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SPACE OPTIMIZATION MODELS OF INFORMATIVE FEATURES
FOR CONTROL AND DIAGNOSTICS OF THE TECHNICAL STATE
OF DYNAMIC INDUSTRIAL OBJECTS

The problem of improving the effectiveness of information systems for monitoring and diagnosing the technical state of
industrial objects with dynamic properties is inextricably linked with the formation of optimal space for informative
parameters under which control and diagnostics are carried out. The formation of optimal space of informative
parameters for monitoring and diagnosing the technical state of industrial object is the task of evaluation regarding
limited volume of measurements and parameters characterizing the dynamics of equipment during the test changes in
the technical state of industrial object. In the article the space optimization models of informative features are
considered on the maximum probability of control and diagnostics of the technical state of dynamic industrial objects
criterion. The article considers space optimization models of informative features based on the maximum probability of
control and diagnostics of the technical state of dynamic industrial objects. The complex influence of three parameters
(geometric distance between diagnosed states, number of informative parameters, training sample volume) on the
probability of control and diagnostics of the technical state of industrial objects is studied. The ability to form optimal,
maximum probability of control and diagnostics of the technical state of dynamic industrial objects and the system of

informative features is proved.
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Introduction

The problem of improving the effectiveness of
information systems for monitoring and diagnosing the
technical state of industrial objects with dynamic
properties is inextricably linked with the formation of
optimal space for informative parameters under which
control and diagnostics are carried out [1].

The formation of optimal space of informative
parameters for monitoring and diagnosing the technical
state of industrial object is the task of evaluation
regarding limited volume of measurements and
parameters characterizing the dynamics of equipment
during the test changes in the technical state of
industrial object [2].

The article studies space optimization models of
informative features based on the maximum probability
of control and diagnostics of the technical state of
industrial objects with dynamic properties.

Studying space optimization models
of informative features

Studying space optimization models of informative
features based on the maximum probability of control
and diagnostics of the technical state of industrial
objects was carried out for the function
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where 6 — geometric distance between diagnosed
states, p — number of informative parameters, N —
training sample volume.

Probability Py is considered as the objective
function optimizing the features space, for which the
optimal choice of space dimension corresponds to the
maximum function Py [3, 4].

To simulate the influence of space dimension of
informative features on the probability of control and
diagnostics of the technical state of industrial objects, a
cumulative model for the parameter &, characterizing

the gradual growth of the geometric distance between
diagnosed states with increasing size of the space
feature p was used:
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The variable @ used in the model (2) serves as an
additional parameter that determines the geometric
distance between the diagnosed states for the first, most
informative feature.

To reveal the influence of the informative
features quality on the optimal dimension of these
features, a three-dimensional representation of the
equation (1) is used for two variants of the most
informative feature:

a=0.5 (the feature is not informative, the
probability of control and diagnostics is equal to
0.6915);

a =2 (the feature is informative, the probability
of control and diagnostics is equal to 0.9773).

The obtained three-dimensional graphs for the
studied probability P; of the function p and N for

various values a are presented in Fig. 1

Fig. 1 shows that with the growth of the
informative  features  quality (growtha)  with
maximum Py, the space dimension of features
increases.

Such influence can additionally be shown by two-
dimensional dependency graphs P; for the space

dimension of the features for three options of N
fixation and parameter a variability (Fig. 2).
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Fig. 2. Two-dimensional dependency graphs Py for the space
dimension of the features for three options of V fixation and

Fig. 1. Three-dimensional graphs for the studied probability

Py of function p and N for different values a

Table 1 was calculated regarding the quantitative
analysis of the maximization effect Py with the

optimal space dimension features.

parameter a variability

Table 1 clearly shows how the value of the

parameter a affects the maximum Py, namely with

increasing a the maximum P always has a tendency

to increase.

Table 1 — Value Py and corresponding optimal dimensions for NV and parameter a variability

a [0.2 [0.4 [0.6 [0.8 [1 [1.2 [1.4 [1.6 [1.8 [2

N = const =3
max Py 10.029839 |0.111725 |0.227322 |0.361454 |0.495491 |0.617448 |0.72434 |0.809462 |0.874264 |0.920955
Por 2 2 2 3 3 4 4 4 5 5

N =const =6
max Py 10.041276 |0.146486 |0.285090 |0.429353 |0.565670 |0.683076 |0.779756 |0.853370 |0.906933 |0.943648
Por 2 2 3 3 4 4 5 6 6 7

N =const =9
max Py 10.049493 |0.169125 |0.317002 |0.464963 |0.598980 |0.713058 |0.803638 |0.871543 |0.919751 |0.952268
Porr 2 3 3 4 5 5 6 7 8 8

N =const =12
max Py 10.056000 |0.185688 |0.337600 |0.487207 |0.620125 |0.730721 |0.817484 |0.881819 |0.926961 |0.956969
Por 2 3 4 4 5 6 7 8 9 9

N =const =15
max Py 10.061400 |0.198312 |0.353817 |0.502943 |0.634215 |0.742476 |0.826670 |0.888567 |0.931637 |0.960006
Por 2 3 4 5 6 7 8 9 9 10
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End of table 1

N =const =18
maxpﬂ 0.066008 |0.208315 |0.366020 [0.515097 [0.645043 [0.751378 |0.833508 |0.893504 |0.934991 [0.962159
Porr 2 3 4 5 6 7 8 9 10 11

To study the influence of N growth on the
probability extremity Py, three variants were chosen

for N (N=3, N=10, N=20) (Fig. 3). Fig. 3
clearly shows that when the training sample volume N

increases, the probability Py only increases, at the

same time the optimal space dimension of the
informative features increases, which is shown by
calculations data in Table 2.
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Fig. 3. Two-dimensional dependency graphs P,
for the space dimension of the features for three options of a fixation and parameter N variability

Table 2 — Value Py and corresponding optimal dimensions for ¢ and parameter /V variability

N 3 6 9 12 15 18 21 24 27 30
a=const =0.2

max Py 10.029839 |0.041276 |0.049493 |0.056000 |0.061400 |0.066008 |0.070018 [0.073555 |0.076711 |0.079724

Poirt 2 2 2 2 2 2 2 2 2 3
a=const =0.4

max Py 10111725 |0.146486 [0.169125 |0.185688 |0.198312 |0.208315 |0.216464 |0.223244 |0.229001 |0.234508

Porn 2 2 3 3 3 3 3 3 4 4
a=const =0.6

max Py 10227322 10.285090 |0.317002 |0.337600 |0.353817 |0.366020 |0.375550 |0.383206 |0.390213 |0.396145

Por 2 3 3 4 4 4 4 4 5 5
a = const =0.8

max Py 10361454 |0.429353 |0.464963 |0.487207 |0.502943 |0.515097 |0.524330 |0.532020 |0.538564 |0.543973

Por 3 3 4 4 5 5 5 6 6 6

a=const =1

max Py 10.495491 |0.565670 |0.598980 |0.620125 |0.634215 |0.645043 |0.653111 [0.659993 |0.665513 |0.670143

Pon 3 4 5 5 6 6 6 7 7 8
a=const =1.2

max Py 10.617448 |0.683076 |0.713058 |0.730721 |0.742476 |0.751378 |0.758058 |0.763550 |0.767935 |0.771773

Porr 4 4 5 6 7 7 8 8 9 9
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Conclusions

The use of equation (1) allowed conducting the
study of the complex influence of three parameters
(geometric distance between diagnosed states, number
of informative parameters, training sample volume) on

the probability level of control and diagnostics of the
technical state of industrial objects. Such research
proved the ability to form optimal, maximum
probability of control and diagnostics of the technical
state of industrial objects with dynamic properties and
the system of informative features [5].
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Mogeuti onrruMisanii npocropy iHpopMaTHBHUX 03HAK
NP KOHTPOJIi TA JiarHOCTYBAHHA TEXHIiYHOI0 CTaHy JMHAMIYHMX IPOMMCIIOBHX 00’ €KTIB

1. M. Kopaxos, II. ®. [llanos, P. IT. Murymesnko, O. 0. Kponauex

Ipobnema nigsuieHHs edekTUBHOCTI iHGOPMALIHHUX CUCTEM Iyl MOHITOPHMHIY Ta AiarHOCTYBaHHsS TEXHIYHOTO CTaHy
MPOMHUCIIOBUX O0'€KTIB 3 JMHAMIYHUMH BIACTHBOCTSAMU HEPO3PUBHO IIOB'I3aHA 3 ()OPMYBaHHSAM ONTHMAIBHOIO IPOCTOPY JUIS
iHpopMaLiiiHUX mapaMeTpiB, 3a SKUMH 3[IHCHIOIOTHCS KOHTPOJIb 1 AiarHocTuka. POpMyBaHHS ONTHMAIBHOIO HPOCTOPY
iHpopManiiiHUX MapamMeTpiB Ul MOHITOPHMHI'Y Ta AiarHOCTYBAaHHS TE€XHIUYHOIO CTaHy IIPOMHUCIOBOrO OO'€KTy € 3aBJAaHHAM
OLIIHKH OOMEXEHOro 00Csry BUMIpIOBaHb Ta IapaMeTpiB, IO XapaKTepPU3yIOTh JUHAMIKYy OOJaIHAHHA IIiJ| 4ac TECTOBHUX 3MiH
TEXHIYHOTO CTaHy HPOMMCIOBOro o0'ekta. B crarri posryisHyri Moneni ontuMizauii mpocropy iH(GOpMaTHBHHMX O3HaK 3a
KPHUTEPIEM MaKCUMyMy BipOTiHOCTI KOHTPOJIO Ta JIarHOCTHUKH TEXHIYHOTO CTaHy IPOMHCIIOBUX 00 €KTIB 3 JWHAMIYHHMH
BJIaCTHUBOCTSMU. BHKOHAaHO MOCIHIJUKeHHS Mozeni ontuMizauii mpocropy iHGOpManiiHMX O3HAK HA OCHOBI OTPUMAaHHS
MaKCUMAJIBHOI BipOTiTHOCTI KOHTPOJIO Ta JIarHOCTUKHM TE€XHIYHOTO CTaHY IPOMHUCIOBHX 00'eKTiB. JlOCIiIPKEHO KOMIUIEKCHHI
BIUIMB TPbOX MapaMeTpiB (r€OMETPUYHOI BIJICTAHI MK CTaHAMM, 11O AiarHOCTYIOTHCS, KUIBKOCTI 1HpOPMATUBHUX MapaMeTpis,
o0csry HaBYaJIbHOI BHOIPKM) Ha BEJIMYMHY BIPOTiJHOCTI KOHTPONIO Ta AiarHOCTYBAaHHS TEXHIYHOTO CTaHy IPOMHCIIOBUX
00’exTiB. JloBEIEHO CIPOMOXHICTH (hOPMyBaTH ONTHUMAIIbHY, 332 MaKCHUMyMOM BipPOTiZHOCTI KOHTDOJIO Ta JiarHOCTYBAaHHS
TEXHIYHOI'0 CTaHy POMHUCIIOBUX 00’ €KTiB 3 IMHAMIYHIMHU BIIACTUBOCTSAMHU, CUCTEMY iHHOPMATHUBHHUX O3HAK.

Kar4dosi caoBa: TexHiuHuii cran; iHQOpMaTHBHI O3HAKHU; KOHTPOIIb; JIarHOCTYBaHHSI.

Mopeyi ONTHMH3a0MH NPOCTPAHCTBA HH()OPMATHBHBIX IPHU3HAKOB
NP KOHTPOJIE M AMATHOCTHPOBAHNSI TEXHHYECKOr0 COCTOSIHMSI THHAMMYECKHX NPOMBILLICHHBIX 00bEKTOB

H. M. Kopxos, I1. ®. Illanos, P. I1. Murymenko, O. }O. Kponauex

IMpobGnema mnoBbimeHnst 3¢hdexTuBHOCTH HMHOOPMALMOHHBIX CHUCTEM Ul MOHUTOPUHIA W JHMAarHOCTHPOBAHUS
TEXHUYECKOTO COCTOSHMS IPOMBIIUICHHBIX 00BEKTOB € JJMHAMMYECKHMMH CBOWCTBAMH HEPa3pbIBHO CBA3aHAa ¢ (OPMUPOBAHHEM
OITUMAJIBHOTO TPOCTPAHCTBA Ul MH(POPMALMOHHBIX MapaMEeTPOB, MO KOTOPHIM OCYIIECTBISIOTCS KOHTPOJIb U JAUArHOCTHKA.
DopMHpOBaHHE ONTHUMAIBHOIO HPOCTPAHCTBA MH(POPMALMOHHBIX I1apAMETPOB JUI MOHUTOPHMHIA M JAWArHOCTUPOBAHMS
TEXHUYECKOTO0 COCTOSHHUS IIPOMBIIUICHHOTO OOBEKTa SIBIACTCA 3ajaueil OLEHKM OIpaHHYEHHOro oObeMa H3MEpEeHHH u
[IApaMeTPOB, XapaKTepPU3YIOLINMX JUHAMUKY OOOpYIOBaHUS BO BpPeMs TECTOBBIX M3MEHEHHMH TEXHHYECKOI'O COCTOSHHUS
MPOMBILIJIEHHOr0 00beKTa. B craTbe paccMOTpeHB! MOJENM ONTHMM3ALUM IPOCTPAHCTBA MH()OPMATHUBHBIX INPU3HAKOB IO
KPUTEPUIO MAKCHUMyMa [OCTOBEPHOCTH KOHTPOIS M JMArHOCTHKM TEXHMYECKOrO COCTOSIHUSI IPOMBILNUICHHBIX OOBEKTOB C
JIMHAMMYECKUMHU CBOMCTBaMHU. BBINOIHEHO MCCIe0BaHNE MOJENN ONTHMM3ALUK IPOCTPAHCTBA MH(OPMALMOHHBIX MPU3HAKOB
Ha OCHOBE MOJIy4eHHs MAKCHMAJIbHOW JOCTOBEPHOCTH KOHTDPONS M THUArHOCTHKU TEXHHUYECKOTO COCTOSIHHUS IPOMBIILIEHHBIX
o0bexToB. MccnenoBaHO KOMIUIEKCHOE BO3/CHCTBHE TpeX MapaMeTpoB (I€OMETPUYECKOH DPACCTOSHUS MEXAY COCTOSHUSIMU
JIMaTHOCTHPYEMBIX KOJIMYecTBa MH(POPMATHUBHBIX IapaMeTpoB, oObeMa oOydarolield BbIOOPKHM) Ha BEJIHUYMHY IOCTOBEPHOCTH
KOHTPOJI M JMAarHOCTHPOBAHUsSI TEXHUYECKOI'O COCTOSIHHMS HMPOMBILUICHHBIX 00bekToB. JlokazaHa CrIOCOOHOCTh (HOPMHUPOBATH
ONTHMAJIBHYIO, MO0 MAKCHMYMY JOCTOBEPHOCTH KOHTDPOJIS M AMArHOCTUPOBAHUS TEXHMYECKOTO COCTOSHHUS MPOMBIIITIEHHBIX
00BEKTOB € IMHAMHYECKUMHU CBOHCTBAMH, CUCTEMY MH(OPMATHBHBIX MPH3HAKOB.

Kao4deBble CJI0BA: TEXHHYCCKOE COCTOSAHHCEC, I/IH(l)OpMaTI/IBHLIe IIpU3HAaKU; KOHTPOJIb; TUArHOCTUPOBAHUEC.
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