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Summary. The issues of control and identification of multidimensional and closed systems of metal
structures diagnostics have been considered. The main varieties of identification and modeling of processes for
managing the functional diagnostics of metal structures dealing with the improvement of the input information
quality due to limited restrictions satisfaction, searching for additional a posteriori information in the process of
dynamic changes of the controlled object, forecasting changes in the internal structure of the material have been
specified and discussed in detail. The scheme of a priori information in the form of parameterized mappings of
inputs and outputs interactions of the diagnostic system has been presented. The results of simulation are
associated with the selection of variables measured diagnostic parameters. A methodology for quantitative
estimations of posterior inflow information due to entropy values has been developed. Using the marked apertures
of modelling and forecasting at each stage of identification, it is possible to obtain a mathematical model adequate
to the real situation.
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Problem statement. Due to the development of informatics and computer science it is
necessary to develop and apply some new principles of management models construction and
observation results formalization similar to the real situation taking into account a posteriori
information. Under diagnostic system functioning conditions the continuous information inflow
is taking place dealing with both the change of object material properties whilst its performance
and with changes in the requirements to the diagnostics quality, including the specification of
permissible defects, their location, configuration, detecting the most dangerous areas,
forecasting and detected defects evolution. All the above-mentioned operations aim at the
improvement of operated equipment quality and reliability. The economic aspect of metal
structures diagnostics involves the equipment residual lifetime evaluation.

The efficiency of management systems of metal products functional diagnostics is
determined taking into account different input and output variables in the dynamic range
characterized by uncertainty and unpredictability. The results of the above-mentioned
management are the basis for parameters identification of metal products diagnostics processes.
Identification of complex production objects is the set of methods of mathematical models
construction according to the observation data whose adaptability to the environmental changes
is provided despite incomplete a priori information and processes non-stationary state.
Nowadays, it is impossible to forecast neither responds to the actions in general nor to the
development of the very object under diagnostics without solving the problems of
identification. The forecast models based on expertise and extrapolation of the tendencies under
observation have been widely used. Nevertheless, they can be applied only for univariate time
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series, while the process of metal structures state diagnostics presupposes a complex analysis
of various characteristics of the controlled object. In this way, the identification is connected
with the selection of measured diagnostics parameters aimed at having an idea of the controlled
object state. The development of methodological aspects of modeling of processes for
automated control of functional diagnostics of metal structures is one of the unsolved tasks of
the theory of complex dynamic objects automatic control.

Analysis of publications on the topic under discussion. The temporal and frequency
methods of useful signals optimal filtration are used for target management of an object
behavior in states space [1-5]. A great number of papers on systems identification deal with
temporal series and their different applications [6-9]. Identification of multidimensional closed
systems is connected with the real model approximation within the class of models [10-12]. In
identification using to the modeling of processes for automated control of functional diagnostics
of metal structures the very task of identification is defined as determination of the measured
diagnostic parameters in the system output which describe the controlled structures state in the
best possible way.

Under uncertainty and unpredictability conditions, caused by the equipment operational
conditions, the problems of identification and modeling of the processes for automated control
are especially urgent.

The aim of the paper is to identify and simulate the processes for automated control of
functional diagnostics of metal structures.

Main material statement. To find out about the structure and properties of the object
under diagnostics one should carry out the modeling of these processes on the basis of
identification close to real production environment and specify the correspondent means of
active influence on the process of management.

Most modern technological objects are complex multi-element systems with their own
internal structure. Nevertheless, diagnostic system modeling considers them as the whole entity.
In this way, any diagnostic system based on the measurement and analysis of different
characteristics of the controlled object, in its state space, having various types of readings with
their own dimensions, can be considered as a closed and multidimensional one.

Under new necessary information inflow conditions the very concept of controlled
object is changing. Dynamic management object is an object whose output depends not only
on the current value of input signals but on their values in previous moments of time as well. A
scheme of the process of functional diagnostics management is shown on Figure 1.

e(t) Accident obstacle
u() Diagnostic Yo(t) y@®
Management . system Given output of Observed output of .
signal the object the object

Figure 1. Scheme of the process of functional diagnostics management

The necessity of identification and its specialization is determined by the management
goals which can be implemented by making impact on the managing object.

To achieve management goals one should pay special attention to their statement in all
management stages as local goals undergo some changes after obtaining information of the
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analyzed processes dynamics. Initially the goal is specified as an oral statement and does not
require any substantiation. The goal is updated at the further stages of management.

Labor intensity of dynamic processes automation is considerably influenced by the a
priori information support about technological features of the controlled objects, their static and
dynamic characteristics.

There are three basic options of automated control of functional diagnostics:

— increasing the quality of incoming information due to the more complete data on
the controlled object, records and removal of the restrictions on the incoming a priori
information, specification of objects operation conditions.

— searching any additional a posteriori information which corrects the existing
information during the dynamic changes of the object state.

— forecasting of any possible changes of internal structure of the material in the
operation of the objects.

Identification of objects of management processes automation starts from the collecting
information of the controlled object. A priori information is the basis of the process model
connecting the engineering intuition with formal properties of probabilistic models aimed at
making decisions and has the form of parametrized representations of inputs and outputs
interaction. Block diagram of a priori information of multidimensional closed diagnostic
systems is shown on Figure 2.

Experts’ Engineering Probabilistic Use of standard
thoughts intuition assessment models
I I I I
APRIORI INFORMATION
[ [ [ [ [
Object Specification o Analysis of Specification
identificatio of Spe_C|f|_cat|on of output of the most
n from the interrelations || Preliminary and dynamic informative
environment || ininputsand next events series diagnostic
outputs parameters

Figure 2. Block diagram of a priori information of multidimensional closed diagnostic systems

The main characteristics of a priori information of automated control under ambiguity
conditions are as follows:

— stochasticity, specified by non-controlled accidental sources;

— responsiveness, where the knowledge of the analyzed factors depend on the
previous incoming parameters;

— discreteness, specified by discrete time intervals;

— non-linear feature, characterized by the fact that the reaction on different actions is
not the equivalent to the sum of reactions on each of these impacts.

An object is identified when the a priori information is received and on this basis a
cognitive model is developed representing the mechanism of diagnostics object functioning. It
looks like in the following way according to formalization form:

Y =F,(X), (1)

where Fn — an operator of transformation the cause X into the result Y.
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Interrelation of information situations, levels of uncertainty and managerial actions is
characterized by the following set of values: X— a set of management alternatives,
Y — a set of controlled object states, P(x) — probability of defect detection in the products
material.

Situation Y needs diagnostics described by the distribution P(x) in the states space.

Similar to the above-mentioned situation one can imagine the connection between X and
Y in a real object using the object operator Fo. The process of synthesis of operator model Fn
must be the maximum close to the operator Fo. The aim of the identification is to construct such
operator Fn that is the maximum close to the operator Fo. The level of their approximation
defines the quality of a priori information.

The type of management modeling can be different after a posteriori information
incoming, i.e. during the observation of the diagnostic system behavior under different values
of specifying factors.

A posteriori information incoming to the diagnostic system input allows us to analyze
the interrelation between input and output in certain ranges of their change.

A posteriori information about the state of the object of diagnostics is residual
uncertainty of data after receiving additional messages.

It’s necessary to have the access to the information of every structural element of the
object under diagnostics for the quality of the specified information use. To monitor the
dynamics of their change and determine the probability of an event taking place on the basis of
knowledge of others’ possibilities Bayes formula is proposed to be used.

Using the known information and data of new observations one can calculate the whole
probability of the event A under carrying out the events By, Bo, ... , Bn conditions:

P(A)=P(B,)P(A|B,)+P(B,)P(A|B,)+...+ P(B,)P(A|B,), (2)

where P(B) — a priori probability of event A when the event B takes place,
P(A|B) — conditional probability of event A when the event B takes place

Events probabilities By, Bo, ... , Bn are changing when the event A takes place and they
are calculated by the formula of a posteriori probability:

p(B,| A) = PBIP(AIB) -
P(A)

Probability formula P(Bi|A) shows the reassessment of the events probable occurrence
B1, B, ..., Bn.

Bayes formula is used in those cases when the probabilities of structural components
changes of the controlled object are known and they are reflected in the dimensions by other
methods of diagnostics. Using Bayes formula one can find the specified value of a posteriori
information necessary for the mathematical model construction of processes for automated
control of functional diagnostics of metal structures.

Qualitative characteristic feature that there is enough a posteriori information is the
value of its entropy H

I m
H=—=->Rlog,P, 4)
i=1
where P; — probability of a diagnostic system occur in the given state,

| — information volume, m — number of possible states of the system, n — number of analyzed
characteristics.
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The entropy of a posteriori information source for the two states of the diagnostic system
ur and uz with probability P(uy) = P 1 P(u2) = 1 — P is expressed by the formula
H@u)=-[Plog, P+(@—P)log, P]. 5)

For the eves xi, X,..., Xn, With equal probability 1/n, the entropy value Ho equals to:

H,=-log,1+log,n, (6)
Taking into account that
PF%, Pzsz\IXZ), P”:N(l\;(n)' (7)

Entropy formula looks like:

H =_i[Pi |ng N(Xi)_IOQZ N]+P2(|ng N(Xz)_Ing N)+---+ Pn(logz N(Xi)—|ng N)' (8)

i=1

where N(xi) — humber of states of the diagnostic system at the moment when the event x; took
place;
N — general number of possible states of the diagnostic system.

Information structure of a priori data necessary for the entropy calculation must contain
the data of the structural alternatives and diagnostics alternatives which can be found by means
of statistical material processing or by analytical methods based on probabilistic ideas.

The entropy at given values of events possible occurrence has been calculated. These
sources of information are considered to be completely independent.

At equally probable manifestations of analyzed dimensions X1, X2, X3, the source of
information will have the maximum of entropy value.

Thus, for P1 = P2 =Pz ui=1,2,3 entropy equals to:

H, = —E(Iogzl— log, 3)+%(|0921— log, 3) +§(|0921— |0923)} =

9)
=[log,1-log, 3] =—-[0—1.58496]=1.58496  bit |
For values P1 =0.7, P, =0.2, P3 =0.1.
X1, X2, X3 entropy equals to:
H,= —{l(log 7—log 10)+1(Iog 1-log 5)+i(log 1-log 10)} =
0 10 2 2 5 2 2 10 2 2 (10)

—[(~0.360206) + (—0.464386) + (—0.332193) | =1.156785 [ bit]

The difference of these values characterizes the entropy changes that is the basis of its

diagnostics:
AH =H,-H, (11)

A calculating experiment was carried out to unify and shorten the possible typical
calculations dealing with the variability of indicators probability in operation. The results of the
experiment are presented in the form of a posteriori entropy of the correspondent graphical
charts (nomograms) (Figure 3). The values of possibilities of the last indicator are numerated
on the curves H = f(P)

0
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Figure 3. Nomograms for determining entropy at given probabilities for different groups of indicators:
ayn=3,b)n=4

Entropy change is the basic criterion of quality of diagnostic system management
system.

Statistical analysis, which was conducted on the initial stage of functional diagnostics
management, and further specification of probability of events happening, calculations of a
priori information and entropy value are able to regulate the process of storing the necessary
amount of information at managerial decisions making.

Identification and forecasting from the mathematical models perspective concerning the
object state diagnostics can be differentiated due to the following criteria: at identification the
object state refers to the certain fixed period of time whereas at forecasting the object state is
found in further periods of time.

Automation of processes on decisions making based on intellectual and information
technologies and computer programs is a promising direction of increasing the efficiency of
management system of object technical condition.

A considerable information flow is processed while errors are being searched and
specified. The quality of the decisions made is greatly influenced by the software of technical
diagnostics that involves:

— data bases of accumulated operation time, performance conditions, repair impacts

— standard values of diagnostic parameters

— results of diagnostics
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— recommended actions of management
Algorithm of procedure for identification of multidimensional closed diagnostic
systems has been developed on the basis of analysis of the presented statements (Figure 4).

/ Purpose statement /

>
A 4

Achievable goals
setting
v
Collection of a priori
data of the object

w
v

Data collection of the
performance dynamics

v
Restrictions setting

v
Selection criteria

setting
v Search of the

Operational additional a posteriori
parameters monitoring information

List of indices v
extension Model set formation

v

Information analysis
by goal criteria

Yes

The best model
selection

omparison with the
real data

Results interpretation

Figure 4. Algorithm of procedure for identification of multidimensional closed diagnostic systems

116 ......... ISSN 2522-4433. Scientific Journal of the TNTU, No 2 (98), 2020 https://doi.org/10.33108/visnyk_tntu2020.02


https://doi.org/10.33108/visnyk_tntu2020.0

Serhii Osadchyi, Iryna Lurie, Oleg Boskin, Ihor Okipnyi

Interpretation of the algorithm of identification procedure as a weakly structured scheme
of functional diagnostics allows us to overcome the intellectual difficulties in determining the
structural changes of the material that is in operation and provides the increase of diagnostic
system functioning quality.

The very technology of identification process concerning the modeling of functional
diagnostics automated control involves the following iterations conducting:

— choice of mathematical hypothesis to describe the diagnostic system,

— mathematical model construction,

— determination of incoming a priori information,

— information processing according to the target criteria,

— carrying out some actions on the mathematical model parameters replacement by
their empirical values,

— checking the model adequacy to the real diagnostic conditions,

— aposteriori information introduction,

— model correction,

— some practical recommendations writing.

The statements under discussion is the methodological basis of modeling of diagnostics
of automated control under unpredictable changes impact conditions in operation on the
structures material state. Identification of diagnostics allows us to find the components of the
object dynamic state which can be automated. They can serve as the data which can be used by
other researchers.

Conclusions. Identification of automation processes of functional diagnostics control
can be considered as a system object involving a great number of methods based on the
measuring of deviations from standard parameters and as a basic component providing the
equipment reliability and its residual lifetime calculating.

The scheme of a priori information structure of multidimensional closed diagnostic
systems under consideration, ways of its obtaining and identification allow to create a cognitive
model that will represent the mechanism of a diagnostics object functioning.

To follow the dynamics of materials properties strength, caused by their structure
changes due their performance Bayes formula is proposed to be used during the a posteriori
information incoming period based on the knowledge of possible changes of other related
characteristics of the object. The a posteriori information has been determined to be the
guantitative assessment of residual ambiguity. After receiving any additional messages this
feature of a posteriori information can be used for the prediction of changes in internal structure
of the material in metal structures operation.

Under multifactor and different directions conditions the quality of forecasting can
considerably decrease. Thus, at forecasting of trends in materials structure changes in
multidimensional closed diagnostic systems some additional operations are recommended to
introduce dealing with probabilistic assessment of expected changes: detecting bad values in
time series and making the dynamic series indices correct.

The developed algorithm of identification procedure of multidimensional closed
diagnostic systems, generalized methodical techniques of information analysis and processing
allow us to increase considerably the reliability and adequate forecasting due to the decrease of
residual ambiguity of incoming variables by means of a posteriori information correcting for
the period of observation and forecasting. Some promising further research will deal with the
construction of a control model of material structure diagnostic systems taking into account the
changes in materials mechanical properties not only by output signals but immediately in the
source of structure failure.
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IJEHTUPIKALIA TA MOAEJIIOBAHHSA ITPOLIECIB
ABTOMATHU30BAHOI'O YIIPABJIIHHA ®YHKINIOHAJIBHOIO
JIIATHOCTUKOIO METAJIEBUX KOHCTPYKIIIIA

Cepriit Ocaguuii'; Ipuna Jlyp’e?; Ouaer Bockin?; Irop Oxinumii®

Y]enmpanonoyxkpaincoxuii nayionanvuuii mexuiunuil yuieepcumemn,
Kponusnuywvruii, Ykpaina
2 Xepconcvkutl HayionanrbHutl mexniunuii ynisepcumem, Xepcou, Ykpaina
3Teproninbcorutl HayionansHuil mexniunull yHieepcumem imeni leana Ilymos,
Tepnonins, Ykpaina

Pe3tome. Posensinymo numanns ynpasiinus ma ioenmuikayii 6a2amosumipHux i 3aMKHYMuUX CUcmem
diaenocmuxu 6 mamepiani memaneeux KoOHcmpykyiu. [liokpecieno, wo wWupoxo SUKOpUCmogyiomucs Mooeii
NPOcHO3Y8AHH, AKi 6A3VIOMbCA HA eKChepmu3i i eKCmpanoaayii meHoeHyil, Wo cCnocmepi2aiomscs, MOXCYMb
oymu euxopucmani auwe 0751 0OHOGUMIDHUX YACOBUX PAOI8, B00HOUAC SIK Npoyec OIAcHOCMYBAHHS CHAHY
Memanesux KOHCMPYKYill nepeodayae KOMNJIEKCHUU aHANI3 PISHOMAHIMHUX XAPAKMEPUCUK KepOo8aHO020
00'ekma. Konxpemus06ano il 0emaivbHO PO32ISAHYMO OCHOGHI PIZHOGUOU [OeHMU@IKayii ma MoOen08aHHs.
npoyecie ynpasuinHa (YHKYIOHATbHOW OiA2HOCIUKOI Memaiesux KOHCMPYKYIU, AKi o8 sa3aHi 3 NiO8UWeHHAM
Axkocmi 6xiOHOI iHGhopmayii 3a paxyHoK OOIIKY NIMIMOBAHUX 0OMedCceHb, NOULYKY 000amKo80i anocmepiopHol
iHghopmayii 6 npoyeci OUHAMIYHUX 3MIH KOHMPOIbOBAHO20 00 €KMA, NPOSHO3YBAHHI 3MIH 6HYMPIWHbLOT
CMPYKMypu Mamepiany 6 npoyeci eKCuiyamayii Memanegux KOHCMpPYKYitl 3anponoHo8ano CMpyKmypHy cxemy
sumoz 00 Axkocmi anpiopHoi ingopmayii. Po3pobreno memo0onozito KinbKIiCHO20 OYIHIOBAHHS 3HAXOOMCEHHS.
anocmepiopnol ingpopmayii uepes sHauenHss enmponii 3 guxopucmanHsm opmynu baiieca. Bukonano po3paxynxu
3HAYEeHb eHmponii 0Jis Pi3HUX 2PYN NOKA3HUKIE Olacnocmuku. Bcmanoeneno, wo anocmepiopua ingopmayis aeisie
00010 KibKiCHe OYIHIOBAHHS 3ANUUKOBOT HeBU3HAYEHOCMI npu i0enmu@ixayii il NPOSHO3Y8AHHS 3MIH MIYHICHUX
napamempie mamepianis. /losedeno, wo 3mMiHa eHmponii € OCHOSHUM Kpumepiem aKoCcmi Ynpasuintsi CUCTNeMOI0
diacnocmuxu. Pospobneno aneopumm npoyedypu ioenmugpikayii npoyecie asmomamu308aH020 YNPAGIiHHSL
@dyHKYIOHANBLHOIO 0iA2HOCTNUKOIO Memaie8ux KOHCmpPYKYill. Bukopucmosyrouu 3a3naueni npuiiomu Mooento8aHHs
Il NPOCHO3YBAHHA HA KOJICHOMY emani i0eHmugikayii, MOJCHA OMPUMAmu Mamemamuity mMooeib, a0eK8ammy
peanvhili cumyayii. loenmugixayis OiaeHocmuku 00360/14€ GUOLIUMU KOMHOHEHMU OideHOCIUYHO20 CMAHY
00’exmis, sKi ModcHa aemomamuzysamu. Pezynomamu moolemosanns nog’sizyromvcs 3 nio6Opom 3MIHHUX
BUMIDIOBAHUX 0IACHOCMUYHUX NAPAMEmPIE.

Kniwouoei cnoea: ynpasninms, idemmuixayis, OiacHocmuxa, NpOZHO3Y8AHHS, eHMPONis, MIYHICHI
61aCMUBOCMI, MOOETHBAHHL.

https://doi.org/10.33108/visnyk_tntu2020.02.110 Ompumano 11.06.2020

ISSN 2522-4433. Bichux THTY, Ne 2 (98), 2020 https://doi.org/10.33108/visnyk_tntu2020.02 ..........cc.oevceeceeve v 119


https://doi.org/10.33108/visnyk_tntu2020.0
https://doi.org/10.33108/visnyk_tntu2020.02.1

