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The article dedicated to urgent task—definition of chemical composition of
metal-containing substances. The new precise intelligent goniometric sys-
tem, which contains laser goniometer, CMOS image sensor, and artificial
neural network, is proposed. This system combines the advantages such as
safety for humans and environment, high productivity, usage simplicity,
universality, automated processing of the measuring data.
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CTaTTiO IPUCBAYEHO aKTyaJ bHIiN ITP0O6JIeMi — BHU3HAUEHHIO XeMiUHOTO CKJIaAy
MeTaJIOBMicHMX peuoBuH. Ha OCHOBiI aHmamism MeTOAM CIIEKTPOCKOIii, Heipo-
Mepe:KeBUX TeXHOJOril i (ismyHmMX NPUHIHUIIB po6oTH (OTOoeIeMeHTiB 3a-
IIPOIIOHOBAHO HOBY IIPEIIU3iliHY iHTeJIeKTyaJIbHy FOHiOMETPHUUYHY CHUCTEMY Ha
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ocHOBIi JazepHoro romiomerpa, CMOS-maTpuili Ta IITYyYHOI HEHPOHHOI Mepe-
Ki. CucTeMa yMOIKJINBJIIIOE IIPOBOAUTHY aHAII3Y iHTeHCUBHOCTEH CIIeKTPAIbLHO-
ro poamnoaisny. Bora moegHye TaKi mepeBaru sk 0e3IeUHiCTh AJIA 340POB’ A JI0-
Ieli i HaBKOJIMIITHBOTO CePEIOBUINA, BUCOKY MPOAYKTUBHICTE, IIPOCTOTY BUKO-
PHUCTaHHS, VHiBepCaJIbHICTh, MOKJINBICTh aBTOMATU30BaHOTO O0OPOOJIEHHA BU-
MipioBasabHOI iH(popMaIrii.

Karouosi croBa: 1asepHUil roHioMeTep, XeMiUHUEN CKJIaJ, CIIEKTPAJIbHUN PO3-
OOMij, MITyYHA HEMPOHHA MepesKa, CTPYM HaCUTY, JOBXKMHA CBiTJIOBOI XBUJIi,
qyTJIUBIiCTb (hOTOETIEMEHTIB.

CraTbha mOCBAINEHA aKTYaJIbHOM mpobyieMe — OMpeAesieHNI0 XUMUUECKOTO CO-
CcTaBa MeTaJlJIOCoepsKaIux BelrecTB. Ha ocHOBe aHaIM3a MeTO1a CIIEKTPOCKO-
UM, HeHPOCETEBhIX TEXHOJIOTUHA 1 (PUBNUECKUX IPUHIIUIIOB PaboThl hOoTOosIe-
MEHTOB IIPeJIoKeHa HOBad MPeIU3noHHAas UHTeJJIEKTYaIbHas TOHUOMeTpuYe-
cKas CrcTeMa Ha OCHOBe JasepHoro roumomerpa, CMOS-mMaTpuilbl M HCKYC-
crBeHHOI1 Heripouuou cetu (MMHC). Cucrema 1mo3BojifgeT IPOBOAUTL aHAINUS3 MH-
TEeHCUBHOCTEH CIIeKTpaJIbHOTO pacipeneneHud. OHa o0beIUHSET TaKue IIpe-
UMYIIleCTBa KaK 0e30IIaCHOCTD IJIS 340POBbA JIOJe M OKPYIKAIOIel Cpejbl,
BBICOKYIO ITPOM3BOAUTEIBHOCTD, ITPOCTOTY MCIIOJIb30BaHUSA, YHUBEPCATHLHOCTD,
BO3MOXKHOCTDH aBTOMATU3UPOBAHHOM 00paboTK Y N3MEPUTEIHLHOM NHpOPMAIIIH.
Bricokas mpon3BOIUTENBHOCTD PAOOTHI CUCTEMBI JOCTUTAETCS 38 CUET BO3MOXK-
HocTu MMHC ocylecTBIATHL OMHOBPEMEHHYIO 00paboTKy MHOKecTBa MU POBBIX
ITaHHBIX METOJaMH IIapajiiebHON 06paboTKu. BesomacHocTs cucTeMbl obecte-
YMBaeTCA 3a CUET INPUMEHEHUS IIPUHIINIOB JIa3€PHOM CHEKTPOCKOIIUU U WC-
KJIIOUeHUA BPETHOTO PEHTTEHOBCKOTO U3JIyUeHUsI. BHICOKAs TOUHOCTD CHCTEMbI
mocturaercd 3a cuét ucnoab3oBanua CCD- u CMOS-maTtpurr ¢ 60JbI110# paspe-
IIAIOITell CIIOCOOHOCTHIO B KaUeCTBe UYBCTBUTEIbHBIX 3JI€MEHTOB.

KaroueBsblie ci10Ba: Jla3epHbIl TOHUOMETD, XUMUYECKHUH COCTaB, CIIeKTPAIbHOE
pacupejseeHne, UCKYCCTBeHHAs HEWPOHHAs CeTb, TOK HACBHIINEHUA, IJIUHA
CBETOBOI BOJIHBI, YyBCTBUTEJIBHOCTH (DOTO3JIEMEHTOB.

(Received December 10,2018 )

1.INTRODUCTION

Determination of chemical composition is urgent production task in case
of sorting of the scrap metal, products at the warehouses for incoming
control of raw materials in metallurgy, for products’ certification, etc.
To solve this task nowadays, the special measuring tools based on
spectroscopy methods are being used. Spectroscopy is the most im-
portant method for analysis of metals chemical composition. In this
method, the inspected sample is briefly exposed to a concentrated and
sufficiently powerful energy pulse. As a result, the emission spectrum
has been formed. This happens due to absorption irregularity of energy
by different metallic atoms. Measuring the scattering angle of the
emitted radiation allows us to determine the corresponding compounds
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in metallic materials.

Currently, there are some tools, which allow detecting certain chem-
ical elements in metallic materials by x-ray spectroscopy—x-ray opti-
cal instruments and laser spectroscopy—laser optical instruments.

The most common are x-ray instruments, where examined sample
exposed to x-ray radiation. Obviously, the systematic x-ray usage is
harmful to the health of staff even at low doses [1]. Moreover, x-ray in-
struments detect chemical elements in limited range. Meanwhile, using
of complicated algorithms of data processing increases loss of time on
studying and work of instruments. Those disadvantages points on non-
expediency of x-ray instruments usage, even in industrial scale.

The use of laser optical instruments is more accurate and is safer
than x-rays [2, 3]. In general, laser spectroscopy method has many ad-
vantages, comparing to x-ray spectroscopy [4]. First, it is safety and
possibility to detect nearly all chemical elements.

Authors in [3] present the results of laser spectroscopy usage for de-
tection of metals in textile dyes. The results of the study revealed the
presence of such toxic metals as Cr, Cu, Fe, Ni, and Zn. Moreover, Al,
Mg, Ca, and Na have been detected as well. In that research, optical
resolution was 0.06 nm, spectral range was 200—-720 nm, but it took
quite long time.

In [4, 6], authors present the results of detection of heavy metals in
soil samples [4] and metals [6] by laser spectroscopy method. Compari-
son of the given results to the traditional chemical methods demon-
strated high accuracy of laser spectroscopy and optical instruments,
respectively. In [6], it has been specified that laser spectroscopy is a
method, which can provide quantitative and qualitative measurement
of the characteristics of irradiated metals. Authors in [6] calculated
plasma parameters, which have been given from the sample of brass
alloy by pulse of Nd:YAG laser. Unfortunately, authors do not mention
the time, which has been taken by system for detection of chemical el-
ements. According to the information provided in the paper, it can be
supposed that period was quite long.

In[5], authors describe new approach to measure of chemical compo-
sition of the aerosol substance in real time using plasma spectroscopy
and a broadband spectrometer with a range of wavelengths of 200—
980 nm. The delay of single sensor is 1.3 us. The disadvantage of the
method is impossibility to detect such chemical elements as Cd, Cr, Cu,
Mn, Na and Ti. At the same time, the sampling time was 5 min.

In general, there are many different modern methods for determina-
tion of chemical composition of metal-containing substances. The
analysis on the last one allow to conclude that all of them have differ-
ent measuring range, accuracy, and speed as well as based on using dif-
ferent mathematical models, methods, and algorithms of data pro-
cessing, e.g., multidimensional analysis by least squares method [7],
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multivariate regression in orthogonal Chebyshov polynomials, which
are transformed in algebraic polynomials [8] etc.

Technical parameters of some wide used means for spectral analysis
of metals and alloys are shown in Table 1.

Thus, it can be argued that the problem of qualitative and quantita-
tive determination of chemical elements in metals in real time is still
not completely solved. This is due to the fact that modern production
in accordance with international quality standards constantly puts ev-
er more stringent requirements for the performance of measuring in-

TABLE 1. Spectrometers and measuring systems, which are based on them.

Main technical and
metrological parameters,

Model Description |Producer
advantages
and disadvantages
) ) Wave length setting error, nm

Optical and capacity +1.5. Analysis of

spectrometer Spectral range, nm metals and

ARL 4460 [9] -325-1000. alloys with

. . Us,
] Control system has special different Thermo
n— software OXSAS. base Fisher
Iy Advantages: automated (Fe, Al, Ni, Sei s
. . . cientific
——— processing of the data. Ti, Cu, Zn, [9]
Disadvantages: Complex Co, Mg, Pb,
mathematical models and Sn, Ag, Au,
algorithms of data pro- Pt, Pd)
cessing.
The random relative error, %
-0.5-40.
Spectral range, nm
-174-441.

Control system contains PC,  Desktop
. controller, and special spectrometer
Cz:tpamty SpeCtr?meter software compatible to for spectral
Iskroline 100" [10] Windows 98/2000/XP/7. analysis of
Advantages: automated metals and  Russia
processing of the data. alloys with ‘Iskroline’
Disadvantages: quite high different [10]
random error (40% ), un-  base (Fe, Al,
known value of systematic  Cu, Zn, Pb,
error, impossibility of real-  Sn, Sb, Ni,
time data processing, depend- Ti, Co, Mg)
ency of results on quality of
state standard samples, com-
plex mathematical models
algorithms of data processing.
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Continuation of TABLE 1.
Main technical and
Model metrological parameters, Description |Producer
advantages
and disadvantages

Relative random error
(in dependence on element of
mass value), %
-0.5-40.

Atomic capacity Spea{?{ﬁ%ﬂ(ﬁgg » M Spectrometer
spectrometer - ) for spectral

‘ISKROLINE 300’ [10] Control System contains PC, analySiS of
controller, and special

software Compatible to ;?fgaésvjﬁi
- Windows 98/2000/XP/7.  ° .. f}’eren ;  Russia
%{; o Advantages: automated base ‘Iskroline’
e i processing of the data. (Fe, Al, Cu [10]
\ EN—" Disadvantages: quitehigh ', "5, ° o’
! n, Pb, Sn,
random error (40% ), un- Sh. Ni. Ti
b - ’ known value of systematic Co, M ’) 11;
: error, impossibility of real- lab(;ra t%)ries
time data processing, depend-
ency of results on quality of
state standard samples, com-
plex mathematical models
algorithms of data processing.
Wave 1ength+s1et’5cmg error, nm Spectrometer
S T for measuring
pectral range, nm of the
Spectral photometer Cont I3zi 10}? 0. ial transmission
ULAB 102[11] ontrolsystem hasspecia’ - . oeticient,

software, which is incompati- optical density China,

— ble to Windows.
Advantages: automated . of 1:,he Ulab
o= . investigated [11]
— ; processing of the data. solid samples
y Disadvantages: unknown val- and P
ue of random error, unknown calculatin
reliability; unknown principles the o tica%
of software operation and al- P!
density

gorithms of data processing.

struments. The indicators of the efficiency of measuring systems is
safety for humans and environment, accuracy, high productivity, ver-
satility, work in automated mode and real-time mode.

To implement them in the development of new and improved known
devices, it can be achieved by using of high-quality optical systems, pre-
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cision sensors, as well as the state of the art algorithms, methods and
procedures for data processing, in particular, using of artificial neural
networks (ANN).

It is known that ANN can be successfully used for solving different
tasks of processing and analysis of the set of rapidly changing data in
real-time mode and in conditions of incompleteness, inconsistency and
dynamism of incoming information [12, 13]. Use of ANN is well known
in algorithm for evaluation of the angle of knee [14], in the method of
prediction of the angle of finger joint [15]. Use of ANN is also well
known in the method for evaluation of generator rotation angle and its
speed, in particular, for stability analysis and control of transient pro-
cesses in real-time [16]. It is also known that the system of automated
Cobb angle measuring is based on ANN for scoliosis examination [17].
The use of ANN leads to the rise of productivity, reliability and accu-
racy of work performed.

Purpose of the present work is to suggest precise measuring gonio-
metric system with artificial neural network based on the analysis of
physical principles of spectrometry, work of semiconductor photocells
and artificial intelligence.

2. DESCRIPTION OF THE PROPOSED SYSTEM

The system is developed on the basis of state of the art research in sci-
ence and technology in fields of optics, mechanics, electronics, auto-
mation, artificial intelligence. It combines such advantages as safety
for humans’ health and environmental security, high productivity of
the analysis, accuracy, wide range of materials, which can be studied,
simplicity of use, universality, automated processing of measuring da-
tain real-time.

The structure of intelligent precise goniometric system (IPGS) of
analysis of spectral distribution intensities for definition of chemical
composition of metal-containing substances is shown in Fig. 1.

The system contains rotation drive I, object desk 2, rotational de-
vice, ring laser, optical system 5, and image sensor 6, e.g., CMOS sen-
sor for registration of radiation in infrared range or CCD in ultraviolet
one, control unit 7, ANN module 8, and computer 9.

Drive 1 mechanically linked to the object desk 2, which is mounted
on the rotational device 3. Ring laser 4, optical system 5, and image
sensor 6 are rigidly fixed to the mentioned device. Ring laser 4 and im-
age sensor 6 connected to the control unit 7. ANN module 8 is inter-
faced to the computer 9. One output of the control unit 7 is connected
to the input of computer and the other one to the ANN’s &.

The ring laser 4 is used as a source of a powerful energy pulse, which
affects measured object (MO), namely, metal sample, in a short time.
MO forms appropriate radiation spectrum (e.g., Fig. 2) with different
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Fig. 1. Block scheme of IPGS of analysis of spectral distribution intensities for
definition of chemical composition of metal-containing substances: 1—
rotational drive, 2—object desk, 3—rotational device, 4—ring laser, 5—optical
system, 6—image sensor, 7—control unit, 8—ANN, 9—computer.

intensities, which depends on its chemical composition.

From [18], it is known that metals strongly reflect radiation in IR
range and the range of visible spectrum due to the predominant scat-
tering of light when it interacts with free electrons, whose concentra-
tion in metals is 10?2-~10%* cm ™. The electrons emit in scattering of the
so-called secondary waves. Absorption of quanta of light directly by
electrons is possible only with their simultaneous collisions with pho-
tons, impurities of chemical elements, and with each other. It is worth
noting, that reflected and absorbed waves are forming not on the sur-
face of metal MO, but in the substance, in so-called near-surface layer,
in which the radiation, penetrating into the metal, fades. Optical con-
stants of some metals at room temperature in the visible and infrared
spectrum are shown in Table 2.

The luminous flux is projected from the optical system 5 to the im-
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UV Radiation Visible spectrum IR Radiation
400 nm 760 nm 100 pm
Wavelenght, nm i
a
b c
HFe MgFe Na

400 450 500 550 600 650 700
d

Fig. 2. Electromagnetic spectrum: a—range of visible spectrum, b—spectrum
of Iron, c—spectrum of Helium, d—excited by the strikes of electrons atoms
of various chemical elements.

age sensor 6, which converts it into an appropriate electrical signal.
MO can contain various chemical elements, which absorb energy pulse
from the laser 4 with different intensities and form different luminous
fluxes. The last ones reflect with different angles and are projected on
the different parts of image sensor 6. It is known [18] that absorption
characteristics of metals do not depend on the laser frequency and de-
fined only by their electrical characteristics. The last ones depend on
the chemical composition of metals. Electrical signal from image sen-
sor 6 through the control unit 7 are sent to the ANN 8, which define
chemical composition of the studied MO. Computer 9 processes meas-
uring data and presents results in a user-friendly form.

To provide IPGS work in a wide range of visible spectrum, image sen-
sors must meet further requirements: low sensitivity to visible spec-
trum; high quantum detection efficiency; must have wide local dynamic
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TABLE 2. Optical constants of some metals [18].

A=0,5 um A=5,0 um
Metal Reflective | Damping |Reflection| Reflective | Damping | Reflection
light index,|coefficient,|coefficient|light index,|coefficient,/coefficient,

n k, R, % n k, R, %
Cu 1,06 2,70 63,2 3,1 32,8 98,9
Ag 0,11 2,94 95,5 2,4 34,2 99,2
Au 0,50 2,04 68,8 3,3 35,2 98,95
Zn - - - 3,8 26,2 97,9
Al 0,50 4,59 91,4 6,7 37,6 98,2
In - - - 9,8 32,2 96,6
Sn 0,78 3,58 80,5 8,5 28,5 96,2
Pb 1,70 3,30 62,6 9,0 24,8 95,0
Ti 2,10 2,82 52,5 3,4 9,4 87,4
Nb 2,13 3,07 56,0 8,0 27,7 96,2
A% 2,65 3,33 56,6 6,6 17,5 92,7
Mo 3,15 3,73 59,5 4,25 23,9 97,2
w 3,33 2,96 51,6 3,48 21,2 97,0
Fe 1,46 3,17 63,7 4,2 12,5 90,8
Co 1,56 3,43 65,9 4,3 14,6 92,9
Ni 1,54 3,10 61,6 4,95 18,5 94,8
Pt 1,76 3,59 65,7 7,7 20,2 93,7

-

range, which is defined as following: maximum value of luminous flux
is divided by minimal value of signal, which has been 3% of noise level;
must have low sensitivity to background signals and noises.

CCD-, CMOS-image sensors are semiconductor sensors developed on
the basis of photocells, e.g., the scheme of CMOS element (complemen-
tary metal—-oxide—semiconductor) is shown in Fig. 3.

3. PHYSICAL PRINCIPLES OF SENSORS OF THE PROPOSED SYSTEM

The basis of the work of photoelectric semiconductors, that form the
basis of the sensors proposed IPGS, particularly CCD and CMOS, is in-
ternal photoemission. The last one takes place as follows: when photoe-
lectric semiconductors are exposed to light, they change their inner
state. Their conductivity is rising proportionally to the light intensity.
The sensitivity S; of photocell depends on light wavelength A and can

be defined as follows:
ilh
=) )
Ker, oS

where S; —sensitivity of semiconductor photoelectron element, i(A)—
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Fig. 3. Equivalent scheme of CMOS element by Micron Technology: 1I—
photocell, 2—gate, 3—capacity, 4—amplifier, 5—bus for row changing, 6 —
vertical bus, 7—reset.

saturation current of photocell, K, e—proportion factors, r,—spectral
emissivity of the photocell, A—light wavelength, a—spectral absorp-
tion of the material.
Function f(A) of dependence of sensitivity S, on light wavelength A is
defined as follows:
i(A)

f) = P (2)

where i(A)—saturation current of photocell, when it is exposed to light
with wavelength A, in accordance with Stoletov’s law (or the first law
of photoeffect), is expressed by (3):

i(A) = BS, (1), (3)

where S;—photocell sensitivity on the wavelength A, ®(A)—luminous
flux, which hits to the photocell, f—proportion factor.

Luminous flux ®(A) is a part of light energy E()\), which is emitted
by MO, which is exposed to energy pulse of laser (4) with the wave-
length A in range AL. We can suppose that:

©(1) = KE(), 4)

where K—proportion factor, E(A)—light energy, which is emitted by
MO and defined by the expression (5):

EQ.) = r1,,,AMS, (5)
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where r;, o g—spectral emissivity of MO, which is exposed to energy pulse
of laser (4) with the wavelength A in range AA and is defined by the opti-
cal system (5) filter bandwidth of IPGS, S,;—MO surface area which is
exposed to, AA—wavelength range, which is expressed by optical filter
bandwidth mentioned above: AA = ¢\, where e—proportion factor.

Spectral emissivity of MO obeys Planck’s law, which describes spec-
tral density of electromagnetic radiation emitted by a black body in
thermal equilibrium at a given temperature T

®° ho
U, T) = , 6
( ) e e _q (6)

where 7% =1.054-103* J.s—Planck constant, £=1.38-102 JK'—
Boltzmann constant, ¢ = 3-:10® m/s—speed of light in vacuum.

Spectral emissivity of MO r;,oz will depend on emissivity r,,, of
chemical elements: r,,, = f(r],;) . Emissivity value of i-th chemical el-
ement in accordance to spectral emissivity of black body by Planck’s
law and equation (8) can be found from the following expression:

Top = 50 (7
where o,—spectral absorbance capacity of i-th chemical element which
is in MO.

Spectral emission of black body by Planck’s law is:

}\175
2
r, = 2nhc PN (8)
where h = 27h .

Thus, image sensor forms electric signals in accordance to spectral
composition of MO emission, which is caused by chemical elements in
its composition.

4. DESCRIPTION OF ARTIFICTIAL NEURAL NETWORK

ANN 8 allows automated detection of some chemical elements con-
tained in MO by digital signals from image sensor 6. ANN can be either
neural processor or, e.g., neural simulator with customizable structure
of neurons by one of the known models (e.g., multilayer perceptron).
Mathematical model of neuron is shown below:

P
NET =Y wx,, OUT = F(NET - 0), (9)
i=1

where NET—weighted sum of input signals, w,—synapsis weight
(i=0,1, 2, .., p), x;,—component of input vector signal (i=0, 1, 2, ...,
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OUT

0.5

I | NET
-5 0 5

Fig. 4. Logistic activation function (Fermi or sigmoid).

p), p—number of neuron inputs, 6—value of shift, OUT—output sig-

nal of neuron, F—non-linear transducer that realize activation func-
tion OUT = f(NET) (Fig. 4):

1

1+e ™77

OUT =

Block scheme of artificial neuron is shown on Fig. 5.

ANN is trained by supervised learning with backpropagation meth-
od to recognize chemical elements in metals. It assumes that ANN is
pre-trained by using of empirical given values of intensities of spectral
lines and main physical laws of chemical elements in metals to detect
their into different metal samples. ANN 8 by the appropriate algo-
rithm processes digital signals from CMOS sensor. The set of satura-
tion current of photocell are sent to the input of ANN. These currents
occur due to irradiation MO with light with wavelengths A;:
{i(\)]ie{C, P, S, Mn, Si, Cr, Ni, Cu, Nb, N, Al, Ti, V, Mo, W, Co, B,
Fe}}, where C, P, S, ..., Fe—are the symbols of some elements which can

wq w; eee| Wp
Y _
%; 5 > NET
s | —— F [>ouT

Fig. 5. Block scheme of artificial neuron.
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be in MO. The set of saturation currents, as required by ANN, form in-
put layer X ={x;|j=1,J }, which is sent to its (ANN) input (Fig. 6 and
7). Dimension of input layer and number of neurons at ANN’s input,
which is used to receive input data from CMOS, has been conditioned
by image sensor resolution.

ANN forms digital signal, which reflects chemical composition of
studied MO in form of digital signal vector Y: Y ={y,,| m = 1, M }, where
M—number of chemical elements, which can be detected. Maximal
value y,, at m-th output of ANN means that appropriate chemical ele-
ment exists in MO contain (Fig. 6 and 7).

ANN’s signal is sent to the computer 9, which processes it and pre-
sents a result in a user-friendly form.

Block scheme of the ANN 8 for automated detection of chemical el-
ements in metals is shown in Fig. 6. ANN is built as multilayer percep-
tron with 3-layer structure; numbers of neurons in each layer are
caused by the task.

"""" 1T 57701 rom===—-
[
1

i Input | 1 Hidden ' 1Output,

'neurons,; I neurons ! :neurons:
1 1

Input vector

Output vector

Fig. 6. Scheme of ANN for automated detection of chemical elements in met-
als.
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Number of neurons on ANN’s output is caused by the structure of
output vector Y. The decision about presence of one or another chemi-
cal element in metal is taken by so-called answer interpreter ‘Winner-
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Fig. 7. Scheme of ANN’s interaction with the image sensor of the proposed
Intelligent Precise Goniometric System in automated analysis of spectral dis-
tribution intensities for definition of chemical composition of metal-
containing substances.
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take-all’. According to the last one, number of output signals corre-
sponds to the number of choice of answers. Number of the answer cor-
responds to the number of neuron that has maximum output signal.
Appropriate inputs of ANN will receive maximal values of signals,
which mean that appropriate chemical elements are in metal MO.

So, the structure of output vector can be presented as Table 2. It
must be noted that the number of components of output vector can be
increase in proportion to increasing of image sensor sensitivity. In ac-
cordance to that, the number of ANN’s outputs can be increased. This
allows increasing the range of the elements detected.

Hidden layer provides intermediate data processing in the way that
linear distributed set be sent to the output layer of neurons. The di-
mension of hidden layers is empirically defined following to the results
of ANN’s learning. Error value is the criteria under which ANN train-
ing is cancelled; this value must be less than 0.05 that equals to 5% .

Figure 7 shows the scheme of ANN’s interaction with the image sen-
sor in automated analysis of spectral distribution intensities for defi-
nition of chemical composition of metal-containing substances.

5. CONCLUSIONS

1. The time of data processing is significantly decreasing due to the
ANN’s feature of parallel processing of data sets. This causes rise in
productivity of the system as a whole.
2. The system provides safety for humans and environment with the
use of laser radiation instead of harmful x-rays.
3. High accuracy of the system is achieved by using either high sensi-
tive CCD or CMOS elements as the image sensor, which perceives spec-
tral radiation with high resolution.
4. All mentioned above allows to state that proposed system has fur-
ther advantages: the system has high productivity and allows brief an-
alysing because of the use of ANN which provides parallel processing
of the set of digital data; the system is harmless to humans’ health and
environment due to use laser source instead of x-ray one; universality
because of the use of CCD or CMOS elements, which allow expanding
the range of chemical elements detected.

In general, we can assume that the proposed system is a modern and
promising development.

REFERENCES

1. V. A. Purtskhvanidze, Gistokhimicheskie i Morfologicheskie Osobennosti
Khrustalika Gidrobiontov pri Deystvii Lazernogo i Rentgenovskogo Oblucheniya
(Disser. ... for the Degree of Cand. Biolog. Sci.) (Moscow: Moscow State
Technol. Academia: 2003) (in Russian).



278

10.

11.

12.

13.

14.

15.

16.

17.

18.

I. CHEREPANSKA, O. BEZVESILNA, Yu. KOVAL, and A. SAZONOV

R. 1. Filyaevskikh and M. A. Gan, Videotsifrovaya Sistema Opticheskogo
Refraktometra (in Russian), http://docplayer.ru/32750438-Videocifrovaya-
sistema-opticheskogo-refraktometra.html

K. Rehan, I. Rehan, S. Sultana, M. Zubair Khan, Z. Farooq, A. Mateen, and

M. Humayun, Int.J. Spectrosc., 2017: 1614654 (2017).

F. Capitelli, F. Colao, M. R. Provenzano, R. Fantoni, G. Brunetti, and

N. Senesi, Geoderma, 106, Iss. 1-2: 45 (2002).

P. Diwakar, P. Kulkarni, and M. E. Birch, Aerosol Sci. Technol., 46, Iss. 3: 316
(2012).

M. Achouri, T. Baba-Hamed, S. A. Beldjilali, and A. Belasri, Plasma Phys.
Rep., 41, Iss.9: 758 (2015).

Programmnoe Obespechenie dlya Spektrometrov (in Russian),
www.directindustry.com.ru/proizvoditel-promyshlennyj/programmnoe-
obespecenie-spektrometrov-109161.html

Programmnoe Obespechenie SATO (in Russian), www.sp-an.com/software.htm
Optiko-Emissionnyy Spektrometr ARL 4460 (in Russian),
https://thermotechno.ru/catalog/143/396/

Atomnye Optiko-Emissionnye Spektrometry (in Russian),
www.iskroline.ru/spectrometers/

Spektrofotometr ULAB 102 (325—-1000 nm, Programmiruemyy ) (in Russian),
https://prom.ua/p99301350-spektrofotometr-ulab-102.html

I. Yu. Cherepanska, O. M. Bezvesilna, and A. Yu. Sazonov, Shtuchni Neyronni
Merezhi pry Vyrishenni Zadach Tehnologichnoyi Pidgotovky Gnuchkogo
Vyrobnytstva [Artificial Neural Networks in Solving Problems of Technological
Preparation of Flexible Manufacturing] (Kyiv: NTUU ‘Igor Sikorsky KPI’:
2018) (in Ukrainian).

I. Cherepanska, E. Bezvesilna, and A. Sazonov, Proc. of the Int. Conf. ‘Advances
in Systems, Control and Information Technology’ (May 20-21, 2016, Warsaw,
Poland ) (Warsaw: Springer Int. Publ.: 2017), p. 43.

C. L. Bennett, C. Odom, and M. Ben-Asher, 29th Southern Biomedical Eng.
Conf.‘Knee Angle Estimation Based on IMU Data and Artificial Neural
Networks’ (May 3—-5,2013, Miami, FL, USA) (Miami: IEEE: 2013).

N. A. Shrirao, N. P. Reddy, and D. R. Kosuri, BioMedical Engineering OnLine,
8:2(2009).

A.D. Angel, M. Glavic, and L. Wehenkel, Using Artificial Neural Networks to
Estimate Rotor Angles and Speeds from Phasor Measurements,
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.151.7413&rep=re
pl&type=pdf

J.Zhang, H. Li, L. Lv, and Y. Zhang, Int.J. Biomedical Imaging, 2017, Article
ID 9083916 (2017).

M. N. Libenson, E. B. Yakovlev, and G. D. Shandybina, Vzaimodeystvie
Lazernogo Izlucheniya s Veshchestvom (Silovaya Optika ) [Interaction of Laser
Radiation with a Substance (Power Optics)] (Saint Petersburg: NIU ITMO:
2008) (in Russian).


http://docplayer.ru/32750438-Videocifrovaya-sistema-opticheskogo-refraktometra.html
http://docplayer.ru/32750438-Videocifrovaya-sistema-opticheskogo-refraktometra.html
https://www.hindawi.com/25640179/
https://www.hindawi.com/69105209/
https://www.hindawi.com/58961841/
https://www.hindawi.com/15480714/
https://www.hindawi.com/41274812/
https://www.hindawi.com/73581026/
https://www.hindawi.com/67205195/
https://doi.org/10.1155/2017/1614654
https://doi.org/10.1016/S0016-7061(01)00115-X
https://doi.org/10.1080/02786826.2011.625059
https://doi.org/10.1080/02786826.2011.625059
https://doi.org/10.1134/S1063780X15090019
https://doi.org/10.1134/S1063780X15090019
http://www.directindustry.com.ru/proizvoditel-promyshlennyj/programmnoe-obespecenie-spektrometrov-109161.html
http://www.directindustry.com.ru/proizvoditel-promyshlennyj/programmnoe-obespecenie-spektrometrov-109161.html
http://www.sp-an.com/software.htm
https://thermotechno.ru/catalog/143/396/
http://www.iskroline.ru/spectrometers/
https://prom.ua/p99301350-spektrofotometr-ulab-102.html
https://doi.org/10.1109/sbec.2013.64
https://doi.org/10.1109/sbec.2013.64
https://doi.org/10.1109/sbec.2013.64
https://doi.org/10.1186/1475-925X-8-2
https://doi.org/10.1186/1475-925X-8-2
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.151.7413&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.151.7413&rep=rep1&type=pdf
https://doi.org/10.1155/2017/9083916
https://doi.org/10.1155/2017/9083916


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



