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DEVELOPMENT OF A VIRTUAL DEVICE FOR CONTROLLING THE CONDITION OF INDUSTRIAL
UNITS NODES USING LABVIEW TOOLS

This article is devoted to the research, construction, configuration and implementation of a virtual device for monitoring the condition of nodes of
complex industrial units. Modern units used in heavy engineering require no less modern means of management, control and diagnostics of damage to
such units and their components. The development of the structure of control tools is based on multi-level or multi-stage procedures of transformations
of incoming measuring signals from aggregates. As the structure of the control device, a structure with a two-stage implementation of the spectral
transformation of measurement signals — with a primary static transformation and a secondary static transformation — was chosen. The basis of the
primary static transformation is the spectral transformation procedure based on the wavelet transformation. The basis of the secondary static
transformation is the procedure of linear discrimination with the indication of the decisive rule. The article demonstrates and implements approaches to
building a virtual device in terms of creating a block diagram, developing software, organizing the front panel of the device, setting up and carrying
out simulation modeling for blocks of primary and secondary static transformations. The research uses the LabView platform. To prepare incoming
measurement signals from nodes of industrial units, in the first block, the procedures of graduation, calibration and normalization of the target function
are carried out. To receive input measuring signals from units of industrial nodes, the COM port of the computer is used which, according to the
developed program, polls the COM port and inputs measuring signals to the primary static transformation procedure. The article describes a complete
virtual control device that is formed and tested, which structurally contains all the blocks for achieving the control result and indicating the control
result on the graphic interpretation of the computer.

Keywords: virtual device, LabView, computer components, block diagram, spectral transformation, static transformation, sensor of measuring
signals, industrial unit.

1. M. KOP)XOB, K. P. MUT' YIIIEHKO

PO3POBKA BIPTYAJIBHOI'O MNPUCTPOIO KOHTPOJIIO CTAHY
AT'PEI'ATIB 3ACOBAMMU LABVIEW

BY3JIIB INTPOMUCJIOBUX

JlaHa craTTs OpHCBSYEHA JOCIHIDKEHHIO, MOOYIOBi, HANAIITYBaHHIO 1 peami3auil BipTyaJbHOrO HPHCTPOI0 KOHTPOJIIO CTaHy BY3JIB CKJIAJHHUX
npoMHCIOoBHX arperaTiB. CydacHi arperard, IO BHKOPUCTOBYIOThCS y BaXKOMY MamIMHOOYAyBaHHI, MOTPeOyIOTh HE MEHII CyYacHHX 3aco0iB
YIpPaBIiHHSA, KOHTPONIO Ta JIarHOCTUKH YIIKO/DKEHb TAaKUX arperatiB Ta ix By3iiB. PO3BHTOK CTPYKTypH 3aco0iB KOHTPOJIIO CIIHPAEThCS Ha
GaraTopiBHEBI 4u OaraToeTamHi HPOLEAypU NEPEeTBOPEHb BXiJHUX BHMIpPIOBAIBHUX CHIHAJIB 3 arperati. B sIKOCTI CTPyKTYpH HPHCTPOIO KOHTPOIIIO
o0paHa CTPYKTypa 3 [BOXCTAIlHOI pEAli3alli€l0 CIEKTPAIBHOTO MHEPETBOPECHHS BHMIPIOBAIBHUX CHIHATIB — 3 IEPBHHHHM CTaTHCTHYHHAM
HIEPETBOPEHHSAM 1 BTOPUHHHM CTaTUCTHYHHM HepeTBOpeHHSIM. OCHOBOIO NEPBHHHOTO CTaTHCTHYHOIO NEPETBOPEHHS € IPOLEAypa CIIEKTPAILHOIO
[EepPEeTBOPEHH: Ha 0a3i BeilBJIeT NepeTBOPEHHS. B 0CHOBY BTOPHHHOI'O CTATHCTHYHOIO [IEPETBOPEHHS MOKJIA/ICHA POLICAYPa JIHIHHOI TUCKpUMIHALIT 3
iH/IMKALi€I0 BHUPIIIYBAJILHOTO NpaBWiia. B CTaTTi MpoaeMOHCTPOBaHI 1 peai3oBaHi MiAXOAM OO MOOYAOBH BIpTYyalbHOTO HPHUCTPOI B pO3pizax
CTBOPEHHS OJIOK-CXEMH, PO3pOOKH MPOrpaMHOro 3abe3eueHH s, OpraHi3allii JTMIbOBOI aHell MPHCTPOIO, 31ilICHEHHs HAIAIITYBaHHS Ta IPOBEICHHS
iMiTallifiHOrO MO/EIMIOBAaHHS JUIsl OJIOKIB MEPBMHHOIO i BTOPMHHOTO CTAaTHCTHMYHMX MEPETBOPEHb. B IOCII/DKEHHSX BHKOPUCTOBYEThCS ILIatdopma
LabView. Jis miAroTOBKH BXiIHUX BHUMIPIOBAIGHHX CHUTHANIB 3 BY3IiB MPOMHUCIOBHUX arperatiB, y MepIIoMy OJIOLi, 3iHCHIOIOTHCS MPOIETypH
rpaJIyroBaHHs, KadiOpyBaHHs Ta HOPMYBaHHS IiNb0BOI GyHKII. /{71 OTpHMaHHS BXiIHAX BHMIPIOBAIBHUX CHI'HAJIB 3 BY3JIiB IIPOMHUCIIOBUX arperaTis
BHKOpHUCTOBYeThest mopTr COM Komm'totepa, SIKMif, 32 po3po0ieHor0 nporpamoro, 3aiiicHioe omutyBaHHS COM nopTy i BBEJCHHS BHMIipIOBAIbHHUX
CHUTHATIB Ha TPOLEIYpy NEPBHHHOTO CTATHCTHMYHOTO MEpeTBOpeHHs. B crarti chopmoBanuii i anpoOOBaHWI IITICHUI BipTyalbHUN MPUCTpil
KOHTPOJIIO, SIKHI CTPYKTYpHO MICTUTh BCi OJIOKM JUISL JOCATHEHHsI pe3yJbTaTy KOHTPONIO Ta iHAWKAIIl pe3yibTaTy KOHTPOJNIO Ha rpadiuHiit
iHTepnpeTarii KoMI'oTepa.

Kuwuosi cioBa: Bipryansuuii mpuctpiif, LabView, xomm'toTepHi KOMIOHEHTH, OJOK-CXeMa, CIIEKTpajbHE MEPETBOPEHHS, CTATUCTHYHE
MIEPETBOPEHH, IaTYNK BUMIPIOBAILHUX CUTHAIIIB, IIPOMUCIIOBHUH arperar.

Selecting research area. Modern and promising
industrial units require no less of modern means of
management, control and diagnostics of damage caused to
such units. The development of the structure for such tools
currently involves two stages of transformation [1, 2]:

- primary static transformation, when the target
function is formed from the input measurement signals of
the unit;

- secondary static transformation, when logical
decisions regarding the condition of the unit are formed
from the obtained target function.

A typical structure of the aggregate control system is
presented in [3]. Similar structures are widespread in
modern control systems of industrial units.

The autocoherence function is used as the target
function in [3] for the primary static transformation. The
control scheme for the nodes condition of the industrial
unit functions as follows: the input measurement signal,

which reflects the physical properties of the control object,
passes through time discretization and is divided into two
identical signals, one of which enters the spectral
transformation unit unchanged, and the other signal
initially passes the differentiation procedure, after which it
also enters a similar block of spectral transformation. The
spectral transformation in the specified blocks is
performed according to [4] and with subsequent quadratic
transformation. That is, the squares of the wavelet spectra
are obtained in accordance with [5] at the output of the
specified blocks.

The resulting squares of the spectra undergo a
number of transformations, as a result of which sequences
are formed that are identical to the spectral characteristics
of the input measurement signals. The indicated sequences
enter the input of the unit forming the autocoherence
target function [6], at the output of which frequency-time
indicators of autocoherence, time-frequency indicators of
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autocoherence and the total indicator of autocoherence are
formed.

Grading, calibration and normalization of the
autocoherence function takes place in the target function
formation block [7].

For the secondary static transformation, the input
values are the obtained output indicators of the primary
static transformation — autocoherence indicators [6]. On
the basis of the specified input values, the secondary static
transformation forms a diagnostic decision regarding the
condition of the control object [8].

A discriminant function is used to form a diagnostic
solution in the secondary statistic transformation. In [9],
the most used discriminant functions that provide
diagnostic solutions are given. In the system considered in
[3], a linear discriminant function was chosen for use as a
discriminant function for monitoring the technical
conditions of nodes in the industrial unit.

Research aims and objectives. The aim of the
research presented in the article is to build a virtual device
for controlling nodes of industrial units using a graphical
environment.

To achieve this aim, the following tasks were set and
solved:

-to determine the computer environment and
components for the development of algorithmic and
software of a virtual device for monitoring the status of
industrial units nodes;

- to develop computer components of algorithmic
and software procedures of primary static transformation;

-to develop computer components of algorithmic
and software procedures of secondary static
transformation;

- to develop software tools for a virtual device for
monitoring the status of industrial units nodes;

- to develop a virtual control device for indicating
the current condition of nodes of industrial facilities.

Formulating  computer  components  and
algorithmic and software procedures of primary static
transformation. To implement the primary static
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transformation, which simplified scheme is shown in [3],
a virtual device was created in the LabView graphical
programming environment. The block diagram of the
device is shown in Fig. 1, and the front panel in Fig. 2.

To ensure debugging of the device, testing was carried out
in the "Highlight execution" step-by-step execution mode,
which is shown in Fig. 3.

The block diagram of the virtual device of the
primary static transformation, which is shown in Fig. 1,
works as follows. The input measurement signal is divided
into two identical signals, one of which is sent to the
Continuous Wavelet Transform spectral transformation
unit [10]. Another signal after differentiation on the
Derivative block is also sent to a similar Continuous
Wavelet Transform spectral transformation block. Taking
into account that the wavelet transformation is chosen as
the spectral transformation in [3], the quantitative
indicators of the scale and shift and the type of the mother
wavelet are set for the Continuous Wavelet Transform
blocks. This is done using the Numeric "scale” and Enum
"wavelet" control elements, respectively. The coefficients
obtained at the outputs of the Continuous Wavelet
Transform blocks are squared using Square elements [11].
The received spectrum squares are transformed into one-
dimensional sequences identical to these spectra using the
Transpose 2D Array Function elements (“flips" a two-
dimensional array — swaps rows and columns, i.e. swaps
shift and scale) and specially created Srednee.vi
(calculates average values by rows of a two-dimensional
array). The block diagram of the Srednee.vi block is
shown in Fig. 4.

Indicators of the target function (autocoherence) of
the signals are calculated using the Array Size Function
blocks (determines the size of a one-dimensional array),
Insert Into Array Function (combines two one-
dimensional arrays into one one-dimensional array), For
Loop structures (a loop for forming a service array of
categories), elements of 1D ANOVA VI (implements
variance decomposition). At the output, we get frequency-
time, time-frequency and total autocoherence indicators.

Fig. 1. Block diagram of the virtual device of the primary static transformation
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Fig. 2. The front panel of the virtual device of the primary static transformation
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Fig. 3. The process of testing and debugging the virtual device of the primary static transformation

Fig. 4. Block diagram Srednee.vi

Display of the calculated indicators of the target function
(autocoherence) is done using Numeric Indicator
elements; visualization of spectral coefficients takes place
in the ActiveX container that holds the 3D graph control
with conversion of 3D Surface VI data types.
Implementing  algorithmic  and  software
procedures of secondary static transformation. The
method for evaluating the geometric distance of the
nominal value features of the spectral coefficients and the
value of the spectral coefficients of the studied sample
was chosen to perform the procedures of secondary static

transformation implementing linear discrimination. To
implement the secondary static transformation, a virtual
device was created, the block diagram of which is shown
in Fig. 5. The process of testing and debugging in the
"Highlight execution" step-by-step execution mode is
shown in Fig. 6.

For the block diagram of the virtual device of the
secondary static transformation (Fig.5), the input
parameters are the minimum and maximum value of the
training sample, and the step of the training sample
volume. These values are set by the corresponding
Numeric controls. The selection of the model is embedded
in the Vertical Toggle Switch control element. This model
characterizes the gradual growth of the geometric distance
between the diagnosed conditions as the size of the feature
space increases. To calculate the target probability
function based on the given input parameters, three
Formula Node structures with the corresponding formulas
are used (int N =(Nmax — Nmin)/Nstep +1 is used to
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calculate the number of repetitions of the main cycle
body, N = nmax/nstep is used to calculate the number of
repetitions of the body nested loop, int x=k+1; int
y = N*Nstep + Nmin; if(B==1) S=S+ a/pow(k +1,2);
else S=S+alk+1); z=pow(S,2)/(2*sqrt(pow(S,2) +
+2*(k + 1)/y)) used to calculate the geometric distance
between the diagnosed conditions and the argument of the
probability integral), two For Loops, the Error Function
VI element (calculation of the integral of the probability).

ActiveX container that holds the 3D graph control
with conversion of 3D Surface VI data types is used for
graphical display of the obtained calculations, and Array
element [10, 11] is used for numerical display.

For a more convenient visual analysis of the obtained
results, the function of automatic search and display of the

H max

maximum value of the target function on the surface
depicted in 3D Surface VI is carried out. The specified
function is implemented using Array Max & Min
Function elements (search for the maximum value in a
two-dimensional matrix), Index Array Function (getting
the coordinates of the maximum value found in a two-
dimensional matrix), methods and functions of the 3D
Surface VI object — "Cursors", "RemoveAll", "Add",
"Plots", "Item”, "Row", "Columm", "SnapMode", "Name",
"Plot", "NameVisible". The following functions [11] were
used for the calculations: POWER(), ERF(), INDEX(),
MATCH(), MAX(), and conditional formatting was also
applied for convenient visual analysis of the obtained
results — automatic selection of maximum values for given
values in green parameters (see Fig. 7).
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Fig. 6. The process of testing and debugging a secondary static transformation virtual device
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A more complex example of using the OpenOffice
Calc table processor is the program for constructing
histograms of the laws for distribution of random
component spectral coefficients, which is shown in Fig. 8.
The specified program uses a more complex set of
functions, namely [11]: MIN(, MAX(), IF(),
FREQUENCY() — array formula, SUM(), OFFSET().
Dynamic named ranges are also applied, which allows you
to change the input parameters, including the dimension,
which automatically affects the graphical representation of
the distribution laws of the random component spectral
coefficients on the graph.

Developing a virtual control device on the
LabView platform. The implementation of primary and
secondary static transformations requires transferring real
physical signals from sensors installed on nodes of
industrial units to the computer. Reception and processing
of electrical signals is carried out through the COM port
[12] (regardless of the actual connection — wired or

wireless using Bluetooth technology [13].

A virtual device was created in the LabView
graphical programming environment to receive and
process the input measurement signals by a computer. Its
block diagram is shown in Fig. 9.

To connect the software to the COM port, the VISA
Configure Serial Port VI block is used, with the following
communication settings and appropriate control elements:
Enable Termination Char, termination char, timeout,
VISA resource name, baud rate, data bits, parity, stop bits,
flow control. The output parameter of the VISA Configure
Serial Port VI block is VISA resource name out, which is
fed to the input of the VISA Flush 1/O block. The Buffer
Function in the scheme is necessary to clear the buffer of
the COM port from possible residual information. From
the output of the VISA Flush 1/0 Buffer Function block,
the VISA resource name out parameter signal enters the
continuous cycle of the While Loop structure (the end of
the cycle is manual).
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Fig. 8. Using of OpenOffice Calc for construction of histograms of distribution laws
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Fig. 9. Block diagram of a virtual device for receiving input measurement signals

In the body of the continuous cycle of the While
Loop structure, the VISA resource name out parameter
enters the input of the VISA Read Function block, which
reads the information received from the sensors installed
on the nodes of the industrial unit into the buffer of the
COM port in the form of a String variable. The String To
Byte Array Function block is used to convert the received
information into a numeric variable type, from the output
of which the received information in the form of an array
consisting of two bytes is sent to the Index Array Function
block, which separates and outputs the value of each of
the received bytes separately.

To obtain the measured value of electrical signals,
the received bytes are sent to the Formula Node structure,
where the calculation formula is implemented
u =5/1023*(al*256 + a2).

At the output of the Formula Node structure, the
measured value of the signals from the sensors is received.
At the end of reading (manual interruption of the
continuous cycle of the While Loop structure), the COM
port is closed using the VISA Close Function element.

As a result of using a virtual device (see Fig. 9) to
receive input measurement signals, further processing of
these signals is possible using the previously discussed
primary and secondary static transformation devices. The
front panel of such a device is implemented with LabView
tools according to Fig. 10.
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Fig. 10. The front panel of the virtual device for receiving
incoming measurement signals

To set up a virtual device for receiving input
measurement signals, a control and transmission control
device parameters block was created. The image of this
block is shown in Fig. 11.
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Fig. 11. Block for control and transmission of control device
parameters

Fig. 11 shows the following settings and parameters:
device status (on-off), measurement channel status (on-
off), measurement frequency of corresponding channels
(on-off). The data is converted into a String variable using
the Build Array Function, Boolean Array To Number
Function, Number To Decimal String Function, and
Concatenate Strings Function elements. The VISA Write
Function block implements the recording of received
settings and parameters through the COM port in the
device for monitoring and diagnosing the condition of
industrial facilities [11].

At the end of the setting (manual interruption of the
continuous cycle of the While Loop structure), the COM
port is closed using the VISA Close Function element.

The programs and principles used and described in
the research are implemented in practice [14]. During
implementation, a virtual device for monitoring the
condition of industrial units nodes was created, the front
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panel of which is shown in Fig. 12.

The virtual control device has the following control
elements:

- COM port settings — Enable Termination Char,
termination char, timeout, VISA resource name, baud rate,
data bits, parity, stop bits, flow control;

- setting of measurement channels — Push Button
(channel status — on-off), Numeric control (measurement
frequency);

- the condition of the device for monitoring the
nodes condition in industrial units — Push Button (channel
condition — on-off);

- stopping the operation of the virtual device -
Button Stop;

-number of scales and type of mother wavelet
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Numeric "scale" and Enum "wavelet", respectively;

- selection of the spectrum display of ComboBox
channels [11].

The virtual control device has the following display
elements:

- Waveform Chart with the function of data
accumulation, allowing observing changes in the
measured value of the nodes condition in industrial units;

- Gauge indicator of instantaneous values;

- ActiveX container that holds the 3D graph control
is necessary for visualization of spectral coefficients;

- Array — displays the covariance matrix;

- Round Led indication of the control result;

- String Indicator indication of the control result in
text form [11].

e o

e <

L9900

Fig. 12. A virtual device for monitoring the nodes condition in industrial units

Conclusions. The following results were obtained as
a result of the research, construction, configuration and
implementation:

- the structure of algorithmic support of control
devices in the form of primary and secondary static
transformation is formed,;

- the spectral transformation of signals by means of
LabView using the standard Wavelet Analysis VIs library
and the WA Continuous Wavelet Transform element is
implemented and investigated;

- computer components and algorithmic and software
procedures of the primary static transformation are
formed;

- algorithmic and software procedures of secondary
static transformation are implemented;

- software for monitoring the condition of industrial
units nodes on the LabView platform is developed.
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