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AHoranisi. BUCBiTIIGHO PO3pOOIICHHS], NOCIIDKEHHS Ta BIPOBAKEHHS AJITOPUTMIUHOrO, anapaTypHOro Ta IporpaMHoOro
3a0e3reueHHs] IPUCTPOIB KOHTPONIO Ta JAIarHOCTYBAaHHS CKIAIHUX IHMHAMIYHUX IPOMHCIOBHX 00’€KTiB. Y XOIi IOCHiKEHb
BUOpPaHO NMPOMUCIIOBUI 00’€KT, BU3HAUEHO HOr0 OCHOBHI TEXHIYHI XapaKTE€PHCTUKH, PO3IVISHYTO HOro 6a3oBi By3IH, BUSBIICHO
HalBpa3nuBimi Micid. TakumMu BHSBHIMCH HarpiBadi 30H HarpiBaHHs, IO BiANOBinae iH(QPAHU3BKOYACTOTHUM IpOLECaM, Ta
I IMITHAKY KOYEHHS pelyKTOpa 0J[BO0BAYa, 110 BiJIIOBila€ BUCOKOYACTOTHHM IIPOLIECaM.

Sk cucTeMa KOHTPOIIO Ta AiarHOCTYBaHHs BUOpaHa JIBOCTYIIEHEBA CHCTEMA i3 IIEPBMHHUM Ta BTOPUHHUM CTATUCTHYHUMHU
neperBopeHHsAMU. 1{i1b0BOI0 (DyHKIIEIO NMEPBUHHOIO CTaTHUCTUYHOIO IEPETBOPEHHS BHOPAHO (YHKIIIO aBTOKOI€PEHTHOCTI, Ha
BXiJ] KOl Ha/JXOAATH YacOBi peaiizallil CUHAJIB i3 By3JIiB IPOMHCIOBOrO 00’€KTa, a Ha BUXOAI OTPUMYEMO BEKTOpP CKIIAJOBUX
(urymMOBHX 1 (DYHKIIIOHAJIBHUX) TOKa3HUKA (DYHKILT aBTOKOTEPEHTHOCTI, SIKi OJIep’KaHO Y Pe3ysbTaTi JUCIIEPCIHHOrO PO3KIaaHHs.
BropuHHe craTHCTHYHE NEPETBOPEHHs peani3oBaHO Ha 0a3l JiHIMHOI AMCKpUMiHaHTHOI (yHKUIi, IO Jae 3MOry NpuiMaTH
PILIEHHS PO PE3YNbTATH KOHTPOIIIO Ta 1iarHOCTYBAHHSI.

IpakTuuHy peanizallil0 CUCTEMH KOHTPOJIO Ta [JIarHOCTYBAaHHS BHMKOHAaHO Ha 0a3i MIKpOINpPOLECOPHOTO KOMILICKTY
Arduino NANO i3 3amy4eHHSIM HEPCOHAIBHOrO KOMII'IOTE€pa Ta BUMIpPIOBAIBHUX KaHAJiB BiOpawii Ta Temneparypu. [l
BUKOHAHHS aJITOPUTMIB KOHTPOJIIO Ta IarHOCTYBAaHHS CKOPUCTAJIMCh ITAKETOM MPHKIAZHUX nporpam LabView.

KorouoBi coBa: KOHTpOIb; HiarHOCTYBaHHS; BEHBIET-NIEPETBOPEHHS; aBTO KOIEPEHTHICTH; BHpilyBasbHA (DYHKILIS];
LabView; Arduino NANO.

Abstract. An article focuses on the development, research and implementation of algorithmic, hard- and software devices
for controlling and diagnosing complex dynamic industrial objects. In the course of the research, the industrial object was selected,
its main technical characteristics were determined, its base units were examined, and the most vulnerable sites were identified.
There were the heaters of the heating zones, which correspond to the infra-frequency processes, and the bearings of the rolling gear
reducer, which correspond to the high-frequency processes.

A two-level system with primary and secondary statistical transformations was selected as the control and diagnostic
system. The target function of the primary statistical transformation is the auto-coherence function, to which the inputs of time
signals from the nodes of the industrial object are received, and at the output, the vector of the component (noise and functional)
indicators of the auto-coherence function is obtained by dispersion decomposition. Secondary statistical transformation is
implemented on the basis of linear discriminant function, which allows making decisions about the results of control and
diagnostic.

The practical implementation of the monitoring and diagnostic system is based on the Arduino NANO microprocessor Kkit,
involving a personal computer and measuring channels of vibration and temperature. LabView software packages were used to
perform the control and diagnostic algorithms.

Key words: Checkup; Diagnostics; Wavelet transform; Auto-coherence; Solving function; LabView; Arduino NANO.

Introduction The researches were conducted within the budget
theme NDR K 6102 “Development of promising infor-

Improving the effectiveness of control devices and  mation-analytical technologies for control and diagnostic
diagnosing the state of complex industrial objects with ynder conditions of a priori uncertainty” (DR
uncertain dynamic properties is an important scientific and  0119U002553) by the Department of Information and
practical task. In order to solve it, a number of issues related  Measuring Technologies and Systems of the National

to the ultimate goal setting, the choice of technical objects  Technical University “Kharkiv Polytechnic Institute” on
(processes) of the study, the formation of the objective

function, the detection of constraints on the parameters of
industrial objects and control and diagnostic devices, the
choice of research methods are to be solved.

two types of technological processes, namely: high-
frequency (from 10 kHz) and infra-low-frequency (up to
1 Hz). These processes correspond to vibration and
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temperature parameters, respectively, and are the most
used under industrial conditions.

A double-screw press extruder for molding plastic
products was selected as the basic industrial object to
study these processes [1]. This technological object
consists of: an electric motor, a reduction gear, a redaction
gear-branching device, screw conveyors, heating zones, a
receiving hopper, a frame, an output matrix, and a control
panel. In order to carry out the technological processes
described by the equipment, it is necessary to ensure the
advance of the input material from the receiving hopper
along the heating zones to the output matrix together with
the execution of grinding, heating, and mixing of raw
materials. Accidental process termination leads to
significant technical and economic losses.

Accidental process termination in press extruders
is usually caused by the failure of the bearings of the
reduction gear-duplicator or the overheating of the
heaters in the heating zones. The control of the condition
of the rolling bearings (high-frequency processes) and
the heaters in the heating zones (infra-low-frequency
processes), together with the identification of the
breakage type, allows improving the technical and
economic indicators during equipment operation.
Checking and diagnosing the rolling bearings condition
and heaters is carried out by a two-level stand with
primary converters and an electronic interface unit at the
lower level of the hierarchy and a coordinator who
decides on the result of control or diagnostic at the top
level. It becomes a problem to develop appropriate
algorithmic, hard- and software for such a stand.

Downsides

The problems of controlling and diagnosing
industrial sites are not new. There are many algorithms
and monitoring and diagnostic devices available today.
However, progress does not stay still; new technologies
and equipment are emerging all the time, such as the
significant development in recent years of applied
wavelet transform theory, which is provoking the
creation of new algorithms and monitoring and diag-
nostic devices.

The objective of the work

The objective of this work is to increase the
efficiency of control devices and state diagnostic of
complex industrial objects with restrictions on the time
of observation, the amount of measurement information,
the number of informative features, the number of
training samples.

1. Development of algorithmic ware, soft-
ware, and hardware

1.1. Development of algorithmic ware

To solve control and diagnostic problems, the follo-
wing two models of statistical transformation are used:

— the primary statistical transformation to obtain a
system of informative parameters;

— the secondary statistical transformation to cho-
ose the decisive rule — the decision-making algorithm.

The model of primary statistical transformation is
shown in Fig. 1 [2].
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Fig. 1. Structural diagram of the primary statistical

transformation: here: T2 is the differentiation procedure;

¥ is the procedure of analog wavelet transform; {p}

is the procedure for calculating the auto-coherence indices
by the scale and shift of wavelet transform

The scheme of Fig. 1 allows determining the
characteristics of the primary transformation procedures:
& — spectrum of the output process; n — spectrum after

output differentiation; py; — spectral non-stationarity of

the process (auto-coherence). In the course of the
research, a representative form of the auto-coherence
function — the target function [3] was synthesized:
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where Ap is the dispersion ratio of the wavelet

» (D)

Pw =

transform process; A, is the frequency ratio of the
wavelet transform process; p is the linear correlation
between the spectral components of the wavelet
transform process.

We form the functional and noise components of
the objective function. To do this, we present the two-
dimensional implementation of the wavelet spectra of
the primary statistical transformation model as follows:
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where i=1,M, j=1,_L. The average value for the

Py =

frequency and time variants, taking into account the
processes &(¢) i n(¢) has the form:
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Then the sum of the products of the spectra
deviations 6; and ¢@; from the averages S and o is
determined as

M L — —
0=3 3 6, -3 )0y o)
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Using dispersion decomposition: a) frequency-
0=0"+0",
0=0"+0",

components of the auto-coherence function (1):

time b) time-frequency  —

we obtain the functional and noise
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The components (2) of the objective function (1)
are the initial vector of the primary statistical
transformation. This vector is supplied to the block of
secondary statistical transformation, which scheme is
shown in Fig. 2.

To implement the decision algorithm, we consider
parametric discriminant functions: euclidean distance,
linear, and quadratic. Studies have shown that a linear
discriminant function having scalar representation has
the form [4] is most appropriate for the case [4]:
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where m;"’, m;’ are the estimates of conditional

averages for this i -n component x(i), i=ln; Gl.z -
variance estimation x(i). By expression (3) a diagnostic

solution y; is formed:
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Fig. 2. Structural diagram of the secondary
statistical transformation

1.2. Software

To automate the procedure of control and
diagnostics according to the developed algorithm, we
choose a package of LabView applications, which has
proven the effectiveness of its use in solving engineering
application problems. The implementation of primary
statistical conversion using LabView (program and
debugging procedure) is presented in Fig. 3 [5].

Fig. 4 presents the software implementation of the
secondary statistical transformation.

When implementing the described programs, a
virtual device for monitoring and diagnosing the state of
industrial objects (Fig. 5) was created, its front panel is
shown in Fig. 6 [5].

Fig. 3. Primary statistical transformation software
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The virtual control and diagnostic device has the
following controls: COM port setting — Enable Termi-
nation Char, termination char, timeout, VISA resource
name, baud rate, data bits, parity, stop bits, flow control;
setting of measuring channels — Push Button (channel
status — on/off), Numeric control (measurement frequen-
cy); state of the Push Button industrial monitoring and
diagnostic device (channel status — on/off); virtual
instrument stop — Button Stop, number of scales and type
of mother wavelet using the Numeric “scale” and Enum
“wavelet” controls respectively, the choice to display the
wavelet spectra of ComboBox channels.

The following elements are used to indicate:
Waveform Chart with data accumulation function, which
allows observing changes of the measured value of the
control and diagnostics device of the industrial objects
state, indicator of Gauge instantaneous values, Numeric
Indicator for display of calculated indices of the
objective function of auto-coherence py,, visualization

in an ActiveX container that holds the 3D graph control,
the covariance matrix is displayed in the Array
indication element, and the control and diagnostic result
is displayed by Round Led elements by states, and in
text form in block String Indicator [6].

Hardware. To obtain the primary measuring
signals reflecting high-frequency and infra-low-
frequency processes, the hardware of the hierarchy lower
level of the control and diagnostic device was developed.
Fig. 7 presents a procedure for the formation of a stand
consisting of blocks of temperature measurement and
vibration, which send the measuring signals to the
microprocessor platform Arduino NANO. An LCD
screen, LEDs and a speaker are used for the display. The
keyboard is used as controls. There are two interfaces to
transmit the information received to the PC: Wired —
COM port and Wireless — Bluetooth.

The developed control and diagnostics stand,
which implements the procedures for monitoring condi-
tion of the nodes according to the output high-frequency
and infra-low-frequency processes of a complex

technological industrial object, is presented in Fig. 8 [7].
The stand was designed on the basis of a two-
system with local measurement information
receivers at the lower hierarchy level (Arduino NANO)
and a coordinator with functions of control and
diagnostic algorithms (4) (LabView), at the top level.

level

Fig. 7. The prototype of the control and diagnostic device

Fig. 8. Stand for monitoring and diagnosing the state of industrial sites
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Results and discussion

In the course of the research, the following results
were obtained:

— a probabilistic model of the auto-coherence
index was developed and studied, taking into account the
minimum values of the scale and shift of the spectral
wavelet transform of the random components of the
measuring signals of dynamic objects;

— the possibility of synthesizing the structure of
the control and diagnostic device with linear discri-
mination of the parameters of the auto-coherence
coefficients in the classification of high-frequency and
infra-low-frequency measuring signals is substantiated;

— the LabView-enabled programming environ-
ment is defined and specialized software for solving
specific problems of digital signal processing and mode-
ling, building reliable control devices and diagnosing
complex industrial objects is designed;

— checkup and diagnostic device necessary for the
normal functioning of the synthesized algorithms are
designed;

— hardware components (primary mechanical
vibration transducers for high-frequency processes [8]
and primary temperature transducers [9] for infralow-
frequency processes) for monitoring and diagnosis de-
vices are developed and patented.

Conclusions

The results of theoretical and practical research
are implemented: at the state enterprise “Kharkiv Re-
gional Scientific and Production Center for Standar-
dization, Metrology, and Certification”, at the Kharkiv
Petro Vasylenko National Technical University of
Agriculture, National Technical University “Kharkiv
Polytechnic Institute”.
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