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SELECTION CRITERIA FOR TECHNICAL DIAGNOSTIC SYSTEMS AND
INFORMATION TRAINING OF MOTOR VEHICLES

The aspects of the development of criteria for the selection tools and options for systems of technical
diagnostics of vehicles are considered. Monitoring systems and forecasting the technical condition of
vehicles will require expanding the range of monitored parameters. The above criteria for assessing the
selection of the optimal set of measured parameters and their means of measurement to ensure the
effectiveness of the developed systems monitoring and diagnostics. The main aspects of information
preparation diagnostics and repair of motor vehicles are given.

The system approach to the issues of technical diagnostics of vehicles requires consideration of the
system of quality management maintenance and repair as an integral part of management. The system of
guality management of technical maintenance and repair serves to ensure a given level of the coefficient
of technical readiness, reliability, durability vehicles, efficient use of them with minimal financial and
labor costs. Thus, the quality management system of motor vehicles is based on a set of measures, which
include technical, economic, and other interrelated actions to achieve the objectives set to achieve a high
level of quality.

In developing the system for monitoring, diagnosing and forecasting of vehicles one of the
important tasks is to determine the optimal set criterion for a set of measured parameters and their means
of measurement, which ensure the economic efficiency of the control system.

The article notes that the main drawbacks of these criteria can be called either the requirements of
a large amount of a priori information, which is often impossible at the design stage of the control,
diagnosis and forecasting system, or insufficient account of the components of the quality controls and
diagnosis, such as the duration and completeness of control.

The problem of quality in the maintenance and repair of motor vehicles is largely determined by the
level of metrological support. Technical diagnostics involves determining the technical state of the
diagnostic object with a certain accuracy. Therefore, to ensure the quality of the system of maintenance
and repair of motor vehicles, it is necessary to use the principles of metrological support.

Keywords: diagnostics, forecasting, probabilistic method of forecasting, model of the object
technical diagnostics, control systems, monitored parameters.

Introduction. A systematic approach to vehicle technical diagnostics (VTD) requires
considering quality management system (QMS) and repair as an integral part of management. The
system of quality management and repair serves to provide at a given level of the coefficient of
technical readiness, reliability, durability of VTD, their effective use with minimal financial and
labor costs. Thus, the quality management system of VTD is based on a set of measures, which
include technical, economic and other interrelated actions to ensure the set goals aimed at achieving
a high level of quality.

The problem of quality at maintenance and repair of VTD is largely determined by the level
of metrological support (MS). Technical diagnostics involves determining the technical condition of
the diagnosed object with some accuracy. Therefore, to ensure the quality of the system
maintenance and repair of VTD, it is necessary to use the principles of metrological support.

Analysis of recent research. Modern diagnostics of cars has arisen at the intersection of such
sciences as introscopy, mathematical logic, harmonic analysis, acoustics, radioisotope engineering,
psychology, etc. The development of car diagnostics is closely linked to the history of the car [1].
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As a result of the exceptional diversity, heterogeneity and complexity of vehicles, car
diagnostics has not yet turned into a rigorous formalized system where any problems can be solved
with a comprehensive set of ready-made algorithms. Therefore, successful diagnosis requires
personal experience and engineering intuition. A specific feature that distinguishes the diagnosis
from the usual definition of a technical condition is, first of all, the detection of faults without
disassembly. A very important issue is the technological adaptability of diagnosis to the processes
of maintenance and repair of cars. Technological adaptability stems from the accepted position that
diagnosis is part of the maintenance of cars. The adaptability of diagnosis to maintenance and repair
is expressed by technological purpose, deepening the definition of technical condition and degree of
specialization, ie the degree of territorial isolation of diagnostic work [2].

Formulation of the problem. When developing a system of control, diagnosis and
forecasting of vehicles, one of the important tasks is to determine the optimal set of measured
parameters and the means of measuring them, which ensure the economic efficiency of the control
system.

Most often, the criterion of control accuracy and the criterion of "reliability - value", the
complex coefficient of efficiency, etc. are used to evaluate the choice of parameters to be measured
and the means of control and diagnosis. The main disadvantages of these criteria may be the
requirements of a large amount of a priori information, which is often not possible at the stage of
designing a control, diagnosis and forecasting system, or insufficient consideration of the
components of the quality of control and diagnosis, for example, the duration and completeness of
control. In addition, there are no algorithms for determining these criteria, which are implemented
on electronic computers, which complicates their application in computer-aided design (CAD)
systems of control and diagnosis.

Presenting main material. The difficulty of choosing the appropriate criterion is that the
system of control and diagnosis VTD must solve the problem of determining its technical condition,
and in the case of assessment of VTD as incapable - to determine the cause of the malfunction, to
solve the problem of diagnosis. In order to ensure the required quality of the control and diagnosis
system, it is necessary to develop metrological support, which establishes the nomenclature of the
measured parameters, their measurement range and requirements for accuracy, unify the methods
and means of measurement taking into account the cost and duration of the control and diagnosis.

Often, solution of a single task without taking into account their relationship reduces the
quality of the control and diagnosis system. So it is advisable to carry out an assessment of the
technical condition according to a generalized indicator, but to solve the problem of diagnostics it is
necessary to expand the range of controlled parameters. At the same time, an overestimated number
of measured parameters complicates the control and diagnosis system. The same consequences can
lead to an unreasonable increase in the accuracy of measurement parameters in the probabilistic
assessment of the quality controls and diagnosis system without taking into account the cost of the
means of control and technical diagnosis.

In the general case, VTD can be represented as the set R of interconnected subsystems. The
technical condition of each subsystem is characterized by the value of the p-th quality index, where
p =1,..., R. The value of the p-th quality indicator is determined by the direct measurement or the

values of n, associated with the controlled VTD parameters, where n, = N. The values of the

latter, in turn, are related to the values of m,, structural parameters of the VTD, where m; < M.

To determine the parameters controlled by VTD, a mathematical or functional model is used,
by which a list of possible VTD states and corresponding combinations values of input and output
parameters are established, and connections between the parameters of VTD are fixed. On the basis
of the functional model of the VTD, a logical model of the VTD and a scheme of interconnection of
parameters are built, the general appearance of which is presented in Fig. 1.

The parameter relationship diagram can also be represented as a matrix of controlled
parameter relationships with the quality of the VTD subsystems:
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where s, ; - coefficients characterizing relationship of the j-th controlled parameter with the quality
index p-th subsystem VTD N - the number of all possible for this VTD controlled parameters; R is
the number of VTD subsystems; s,',,,}. - coefficients characterizing the relationship of the j-th

controlled parameter with the m-th structural parameter (m = 1,..., M) M - the total number of
structural parameters.
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Figure 1 — Generalized view of the relationship of structural and controlled parameters and
quality indicators VTD

Based on the data of matrices, they select the sets arameters that are controlled VTD.

From the analysis of VTD models it can be presented for metrological analysis (k) of variants
controlled parameter sets. It should also be borne in mind that different methods and means of
measurement may be used to implement each variant [, — | the number of measurement means

acceptable for measuring the y-th controlled parameter). We denote by | the number of all possible
variants of implementation of the VTD control system (the number of variants sets ontrolled
parameters taking into account specific measuring instruments).

Given that each controlled parameter can be defined by a set of I; measuring instruments, we

have | variants of implementation of the control system:

i=1

.zi[ljhj | ®

The criteria for evaluating the choice optimal set of measured parameters and the means of
measuring them should ensure effectiveness of the developed system of control and diagnosis. The
choice of the most effective variant of implementation control system is carried out at the minimum
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cost of losses C, when implementing the i-th variant of the control system:
Q~min(C,)upu P,.x <P, ..., 4

where P,.x — is the estimated probability of a wrong control inference for the i-th version of
tcontrol system implementation; P,. 3., — valid value the probability of incorrect conclusion.

If the condition P,.z = P,..., 1S not fulfilled, then further consideration this variant of
implementation of the system is impractical because it does not provide the necessary reliability of
control.

For the relationship between magnitude osses and measurement error of the indicator, we
solve the equation and equate resulting expression to magnitude of allowable losses:

[1(es)=I1... - ©5)

Solving equation (5) we find the value standard deviation of measurement error
corresponding to the permissible economic losses.

This value is used to calculate first and second error probabilities by typical methods.

The calculation of P, s is performed taking into account the probabilities of incorrect

conclusion P, , . for each quality index by the formula:

R
PH.;E =] _H[I_PH.?,:']’ (6)
J=1

Based on the assumption that controlled parameters are selected in such a way that by
measuring these parameters, the performance of non-intersecting VTD subsystems is checked.

The C, - cost of the implementation particular variant control systems (C) is sum of two
components: C,, - cost of losses for incorrect conclusions and C_k - the cost of the means of control
and diagnosis, taking into account the costs of operation and carrying out the necessary operations,
i c=¢C,+C,.

The most important, from a practical point of view, is the task of estimating the choice of
controlled parameters at comparable values of the cost of losses from control errors and the cost of
control costs, because when exceeding the first choice is to ensure a given control reliability, and
when exceeding the second control system becomes ineffective.

Consider choosing the best option for implementing a control system for a single VTD
subsystem. In the future, we assume that the optimal control system for the entire VTD consists of a
set of optimal control systems for each subsystem VTD.

When choosing the sets of parameters to be controlled, completeness of the control should be
taken into account

7y, =n/N,With 0,7 < m,, <1, (")

where i - is the number of considered set i = 1,..., I; n; - is the number of controlled
parameters in this embodiment of the control system; n - is the number of parameters that uniquely
characterize the state of VTD.

If condition (7) is not fulfilled, the i-th set of controlled parameters is rejected because it does
not allow to solve the control problem for all subsystems or structural parameters of VTD.

We introduce the completeness of control into expression (4). The greater completeness of

control corresponds to the best variant of implementation control systems:
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The cost of losses on incorrect conclusions is a function of the standard deviation
measurement error o,

CJ‘J = AT pa (9)

where x - is the coefficient that depends on the type of loss function due to measurement
errors and law of error distribution. In turn, the likelihood of an incorrect conclusion when
controlling is also a function of o, , so the cost of loss C, is proportional to B, .

When comparing variants of control systems implementation, it is convenient to use the
relative values of value losses on incorrect conclusions €, /C, ... and the value of control means
Cr./ Cy max» Where €, — maximum value of losses on incorrect conclusions; C,. ... - maximum
value of controls on proposed options and it can be stated that the ratio of losses to incorrect
conclusions is proportional to the ratio of the probability of incorrect conclusion:
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where B,. = P, + P,, - probability of incorrect conclusion; P, and P, first and second error
probabilities; B, . ... - maximum probability of incorrect conclusion, in the extreme case, equal to
the probability of incorrect conclusion in the absence of control.

If the quality indicators are directly controlled (direct one-parameter control), the calculation
of P, and P, is carried out according to the formulas
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where x - is the controlled parameter, x,_ and x, - are the upper and lower bounds of tolerance
field (T) of the controlled parameter, f (x) is the law of distribution values parameters x, f'(Ax) is the
law of distribution error measurement parameters Xx.

The calculation of P, and P, by these formulas is possible using numerical methods using a
computer.

P, and P, are considered as functions of the coefficients K, = ,./T and K, =T /o, (1e o,
— is the root mean square deviation of the controlled parameter), ie. P, = f(K, . K,),
P, = f(K,.K,). This method of representation of P, and P, is convenient for their estimation if
there is no complete data for calculation.

In the general case, the cost of loss of the first and second kind can be written as:

C, = Cpy " Py T €py " Py, (12)

where cp, - is specific cost of first-order error losses; ¢, - is specific cost of second-order error
losses then
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We introduce a coefficient 1 equal to the ratio of specific error values of the first and second kind,
thatis, A = ¢,y /cps.

If the cost of losses from errors of the first and second kind are equal, then

A= G — Fanoem =1 (14)

Cy Pasi;!a,s '
where €, - cost of losses on incorrect conclusions during the control. (¢, = C,, + C”Pm),
were C,,.... — IS cost of control costs; P, .. - posterior probability of making wrong decisions;

P

[+

apiop - PYION probability of wrong decisions.

If the cost of loss from errors of the first and second kind are different, then A = E—"‘ — 1, at
8

Popiop = By Papoews = @+ B. The coefficients C, and €, which establish the magnitude of the cost
of errors first and second kind, respectively, should be estimated by expert methods.
Substituting this expression in (13) we obtain:
., A-P, +P,

2 (15)
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Turning in expression (8) to the relative value of the cost of losses in terms of quality of a
given subsystem VTD, we get an expression for the technical and economic indicator, the minimum
of which characterizes the optimality of this system control and diagnostics for completeness relia-
bility and cost of control:

I\ iicuonp /G|
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In order to compare different controls and technical diagnostics, besides cost and error, per-
formance of control and diagnostics is of great importance. In the rank assessment of controls, the
decrease in performance by increasing the cost of controls can be offset by productivity gains. Since
performance is related to the timing of control operations and affects the effectiveness of control, it
is proposed to take into account the multiplication of the relative value control means by a factor

determined by the expression

.ﬁ}- e t_;l""lrtmnx ’ (17)
where ¢t; — is the time to control j-th measurement tool; ... - time to control with the max-

max
imum value measuring instrument.
Moreover, time required for the measurement of ¢; consists of the time for delivery of tech-

nical diagnostics systems (TDS) to workplaces and back t,;, the time spent directly for the meas-
urement of ¢, . itself and additional time for the installation of Sl t, (taken on the basis of statis-

tics): '
t; =tg; g+t - (18)
So finally, we get:

A AR R, Cy
Q= min L%[H[ﬂp :P C 'K"D] )

Imax 2max k max

FH.;E =P

Radon

The obtained criterion allows to choose the optimal from point of view of reliability - cost -
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productivity - losses from errors of the first and second kind - completeness of control, parameter
and means of its control to determine the technical state of p-th sub-system of VTD.

Conclusions. In view of all the above, method of implementing the choice of technical
diagnostics by proposed criterion will contain the following steps: selection of quality indicators of
units and units of VTD, the condition of which should be controlled by the synthesized control
system; determination of data for calculation requirements for reliability of control selected quality
indicators by the synthesized control system and calculation of this characteristic; identifying
possible control options for selected quality indicators: they can be monitored directly or indirectly
by defining the control parameters related to them functionally; identification of possible means
control of the selected controlled parameters. The number of variants implementation control
systems is calculated by (3); forming a data set for the calculation of criterion (19) for each variant
of the control system implementation; consideration of individual case implementation of the
control system: calculation of reliability of control of each quality indicator; if the value of the
control reliability is greater than the allowable value of this parameter, then the option is not
considered further; if the reliability of the control is satisfactory: calculation of the indicator (19);
supplementing the options by means of solving the problem diagnosing a unit or unit of VTD;
calculation of criterion (19); choice of implementation control system corresponding to the
minimum criterion value (19).

Thus, the obtained method allows to choose the variant of implementation control and
diagnosis system, optimal according to the criterion "reliability - cost - productivity - loss from
errors of the first and second kind - completeness of control”.
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A.T.H., Bbanzak O.B., k.nea.H., nou. Tosok I.B., Jlanina O.B., k.BilicbK.H., 1ou. Mapueako O.M.
KPUTEPIN BI/IBOPYv?'ACOBIB CUCTEM TEXHIYHOI'O JJATHOCTYBAHHSA TA IH®OP-
MANINHA NIJITOTOBKA ABTOTPAHCIIOPTHHUX 3ACObBIB

Poszznaoaromeca acnekmu po3podxku Kpumepiie udopy 3acodie ma eapianmie cucmem mexHiuHozo
0iazHOCMYGAHHA AGMOMPAHCHOPMHUX 3aco0ie. Cucmemu KOHMPOI0 ma NPOZHO3YEAHHA MEXHIYHO020
CMany aemompancnopmy nompeoyioms po3uupenua Oiana3zony KOHMPOIb08AHUX napamempie.
Haeseoeni kpumepii ouiHKu 6udOpy OnmuManbHO20 HAOGOPY 6UMIDIOGAHUX napamempie i 3acofie ix
GUMIpIOGAHHA 071 3a0e3neueHHs ehekmusHocmi po3poodneanoi cucmemu - KOHMPOaW ma
diaznocmyeanns. Haeedeni ocnoeni acnekmu ingpopmayiitnoi niocomoexu 0iazHOCMUKU MA PEMOHNLY
asmompancnopmHux 3acooie.

Cyuacui eumozu 00 cucmemamu3auyii ma y3azanbHeHb RNUMAHL MEXHIYHOT OdiazHoCmuKU
MPAHCROPMHUX 3AC00i6 NOMPEOYIOmMb pOo321A0y CUCHEMU YHPAGIIHHA AKICMIO 00C1Y208y8aHHA ma
pemonmy AK O0OHi€i 30 cKkn1adoeux vacmuH ynpaeininua. Cucmema ynpaeiiHHA AKICMIO MEXHIYHO20
obcnyzoeyeanna i pemonmy npusHauena 011 3a0e3neveHHA 3A0aH020 DPiGHA Koediuicnma mexHiuHol
20moeHocmi, HAOIHOCHL, 006206IYHOCHL MPAHCHOPMHUX 3AC00i8, eheKMUBHO20 BUKOPUCMAHHA IX npu
MiHimanvHux ¢inancosux i mpyooeux eumpamax. Taxum yunom, cucmema yYynpagiiHHA AKICMIO
A6MOmMpPAHCROPMHUX 3AC00i8 DA3YEMbCA HA KOMNIAEKCI 3aX00i8, AKI 6KAIOUAIOMb MEXHIUHI, eKOHOMIUHI
ma inwi 63aemonog’azani Oii 014 00CAZHEHHA NOCMABNEHUX Uineil 011 O00CAZHEHHA 6UCOKO020 DIi6HA
AKocmi.

Ilpoonema akocmi npu 00C/1y208y6aHHI MaA PEMOHMI A6MOMPAHCHOPMHUX 3AC00i6 3HAUHOIO
MiIpOI0 6U3HAYUACMbCA PIBHEM MEMPOI02iUH020 3a0e3neueHnsn. B cmammi eioznauacmocsa, ujo mexHiuna
Jdiaznocmuka nepeodauac 6U3HAUEHHA MEXHIUHO20 CHMAHY OiGZHOCMUYHO20 00'ckma 3 neeHow
mounicmio ma oocmogipuicmio. Tomy 0na 3abe3neueHns AKOCHMI CUCHeMU MEXHIYHO020 00CIY208Y8aAHHA
ma pemoHmy aemompaHcHOPMHUX 3AC00i6 HeOO0XIOHO 8UKOPUCHOBY6AMU NPUHUUNU MEmPON02iUHO20
3abe3neuenns.

Kniouoei cnoea: oiacnocmuka, npozHo3y6aHHsA, IMOGIPHICHUIL Memo0 RPOZHO3YGAHHA, MOOE/b
00’°€Kma mexniuno20 0iaZHOCHY8AHHA, CUCHEMU KOHMPOII0, KORMPOIbOEAHI Napamempu.

A.T.H., 0L, Bbansak O.B., k.nea.H., nou. Tosok U.B., lanuna E.B., k.BoeH.H., 1ou. Mapuenko A.H.
KPUTEPUMU BBIGOPA CPEJICTB CUCTEM TEXHNYECKOI'O JTMATHOCTUKA U UH®OP-
MAIIMOHHAS IMOAI'OTOBKA ABTOTPAHCITOPTHBIX CPEACTB

Paccmampuearomes acnekmol pazpadomku Kpumepues 8vloopa cpeocme U 6aApuaHmos cucmem
MEeXHUYECK020 OUAZHOCMUDPOSAHUA A6 OMPAHCROPMHBIX cpedcms. Cucmembl KOHMPOJIA U RPOZHOIUPO-
6aHUA MEXHUUECKO20 COCHOARUS A6MOMPAHCROPpMA nompeodyem pacuiupenus Ouana3ona KOHmMpoaupy-
embix napamempos. Ilpugedennvie Kpumepuu oUeHKU 8b100pa ONMUMATILHO20 HADOPA U3MEPAEMBIX Na-
Pamempos u cpeocme ux usmepeHusn 01 oodecneuenus IP@ekmugnocmu papadamuvléaemoii cCucmembl
Konmponsa u ouaznocmuposanusn. Ilpueedenvt ocHoGHble acneKkmvl UHOOPMAUUOHHOU HOO2OMOEKU
OUAZHOCMUKU U PEMOHMA A8MOMPAHCHOPHIHBIX CPEOCHE.

Coepemennsle mpebosanua K CUCMEMAMUIAUUU U 0000UW{EHUTI RO MEXHUYECKOU OUAZHOCMUKU
MPAHCROPMHBIX CPEOCHE mMPedyIOm PaAcCMOMPERU CUCHEMbL YRPABGIEHUA KAUECHEOM 0OCYHCUBANHUA
U peMOHmMA KaK 0OHOU U3 COCMAGHbIX uacmeil ynpagnenus. Cucmema ynpasieHus Kauecmeom mexnu-
YecK020 00CTIYIHCUBAHUS U PEMOHIMA NPEOHA3HAUEHA 01 00echneuenus 3a0anH020 YPOeHA KoIppuyuen-
ma mexHu4ecKou 20MmoeHOCMU, HAOEHCHOCHU, 0012086€4HOCIU MPAHCHOPMHBIX cCPeOCcme, IPdexmug-
HO20 UCROIb306AHUA UX NPU MUHUMATILHBIX (PUHAHCO8BIX U MPYOosbix 3ampamax. Takum oopazom, cu-
cmema ynpaeineHus Kaiecmeom agmompancnopmHbIX cpeocme Oazupyemcsa Ha KOMNJIeKce Meponpusi-
muil, Komopule 6KII0UAIOMm mMexXHuyecKue, IKOHOMUYECKue u opyue 63aumMocéA3AHHbIE 0elCMEUs 0
00CMUIICEHUA NOCMABIEHHBIX Yeell 01 O0CHUNCEHUS 6bICOKO20 YPOBHA KAUeCmed.

Ilpoonema kauecmea npu 00CYIHCUBAHUU U PEMOHME AGMOMPAHCNOPHIHBIX CPEOCHE 8 3HAYUMe-
JIbHOTL Mepe onpeodensiemca ypoeHem Mempoao2uideckKozo obecneuenus. B cmamve ommeuaemcsa, umo
mexHuyecKkana OuazZHOCMuUKa npeononazaem onpeoenenue mexHuuecKo20 coOCMmoAHUA OUAZHOCHIUYECKO20
o0vexkma c onpeodenennoil mounocmuio u oocmogeprnocmoto. Ioamomy ona obecneuenua kauecmea cu-
cmembl MEeXHUYECKO20 OOCIYHCUBAHUSA U PEMOHMA A6 OMPAHCHOPMHBIX CPEOCHE He0OX00UMO UCNOJIb-
308amb RPUHYUNBL MEMPOTO2UYLECKO20 0Decneuenu.

Kntouegvle cnosa: ouaznocmuxa, npoZHO3Uposanue, 6epoOAMHOCMHbBII MemMo0 RPOCHOZUPOSAHUA,
MoO0elb 00beKma MmexHU4ecKo20 OUAZHOCHUPOBAHUA, CUCHMEMbl KOHMPO/A, KOHmMPOaUpyemble napa-
Mempul.
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