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ELECTRICAL POWER ENGINEERING 
 
1st year 
 

CODE Course Teachers L SRW ECTS 

3DEP1I01 Еlectrical Machines and Energy Efficiency Stajić P. Zoran 3  10 

3DEP1I02 Еlectrical Drives - Selected Chapters Mitrović N. Nebojša 3  10 

3DEP1I03 
Diagnosis and Condition Monitoring of 
Electrical Machines 

Petronijević P. Milutin 
Mitrović N. Nebojša 

3  10 

3DEP1I04 Distribution Systems Korunović M. Lidija 3  10 

3DEP1I05 Planning and Operation of Power Networks Janjić D. Aleksandar 3  10 

3DEP1I06 Grounding and Grounding Systems 
Cvetković N. Nenad 
Tasić S. Dragan 

3  10 

3DEP1I07 Optimisation Methods in Power Engineering 
Tasić S. Dragan 
Marinković D. Slađana 

3  10 

3DEP1I08 
Advanced Topics in Electromagnetic 
Compatibility 

Javor L. Vesna 3  10 

3DNIR1 Scientific and Research Work 1   11 30 

L - Lectures, SRW - Scientific and Research Work 
 
Courses 
 
Еlectrical Machines and Energy Efficiency 
Operating characteristics of electrical machines. Application of electrical machines (pump station, 
compressor station, fans, heating and cooling systems, transport and logistics systems, renewable energy 
sources and other). Electrical machines energy efficiency throughout the life cycle. Energy efficient 
electrical machines. European Union strategy for increasing energy efficiency of electrical machines and 
drives. Interdisciplinary approach to energy efficiency solutions in industry. Measurement of energy 
efficiency of electrical machines. Barriers for energy efficiency increasing. Theoretical and methodological 
approach for energy efficiency increasing. Energy efficiency management: theory and best practice 
examples. 
 
Еlectrical Drives - Selected Chapters 
Introduction. Electrical drive as a prime mover of an industrial process. Interfacing with a higher level 
control. Modelling of electrical drives. Control of electric drives. Power converter-motor-load systems. 
Multiquadrant operation. Parameter identification and estimation. Measurement of drive and process 
variables. AC motor drives. Coordinate transformation. Parameter estimation. Voltage and current fed 
converters. Induction motor drives. Scalar and vector control methods. Realization of modern control 
technique. Influence of parameters detuning. Sensorless operation. Synchronous motor drives. Control of 
synchronous machines. Scalar control. Vector control. Large power drives. Sensorless operation. AC 
machine of special construction and its applications in drives. 
 
Diagnosis and Condition Monitoring of Electrical Machines 
Electric machine equations in the stationary and general reference frames: voltages, currents, torque and 
power. Real time signal processing.  Motor current signature analysis. Monitoring the stator, rotor, and 
magnetizing flux linkage space phasor, practical implementation. Monitoring of the rotor speed and angle. 
The application of conventional techniques: tachometers, encoders, resolvers.  Rotor slip and speed 
estimation. Torque and flux estimation. Stator frequency and rotor speed estimation utilizing the leakage 
flux. Estimation in inverter-fed electric drives. Estimation of the inertia. Standstill response test. Condition 
Monitoring. Non-invasive condition monitoring. Application of thermal vision. Eccentricity and broken 
cage diagnostic methods. Vibration monitoring. Application of machine learning. 
 



Distribution Systems 
Concepts of European and American distribution networks, as representatives of all types of distribution 
networks. Unbalanced distribution networks and unbalanced operating conditions. Load flow calculation 
and calculation of faulty conditions of balanced and unbalanced distribution networks. Voltage regulation 
in distribution networks. The ways of power flow control and load control in distribution networks. Load 
flow calculation in steady state condition and short-circuit analysis in the networks with small generations. 
 
Planning and Operation of Power Networks 
Planning and the operation in the deregulated market. Decision making techniques in restructured power 
sector using fuzzy logic. Short term and long term maintenance planning of generation units.Short term 
and long term maintenance planning of networks. Coordination between short term and long term 
planning. Short term pricing and unit commitment on the market. Risk analysis. 
 
Grounding and Grounding Systems 
Stationary and quasi-stationary characteristics of grounding systems. Structure of the electromagnetic 
field and potential in the vicinity of the grounding in linear, isotropic, homogeneous and non-
homogeneous soil structure. Calculation of unknown current distribution, leakage currents and integral 
characteristics of different grounding systems: grounding impedance, touch and step voltages. Derivation 
of the system of integral equations for the analysis of EM characteristics of grounding systems. 
Approximate methods for solving systems of integral equations: method of moments, point-matching 
method, average potential method, equivalent electrodes’ method, the finite element method, the 
estimation method. Frequency characteristics of grounding systems. Overhead and cable lines as 
elements of grounding systems.  
 
Optimisation Methods in Power Engineering 
Significance of the power system optimization methods. Definition of the optimization problem. Linear 
programming. Simplex and dual simplex. Transport problem. Network Flow programming. Illustrations on 
power system problems. Nonlinear programming. Gradient methods. Newton's and Quasi-Newton's 
methods. Quadratic programming. Illustrations on power system problems. Complex optimisation 
problems.  Illustrations on power system problems. Dynamic, Geometric and Multi-objective 
programming and their application for solving power system problems. Metaheuristic methods and their 
application on power system optimization. Typical static and dynamic optimization problems: optimal 
power flow, optimal planning problems, unit commitment problems, voltage-reactive power static and 
dynamic optimization problems. 
 
Advanced Topics in Electromagnetic Compatibility 
Practical problems in electromagnetic compatibility (EMC) testing. Modeling the occurrence of 
electrostatic discharge, compliance with the standards in this field and EMC techniques. Testing the EMC 
with the power supply network and measures for improving power quality. Electromagnetic interference 
due to lightning discharges (LEMP) and nuclear explosions (NEMP). Detection of unintentional 
electromagnetic signals (TEMPEST) and causing intentional disturbances. Application of EMC techniques 
in the design of devices and systems. Modern equipment of laboratories for testing EMC. 
 
 
 
  



ELECTRONICS 
 
1st year 
 

CODE Course Teachers L SRW ECTS 

3DEE1I01 Digital Systems Đorđević Lj. Goran 3  10 

3DEE1I02 Power Electronics Mančić D. Dragan 3  10 

3DEE1I03 Advanced Computer Architecture Nikolić R. Tatjana 3  10 

3DEE1I04 Optimization and Design of Analog Circuits Andrejević-Stošović V. Miona 3  10 

3DEE1I05 Digital Signal Processing 
Nikolić V. Saša 
Stančić Z. Goran 

3  10 

3DEE1I06 Electronic Circuits and Systems Design Petković M. Predrag 3  10 

3DEE1I07 
Simulation and Optimization of Electronic 
Circuits and Systems 

Petković M. Predrag 3  10 

3DEE1I08 Data Communication and Networking Đorđević Lj. Goran 3  10 

3DEE1I09 Approximation Methods Stančić Z. Goran 3  10 

3DEE1I10 Artificial Intelligence in Engineering Andrejević-Stošović V. Miona 3  10 

3DEE1I11 RF Integrated Circuits Jovanović S. Goran 3  10 

3DNIR1 Scientific and Research Work 1   11 30 

L - Lectures, SRW - Scientific and Research Work 
 
Courses 
 
Digital Systems 
Characteristics of modern digital systems. Advanced technologies for realization of combinational and 
sequential digital circuits. Low-voltage and low power consumption digital systems. Asynchronous digital 
systems. Methodologies for designing complex digital systems at different levels of abstraction: RTL 
design and high level synthesis. Synthesis of the data path and control unit. Techniques for improving the 
performance of digital systems: pipeline and parallel architectures. Principles of hardware realization of 
arithmetic functions and DSP algorithms. Architecture of programmable digital circuits. Fault tolerant 
digital systems.  
 
Power Electronics 
Types of semiconductor power electronic switches. AC/DC converters. Rectifiers in switching mode of 
operation. Rectifiers for power factor corrector. Multi-quadrant work. DC/DC converters. DC/AC 
converters. Soft starters, frequency converters. Converters for medium voltage levels. Methods of 
control. Direct AC/AC converters. Sizing the components of inverter. Influence of converters on the power 
grid and electrical consumers. Utilization of special purpose softwares in the operation analysis of 
inverters. 
 
Advanced Computer Architecture 
Performance evaluation of computer systems: metrics, average performance, errors in estimation, tools 
and techniques for the estimation, benchmark programs. Overview of advanced computer architecture: 
pipeline, superscalar, VLIW, DSP and multimedia processors, multicore and multithread architectures. 
Instruction level, machine level and thread level parallelism. Chip multiprocessors. Design challenges and 
constraints. Memory system. Memory hierarchy. Register file. Scratch pad memory. Main memory 
organization. Cache hierarchy. Coherence, synchronization, memory consistency. Memory 
implementation concepts for mass storage. Virtual memory and paging. Input-output organization and 
interfaces. Programming input-output. Buses. Context switching and interruptions. Networks on chip. 
Topologies. Routing and switching techniques. High speed data transfer. Specific purpose processors. 
Application specific integrated processors. High performance energy efficient processors. Programming 
techniques. Simulators of computer systems. Estimation of power consumption and chip area.   
 



Optimization and Design of Analog Circuits 
Wideband transistor models. Operational amplifiers in bipolar, CMOS and NMOS technology and their 
basic cells. Transconductance, quarter-quadrant analog multipliers and PWAM. Analog (PLL) and digital 
(DLL) architecture, components and key parameters. SC filters. 
 
Digital Signal Processing 
Parametric signal modeling. Spectral estimation. Multirate processing of digital signals. Efficient Fourier 
transform and convolution algorithms. Two dimensional signal processing. Advanced topics in filter 
design.  
 
Electronic Circuits and Systems Design 
Electronic circuits and systems design styles. Domains of project description. Design flow phases. 
Automation of design. Data formats in design tools. Design based on predesigned structures, semi-custom 
design. Structural design. Automatic synthesis. Physical design. Advanced CMOS processes. Floor 
planning. Layout design. Placement. Routing. Structure of a transistor. Parasitic effects. Sources of noises 
and interference. Techniques for removing noise and disturbances from system to physical (layout) level. 
Packaging. Verification. 
 
Simulation and Optimization of Electronic Circuits and Systems 
Simulation of analog circuits: Domains of abstraction: DC, AC, TR time domain. Simulation algorithms. 
Concepts of equation formulation for the analysis of electronic circuits.  Simulation of linear R circuits. 
Frequency domain and s-domain. Simulation of non-linear R circuits. Simulation of linear reactive circuits. 
Simulation of non-linear reactive circuits. Simulation of circuits with distributed parameters. Methods of 
Modeling Electronic Devices. Characteristic examples of the model: diode, transistors and four-layer 
structures. Algorithms for simulation of digital circuits. Signal and operator modeling. Delay modeling. 
Asynchronous simulation. The route selection and the next (subsequent) event principles. Simulation of 
mixed signals circuits. Methods for estimating power and delay. Optimization of electronic circuits: 
Significance of weight function. Optimization procedures based on the Newton's algorithm. Statistical 
optimization methods. Simulated anealing. Evolutionary algorithms. The notion of tolerance and yield. 
Deterministic and statistical analysis of tolerances. 
 
Data Communication and Networking 
Data communications, networks, protocols and standards. Network Models, OSI Model, TCP/IP protocol 
suite. Physical layer, media and characteristics. Data and signals. Link layer and protocols: error detection 
and correction, medium access control, flow control, local area networks, Ethernet, IEEE 802.11, 
Bluetooth. Industrial local area networks. Networking devices. Network layer: addressing, internet 
protocol, IPv6, routing: unicast, multicast and broadcast routing, intra- and inter-domain routing. 
Transport layer: UDP and TCP, flow control, congestion control, and quality of service. Application layer: 
client-server architecture, overview of application protocols. Network management protocols. 
Multimedia communications: streaming stored audio/video, streaming live audio/video, protocol for 
multimedia communications. Security: basic principles of cryptography, security services, message 
confidentiality and integrity, authentication, digital signature, key management. Mobile ad-hoc networks, 
routing in ad-hoc networks, wireless sensor networks. 
 
Approximation Methods 
The approximation problems. The magnitude approximation methods. Maximally flat characteristics. 
Equiripple characteristics. Least-squares error approximation. The transitional characteristics. Other 
methods of magnitude approximation. Phase characteristic approximation methods. Maximally flat phase 
characteristics and group delay characteristics. Phase and group delay equiripple characteristics. 
Interpolation technique in phase approximation. Simultaneous magnitude and phase approximation. 
Phase and magnitude correctors. The other phase approximation methods. Time domain approximation 
methods. Equiripple approximation. Interpolation techniques. The other approximation methods. Direct 
approximation in the z-domain. Hilbert transformer.     



 
 
Artificial Intelligence in Engineering 
Artificial intelligence concept. Artificial intelligence based on production rules. Artificial neural networks. 
Natural nervous system. Neuron. Synapse. Neuron model. Artificial neural networks architectures. 
Training. Perceptron. Possibilities and algorithms for perceptron training. Multi-layer neural networks. 
Reccurent neural networks. Types, training and application problems. Procedures of dynamic training. 
Genetic algorithms. Artificial neural networks realization. VLSI implementation of analog neural networks. 
Digital realization. Boltzmann machine. Neuro-fuzzy networks and their application.  
 
RF Integrated Circuits 
BiCMOS technology for RF and analog circuits. Design kit, installation, design rules, the most important 
parameters. Library elements, schematic symbols, simulation models, the layout. Library cells. Creation 
of new cell. Layout drawing. Pad in RF integrated circuits, bonding, chip packaging. Wires on a chip as 
matching networks elements and microstrip filters. Electromagnetic simulation of the layout. Equivalent 
reflection layout parameters. Layout vs. schematic verification (LVS). Design rules check (DRC). Design 
simulation. GDSII format. Fabrication. 
 
  



METROLOGY AND MEASUREMENT TECHNIQUE 
 
1st year 
 

CODE Course Teachers L SRW ECTS 

3DEM1I01 Metrology of Electrical Quantities Denić B. Dragan 3  10 

3DEM1I02 Sensors and Measurement Transducers 
Denić B. Dragan 
Radenković N. Dragan 

3  10 

3DEM1I03 Systems for Measurement and Control Dinčić R. Milan 3  10 

3DEM1I04 Virtual Instrumentation Živanović B. Dragan 3  10 

3DEM1I05 Process Measurement Technique Jovanović R. Jelena 3  10 

3DNIR1 Scientific and Research Work 1   11 30 

L - Lectures, SRW - Scientific and Research Work 
 
Courses 
 
Metrology of Electrical Quantities 
Measurement and metrology. Development of measurement units system. Physical constants. National 
and international metrological institutions. Measurement and measuring methods. Analysis of sources for 
errors and interferences in measurement. Metrological characteristics of measuring resources. 
Calibration and comparison of measurement standards - traceability. Methods for processing of 
measurement results and determination of measurement uncertainty. Using of computer components in 
metrology for gathering, processing and communication of measurement and information data.   
 
Sensors and Measurement Transducers 
Basic block diagram of transducers. Basic definitions. Sensor as the basic element of the transducers. 
Information-energy parameters of transducers. Trends in the development of sensors and transducers. 
Active and passive transducers. Analog and digital transducers. Integrated, intelligent sensors and 
measurement modules. Transducers of temperature, force, pressure, flow, level, displacement, humidity. 
Analog electronic circuits for sensor connections. 
 
Systems for Measurement and Control 
 Information theory of measuring signals. Measurement errors. Measurement and control systems. 
Metrological system. Analog and digital signal processing systems. Design of automated measurement 
and control systems. System engineering. Management and evaluation of the system. Intelligent and 
virtual instrumentation. Embeded systems and systems for diagnostics. Reliability. 
 
Virtual Instrumentation 
Contemporary model of measuring instrument. Standard architectures of computer measuring  
instrumentation. Software as measuring instrument. Graphical user interfaces. Organization of  
software tool LabVIEW. Programming structure and functions of virtual instrument. Development of   
virtual instrument for gathering of measuring and information data and statistical processing of  
measurement results. Control of programmable instrumentation. Examples for practical applications of 
virtual instrumentation in measuring systems for real-time work.   
 
Process Measurement Technique 
Basic principles of measurement systems and measurement techniques in the process industry. 
Measurement transducers and systems. Mechatronic systems. Measurement of dimensions, linear and 
angular position. Measurement of force and moment. Measurement of number of rotations and angular 
speed. Measurement of vibration and impacts. Temperature measurement and thermovision. 
Measurement of pressure, differential pressure and vacuum. Flow measurement. Level measurement. 
Measurement of humidity. Measurement-informational systems. Programmable industrial automation 



systems. The basic principles of the application of the Internet  of Things technology in monitoring 
industrial processes and technical systems. 
 
  



NANOTECHNOLOGIES AND MICROSYSTEMS 
 
1st year 
 

CODE Course Teachers L SRW ECTS 

3DEN1I01 Semiconductor Physics Prijić P. Aneta 3  10 

3DEN1I02 Microelectronics Prijić D. Zoran 3  10 

3DEN1I03 Nanotechnology and Nanodevices Pantić S. Dragan 3  10 

3DEN1I04 Materials Science Mitić V. Vojislav 3  10 

3DEN1I05 Optoelectronics Paunović V. Vesna 3  10 

3DEN1I06 Semiconductor Devices Danković M. Danijel 3  10 

3DNIR1 Scientific and Research Work 1   11 30 

L - Lectures, SRW - Scientific and Research Work 
 
Courses 
 
Semiconductor Physics 
Crystal structure and solid state theory. Quantum and statistical physics of a solid state. Boltzmann's 
kinetic equation. Semiconductor in thermal equilibrium. Excess carrier concentrations and transport of 
carriers. Generation-recombination mechanisms. Metal-semiconductor junction and P-N junction. Non-
equilibrium phenomena in the P-N junction and transport equations. Models of carriers mobility. MOS 
structure. Charge sheet model and C-V plot. MOS transistors and short channel effects. Parasitic effects, 
hot carriers, high temperature effects. Bipolar devices. SiGe, HEMT and other heterojunction devices. 
Solar cells, photodetectors, LEDs and laser diodes. 
 
Microelectronics 
Analog microelectronic circuits in practice: General principles of design of analogue microelectronic 
circuits; Power supply in integrated circuits and active load; Design of circuits with operational amplifiers 
(CMOS, bipolar, BiCMOS, JFET); Differential and multistage amplifiers; Feedback and stability; The effects 
of nonideality; Active higher order filters; Oscillators and function generators; A / D converters. Digital 
microelectronic circuits in practice: Digital circuits in MOS technology; Sequential logic circuits; MOS 
memory, SRAM, DRAM, Flash; Data converters. Optional: Digital circuits in bipolar technology. ECL and 
modified ECL circuits. TTL circuits. Logical circuits with Schottky diodes. Digital circuits in BiCMOS 
technology. 
 
Nanotechnology and Nanodevices 
Materials for nanodevices. Dielectric and ferroelectric materials (electronic properties and quantum 
effects), magnetic materials (magnetism and magnetotransport in layered structures), organic molecules 
(electronic structures, properties and reactions), neurons (molecular basis of their electrical excitability). 
Technological processes and analyzing methods. Nanostructure characterization. Geometric 
characterization. Surfaces and layers characterization. Functional characterization. Nanosensors and 
nanoactuators. Nanodevices. Contacts, quantum dots, nanodiodes, nanotranzistors, nanoswitches. 
Nanooptical devices. Logic nanodevices and RAMs. Mass storage devices. Nanosystems and their 
application. 
 
Materials Science 
Matter and materials. Materials science as an international priority issue. Materials science and 
engineering. The synthesis (technology) – structure – properties – materials application correlation. 
Materials-energy-information. Structural properties of materials. Structural hierarchy of materials and 
symmetry. Crystallography. Modern materials characterization methods (SEM, TEM, EDS, XRD, laser and 
NMR spectroscopy). Stereological methods (quantitative metallography). Fractals theory as a link 
between the order and chaos in the material world. Application of fractals in the structural analysis and 



properties' simulation and materials synthesis technology. Inter-atomic links. Energy and crystal lattices. 
Crystal defects. Modelling and simulation of novel structures and properties of materials. Phase diagrams 
and designing of novel materials with controlled properties. Models of the electronic structure of 
materials. Electric conductivity in metals. Semiconducting materials and their properties. Quantum gaps. 
Optical properties of semiconductors. The age of electronic ceramic materials. Advanced oxide and non-
oxide materials. Liquid crystals. Ferroelectrics. Ferrites and other materials with magnetic properties. 
Nanopowders, nanomaterials and nanotechnology of the synthesis of advanced materials. Role of 
materials structure in the high integration of electronic components and electronic parameters in 
microelectronic devices. Globalization and strategy of research and development of new materials and 
technologies in the world. 
 
Optoelectronics 
Optoelectronics as experimental science, i.e. scientific cycle of theory and experiment, and its 
multidisciplinary in the viewpoint literature and internet technology, as the basis of study of light and 
matter. Optics, electrodynamics, electronics, quantum and statistical physics of radiation. Source of light 
and components of telecommunication devices and systems. Interaction of radiation and matter.  Laser 
light sources. Semiconductor lasers. Some telecommunication laser systems. Information displays, 
cathode ray, LC, TFT and perspective of development of display technology. Discrete and integrated 
optoelectronic components and devices. Integrated and quantum optoelectronics. Optical, electro optical 
and quantum-electrodynamical effects in the optical circuits and devices. Propagation of electromagnetic 
waves in anisotropic crystals. Integrated optical systems for propagation, modulation, oscillation and 
switch of light in optical dielectric materials. Optoelectronic materials and technologies. Limits and 
perspective of development of optoelectronics.  
 
Semiconductor Devices 
Heavy Doping Effects in Semiconductors. Transport of Carriers. l-h junctions. The effective surface 
recombination velocity. Diode. Silicon Bipolar Junction Transistors. Heterojunction Bipolar Transistors. 
Modeling of Bipolar Junction Transistors. Metal-Semiconductor based Devices. Schottky Barriers and 
Ohmic Contacts. Field Effect Transistors based on Semiconductor Compounds. GaAs MESFET's. 
Heterostructure Field Effect Transistors (HFETs). MOSFETs. CMOS/BiCMOS. SOI and 3D structures. Low-
voltage and Low-power Devices. Power Devices. Power Bipolar Junction Transistors. Power VDMOS 
transistors. IGBT. Devices Based on SiC. 
 
  



APPLIED MATHEMATICS 
 
1st year 
 

CODE Course Teachers L SRW ECTS 

3DEA1I01 Approximation Theory Džunić S. Jovana 3  10 

3DEA1I02 Numerical Linear Algebra Džunić S. Jovana 3  10 

3DEA1I03 Stastistics Milošević M. Dušan 3  10 

3DEA1I04 Numerical Mathematics Marjanović M. Zvezdan 3  10 

3DEA1I05 Discrete structures and combinatorics 
Milovanović Ž. Igor 
Matejić M. Marjan 

3  10 

3DEA1I06 Special functions 
Marinković D. Slađana 
Rančić Z. Lidija 

3  10 

3DNIR1 Scientific and Research Work 1   11 30 

L - Lectures, SRW - Scientific and Research Work 
 
Courses 
 
Approximation Theory 
Polynomials in scientific computing and industrial applications. Representations of polynomials. 
Univariate polynomials: vector space, algebraic and analytic properties. Root-finding techniques. 
Interpolation and data fitting. Rational functions. Iteration of rational functions. Rational interpolation 
and Data fitting. Polynomials in several variables. Numerical factorization. Applications with the use of 
software.  
 
Numerical Linear Algebra 
Introduction to MATLAB. Introduction to LaTex. Errors. Vector and matrix norm. Perturbation, 
conditioning, stability. Matrix transformations and applications. Dimension reduction. Least squares 
problems. 
 
Stastistics 
Statistical methodology. Descriptive analysis. Arranging and displaying data. Descriptive measures. 
Measures of central tendency and dispersion. Distribution of discrete and continuous random variables. 
Sample and sample statistics. Statistical testing methods. Hypothesis testing.  T-test, Analysis of variance 
with one and two factors. Pearson's chi-squared test.  Simple linear regression and correlation. Multiple 
regression and correlation. Factor analysis. Taxonomic analysis.  Discrimination analysis. Non-parametric 
methods. Index numbers, Analysis of time series. Working in the SPSS program package.                                                        
 
Numerical Mathematics 
Arithmetic of finite length and numerical processes. General theory of iterative processes. Application to 
operator equations. Nonlinear equations and systems. Quadrature processes and convergence. Cauchy’s 
problems and contour problems for ordinary dferential equations. Grid method for partial diferential 
equations. Symbolic computation and algorithms. Implementation of algorithms using the Mathematica 
package. 
 
Discrete structures and combinatorics 
Special number sequences. Stirling numers. Bell numbers. Catalan numbers. Euler numbers. Bernouli 
numbers. Applications in combinatorial mathematics. Extremal problems. Combinatorial block 
schemes.  Special matrices: Binary, Hadamard, Stohastics, Permutation matrices. Combinatorial  
distribution  and counting problems. Spectral matrices and graph theory. Graph invariants. Energy of 
matrices and graphs. Directed graphs. Mapping of directed coordinated graphs on plane and line. 
 
 



 
 
 
Special functions 
Hypergeometric functions: definition, recursive and transformation formulas, differential equation. 
Functions defined by integrals: Gamma function, Beta function, Bessel functions. Orthogonality in Hilbert 
space. Orthogonal polynomials: zeros, differential equation, three-term recurrence relation, generating 
function, hypergeometric representation. Construction of orthogonal polynomials. Classical orthogonal 
polynomials. Orthogonal polynomials with non-classical weights. Elements of fractional calculus. 
Fractional integral. Fractional derivative of Riemann-Liouville and Caputo type. Mittag-Leffler function. 
 
  



APPLIED PHYSICS 
 
1st year 
 

CODE Course Teachers L SRW ECTS 

3DEF1I01 Solid State Physics Ristić S. Goran 3  10 

3DEF1I02 Physics of Ionized Gases Ristić S. Goran 3  10 

3DEF1I03 Photonics Golubović M. Snežana 3  10 

3DEF1I04 Radiation Physics 
Ristić S. Goran 
Golubović M. Snežana 

3  10 

3DEF1I05 Electrical discharge of gases 
Živanović N. Emilija 
Pejović M. Milić 

3  10 

3DNIR1 Scientific and Research Work 1   11 30 

L - Lectures, SRW - Scientific and Research Work 
 
Courses 
 
Solid State Physics 
Theoretical lectures will take place in the following areas: Physical characteristics and classification of solid 
states, crystal lattices, interatomic connections, zonal theory of solid states, electronic states in a periodic 
crystal, thermal motion of the crystal lattice, transport and optical charecteristics, properties of 
dielectrics. Semiconductors, electronic transport processes, diffusion and recombination processes. 
Magnetic properties of solid bodies. Superconductivity. 
 
Physics of Ionized Gases 
Theoretical lectures will take place in the following areas: Formation and disappearance of particles into 
a weakly ionized gas. Drift, energy and diffusion of charged particles. Breakdown in gases in the fields of 
different frequency band. Stable and unstable dissipation. Spark, corona and arched discharge. Solving 
the kinetic equation in a weakly ionized gas in the presence of an electric field. Physical mechanisms that 
lead to discharge and which are present in various types of discharge 
 
Photonics 
The dualism. Electromagnetic nature of light. Interference, diffraction and polarization. The interaction of 
light and matter. Corpuscular nature of light and other electromagnetic radiation. Photoelectric and 
Compton effect. Optical instruments. Non-laser and laser light. 
 
Radiation Physics 
Types and sources of ionizing radiation, ionizing radiation effects on living and non-living matter, 
dosimetric quantities and units. Radiation detection and protection. Characteristics and types of non-
ionizing radiation and its influence on living organisms. 
 
Electrical discharge of gases 
Electric breakdown and discharge in gases. Processes in noble gases, nitrogen and air. Processes on 
electrodes. Breakdown probability. Breakdown voltage. Electrical breakdown time delay. Analysis of the 
memory effect in gases based on memory curves. 
 
  



COMPUTING SCIENCE AND INFORMATICS 
 
1st year 
 

CODE Course Teachers L SRW ECTS 

3DER1I01 
Methodologies for Representation and 
Implementation of Future Computer 
Technologies 

Milentijević Z. Ivan 
Ćirić M. Vladimir 

3  10 

3DER1I02 Signals and Systems 
Janković S. Dragan 
Stojković R. Suzana 

3  10 

3DER1I03 
Advanced Topics in Computer Hardware 
Design 

Milentijević Z. Ivan 
Milovanović I. Emina 
Ćirić M. Vladimir 

3  10 

3DER1I04 Advanced Topics in Software Engineering 
Rančić D. Dejan 
Milosavljević Lj. Aleksandar 

3  10 

3DER1I05 
Advanced Topics in Data and Knowledge 
Engineering 

Stoimenov V. Leonid 
Stojković R. Suzana 

3  10 

3DER1I06 Advanced Topics in Distributed Systems 
Stojanović H. Dragan 
Stojanović M. Natalija 
Janković S. Dragan 

3  10 

3DER1I08 Future Internet 
Tošić B. Milorad 
Petković M. Ivan 

3  10 

3DNIR1 Scientific and Research Work 1   11 30 

L - Lectures, SRW - Scientific and Research Work 
 
Courses 
 
Methodologies for Representation and Implementation of Future Computer Technologies 
Trends in computing. Overcoming the limits of existing technologies. Design requirements and basic 
characteristics of modern and next generation computing technologies. Advanced computer 
architectures. Potentials of new technologies. Methods of formal representations in modern computer 
technologies (IOT, dew, fog, cloud). Design methods. New approaches to optimization problems. DNA 
computing. Quantum computing. 
 
Signals and Systems 
Signals, systems and transformation, from theoretical mathematical foundations to practical 
implementation with circuit and program implemented algorithms. Methods of analysis signals and 
systems with applications in filtering, signal processing, communications, and process control. 
Convolution, spectral transformation algorithms for the calculation of the spectral transform, sampling 
methods, and discrete signal processing. 
 
Advanced Topics in Computer Hardware Design 
Design flow. Simulation and synthesis environments. Arithmetic circuits. Arithmetic circuits design. 
Arithmetic circuits HDL models. Tradeoffs in design. Advanced hardware description languages. Synthesis. 
Advanced computer components. Data stream computing model. Big-data problem. Dataflow 
supercomputers design techniques. Kernel and manager design. Simulation. The implementation of 
streaming processors. Compunication between streaming procesors and CPU. Integrated approach. 
Design of microprogramming controllers, arithmetic and graphics accelerators, and additional memory 
systems. 
 
Advanced Topics in Software Engineering 
Advanced concepts in software modeling and analysis. Advanced concepts of software engineering 
(service-oriented architecture, model-driven architecture, agile software development). Software 



development based on components. Web services. Design and development of open source software. 
Engineering of multimedia information. Engineering GIS applications. Engineering C4I applications. Web 
and distributed application engineering. Engineering of mobile services and systems. Human-computer 
interaction from the perspective of software engineering. Software maintenance and evolution. 
 
Advanced Topics in Data and Knowledge Engineering 
Advanced concepts and models, including active, deductivem spatial, temporal, multimedia, distributed 
and mobile databases. NoSQL databases and new concepts in data storage and organization. Big data 
concepts, aquisition, storage and manipulation of big data. Systems for big data management. Social 
networks as data sources. Information retreival. Intelligent search agents on teh Web. Knowledge and 
knowledge representation, semantics and ontologies. Big knowledge bases. Data mining in spatial 
databases, in multimedia databases, Web mining, text mining. Modern applications for databases and 
knowledge bases: document databases, Web and databases, e-bussiness, e-Government, e-Learning, data 
warehouse, data mining.  
 
Advanced Topics in Distributed Systems 
Distributed computing systems. Cluster and grid systems. Programming models: shared memory, message 
passing, peer-to-peer, broker-based. OpenMP and MPI. Architecture of cluster-based systems. Issues in 
cluster design: performance, single-system-image, fault tolerance, manageability, programmability, load 
balancing, security, storage. Architecture of Grid systems. Grid security infrastructure. Examples of Grids: 
Globus etc. Examples of representative applications. Web services, service-oriented architecture (SOA) 
and service component architecture (SCA). Distributed systems for large-scale data processing and 
analysis (Big Data). Data streams and complex event management and processing systems. Publish-
subscribe systems and event notification systems. Cloud computing. Map/Reduce (Hadoop) platform for 
distributed massive data processing. Wireless sensor networks. Analysis, design and implementation of 
distributed systems.  
 
Future Internet 
Common conceptual foundations of the new Internet: an overview of system architecture, the principle 
of network neutrality, socio-economic aspects, the network, security, resource management, quality of 
service, information facilities, the business aspect. Cognitive systems. Services as a basic building block of 
the new Internet: System Architecture, p-2-p services, management services. Virtualization. Overlay 
network. Ontologies as a building block of the new Internet: Conclusion and management system, 
analytics and performance measurement, recording and management of resources. New Internet Basics: 
architectures, mobile Internet, cloud computing, identity and trust, searching and finding, experiments. 
Technological aspects: Internet of Things, networks, content services. Applications: smart cities, smart 
energy management, smart health, smart business systems, and so on. Infrastructure development and 
experimental approaches. Prototype implementation. 
 
  



COMMUNICATIONS AND INFORMATION TECHNOLOGIES 
 
1st year 
 

CODE Course Teachers L SRW ECTS 

3DET1I01 
Modelling and Design of Microwave Devices 
and Systems 

Dončov S. Nebojša 
Marinković D. Zlatica 

3  10 

3DET1I02 Advanced Error Control Coding Techniques Jovanović Ž. Aleksandra 3  10 

3DET1I03 Microwave Electronics 
Pronić-Rančić R. Olivera 
Maleš-Ilić P. Nataša 

3  10 

3DET1I04 Wireless Communications 
Marković V. Vera 
Stanković Ž. Zoran 

3  10 

3DET1I05 CDMA and OFDM Communications Nikolić B. Zorica 3  10 

3DET1I06 Telecommunications Theory 
Đorđević T. Goran 
Milović M. Daniela 

3  10 

3DET1I07 Digital Modulation Techniques 
Milić N. Dejan 
Nikolić B. Zorica 

3  10 

3DET1I08 Digital Telecommunications Perić H. Zoran 3  10 

3DET1I09 Digital Signal Processing 
Perić H. Zoran 
Dončov S. Nebojša 

3  10 

3DET1I10 Sound Generation and Perception Ćirić G. Dejan 3  10 

3DET1I11 Compressive Sensing with Applications Nikolić R. Jelena 3  10 

3DNIR1 Scientific and Research Work 1   11 30 

L - Lectures, SRW - Scientific and Research Work 
 
Courses 
 
Modelling and Design of Microwave Devices and Systems 
Field theory. Numerical methods in applied electromagnetics. Guided electromagnetic waves. Application 
of circuits theory methods in the RF and microwave frequency range. Modeling of electromagnetic fields. 
Analysis and optimization of microwave circuits. Modeling and design of devices and systems in various 
areas of telecommunications. 
 
Advanced Error Control Coding Techniques 
Error correction codes in modern communication systems and storage systems. Trellis-based decoders. 
Viterbi algorithm. SOVA algorithm. BCJR algorithm. Iterative decoding of codes on graphs (LDPC codes). 
Bit-flipping algorithm. Message passing algorithm and turbo principle. Sum-product algorithm. Min-sum 
algorithm. Gallager A and B algorithms. 
 
Microwave Electronics 
Modern CAD techniques - modeling, simulation and optimization of microwave circuits. Microwave 
semiconductor devices: microwave diodes and transistors. Applications of microwave semiconductor 
devices. RF and microwave amplifiers. Small signal amplifiers and nonlinear amplifiers. Low-noise 
amplifiers. Broadband amplifiers. Power amplifiers - basic features and applications. Classes of power 
amplifiers. Harmonic balance analysis. RF and microwave oscillators. Mixers. Detectors. Modulators. 
Microwave control circuits (switches, phase shifters, limiters, attenuators). Microwave integrated circuits. 
 
Wireless Communications 
Overview of microwave wireless communication systems. Advanced wireless services. Propagation 
models in the RF and microwave frequency range. Selected topics in the field of fixed and mobile 
communication systems. Wireless communication systems architecture and design of RF components and 
subsystems for wireless communications. Methods for the characterization of non-ionizing radiation 
levels of wireless systems and the biological effects of radiation. 



 
CDMA and OFDM Communications 
CDMA Transmission ChannelModels.  Representation of CDMA signals. The discrete channel model for 
synchronous transmission in a frequency-flat channel. The discrete channel model for asynchronous 
wideband CDMA transmission. Receiver Structures for Synchronous Transmission  
The single-user matched filter receiver. Optimal receiver structures . Receiver Structures for MC-CDMA 
and Asynchronous Wideband CDMA. The RAKE receiver . Examples for CDMA Systems: Wireless LANs 
according to IEEE 802.11 , Global Positioning System, Overview of mobile communication systems , 
Wideband CDMA, Time Division CDMA, cdmaOne ,cdma2000.                                          Implementation and 
Signal Processing Aspects for OFDM.  Synchronization and Channel Estimation Aspects for OFDM Systems. 
Interleaving and Channel Diversity for OFDM Systems 
Modulation and Channel Coding for OFDM Systems.OFDM System Examples. 
 
Telecommunications Theory 
Statistical characterization of channels in modern radio-frequency and optical wireless systems. Error 
probability and capacity evaluation using analytical and simulation approach. Controlled intersymbol 
interference. Optimal detection in different channel conditions. Combined equalization and coding. 
Spatial-time codes. Performance assessment of multi-cell wireless systems. Study the information 
transmission through Visible Light Communications - VLC from the point of view of Theory of 
Telecommunications.   
 
Digital Modulation Techniques 
Minimum Shift Keying (MSK) and MSK modulation types. Modulation with the continuous phase. Phase 
Modulation. Spectrally efficient modulation without constant envelope. Performance of modulation 
techniques in fading channels, and equalization. 
 
Digital Telecommunications 
 Adaptive scalar quantization. Adaptive Pulse-code modulation. Adaptive differential Pulse-code 
modulation. Adaptive Delta modulation. Coding with delayed decision making. Subband coding. Channel 
capacity and coding. Channel coding. Scalar and vector quantization. Transform coding. Audio and speech 
signal compression. Video signal compression.  
 
Digital Signal Processing 
Discrete signals and systems. Discrete direct and inverse Fourier transform. Algorithms of direct and 
inverse fast Fourier transform. Direct and inverse z-transform. Discrete transfer functions. Discrete 
transforms (DCT, DFT, DWT). Digital recursive and nonrecursive filters and their realisations. Wave digital 
filters and realisations. Frequency and time analysis. Appliance of digital filters in the construction of linear 
predictors, both fixed and adaptive. Estimation of discrete signal's parameters. Digital signal processing in 
frequency domain. Basics of digital signal processing needed for subsegment coding (filter banks). Digital 
signal processors for filter realisations. Software package for digital signal processing MATLAB. 
 
Sound Generation and Perception 
Generating speech and music signals, as well as measurement acoustical signals. Sound transmission 
indoors and outdoors. Sound perception. Sound acquisition (acoustical sensors). Design and analysis of 
modern devices for sound recording and reproduction. Acoustics of enclosed spaces. Sound 
reinforcement. Noise as unwanted sound and adequate protection. Creating sound effects with 
predefined characteristics. Standards and norms of acoustic quality. Acoustic measurement techniques. 
The application of technology based on sound in the industry. 
 
Compressive Sensing with Applications 
Modern approaches to data acquisition. Significance of compressive  sensing of analog signals and a 
sparse representation of signals. Mathematical formulation of compressive sensing. Required conditions 
for sucessfull application of compressive sensing- RIP, SPARK and MIP. The problem of convex 



optimization in compressive sensing. Minimization of vector norms l0, l1 and l2. Deterministic approach 
in constructing the measurement matrice. Probabilistic approach in constructing the measurement 
matrice. Sparse representations of signals for the reconstruction of information from incomplete data. 
Sparse signal coding. Compressive sensing for a predefined dictionary. Greedy algorithms and algorithms 
with a relaxed condition of sparsity. Orthogonal matching pursuit algorithm. Matching pursuit algorithm. 
Weak matching pursuit algorithm. Analysis of the obtained approximations. Dictionary learning. 
Application of compressive sensing algorithms in A / D conversion of variety of signals, also in MRI 
algorithms and face recognition. 
 
  



THEORETICAL ELECTRICAL ENGINEERING 
 
1st year 
 

CODE Course Teachers L SRW ECTS 

3DEH1I01 Electromagnetics Raičević B. Nebojša 3  10 

3DEH1I02 Electric Circuits Theory 
Cvetković Ž. Zlata 
Vučković N. Ana 

3  10 

3DEH1I03 
Antennas and Electromagnetic Waves 
Propagation 

Raičević B. Nebojša 
Perić T. Mirjana 

3  10 

3DEH1I04 Electromagnetic Compatibility 
Cvetković N. Nenad 
Perić T. Mirjana 

3  10 

3DEH1I05 Static Electricity Cvetković Ž. Zlata 3  10 

3DNIR1 Scientific and Research Work 1   11 30 

L - Lectures, SRW - Scientific and Research Work 
 
Courses 
 
Electromagnetics 
Electrostatics. Stationary and time-varying electromagnetic field. Integral and differential form of 
Maxwell's equations. Maxwell's equations in the complex domain. Electromagnetic properties of the 
medium. Boundary conditions. Electromagnetic field potentials in the homogenous media. Painting's 
theorem. Analytical methods for calculation of the electromagnetic fields - method of separation of 
variables, application of the complex variable functions (conformal mapping). Numerical methods for 
calculation of electromagnetic fields - finite different method, finite element method (FEM), finite 
difference time domain method (FDTD), equivalent electrodes method (EEM), hybrid boundary element 
method (HBEM). Plane-wave propagation (in vacuum, dielectrics, imperfect conductors, ferrites and 
layered media). Wave polarization. Propagation of electromagnetic waves. Fresnel's coefficients. TEM, TE 
and TM guided waves. Electromagnetic radiation and antennas. 
 
Electric Circuits Theory 
Topological electric circuit analysis. Analysis in time and frequency domain. Analogue circuits with losses. 
Circuits with distributed parameters. Discrete circuits. Graph theory. Computer aided circuit analysis. 
 
Antennas and Electromagnetic Waves Propagation 
Electromagnetic properties of media. Spherical, cylindrical and plane electromagnetic waves (in the free 
space, dielectrics, and stratified media). Wave polarization. Propagation of electromagnetic waves. 
Fresnel coefficients. TEM, TE and TM guided waves. Electromagnetic radiation and antennas. Current 
distribution. Hallén's integral equation. Pocklington's integral equation. Radiation pattern. Antenna gain. 
Radiation resistance. Transmitting and receiving antenna. Antenna arrays. 
 
Electromagnetic Compatibility 
Natural and artificial sources of electromagnetic interference. Definitions of EMC, EMI, EMD, EMS. 
Requirements, regulations and standards in different fields. Limitations and advantages of EMC 
requirements. Design of circuits and devices in accordance with the EMC requirements. Radiated 
emissions and conducted emissions. The principles and techniques of design. Selection of configurations 
and components. Separation, shielding, grounding, filtering. Cables, connectors, contact protection. 
Protective chokes to limit the current and to reduce the harmonics in order to improve power quality. 
Electrostatic discharge (ESD) and practical ways of solving problems. Disturbances in power systems and 
EMC requirements. 
 



Static Electricity 
Phenomenon of static electricity in technological processes. Theory of ignition of flammable mixtures. 
Theory of static electricity discharges from conducting and dielectric surfaces. High voltage generation. 
Modeling of industrial and electrostatic filters. Dangers from static electricity during transportation and 
storage of flammable and explosive materials. Techniques for measuring electrostatic charges, fields and 
potentials. Protection measures and elimination of static electricity in technological processes. 
 
  



CONTROL SYSTEMS 
 
1st year 
 

CODE Course Teachers L SRW ECTS 

3DEU1I01 Systems Theory 
Antić S. Dragan 
Mitić B. Darko 

3  10 

3DEU1I02 System Identification Nikolić S. Saša 3  10 

3DEU1I03 Robust Control 
Veselić R. Boban 
Mitić B. Darko 

3  10 

3DEU1I04 Computer Controlled Systems Jovanović D. Zoran 3  10 

3DEU1I05 Robotics and Automation 
Raković M. Mirko 
Nikolić N. Milutin 

3  10 

3DEU1I06 Inteligent Control 
Milojković T. Marko 
Nikolić S. Saša 

3  10 

3DEU1I07 Advanced Mechatronics Perić Lj. Staniša 3  10 

3DNIR1 Scientific and Research Work 1   11 30 

L - Lectures, SRW - Scientific and Research Work 
 
Courses 
 
Systems Theory 
System definition, examples, history, importance and classification of control systems. The basic principles 
of control. Mathematical description of dynamical systems. A uniform approach to system analysis. Basic 
system performances. Technical requirements specification and principles of control system design. 
Performance evaluation. Some engineering problems. MATLAB implementations. 
 
System Identification 
Plants classification. Identification algorithms and their convergence. Active identification. Gradient 
methods of identification. Single and multidimensional regression models. Nonlinear regression method. 
Iterative identification methods. Passive identification. Experiment planning. Forming of optimal 
identification algorithms. Theoretical background for Legendre, Laguerre, Chebyshev orthogonal 
polynomials. Design of almost and quasi orthogonal polynomials and their application in identification 
real dynamical systems. Application of orthogonal functions and filters in identification systems. Methods 
for assessing the quality of identification. 
 
Robust Control 
Model uncertainties of linear dynamical systems and their representation in time and frequency domain. 
H2 and H∞ spaces and norms. Specifications of performances and limitations. Control plant model 
reduction. Model uncertainties and robustness. Robust stability and performance analysis. Linear 
fractional transformations. Structured singular value. Controller parameterization. Algebraic Riccati 
equation. H2 и H∞ control. Controller order reduction. H∞ loop-shaping.    
 
Computer Controlled Systems 
Problems of managing complex technological processes. Centralized management. Distributed 
management. Hierarchical management. Chosing real-time PCs. Input output devices. Real-time system 
software support. Merging computers with technological processes. Application of microcomputers in the 
design and implementation of control systems. Application of PLC and SCADA system in process 
management. Application of computers in the process industry, in the management of dislocated objects 
and in the management of utility systems. 
 



Robotics and Automation 
Production system. Basic manufacturing strategy. Productivity and flexibility in production. Unregulated 
environment as a motive for robotics. Robots in manufacturing and non-manufacturing environments. 
The basic robot construction. Robot sensors. Final robot devices. Motion control and robot programming. 
Vision systems. Transport systems. Programmable Logic Controllers. Industrial interface. Flexible 
manufacturing cell design. 
 
Inteligent Control 
Intelligent systems for classification and database optimization. Types of neural network learning. 
Recommender systems. Large Scale Machine Learning. Hybrid Intelligent Systems. ANFIS. 
 
Advanced Mechatronics 
Introduction: Mechatronic systems and review of linear systems. Minimal realizations of linear systems 
and Kalman decomposition. Function of matrices and phase portraits of linear systems. Phase portraits of 
nonlinear systems. Bifurcation theory. Lyapunov stability. Lie brackets and feedback linearization. Sliding 
mode control. Disturbance rejection. Systems with multiple inputs and multiple outputs. The principle of 
optimality. Linear Quadratic Regulation and Tracking. Introduction to digital control and z-domain. Digital 
control system design. 
 
  



2ND YEAR 
 
(student chooses 3 subjects from the list) 
 

CODE Course Teachers L SRW ECTS 

3DEP3I01 
Electrical Machines and Transformes - 
Selected Chapters 

Stajić P. Zoran 3  10 

3DEP3I02 
Electrical Machines and Power Converters for 
Renewable Energy Sources 

Petronijević P. Milutin 
Mitrović N. Nebojša 

3  10 

3DEP3I03 
Digital Control of Electrical Drives and Power 
Converters 

Petronijević P. Milutin 3  10 

3DEP3I04 Computation of Lightning Overvoltages Javor L. Vesna 3  10 

3DEP3I05 Power Cable Engineering 
Tasić S. Dragan 
Raičević B. Nebojša 

3  10 

3DEP3I06 Power Quality in Distribution Networks Korunović M. Lidija 3  10 

3DEP3I07 Active Distribution Networks and Microgrids Janjić D. Aleksandar 3  10 

3DEE3I01 Digital Processing of Audio Signal Stančić Z. Goran 3  10 

3DEE3I02 Digital Circuits and Systems Design Dimitrijević A. Marko 3  10 

3DEE3I03 Embedded Systems Design Nikolić R. Tatjana 3  10 

3DEE3I04 System-on-Chip Design Milić Lj. Miljana 3  10 

3DEE3I05 DSP Architectures and Algorithms Nikolić R. Tatjana 3  10 

3DEE3I06 Electronic Circuits Testing Milić Lj. Miljana 3  10 

3DEE3I07 Reconfigurable Systems Đorđević Lj. Goran 3  10 

3DEE3I08 Synthesis of Filters 
Nikolić V. Saša 
Stančić Z. Goran 

3  10 

3DEE3I12 RF Systems Architectures Jovanović S. Goran 3  10 

3DEE3I13 Computer Vision Nikolić V. Saša 3  10 

3DEE3I14 Ultrasonic Technique Mančić D. Dragan 3  10 

3DEM3I01 Measurement and Acquisition Systems 
Denić B. Dragan 
Živanović B. Dragan 

3  10 

3DEM3I02 
Industrial Measurement and Information 
Systems 

Denić B. Dragan 3  10 

3DEM3I03 Measurement and Information Technologies Denić B. Dragan 3  10 

3DEM3I04 
Medical and Bioelectronic Measurement 
Technique 

Simić M. Milan 3  10 

3DEN3I01 Power Devices and Circuits Manić Đ. Ivica 3  10 

3DEN3I02 Microsensors Vračar M. Ljubomir 3  10 

3DEN3I03 
Reliability of Electronic Devices and 
Microsystems 

Davidović S. Vojkan 3  10 

3DEN3I04 Prognosis of the Material Properties Paunović V. Vesna 3  10 

3DEN3I05 Advanced Electronic Ceramic Materials Mitić V. Vojislav 3  10 

3DEN3I06 Software Engineering in Microelectronics Pantić S. Dragan 3  10 

3DEN3I07 Solar Systems, Technologies and Devices Pantić S. Dragan 3  10 

3DEN3I08 
Technology, Design and Characterization of 
Microsystems 

Prijić D. Zoran 3  10 

3DEN3I09 Reliability Modeling of MOS Devices Danković M. Danijel 3  10 

3DEN3I10 
Influence of Radiation on Microelectronic 
Devices 

Golubović M. Snežana 3  10 

3DEA3I02 Mathematical Methods of Optimization Marinković D. Slađana 3  10 

3DEA3I03 Analysis of Numerical Algorithms Marjanović M. Zvezdan 3  10 

3DEA3I04 Spectral graph theory Matejić M. Marjan 3  10 

3DEA3I05 Highly Efficient Iterative Methods Rančić Z. Lidija 3  10 

3DEA3I06 Simulation of Industrial Systems 
Milojković T. Marko 
Perić Lj. Staniša 

3  10 

3DEA3I07 Mathematical Models in Industry Antić S. Dragan 3  10 



Milojković T. Marko 

3DEA3I08 
Mathematical Foundations of Statistical 
Learning and Applications 

Perić H. Zoran 
Milošević M. Dušan 

3  10 

3DEF3I01 Devices of Vacuum and Gas Electronics Ristić S. Goran 3  10 

3DEF3I02 Medical Physics Ristić S. Goran 3  10 

3DEF3I03 Semiconductor Devices and Technologies Prijić P. Aneta 3  10 

3DEF3I04 Sensors and Actuators Vračar M. Ljubomir 3  10 

3DEF3I05 
Technological Processes in Gasses and 
Vacuum 

Golubović M. Snežana 3  10 

3DER3I01 Design and Analysis of Parallel Algorithms 
Milovanović I. Emina 
Milovanović Ž. Igor 

3  10 

3DER3I02 
Advanced Topics in Fault Tolerant System 
Design 

Milentijević Z. Ivan 
Milovanović I. Emina 

3  10 

3DER3I03 Bioinformatics 
Tošić B. Milorad 
Nejković M. Valentina 

3  10 

3DER3I04 Medical Informatics 
Janković S. Dragan 
Rajković J. Petar 

3  10 

3DER3I05 
Applications of Spectral Techniques for Digital 
Devices Design 

Stojković R. Suzana 3  10 

3DER3I06 
Advanced Topics in Mobile and Ubiquitous 
Computing 

Stojanović H. Dragan 
Predić B. Bratislav 

3  10 

3DER3I07 Advanced Topics in Computer Graphics 
Rančić D. Dejan 
Milosavljević Lj. Aleksandar 
Dimitrijević M. Aleksandar 

3  10 

3DER3I08 Advanced Topic in Intelligent Systems 
Stoimenov V. Leonid 
Tošić B. Milorad 
Stanimirović S. Aleksandar 

3  10 

3DER3I09 
Advanced Topics in Specialized Information 
Systems 

Stojanović H. Dragan 
Janković S. Dragan 
Rančić D. Dejan 
Predić B. Bratislav 

3  10 

3DER3I10 
Mathematical Fundament of the Game 
Theory 

Vučković V. Vladan 3  10 

3DER3I11 Advanced Topics in E-Learning Technologies 

Milentijević Z. Ivan 
Stoimenov V. Leonid 
Rančić D. Dejan 
Janković S. Dragan 

3  10 

3DER3I12 Web Mining and Information Retrieval 
Stojković R. Suzana 
Bogdanović D. Miloš 

3  10 

3DET3I01 Audio Communications Ćirić G. Dejan 3  10 

3DET3I02 Antennas and Propagation 
Dončov S. Nebojša 
Stanković Ž. Zoran 

3  10 

3DET3I03 
Applications of Neural Networks in 
Telecommunications 

Marković V. Vera 
Marinković D. Zlatica 
Stanković Ž. Zoran 

3  10 

3DET3I04 Satellite Communication Systems Pronić-Rančić R. Olivera 3  10 

3DET3I05 RF and Microwave Amplifiers Maleš-Ilić P. Nataša 3  10 

3DET3I06 
Electromagnetic Compatibility and Signal 
Integrity 

Dončov S. Nebojša 3  10 

3DET3I07 Detection of Signals in Noise 
Perić H. Zoran 
Milić N. Dejan 

3  10 

3DET3I08 Communication Algorithms and Applications Nikolić B. Zorica 3  10 

3DET3I09 5G and 6G Mobile Communications Milošević D. Nenad 3  10 

3DET3I10 Information Theory and Source Coding 
Perić H. Zoran 
Jovanović Ž. Aleksandra 

3  10 

3DET3I11 Statistical Signal Processing Đorđević T. Goran 3  10 



3DET3I12 Digital Communications Over Fading Channel Milović M. Daniela 3  10 

3DET3I13 Coherent Optical Telecommunication Systems Milić N. Dejan 3  10 

3DET3I14 Theory and Applications of Software Radio Milošević D. Nenad 3  10 

3DET3I15 
Advanced Modeling Techniques for RF 
Applications 

Marković V. Vera 
Marinković D. Zlatica 

3  10 

3DET3I16 Free-space Optical Telecommunications 
Milić N. Dejan 
Milović M. Daniela 

3  10 

3DET3I17 Advanced Signal and Data Processing 
Perić H. Zoran 
Nikolić R. Jelena 

3  10 

3DEH2I01 
Methods for Steady-state Electromagnetic 
Fields Calculation 

Cvetković N. Nenad 
Perić T. Mirjana 
Vučković N. Ana 

3  10 

3DEH2I02 Inverse problems in Electromagnetics 
Raičević B. Nebojša 
Perić T. Mirjana 

3  10 

3DEH2I03 
Bounday Element Method in 
Electromagnetics 

Raičević B. Nebojša 
Vučković N. Ana 

3  10 

3DEU3I01 Digital Control Techniques Veselić R. Boban 3  10 

3DEU3I02 Optimal Control 
Antić S. Dragan 
Veselić R. Boban 

3  10 

3DEU3I03 Variable Structure Systems 
Antić S. Dragan 
Mitić B. Darko 

3  10 

3DEU3I04 Distributed Computer Control Jovanović D. Zoran 3  10 

3DEU3I05 Predictive Control 
Mitić B. Darko 
Nikolić S. Saša 

3  10 

3DEU3I06 Adaptive Control Systems 
Perić Lj. Staniša 
Milojković T. Marko 

3  10 

3DNIR2 Scientific and Research Work 2   11 30 

L - Lectures, SRW - Scientific and Research Work 
 
Courses 
 
Electrical Machines and Transformes - Selected Chapters 
Description of a number of specific problems arising during the exploitation of electrical machines and 
transformers in various industries. Analyses and choice of approach for problem solving. Optimal selection 
of measuring and test equipment for testing in service conditions. Analysis  and choice of optimal 
mathematical model for a given service conditions. Useful softwares for conducting different analysis. The 
link between theory and practice. Examples of best practice in the implementation of simple and complex 
models, depending on the available data and the results of the experiments. Analysis of the obtained 
results. Observation of electric machines and transformers as a "measuring device" based on its behavior 
to obtain detailed information of the systems in which these devices operate. 
 
Electrical Machines and Power Converters for Renewable Energy Sources 
Topologies of grid-side converters. Wind turbines with fixed and variable speed operation - DFIG, back-
to-back power converters. Photovoltaic sources. DC/DC voltage converters. Energy storages. Optimization 
of power flow. Stationary and dynamic modes of operation. Grid synchronization and power flow control. 
Standalone operation. Coordinated control of converters in micro-grid. Power quality effects on the grid 
converters operation: voltage dips, surges, short circuits. Micro-grid networks integration. 
 
Digital Control of Electrical Drives and Power Converters 
Digital signal processors in motor drives. Control circuits for AC and DC drives. Principles, types and 
classification of pulse width modulation (PWM) techniques. Space vector modulation. Matlab DSP and 
FPGA Toolbox. Optimization of control methods. Over-voltages and leakage currents. The influence of 
power disturbances on the power converter and motor operation. Active front-end rectifier and grid 
converter. Nonsymmetrical supply of power converters. Vector control of drives with induction motors. 



Digital control of current and speed. Control of permanent magnet motor drives. Estimation of electrical 
and non-electrical quantities. 
 
Computation of Lightning Overvoltages 
Modeling of lightning electromagnetic fields. Modified telegraphers' equations that include the influence 
of the external electromagnetic field. Taylor-Satterwhite-Harrison model. Agrawal-Price-Gurbaxani 
model. Rachidi model. Modeling losses and impacts of the finite conductivity of the ground. Baum-Liu-
Tesche equations. Overvoltages propagation on overhead lines. Overvoltages propagation on 
underground lines. Electrodynamic correction of the equations of classical transmission line theory. 
Solving equations in the time domain by the Finite Difference Method. Solving the equations for the 
propagation of electromagnetic waves on lines in the frequency domain. Computer programs for 
simulation of lightning overvoltages in power systems. 
 
Power Cable Engineering 
Finite element method. Equivalent electrode method. Boundary conditions for the electrical field 
calculation. Calculation of the electrical field in single and three-wire cables, joints and terminations. 
Boundary conditions for the calculation of thermal field. Calculation of thermal fields in single and three-
wire cables, joints and terminations. Calculation of cable ampacity in working conditions. Aging of cables. 
Cable lifetime estimation. Calculation of ampacity with respect to cable aging. 
 
Power Quality in Distribution Networks 
Importance of power quality for operation of distribution networks. Basic terms and definitions, 
importance and relevancy, tolerance limits. Methods of measurement and monitoring of power quality 
indices - advanced measuring systems. Voltage variations in steady state operating conditions and flicker 
- definitions, sources and effects. Voltage dips - definitions, characteristics, causes, propagation and 
effects. Sensitivity of the equipment on voltage dips and estimation of financial losses. Harmonics - 
definitions, sources and effects. Methods of the analysis of higher harmonics. Propagation of harmonics - 
calculation of the flows of higher harmonic currents. Methods of the elimination of higher harmonics. 
Design and calculation of filters. Overview of the international regulation and standards. 
 
Active Distribution Networks and Microgrids 
Active networks and microgrids concepts.  
Typical configuration of microgrids. Interconnection and dynamic connection with the public network. 
Technical and economic advanteges. SCADA and active distribution networks. Control of microgrid in the 
island operation mode. 
 Protection of microgrids in the island operation mode. Impact of microgrids to other generation 
resources.  Microgrids economy and the participation to the market. 
 
Digital Processing of Audio Signal 
Basic audio signal formats. Sampling and reconstruction of signal. A/D and D/A conversion. Adequate 
determination of sampling frequency  and transformation. Effective calculation of the fast Fourier 
transformation.  Down-sampling and up-sampling. Digital filter banks. Spectral analysis. Parametric and 
nonparametric filter design methods. Examples of application of digital signal processing in  analysis and 
synthesis of speach and music signals, and discrete analytical signals. 
 
Digital Circuits and Systems Design 
Digital circuits design according to possibilities and limitations: area, consumption, speed, choice of 
architecture, bus width, protocols. Signal integrity. Different reference voltage levels coupling. Power 
routing with multiple power levels on the chip. Power density distributions in the integrated circuit. Power 
management in the circuit. Clock and synchronization. Design for testability. Design for production. 
Application of IP blocks. Makrocells. Circuit/system prototyping on FPGA. 
 



Embedded Systems Design 
Embedded versus general purpose processors. Methodologies of designing hardware and software 
embedded systems. Calculation models. Limitations and challenges (high reliability, high performance, 
low cost, low power). Hardware-software codesign. Programming and code optimization. Tools for 
development and testing. Embedded operating systems. Task scheduling and execution in real time. 
Selection and installation of the operating system. Verification. Multiprocessor architectures. Types. 
Homogeneous and heterogeneous multiprocessor structures. Process elements. Interconnection 
networks. Memory systems. Phisical distribution. Design methodologies and algorithms. Multiprocessor 
software. Operating systems. Services and middleware. Verification of design. SoC design. The design of 
complex SoCs at system level. Configurable processors. Software and hardware aspects. Application 
specific processors. Automatic configuration of processor and instruction set. Compilers. Accelerator 
units. MPSoCs. Designing SoCs using cores and configurable cores. Buses and networks on chip. Operating 
systems for MPSoC. Testing and verification. Typical applications. 
 
System-on-Chip Design 
Classification of electronic systems. Specification of the systems on the chip. Data flows in the system on 
the chip. The integrity of the signal to the system on the chip. Effects of long lines. Application of different 
design methodologies on a single chip. Hierarchical levels of design. Application of IP blocks. Functional 
verification of the project. Physical verification and analysis. 
 
DSP Architectures and Algorithms 
Specificity and DSP processor architecture. Areas of DSP applications. Data presentation and arithmetic, 
the effect of finite length words, aspects of the program, working in real time, and hardware interface. 
Programming the DSP processors in assembly language and higher programming language. DSP for use in 
fixed point format. DSP in floating point format. DSP for embedded applications. DSP on FPGA. Code 
optimization. Hardware realizations: digital filters (FIR and IIR), Discrete Fourier Transform, CORDIC, 
algorithms for cryptography, digital modulation and demodulation circuits.   
 
Electronic Circuits Testing 
Defect models in analog and digital circuits. Concurrent simulation of defects. Digital circuits testing. 
Testing of combinational, sequentials and circuits with regular topology. Automation of test pattern 
generation. Testing and simulation of delay defects. Testing of systems with mixed signals. Design for 
testability. Basic Concepts of the Boundary Scan. Built-in self-test. Testing of electronics devices. 
 
Reconfigurable Systems 
Introduction to Reconfigurable Systems. Overview of the architecture of modern FPGA circuits. Trends of 
development. Design flow, methodologies and design tools. Optimization of the HDL code for FPGA 
synthesis from the aspect of performance, complexity and energy consumption. Mapping RTL structures 
to FPGA and implementation: scheduling and binding. Coarse-grained reconfigurable systems and multi-
FPGA systems. Hybrid architectures: soft-microprocessors, hardware/software co-design. Comparison of 
FPGA and multicore architectures. Implementation of arithmetic circuits in FPGA. Applications of 
reconfigurable systems in fields of: bioinformatics, digital signal processing, image processing, 
cryptography, molecular dynamics, fluid dynamics, and high-reliability systems. Advanced Topics: 
dynamic reconfigurability, and partial reconfigurability.  
 
Synthesis of Filters 
Transfer function. Characteristic function. Reflection coefficient. z and y parameters of the two port 
network. Synthesis of  passive filters. Synthesis of polynomial filters. Synthasis of  filters with finite 
transmission zeros.Minimum phase filters. Synthesis of mechanical, ceramic and crystal filters. Filters with 
distributed parameters. Synthesis of active RC filters. Filter configurations. Impedance converters. 
Realization of biquad transfer function. Active RC network with distributed parameters in the integrated 
technology. Digital filters. Transfer function of the digital filter. Bilinear z transform. The basic filter 
configurations. Recursive and nonrecursive digital filters. Direct methods of approximation in the z-



domain. IIR and FIR filter function. Filter realization. Properties of different configurations. Sensitivity. 
Decompozition. Tipical filter realization problems. Applying of MATLAB, MATHEMATICA, WORKBENCH, 
FILTER.  
 
RF Systems Architectures 
Transmitter and receiver architectures. Technologies for RF circuits production. 
Optimization of noise factors, intermodulation distortion, and stability factors in low noise amplifiers and 
balancing mixers. Jitter and phase noise in voltage controlled oscillators with negative transconductance 
and PLL frequency synthesizers. RF power amplifiers and duplexers. Multi standard transceiver. Radar, 
wireless sensor networks, special antenna systems, RFID, navigation systems. 
 
 
Computer Vision 
Extracting features in an image - global and local features (CLD MPEG-7, MPEG-7 EHD, LBP, SIFT). The 
classification features (k-means, Bayesian methods, SVM). Search and classification based on image 
content. Fast search techniques using machine learning. Detection and identification of 2D objects in an 
image. Object tracking in video sequences. Stereovision. Basics of 3D vision.  
 
Ultrasonic Technique 
Piezoelectric ceramics. Modelling of piezoelectric ceramics. Development of ultrasonic waveguide 
concentrators and sonotrodes. Modeling of metal resonators. Development, modeling and optimization 
of the power ultrasonic transducers. Development, modeling and optimization of the power electronic 
ultrasonic generators. Basic applications of power ultrasound. Ultrasonic systems for cleaning and 
welding. 
 
Measurement and Acquisition Systems 
Physical and mathematical models of measurement process. Conversion methods of processed signals 
(ADC and DAC). Signal conditioning (linearization, amplification, filtering, etc.). Acquisition of 
measurement data (multiplexing, S & H circuits, converters). Universal Acquisition Card. Standard 
interfaces and communication protocols in acquisition modules. Automatic test systems based on DAQ 
with applications. 
 
Industrial Measurement and Information Systems 
Basic block diagram of measurement-information system. Definitions. Signal Processing and Signal 
Transmission. Wired and wireless telemetry. Standards. Design of analog electronic circuits for sensors 
connection. Methods and systems for improving the signal-to-noise ratio. Computer-based systems and 
standard communication interfaces. Distributed measurement systems and Internet connectivity. Virtual 
instrumentation and virtual laboratories. 
 
Measurement and Information Technologies 
General models of the measurement process. Sources of measurement data and metrological parameters 
of measurement signals. Microelectronic circuits for the processing of measurement signals. Components 
for analog-digital conversion of measurement signals (multiplexers, semplers, ADC, DACs) and indicators. 
Architecture and hierarchical organization of software for measurement systems. Universal acquisition 
cards. Measurement-information electronic modules (DAQ, DAS). Standard interfaces. Intelligent and 
virtual measurement instruments. Principles of calibration of measurement modules and systems. 
 
Medical and Bioelectronic Measurement Technique 
Introduction to biomedical measurement instrumentation. Sources of bioelectric potentials. Biopotential 
amplifiers and signal processing. Electrostimulation. ECG, EEG, EMG, ERG. Ultrasonic medical devices. 
Electrotherapy. Defibrillators. Pacemakers. Surgical instrumentation. Instruments for the making of 
medical images based on electromagnetic radiation and on the basis of nuclear magnetic resonance. 
 



Power Devices and Circuits 
Introduction. Types and applications of power devices. Structures and technologies: bipolar, CMOS, 
BiCMOS, SOI. Discrete power devices. PN, PiN and Schottky diodes. Thyristors: SCR, GTO, triac, optically 
triggered thyristor. Bipolar Transistors. Darlington couple. Static induction power devices: SIT and SITh. 
MOS power devices: LDMOS and VDMOS transistors, MOS controlled thyristor. IGBT. Electrical 
characteristics and special effects. High current density effects, quasi-saturation, on-resistance, thermal 
effects, secondary breakdown, the effects of parasitic elements. Safe operating area (SOA). Electrical 
SPICE models. Power integrated circuits. Principles of integration of power devices, power modules and 
hybrid ICs. Monolithic power ICs: high-voltage ICs, smart power ICs and system-on-chip (SoC), isolation of 
devices on a chip. Functional blocks of smart power ICs. Driving circuits. Voltage references. Circuit for 
external communication. Protection blocks: over-voltage, over-current and temperature protection. 
Smart power application examples: smart power in automotive electronics, lighting control, electric motor 
operation control. 
 
Microsensors 
Information-processing systems. Measurement and control systems. Actuators. Sensor definitions and 
classification. General sensor characteristics and limitations. Parameters definition. Sensor calibration 
methods. Error corrections. Fabrication technology. Reliability issues. Sensors for radiation, mechanical, 
thermal ,magnetic , chemical and biological signals. Sensors design and operation. Applications. Smart 
integrated sensors and actuators. Functional blocks. Micro-electro-mechanical sensors (MEMS), 
technology, components and systems. Integrated sensors and MEMS components.  
 
Reliability of Electronic Devices and Microsystems 
Elements of reliability theory. Failure, mechanisms, and cause of failure. Reliability function, failure rate, 
bathtub curve, mean time to failure, mean time between failures, distribution functions (exponential, 
Weibull, normal, gamma distribution). Degradation and failure of microelectronic devices (defects in the 
substrate, defects in oxide, breakdown of dielectrics, failures at contacts and metallization, case and 
terminals). Overstress induced failures (elevated temperature, humidity, electric field, ionizing radiation, 
electrostatic discharge, mechanical stress and vibration). Reliability and failures in multilayer printed 
circuits boards, capacitors, coils, lithium-ion batteries, transceiver modules, MEMS components, solar 
modules. Failure diagnostics, microscopy and electrical testing. Accelerated reliability testing - 
appropriate tests and equipment, acceleration factor for individual tests. MIL-STD and IEC standards. 
Analysis of the time to failure. Chi-square test. Application of the Weibull + software package for reliability 
modeling. 
 
Prognosis of the Material Properties 
Prognosis of material properties as a basis for obtaining materials with predetermined properties. 
Scientific chain of theory-experiment. Multidisciplinary approach to studying prognosis from the point of 
view of availability of literature and the Internet. Evolution of material structure and nanometerials. 
Diagram structure-properties-technology from the standpoint of electronic  devices and the prognosis of 
metal, ceramic, amorphous, and other materials. Symmetry in solid state and liquid -crystal materials. 
Micro and atomic structure of ideal and non-ideal crystalline materials. Electronic structure as the basis 
for a modern prognosis of material properties. Thermodynamic methods of prognosis. A classical and 
statistical-thermodynamic approach to the study of thermal, mechanical, electromagnetic, 
galvanomagnetical and electro-optical phenomens. Properties and technology of materials. The prognosis 
of the materials properties  on the standpoint requires micro, nano, opto and low-temperature 
electronics. Perspectives of prognosis development with reference to modern technologies. 
 
Advanced Electronic Ceramic Materials 
New ceramic civilization. Global strategy of research and development of electronic ceramic materials. 
Correlation between the structure hierarchy (micro- and nanostructural properties) and phase 
composition on electric, semiconducting, dielectric and magnetic properties of ceramic materials. Modern 
characterization methods for ceramic materials. Stereological methods. Fractals and electronic ceramics. 



Computer technologies in the research, characterization and simulation of novel structures and properties 
of ceramic materials. Nanostructure and nanotechnology in electronic ceramics. Ceramic materials 
synthesis technology. Eclectrically conductive ceramics. Ceramic materials for various components, 
functions and properties: condensers, sensors, ferroelectrics and PTCR and NTCR effects. Optoelectronic 
ceramics. Optical fibers. Ceramic materials for microwave components of varying frequency ranges. 
Ferroelectric materials and other ceramic materials in medicine and robotics. Electronic ceramic materials 
for new energy sources, telecommunications and information technologies. Ceramic materials for space 
technologies. Ceramic materials and high integration and packaging of electronic components and 
parameters within microelectronic devices. International trends in manufacturing and recycling of 
ceramics materials, and global security considerations related to advanced ceramic materials and 
technologies. 
 
Software Engineering in Microelectronics 
Introduction. Modeling and simulation. The application of computers and software tools in the design of 
microelectronic components and systems. Design of experiment (DOE). Simulation and modeling of 
technological processes for the production of microelectronic components. Process modeling of ion 
implantation, diffusion, oxidation, etching and lithographic processes. Simulation of the electrical 
characteristics of the components. The system of fundamental semiconductor equations, models of 
mobility, generation and recombination of carriers. Domain simulation disretizacija and solving systems 
of partial differential equations. TCAD software tools. Electrical modeling. Models of passive and active 
components. Parameter extraction. Analytical, physical, numerical modeling and neural networks. 
Verification and calibration. Structural modeling. 2D and 3D structures. Thermal and mechanical stresses. 
 
Solar Systems, Technologies and Devices 
Solar energy. The photovoltaic effect. Generation of charge carriers by the absorption of light. Absorption 
in direct and indirect semiconductors. Solar cells. The basic mechanisms of energy conversion. Current-
voltage characteristics. Photocurrent, saturation currents and ohmic resistance of solar cells. High 
efficiency solar cells. Structures and processes for high efficiency solar cells. Materials and technologies 
for the production of Si solar cells. New materials, new concepts and future developments. Types of solar 
cells. Analysis and characterization of solar cells. Current-voltage characteristics, spectral response. 
Modeling of solar cells TCAD software tools. Generalized PSpice solar cells. PV systems. Components of 
PV systems. Types of PV systems. Applications of PV systems and their installation. Small PV systems to 
power mobile devices. Impact of PV systems. Recycling of PV systems. Price and PV markets. The future 
of PV systems.    
 
Technology, Design and Characterization of Microsystems 
Basic terms. Materials for microsystems - Materials in silicon technologies: monocrystalline silicon, 
polycrystalline silicon, silicon dioxide, silicon nitride, metal films, polymers. Materials in other 
technologies: silicon carbide, diamond, gallium arsenide and other III / V semiconductor compounds, 
piezoelectric ceramics. Material properties and physical effects. Technological processes in the production 
of microsystems - Standard technological processes: lithographic processes, thin layer deposition 
processes: CVD processes, PVD processes, Wet and dry etching. 
Other technological processes: anodic bonding, sol-gel deposition, electrolytic deposition. Technologies 
of Micro Machines. Surface micromachining, volume micromachining, LIGA, DXRL and EFAB technologies, 
assembling and integrating microsystems into enclosures. Flow diagram of microsystem design. 
Characterization of components and subsystems. Integration of analog and digital components of the 
microsystem. Microsystem power supply. Performance optimization. 
 
Reliability Modeling of MOS Devices 
Accelerated tests for lifetime estimation in MOS transistor. Methods of designing experiments. Bias 
temperature stressing of MOS transistor. The influence of bias temperature stressing on the electrical 
characteristics of the transistor. Modeling of electrical parameters of MOS transistors. Voltage (classical 
model based on linear extrapolation, VG model, 1/VG model, power-law model E-n) and temperature 



models for lifetime estimation of MOS transistors under normal operating conditions. Determination of 
the experimental lifetime values. Lifetime estimation - extrapolation to normal operating conditions. 
Analysis of the influence of the selection of the electrical parameter, the failure criteria, the range of 
selected voltages and temperatures, and the chosen model for lifetime estimation. 
 
Influence of Radiation on Microelectronic Devices 
Properties of gamma and neutron radiation. Defects caused by radiation in microelectronic devices. The 
impact of radiation on the electrical characteristics of microelectronic devices. Mechanisms of instability 
characteristics in microelectronic devices. Annealing of defects. 
 
Mathematical Methods of Optimization 
Elements of convex analysis. Convex sets and convex functions. Subgradients and generalization of 
convexity. Optimality and regularity conditions. Lagrange function and duality. Linear programming and 
simplex method. Nonlinear programming. Quadratic programming. Algorithms and convergence. 
Unconstrained optimization. Constrained optimization. Interior point method. Multiobjective 
optimization. Elements of calculus of variations. Variational methods. 
 
Analysis of Numerical Algorithms 
Problems of linear algebra. Direct and iterative methods for solving a system of linear equations, matrix 
inversion , and the finding matrix eigenvalues. Ill-conditioned systems. Nonlinear equations and systems. 
Newton and other methods. Method of Newton - Kantorovich. Algebraic equations. Bernoulli's method. 
Simultaneous method. Gauss - Seidel's approach. Approximation of functions. Interpolation. Problem of 
the best approximations. Differentiation and integration. Newton - Cotes and Gaussian quadrature 
formulas. Acceleration methods: convergence of sequences and series, matrix multiplication. Aitken 
method. Euler - Abel transformation. Fast Fourier Transformation (FFT). 
 
Spectral graph theory 
Topological indices of the graph based on the degrees of vertices and edges (Zagreb indices, Randić 
indices, geometric-arithmetic topological index, ABC topological index, ISI, SDD, ...). Basic characteristics 
of topological indices, bounds, values on concrete graphs. Matrices associated with the graph (adjacency 
matrix, adjacency matrix by edges, incident matrix, Laplacian matrix, normalized Laplacian matrix, Randic 
matrix, signless Laplacian matrix, ...). Graph spectrums and basic properties. Energy of matrices and 
graphs. Kirchhoff indices. Operations with graphs and spectra. Regular graphs. Measures of irregularity of 
graphs. 
 
Highly Efficient Iterative Methods 
Basic characteristics of iterative methods. Convergence analysis, order of convergence, R-order of 
convergence. Initial values problem and stability of methods. High precision iterative methods for 
determining the zeroes of the analytic function and the zeroes of polynomial.Iterative methods for 
determining the solution of the linear equations system (the Krilov space, Arnoldi iteration, GMRS 
method).Application of mathematical software tools in realization of the mentioned methods. 
 
Simulation of Industrial Systems 
The concept of simulation and methods. Design of simulation models. Simulation tools. The mathematical 
foundation of digital simulation. Numerical methods implemented in simulation tools. Simulation of 
systems with distributed parameters. Simulation of systems with discontinuities. Errors in the simulation 
and methods for overcoming them. The application of simulation in the identification, design and 
optimization of automatic control systems. Real-time simulation, hardware and software aspects, 
algorithms for numerical integration. Simulation of industrial systems. Simulation of complex systems. 
Modern trends in the simulation of industrial systems. 
 



Mathematical Models in Industry 
Models of dynamical systems. The classification of the models. Abstract models. Principles of 
mathematical modeling. Types of mathematical models. Examples of mathematical models. The 
mathematical modeling of technical systems (mechanical, hydraulic, thermal, chemical and 
technological). Simplification of mathematical models. Validation and verification of the model. 
Mathematical modeling of disturbance. Modelling of industrial systems. Modeling of complex systems. 
Current trends in modeling of industrial systems. Modeling using orthogonal functions. Applications of 
genetic algorithms, fuzzy logic and neural network in the mathematical modeling in the industry. 
Commercial software for the modeling of industrial systems. 
 
Mathematical Foundations of Statistical Learning and Applications 
 Point estimates, confidence intervals. Nonparametric methods for distribution hypothesis testing. 
Maximal likelihood method. Linear regression, dependence between two random variables, regression 
line, dependence between random and control variable. Nonlinear regression, piecewise linear 
regression, logistic regression. Time series analysis, linear and nonlinear prediction. AR processes, MA 
processes and ARMA processes. Training alghorithms based on statiatical learning. Algorithms 
 
Devices of Vacuum and Gas Electronics 
Theoretical lessons will be delivered through lectures in the following areas: electrons in electric and 
magnetic fields, electronic emissions, electronic cannons and mirrors. Electronic tubes controlled by 
gratings. Microwave components and circuits. Clistrons, multiplying components. Photoelectronic 
components, voltage regulating tubes, gas rectifier tubes, tiratrons, plasma displays, gas sources of light. 
 
Medical Physics 
Medical diagnostics. X-rays and X-ray characteristics and their application in medicine. Radiography and 
fluoroscopy, mammography, X-ray, computer tomography. Digital Flat Panel X-ray Appliances. The 
production and the characteristics of ultrasound and its application in medicine. Principle of magnetic 
resonance, and its application in medical diagnostics. Use of radioisotopes in medical diagnostics and 
radiotherapy. PET diagnostics. Electrocardiography, Laser application in medicine. Application of 
radiofrequency and optical radiation in medical diagnostics and therapy. Radiotherapy devices. 
 
Semiconductor Devices and Technologies 
Energy bands and carrier concentrations in equilibrium. Effects of a highly doped semiconductor. 
Transport of charge carriers. Diodes. Silicon bipolar transistors. Bipolar transistors based on 
heterojunctions. Modeling of bipolar transistors. Field effect transistors based on semiconductor 
compounds. GaAs MESFETs. Heterojunction Field Effect Transistors (HFETs). MOSFET transistors. 
CMOS/BiCMOS. SOI and 3D structures. Microwave components. Photovoltaic components. 
Monocrystalline silicon formation and epitaxial growth. Oxidation and growth of thin films. Diffusion and 
ion implantation. Photolithography and etching. Integrated devices. 
 
Sensors and Actuators 
Classification and terminology of sensors and actuators. Signal processing. Most important sensor types: 
magnetical, radiation, thermal, mechanical and chemical. Most important actuator types: linear and 
rotary electromechanical converters, displays, electrical converters. Interface methodologies and circuits. 
Integration aspects. Manufacturing techniques and material properties. Applications of sensors and 
actuators. 
 
Technological Processes in Gasses and Vacuum 
The properties of gases. Molecular phenomena in the gas. Transport processes in gas. The adsorbed gases. 
Electric currents in gases. Pumping and vacuum pumps. Measuring the low-pressure gas and vapor. 
Vacuum systems. Vapor deposition. Nitriding. Cleaning surfaces. Plasma metallurgy. Plasma processes in 
microelectronics.. 
 



Design and Analysis of Parallel Algorithms 
Principles of parallel algorithm design. Decomposition techniques. Data decomposition. Recursive 
decomposition. Speculative decomposition. Hybrid decomposition. Analyzing algorithms. Running time. 
Number of processors. Cost. Other measures. Parallel algorithms in linear algebra. Matrix-by-vector 
multiplication. Matrix-matrix multiplication. Solving systems of linear equations. Eigenvalue and eigen-
vectors computation.   
Parallel methods in numerical analysis. Finding roots of polynomial. Integration. Interpolation. Orthogonal 
discrete transformations. Solving partial differential equations. 
Parallel algorithms in graph theory. Transitive closure and reduction. Paths in graph. Spanning trees. 
Tunnel problem. Min-cut max-flow. Greedy algorithms. 
 
Advanced Topics in Fault Tolerant System Design 
Reliability, availability, security, performance, sustainability, testability. Failure  and error models. Fault 
tolerant strategies: Fault detection, masking, containment, location, reconfiguration, and recovery. Fault 
Tolerant Design. Modular redundancy and reconfiguration.  Partial fault-tolerance, acceptable 
performance degradation, functional and logical degradation. Design of self checking circuits. Design of 
checkers using m-out of ‘n’ codes, Berger codes and low cost residue code. 
 
Bioinformatics 
Selected topics of bioinformatics and proteomics. Fundamentals: Genetics, Proteomics, Chemistry, 
Biology. Selected algorithms used in bioinformatics applications, current real-world examples, actual 
implementations, and engineering design issues. Developing software in bioinformatics: overview of 
existing bioinformatics resources available in public, developing software for existing databanks, software 
architectures for archiving data, algorithms for search and information extraction.  The use of data 
warehouses, databases, and ontologies in the bioinformatics community. 
 
Medical Informatics 
The definition of medical informatics. The importance and the role of medical informatics (quality, 
security, price, efficiency, research methods). Medical informatics and bioinformatics. Biomedical 
informatics. telemedicine. Medical information systems. Laboratory information systems. Clinical 
information systems. Telemedicine. Telediagnostics. The classes of information. Electronic patient record. 
Web based MIS. Interoperable MIS. Data and knowledge mining. Expert systems as a part of a MIS. 
Decision support systems. Data privacy and security. Medical data transfer standards.  Medical imaging. 
DICOM. PACS. Data compression. Statistical data analysis. Data management and distribution. Data 
warehousing. Informational support for clinical researches. 
 
Applications of Spectral Techniques for Digital Devices Design 
Mathematical fundaments for the consideration of spectral techniques in the design of digital devices. 
Spectral representations of discrete functions, functional development at the level of bits and words, 
and  corresponding decision diagrams. Methods for efficient calculations of the spectral transformations, 
special emphasis on calculation  by decision diagrams. Methods for 
calculation of autocorrelation functions and their application in this field. Analysis and synthesis of logic 
functions (binary and multiple-valued) by logic networks using spectral techniques. Spectral methods for 
the synthesis of sequential networks with emphasis on the problems of coding. Analysis autocorrection 
features and reliable design of digital systems using spectral techniques. Spectral methods for testing of 
digital systems. 
 
Advanced Topics in Mobile and Ubiquitous Computing 
Introduction to mobile and ubiquitous computing. Mobile and ubiquitous computer devices: smart 
phones, smart embedded devices, wearable computers, Internet of Things. Advanced wireless networks 
and wireless protocols. Methods and systems for acquisition, processing and analysis of mobile device 
sensors data. Advanced technologies and systems for mobile positioning and location based services. 
Sensing and acquisition of context in mobile and ubiquitous computing. Wireless sensor network 



platforms and systems. Data management in mobile and ubiquitous computing and Internet of Things. 
Architecture, design and implementation of mobile and ubiquitous applications and services. Human, 
mobile computer and ubiquitous computing environment interaction. Privacy and security in mobile and 
ubiquitous computing. Advanced applications: smart homes, ubiquitous healthcare, intelligent 
transportation systems, location-based and context-aware services. 
 
Advanced Topics in Computer Graphics 
Advanced rendering and animation techniques. Volume visualization. Modeling and visualization of 
natural phenomena. Fluid visualization (smoke, fire, liquid). Modeling and visualization of the terrain. 
Molecular graphics. Fractals and chaos. Advanced Virtual Reality Techniques. Efficiency and complexity of 
computer graphics algorithms. Object-oriented graphics. Graphics and human perception. 
 
Advanced Topic in Intelligent Systems 
Intelligent Systems - Overview and Architecture. Artificial Intelligence as a basis for the Implementation 
of Intelligent Systems. Autonomous inference. Intelligent Agents. Architectures that include perception, 
learning, knowledge presentation, conclusion and reactions.Characteristics of Machine Learning: 
Combining different types of knowledge in agents (e.g. using reliability models based on probability, 
knowledge acquired and knowledge management). Coordination and collaboration among agents. 
Machine learning and processing and analysis of existing data. Knowledge and Understanding: Ontology 
and semantics. Languages for representation of ontologies. Ambient intelligence. General conceptual 
assumptions, strategy domains, business aspects, mathematical basics, and some sociological basics of 
intelligent systems. Information systems, Internet, social networks and artificial intelligence systems for 
the processing and analysis of such data. Analysis of data from Big data system and systems with large 
amount of data. Realization of "smart" systems, integration with sensors and devices from the 
environment, Internet of things and artificial intelligence. 
 
Advanced Topics in Specialized Information Systems 
Special purpose information systems with service-oriented architecture, based on advanced technologies. 
Distributed and peer-to-peer information systems. Mobile and ubiquitous information systems. 
Geographic, multimedia, medical, business, transport and intelligent information systems. Command and 
control information systems. Information systems based on large-scale data processing and analysis. 
Information systems based on publish-subscribe principle, event-based systems as well as event 
notification systems. Middleware of specialized information systems: message brokers, message oriented 
middleware, transaction oriented middleware, application servers. Analysis, design and implementation 
of specialized information systems.  
 
Mathematical Fundament of the Game Theory 
Introduction and general principles: The subject and goal of studying the theory of games. A brief overview 
of the history of game theory. Basic concepts and definitions of mathematical game theory. Terminology. 
Classification of games. Strategic and formal thinking. The importance and definitions of the rules of the 
game. The notion of the Nash equilibrium. Mathematical model of the Nash equilibrium. Mathematical 
basis of logical games. Games with simultaneous moves (static games). Games with sequential moves 
(dynamic games). General classes of games and strategies: Cooperative and non-cooperative games. 
Characteristic games. Game of skills, game of chances, strategy games. Formal definition of games. 
Strategic and tactical moves. Applications of mathematical theory of games. Applications in computer 
logic games. Mathematical basics of logic games algorithms. Other applications. 
 
Advanced Topics in E-Learning Technologies 
Research work on the upgrading of existing and development of new IT resources for learning support. 
HCI in learning. Customization of general purpose software tools for learning support. The development 
of new tools to support collaborative learning, and computer aided testing. Methods, techniques and 
tools for evaluation of learning support software (evaluation in terms of technical and educational 
quality). 



 
Web Mining and Information Retrieval 
Overview of the basic problems in the field of Web mining. Taxonomy of the Web. Analysis of the content 
of Web documents. Customizing Machine Learning techniques to Web document analysis. Ranking and 
automatic evaluation of documents. Sentiment analysis. Web structure analysis. Detect user behavior 
patterns. Tools used to analyze the Web and its application. Examples of projects based on the application 
of Web mining techniques. 
 
Audio Communications 
Audio signals (definitions, concepts). Characteristics of speech and music signals. Audio communication 
systems (structure and characteristics). Input and output acoustical environment (sound sources and 
receivers, spatial environment). Audio devices. Audio analytics. Auditory scenes (analysis and synthesis). 
Detection and classification of audio events. Audio signal processing. Sound synthesis. Subjective effects 
of sound. Spatial sound image and 3D sound. Auditory virtual environments. Audio restoration. Perceptual 
coding and audio compression. Sound sources separation and speech dereverberation. Analysis and 
processing of speech. Audio signal quality (speech quality - intelligibility). Audiometry and audiology. 
Hearing aids. Applications of sound based technology in medicine. 
 
Antennas and Propagation 
Analysis of antennas and antenna arrays (analytical and numerical methods). Synthesis of antennas and 
antenna arrays. Software tools for analysis and synthesis of antenna, antenna arrays and antenna systems. 
The design procedures for different classes of antennas that have practical applications in modern 
wireless communication systems. Adaptive antenna structure. Advanced techniques in DOA estimation. 
Electromagnetic wave propagation modeling. Electromagnetic field prediction in different local-specific 
regions for different services. Neural models for electromagnetic field prediction. Numerical, empirical, 
neural and hybrid methods in electromagnetic wave propagation modeling. Implementation of local-
specific neural and hybrid empirical-neural (HEN) models with increased efficiency of prediction . 
 
Applications of Neural Networks in Telecommunications 
Neuron and biological nervous system. Artificial neural networks (ANNs). Types of ANNs. Multilayer neural 
networks. Recurrent neural networks. Training and testing of ANNs. Models based on neural networks. 
Black-box neural models. Knowledge-based neural models. Hybrid empirical-neural models. Analysis of 
various examples of ANN applications in the field of telecommunications. Software packages to be used 
for work with ANNs. Implementing neural models in specialized CAD software packages for use in 
telecommunications. 
 
Satellite Communication Systems 
Configuration of a satellite communications system. Classification of satellites. Satellite orbits.  Satellite 
hardware - satellite subsystems. Satellite link design. Modulation techniques in satellite communication 
systems. Multiple access techniques (FDMA, TDMA, CDMA). Earth stations. Communication satellites. 
Satellite telephony. Satellite television. Satellite data communication services. VSAT systems. Satellite 
navigation systems. GPS, GLONASS, GALILEO. Integration of GPS and geographic information systems. 
Remote Sensing Satellites. Weather Satellites. Military satellites. 
 
RF and Microwave Amplifiers 
Models of microwave transistors (MOSFET, MESFET, HEMT, BJT, HBT)-models for small signals, nonlinear 
models, noise modeling. Procedure of low-noise amplifier design. Power amplifiers in class-A, AB, B, C. 
High-efficient power amplifiers (Class-F, inverse F, D, E, J. ..). Linearization techniques. Techniques for 
increasing efficiency of microwave amplifiers. 
 
Electromagnetic Compatibility and Signal Integrity 
General EMC concepts and techniques. Sources of electromagnetic interference (EMI). EMI signal 
representation and characterization. The interference coupling mechanisms. Interference control 



techniques. Coupling of electromagnetic fields with multiconductor lines. Numerical simulation 
techniques (TLM, FDTD, FEM, MoM). Numerical simulation of the coupling between the integrated 
electronic systems. Principles of designing compact multifunctional integrated circuits (System in a 
Package - SiP and System on Chip - SoC). Multilayer printed circuit boards (PCBs) and multilayer printed 
wire boards (PWBs). Clock and power distribution. 
 
Detection of Signals in Noise 
 Linear systems. The noise factor. Optimal linear systems. Nonlinear Systems - 
direct method. Nonlinear systems - transformation method. Statistical signal detection. Optimal signal 
reception in the noise. Detection of a known and an unknown signal in white and colored Gaussian noise. 
Maximization of signal-to-noise ratio and custom filters.Optimum filter for colored noise. The A Posteriori 
Theory of Reception. Statistical theory of detection. Detection based on a single sample. Detection based 
on multiple samples. Estimation of signal parameters. 
 
Communication Algorithms and Applications 
The Wiener filter and linear prediction. Adaptive transversal filters. LMS, RLS allgorithms and their 
variations. Adaptive channel equalization. DFE equalization and its alternative confgurations. 
Synchronization. Algorithms for timing and carrier phase recovery. Algorithms for carrier frequency 
recovery. Synchronization in spread spectrum systems. Implementation of communication algorithms. 
The application of communication algorithms in DSP, FPGA and ASCI circuits. 
 
5G and 6G Mobile Communications 
Modern mobile networks and development perspectives. General concept of the next generation 
networks. Adaptive network layer. Mobility management. Multi-hop cellular networks. Cognitive 
networks. Access point choice. Network optimization theory. Multi-operator spectrum sharing. Mobile 
networks and cloud computing.  
 
Information Theory and Source Coding 
Shannon entropy and differential entropy. Other measures for the amount of information and entropy. 
Markov's chain and hidden Markov models. Rate distortion heory. Source coding with fixed length of code 
words. Source coding with variable length of code words. Adaptive source coding based on robust 
quantizers. Coding algorithm based on lifting wavelet transform. Adaptive modulation and coding. 
 
Statistical Signal Processing 
Stochastic signals. Systems for adaptive signal processing of stochastic signals. Adaptation algorithms. 
System identification. Prediction. Adaptive interference suppression. Optimal receivers for systems with 
intersymbol interference. Equalization methods: linear equalization, feedback equalization, iterative 
equalization. Adaptive linear equalization. Adaptive feedback equalization. Application of Viterbi 
algorithm to equalization. Iterative decoding. BCJR (Bahl-Cocke-Jelinek-Raviv) algorithm. Monte Carlo 
simulations and importance sampling method. Software implementations in MATLAB. 
 
Digital Communications Over Fading Channel 
Fading Channel Characterization and Modeling. Multipath fading. Log-normal shadowing.  Frequency 
selective and nonselective fading. Flat fading channel modelling. Coherent detection Optimum receivers 
for fading channels.  Diversity techniques for communication over fading channels (EGC, MRC, SC, GSC, T-
GSC). MIMO systems. Optimum combining. 
 
Coherent Optical Telecommunication Systems 
Coherent detection in optical communications. Differences between IM/DD and coherent systems. 
Modulation formats. Generation of RZ-DPSK signals. Homodyne and heterodyne detection. Balanced 
detection. Quadrature receivers. Synchronous and asynchronous demodulation. Interferometric 
detection. Phase noise. Phase and polarization diversity. Polarization modulation. Multiplexing of optical 



signals. TDM, FDM, WDM, SCM, CDMA. Polarization multiplexing. Cross-phase modulation. Spectral 
efficiency of IM/DD and coherent channels. Quantum capacity limits. 
 
Theory and Applications of Software Radio 
The evolution of radio technology. Transmitter and receiver architecture. Antennas and RF front end. 
Multirate signal processing. Direct Digital Synthesis (DDS). Analog to digital and digital to analog 
conversion. Introduction to smart antennas and baseband signal processing. Antenna arrays and 
beamforming. Digital hardware choices. Software methods for software radio. Cognitive networking. 
 
Advanced Modeling Techniques for RF Applications 
Theoretical aspects of a modeling process as an integral part of the design process. Review of the 
most frequently used modeling techniques for RF applications. Introduction to the selected modeling 
techniques. Modeling components and devices for applications in RF and microwave communications. 
Modeling the propagation of mobile communication systems. Application of artificial neural networks for 
modeling RF and microwave communications. Model development in a selected field. 
 
Free-space Optical Telecommunications 
Basics of free-space optical telecommunication technologies. Integration of FSO in optical networks. Long 
range communications, satellite optical communications. Optical wireless technologies in closed spaces. 
Coherent and incoherent detection. Characteristics, modulation techniques and propagation efects. 
Optical components for FSO. Signal processing in optical an electrical domain. Diversity reception with 
different combining strategies. 
 
Advanced Signal and Data Processing 
Estimation of signal parameters. Adaptive signal processing. Kalman and adaptive filtering. Compression 
of signals and data based on advanced techniques and algorithms. Compressive sensing. Introduction to 
statistical learning. Adaptive methods of statistical learning and data processing. Soft calculation methods. 
Classification and clustering techniques. 
 
Methods for Steady-state Electromagnetic Fields Calculation 
Electromagnetic field theory. Electromagnetic problems classification in terms of time dependence. 
Equations of the steady-state electromagnetic field. Analytical methods (image theorem, method of 
separation of variables, conformal mapping). Approximate and numerical methods (estimation method, 
Howe’s method, finite difference method, finite element method, boundary element method, method of 
fictitious sources, equivalent electrodes method). Development and application of own software tools 
and application of commercial software for the electromagnetic field analysis. 
 
Inverse problems in Electromagnetics 
• Introduction: Electromagnetic field theory. Static, stationary and dynamic EM fields. Mathematical 
terms: Jacobi matrix, Hessian matrix, local and global extrema of functions. Direct and inverse problems. 
The term of objective function. 
• Establishing the main concepts in inverse problem formulation: defining a task, setting a mathematical 
model of a physical problem, defining an objective function and boundaries, selecting the optimization 
method, implementing an algorithm, analyzing the obtained solution, correcting, testing and applying the 
optimal solution. 
• Classification of optimization methods. Deterministic methods: Simplex method, Gradient descent 
algorithm, Newton's method. Variable metric methods: Gauss-Newton and Levenberg-Marquardt 
algorithms. 
• Stochastic methods. Evolutionary algorithms: Genetic Algorithm and Evolutionary Strategies. 
Hierarchical Evolutionary Strategies. Swarm Intelligence Optimization: Particle Swarm Optimization and 
Ant Colony Optimization. 
• Multi-criteria optimization. The concept of Pareto optimum. 



• Application of optimization algorithms to the test functions: Rosenbrock and Rastrigin. Comparison of 
the methods with respect to the computation time and the parameter variation effects on the 
optimization results. Inverse problems solving in applied electromagnetics (contactless material testing, 
electrocardiography, radars, magnetic resonance tomography, etc.). Publishing results in a leading 
journal. 
 
Bounday Element Method in Electromagnetics 
• Numerical methods in Electromagnetics – introduction. 
• Boundary element method (integral equations formulation, boundary elements discretization, sources 
modeling within the analysis domain, linear and square elements). Examples. 
• Hybrid boundary element method (theoretical background, system modeling, 2D and 3D problems 
analysis). Examples. 
• Modern software for electromagnetic fields analysis. 
 
Digital Control Techniques 
Modern theory of digital control systems. Sampling in digital signal processing and digital control theory. 
Uniform approach to the analysis and synthesis of digital control systems. Some elements of analysis and 
synthesis of nonlinear digital control systems. 
 
Optimal Control 
Calculus of variations. Maximum principle. Normal and singular problem of optimal control. Structure and 
design of optimal controllers. Selected topics in dynamical systems optimization. Dynamic programming. 
Hamilton-Jacobi-Bellman differential equation. Optimal solution as a function of the state vector. Singular 
control in some linear systems with quadratic cost function. Optimal control in digital systems. 
 
Variable Structure Systems 
The concept of variable structure systems and sliding mode. Continuous- and discrete-time sliding modes. 
Quasi sliding modes. Characteristics of systems with sliding mode control. Invariance conditions. Problems 
of mathematical description of sliding mode. Filippov's method. Equivalent control method. Stability of 
the systems with the sliding mode control. Systems with scalar and vector control. Methods for realization 
of sliding mode control in multivariable systems. Chattering reduction. Problems of realization of systems 
with sliding mode control. Sliding mode control in systems with finite zeros. Realization of sliding mode 
control based only on measuring of plant inputs and outputs. Examples of practical implementation of 
sliding mode control. 
 
Distributed Computer Control 
Configuration of distributed control systems. Communication networks. Control algorithms in distributed 
control systems. Economic justification of distributed management. Evaluation of distributed computer 
control systems. Microcomputer control networks. Trends in distributed computer management. 
 
Predictive Control 
 Robust model predictive control. Types of uncertainty. Feedback versus open-loop control. Nominal 
robustness. Robust MPC design of nonlinear systems. State estimation. Moving horizon estimation (MHE). 
Extended Kalman filtering. Particle filtering. Combined MHE/particle filtering. Output MPC. Linear 
constrained systems. Offset-free MPC. Nonlinear constrained systems. Distributed MPC (DMPC). 
Introduction and consideration of the existing results. Unconstrained two-player game. Constrained two-
player game. Constrained M-player game. Nonlinear DMPC. Explicit control laws for constrained linear 
systems. 
 
Adaptive Control Systems 
Parameter estimation in real time. On-line parameter estimation: gradient methods and least squares 
methods in continuous and discrete time. Parameter estimation with projection. Extremum seeking 
methods. Self-tuning regulators. Direct and indirect adaptive control: pole placement control (PPC), 



adaptive pole placement control (APPC), model reference control (MRC), model reference adaptive 
control (MRAC), adaptive backstepping with tuning functions. Machine learning methods: neuroadaptive 
control and reinforcement learning control. Practical aspects and implementation of adaptive control 
systems and introduction to computational learning theory. 
  



3rd year 
 

CODE Course Teachers L SRW ECTS 

3DNIR3 Scientific and Research Work 3   20 30 

3DZR PhD Thesis    30 

L - Lectures, SRW - Scientific and Research Work 


