INTERNATIONAL SCIENTIFIC JOURNAL ISSN 2710-0766
«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES»

https://doi.org/10.31891/csit-2025-3-3

UDC 004.942

Liubomyr SIKORA, Nataliia LYSA, Olga FEDEVYCH

Lviv Polytechnic National University

INFORMATION AND LASER SYSTEM FOR ASSESSING HARMFUL MAN-MADE
EMISSIONS

At the current stage of development in the energy, chemical, mechanical engineering, and printing industries, there is
extensive use of environmentally hazardous resources such as coal, ofl, natural gas, paints and coatings, and polymer materials.
The high production intensity driven by market demands leads to increased consumption of energy and raw materials, which in turn
causes a rise in concentrations of dust, toxic gases, and harmful liquid emissions into the atmosphere and water systems. This
contributes to growing environmental pollution, the real-time assessment of which is often impeded by the limitations of
conventional data collection methods.

In response, new approaches have been substantiated for the development of sensors capable of measuring levels of air
contamination, particularly dust and toxic substances. These innovations are based on novel physical principles, enabling the
creation of laser-based pollution concentrators, sensors utilizing the optogalvanic effect, and integrated systems that combine ion-
selective sensors (such as OCM 5M) with measurement platforms. Such technologies enhance the overall effectiveness of
environmental monitoring and safety systems.

A comprehensive solution to this issue involves the establishment of global environmental monitoring networks that rely
on information and intelligent technologies, as well as the development of next-generation sensor models. Environmental
monitoring has remained a critical issue for over a century, as industrial progress — from railroads and textile production to thermal
power and petrochemical complexes — has brought not only prosperity but also significant environmental degradation. The impact
has been especially pronounced with the advancement of nuclear energy and jet aviation, and further intensified by the
consequences of the First and Second World Wars. More recently, the war in Ukraine has introduced a unique set of ecological
threats, including explosions, damage to energy infrastructure, and the destruction of oil terminals.
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HanionansHnii yHiBepeutet «JIbBiBChKa MONITEXHIKA)

THO®OPMAIIIMHO-JIASEPHA CUCTEMA JJISI OITHKY IIKIJINBUX
TEXHOI'EHHUX BUKHU/IIB

Ha cyqacHoMy €Tari po3BUTKY ENIEKTPDOEHEDIETUKY, XiMIYHOI, MaLLMHOGYAIBHOI Ta MosirpagidHoOI rasy3es CriocTepiraeTscs
LIMPOKE BUKODUCTAHHSI PECYPCIB, IO MAlOThb MABULUEHY EKOJIOrfYHy HEOEe3reKy — Takux sK BYyri/vif, Ha@ra, npuposHwi ras,
J1aKog@apboBi peyoBuHN Ta MoIIMEPHI MATeEDIamn. BUCOKa HTEHCUBHICTL BUPOOHNYMX MPOLIECIB, 3YMOB/IEHA PUHKOBUMYU BUMOIram,
IPpU3BOANTL A0 3HAYHOIO 3POCTAHHSI CIIOXKUBAHHS EHEDIrETUYHNX | MAaTEpIaibHuX pecypcis. Lle, CBOEO 4eprow, BUK/IMKAE
36I/IbLIEHHST KOHUEHTPAUIT My, TOKCUYHUX 1338 | LIKIAMBUX DIanH y OBITDI Ta BOAHOMY CEPEAOBULYI, YO [TPU3IBOAUTL [O
3pocTarHHs piBHA 3a6PyaHEHHS L[OBKI/IS. Yepe3 CKIagHICTb O0nepaTtuBHOO 360py EKOJIOMYHUX AaHuX I3 BUKOPUCTAHHAM
TP3ANLIVIHUX 33CO6IB MOHITOPUHIY, OLIIHUTY DEasibHmi CTaH HaBKOJMILHbOIO CEPEJOBULLA CTAE AEAASI CKAAHILLE.

Y ypoMy KOHTEKCTi O6rpyHTOBaHO r1iAX04M A0 CTBOPEHHS CEHCOPHMUX MPUCTPOIB, MPUHAYEHUX U151 BUMIPIOBAHHS DIBHIB
3a6pyAHEHHS MOBITPS [ — 30KPEMAE, KOHLIGHTPALIM My Ta TOKCUYHUX PEYOBUH. PO3pOOKU IDYHTYIOTECS Ha 3aCTOCYBAHHI HOBUX
DIBUYHNUX PUHLNIIIB, 1O JO3BO/INIIO CKOHCTPYIOBATH JIA3EPHI KOHLIEHTPATOPH 3a0PYAHEHB, CEHCOPU HA OCHOBI ONTOra/ibBaHiYHOro
e@peKTy, a TaKoXK CUCTEMM, LYO MOEAHYIOTL IOHOCENEKTUBHI ceHcopm Tvly OCM 5M 3 BUMIpIoBa/ibHuMu Komriiekcamu. Taki pilueHHs
CrIpUSIIOTD TIABULLEHHIO EPHEKTUBHOCTI EKO/IONYHOrO0 MOHITOPUHIY Ta 6e3reku.

KomriiekcHe BUDILIEHHS LJIET rpobriemMn Nepeatayac CTBOPEHHS /100a/IbHUX CUCTEM EKOJIOTTYHOrO MOHITOPUHIY 3
BUKOPUCTaHHAM IH@OPMALIIIHO-IHTE/IEKTYA/IbHUX TEXHOJ/IOMN | BIIPOBAMKEHHS HOBITHIX CEHCOPHUX PilleHb. [TUTaHHS KO0 YHOI
6e3reku 3a/MIBETECS aKTya/IbHUM [10HAA CTOJITTS, OCKI/IbKU TEXHIYHII POrpec — Bl 3a/li3HNLb | TEKCTUIIbHOI IMPOMUCIIOBOCTI 40
TEr/10B0i €HEPreTUKN Ta HAPTOXIMII — CYrpOBOLKYETHECS MACLITAOHUM TEXHOrEHHNM HaBaHTa)XeHHSIM. Ocob/IMBO CyTTEBO 3pPOC/IO
3a6pyaHEeHHS1 JOBKI/IIS BHACTIAOK PO3BUTKY aTOMHOI EHEPreTUKY, PeakTBHOI asiauli, a Takox wepe3 Hacnigku [leploi i Apyroi
CBITOBUX BOEH. OCTaHHIM YacoM cuTyauito e BifibLLe yCKIaaHWIA BIViHa B YKDaiHi, SKa Cripn4nHuia 404aTKkoBi eKOJIONYHI 3arpo3m
BHACITIOK BUOYXIB, PYVHYBaHHS €HEPrETUYHMUX 00 EKTIB [ SHULLEHHS HAQTOTEPMIHAIIIB.
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Introduction
The solution to the problem of developing information technology to create environmental monitoring
systems for the technological environment that would ensure high productivity and minimize harmful emissions is
based on modern system and information technologies, and the development of new types of sensors for information
and measurement systems. Processing of technological data, which is the basis for decision-making, and selection of
additional data, which should be supplemented by data involving expert knowledge in the management process.
Thus, under the influence of disturbing factors, new approaches to the development of sensors for real-time
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information and measurement systems, ways of displaying data flows, and interpreting their information content are
required to solve control problems [1, 2, 5].

The problem of developing information technologies for the creation of environmental monitoring
systems based on the use of laser information and measurement systems and sensors for remote monitoring of the
concentration of harmful emissions into the environment by man-made production structures has not been fully
resolved, and therefore the development of scientific principles for the creation of laser sensors for environmental
monitoring with appropriate information support for the selection of heterogeneous data on the state of the object,
processing and interpretation by operational personnel, their ability to assess situational risks when formulating and
adopting effective management and targeted coordinating decisions is an urgent problem.

The aim of the study is to develop information technologies for creating systems for environmental
monitoring of the technogenic environment of energy-intensive facilities with harmful product emissions using laser
sensors, which would ensure effective control of the ecosystem and reduce the risks of emergencies in the regions.

The object of research is the processes of data acquisition from laser sensors, their processing and
evaluation, interpretation, classification necessary for decision-making in environmental monitoring information
systems.

The subject of the study is methods, models, information technologies for selecting and processing data
streams obtained by laser sensing to assess the environmental situation of the level of environmental pollution by
man-made systems.

Research methods. Taking into account the specifics of the energy activity of objects with an aggregated
hierarchical structure and the difficulties in selecting, evaluating and interpreting data on their condition, the
research methods are

- methods of system analysis of expert assessment of situations and environmental conditions of thermal
power plants for analyzing and processing data for decision-making;

- the method of laser sensing of the environment for the selection and processing of non-standard data on
the level of concentration of harmful emissions into the ecosystem, which is necessary for building the structure and
means of sensors for selecting data streams for monitoring;

- methods of the theory of remote laser sensing of an object for the construction of photometers and
information and measuring systems with laser sensors, which is the basis for selecting data on the concentration of
dust in the atmosphere and impurities in process and water solutions as the basis for assessing the level of
environmental pollution around the thermal power plants;

The scientific novelty of the research results is the developed concept based on new information and system
technologies and laser remote sensing, the method of integrated use of physical, chemical and optical effects for the
development of new type sensors, their information and metrological structure, synthesis methods and methods of
experimental and scientific research are substantiated.

Practical significance of the research results - the results of the work and analysis of global trends in the
field of thermal energy, the implemented laser concentrator at Burshtyn TPP is the only project implemented in the
world practice of monitoring the combustion of high-temperature fuels. lon-selective sensors are widely used in
analytical instruments and monitoring systems that are mass-produced in Ukraine and worldwide. The optical-
galvanic sensors concept proposed by the authors is used to control the concentration of the water environment
based on analytical experiments in the laboratory and in the reservoir of Burshtyn TPP.

Analysis of literature sources
Analysis of the process of sensing environmental pollution by harmful emissions from man-made systems
To estimate the concentration level, the spatial and energy structure of laser signals is chosen taking into
account geometric transformations so that the conditions of active sensing are met both in the allocated volume and
in optical cuvettes [3, 4, 9]:
ZC(BF|aC ): Zo(BP)® s | (< ag =< cxc) 1)
a vector component that determines the projection transformations of a laser beam with a diameter d .

That is, according to the structure of the laser beam and the type of control method, a laser sensing signal with
power (PL/mML/ ) in the appropriate basis is generated:

VZ§ eV (dL #0) P 2% [2_2}/F (Be )/Sg >> S )

where Z§ - spatial component of the probing beam; Vy (d, #0)- beam cross-sectional surface:

PaLZ% - projection of each beam point, due to interaction with the location zone with an indirect vector fig ;
on the photodetector area of the matrix Sg (< as,<ac ), the angles of the probing and reflected beams.

For the energy structure of the beam, which contains information about the parameters of the technological
environment, we have the following relations

15 (2 (0) gr =Togcl< ac < e (9|< as,)) ©)
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where: Ig() - is the intensity of the probing signal; i() - is the scattering coefficient of the laser beam, which
reflects the interaction of the beams with the medium of the maintenance object TO, which is characterized by the
parameter.

According to the Bouguer's law, the power of the reflected laser beam at Py  is the laser power:

P (0)= Py e(-ar (0)1), where ar () is the scattering coefficient in the location area with the interaction trajectory |

of the laser beam and the technological object; PS is the received signal power.
The measurement information is obtained based on converting the laser signal that passes through the
sample medium and loses power due to photon scattering in the volume of the substance:

n

[OCT(@)']:[”‘ PoL —In Ps*] PS*[PS +ZPSiJ 4)

i=1

then the estimation of the laser beam parameter at the cuvette outlet is related to the level of the scattering
coefficient in the medium and the power at the outlet of the cuvette with the sample:

A A /\* . A /\*
Oslg = (p[aT (9)|] =0, Ps /o =const| =Kgz-Ps/g (5)
SL SL

where: SL - logarithmic scale; éSlSL - estimation of the state parameter of the technological object; K -

coefficient of the sensing transformation, PS - illumination from external sources; Py, - laser signal power; P; -

reflected laser signal - parameter carrier 0.

Depending on the adopted method, a scheme for active sensing of the environmental parameter of a
technological object has been developed (Fig. 1). This structure can implement two modes of active sensing:

- with modulation to increase sensitivity and expand the scale - SL;

- without modulation, which increases the influence of external illumination - PS.

Psi LP SDU (©) PU AIDS
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’/' ,Z:\> > > > e
()4
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: * \
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1

Fig. 1. Schematic diagram with active sensing of the state parameter of the technological medium by a laser

For active sensing of the process medium state parameter, the following notation is used: GSS - generator
of the sensed signal; Zs - signal from the laser L; Zs - signal reflected from the zone of active interaction; LP - laser
signal photodetector; SDU (¢) - signal detection unit for the state parameter (¢); PU - processing unit; SG - scale

generator; A/DC - analog discrete signal converter into digital form N} - at a time t ; g - expert assessment of the

situation.
Estimation of the concentration level in the field of technological process sensing is based on information
transformations by (Ck,0) (according to the type of sensing method, Az, - medium or a7, - by the reflected beam:

<~ ZC (CUM ,PL),t

Ck G (6)

U
— Zs (o Ps(Cx.as)t) > Upg(om 1.0 (Cy ) > |2

0 (Ck )

where: Cy - level of concentration of components; Z,Zg - sensing modulating laser signal and reflected
signal; w — modulation frequency of the laser signal.
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Probing of an eco-manmade liquid medium in a sample with a laser beam to assess the concentration of
pollution

To monitor liquid media, specialized transducers are needed [10], in which the process of measuring state
parameters is based on a combination of methods and means of data collection to identify information features [6, 7,
8]. Standardized evaluation methods must be used in such data collection procedures:

- basic units: L - length, M - mass; T - time; | - current; O - thermodynamic temperature, | - light intensity;
N - mole of substance;

- derivatives: (v,F)- frequency of electric current oscillations; Q - electric charge, (V,9,E)- electric
potential, potential difference, electromotive force, P - electric power, (S,Q,P)- total, active and reactive power, W -
active electric energy;

- parameters of electrical components of systems: (C,LM )- capacitance, inductance, mutual inductance of
elements, (R,g) - resistance to conductivity of elements and physical and chemical components of the environment.

State and secondary standards stored at the National Research Center "Institute of Metrology" (Kharkiv)
are used to test measuring transducers, but there are no developed standards for evaluating physicochemical
elements in solutions and measuring their concentration, which requires the development of indirect measurement
methods, their hardware (sensors) and metrological support, and the selection of appropriate base measures and
scales for graduation in accordance with the Sl standard. At the same time, to increase the information efficiency of
the data, it is possible to combine electrical, laser, and galvanic methods of controlling the process medium, which
makes it possible to select data qualitatively in accordance with the algorithm of information transformations of the
medium parameters by laser sensing.

The value of impurity concentration during direct sensing of a cuvette with harmful components is
determined according to the method of information transformations of the laser signal power and its energy
interaction with the sample medium:

Ck =Knl(Ck ,Eip, Ep2,0)sc Sc ={5c:i‘i”lo} (7)

where: Cy - concentration estimate; [J - environmental parameter; Sc - concentration scale of a certain
substance formed by graduating the Cy; level depending on the type of components in the solution in the range of
values for each chemical composition of the substance.
The concentration level assessment is formed according to the interval scale in the form
|she| — 1(Ck )= [C/K =min,CZ = max|9rJ , (8)
for each type of measurement method.

A stand for setting up experimental studies
Let us consider the structural diagram of the stand for a comprehensive study of methods for measuring the
concentration of impurities in solutions based on the use of laser sensing and galvanic potential generation (zn/Cu)

- electrodes according to the information diagram - model of interaction of the components of the medium:

FL’V ZC(PL’t)

Fi) E., (CK ,t) - (EZn (CK )_ Ec. (CK) )_) éKl

Fzs // A
> /ZS(P ’t’a(CK ))_)UFP(HF(CK)’t)_)CKZ

N 77777, B N R e B

Fig. 2 Diagram of a comprehensive study of the concentration of impurities in solutions

Designation on the diagram:
(Fz1,Fz,,Fz3) - impurities in water sample solutions from technological facilities;

Cx - concentration of impurities at the time of measurement (t; <), ¢ ;- measurement duration;

Zc (P ,t) - probing signal of the laser with power P g ;

Zs(Ps,t,a(Cy ) - laser signal at the outlet of the cuvette with a sample of impurities in the liquid
concentration Cy ;

{Ezn,Ecu(Ck )} - electrochemical potential at the output of galvanic-optical sensors.
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To control the concentration of dust and solid impurities in pollution emissions, a method of laser sensing
and evaluation of the laser signal {C }that has passed the basic metrological distance of the sensing structure has

been developed.
« Hsen(R3/(K - I))

Ki(Cr)>®
Cx) Sulk; T, Prck

©)

Accordingly, a component sensor was developed, the block diagram of which is shown in Fig. 3.
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Fig. 3. Block diagram of a component sensor

Analysis of the research results

The research work carried out over the past fifteen years within the framework of the scientific and
technical programs of the Center for Strategic Studies "Eco-bio-technical systems™ performed both in the laboratory
of laser sensing and at strategic level enterprises (Burshtyn TPP, Dobrotvir TPP, glassworks of the construction
sector Bucha, Irpin, Kostopil, Rokytne) has shown the importance of creating integrated systems for environmental
monitoring of the level of man-made pollution, both the environment and the entire ecosystem. The use of laser
methods for sensing dust concentration and water pollution has shown their effectiveness and the creation of new
types of sensors for information and measurement systems has led to new ideas for the development of sensors with
integrated laser, optoalvanic and ion-selective research methods. Accordingly, it was necessary to monitor the state
of the environment under the influence of emissions of harmful substances by man-made systems into the
atmosphere, soil and water reservoirs based on the combination of the latest methods and technologies.

Control of the concentration of coal dust after grinding in the mill and feeding it into the dust ducts of the
power unit's boilers is the basis for determining the level of combustion products depending on the power unit's load
mode. The quality of grinding (microdispersed) depends on the type of coal supplied from different coal mines. Coal
from different sources has a rock content (10-40%), which forms dust emissions as air pollutants, while a high level
of rock content reduces the energy efficiency of coal. The source of energy is the combustion of coal itself and,
accordingly, a stream of harmful gases is formed that are released into the atmosphere. The energy level of the
combustion process depends on the concentration of coal dust, which, accordingly, provides the boiler's energy
output during the combustion process. If the quality of coal changes with different deliveries, a sharp increase in the
concentration of the coal component can lead to an emergency or boiler explosion. Therefore, it is necessary to
monitor the concentration of coal dust in the dust ducts and signal the occurrence of emergency conditions. The
results of coal dust monitoring at power units are shown in the tables below.

The laser concentrator of coal dust was developed in the laboratory of laser technologies of the Center for
Strategic Research "Eco-Bio-Technical Systems" and a batch was manufactured by order of Burshtyn TPP in the
coal pipelines of boilers of power units (dust temperature 300-600°C). In accordance with the concept of laser
method of dust concentration measurement, the methods of dust concentration calibration were developed. In
accordance with the requirements of the technological control of the power units, the laboratory of instrumentation
and automation regularly performs measurements of the concentration level based on the gravity model of the coal
dust flow in the dust duct and submits the following protocols to the engineering department for reporting
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Protocols for calculating the dust concentration at Burshtynska TPP is calculated by the formula.

)

Ami / 3
m
Vti xS [g ]

(10)

where VI =10 m/s is the dust flow rate; 0 Om; is the total mass of dust; S is the area during the duration of

dust collection t; =10s .

Table 1
Protocol Ne 1/21.09.21 Calculation of dust concentration in dust pipelines of block N 4:
Dust pipeline A
N Mig Z m; Am lj dj S
1 300 450 150 230 18 25
2 400 520 120 230 18 2,5
3 300 420 120 230 18 25
4 300 360 60 200 18 25
5 300 420 120 200 18 25
6 300 480 180 190 18 25
> an >s
740,0 226 sm?
21 _3opg/m?]
226010 " 1010
Table 2
Protocol Ne 1/21.09.21 Calculation of dust concentration in dust pipelines of block N 4:
Dust pipeline B
Ne
Mio Z mj Ami IJ d i S]
1 1320 1450 130 9 25 22,5
2 1380 1560 230 9 25 22,5
3 1450 1670 220 85 25 22,5
4 1040 1290 220 9 25 22,5
5 1360 1480 120 9 25 22,5
6 1560 1610 50 9 25 22,5
> m >s
200 135sm?
1090
C=——p—— =8074[g/m’]
1350107 " #1010
Table 3
Protocol Ne 2/21.09.21 Calculation of dust concentration in dust pipelines of block No. 4:
Dust pipeline A
Ne
mio Z m; Ami IJ d i Sj
1 790 1190 400 9 2,5 22,5
2 790 1060 270 9 25 22,5
3 790 920 120 9 25 22,5
4 790 1000 250 9 25 22,5
Am; )
A =200mg Z Z S
1040+ 90 sm?
200
1240 3 3
=————=137[g/m°]/2=6,8[g/m
K= 30910910 [9/m7] {g/m7]
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Table 4
Protocol Ne 2/21.09.21 Calculation of dust concentration in dust pipelines of block N 4:
Dust pipeline B

N Mig Z m; Am; lj dj Sj
1 700 1200 500 9 2,5 22,5
2 510 880 370 9 2,5 22,5
3 750 1200 550 9 2,5 22,5
4 630 1200 570 9 2,5 22,5

~ Am;

A =200mg %90 Z S

* 90 cm2
200
2190
‘ =1216[g/m?]

906104 e20e10

Discussion of the research results

Paper [11] considers the main elements of environmental management and provides an analysis of
scientific approaches and concepts and meanings in the field of natural resource use and environmental protection.
The methodology of this work is based on the analysis of regulatory documents and theoretical approaches to
management activities in the field of environmental protection. The conclusions and proposals were formulated on
the basis of such methods of scientific cognition as logical and semantic, comparative legal and legal analysis. This
paper outlines the main emphases of the problem of coordination of actions of all participants in management
activities in the field of environmental protection and natural resources management, such as illegal mining,
inappropriate use of land, and inadequate manmade loads.

The manual [12] discusses aspects of the design and application of analytical instruments and systems
aimed at solving environmental monitoring problems. It contains information on modern gas analytical complexes
and systems for technological and environmental monitoring. In addition, the manual provides basic data on
electronic components used in electronic systems for various purposes, including analytical equipment.

Avrticle [13] describes the possibility of opening new areas of research using wireless sensor networks that
provide greater spatial and temporal resolution. This allows researchers to "observe the unobservable” by collecting
a variety of data (from temperature to images and sound) over large areas at high frequency, even several times per
second. This opens up opportunities for intensive and widespread data collection by ecologists and field biologists,
as well as for collecting new types of data. Real-time data streams allow researchers to respond quickly to events,
expanding the possibilities of research in the field.

Paper [14] discusses the innovative use of advanced sensors and sensor networks in environmental
research. These advanced sensors provide a new way to observe the world, which allows for a broader spatial and
temporal scope of research, provides a more accurate assessment of invisible or complex phenomena, and, most
importantly, they can lead to unexpected discoveries or the development of new scientific approaches.

Article [15] discusses land use variability as a key factor in determining the spatial differentiation of
regional environmental risk. Landscape environmental risk assessment is used to measure and predict environmental
quality. This study used quantitative analysis of land use dynamics in the Tarim River basin from 2000 to 2020
using ENVI 5.6 software and Landsat TM and ETM+ images (taken in 2000, 2010, and 2020). In addition, the level
of environmental risk and its spatial and temporal features were studied using geostatistical methods based on
landscape pattern indices.

Thus, based on the results of the work performed, the following scientific novelty and practical significance
of the research results can be formulated.

Conclusion

The article substantiates the requirements for the information structure of the monitoring system for
controlling the production process of an energy-active facility. Effective monitoring of harmful emissions of
combustion products from thermal power plants is possible if a database and knowledge about the organization of
production, physical and chemical energy transformations of resource components is built in the structure of state
environmental monitoring. Based on the information technology of data selection, processing, evaluation, and
interpretation, a decision support system has been developed to manage and coordinate technological regimes to
reduce environmental pollution. The article also analyzes the current state of the problem of environmental
monitoring, known means and methods of controlling the concentration of harmful emissions by technogenic
systems of various companies and justifies the need to create laser sensors for data collection.

An information technology was developed to solve the problem of creating environmental monitoring
systems and selecting and processing heterogeneous data on the level of pollution, which would ensure continuous
monitoring of the concentration of harmful emissions from man-made production structures into the atmosphere and
water in reservoirs.
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An information technology for analyzing and evaluating data obtained in the process of laser sensing of the
environment, which is necessary for risk assessment in decision-making in limit and emergency modes of operation
of energy-active facilities with high concentrations of harmful emissions in real time, has been developed.
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