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Abstract—The paper deals with the problem of necessity substantiation of statistical data processing
procedures in case of radio electronic equipment operation. These procedures are used in case of reali-
zation of preventive maintenance at the use of operation strategy according to the condition with control of
diagnostic variables. The basic elements of typical operation system for radio electronic equipment are
considered in the paper. The analysis of models for typical elements of operation system is carried out.
Radio electronic equipment is the main element of operation system, therefore the problem of statistical
data processing was considered for the model of diagnostic variables trend for this equipment. The model
is adopted for diagnostic variables trend, which belongs to the type of random processes with changepoint.
The steady-state period of diagnostic variables trend is characterized by a random duration, which is de-
scribed by normal probability density function. The period of technical state deterioration of radio elec-
tronic equipment is described by a sum of a linear function with deterministic but unknown inclination
angle and uniform random variable. The quantitative estimation of data processing efficiency (availability
coefficient and average operation costs) was determined by simulation modeling. The simulation results
showed that there is an optimal value of preventive threshold, at which the resource costs are minimal. This
result can be explained by existence of a balance between costs for repair and maintenance.

Index Terms—Radio electronic equipment; operation system; statistical data processing; technical state

deterioration; processing model; condition-based maintenance.

I. INTRODUCTION

Radio electronic equipment (REE) is used in
many branches of human activity: in the defense
industry, civil aviation, in the process of objects state
monitoring, etc.

Stability of functioning of REE and efficiency of
its intended use is provided by operation system
(OS). Basic OS elements are REE (operation object),
processes, documentation, personnel, expense and
information resources etc. The OS is complicated
according to it structure. Therefore, from the scien-
tific point of view OS can be examined as an object of
designing, development and improvement.

II. LITERATURE ANALYSIS

The problem of REE OS designing and improve-
ment was examined both in native and foreign litera-
ture. The main attention is paid to such scientific di-
rections: optimization of resources consumption in the
process of intended use, analysis of systems with
technical state deterioration, determination of the risks
related to instability of equipment functioning, etc.

Analysis of the literature in the sphere of OS de-
velopment and modernization for REE and others
complicated technical systems [1] — [6], and the ex-
perience of practical intended use of REE show that
not enough attention is paid to the problems of oper-
ation systems designing. This greatly negatively in-
fluences the final efficiency of REE use.

The articles [1] — [3] deal with basic concepts of
technical system reliability and maintenance theory.
Publications [4] — [6] deal with current issues of UAV
development and maintenance. Papers [6] — [10]
consider data processing procedures in operation
system of different equipment, synthesis and analysis
of reliability indices (mean time to failure, availabil-
ity factor, etc.) estimation algorithms.

The process of operating data processing plays an
important part in the procedure of making and reali-
zation of control decisions in OS. Therefore, the car-
ried out analysis of literature lets us conclude that not
enough attention is paid to methodological aspects of
OS designing in the part of processing data about
equipment operation.
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III. PROBLEM STATEMENT

Synthesis and analysis of processing algorithms
for data about REE operation should be realized
within the limits of generalized methodology of OS
designing. Really, methodological issues are the basis
for solving specific scientific and practical tasks. The
problems of OS methodology designing were ana-
lyzed in [4].

Absence of data processing methodology in REE
OS leads to uncertainty during decisions making
process; this can negatively influence the risks of air
navigation services during REE usage. That is why
the task of data processing efficiency proof in OS is
urgent.

Mathematical statement of substantiation of data
processing in the operation system will be considered
in terms of OS describing from the control points of
view.

In the paper, the main attention will be paid to the
approach of describing OS as a system of control.
Such statement is based on the fact that OS is a sys-
tem that forms corresponding managing orders and
influences on the basis of equipment state monitoring
results and the state of own OS constituents. Then we
can present all the elements of the operation system
according to the building-block principle in a partic-
ular standardized manner.

So these components contain enumeration of
states and columns of their changes, the matrix of
incoming conditions, control signals, etc. According
to this approach, every element has the trajectory of
state changes in phase space.

The OS task is to ensure state changes trajectory
location in the given boundaries in such a way, so that
the main efficiency index of REE usage was also not
less than some given level.

Efficiency of operation depends on purpose of OS
control. There are following purposes of control:
given level of availability providing, average risk
minimization, etc.

Efficiency of OS

Ef =OTr" (4, D/ At),Tr'"),

where 77" is an objective trend of diagnostic vari-
able change, 77 is an required trend of diagnostic
variable change, 4 are data processing procedures,
D is a rule for decision making about control action,
At is a time of observation.

According to the purpose of OS control we need
to provide the maximum of functional @, i.e.

O(Tr'" (4, D/ At), Tr'¥) — max .

In this paper, there is the aim of mathematical
substantiation for appropriateness of the operation

data processing procedures A usage for reaching the
REE OS control purpose.

IV. MODELS OF OS ELEMENTS

Models of OS elements influence on determina-
tion of data processing algorithms.

Analysis of REE functioning and operation shows
that the model of operation system is usually de-
scribed in corresponding operation rules. Thus, there
are Technical Operation Rules (TOR) for ground
flight support radio equipment in civil aviation, TOR
for telecommunication devices, TOR for radio
broadcasting and television, etc. The basic attention
in these rules is paid to devices. These rules establish
generalized standpoints as for organizing and func-
tioning of OS, however do not describe the models
from the mathematical point of view.

Basic OS elements are:

1. REE.

2. Technological procedures.

3. Documentation.

4. Personnel.

5. Operation conditions.

During analyzing OS models of elements, it is
necessary to take into consideration such features:

1) is the process random;

2) is the process continuous or discrete;

3) is the process stationary;

4) are the models parameters known or unknown;

5) is the process under control?

Models of REE description can be conditionally
divided into three groups: models of diagnostic va-
riables, reliability indexes models and REE condition
models.

Models of diagnostic variables are usually de-
scribed by the help of non-stationary random
processes. In this case describing diagnostic va-
riables, the positions of probability theory and Mar-
kov’s processes can be used. In addition, in practice
different variants of non-stationarity are possible.
These variants associate with the changes of mathe-
matical expectation, variance (heteroscedasticity),
correlation functions, etc.

It is should be noted that there are not enough
models of diagnostic variables for REE, which are
designed on the basis of experimental measurements
of such quantities as sensitivity, power, frequency
instability, modulation depth, etc.

Models of diagnostic variables are the basis for
successful solving problems of synthesis and analysis
of data processing algorithms, so these models re-
search is urgent task.

Models of REE condition are usually described by
quantized processes, which have two or three levels
of quantization. In case of three levels of quantization
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these levels are “Normal operation”, “Pre failure
condition” and “Failure”. Such models are described
by the help of Markov’s and half-Markov chains.

Reliability indexes models were studied in [7] —
[10]. In the general case, non-stationary random
processes also can describe them. Among reliability
indexes, researcher’s attention is paid to: mean time
between failures, availability coefficient, availability
function, coefficient of technical usage, failure rate,
etc.

In the literature during analyzing non-stationary
processes, the tasks of their detection and estimation
of models parameters are called the tasks with
change-points.

Technological processes (TP) are important
component parts of operation system. The main TP is
a process of intended use. The other processes are
directed for providing serviceability of REE and
maintainability of main OS elements. For quantita-
tive description of the processes, indexes of effec-
tiveness, efficiency and quality are used. In general
case quantitative characteristics of process are ran-
dom variables.

According to the process approach every TP has
input, output, recourses for its fulfillment and control
influences. During processes monitoring (input and
output signals), it is necessary to take into consider-
ation a possibility of non-stationarity occurrence.

Documentation plays an important part in pro-
viding safety and regularity of flights. Conscientious
execution of documentation requirements decreases
risks during air navigation services of flights.

The model of documentation description is quan-
tized with finite number of possible states. The model
can be considered from two aspects:

1) “Documentation requirements are executed” /
“Documentation requirements aren’t executed”;

2) “International standards are fulfilled” / “Inter-
national standards aren’t fulfilled”. Change of states
can occur in unexpected moments of time.

Taking into consideration documentation role it is
necessary to detect the moments of state changes on
time.

Personnel are characterized by quantitative index
of its number and professional suitability, effective-
ness and efficiency of practical actions during oper-
ation, etc. These indexes can be deterministic (num-
ber and qualification requirements) and random (ef-
ficiency and effectiveness).

Operation conditions include the following in-
dexes: temperature, pressure, vibration level, para-
meters of electromagnetic compatibility, etc. These
indexes are random and in some cases have uncon-
trolled trends.

V. EFFICIENCY OF STATISTICAL DATA
PROCESSING IN OS

Let’s consider quantitative estimation of effi-
ciency of condition-based maintenance with control
of diagnostic variables.

According to this strategy, there are warning and
operation thresholds, which determine the bounds of
three ranges of diagnostic variables. If the diagnostic
variables are in the bounds of warning thresholds,
then preventive maintenance isn’t fulfilled. In case of
warning thresholds are exceeded (if the operation
thresholds aren’t exceeded), preventive maintenance
is planned and fulfilled (regulation, planned re-
placement of REE components, etc). If the value of
one of the diagnostic variables exceeds operation
threshold, then it is considered that there is REE
failure and the current repair is fulfilled.

Let us suppose that making decisions rule is a
simplified procedure of operating data processing.

Let us consider the correlation that allows quan-
titatively estimate efficiency of data processing pro-
cedures in case of condition-based maintenance.

Let us suppose that technical state is characterized
by one diagnostic variable u(#). Let us assume that

normative documentation sets the allowance for
possible changes of this variable in form of lower and
upper operation thresholds D, and D,, . Preventive

thresholds we will mark as D,_and D,, .

Let the model of diagnostic variable change will
be described by the following correlation:

u(t) =s(t)+n(z),

where s(f) is a deterministic component of trend

s(t)y=ay+a,(t—1v)h(t—-1),

change of the diagnostic variable; n(¢) is a random
component of the diagnostic variable (with zero
mathematical expectation and standard deviation c);
a, , a, are random unknown coefficients; t is a
random moment of REE technical state deterioration
beginning; A(t—t) is Heaviside’s function.

This model is sufficiently generalized; it doesn’t
exclude possibility of change-points appearance in
trends of diagnostic variables, which is connected
with the random moment 7.

If D,_ <u(t)< D,,, thenitis assumed that REE is
in operating condition. Otherwise the failure appears.
Let’s assume that after the failure, REE recovery
begins, and the value of diagnostic variable will be
equal to the initial value q,.

In case if D,, <u(t)<D,, or D, <u(t)<D,_,

then this event is connected with REE technical state
deterioration. In this case preventive maintenance is
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planned. After it fulfillment, the value of diagnostic
variable will be equal to initial value q,.

In Fig. 1 example of diagnostic variable change is
shown ( a,=0, a =1, D, =300, D, =-100,

-
D,, =350, D, =-120, t is normal with m_ =100
and 6. =30).

For comparing efficiency of REE operation with
statistic data processing and without statistic data
processing, it is necessary to determine indexes and
criterions of efficiency. Efficiency index is used for
quantitative estimation of operation procedures ef-
fectiveness. Different variants of this index deter-
mination are possible, for example, average costs for
operation, availability coefficient, etc. In this paper
we chose availability and average costs as efficiency
indexes.

400 T T T T T T T

AM
L
T T

A
Wil m !

Diagnostic variable

-100

-2000 E';O 160 1’50 260 2‘50 360 35‘30 460 4’50 500
Time
Fig. 1. Examples of diagnostic variable change

Average costs is calculated according to formula

my(C/T;) = m (C/T;) +my(C,/Ty),

k k.
m (C,/T;) zk_;,crﬂ m (C,/T;) zk_TC

m>o
2z 2z

where C, and C,, are costs of one repair and main-
tenance, k, and k, are quantities of repairs and
maintenances, k£ is a total quantity of repairs and
maintenances, 75 is a observation time.

For quantitative estimation of efficiency index,
calculation and analytical methods and methods on
the basis of statistical simulation (for example, ac-
cording to Monte Carlo method, as the analyzed
samples are random variables) can be used. The first
method is more complicated and needs difficult ma-
thematical calculations. That is why in this paper we
will use the second method. This method gives an
opportunity to take into consideration big number of
parameters, which characterize the operation process
of REE.

Let us consider the scheme on making decisions
during REE diagnostic variable monitoring. In the
monitoring process moments T; and 1, of warning and
operation thresholds intersection are fixed. The dif-
ference between these moments

At=1,—1.

Let us assume that stuff for fulfillment preventive
maintenance needs time recourse AT . If Az > AT,
then the failure doesn’t occur, and REE comes back
to its initial state (the value of diagnostic variable will
be equal to the initial value ). In the opposite case
failure occurs. After the failure, current repair is ful-
filled. Duration of current repair & in general case is a
random variable.

During simulation process the number of failures,
times between failures, the number of successful
preventive procedures, mean time between failures,
mean time of repair and availability coefficient are
calculated. These are used for estimation of effi-
ciency of condition-based maintenance.

Initial parameters for simulation are a,=0,

D,|=500, C, =100, C, =50, AT =100, t

is normal distributed random variable m_ =200 and

a =1,

6, =60, n is uniform distributed random variable in
the range [40; 40], & is exponentially distributed
random variable with parameter A =0.005,. Results
of simulation are shown in Figs 2 and 3.
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Fig. 2. Availability estimation for different values
of preventive threshold
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Fig. 3. Average costs estimation for different values
of preventive threshold
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According to Figs 2 and 3, we can make such
conclusions. Use of data processing algorithm, which
realizes condition-based maintenance strategy with
control of diagnostic variables, leads to increase of
mean time between failures, and thus to availability
increasing in case of preventive threshold value de-
creasing.

Analysis of average costs dependence on preven-
tive threshold shows that there is minimum of func-

tion m,(C/T,) for given initial parameters of

condition-based maintenance strategy. Nature of this
minimum can be explained by existence of a balance
between costs for repair and maintenance.

VI. CONCLUSION

Experience of REE and other technical systems
operation shows that the systems of their operation
can reasonably be considered from control theory
point of view. It gives an opportunity to formulate OS
synthesis and analysis tasks, including statistics data
processing algorithms for possibility of making on
time and correct control decisions. Substantiation of
these algorithms expediency was performed for ex-
ample of condition-based maintenance usage. The
comparative analysis of data processing efficiency
was made through statistical simulation. The analysis
of simulation results in wide range of initial data
showed that operating data processing increases effi-
ciency indexes of REE OS.

The obtained results can be used during designing
and improvement of REE operation systems.
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0. B. Coaomenues, M. 1O. 3anicbkuii, O. B. Ko:xkoxina, T. C. 'epacumenko. O0po0ka 1aHux mija 4ac TeXHIYHOI 0
00CJIyTOBYBAHHS PajlioeIeKTPOHHUX 3aC00iB 32 CTAHOM

PosrisinyTo 3aa4y oOrpyHTYBaHHS JOLUUIBHOCTI BUKOPUCTAHHS MPOLEIYP CTAaTUCTHYHOI 0OPOOKH JaHMX ITij Yac eKc-
Turyatamnii pajioenaekTpoHHoro obnaaHanns. L{i mporeaypu BUKOPUCTOBYIOTHCS Y BHIIQJIKY peajizaiii IpeBEeHTHBHOTO
TEXHIYHOTO OOCIYrOBYBaHHS 32 CTAHOM 3 KOHTPOJIEM BH3HAYaJIbHHUX NapaMeTpiB. Y poOoTi BU3HAYEHI OCHOBHI eneme-
HTH TUTIOBOi CHCTEMH EKCIUTyaTalii pafioeneKTpoHHoro obnaananss. [IpoBenenuii anani3 Mozieneil THIIOBUX €JIEMEHTIB
cUcTeMHU eKkcIuTyaTanii. PajioenekTpoHHe o0yaJiHAHHS € OCHOBHMM E€IEMEHTOM CHUCTEMH €KCIuTyaTallii, ToMy 3anada
00pOOKHM CTATUCTUYHUX JAHHUX PO3IJISAANAch Ul MOJEN 3MIHM BU3HAYaJIbHUX MapaMeTpiB nporo obmagnaHus. [Ipu-
HHsATa MOJENb 3MiHM BU3HAYaJbHUX MapaMeTpiB, IO HAJIEKHUTH A0 KJIACy BUIIAIKOBUX MPOLECIB 3 po3naakor. Etam
CTalliOHAPHOTO PO3BUTKY TPEHAY BU3HAYAJIBHOTO IapaMeTpa XapaKTepU3yeThCs BUIAIKOBOIO TPUBAIIICTIO, IO OIHCY-
€THCSl TAyCIBCHKOIO LIUIBHICTIO PO3IOAUTY HMOBipHOCTEH. ETam moripmieHHs TEXHIYHOTO CTaHy paioeseKTPOHHOTO
00J1aIHaHHS OTIMCYETHCS aJJUTHBHOIO CYMIIIIIIO JIHIHHOT QyHKILIT 3 1eTepMiHOBaHHUM, alie HEBIIOMUM KyTOM HaXwWily, Ta
piBHOMIpHOI BHIaaKoBOi BelWYMHU. UMCIIOBE OIIHIOBAHHS TOKAa3HHWKIB e€(PEeKTHBHOCTI 00OpoOkM naHuX (koedimieHTa
TOTOBHOCTI Ta Cepe/iHIX BUTPAT Ha EKCIUTyaTallil0) BUKOHAHO LUISIXOM CTAaTUCTUYHOIO MOJETIOBaHHs. Pe3ynbTaTté Mo-
JIEIIIOBaHHS MOKa3aJly, IO iCHYE ONTUMAalIbHEe 3HaYEeHHS IPEBEHTUBHOTO TIOPOT'Y, TIPH SIKOMY 3aTpaTH PeCypciB MiHiMa-
npHi. el pe3ynbTaT MOXHa MMOSICHUTH ICHYBAaHHSM MEBHOI'O OajlaHCy MK BUTPaTaMH Ha PEMOHT Ta BUTpaTaMH Ha Te-
XHIYHE 00CITyrOBYBaHHsI 00JIaJHAHHSI.

KarouoBi ciioBa: pamioenekTpoHHe 00J1aHaHHS; CUCTEMa eKCIUTyaTallii; CTaTUCTUYHA 00pO0Ka JaHWX; MOTIpPIICHHS TeX-
HIYHOTO CTaHy; MOJIENIb TPEHA BU3HAYAJIbHOTO IapaMeTpa 3 PO3JIaIKOI0; TEXHIYHE 00CITyrOBYBaHHSI 32 CTAHOM.
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A. B. Cosnomenues, M. 10 3anucckuii, E. B. Ko:xkoxuna, T. C. I'epacumenko. O6padoTka JaHHBIX NPH TeXHUYe-
CKOM 00CJTY;)KHUBAaHUH PATHOIJIEKTPOHHBIX YCTPOICTB MO COCTOSTHHIO

PaccMmotpeHa 3agaqa 000CHOBaHUS 11€J1ECOO0Pa3HOCTH UCIIOJIB30BaHUS POLELYP CTATHCTHYECKOH 00pabOTKU NaHHBIX
BO BpeMS AKCIUTyaTallUH PaJrOIEKTPOHHOTO 000pYIOBaHMA. DTU IPOLEAYPhl MCIOIB3YIOTCA B CIydae peann3aluy
NPEBEHTUBHOI'O TEXHUYECKOTO OOCIIY)KUBAHUA IO COCTOSHHIO C KOHTPOJEM OIpeesIoNMX MapamerpoB. B pabote
OIpe/IeIeHbl OCHOBHBIE 3JIEMEHTBHI TUIIOBOW CHUCTEMBI JKCIUTyaTallMH PaHO3JIEKTPOHHOro obopymoBanus. IIposeneH
aHaJIM3 MOJIeJIel TUIIOBBIX JIEMEHTOB CUCTEMBI DKCILTyaTaluy. PajnosneKTpoHHOe 000pyI0BaHHUE SIBIISETCS OCHOBHBIM
AJIEMEHTOM CHCTEMBI JKCIUTyaTalli, IIO3TOMY 3a/iaua 00padOTKH CTaTHCTHYECKUX AaHHBIX pacCMaTpHBANACh Uil MO-
JIeNT U3MEHEHHs ONpeelIoIIX apaMeTpoB 3Toro obopynoBaHus. [IpuHATa MOIENh M3MEHEHUs ONpPeesisIoIInX
[IapaMeTpoB, KOTOpas OTHOCUTCA K KJIAcCy CIy4alHBIX IIPOLECCOB C Pa3iagKoi. DTall CTallMOHAPHOTO Pa3BUTUSA TPEHAA
OIPEIEIISIONIEr0 apaMeTpa XapaKTepU3yeTcs CIIydaiiHON JUINTENIbHOCTBIO, KOTOPAask ONUCHIBAETCSl HOPMAaJIbHOH IUIOT-
HOCTBIO pacIipe/ieIeHus BEpOSTHOCTEH. DTam yXyAIIeHHsI TEXHUUYECKOTO COCTOSTHUS PaIM03JIEKTPOHHOT0 000PYAOBaHUS
OITUCHIBAETCS QJJUTUBHOM CMECBHIO JIMHEHHOW (DYHKIMH C JETEPMHUHUPOBAHHBIM, HO HEU3BECTHBIM YIJIOM HAKJIOHA, U
paBHOMEpHOH CiTydaiiHOW BenM4HMHBI. UMCIIEHHBIE OIIEHKHM IoKasarteneld 3((deKTuBHOCTH 00pabOTKU JaHHBIX (K03(-
(unmeHTa TOTOBHOCTH W CPEIHUX 3aTpaT Ha AKCIUTYaTAalMIO) BBIIOJHEHBI IMYTEM CTaTUCTHYECKOTO MOIEIHUPOBAHUS.
Pe3yipraThl MOIETMPOBAHMUS TTOKA3aIIH, YTO CYLIECTBYET ONTUMAaIbHOE 3HAYEHUE IPEBEHTHBHOIO II0POra, TIPH KOTOPOM
3aTpaThl peCypCOB MHHUMAJIbHBIE. DTOT PE3YJIbTaT MOYKHO OOBSICHUTH CYIIECTBOBAHUEM OajlaHCa MEXIy 3aTpaTaMH Ha
PEMOHT Ta 3aTpaTaMH Ha TEXHUYECKOe 00CITyKHUBaHUE 000pyJOBAHUS.

KiroueBble cj10Ba: paflodIEKTPOHHOE OOOPYIOBAHHUE; CHCTEMa SKCIUTyaTalluM; CTaTUCTHYEcKas oO0paboTKa IaHHBIX;
YXYJLIEHHE TEXHUYECKOTO COCTOSHHUS; MOZAEIb TPEHAA ONpPENeIIOIEro napaMeTpa ¢ passiajikoi; TeXHHYecKoe 00Ciy-
YKMBAHUE MO COCTOSHUIO.
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