averaging vector m;, that is, the average value from the set of the
given class is used as a representative (prototype) of the given class of vectors

1
m,=— x, j=12,...W
J N Z -] 5

J xewj

4

ae Nj — number of class images w,; W — number of image classes.

It is advisable to use the ability to reproduce an unknown image with a vector x to a certain
class by choosing the class that has the prototype closest to the vector x. In this case, when using
the euclidean distance as the degree of image density, the problem will be reduced to calculating
the speed.

D) :Hx—ijj:I,Z,...,W. )

Afterthat, the studied image will belong to the class w,and will have the smallest distanceDj(x).
Therefore, the highest match will be determined based on the minimum distance to the prototype.
If instead of one vector there are many feature vectors represented as rows of the matrix X, then
you should get a matrix D, an element D (I, J), which will be equal to the euclidean distance from
the i-th vector with X to the j-th prototype with M [5, 7]. In this case, in order to determine the
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class of the i-th image from X, it is enough to find the column number in row i of the matrix X,
which has a minimum value. It follows from this that the choice of the shortest distance will be
equivalent to the described function

1
d j(x) =mej—§m§mj’J =1,2,...W (6)

assignment of x to the class W, occurs at the highest value d;(x). The separating surface between
classes w, and W, in the case of a classifier with a minimum dlstance is given by the equation

dU(X) d(X) d](X) X (ml mj—%(ml mj) (ml m]) 0 7

The surface given by this equation is perpendicular to the connecting segment m, and m,
passes through its midpoint. The above algorithm operates with the size, weight, color of apples
during the sorting process on the sorting device.

Therefore, a significant effect can be achieved by improving automated process control sys-
tems by including in their structure the system of the intellectual component of the mathematical
apparatus operating on the basis of fuzzy logic algorithms, neural networks. It is proposed to scan
certain areas of the image containing the desired apples according to the specified characteristics.
When qualitatively-quantitatively assessing the criterion of interfixation and selection of apples
on the sorting device, the following characteristics are taken into account: size(d), weight(m),
color(g). In this case, the centers of image fragments are located at a point corresponding to the
predicted coordinates of a given object, which is identifiable using discriminant functions. An al-
gorithm is proposed with the inclusion in the structure of the system of an intellectual component
of a mathematical apparatus operating on the basis of fuzzy logic algorithms.

Conclusions. Automation of sorting processes is one of the most relevant areas in the food
industry. However, so far the sorting process has not been considered holistically, taking into ac-
count the methodological, theoretical and technological components. Therefore, one of the main
ways to improve the efficiency of the technological process is, of course, the improvement of tech-
nology and modes of technological processes at the enterprise.

It is believed that automatic sorting methods are based on the formation of systems for select-
ing suitable parameters for solving object recognition problems. When qualitatively-quantitatively
assessing the criterion of interfixation and selection of apples on the sorting device, the following
characteristics are taken into account: size(d), weight(m), color(g). It is proposed to scan certain
areas of the image containing the desired apples, according to the specified characteristics. In this
case, the centers of image fragments are located at a point corresponding to the predicted coor-
dinates of a given object, that is, they are identified using discriminant functions. On the basis of
a complex analysis, an algorithm is proposed with the inclusion of an intellectual component of
a mathematical apparatus in the structure of the system, working on the basis of fuzzy logic algo-
rithms. The proposed method of automatic sorting of apples is a promising direction for improv-
ing the technical and economic indicators of food production.
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Mema. Memoro cmammi € onmumizayis napamempie eHepeoeheKmueHo20 aemomMamu308aHo-
20 KepyBaHHs NPOUECOM COPMYBAHHs A0NYK i3 PO3NIZHABAHHAM IX pi3HOBUODIE.

Memoou. Y pobomi 0as 30ilicHeHHS OUIHKU MidC 2PYNamMu pO3MAalo8aHux WiarbHo 00 exmie ma
BUAYYEHHS S0AVK, 3 MHOJCUHU 8apianmis, SKI nioasearoms 8idbopy i3 3a2anbHo20 NOMOKY, 6y10 3a-
CMOCo8aHo memodu bazamokpumepiaibHo2o eubopy, a came: AeKcukoepagiunuil, ideaibHoi mouKu,
BUODINEHHSA 20108H020 KpUMeDIio, 320pMKU YACMUHHUX KpUmMepiia.

Pe3yavmamu. 3a3naueno, wo cb0200Hi 8ANCKO y8UMU PYHKUYIOHYBAHHS OYOb-1K020 MEXHOA0-
2iMH020 00 °€Kma, 6 Momy HUCAI NPoUecie cOpmyeaHHs NPoOyKmie xap4osux, be3 agmomamu308aHoi
cucmemu ynpaeainua. llionpuemcmea marome He minbku 3ab6e3neuygamu Oe3nexy ma cmiikicmo
mexHiYHUX npouecie, a il nOcMiiHo nideuuiysamu ix eKxoHomiuHy egexmusHicmo. Bsajcaemocs,
Wo asmomamu3ayis npoyecie Copmy8anHs € 0OHUM 3 HAUOIAbU AKMYANbHUX HANPAMKIE ) XapH408iil
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npomucaosocmi. Ilpome doci npouec copmysanus He 6y10 PO32AIHYMO UINICHO, 8PAX08YIOYU MemO-
dos02iuHYy, meopemuuHy ma mexHoa02iuny ckaadogy. Tomy 00HUM (3 OCHOBHUX WASAXIE NIOBUULEH-
Hs egheKkmMUBHOCMI MEXHON02I4H020 npoyecy €, 0e3yMOBHO, YOOCKOHANCHHS MEeXHOA02I] ma pedcumie
mexHoaoeiuHux npoyecie Ha nionpuemcmai. CKOHUeHMPOBAHo y8azy Ha MOMY, W0 3HAYHUX edheKmia
MOJICHA docsiemu YOOCKOHAACHHAM A8MOMAMU308AHUX CUCMEM YAPABAIHHS MEXHOA0IYHUMU NPOYe-
CamMu WASXOM BKAOHEHHS 8 IX CMPYKMYpy cucmemu iHmeaeKmyanbHoi cKaado8oi Mamemamu4Ho2o
anapamy, AKuil npayioe Ha niocmasi areopummis Hewimkoi 102iKu, HellpOHHUX Mepec mouio. 30iii-
CHEHO KOMNAEKCHUI aHaniz memodie 6aeamoxpumepianibHo2o eubopy, a came: AeKCUKopapiunuil,
ideanvHoi mouku, eudineHHs 20106H020 Kpumepiio, 320pMKU YACMUHHUX Kpumepiie. Beaxcacmocs,
wo memoou a8MoOMAamMu4HO20 COPMYBAHHS 3ACHOBAHI HA GOPMYBAHHI cucmem 8UbOpY 8i0N0BIOHUX
napamempie 045 supiuieHHs 3a0a4 po3nizHasanHs 00’ ekmie. Ilpu KicHO-KinbKicHIl ouiHyi Kpume-
pito inmepirkcayii ma eiobopy s164yK Ha COPMYBANLHOMY NPUCMPOI BPAX0BYIOMbCA MAKI XapaKme-
pucmuru: posmip (d), maca (m), koaip (g). IIpononyemocs 30ilicHIO8AMU CKAHYBAHHS NEGHUX Oi-
JASHOK 300padiceHHst, Wo Micmame WyKawi 16ayKa, 3a éKazanumu xapakmepucmuxamu. Ilpu yvomy,
yeHmpu pazmenmie 300pajiceHHs 3HAX00IMbCA 8 MoYlyi, U0 8i0N08i0dae NPoeHO308AHUM KOOPOU-
Hamam 0anoeo 00°ekma, moomo idenmugpiKyromscs 3a 0onomoeor ouckpuminanmuux gyukuiii. Ha
OCHOB81 KOMNAEKCHO20 AHANI3Y 3aNPONOHOBAHO ANOPUMM I3 BKANUEHHAM 8 CIMPYKMYypy cucmemu
iHmeneKkmyanbHoi CKAA0080i MameMamu4Ho20 anapamy, AKULL npayioe Ha niocmaesi aireopummis He-
YimKoi n02iku. 3anponoHoB8aHUll Memod agmomMamu4Ho20 COPMY8aHHs S0AYK € NePCNeKMUBHUM HA-
NPSAMKOM NOKPAUEeHHS MeXHIKO-eKOHOMIMHUX NOKA3HUKIE 8UPOOHULMEA XAPYO8UX NPOOYKMIE.

Karouogi caoea: copmysanus, asmomamuszayis, onmumizayis napamempise, npucmpiii copmy-
BAHHSA, MEXHON02IYHI npoyecl, A0AyKa, Memodu 6a2amoKpumepiarbHo2o aubopy, areopumm, Xap4o-
84 NPOMUCAOBICMD.
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