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Intellectual system for automated determination of the quality
of natural stones surfaces processing

This automation of determination of the quality of natural stone surfaces processing is a relevant problem. It
provides an intellectual system for automated determination of the quality of processing surfaces of natural
stones (ISADQSS), which allows rapid assessment of the quality of stone surfaces, including roughness, with
high accuracy and quick action in automatic mode and real time. The measurement result is independent of
the humidity and cleanliness of the outer surface. The root mean square error of the proposed ISADQSS does
not exceed 5%, the time to determine the value of the roughness is not over 2 s. ISADQSS is based on the
principles of synergetic integration of various technical automation devices with different properties — artifi-
cial neural networks (ANN) (in the case of their implementation in the form of neuroprocessors), as well as
the so-called registrar of main drive currents (RMDC), which is used as a sensor sensitive to changes in the
rubbing force of the stone-cutting tool depending on changes in the roughness value of the machined surface.
The proposed ISADQSS is an innovative and promising development that combines such advantages as high
accuracy and speed, versatility and ease of use.
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Introduction

Formulation of the problem. Measuring the roughness of treated surfaces, in particular natural stones,
with high accuracy and speed in automatic mode without stopping the technological process, is a paramount
and specific task to ensure the quality of stone production. The ever-increasing requirements of international
standards for product quality determine the extreme importance and urgency of this task. Its successful solu-
tion contributes to the stability of technological processes, the required product quality and the competitive-
ness of modern enterprises in general.

The peculiarity of the technological process of grinding the surface of natural stone is the sequential
treatment of its surface with an abrasive tool with different grain size, which gradually decreases with each
subsequent operation when the final result is a polished flat surface. A sign of completion of each stage of
processing is to obtain a certain microprofile evenly over the entire surface of the stone. Here, in the case of
failure to achieve at any of the stages of processing the same roughness over the entire plane of the treated
surface in subsequent operations, there are defects that cannot be eliminated. As a result, the quality of the
finished product is lost, which obviously leads to economic losses in enterprises. Undoubtedly, it is im-
portant to measure the quality of surface treatment of stones, in particular the amount of roughness at each
stage of processing. However, the problem is that high humidity, dust and dirt, which are an integral part of
the technological operations of stone surface treatment, limit the application of traditional measuring devices
directly in the production conditions of modern stone processing enterprises.

As a rule, at stone processing enterprises the determination of the roughness of natural stone surfaces is
performed with the use of specialized laboratory equipment — gloss meters and profilometers [1, 2].The lat-
ter, according to scientists and manufacturers [1, 2] have a relatively low accuracy in determining the rough-
ness, involve a number of time-consuming and long-term operations that significantly slow down technolog-
ical processes. In particular, when using gloss meters, the accuracy of measurement is affected by the level
of luminous flux of the lamp, the color of natural stone, contamination and the level of humidity of the treat-
ed surface and the test sample. Therefore, it is impossible to use gloss meters directly in production condi-
tions. Assessment of the quality of stone surface treatment with the use of glitters requires a long-term stop
of technological processes for cleaning and drying of the studied surfaces. The preparatory stage of meas-
urement, which consists in removing grinding head from the working area and turning off the machine for
the time of measuring (1-2 min), while the further washing of stone sludge residues from the treated stone
surface, depending on the plate size, an average of 3 -5 minutes, and the subsequent cleaning of the surface
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from residual water and drying can take up to 2-3 hours, depending on the level of humidity in the produc-
tion environment. Taking into account results of the research [16], the linear speed of stone quality assess-
ment with an optical profilometer is 20 mm/sec at a measurement distance without rearranging measuring
instrument (travel range) 100 mm. In terms of a unit of standard stone facing product, the minimum dimen-
sions of which is 300x300 mm (modular tile), the measurement time per line is 15 seconds, and in terms of
tool relocation and coating the entire area of the slab is 75 sec. Accordingly, the preparatory stage is the
longest in time comparing to direct measurement and data processing. The duration of the measurement is
comparable to the duration of processing the obtained data.

Similar requirements for dryness and cleanliness of the investigated surface are put forward in the case of
mechanical profilometers. It should be emphasized the inadmissibility of the use of profilometers due to low
accuracy of measurements, due to the accumulation and increase in the error due to the registration of micro-
irregularities formed at the contact of grains of minerals in rocks and due to vibration of grinding equipment.

Given the above, the need to improve the accuracy and speed of assessing the quality of surface treat-
ment of natural stones in an automated mode without stopping the technological processes at stone pro-
cessing enterprises is not in doubt.

One of the current ways to improve the accuracy and speed of assessing the quality of surface pro-
cessing of natural stones in an automated mode without stopping technological processes at stone processing
enterprises is the application and synergistic integration of the proposed ISADQSS new approaches, methods
and techniques for obtaining and processing measurement information, including artificial neural networks
and functional converter [3].

Despite the accumulated experience in the development and successful use of ANN for information
processing in conditions of high environmental dynamics, including production, environment, their high ac-
curacy and speed [4-8] advantages and efficiency of their application in the proposed ISADQ-OSS for rapid
assessment of the quality of stone surfaces, in particular roughness, with high accuracy and speed, automated
mode and real-time mode, directly during the execution of technological processes and without stopping the
technological equipment, there is no doubt.

The analysis of researches and publications has shown that application of the traditional specialized
laboratory equipment, particularly gloss meters and profilometers for an estimation of quality of processing
of surfaces of natural stones, in particular roughness, directly in production conditions is impossible. Thus, in
[1, 2,9, 10], the principles of operation of these tools are described and the experience of application in stone
processing industries, in particular in granite surface treatment, is given. The authors [9, 10] indicate the pos-
sibility of using gloss meters and profilometers only in laboratory conditions of measurements. The above
information allows us to draw unequivocal conclusions about the low accuracy of measurements and speed
of gloss meters and profilometers, as well as indicates the obvious limitations of their application in dynamic
and continuous production processes.

The literature [11] describes the experience of using laser profilometers or scanners, which have a rela-
tively high measurement accuracy, but their use is due to the need for the absence of dirt, sludge, and water
on the surface, which is impossible in industrial conditions.

There is a method of determining the surface roughness, based on the degree of polarization of the
beam reflected from the studied surface [12]. The authors indicate that the method is devoid of such disad-
vantages as reduced accuracy due to high humidity and contamination of the test surface, but its accuracy
depends on the homogeneity of the test material. Therefore, it is used only in determining the roughness of
metals, ceramics, and other homogeneous materials and can not be used to determine the roughness of stone
surfaces.

The work [13] provides an application of the combined method for determination of surface roughness
that combines the existing contact and non-contact methods with informational methods of processing the
topographic image of the surveyed surface. The essence of the method lies in the use of mathematical meth-
ods of processing data of interference of the broken surface. The results of this research allow us to conclude
that further mathematical processing increases the accuracy of shortness measurements. However, this meth-
od is not beyond the scope of laboratory research because of its sensitivity to the dryness of the stone surfac-
es. Also, during wet grinding of stones it becomes impossible to use the method of wavelet rendering of the
obtained data described in the work [14]. In spite of the efficiency and prospects of this method of infor-
mation processing, the factor of non-uniform texture and color of stones remains, and in combination with
the wet and sludge clogging of the examined surface makes it impossible to use it in the production condi-
tions of stone-processing enterprises.
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Selection of unresolved parts of the problem. Thus, it can be argued that despite the significant scien-
tific and practical achievements, the problem of defining the roughness value with high accuracy, speed, in
automated mode and real-time mode when evaluating the quality of natural stone surfaces at stone pro-
cessing enterprises without stopping the production process, has not yet been completely solved.

This study aims is to propose an intellectual system for automated determination of the quality of pro-
cessing of surfaces of natural stones (ISADQSS) with increased accuracy and speed.

Description of the proposed intellectual system for automated
determination of the quality of stone surfaces

The intellectual system for automated determination of the quality of stone surfaces (ISADQSS) was
developed on the basis of the latest achievements of science and technology in the spheres of artificial neural
networks, informatics, automation, and microcircuitry engineering. It is based on the principles of synergetic
integration and capacity by using new methods (artificial neural network) of information processing and
technical devices (artificial neural network and functional transformer). At the same time, the principles of
modularity and the concept of uninfection have been observed in the construction of the tested ISADQSS,
including the ANN and the functional transformer. This means using unified nodes and elements in its com-
position, including asynchronous motor, control mechanism, which are serially produced by the industry.
This allows for interoperability and unification, which is a prerequisite for increased operating hours, im-
proved modernization, etc.

ISADQSS combines the advantages of high accuracy and speed, a wide range of natural materials that
can be studied, ease of use, and versatility, possibility of automated measuring and processing of the measur-
ing information in real time without interruption in the technological operations on the technological equip-
ment. In this case, the use of the ISADQSS does not require special preparation of the investigated surfaces,
their preliminary cleaning and drying.

Figure 1 shows the block diagram of the ISADQSS, which includes the electronic and electromechani-
cal subsystems. Electromechanical subsystem consists of ultrasonic sensors S1 and S2 for distance meas-
urement, sensor S3 of current, PPM — processor power module, A — main actuator with grinding head, MC —
microcontroller, functional transformer (not shown in Figure 1). Integral subsystem contains ANN — artificial
neural network, implemented in the form of a specialized software add-on, and integrated into the operating
system of the portable computer (PC), Wi-fi module for data transmission over a distance, PC — portable
computer for displaying data and displaying them in smartphones that support Android.

PPM 5 ™ nenv
w
| Sl
— s2 ¥
L~ 3
S3

Figure 1. Structure diagram of the ISADQSS: S1, S2 — distance sensors, S3 — current sensor,
PPM — processor power module, A — main actuator with grinding head DG, MC — microcontroller,
Wi-fi module for distance data transmission, ANN — artificial neural network,

PC — portable computer for displaying data and displaying them in smartphones that support Android
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Ultrasonic distance sensors S1, S2 are used to determine the coordinates of the movement of the work-
ing shaft of the main engine and mounted directly on the machining grinding head DG drive cutting tool and
form two mutually perpendicular axes of the flat coordinate system along which DG moves. When grinding
or polishing the surface of natural stone, the roughness of the treated surface changes (Figure 2), which cor-
relates with the amount of current consumed on the shaft of the main actuator A. This current is consumed
by the drive of the main movement of the stone processing machine during processing of a stone surface.
When the tool of the stone processing machine processes a certain area of the stone, the drive of the main
movement consumes current. The magnitude of the oscillation amplitude and the instantaneous value of the
current depend on the load on the drive shaft of the main motion.

I

Figure 2. Change of the consumed current on a shaft of the main executive mechanism
of A at various stages of processing of a granite stone by the grinding tool: a - rough grinding (peeling),
b - medium grinding, ¢ - fine grinding, d - finishing grinding (polishing), d - polishing

The load is caused by mechanical resistance from the surface of the stone, which is a function of rough-
ness (Figure 2). Continuous measurement of the current consumption allows to monitor changes in rough-
ness in real time. Continuous measurement of instantaneous current values is performed by the current sen-
sor S3 and is transmitted to the implemented microcontroller, Arduino Nano V3.0 based on the Atmega328P
microcontroller.

Figure 3 presents a block diagram of the electromechanical subsystem ISADQSS. The functional con-

verter (FC), implemented using classical control methods, forms the task ofvoltage amplitudeU ,, , based
on the task signalU o

The voltage U o at zero frequency ("boost™) provides a constant amount of magnetizing current and in-

creases the overload capacity at low frequencies. Its value is chosen at the level of 6+25 % of the nominal
value [15]. The actuator is considered as an inertial link with a single gear ratio.

A

——

Use U,
U, ' asynchronous

FC FC .
electric motor Actuator
U3Um. Ulb o

Figure 3. Block diagram of the electromechanical subsystem ISADQSS
Voltage U ,, applied to the input of the FC is determined by the expression (1):

U3Um=UC/)+kaU3f’ (1)

18 BecTHuk KaparaHgmMHCKOro yHusepcureTa



Intellectual system for...

where
k. — coefficient of the FC, which is determined by the expression (2);
U, —tasksignal.
k_f U mn U 0
K f o
o 2)
where kf : kUm— frequency and voltage transfer coefficients of the converter;

U
U o — voltage at zero frequency (“boost"), U, = kU

kfc =

e fH— rated voltage and frequency of motor supply;
miwhere k=(0,06+0,25).

Figure 4 illustrates block diagram of the FC. Figure 5 represents the structural scheme of the FC, and its
mathematical model is based on the equations of a three-phase symmetric system of voltages and transfor-
mations and is described by expressions (3) - (8).

UO/kUm U -
U3f 3Umn .: U !
Kfc . 2 n;

| U3UmH
U3f R
Figure 4. Block diagram of FC ISADQSS
U
U3f kf f 2n| © . > 3__la>
—_— Tulp+1 < p— > UA—Umsme 2
Up=U,sin(0-27/3)
V3 | U
U, U S
Um | Kum " o Uc=Upsin(0+21/3) /|2
Tuzp‘l‘l

Figure 5. Block diagram of FC ISADQSS

U,=U_sing.

3
Ug =U,, sin(@—27/3).
4)
Uc =U,, sin(@+27/3). ()
0 =2x| fdt.
. (6)
U, =3U,/2. (7)
Uy, =+3(U, —Ug)/2. (®)

where U ,, Uy, U, are voltages of the respective phases of the motor stator; @ — electric angle; U,,, U, —
projections of the stator voltage vector on the axis a-bof the fixed stator coordinate system.
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The inertia of the transducer is approximated by aperiodic links by expressions (9), (10) in which Tﬂl,

T, are small uncompensated time constants.

kf
f=1 o

P 9)
U — I(Um U
m T 1 3Um*

2P (10)

The data received from the current sensor S3 is filtered from interference and converted into digital
form. Then the difference between the maximum and minimum instantaneous values of the current in the
same area of the stone is determined.

During the research, an electric motor with data [1] was used: P, =11kW; ®,, =314rad/s;
U, =220V; f,,, =50 Hz; 1, =0,88; cos$=0,9; s,,,, =0,03; X, =4,2 rel.unit; R/ =0,04 rel.unit;
x, =0,061rel.unit.; R =0,025rel.unit; x,' =0,12 rel.unit; J, =0,023kg-m’.

With the following parameters of the block diagram of the induction motor
l,., =2L,04 A, R =0,418Q; R, =0,261Q; x, =0,638; X, =1,25Q; X, =43,91Q;
M., =41,04Nm; L, =0,1398 H; L =0,1419H; L, =0,1438 H,

nom

and the following parameters of the
structural diagram of the Fo-Uo =311V k; =5 HZ/V ; Ky =3LIV/V 5 Ky, =0,99V .

Graphs of transients in the conditions of stabilization of the speed of the drive motor of the main motion
were obtained in the Simulink environment and are presented in Figure 6.

The study was conducted for 10 s. A random signal source with a normal Random Number distribution
is used to simulate the moment of resistance on the shaft. The speed ®1 and the moment M1 correspond to
the mode of operation of the machine during medium grinding, 2, M2 - respectively, fine grinding of gran-
ite stone. The range of load deviations ranged from 41.42% to 70.68% relative to the nominal in the mode of
medium grinding. At the penultimate stage of workpiece processing, the value of the torque of the drive mo-
tor was between the marks of 19.49% - 53.65%.

L T T T T T T

w0 W1, rad/s (x1,3) -

W2, rad/s

200 -

[ M1, Hm (x5)

- MMJWW
H M2, Hm (x2)

o -

Figure 6. Graphs of transients in the conditions of stabilization of frequency
of rotation of the driving engine of the main movement

Graphs of changes in the value of the output power of the main motor for the two modes of operation of
the machine are shown in Figure 7.
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Figure 7. Graphs of change of size of output power of the electric motor
of the main movement for two operating modes of the machine

The obtained voltage values are fed to the input of the ANN, which determines the quality of surface
treatment of the stone. Figure 8 presents the principle of transmission of the measured roughness data when
assessing the quality of stone surface treatment at the ANN input for its processing and subsequent provision
of information about the quality and stage of stone surface treatment [3].

Determination of
processing quality
in ANN

The result: quality of
e processing, stage of
. processing

Measurement of
instantaneous
current values

v
¥
Analog-to-digital
conversion
v

Signal filtering

Figure 8. Block diagram of ensuring the determination of the quality
of surface treatment of the stone ANN as a part of ISADQSS [3]

ANN can be implemented in one of two ways - a reprogrammed neuroprocessor or a neuroimulator,
with a customizable structure of neurons according to one of the known models. At this stage of develop-
ment, the ANN is implemented as a neuroimulator, which is integrated as a specialized software application
to the operating system of the PC ISADQSS. The structure of the developed ANN is built on the principles
of construction of a multilayer perceptron. ANN is trained by the method of "teaching with a teacher" ac-
cording to the algorithm of "reverse propagation of error". The basic unit of information processing in ANN,
including ANN as a structural element of ISADQSS is a neuron that produces the output OUT, forming the
sum of the products of the weights w of the inputs x. The mathematical model of the neuron is represented by
an expression given in [7].

Overall, the rapid assessment of the quality of surface treatment of natural stones proposed by
ISADQSS is described by a rather complex mathematical model. Therefore, in general case, the problem of
assessing the quality of surface treatment of natural stones, on the example of granite, can be represented as
follows.

Based on the data of multiple measurements of the value of instantaneous values and the amplitude of
the current consumption at different stages of grinding, the achieved quality is automatically determined dur-
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ing the processing of the stone surface in real time. Figure 9 shows an example of the results of measuring
the instantaneous values of current consumption by the drive of the main movement of the grinder at differ-
ent quality of processing at the respective stages of grinding.

A

8

Ay

&

10 I I I I I I I
0 50 100 150 200 250 300 350 400 11

Figure 9. The result of measuring the instantaneous values of current consumption by the drive
of the main motion at different quality of granite surface treatment at the appropriate stages of grinding:
A is scatter of instantaneous values of a stum at rough grinding (peeling), A,is scatter of instantaneous current
values at average grinding,Asis scatter of instantaneous values of a stum at thin grinding,A4is scatter of instantaneous
values of current at finishing grinding (ravines), Asis scatter of instantaneous current values during polishing

Based on the set of results of measuring the values of instantaneous values of current consumption,
which were obtained by field experiment at an existing stone processing plant in the Zhytomyr region
(Ukraine) was formed a database of examples for training ANN proposed ISADQSS covering many variants
of scattersA; | i = 1; | instantaneous values of current at different quality values at the respective stages of
grinding. The set of scatter of instantaneous values of current consumption forms the input vector
X={x,|n=1; N },supplied to the ANN inputs. The result is a vector of digital signal Y formed at the out-
puts of the ANN, which reflects the stage of processing the surface of the stone and the achieved quality:
Y={ym|m=1; M}, whereyy, is the output signal of the ANN, which corresponds to the implementation of
the m-th stage of grinding and the achieved quality; M is the number of grinding stages that can be deter-
mined. The maximum value of y,, at the m-th corresponding output of the ANN corresponds to the imple-
mentation of the corresponding stage of grinding and achieving a given quality. The signal from the ANN is
transmitted to a PC, where automated information processing with the presentation of results in a user-
friendly formis carried out.

Schematic model of ANN is shown in Figure 10. ANN is organized as a multilayer perceptron with a 3-
layer structure, the number of neurons in each layer is determined by the conditions of the task. In particular,
it is taken into account that the determination of the achieved quality during the processing of the stone sur-

face in real time is carried out by ANN based on the results of continuous measurement of instantaneous val-
ues of current consumption, continuously supplied to its input.

22 BecTHuk KaparaHgmMHCKOro yHusepcureTa



Intellectual system for...

______________________

Input Output

1

1
neuro ™% neyrons neurons |
1 . 1
1

1

1

1

1

1

1

Y I U

1 | \
Y ¢ Stages of stone surface \
¥/ : treatment :

1

[}

Yii Ag- “Pelling”

YZ:AZ “Medium grinding”

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

:

! H

1 . -

! > Ys. Az~ “Fine grinding”

] :

]

' ! H “Finishing grind- i
Y // . ing”(ravines) i

| \ 2 >Y5: As- “polishing” >

1 | N y tereereenrieneaes K

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

..............................................................

: Quality of processing
=) “Perfectly”

Output vector

Inout vector
BXIJHUMN BEKTOP
A

\ “Very good”
) “Good”

\ “Satisfactorily”

Figure 10. Schematic model of ANN of the offered ISADQSS for the automated express
assessment of quality of processing of surfaces of natural stones according to a grinding stage

The number of output neurons at the output of the ANN is determined by the structure of the output
vector Y. The decision on the quality achieved at the appropriate stage of grinding is made by the interpreter
of the answer "winner gets everything", so the number of output signals corresponds to the number of re-
sponse options which gaves the maximum signal at the output.

The hidden neurons that form the hidden layer of the ANN intermediate processing of information in
such a way that the output layer of neurons is fed to linearly separated sets. The dimension of the hidden lay-
er is determined empirically by the learning results of ANN. The value of the mean square error E, which
should not exceed 0.05, is accepted as an evaluative functional of ANN training.

Computer modeling of the work of ISADQSS, in particular the developed ANN, was carried out. The
obtained results indicate high speed and accuracy of work.

Thus, the time of quality assessment and determination of the stage of stone surface treatment does not
exceed 2 s., which corresponds to the real time mode, and the value of the root mean square error of training
and operation of ANN does not exceed the specified value - £ < 0,05.

Conclusions

1. The description and results of experimental researches of intellectual system for automated determi-
nation of the quality of processing of surfaces of natural stones (ISADQSS) is innovative development in the
field of instrument making and is intended for stone processing for express estimation of quality of pro-
cessing of surfaces of stones, in particular roughness, with high accuracy in real-time and automatic mode in
production conditions directly when performing technological operations of grinding and polishing.

2. According to the results of experimental studies of ISADQSS work, it was found that the value of the
root-mean-square error does not exceed 0.05, and the speed does not exceed 2 s, which corresponds to the
real-time mode. The measurement results do not depend on the condition of the outer surface of the stone or
its humidity.
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3. The proposed system has high productivity due to the use of ANN, which performs simultaneous
processing of many digital data by parallel information processing, as well as a functional converter that cap-
tures the dependence of voltage on roughness in real time.

References

1 Temera O.JI. Ouinka O7ucKy moipoBaHoi moBepxHi nekoparuBHoro kaminus / OJL Temera, I[.A. Ceprienko,
0O.B. 'opo6unmms // KomrosHe Ta nexoparuBae kaminasa. — 2011, — Ne 3. — C. 12-15.

2 Kopo®Giituyk B. B. Orinka skocTi GJI0YHOI CHPOBHHH Ta OONHIFOBANBHOI MPOAYKIIi 3 mpHpoaHOoro kameHro. Y. I: Hapd.
nociouuk / B. B. Kopo6iituyk, A. O. Kpusopyuxo, H. C. Pemes, K. K. Tkauyk, P. B. Co6oneBchkuii. — Kuromup: XKITY, — 2012.
— 188 c.

3 Ilarent Ha BuHaxim 121727; MIIK: (2020.01) GO1B 21/30 (2006.01), B28D 1/00, B24B 5/00. Crioci6 Bu3Ha4YeHHs SKOCTI
00po6ku moBepxHi kameH:o / A. 0. Cazonos, 1. 10. Uepenancrka, C. B. Kanpuyk, O.M. bessecinbha, FO.b. bpoacekuii; 3asBHUK 1

MIaTeHTOyTpUMYBad JKUTOMUPCHKHI HaIllOHAJIbHUH arpoekosioridamii yHiBepcurer. — UA 121727 C2; zassn. 15.04.2019; nanp.
10.07.2020. — Bromt. Ne 13.

4 UYepenanceka L.IO. [HTenexryansHa cuctema BumiproBaHHs KyTiB. / L.IO. Uepenanceka, O.M. BbessecinbHa, A.}O. CazoHoB
/I Tlatent Ykpainu Ha KOpucHy Mozenb 127373, MIIK: G 01 B 21/22 (2006.01). — 25.07.2018.

5 Cherepanska I. Artificial Neural Networks a Basic Element of the Automated Goniometric System. / |. Cherepanska,
E. Bezvesilna, A. Sazonov // Recent Advances in Systems, Control and Information Technology / Proceedings of the International
Conference SCIT. — 2016. — May 20-21. — P. 43-52. — 827 p. http://link.springer.com/book/10.1007 %2F978-3-319-48923-0

6 Cherepanska I. Development of artificial neural network for determining the components of errors when measuring angles
using a goniometric software-hardware complex / I. Cherepanska, E. Bezvesilna, A. Sazonov, S. Nechai, O. Pidtychenko // European
journal of enterprise technologies. — 2018. — VVol. 5/9 (95). — P.43-51. DOI: htps://doi.org/10.15587/1729-4061.2018.141290

7 Cherepanska I. Intelligent precise goniometric system of analysis of spectral distribution intensities for definition of chemical
composition of metal-containing substances / I. Cherepanska, O. Bezvesilna, Yu. Koval, A. Sazonov // Metallophysics and Advanced
Technologies. — 2019. — Vol. 41. — No. 2. — P. 263 — 278. DOI: https://doi.org/10.15407/mfint.41.02.0263

8 Cherepanska I. Artificial neural network as a part of intelligent precise goniometric system of analysis of spectral distribution
intensities for definition of chemical composition of metal-containing substances / I. Cherepanska, O. Bezvesilna, Yu. Koval,
A. Sazonov /[ Metallophysics and Advanced Technologies. — 2020. — Vol.42. — No.10. — P.1441-1454.
DOI: https://doi.org/10.15407/mfint.42.10.1441

9 Saidi M.N. Rotational and translation-free polishing of granite: surface quality and dust particles emission and dispersion /
M.N. Saidi, V. Sonamene, J. Kouam, A. Bahloul // The International Journal of Advanced Manufacturing Technology. — 2018. —
Vol. 98(1-4). — P. 289-303. DOI: 10.1007/s00170-018-2247-8

10 Cevheroglu Cira Investigation of the Effects of Marble Material Properties on the Surface Quality / Cevheroglu Cira, S. Dag,
A. Karakus // Advances in Materials Science and Engineering. — 2018. — P. 1-7. DOI: 10.1155/2018/6514785

11 Saidi M.N. Experimental investigation on fine particle emission during granite polishing process / M.N. Saidi, V. Songmene,
J. Kouam, A Bahloul // The International Journal of Advanced Manufacturing Technology. — 2015. — Vol. 81(9-12). — P. 2109-
2121. DOI: 10.1007/s00170-015-7303-z.

12 3usarounaoB P.P. CucremMa akTHBHOTO KOHTPOJIS IIEPOXOBATOCTH MOBEPXHOCTH Ha OCHOBE M3MEPEHUS CTETICHH IOJISPU3AIIH
oTpakeHHoro m3nyuenus / P.P. 3ustounos, A.A. Illabaes, P.P. BannaxmertoB / ®dyHaaMeHTanbHbie nccnenoanus. — 2017, —
Ne 12-2. — C. 287-291.

13 Hunko W.S. MATLAB Image Processing as a Viable Tool to Study Low Surface Roughness / W.S. Hunko,
V. Chandrasekaran, L.N. Payton // Volume 2B: Advanced Manufacturing. — 2015. — P. 1-10. DOI: 10.1115/imece2015-51672.

14 Wang, X. Using Wavelet Packet Transform for Surface Roughness Evaluation and Texture Extraction / X. Wang, T. Shi,
G. Liao, Y. Zhang, Y. Hong, K. Chen // Sensors. — 2017. — Vol. 17(4). — P. 9—33. DOI: 10.3390/s17040933

15 Beno M.II. ABTOMATH3HPOBAHHBIA 3JIEKTPONPHUBOJ THIIOBHIX MPOU3BOJACTBEHHBIX MEXAaHH3MOB M TEXHOJOTHYECKHX KOM-
wiekcoB: [yue0. ans By3o] / MLIL. Benos, B.A. HoBukos, JI.H. PaccynoB. — M.: U3n. uentp «Akagemusi», 2007. — C. 418.

16 Tantussi, G. Analyses of stone surfaces by optical methods / G. Tantussi, M. Lanzetta, A.l. Te // Proceedings of the 8th Con-
ference of the Italian Association of Mechanical Technology. — Ed. Del Taglia A., Dipartimento di Meccanica e Tecnologie

Industriali, Universita degli Studi di Firenze, Pub.: Centro Editoriale Toscano, Firenze, Italy, — 2007. — P. 27. — 97 p. ISBN: 88—
7957-264-4.

N.10. Yepenanckas, A.FO. Cazonos, C.B. Kansuyk, O.®. Cokonosckuii, O.C. CuBaena

Ta0uru TactapabiH 0eTTEPiH 6HAeY CANAChIH
ABTOMATTAHABIPBLIFAH AHBIKTAYAbIH HHTEJJIEKTYAJIIbI JKyiieci

Makana e3ekTi Mocenere — TaOWFM TacTapAblH OCTIH OHJEY CalachlH aHBIKTAYABIH aBTOMATTAHIBIPY
JIeHTeiliH, ToNIiri MEeH JKbUIIaMABIFBIH apTThIpYFa apHanFad. Tabury TacTapbIH OeTKi KabaThlH OHJeY cara-
CBhIH aHBIKTAyAbIH aBTOMATTaHABIPHUIFAH HMHTEJUIEKTyaasl kyieci yceinburran (TBCAMIK). Byn sprypii
CHIIAaTTaFbl OCTTEpAl TericTey XKaHE JKBUITHIPATy YIIiH Tac OHACY OHEpKaciOiHIe KoiaHyFa apHaIFaH acrar
)Kacay cayachlHarel MHHOBauwsuiblK o3ipneme. TBCAMIXK tac GeriH eHAey camachlH JKOFapbl JQIIIKICH
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JKOHE JKBUIIAM/BIKIICH aBTOMATThl PEXHMJE JKOHE HAKThl YaKbIT PEXHUMIHIE TIKeJIeH, Tericrey »oHe
JKBUITBIPATy HPOLECIHAE OpPBIHAAYyFa MYMKIHIIK Oepelli KoHEe TeXHOIOTHSUIBIK KaOIBIKThl TOKTATYAbl KQXKET
erneiini. byn xarnmaiina enmey HoTwkeci eHIeNreH OCTTiH BUIFAJIBUIBIFEl MEH Ta3aJbIFbIHA OailTaHBICTHI
emec. ¥Ycombpuran TBCAMX okbmiTelp  enmierimirep MeH TPOGHIOMETpIIep CHSKTBL  TOCTYPIi
MaMaHIaHBIPbUIFaH 3epTXaHAIBIK Kypanmgapra O6anama OoJbI TaObUIa bl OJap/sl MaigaaaHy Ken eHOeKTi
KaXeT eTell )koHe KpIMOaTKa Tyceni. backanapiaan aifblpMaIsuibFsl, YCHBUIEI oThIpFaH TBCAWXK yiken
IONIIKKe He (opTamia KBaApaTTHIK KaTelik 5%-—1aH acraipl) )KoHe Te3 dpeKeT eTeli (Kemip—OyIbIpIbIKTHI
aHBIKTay YakpIThl 2 c-TaH acmaiigsl). TBCAMXK opTypni aBTOMaTTaHABIPY KypalgapblH TeTepOreHl
KacueTTepi 6ap CHHEepreTHKAaNbIK HHTErpalusiay KaFuJaTTapblHa COMKeC KYPBUIFaH — jKacaH/Ibl HEHPOHIBIK
xkeninep OKHX), connaii-ak, eHueneTin OeTTiH Keaip—OyIplp MeJIIEpiHiH e3repyiHe OailaHBICTHI Tac OHICY
KYPAJIBIHBIH YHKeJiC KYLIIHIH e3repyiHe Ce3IMTal CEHCOp peTiHAe KOJAAHBUIATHIH HETI3r1 KO3FalbIC
sxkererinig Tok Tipkeymrici (HKXKTT). ¥Ycememmran TBCAMIK Oy sxkorapel Jonmik IeH KBULIAMIBIK,
oMOeOanThUIBIK JKoHE MalfanaHy >KeHUINIrT CHAKTBI apTHIKIIBIIBIKTApAEl OipiKTipeTiH MHHOBALMSIIBIK JKOHE
HEePCHEeKTUBAIBI aMy OOJIBI TaObIIA/bL.

Kinm cesdep: xacaHIbl HEHPOHIBIK JKeNinep, Keaip—Oyablp, cama, aBTOMaTTaHIBIPY, AJINIK, KBUIIaMIbIK,
eJIey.

N.IO. Yepenanckas, A. FO. Cazonos, C.B. Kanbuyk, O.®. Cokonosckuii, O.C. CuBaeBa

HNuTe/niekTyalIbHAsI CHCTEMa ABTOMATH3HPOBAHHOIO ONIpe/iesIeHHs
KavyecTBa 00padOTKH MOBEPXHOCTel MPUPOAHBIX KAMHeil

CraThsl IOCBSIIIEHA aKTyaJ bHON MPpOoOIeMe — MOBBIICHNIO YPOBHS aBTOMATH3aIMH, TOYHOCTH M OBICTPOEH-
CTBUSI OIPENIENICHNsI KadecTBa 00pabOTKH MOBEPXHOCTEN NPUPOAHBIX KamHei. [Ipennosxkena HHTEIUIEKTyanb-
Has CHCT€Ma aBTOMAaTH3HPOBAHHOTO OINPEAENICHUS KauecTBa 0OpabOTKU MOBEPXHOCTEH MPUPOJHBIX KaMHEH
(MUCAKIIK). OTo MHHOBaIMOHHAsA pa3padoTKa B 00JacTH MPUOOPOCTPOCHHUS, MIpEeaHA3HAUCHA AT IPUMEHe-
HHS Ha KaMHe0OpaOaThIBAIONINX MPOU3BOACTBAX IPH IUIM(OBAHUM U MOIUPOBAHUU MOBEPXHOCTEH pa3mmd-
Ho#t ipuposl. UCAKIIK 1mo3BoJisieT BBINOJIHATH SKCIIPECC-OLEHKY KauecTBa 00pabOTKH MOBEPXHOCTEH KaM-
Hell ¢ BBICOKOH TOYHOCTBIO M OBICTPOJICHCTBHEM B aBTOMAaTHIECKOM PEXUME U PEKUME PEabHOIO BpeMEHH
HETIOCPE/ICTBEHHO, BO BPeMs BBIIIOJIHEHHSI TEXHOJIOTHYECKUX OIepanyii NUMQOBaHUsS U OJIUPOBAHUS, U HE
TpeOyeT OCTaHOBKHM TEXHOJIOTHYecKoro obopynoBaHus. [Ipum 3TOM pe3ynbTaT M3MEpeHUs HE 3aBUCHUT OT
BIIXHOCTH W YHCTOTH 00padareiBaemoii moBepxHocTH. [Ipemnoxkennas UCAKIIK sBrnsercs anprepHaTHBON
TPaAUIMOHHBIM CIEIHATN3UPOBAHHBIM JIAOOPATOPHBIM CPEICTBAM, HalpHMep, OneckomeTpaM M Impoduio-
MeTpaM, IPUMEHEHNE KOTOPBIX ABISACTCS TPYJOEMKHUM M JOPOTOCTOAMNM. B oTimdume oT HUX, MpeUIOKEH-
Hasgt MICAKIIK nmeer GomibIIyi0 TOYHOCTH (CpemHsS KBapaTHUeCKas IOTPEITHOCTh He NMpeBBImaeT 5%) u
ObIcTpoeiicTBUE (BpeMst ompeeeHus mepoxoBatocTu He 6onee 2 ¢.). MCAKIIK moctpoeHa mo mpuHIumam
CHHEPTeTHYeCcKOi MHTEerpaliy pa3sHbIX CPEJICTB aBTOMATH3alMU C HEOJAHOPOIHBIMYU CBOMCTBAMH — HCKYCCT-
BeHHBIX HelpoHHBIX cetell (MHC), a Takke Tak Ha3bIBaeMOTO PErMCTPAaTOpPa TOKOB MPUBOAA TIABHOTO JIBH-
xenus (PTIIT/), koTopblil mpuMeHsieTcs B KaYECTBE IaTYMKA YYBCTBUTEIHHOTO K M3MEHEHHIO CHIIBI TPEHUS
KaMHe0oOpa0aThIBaIOIEr0 HHCTPYMEHTA B 3aBHCUMOCTH OT M3MEHEHHS BEJIMYMHBI MIEPOXOBATOCTH 0Opabda-
TeiBaeMoi noBepxHOCTH. [Ipennoxennas MCAKIIK sBnsercss ”HHOBAIIMOHHOW W TIEPCIIEKTHBHON pa3paboT-
KOM, KOTOpast 00BbEINHSIET TaKhe MPEeNMYINEecTBa, KaK BBICOKAas TOYHOCTh W OBICTPOAEHCTBHE, YHUBEPCAIIb-
HOCTb M IIPOCTOTA UCTIONB30BAHUS.

Kmiouesvie cnosa: MCKyCCTBEHHbIC HEUPOHHBIC CETH, IIIEPOXOBATOCTh, KAYECTBO, aBTOMATH3AIIHS, TOYHOCTh, OBICTPO-
NeICTBIE, N3MEPCHUSL.

References

1 Gheleta, O.L., Serghijenko, I.A., & Ghorobchyshyn, O.V. (2011). Otsenka bleska polirovannoi poverkhnosti dekorativhogo
kamnia [Estimation of gloss of polished surface of decorative stone]. Dragotsennye i dekorativnye kamni — Precious and decorative
stones, 3, 12-15 [in Ukrainian].

2 Korobijchuk, V.V., Kryvoruchko, A.O., Remez, N.S., Tkachuk, K.K., & Sobolevsjkyj, R.V. (2012). Otsenka kachestva
blochnogo syria i oblitsovochnykh izdelii iz prirodnogo kamnia. Chast I: uchebnoe posobie [Estimation of quality of block raw
materials and facing products from natural stone. Part I]. Zhytomyr: ZhDTU [in Ukrainian].

3 Sazonov, A.Yu., Cherepansjka, I.Yu., Kaljchuk, S.V., Bezvesiljna, O.M., & Brodsjkyj, Yu.B. (2020). Metod opredeleniia
kachestva obrabotki poverkhnosti kamnia [Method of determining the quality of stone surface treatment]. Patent na izobretenie —
Patent for invention, 121727; MPK: (2020.01) GO1B 21/30 (2006.01), B28D 1/00, B24B 5/00 [in Ukrainian].

4 Cherepansjka, I.Yu., Bezvesiljna, O.M., & Sazonov, A.Yu. (2018). Intellektualnaia sistema izmereniia ugla [Intelligent angle
measurement system]. Patent Ukrainy na poleznuiu model — Patent of Ukraine for utility model, 127373, MPK: G 01 B 21/22
(2006.01) [in Ukrainian].

Cepus «dunsukay. Ne 1(105)/2022 25



I.Yu. Cherepanska, A.Yu. Sazonov et al.

5 Cherepanska, I., Bezvesilna, E., & Sazonov, A. (2016). Artificial Neural Network as a Basic Element of the Automated Go-
niometric System. Proceedings from Recent Advances in Systems, Control and Information Technology: International Conference
(May 20-21), 827 (pp. 43-52). http://link.springer.com/book/10.1007 %2F978-3-319-48923-0

6 Cherepanska, I., Bezvesilna, E., Sazonov, A., Nechai, S., & Pidtychenko, O. (2018). Development of artificial neural network
for determining the components of errors when measuring angles using a goniometric software-hardware complex. European journal
of enterprise technologies, 5/9(95), 43-51. DOI: https://doi.org/10.15587/1729-4061.2018.141290

7 Cherepanska, 1., Bezvesilna, O., Koval, Yu., & Sazonov, A. (2019). Intelligent precise goniometric system of analysis of
spectral distribution intensities for definition of chemical composition of metal-containing substances. Metallophysics and Advanced
Technologies, 41(2), 263-278. DOI: https://doi.org/10.15407/mfint.41.02.0263

8 Cherepanska, 1., Bezvesilna, O., Koval, Yu., & Sazonov A. (2020). Artificial neural network as a part of intelligent precise
goniometric system of analysis of spectral distribution intensities for definition of chemical composition of metal-containing sub-
stances. Metallophysics and Advanced Technologies, 42(10), 1441-1454. DOI: https://doi.org/10.15407/mfint.42.10.1441

9 Saidi, M.N., Sonamene, V., Kouam, J., & Bahloul, A. (2018). Rotational and translation-free polishing of granite: surface
quality and dust particles emission and dispersion. The International Journal of Advanced Manufacturing Technology, 98(1-4), 289—
303. DOI:10.1007/s00170-018-2247-8

10 Cevheroglu, C., Dag, S., & Karakus, A. (2018). Investigation of the Effects of Marble Material Properties on the Surface
Quality. Advances in Materials Science and Engineering, 2018, 1-7. DOI:10.1155/2018/6514785

11 Saidi, M.N., Songmene, V., Kouam, J., & Bahloul, A. (2015). Experimental investigation on fine particle emission during
granite polishing process. The International Journal of Advanced Manufacturing Technology, 81(9-12), 2109-2121.
DOI:10.1007/s00170-015-7303-z

12 Zijatdinov, R.R., Shabaev, A.A., & Valiahmetov, R.R. (2017). Sistema aktivnogo kontrolia sherokhovatosti poverkhnosti na
osnove izmereniia stepeni poliarizatsii otrazhennogo izlucheniia [Surface roughness control system based on measuring the degree of
reflected light polarization]. Fundamentalnye issledovaniia — Fundamental Research, 12(2), 287-291 [in Russian].

13 Hunko, W.S., Chandrasekaran, V., & Payton, L.N. (2015). MATLAB Image Processing as a Viable Tool to Study Low Sur-
face Roughness. Advanced Manufacturing. 2B, 1-10. DOI:10.1115/imece2015-51672

14 Wang, X., Shi, T., Liao, G., Zhang, Y., Hong, Y., & Chen, K. (2017). Using Wavelet Packet Transform for Surface Rough-
ness Evaluation and Texture Extraction. Sensors, 17(4), 933. DOI:10.3390/s17040933

15 Belov, M.P. (2007). Avtomatizirovannyi elektroprivod tipovykh proizvodstvennykh mekhanizmov i tekhnologicheskikh
kompleksov: uchebnik dlia vuzov [Automated electric drive of typical production mechanisms and technological complexes: a text-
book for universities]. Moscow: Izdatelskii tsentr «Akademiia» [in Russian].

16 Tantussi, G., Lanzetta, M., & Te, A.l. (2007). Analyses of stone surfaces by optical methods. Proceedings from Ed. Del
Taglia A., Dipartimento di Meccanica e Tecnologie Industriali, Universita degli Studi di Firenze: 8th Conference of the Italian Asso-
ciation of Mechanical Technology (p. 27). Firenze: Centro Editoriale Toscano.

26 BecTHuk KaparaHgmMHCKOro yHusepcureTa



