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Increased level of aircraft complexity and toughened requirements for the efficiency of technical condition
technical condition monitoring raised the topical issue of analysis automation. Separate results were obtained, for
example, during the development of unified algorithms for automated analysis of telemetric information coming
from the board of manned spacecrafts. The basis of algorithms was a set of control methods, in particular, the
multilevel control method, condition search trees, condition matrices, etc. With their help it is possible
to perform operational analysis of technical condition of the most aircraft systems; however, a significant draw-
back in this case is that it is impossible to quantitatively assess the reliability of conclusions regarding technical
condition of the systems. Stochastic reliability measurement in aircraft control practice is used rather limitedly
due to the lack of sufficient statistics, as well as resource and time constraints. In this regard the task to develop
the methods for aircraft technical condition control that allow getting real-time conclusions about technical
condition of the object under control with a quantitative assessment of reliability in the context of non-stochastic
uncertainty, is critical at the present time. One of possible variants to resolve it is to use the fuzzy measure
of reliability.

Subsystem of technical condition control is one of important components of any modern aircraft control sys-
tem. In this case the term "control" refers to the process of collecting and processing information in order to pre-
dict events. In aircraft control practice the stage of measurement data processing in order to obtain conclusions
about technical condition of the object under control is considered as technical condition analysis. The present
paper discusses modifications of well-known methods of automated analysis of the technical condition of aircraft
on-board systems that are used for various purposes, based on the use of fuzzy measure of reliability.
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Technical condition (TC) control implies the process of collecting and processing information in order to
predict events [1, 3, 6]. In aircraft (AC) control practice the stage of measurement data processing in order to ob-
tain conclusions about TC of the object under control is considered as TC analysis. It is possible
to distinguish the following tasks among the current tasks of analysis:

= Analysis of the planned modes performance for the object as a whole

= Analysis of full-time systems performance

= Analysis of support systems mechanization performance and the process of dynamic operations

= Analysis of applied equipment mechanization performance

= Calculation of full-time systems characteristics

= Analysis of dynamic processes

= Analysis of applied measurements

Problem Statement

Let us state the problem of AC TC operating control with the use of fuzzy measurement. At the same time let
us agree that in order to make a decision regarding TC, a priori and a posteriori data must be formalized
in a single and united way, i.e. with the use of fuzzy measurement. Then, based on a preliminary analysis, let
a set of classes of technical condition of objects under control be given F = {F} (r = 1, 2, ..., n) in the form
of fuzzy sets F = >u"/ Fr with the corresponding membership functions pF..

TC of the object under control is evaluated according to implementations of particular condition parameters —
characteristics of control that form in the aggregate the set of control characteristics X = {Xi} (i=1. 2, ..., m).
Moreover, taking specific character of the object under control into consideration — remotely controlled aircraft —
information about the object's condition will be received from the data measuring system in the form of teleme-
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tered data set (TMD). Then, evaluation of every of the Xi* characteristics will be formed based on appropriate
processing of TMD results.

Sets of TC F classes and X control characteristics are in certain interrelations F — X that can be described
with the help of a control matrix with elements {F:, Xi}, i.e. every TC is mapped to the corresponding implemen-
tation of control characteristics.

Reliability indicators of control characteristics evaluation Xi* were set in the form of the corresponding
membership functions pi(x) = wi(Xe, Xan, Xi*), where Xan, Xp - are upper and lower threshold limit values
of the controlled character, Xi* - is its evaluation, obtained as a result of TMD processing (fig. 1).
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Fig. 1. Controlled Parameter's Membership Function

Criterion and reliability indicator are known to resolve the problem of TC control in the form
of M"; — max | (< mec., Where MF; = {u% pF *} is a generalized membership function of the r-s technical condi-
tion obtained by way of composition of the a priori uF, and a posteriori uF* membership functions of r-s tech-
nical condition; t and t, are indicator and criterion of operational control, acting as restrictions.

To solve the stated problem it is necessary to develop the method for evaluation of a posteriori reliability
uF* of TC control results, expressed to a fuzzy extent. Then the general solution of the control problem in ac-
cordance with the given statement of the problem can be found in the form of F* = arg max M.

Method to Solve the Problem

Developing the method to resolve the problem, let us use the methods of condition search tree and conditions
matrix [2,7].

The algorithm for analysis of AC systems performance that uses the method of condition search trees,
is based on sequential analysis of reliable and important values of controlled parameters {Xi} (i=1, 2, ..., n)
of AC systems and (or) of results of intermediate calculations performed on Xi* actual values. The analysis con-
sists in comparing each value with known threshold values Xim, for example, Xin < Xi* < Xip. Or Xjap< Xi*; Xi* >
Xitn, and concluding "parameter X; is normal (abnormal)". Searching for AC system current condition branches
forth depending on step by step results of this analysis and ends up with the F, definition of onboard AC system
condition after a couple of steps of such sequential analysis. The control matrix in the method of condition tree
search can, for example, look the following way (table 1):

Table 1
Fr, Xi X1 Xo X3
F1 1 - -
F, 0 1 -
Fs3 0 0 1

In the table it is assumed that "1" — indicates that the X; parameter is normal; "0" - correspondingly, "X; pa-
rameter is abnormal"; "-" - the present parameter is not controlled at this step.
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The result of technical condition analysis using the algorithm of condition search trees can be interpreted
as the event {F*} consisting in identification of the AC system current condition to a specific type of technical
condition F,. The event {F:} occurs if and only if k events occur that are the results of sequential analysis opera-
tions along the corresponding branch of the algorithm, for example,

{Fr={xncxini e |Xlin..N{Xic X}, €
where {Xi c |Xi[}- is the event that the value of the parameter X; is normal; {X; & |Xi|}- is the event that the value
of the parameter X; is abnormal. Reliability of such an event is determined by the logical conjunction of reliabil-
ity of individual events and is expressed either as “1” or “0”, which in practice is an unjustified idealization.

Using the fuzzy measure of reliability allows obtaining quantitative reliability estimation, reflecting the real
degree of proximity to the estimation of the true TC. The intersection of events in the theory of fuzzy sets [5,8]
corresponds to the min operation and according to (1), reliability of TC analysis results to a fuzzy extent, as the
degree of truth of the statement "according to the results of measurements, the current TC refers to the F, class of
TC" can be represented as follows:

pE{F=min[u{X c Paf}, wefXe < Xof}..., wdXee X} pi{Xie X}, )
where wdXk < [Xd}, wi'{Xi « |Xi|} - are values of membership functions characterizing the degree of truth
of the statement "X parameter is normal" or "X; parameter is above (Xiap) Or below (Xi) the norm" accordingly.

The choice of corresponding modified algorithm branch of the condition search tree is carried out by the op-
eration of comparison of p; with p;'. The branch is selected that corresponds to the larger value of the member-
ship function max (ui, wi") and the choice rule taking into account the expression (2) can be represented as fol-
lows:

prre{F=min[max(ui{X: < X1}, w'{Xa & [X1]}), max(uadXe < X}, ®)
w{Xe & 1Xal}),..., max(ui{Xi < |Xif}, wi'{X & |[X[3)].

Modified algorithm of AC system TC analysis that uses the method of condition search trees is shown in the
Figure 2.
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Fig. 2. Modified Algorithm for Analysis of AC system TC

Algorithms for AC systems performance analysis that are based on condition matrices [9,10] use the fact that
F condition of a system can be determined by a set of X; values of controlled parameters. Groups of functionally
and logically interconnected parameters reflecting, in combination, possible conditions of AC device or system,
form technical condition vectors (TCV). Every TCV describes one of possible technical conditions of the AC
system, F,, and forms a row of condition matrix. Moreover, controlled parameters X; are subject to tolerance con-
trol and in fact TCV parameters are events "X; parameter is normal (abnormal)" with reliability "1" or "0". Using
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fuzzy measure of reliability every value of the measured parameter X; corresponds to a particular value
of the membership function p;(X;) characterizing the degree of truth of the statement "X; parameter is normal”,
"Xi parameter is above (below) the norm". In this case conditions matrix can be represented as in Table 2.

Reliability of TC analysis result obtained using the method of conditions matrix to a fuzzy extent, as shown
above, will be determined with the expression (2) as reliability of events intersection.

Table 2
Controlled TCV -1 TCV -2 TCV -n
parameters
X1 XiclXy| W1 Xiclxy| U XizlXq| '
X2 Xoc|Xo| U2 Xoz | Xo| pe' Xoc|Xo| U2
Xi Xz Xid B Xiz|Xid HK XicXid Hk
Classes TC F1 p* (Fq) F> u* (F2) Fn u* (Fn)

Consequently, according to analysis results either the method of condition search "tree", or the method
of condition matrices form a posteriori set of classes of the controlled object technical condition F = {F}(r = 1,
2, ..., n) in the form of the fuzzy set F = X_uF*/F according to a posteriori membership functions p=*.

The final decision will be made by calculating the generalized membership function of the r-s TC in the form
of Fr* = arg max M", by one of composition variants of a priori u"rand a posteriori u™* membership functions,
for example, from the optimistic perspective M = max{u~ p~*}, from the pessimistic perspective
MFr = min{p", uF*}or from the objectivist's standpoint A% = uF, e pFr* [4].

Conclusion

The above discussed modifications to methods of TC analysis allow evaluating a posteriori reliability pF*
of control results, expressed as fuzzy measurement, and can be used as the basis for the synthesis
of modified algorithms for automated analysis of TC of onboard AC systems. Advantage of the methods
is the ability to obtain a quantitative assessment of reliability of each of the given TC. Practical implementation
of the methods is possible through a certain refinement of the corresponding mathematical support and software.
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Y Mockoeckuii asuayuonnoui uncmumym (Hayuonanvuwiii uccredoeamenvckuti ynusepcument), Mockea,
Bonoxonamckoe w., 4

2 [lenmp eusyanuszayuu u cnymuukogix ungopmayuonnvix mexnonoauti, @®HI] HUH Cucmemnbix ucciedo-
eanuui PAH, Mockea, Haxumoeckuti np-m, 36

B cBsI3U C MOBBIILICHUEM YPOBHS CIIOKHOCTH JIETATEIIbHBIX aIllapaToB U y)KeCTOUSHHUEM TpeOOBaHHIA MO orle-
PATHBHOCTH KOHTPOJISI TEXHUYECKOTO COCTOSHUS OCTPO CTOUT BOMPOC aBTOMATH3AIMU PCIICHUS 3a/1a4 aHAIN3A.
OtaenbHbIe Pe3yIbTaThl ObLIH MOJY4€HbI, HAIIPUMeED, PH pa3paboTKe YHU(UIMPOBAHHBIX alIrOPUTMOB aBTOMA-
TU3UPOBAHHOI'O aHAIIU3a TEIEMETPUUYECKON HH(OPMAIIUH, MOCTYIAoNIeH ¢ 00pTa MUIOTUPYEMBIX KOCMUYECKHX
arraparTos. OCHOBOﬁ AJITOPUTMOB ABUJIACH COBOKYITHOCTH METOJIOB KOHTPOJIA, B YaCTHOCTH, METOAAa MHOI'O-
YPOBHEBOT'O KOHTPOJIS, IEPEBbEB MOMUCKA COCTOSHUMN, MATPHUIl COCTOSIHU U Ap. C UX MOMOIIBIO yIAeTCsI BBIIOJI-
HUTH ONEPATHBHBIA aHAJIU3 TEXHUUYECKOTO COCTOSHHS OOJBIIMHCTBA CHCTEM JIETATENbHBIX allapaToB, OJHAKO
CYIIECTBEHHBIM HEJIOCTATKOM IIPH 3TOM SIBIISIETCSI HEBO3MOXKHOCTh KOJIMUYECTBEHHOW OIEHKH JIOCTOBEPHOCTH 3a-
KITFOYCHUH O TEXHHYECKOM COCTOSIHUH CHUCTCM.

Pexomennyemas I'OCT 19919 — 74 BeposTHOCTHAsI ME€pa TOCTOBEPHOCTH B IIPAKTHUKE YIIPABIICHHS JICTATEIb-
HBIMU allllapaTaMu MPUMEHSIETCS OTPAaHUYICHHO M3-32 OTCYTCTBUSI JOCTATOYHOU CTATHCTHKH, & TAKKE PECYPCHBIX
1 BPEMEHHBIX OrpaHHuYeHHH. B cBs3M ¢ 3TMM 3ama4a pa3paboOTKH METOJ0B KOHTPOJS TEXHHYECKOTO COCTOSHUS
JIeTaTebHBIX AMMapaToB, MO3BOJISIONIUX MOTYYaTh ONEPATHBHBIC 3aKITIOYCHHUSI O TEXHUYECKOM COCTOSIHUH KOH-
TPOJIMPYEMOT0 00BEKTa C KOJIMYECTBEHHOMN OLIEHKOH JIOCTOBEPHOCTH B YCIIOBHSIX HECTOXaCTHYECKOH Heolpee-
JICHHOCTH, SIBJISIETCS aKTyalIbHOH. BO3MOXKHBIM BapHAHTOM €€ PELICHHs SIBISIETCS UCIOJIb30BAHUE HEUSTKON Me-
PBI JOCTOBEPHOCTH.

BaxxHOI cOCTaBIAOLIEH COBPEMEHHOM CHCTEMBl YIIPABJICHUs JIETATEJIbHBIMH aIllapaTaMHM Pa3Iu4yHOIO
HA3HAYCHUS SABJIAETCS MOACUCTEMA KOHTPOJIS TEXHUYIECKOTO COCTOSIHUS. [IpH 9TOM MO/ KOHTPOJIEM MOHUMAETCS
mporiece coopa u 00paboTKK HHGOPMALIKH C IEIBIO OMPEICIICHUS COOBITHIA. B MpakTuKe yrnpaBieHus JieTaTeib-
HBIMU alllapataMu 3Tan 00padoTKH U3MEPUTEIbHON UH(OPMALIUK C LEIbIO MOTYUCHHS 3aKITIOYCHUS O TeXHUYe-
CKOM COCTOSTHHH 00BEKTa KOHTPOJISI PACCMATPUBACTCS KaK aHATH3 TEXHUICCKOTO COCTOSHUS.

B cratbe paccMOTpeHbI MOAU(HUKAIMKE M3BECTHBIX METOJOB aBTOMATH3WPOBAHHOIO aHAIN3a TEXHUYECKOTO
COCTOSIHHSI OOPTOBBIX CHCTEM JIETATENILHBIX alapaToB Pa3iUYyHOr0 Ha3HAYECHUs, OCHOBAHHBIC HA MPUMEHEHUH
HEYETKOI Mepbl JIOCTOBEPHOCTH.

Knrwuesvie cnosa: cucmema ynpagienus 1emameibHblM annapamoM, MexHuuyeckoe cocmosnue, mepa 00-
CMOBEpHOCMU, CIOXACMUYECKAsL HeONPEOeIeHHOCMb.
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