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Literature survey in libraries and other sources to follow the progress in topics of interest in electrical

engineering and related areas; participation in presentation and discussion in seminar
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Literature survey in libraries and other sources to follow the progress in topics of interest in electrical

engineering and related areas; participation in presentation and discussion in seminar with other departments in

the faculty of Engineering
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Definition; classification of research; research ethics; research topic and problem; research
objective; scope of research; literature review; research proposal writing; statistical method for engineering
research; research methodology; analysis and interpretation of data; research presentation; research report

writing; case studies; research communication; research management
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Electric machine models of transformers and rotating machines; steady state and dynamic
characteristics; basic principles for electric machine analysis; theory of DC machines; reference-frame
theory; theory of symmetrical induction machines; theory of synchronous machines; theory of brushless DC
machines
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Power processing; elements in power electronics; steady-state converter analysis; steady-state
equivalent circuit, losses and efficiency analysis; switch realization; discontinuous conduction mode; AC
equivalent circuit modeling; converter transfer functions; controller design; basic magnetic theory; inductor

design; transformer design
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Averaging model of converter circuit; equivalent circuits of converters in discontinuous conduction
mode; circuit analysis and design techniques; current programmed control of pulse-width modulation

converters; modern rectifiers; power system harmonics and rectifier harmonics
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Structure and characteristics of major power semiconductor devices, power diodes, bipolar
transistors, thyristors, MOSFET and IGBT; breakdown and edge termination techniques to improve

breakdown capability; conduction characteristics and dynamic characteristics
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Introduction to variable speed drive systems, characteristics of mechanical loads, requirements of
electrical drive systems; basic principles of variable speed controls of DC motors and steady state analysis;
methods of speed control; transfer functions of separately excited DC motors; single-phase and three-phase
controlled rectifiers and chopper for DC motor drives; closed loop control of DC motors, single quadrant
and four quadrants; steady-state analysis of induction motors; speed control of induction motors, variable
terminal voltage control, variable frequency control, rotor resistance control; operation with a current source

inverter; steady state analysis of synchronous motors; synchronous motor control
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Matrix algebra and network matrices; algorithms for formation of network matrices; solutions of
simultaneous algebraic and differential equations; programming consideration; power flow studies;
economic dispatch; fault studies; power system stability; artificial intelligence ( AI) for power system

analysis
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Principles of power system protection; operating principles and characteristics of different types of
relays; instrument transformers for relaying; protection of generators, motors, transformer, buses and lines
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Renewable Energy and Distributed Generation
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Renewable energy related technology; solar technology; solar farm system; grid connection for
solar farm; grid wind generator technology; grid connection for wind farm; distributed generation and its
effects on power system stability
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Active Power Filter and Controls
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Structures of series and shunt active power filter; Design of active power filter parameters;
Harmonic identifications; Compensating current and voltage controls; DC bus voltage controls; Simulation
of control strategy by using processor in the loop (PIL); Standards of power quality
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Utility Applications of Power Electronics
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Electric Power Quality; Concepts and General Structures of Flexible Alternative Current
Transmission System ( FACTs) ; Structure and Control of Power Converters; Static VAR Compensators;

Combined Compensators; Distributed Energy Resources and Grid Interconnection; HVDC
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Modeling and Simulation of Power Electronic Systems
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Power electronics; Averaging modelling method; Small-signal model; Mathematical models of
DC/DC, AC/DC, DC/AC and AC/AC converters; Calculation of steady-state values; Model validation;

Effects of constant power loads
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Stability Analysis of Power Electronic Systems
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Negative impedances; Small-signal model; Review of power converter models; Stability analysis of
DC, AC and hybrid systems
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Artificial Intelligences in Electric Power Applications
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Simulated Annealing (SA) ; Genetic Algorithms (GA) ; Evolutionary programming ( EP) ; Tabu
search (TS); Adaptive tabu search (ATS); Ant colony system (ACS); Particle swarm optimization (PSO);
Fuzzy logic algorithm; Applications in power systems; Applications in electrical machines and drives;
Applications in power electronic control; Applications in high voltages and electromagnetic
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High Voltage Engineering
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Materials, composite materials, and insulating properties in high-voltage electrical systems; Charge
accumulation; Processes for accelerating insulation aging and inspection techniques; Standards and testing
techniques for high voltage; insulation Partial electrical discharge on insulating surfaces; detection and analysis;
insulation breakdown process Insulation condition inspection and evaluation; Research related to high voltage

Electric field modeling and control Electrical insulation design
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Special Topics in Electric Power and Power Electronics
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Lecture about special topics in electric power and power electronics
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Design and Analysis of CMOS Analog Integrated Circuits
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CMOS integrated circuit technologies/process; MOSFET model, body effects; MOSFET as a
tunable resistor; common-source, common-drain and common-gate amplifiers, negative feedback, common-
mode feedback technique; low-voltage circuit design: MOSFET operation under a sub-threshold voltage
region, pseudo differential amplifier, common-mode rejection techniques; CMOS operational amplifiers,
operational transconductance amplifiers; transistor’ s noise modelling and analysis; distortion analysis;
voltage-controlled oscillator; multiplier; current-feedback op-amp; analog integrated circuit layout
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Analog MOS Integrated Circuits for Signal Processing
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Discrete-time data signal, MOS transistors, switched-capacitor circuits; switched-current circuits;

switched op-amp circuits; comparators; filters; switching noise; simulation techniques; mixed-signal design

techniques
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Digital VLSI Circuit Design by HDL
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Theory and methodologies for digital VLSI circuit design by Hardware Description Language (HDL);
digital circuit design flow; gate-level design; register transfer level (RTL) design; combinational circuit
design; sequential circuit design; synchronous control circuit design; asynchronous control circuit design;
digital signal processing circuit design; microprocessor design; digital circuit implementation on FPGAs
(Field Programmable Gate Arrays); circuit simulation
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Biomedical Instruments
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Physiology required for understanding of the concepts, instrumentation basics, measurement of
biomedical signals, electrical safety and selected medical devices
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Noise Reduction Techniques
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Noise sources; coupling; EMC system design; grounding; balancing and filtering; shielding; active

device noise; intrinsic noise; digital circuit radiation
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Noise and Interference in Electronics
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Fundamental concepts of noise; noise analysis in linear circuits; frequency domain noise
analysis; noise models of electronic devices; external noise interference reduction methods and protection;
low-noise circuit design; noise performance measurement; noise in sensing circuits and communication

systems
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Applied Physiology and Biomechanics
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Human physiological system; tissue mechanic; mechanic of circulatory, respiratory and alimentary

system; modeling in biomechanic; application of biomechanic in human system
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Design of Analog Integrated Circuits for Biomedical Applications
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Integrated circuit technologies; transistor modeling, weak-inversion CMOS circuits, low-voltage and
low-power design techniques; filters; amplifiers; data conversion circuits; biotelemetry techniques, wireless
inductive link; wireless architectures, circuits for wireless transmitter and receiver
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Applied Prosthetic Device and Artificial Organ
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Human anatomy and characteristic of physiology; theory of rehabilitation for prosthetics and

artificial organs; human-interfacing device; biocompatibility; advanced topics and case studies in

rehabilitation engineering
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Radio-Frequency Microelectronics
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Basic concepts in radio frequency design; modulation and detection; multiple access techniques,
wireless standards; transceiver architectures; modern integrated circuit technologies; low-noise amplifiers;
mixers; oscillators; phase-locked loop, frequency synthesizers; power amplifiers; layout for high-speed

circuits
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Data Storage Technology
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Introduction to magnetic recording; basic disk drive overview; magnetic materials; head gimbal

assembly technology; magnetic media manufacturing technology; wafer/slider process and fabrication; finite

element method for hard disk modeling; heat flow and vibration problems in hard disk drives; read/write head

control; voice-coil motor control; future technology trends
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Embedded System Design
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Introduction to embedded systems; embedded system development on microcontroller; C language
for microcontroller, communication buses for devices network; device drivers and interrupt service
mechanism; programming for embedded systems; UML program modeling; real-time operating system;
design examples; simulation and debugging
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Design of Integrated Circuits for Optical Communications
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Integrated circuit technologies for optical communications; fundamentals of optical communications;
noise and jitter; laser diodes, optical fibers, photodiodes; trans impedance amplifiers; limiting amplifiers,
output buffers; oscillators, inductor-capacitor oscillators; phase-locked loop; clock and data recovery circuits;
multiplexers and laser drivers
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Modern Sensors
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Measurement systems; sensor characteristics; resonator sensors; semiconductor based sensors;

optical fiber sensors; intelligent sensors; wireless sensor networks; data acquisition and telemetry systems
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Digital Control System Design with FPGA
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Digital control principles; Z-transform techniques; difference equation; number systems; floating-
point number and fixed-point number; model-based design; direct control implementation; PID-control
implementation; adaptive control implementation; design optimization; FPGA ( Field Programmable Gate

Array) programming; simulation; hardware-in-the-loop verification; testing
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Data Conversion Integrated Circuit Design
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Sampling circuits, MOSFET switches, sample-and-hold architectures, comparator circuits, resistor-
ladder DACs, current-steering DACs, successive approximation register (SAR) ADC, pipeline ADCs, flash

ADCs, subranging ADCs, time-interleaved ADCs, delta-sigma analog-to-digital converters
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Advanced Biomedical Signal Analysis
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Biomedical signals, filtering for removal of artifacts, detection of events, analysis of waveshape and
waveform complexity, frequency domain characterization, modeling biomedical systems, analysis of
nonstationary and multicomponent signals, pattern classification and diagnostic decision
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Adaptive Signal Processing
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Stochastic processes; methods of spectral estimation; Wiener filters; linear prediction; method of
steepest descent; least-mean-square adaptive filters; method of least squares; recursive least-square adaptive
filters; Kalman filters
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Processing of Wearable Sensor Data Using Machine Learning
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Signal processing; Wearable sensor; Electromyography (EMG); Acceleration signals; Filters; Feature
extraction; Classification; KNN algorithm; Machine learning; Applications for Biomedical Engineering
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Special Topics in Electronics and Biomedical Engineering
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Lecture about special topics in electronics and biomedical engineering
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Wavelet and Signal Processing
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Introductory mathematical ideas; introductory signal processing ideas; Fourier analysis; overview of
wavelet ideas; filter banks, sub-band coding, scaling functions, wavelet multi-resolution analysis; extensions,
multi-variable and bi-orthogonal cases; thresholding; compression; de-noising
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Real-time Digital Signal Processing
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Systems and principles of real-time digital signal processing (DSP); digital signal processors; finite
impulse response (FIR) filters; infinite impulse response (IIR) filters; fast Fourier transform (FFT); adaptive
filters; real-time DSP applications
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Digital Image Processing
o A Aaa o aa a J -4 [ v o '
uuzimsdszunandaana :mJuﬁammmzﬂmﬂmmﬂﬁaﬁu ﬂ'liiﬂiﬂ'l“l/‘l NTFNAIDYN
o Z U [
uazmimaullmmaﬂumunmmw msudasnn ﬂmmumwﬁ";sm’Juuuw’\fuqmmzmiﬂiuﬂgqmw N1INTB
3 v a a L4 @
AN mmﬂﬁ’mw?\mmn NI UATICUHNIN ﬂ'lﬁ’d%}'NﬂWWi]']ﬂﬂWWQWﬂ maﬁuamﬁ’ayamw ﬂiiﬁﬁﬂ‘bﬂﬂﬂ@%u
4 a o CZ
MyUszuIaNaMUNIIMILNNG uazﬂﬁm'maaumwiuﬂswaumiwamﬂium
Introduction to digital image processing; two dimensional systems and mathematical preliminaries;
image perception; image sampling and quantization; image transform; image representation by stochastic
models; image enhancement; image filtering; image restoration; image analysis; image reconstruction from
projections; image data compression; case studies in medical imaging and visual inspection in automatic
production processes
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Digital Sound Processing
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Systems, sampling and quantization; continuous-time systems; sampling theorem; discrete-time
spectral representations; discrete-time systems; continuous-time to discrete-time system conversion;
quantization; digital filters, FIR ( finite impulse response) filters, IIR (infinite impulse response) filters,
complementary filters and filter banks; frequency warping; delays and effects, circular buffer, fractional-
length delay lines, non-recursive comb filter, recursive comb filter, sound effects based on delay lines;
spatial sound processing; sound analysis, short-time Fourier transform, linear predictive coding; sound
modeling, spectral modeling, time-domain models, nonlinear models, physical models; speech recognition
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Modern Wireless Communications
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Review of radio wave propagation and modulation; review of telephony and switching systems;
multiple access techniques and channel coding; spread spectrum; orthogonal frequency division multiplex;
equalization; diversity; channel capacity; future technology trend
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Communication Network Protocols
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OSI model; details of OSI data link layer; network layer; transport layer; communication network
protocol analysis
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Mobile Broadband Networks
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Concepts of mobile broadband networks; WiFi (IEEE 802.11 family); network architecture; 4 G
Communication technology; resource block; Throughput; radio resource management; random access
network; local area update; QoS; NB-IoT; SG communication technology; discuss research issues addressed
in the next generations
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Computer Arithmetic and Numerical Methods in Engineering
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Arithmetic and logic operation; floating-point arithmetic; error analysis; roots of equations;
interpolation and iterative methods; systems of linear algebraic equations and nonlinear algebraic equations;

numerical differentiation and integration; differential equations; design and optimization
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Information Security and Cryptography
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Information theory; abstract algebra; number theory; coding theorem; symbol codes; stream codes;
symmetric and asymmetric cryptography; public key; data integrity; digital signature and digital certificate;
applications of cryptography
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Wireless Ad Hoc and Sensor Networks
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Application of wireless ad hoc and sensor networks; architecture of wireless ad hoc and sensor
systems; digital communications and radio propagations; self-organization protocols; medium access

control; routing; IEEE 802.15.4 and ZigBee standards
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Applied Digital Control System
AVANTIATIA Fyaaunauduntie malavesnsuladuga FMIuATIZH AT
PONLLL 6aND3 NUYBIMIAILAUTIATIIA pedlsznoulugiaiugy maiinvestSgliawa msnlugu
Yosszuvana I szuuAIUgNAsneuime ST alvduazMIlszgnd lugaangsn MmIaduau

v vy
uuuﬂium‘lmmmmmmu

Digital control systems; discrete-time signals; Z-transform techniques; methods of analysis and
design; digital control algorithms; elements in the control loop; state-variable techniques; control of large-
scale systems; commercially available computer control systems and industrial applications; adaptive and

robust control
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Modern Antenna Design
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Fundamental concepts; antenna analysis; radio wave propagation in antenna system; ultra-wideband
(UWB) antenna design; multi band antenna design; antennas for radio frequency identification ( RFID)
system; antennas for wireless LAN system; diversity antenna; switched-beam antenna; phase array antenna;

small antenna design; antenna measurement techniques
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Electromagnetic Wave Engineering
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Fundamental concepts of wave; transmission line, waveguide and resonator; fundamental theory
and definitions of dyadic green function; integral equation; method of moments; geometrical theory of
diffraction
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Linear Control Systems
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System concepts; finite dimensional; vector spaces; matrices and linear operators; state space and
state equations; formulation and solution; discrete time systems; equilibrium and stability; Lyapunov theory;
controllability and observability; optimal control concepts; principle of optimality; least square theory
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Pattern Recognition and Machine Learning
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Introduction to pattern recognition; data preprocessing; pattern classification; data postprocessing;
pattern recognition applications
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Discrete Event Systems
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Modeling, analysis and control of discrete event dynamical systems; modeling formalisms
considered state machines, Petri nets and recursive processes; supervisory control theory; notions of
controllable and observable languages; analysis and control of Petri nets
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Applied Optimization
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Introduction to optimization, mathematical model, types of optimization; linear optimization,
simplex algorithm; nonlinear optimization, analytical conditions, numerical techniques for unconstrained

and constrained optimization; discrete optimization; global optimization; game theory; case studies
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Computer Vision
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Introduction to computer vision; image preprocessing for computer vision; image detection; image
tracking; image recognition; computer vision applications
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MIMO Communications
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Multiplexing capability of deterministic MIMO channels; physical modeling of MIMO channels;
modeling of MIMO fading channels; V-BLAST architecture; receiver architectures; slow fading MIMO
channel; D-BLAST architecture
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Nanosatellite Technology
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Nanosatellite; concept development; nanosatellite design; mission coordination; regulatory
licensing; ground station design; development and testing; nanosatellite hardware fabrication and testing;
Nanosatellite-to-dispenser integration and testing; dispenser-to-launch vehicle integration; launch; mission

operations; mission models; requirement sources for launch; licensing procedures
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Remote Sensing and Geographical Information Systems
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Map language; remote sensing; electromagnetic remote sensing process; physics of radiant energy;
microwave remote sensing; radar principle; synthetic aperture radar (SAR); remote sensing platforms and
sensors; visual image interpretation; digital image processing; fundamentals of GIS; spatial data modeling;
GIS data management; data analysis and modeling; integration of remote sensing and GIS; urban and

municipal applications
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Radar Systems
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Fundamental concepts of the design and operation of modern radar systems for a variety of
applications; the radar range equation; signal-to-noise ratio; radar cross section; range and velocity
ambiguity; radar clutter and statistics; detection and receiver design; tracking radar; transmitters and antenna
systems; the electronically steered phased array antenna in radar; pulsed radar; continuous-wave radar;

frequency-modulated radars; Doppler radar; synthetic aperture radar
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Small Antenna Miniaturization Techniques
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Small antenna theory; small antenna parameters; directivity; radiation efficiency; quality factor;
input impedance and matching; overview of small antenna designs; miniaturization via shaping;
miniaturization via loading; miniaturization via slow wave; negative refractive index metamaterial and
electromagnetic band gap based antennas; near-field resonant parasitic antenna; Huygens source antenna
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Smart Grid Communications
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An overview of power systems; power production and generation; power transmission; power
distribution and consumption; smart grid system; current status of smart grid; smart meter; communication
technologies; network architectures; Wireless Mesh Network (WMNs); IEC 61850; smart meter
communication; communication on intelligent electronic devices; Power Line Communication (PLC);

ZigBee protocol; wireless sensor network
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Deep Learning
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Deep learning; convolutional neural networks; recurrent neural networks; reinforcement learning;
generative adversarial networks; natural language processing
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Data Analytics and Big Data
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Data collection; data cleaning; machine learning and data analysis; data visualization; time series
analysis; big data analysis
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Network security
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Basic concept of security; mathematic for security; symmetric and asymmetric theory; reduction
algorithms; RSA cryptography; network fundamental for security; network security protocols; security tools;
security on VPN; firewall on embedded system; hacker techniques; Unix security issues; windows security
issues; legal issues in information security
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Advanced Wireless Communications
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Wireless Channel: physical modeling for wireless channels, input/output model of the wireless
channel, time and frequency coherence, statistical channel models; point-to-point communications: detection
in Rayleigh fading channel vs static AWGN channel; code design & degrees of freedom; time diversity,

antenna (space) diversity, frequency diversity; cellular systems: narrowband (GSM), wideband system

(CDMA), wideband system (OFDM)
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Capacity in Wireless Communications
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LTI Gaussian Channels: SIMO and MISO; Frequency-selective channel; Capacity of fading
channels: Slow fading channel, Receive diversity, Transmit diversity, Time and frequency diversity, Fast
fading channel, Transmitter side information, Frequency-selective fading channels
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Modern Digital Communications
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Digital transmission techniques; channel models; characteristics and effects of noise and



fading; mitigation techniques, diversity, equalization, frequency hopping, direct sequence spread spectrum,
error correcting codes; performance analysis and simulation; other advance topics, turbo coding and OFDM
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Random Signal Analysis
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Introduction to random processes; statistical characterization of measured environmental
parameters; electrical signal correlation and spectral analysis; detection of signals in noise; optimum filtering
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Radio propagation models and optimization
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Signal processing; Wearable sensor; Electromyography (EMG); Acceleration signals; Filters;
Feature extraction; Classification; KNN algorithm; Machine learning; Applications for Biomedical
Engineering
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Lecture about special topics in DSP and Communications
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Research Reading and Writing
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How to read effectively; introduction to academic writing; writing styles; writing general-specific
texts; sentence definitions, extended definitions, contrastive definitions, comparative definitions and
generalizations; problem structure and statements; procedures and processes statements; writing critiques;
paragraphing; data commentary; writing introductions; writing conclusion; constructing a research paper;
how to give a successful presentation
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Independent Study
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Study on topics of interest in electrical engineering under supervision of advisors; important basics

and theories; study result report and oral examination
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Research on topics of interest in electrical engineering under supervision of advisors; presentation
and oral examination every registered semester; preparation of thesis in proper form
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Thesis
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Research on topics of interest in electrical engineering under supervision of advisors;
presentation and oral examination every registered semester; preparation of thesis in proper form
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