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Android

Protection tool against malware for Android operating systems
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Supervisor: Stanistaw ZAWISLAK
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Bi-Criteria TSP — Visualization Program

Yaroslav STEFINKO 383

Supervisor: Andrian PISKOZUB

Skuteczny i automatyczny test penetracyjny korzystajacy z dockera w chmurze

Efficient and automated pentesting by using docker in cloud
Pavel STETSENKO, Alexandr PEREKOPSKIY 393
Supervisor: Gennady KHALIMOV

Attack on Bitcoin peer-to-peer network addressing mechanism

Ataki w sieciach peer-to-peer zwigzane z mechanizmem adresowania
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Victor SYDOR, Jaroslav SYDORYK, Vitalii CHYZH ........ccceuueciiiiiiieeecceceeereeecnnnnens 403
Supervisor: Nadia DENYSIUK

Szkolenie i analiza metody cyfrowej steganografii

The study and the analysis of digital steganography methods
Vitaliy TVERDOKHLEB, Artur NAGLIK 411
Supervisor: Vladimir BARANNIK

Dynamiczna metoda kontrolowania intensywnosci strumienia wideo

Dynamic control method of the intensity video stream
Olga WESELSKA, Oleksandr SZMATOK .......ccccceetiiiiiissssnnnennnssssssssnneessssssssssssnsennes 415
Supervisor: Oleksandr JUDIN

Zastosowanie algorytmu transformac;ji falkowej w steganoanalizie

Application of algorithm of wavelet transformations in steganographic analysis

Dmytro VAKULENKO 421

Supervisor: Vasyl MARTSENYUK

Development of information technologies of arterial oscillogram analysis
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Information technology security audit of information systems of electronic payments

Audyt bezpieczenstwa technologii informacyjnych w systemach ptatnosci elektronicznych
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Supervisor: Mikotaj KARPINSKI

Wybér klasyfikatora do kategoryzacji tekstu i uszczegétowienia tekstéw rosyjskich

Selecting classifier for text categorization and peculiarity of Russian texts
Maryna YESINA.... ..ot rsssas s ss s s s s asssssssss s s e s snssssssssssnenns 451
Supervisor: Yurij GORBENKO

Metody analizy poréwnawczej prymitywow kryptograficznych

Methods of cryptographic primitives comparative analysis
YeVhen ZHBANOV ........uueiiiinueeiiinnieiiineiiineeiiisseesiisseesisssessssssessssseesssssesssns 463
Supervisor: Nataliya ZAGORODNA

Ocena zagrozen bezpieczenstwa platform handlu elektronicznego jako element dziatan
typu tzw. Traffic arbitage

Assessment of security threats relevance of e-commerce platform as component of traffic
arbitrage
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Symulacja dynamiki organizmu przypominajgcego robaka za pomocg mobilnego automatu
komorkowego

Simulation of the dynamics of worm-like organisms using the movable cellular automata
Iryna ZHYRIAKOVA, Sergiy GOLUB 477

Transformacja wiedzy modelowanej w technologii monitoringu wielopoziomowego

Transformation of modeling knowledge in multilevel monitoring technology
Andrij ZOZULJA, Nadiia LUTSYK 483
Supervisor: Serhii LUPENKO

Naukowe i metodologiczne podejscie do modelowania, przetwarzania i komputerowe;j
symulacji sygnatéw z serca

Scientific and methodological approach to modeling, processing and computer simulation
of heart signals
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Projektowanie, badania i eksploatacja
Designing, researches and exploitation
BOrys ADAMIAK ....ccuiiiimiiimmniiiinniiiimaiiiimsiiiiesiiimessisirmsssstsssssssssssssssssssssssssssssns 491

Opiekun naukowy: Tomasz KNEFEL

Ocena zmian cisnienia paliwa w zasobniku w warunkach podawania dzielonej i niedzielonej
dawki wtrysku

Assessment of the fuel pressure in the rail during divided and undivided fuel delivery

Borys ADAMIAK 501

Opiekun naukowy: Tomasz KNEFEL
Wstepny projekt stanowiska do pomiaru sygnatow w uktadzie sterowania silnika

Preliminary draft of the research stand to measurements of signals in the engine control
system

A. Z. BIDAKHMETOVA, A.B. KUANISHBAY ........ccovvmmmmrnrnnnnnnnnnnnnnnnnnnnsssnnnnnee, 509
Supervisor: O.T. TEMIRTASOV

Podniesienie niezawodnosci reduktoréw planetarnych

Increasing of reliability of planetary reducers
Michat BOGUSZ, Daniel BIELENIN .........cccccceeeiiiiiiiiinereeiiiiinneeeeesssssssnseeessssssns 515
Opiekun naukowy: Kazimierz ROMANISZYN

Projekt i badanie autonomicznego systemu sterowania do modelu pojazdu

Project and analysis automatic system control for model vehicle
Natalia BOKSHA .........ceiiiitiiiiitiiiiittiinieessseesssseessssssesssssseessssssssssssssesssssanes 525
Supervisor: Hanna TOVCANETS, Vitaliy GERASIMOV

Perspektywy rozszerzenia zastosowan urzadzen laserowych w produkcji odziezy

The perspectives of extending the application of laser equipment in clothing production
Dawid BUJOK 529
Opiekun naukowy: Jacek RYSINSKI

Stanowisko do pomiaru predkosci transmisji danych

Test stand for speed measuring of data transmission
Miroslav CISAR, Ivan ZAJACKO, IVan KURIC.........ccceeururururuseseseseseeccseeencnenes 535
Supervisor: lvan KURIC

Diagnostics based on positioning performance during circular motion

Diagnostyka techniczna w oparciu o doktadnos¢ pozycjonowania ruchu kotowego
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PiOtr DUTKAL.......ciieeeeeeeccceeeireecnneeeeeeeseennsssssssssseennssssssssssesnnnsssssssssesnnnssssssssnsennns 543
Opiekun naukowy: Roman STRYCZEK

Stanowisko pomiarowe ztozone z robota przemystowego i triangulacyjnej gtowicy
laserowej do badania cech geometrycznych wyrobow

Test stand including industrial robot and laser displacement sensor to measure geometrical
features of products

Hamid FABLER .......ccoceiiiiitiiiiieiiiiitteinieesseeesssseesssssessssssssssssssssssssssesssssanes 551
Zminiaturyzowane stanowisko badawcze do testow rozciggania
Design miniaturized tensile testing machine
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Supervisor: Alexey FOMIN

Mechanizm przestrzenny z parami kinematycznymi z uzyciem watka S$limakowego
0 zmiennym skoku

Development of the spatial mechanism with variable pitch in screw kinematic pair
Paulina GARLICKA, Aleksandra KOLBER ......cccccceetrteneirrennsesrennsessenssessenssessenssesenns 565
Opiekun naukowy: J6zef DREWNIAK

Statyka i kinematyka przektadni biplanetarnej

Statics and kinematics of biplanetary gears
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Modelowanie numeryczne proceséw mieszania w biogazowniach

Numerical modeling of mixing processes in biogas plants
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o architekture 8051

The methods of the logical operations in control devices based on 8051 architecture
Adam JABLONSKI, 1Zabella RAJZER........cccoervrvereeerreresseessesessssesssessssesesssensssessans 595
Opiekun naukowy: Izabella RAJZER

Zastosowanie konwencjonalnej drukarki 3D do wytwarzania podtozy dla inzynierii
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Streszczenie: W artykule, opisano metodologi¢ badan serca. Przedstawiano uogdlniong
struktur¢ oraz integralne uj¢cie naukowo-metodyczne w celu modelowania oraz metod
przetwarzania cyklicznie zmiennych, rejestrowanych sygnatléw serca. Rozpatrzono sygnaty
réznego typu tj.: elektryczne, magnetyczne i mechaniczne (akustyczne) poprzez odpowiednie
systemy komputerowego monitoringu dla kardiologii. Na tej podstawie mozliwe jest
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MODELING, PROCESSING AND COMPUTER SIMULATION OF
HEART SIGNALS

Summary: The paper gives the reasoning for actuality and presents the generalized structure
of integral scientific-methodological approach to modeling and methods of processing the wide
range of cyclic heart signals of electric, magnetic and mechanical (acoustic) nature in the
systems of computer diagnosis, prediction and optimal therapeutic coordination (rehabilitation,
prophylactic) of functional state of heart and cardiovascular system in human organism.
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1. Introduction

Modern systems and technologies of computer diagnostics, prediction and optimal
therapeutic control (rehabilitation, prevention) over functional state of heart and
cardiovascular system of human organism are widely used in clinical practice that
significantly intensified and increased the efficiency of diagnostics and making
therapeutic solutions by cardiologist. However, despite significant advances of
cardiometric computer systems introduction, their use in the cardiology practice is
characterized by insufficient accuracy, reliability, informability (according to
statistics 20% of diagnoses are inadequate) automated diagnosis of the heart and
cardiovascular system of the human body functional state, that in its vast majority is
caused by the lack of development of software and some inadequate mathematical
models of cyclic signals. Existing approaches to the developing models and methods
for processing, simulation of cyclic heart signals mostly are not holistic and systematic
enough due to several reasons including:

1. A number of contradictions and inconsistencies in the processed cardio-signals’
interpretation due to the considerable variety of their analysis standards
(methods) and different medical research peculiarities including the ambiguity
of the interpretation of many fundamental concepts in cardiography, which
greatly complicates the development of algorithms for automated analysis of
cardio-signals.

2. Despite the similarity in space-time structure of different cyclic heart signals
types  (electrocardiosignal, = phonocardiosignal, = magnetic-cardiosignal,
reocardiosignal, photopletizm-cardiosignal etc.) there are significant differences
(and sometimes contradictory) in their structure and properties of known
mathematical models, processing techniques and computer simulation.

3. Development of software for different cargiodiagnostics types (portable,
stationary, and telemedical systems, for population research to study patients at
rest and subject to load) based on different mismatched principles and
approaches.

4. Mathematical tools of modeling and working out cardiac fields, totality of
synchronously registered and individual cardiosignal and as well as tools for
simulation and analysis of morphological characteristics and cardiosignal rate
characteristics are poorly coordinated among themselves and sometimes are
contradictory.

5. In the process of models’ building and justification, heart signals processing
methods, it is difficult to consider previous experience in this area of research
because there is no single piece of scientific and methodological approach to
mathematical modeling and computer simulation study which greatly
complicates the implementation of this process and reduces quality.

Above mentioned drawbacks need the known approaches to mathematic modeling,
computer simulation and processing of heart signals to be improved. In particular, it
is necessary to develop generalized unified science and methodological access that
would take into account positive aspects of existing concepts of modeling and
processing the heart signals as well as to eliminate the named disadvantages.
Developed science and methodological approach should serve as theoretic
background for expert system of decision making in tasks of projecting software of
different purposes, functions, types of processed signals, accuracy requirements
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(reliability, informability) to computer systems for diagnosis, prediction and optimal
therapeutic coordination (rehabilitation, prophylactic) of functional state of heart and
cardiovascular system in human organism.

2. Developing of scientific and methodological approach to modeling,
processing and computer simulation of heart signals

This work is dedicated to improving the scientific and methodological approach to
building and justification of mathematical models, methods of working out and
computer simulation of cardio signal is in systems of computer diagnosis, prognosis
and optimal management of the heart and cardiovascular system’s functional state.
Before developing a new approach, the main demands to it will be formulated, which
will give the possibility to clearly specify the required properties for the task of
creating appropriate mathematical software.

2.1. Requirements for the developed scientific and methodological approach to
modeling, processing and computer simulation of heart signals

1. The developed scientific and methodological approach to building and
justification of mathematical models, processing methods and algorithms,
computer simulation of cardio-signals should:

2. Be applied for modelling a broad class of cyclic heart signals of different
physical nature, namely of electrical, magnetic and acoustic ones.

3. Be applicable (adapted) to solve problems of development and improving the set
of diverse systems for computer diagnosis, prognosis and optimal therapeutic
control (rehabilitation, preventive) over the functional state of human heart and
cardiovascular system. In other words, it should be applicable for diagnostic
systems in hospital and outpatient conditions for patients were in resting state
and subject to strain (physical, psychological, action agents) for express
cardiometric systems and for integrated multifunctional diagnostic systems,
Telemedicine and for population biometric studies using metacomputing, in
particular, grid technologies.

4. Have coordinated tools for modeling and processing of vector and scalar cardiac
fields, aggregate of synchronous and individual registered cardio signals, have
means of modeling and analysis of its morphological characteristics and rhythm
charcteristics, be suitable for solving tasks of analysis, prediction, identification
and optimization (correction) the functional state of heart and cardiovascular
system.

5. Give a possibility to select the level of detail, completeness, adequacy of
describing  the  space-time heart signal’s  structure  concerning
phenomenologically identified properties of cyclical heart signals, namely, from
their "rough" (total) to more "detailed" (more accurate) indication that will
provide a necessary for cardiological practice level of reliability and
informability of functional heart diagnosis.

6. Have means to take into account the biophysical cardiosignals’ mechanisms of
electric, magnetic and mechanical (acoustic) nature within a single theoretical
and methodological approach as a heart signals have similar space-time structure
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and mechanisms of their formation, caused by interconnectedness, consistency
between an electrical and mechanical biophysical processes in the heart.

2.2. Requirements for the developed scientific and methodological approach to
modeling, processing and computer simulation of heart signals

We will give generalized abstract formulation of the fundamental principles of the
structure proposed in the scientific and methodological approach to modeling and
computer simulation study of cyclical heart signals.

Step-by-step principle of software development. This principle sets the overall
consistency of software development: 1) formulation the set of requirements to
software, based on the total set of requirements to cardiomrtric system developed; 2)
giving reasons for the choice of mathematical models, methods and computer
simulation study based on the best match of their properties to formulated
requirements; 3) the reasonable choice of specific algorithms that implement the
relevant models and methods; 4) parametric identification of algorithm processing
and computer simulation of heart signals; 5) verification of mathematical models,
methods and algorithms (see. Figure 1).

The The

development development
of the cardiac of the cardiac
signals signal
The i - et : Dd? : * it mn‘ : . i::r:::;l.::::n
development RECTEIH and
and verification of
justification of algorithms of
cardiac signals processing
mathematical The The and
models : | development | . | development | computer
of cardiac of cardiac simulations
signals signals
computer computer
simulation simulation
methods ‘algorithms

Figure 1. Sequence of stages of justifying and choosing mathematical models,
processing methods and computer simulation of cyclical heart signals

Principle of priority of motivative choosing the existing heart signal model over
development of a new one.

Considering the large number of existing mathematical models of heart signals, their
great diversity, software developer has no need to develop a new mathematical model
and methods of processing the cyclical heart signals "from scratch" but more
appropriate is to reasonably choose and adapt (adequately to studied signal structure
and study objectives) mathematical model from the existing totality that will
significantly increase the efficiency (significantly simplify and speed up) the
development of designed information system software.

Principle of integrity, coordination, and partial arrangement of mathematic
models by the degree of considering heart signals’ characteristics

Despite the large number of mathematical models of heart signal including
deterministic models, stochastic periodic model (additive model, cyclic standard
correlated random processes, linear periodical random functions), stochastic
processes with band-cyclic structure, the cyclic casual process and vector of cyclical
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rhythm floor ' related stochastic processes, conventional cyclic random process [1],
there is their common feature — their recurrence. The presence of this models’
common property gives a possibility to apply developed mathematical tools of
cyclical functional relations theory [2] as a theoretical foundation that unites and
coordinates structurally different mathematical models of heart signals. Partial
arrangement of heart signals mathematical models should be carried out according to
their ability to show defining characteristics of cyclic signals structure and possibility,
effectiveness of their use for solving applications design software of the automated
information systems of processing and simulation (generation) cyclical heart signals.
Principle of maximum coordination of requirements for software and models’
(methods’).

For correct and motivated choice of mathematic model and heart signal processing
methods, it is necessary to outline the class of cyclic signals’ mathematic models and
to determine the list of characteristics by which they will be compared to the
requirements. It is necessary to briefly and clearly present data concerning peculiar
characteristics of present mathematic models, the efficiency of their use for solving
appropriate tasks, e.g.as in [3]. Also, the important task is to specify a set of possible
requirements for automated information modeling systems and processing of cyclic
heart signals software.

Principles of automation the procedure of choosing models and methods
Despite a large amount of known cardio-signals mathematic models, the process of
their developing will be constant for the reason of information inexhaustibility of the
object, permanent need for improving cardiometric systems and new tasks of
cardiology. For automation purpose, it is reasonable to implement science-
methodological approach with the use of expert computer support system of taking
model solutions in the task of developing software for automated information
cardiometric systems (see Figure 2).

Requirement 1

Requirement 2
— The mathematical
model of cardiac
& signals
Requirement N

l

Figure 2. Generalized scheme of functioning of expert system for motivation and
selection of mathematic models, method of processing and computer simulation of
heart signals
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3. Conclusions and prospects of further research

1.

The topicality of the development is reasoned and the requirements to new
generalized science-methodological approach to modeling and building out the
method of processing the wide range of cyclic heart signals being electric,
magnetic and mechanical (acoustic) by nature in computer diagnosis systems,
prognosis and optimal therapeutic coordination (rehabilitation, prophylactics) of
functional state of heart and cardiovascular system in human organism.
Structure and general principles of scientific-methodological approach to
modeling, processing and computer simulation of cyclic heart signals were
proposed, that opened prospects of building the interactive information expert
system for reasoning and choosing the mathematic models of processing
methods and computer simulation of heart signals, which takes into account a
set of requirements for cardiometric system being developed.

In further scientific research it is necessary to develop the parameters of the
degree of correspondence between models (methods), demands and heart
signals’ characteristics, as well as to develop the architecture of expert system
for reasoning the choice of mathematic models, methods of processing and
computer simulation of heart signals.
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