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MODELING OF DIAGNOSTICS OF ENGINEERING OBJECTS TO OPTIMIZE
THEIR LIFE CYCLE

The aim of the study is to create a methodology for diagnosing the state of objects on the basis
of improving the transformation of state coordinates and their classification.

The vector space transformation allows to perform the recognition of images of multidimen-
sional objects represented by the vector space by the decision function based on the rotation of coor-
dinates with the subsequent reflection of one of the coordinate axes. In real production, this approach
allows on simplified databases of precedents of small volume with the choice of the presence of the
parameter "yes/no" on the basis of the same mathematical model and the formulation of optimization
problems to carry out not only the study of the influence of individual production factors on the quality
and durability of the product within its overall life cycle, but also to obtain data on the basis of which
general recommendations can be determined by changing the manifestation of features relative to the
target function. This will allow, in addition to the actual diagnosis of the existing production, to con-
duct research on future production, as well as to analyze the development strategies of both individual
stages and their combination.

Keywords: modeling, vector transformation, coordinate system transformation, optimization
methods, forecasting.

Memoro docriddicents € cmeopenHs MemoouKu OiaeHOCMUKY CIAHY 00 €Kmi8 Ha OCHOBI 800C-
KOHQIeHHs. mpancgopmayii Koopouram cmary ma ix kKiacugixayii.

Ilepemesopennsa 6exmopHo2co npocmopy 0036015€ 30MICHIO8AMU PO3NI3HABAHHS 300pAdHCEHb
bazamosumipHux 00'exmig, NpPeocmagieHux GeKMOPHUM HPOCHMOPOM, 3a OONOMO20I0 BUDIUANLHOT
@yYHKYIT Ha OCHOBI nOBOPOMY KOOPOUHAM 3 NOOANLUWUM GI00OPANCEHHAM OOHIEL 3 KOOPOUHAMHUX
ocell. ¥V peanbHoMy UpoOHUYmMei maxuil nioxio 0036058€ HA CHPOWEHUX 0A3ax 0aHUX npeyeoeHmis
HegenuKo2o 00ca2y 3 UOOPOM HAAGHOCMI Napamempa «mak/Hi» Ha OCHOBI Mici e MamemMamuinoi
MOOeNi ma NOCMAHOBKOK ONMUMI3AYIHUX 3a0ayi 30IUCHIOBAMU He MINbKU O0CHIONCEHHS, BNIUBY
OKpeMux 8UPOOHUYUX (aKkmopie Ha AKICMb [ 008208IUHICIb NPOOYKMY 6 MeNCAX U020 3a2albHO20
ACUMMEBO2O YUKILY, A MAKONC OMPUMAMU OAHI, HA OCHOBI SIKUX MOJCHA BUSHAYUMU 3a2albHI peKome-
HOayil 3a 3MIHOI NPOSIBY O3HAK W000 Yinbosoi Gyukyii. Lle dozeorums, Kpim éracHe Oia2HOCMUKU
ICHYI04020 BUPOOHUYMBA, NPOBOOUMU OOCTIONCEHHS MAUOYMHbO20 GUPOOHUYMBA, 4 MAKOJIC AHAI3Y-
eamu cmpamezii po36UmKy K OKpemux emanie, max i ix CyKynHocmi.

Kntouosi cnosa: mooentosanns, nepemeopensi 6eKmopis, NepemeopeHts cucmem Koopou-
Ham, Memoou ONMuMizayii, NPOSHO3YEAHHS.

Problem’s Formulation

The competitiveness of a product, like that of an organization, is determined not only by quali-
ty parameters (reliability, maintainability, quality of surfaces, period of continuous operation, etc.), but
also by the speed of response to market needs, time from drawing up technical specifications to launch
on the market, period of production of a machine unit, operation , disposal [1,2,3].

The life cycle of products of the engineering industry is considered from the moment of de-
signing the technological process to its complete disposal. The level of functional suitability of prod-
ucts is formed due to the designed structure, its manufacturability, as well as by the implementation of
methods and regimes of mechanical processing and assembly of products. After that, the level of func-
tionality of the products only decreases without the possibility of repair. The design, manufacturing
and disposal phases should take a minimum of time and provide high performance (level of functional
suitability, reliability, low cost, safe disposal, optimal level of material utilization ratio, etc.), and the
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operation stage is accompanied by a decrease in the functionality of the products. In this direction, the
most relevant is the development of methodical approaches for determining classification groups rela-
tive to the stages of product life cycles on the basis of multiple diagnostic features.

Analysis of recent research and publications

Recently, in classification tasks, group methods are widely used, which consist in the synthesis
of the results obtained when applying different algorithms to a given source information, or in the se-
lection of effective algorithms. There are different ways of determining group classifications [4,5,6].
In particular, to represent the classifications, you can use the definition in which the group classifica-
tion is when the sum of the distances to the centers is minimal with the maximum grouping of the
precedent vectors in each classification group.

Formulation of the study purpose

Image recognition is traditionally used in the following areas: search and classification of in-
formation in databases; thematic classification during text processing; symbol recognition, working
with maps, face recognition, dividing objects; production (quality control, optimization of technologi-
cal processes); biometrics; forecasting in meteorology, seismology, geology, social processes, etc.
[7.,8].

At the stage of image perception, values of characteristic properties of the object are obtained,
such as measurement of linear dimensions, pre-processing of data (noise removal), indexing of charac-
teristics at the stage of measurement of object properties, decision-making at the stage of classification
(division into classification features) [8, 9,10,11].

The development of a recognition system involves the formation of a data array based on a
matrix of precedents (a training sample is a set of objects for which their images are consciously
known); choosing a model of object representation; selection of significant indicators as one of the
most important stages of development of the recognition system; development of a classification rule
that, based on the values of the characteristic properties of the object, will assign it to one of the im-
ages; drawing up an algorithm for the process of recognizing the states of objects (diagnosis of the
states of objects) based on a classification rule; checking the quality of the recognition algorithm (di-
agnostics); use of results to solve diagnostic optimization tasks before making management decisions.

The main task of the research is to create a technique for diagnosing the state of objects based
on the improvement of the transformation of state coordinates and their classification.

Presenting main material

The principle of combining state vectors of objects

[lustration of the proposed coordinate transformation for the diagnosis of presentation objects
on the classic "exclusive or" task. When compiling the matrix of precedents, it is permissible: descrip-
tions of objects in the vector space of characteristic features of precedents are assigned to the rows of
the matrix of precedents, and characteristic features to the columns. The element acquires the value
"1" if the j-th feature is characteristic of the i-th object, "0" is not characteristic. The objects to which
the equal lines of the matrix correspond belong to one image, and the set of corresponding lines of the
matrix defines the description of the given image [5].

In the general formulation, this task is represented by the vector {A,B} = (x,y) have the values
presented in tabl. 1.

Table 1. Vector coordinate data {A,B} = (x,y)
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To solve the problem of pattern recognition, it is necessary to ensure such a change in the
coordinate system, in which the points will be located on one (Tabl. 2) and on the other (Tabl. 3) side
of the dividing line of sets.

Table 2. The coordinate system of v. B for Table 3. The coordinate system of v. A for
solving the problem of pattern recognition solving the problem of pattern recognition
X y X y
B 0 0 A 1 0
B 1 1 A 0 1

It is certainly impossible to find such a straight line. However, if you expand the coordinate
system and map the coordinate points of one group of the training sample relative to one of the coor-
dinate axes, then the combined points Y(0,0)=B(0) and Y(1,1)=B(1,1), and also the points
Y(0,1) = A(0,1) and Y(1,0) = A(1,0) will allow grouping with the division of sets of vectors. This, in
turn, will make it possible to assign each vector to one or another group of homogeneous features, as
shown (Fig. 1).
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Fig. 1. Graphical illustration of the "exclusive or" problem: a) general formulation of the prob-
lem in x-y coordinates; b) rotation of x-y coordinates parallel to one y axis of two features in the gen-
eral classification group of the training set; c) display (transfer) relative to the selected axis of all
points characterizing the coordinates of the object's states (A and B); d) displacement of the y axis,
which separates the sets in the direction of the location of the points of the classification set A and B
by an amount equal to half the distance from the points B to the nearest point A
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The task of forecasting situations

Tabl. 4 where m = 32 data on n = 12 situations that were diagnosed in the process of manufac-
turing and operating engineering products a1, @13 ... 21,23 -.- Amyn. The values of the binary fea-
tures are equal to 0 (answer "no" for the input feature) and 1 (answer "yes" for the input feature).

Table 4. Significance of x; precedents
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Coordinate transformation consists in finding new vector values corresponding to the follow-
ing system of equations (1)
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X1 =0Qq1 X1+ Az Xy ++ A Xy + by
Xz =01 X1 +App X+ A Xn + by (1)
Xm = Qm1 X1+ Qo Xo + -+ Q- X + by

The combination of vectors consists in finding such a coordinate system of the vector space
for which the division is performed answer (1) and answe 1(2) (for n = 1...12) upon reaching the min-

imum of the objective function F,:

Df + D3

|mf1 - m%zl
where D, and D, — dispersion of the values of features x4, x5 ... X1, for the transformed coordinate
system of the vector space for each of the two groups; m;; and m;, — first statistical moments of fea-

ture values x4, x5 ... xq, for the transformed coordinate system of the vector space of each of the two
groups (tabl. 5).

- - min, (2)

Table 5. The value of the coefficients of the transformed coordinate system precedents for the
separable set

Coefficients of the model of separating classification features

aj az as ay as as a; as ag ajo aj aj

1,33 | 0,22 | -0,35 | 3,15 | 1,72 | 0,96 | 0,29 | -0,12 | 2,39 | 0,14 | -0,41 | 1,95

The results of dividing sets of multidimensional features are a function F; (3), an illustration of

the values of which is shown in fig. 2:
12

F = Eaixi. 3)

Histogram of Data

Fig. 2. The value of the function F;, which represents the results of the division of multidi-
mensional sets

The influence of coefficients a; can be illustrated by their ranking by size (Fig. 3).
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Fig. 3. Ranking of coefficients a;

On the basis of these results, it is possible to predict the state of objects and apply control in-
fluences in order to manage the life cycle of products.

Solving optimization tasks.

If we take into account the possible costs of C; to achieve the required values of x;, it is possible
to provide a mathematical model of the optimization problem in the form presented by the system (4)

12
F = Zai - X; = const,
1

a; = 0,
a; < 1, (4)
X = 0; 1,

kFC =2€i “a;x; > min

The essence of the task is that it is necessary to determine such a combination of x;, values for
which it is possible to achieve the minimum total costs for achieving the goal F. As a constant, the
center of the distribution of the function of the decisive rule for the life-span management strategies of
engineering products is taken. Solving the optimization problem of finding values of chi by the me-
thod of conjugate gradients for C;= 10; C;= 5; C;= 1 obtained results (Tabl. 6), which allow us to draw
conclusions.

Table 6. Values of chi signs for different decision-making strategies

3HayeHHd F =6,65 F=2,94
O3HAK C=1 C=5 | C=10]| C=1 C=5|C=10
a; 0,43 0,43 0,43 0,00 0,00 0,00
as 0,92 0,95 0,95 0,66 0,61 0,61
as 0,00 0,00 0,00 0,00 0,00 0,00
a4 1,00 1,00 1,00 0,37 0,41 0,41
as 0,51 0,51 0,51 0,14 0,08 0,08
as 1,00 1,00 1,00 1,00 1,00 1,00
a; 0,99 0,99 0,99 0,98 1,00 1,00
ag 0,00 0,00 0,00 0,00 0,00 0,00
ay 0,18 0,18 0,18 0,00 0,00 0,00
ap 0,99 0,98 0,98 1,00 0,94 0,94
ap; 0,00 0,00 0,00 0,00 0,00 0,00
a 0,00 0,00 0,00 0,00 0,00 0,00
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1. Any strategy must provide for the financing of directions a4, ayand ay.

2. The influence on the outcome of the election campaign can have a difference in the financ-
ing of directions a,, a,and as.

The optimization task of allocating funds };}% C; = const to achieve the required goal is de-
scribed by the system of expressions (5).

F. = C; - a; - x; = const,
a; = 0,
a; <1,
X; = 0; 1,

12
2 C; = const
1
1

2
F = Zai - x; = max (min)
\ 1

Solving the second optimization task of searching for x; values by the method of combined
gradients, results were obtained (Tabl. 7), which allow us to conclude that in order to achieve positive
results of product life cycle management, attention should be paid to increasing features a3, ag and a;;
reducing the manifestation of features a;, as, ay, as, as, az, aq, a;p, and a;;.

(5)

Table 7. The value a; of the x;, features obtained when solving the second optimization task

Significance of signs for F—max for F—>min
al 1 0
a? 1 0
a3 0 1
a4 1 0
as 1 0
a6 1 0
a’ 1 0
a8 0 1
a9 1 0

all 1 0
all 0 1
al? 1 0

These findings apply only to the situation described in the table of precedents. However, the
methodical approach, mathematical models and formulation of optimization tasks remain general and
can be successfully applied in the practical solution of optimization problems of the life cycle of engi-
neering products.

Conclusions

It is shown that transformations of vector space allow recognition of images of multidimen-
sional objects represented by vector space. At the same time, a fairly simple decision rule can be con-
structed based on the combination of coordinate rotation with the subsequent display of one of the
coordinate axes. This operation can be repeated by applying the "rotate-reflect” functions of each pair
of answers of the same class. As a result, the values of the parameters of the separation function are
formed.

The method of determining the value of the parameters of the separation function allows pre-
dicting the degree of influence of each component of the image vector. Taking into account the costs
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of achieving a given goal, it is possible to justify such strategies that will allow obtaining a result with
the desired effect.

The proposed approach makes it possible to substantiate the design of innovative technologies
that would ensure the optimization of the life cycles of machine-building products.
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MOJIEJITIOBAHHSA JIATHOCTHUKH OB'€EKTIB MAIIMHOBY/JTYBAHHS JJI51
OITUMIBAIII IX ZKUTTEBOI'O LIUKJTY
KoBaneBcbkuii C.B., Cuarok .M.

Meroro noCTiKEHHS € CTBOPEHHS METOJVMKH JIarHOCTUKH CTaHy 00’€KTIB Ha MiJCTaBi yJIo-
CKOHAJIEHHSI TIEPETBOPEHHS KOOPAWHAT CTaHiB Ta X kiacugikarii.
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HocnimxeHHs 3 po3po0KH CUCTEMHU PO3Mi3HABAHHS I BAOCKOHAIEHHS IIarHOCTHKH 00’ €KTIB
MPOBOAMUTHCS HA OCHOB1 BUPIIIEHHS 3a7aui «BHKIIIOYAIOUE «aje»» 31 3aCTOCYBAaHHSIM LITBOBUX (YHK-
uiii. ¥ sikocti ampobarii 3acTOCOBYETHCS aHalli3 YaCTUHH BHPOOHULTBA 3 JBAHAIUSTH PO3TILTHYTHX
(akTOpiB I TPUALSATH BOX NPELEACHTIB.

[lepeTBOpEHHS BEKTOPHOT'O MPOCTOPY I03BOJISE BUKOHATH PO3Ii3HABAaHHS 00pa3iB OaraToBH-
MipHUX 00'€KTIB, MPEACTABICHNX BEKTOPHUM IPOCTOPOM BHPIIIATBHOIO (DYHKII€I0 HA OCHOBi MOBOPO-
Ty KOOpAWHAT 3 HACTYITHUM BioOpakeHHSM OZHIET 3 KOOPAMHATHUX Ocell. Y peaqbHOMY BUPOOHHIIT-
Bl TakWii MiIXil JO3BOJSE HA CIPOMICHUX 0a3aX MPEIESHTIB MaJloro 00’eMy 3 BUOOPOM HAasiBHOCTI
napaMeTpy «Tak/Hi» Ha OCHOBI OHAKOBOi MaTEeMaTHYHOI MOJIENI Ta MOCTAHOBKH ONTHMI3allifHUX 3a-
BJaHb MPOBOJUTHU HE TUIHKU AOCHIIKEHHS BIUTUBY OKpEMHX BUPOOHMUYMX (PAKTOPIB Ha SKICTh Ta JOB-
TOBIUHICTh BUPOOY Yy paMKax HOro 3arajbHOrO XHTTEBOTO LMKy, aje W OTpUMAaTH JaHi, HA OCHOBi
SKUX MOXYTh OyTH BH3Ha4eHi 3arajibHi peKOMEHJAIil yepe3 3MiHy MPOsiBY O3HAK BiAHOCHO IUIHOBOT
¢ynkuii. Le 103BoNNTh, OKpiM (PAKTHUHOI TIarHOCTUKH iCHYIOUOTO BUPOOHWITBA, POBOIUTH JOCHTi-
JDKEeHHA MallOyTHBOTO BHPOOHMIITBA, a TAaKOX aHaJi3yBaTH CTpaTerii po3BUTKY SK OKPEMHUX eTalliB,
TakK i IX CyKyITHOCT.

Meroayka BU3HAUYCHHS 3HaYCHHS ITapaMeTpiB PO3iIOBOI (QyHKILIT JO3BOJISIOTH IPOrHO3YBAaTH
CTYIIiHb BIUTUBY KO)KHOI CKJIQJOBOi BEKTOpa Ha KIHLIEBUH pe3yiabTaT Ta MPEACTABICHHS 3arajlbHOro
00pa3zy. 3ampoIoHOBaHI CUCTEMHU PIBHSIHB JAJsl BUPILICHHS 3ajadi «BHKIOYa0ue «abo»» Ha OCHOB1
MOBOPOTY KOOPIMHAT 3 HACTYITHUM BiZOOpa’keHHAM OAHIET 3 KOOPIAMHATHUX OCEH Ta 3aCTOCYBaHHSIM
UTbOBOIT (YHKLIT JO3BOJISIIOTE BUKOHYBATH OaraTOKpHTEpialbHE JOCTIIKEHHS CTpaTerii, ki 103BO-
JISITh OTPUMATH PE3YIbTaT 3 Oa’kaHUM epeKToM.

OtpumaHi faHi Jar0Th MOXIIMBICTH 3aCTOCOBYBATH METOJ BH3HAUYEHHS CUCTEMU KOOPIHMHAT Be-
KTOPHOTO TIPOCTOPY, SIKMK PO3IUISE Pe3yabTaTH 32 MiHIMyMOM LinboBOi (yHKLIl. Ha ocHOBI 11bOT0 TIpO-
BOJIUTHCS BU3HAYEHHS BIUIMBY (DaKTOpPIB MpoLeciB BUPOOHHUIITBA HA €Tanax BUTOTOBJICHHS Ha KiHLEBUI
pesynbrat. Takuid miAxia Aa€ MOXKIMBICTH OOTPYHTOBYBATH NMPOCKTYBAaHHs IHHOBAaLiHHUX TEXHOJOTIH,
AKi 0 3a0e3meuyBaii ONTHMI3ALI0 KUTTEBUX LUKIIB BUPOOiB MAIIMHOOYIIBHOTO BUPOOHHMIITBA.
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