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COMMUNICATION SYSTEM ENGINEERING

Specialization in

1st semester

Sr. No. |Subject Code Subject Teaching Hours Credit
Theory L T P
Fundamentals of Research
Methodology (University common
1 | RS6001 subject) 3 0 0 3
Advanced Digital Communication
2 | EC6101 Techniques 3 1 0 4
Wireless & Cellular
3 | EC6109 Communication 3 1 0 4
4 | EC6309 RF & Antenna Engineering 3 1 0 4
5 Dept. Elective-1 3 0 0 3
Total Theory 18 18
Practical
Advanced Communication
7 | EC6193 Engineering lab 0 0 2 1
Advanced Microwave Engineering
8 | EC6391 Laboratory 0 0 2 1
Total Practical 4 2
Sessional
Total Semester Credit 20
2nd Semester
Teaching
Sr. No. [Subject Code | Subject Hours Credit
Theory L |T |P
Information theory & Coding
1| EC6103 Techniques 3 0 0 3
2 | EC6106 Advanced Digital Signal Processing 3 1 0 4
Optimization Techniques in Engineering
3 | EC6320 and its Application 3 0 0 3
4 Dept. Elective-I1 3 0 0 3
5 Dept. Elective-I11 3 0 0 3
Total Theory 16 16
Practical
7 | EC6192 Advanced Design Simulation Lab 0 0 2 1
Total Practical 3 1
Sessional
8 | EC6182 Seminar 2 1
9 | EC6184 Comprehensive Viva-Voce - 2




Semester Total 21 20

3rd Semester
1 | EC6187 Thesis Part-I - 14
Total 14

4th Semester
EC6188 Thesis Part-I1 - 16
Total M. Tech. credit 70

Dept. level Common Subject across all Specialization

EC6320 Optimization Techniques in Engineering and its Application 3
Elective - 1
EC6119 Optical Communication & Networks 3
EC6121 Cognitive Radio & Co-operative communication 3
EC6115 Biomedical Signal Analysis 3
EC6117 RF Planning & Design 3
Elective-11
EC6130 Digital Image & Video Processing 3
EC6122 Satellite Communication systems 3
EC6138 Statistical Signal Processing 3
EC6128 Wireless Sensor Network 3
Elective-111
EC6114 Spread Spectrum Techniques & Multiple Access 3
EC6116 Machine learning & Artificial Intelligence 3
EC6118 Voice and data networks 3
EC6120 Nano Photonics 3




Specialization in

VLSI DESIGN AND EMBEDDED SYSTEMS

1st semester
Sr. No. | Subject Code Subject Teaching Hours Credit
Theory L T P
Fundamentals of Research
Methodology (University
1 | RS6001 Common Subject) 3 0 3
2 | EC6209 Digital VLSI Circuits & Systems 0 3 3
Digital System Design and its
3 | EC6217 Application 3 0 3 3
4 | EC6203 MOS Device Modeling 3 0 3 3
5 | EC6207 Analog CMOS VLSI Circuits 3 0 3 3
6 Dept. Elective-1 3 0 3 3
Total Theory 18 18
Practical
7 | EC6291 VLSI Design Lab-1 0 0 3 1.5
8 | EC6293 Digital System Design Lab 0 0 3 1.5
Total Practical 6 3
Total Semester Credit 21
2nd Semester
Teaching
Sr. No. |Subject Code | Subject Hours Credit
Theory L |T |P
Optimization Techniques in Engineering
EC6320 and its Application
1 (Department Level Common Subject) 3 0 3 3
2 | EC6202 Embedded System Design 3 0 3 3
3 Dept. Elective-11 3 0 3 3
4 Dept. Elective-I11 3 0 3 3
5 | EC6204 Testing of VLSI Circuit 3 0 3 3
Total Theory | 15 15 15
Practical
EC6292 VLSI Design Lab-II 0 3 1.5
8 | EC6294 Embedded System Design Lab 0 0 3 1.5
Total Practical 6 3
Sessional
9 | EC6282 Seminar 2 1
10 | EC6284 Comprehensive Viva-Voce - 2
Semester Total 24 21
3rd Semester
EC6287 Thesis Part-1 - 14
Total 14




4th Semester

EC7288 Thesis Part-I1 16
Total M. Tech. credit 72
Electives for Specialization in VLSI Design and Embedded Systems
Elective - 1
EC6211 VLSI Technology 3
EC6213 Architectural Design of IC 3
EC6219 ASIC and SoC Design 3
Elective-11
EC6224 Low Power VLSI Design 3
EC6234 RF IC Design 3
EC6246 Memory Design 3
Elective-I11
EC6222 Mixed Signal IC Design 3
EC6236 Mems Design 3
EC6248 VLSI Signal Processing 3




Specialization in

RF and MICROWAVE ENGINEERING

1st semester
Sr. No. | Subject Code Subject Teaching Hours Credit
Theory L T P
Fundamentals of Research
Methodology (University
1 | RS6001 Common Subject) 3 0 0 3
2 | EC6319 Advanced Electromagnetics 3 0 0 3
3 | EC6307 Microwave Devices 3 0 0 3
4 | EC6309 RF & Antenna Engineering 3 1 0 4
5 Dept. Elective-I 3 0 0 3
Total Theory 17 16
Practical
EC6391 Advanced Microwave Engineering 0 0 2 1
6 Laboratory
Total Practical 2 1
Sessional
Total Semester Credit 17
2nd Semester
Teaching
Sr. No. | Subject Code | Subject Hours Credit
Theory L |T P
Optimization Techniques in Engineering
EC6320 and its Application
1 (Department Level Common Subject) 3 0 0 3
2 | EC6302 RF Circuit Design 3 1 0 4
3| EC6316 Microwave Integrated Circuits 3 0 0 3
4 | EC6322 Planar and Small Antennas 3/ 0 0 3
5 Dept. Elective-II 3 0 0 3
6 Dept. Elective-I11 3 0 0 3
Total Theory 19 19
Practical
EC6392 Microwave Design and Simulation 0| 0 2 1
7 Laboratory
Total Practical 2 1
Sessional
8 | EC6382 Seminar 2 1
9 | EC6384 Comprehensive Viva-Voce 2

Total Semester Credit

23

[Commented [11:




3rd Semester
1 | EC6387 Thesis Part-1 14
Total Semester Credit 14
4th Semester
1 | EC6388 Thesis Part-11 16
Total Semester Credit 16
Total M. Tech. credit 70
Dept. level Common Subject across all Specialization
EC6320 | Optimization Techniques in Engineering and its Application \ 3
Elective-1
;l(; Sgl())](;eect Subject Name Credit
1 EC6315 | Computational Electromagnetics 3
2. EC6311 | Microwave Remote Sensing 3
3. EC6113 | Artificial Neural Network and Fuzzy Systems 3
4 EC6108 | Optical Communication & Networks 3
Elective-II
;l(; Sgl())gs:t Subject Name Credit
1. EC6312 | Electromagnetic Interference and Electromagnetic Compatibility 3
2. EC6122 | Satellite Communication Systems 3
3. EC6128 | Wireless Sensor Network 3
4 EC6318 | RF Micro-Electromechanical Systems 3
Elective-111
;l(; Sgl())j;ect Subject Name Credit
1. EC6314 | RADAR and Navigation Engineering 3
2. EC6324 | Adaptive Antennas and Smart Antennas 3
3. EC6326 | Millimetre Wave Communication Systems 3
4 EC6114 | Spread Spectrum Techniques and Multiple Access 3




Detailed Syllabus

Common Course for all M. Tech Programs (University Common Subject)

RS 6001 FUNDAMENTALS OF RESEARCH METHODOLOGY Cr-3
Course Outcome: At the end of the course, students will be able to:

COl. conduct review of literature effectively

CO2. formulate a viable research problem

CO3. effectively write a technical paper based on research findings
CO4. analyze and interpret research data

COS5. develop awareness on IPR and allied issues

CO6. follow ethical practices in research

Module 1:
Introduction: Types of research, Literature review, Research gap, Motivation,
Research objectives and specifications, Formulation of research questions, Research
approach, Research hypothesis.

Module 2:
Research ~ Writing:  Methodology to  write a  technical  paper/short
communication/research  proposal/monograph, Abstract writing, Report or
presentation of results, Bibliography.

Module 3:
Data Analysis: Classification of data, Methods of data collection, Statistical
techniques, Design of experiments and choosing an appropriate statistical technique,
Introduction to mathematical modeling (regression, model fitting), Hypothesis testing,
Statistical inference.

Module 4:
Intellectual Property: Intellectual property, Patent, Trademark, GI, Copyright and
related rights, Research Incentives, PCT and WIPO.
Plagiarism: Definition, Plagiarism and consequences, IPR Violation and Detection.

Module 5:
Research Ethics: Professional ethics in research, Ethical issues, Definition and
importance, Ethical guidelines, Peer review, Research misconduct, Conflicts of
interest.

Reference Books:

1. C. R. Kothari, Research Methodology, New Age International, 2004.

2. Panneerselvam, Research Methodology, Prentice Hall of India, New Delhi, 2012.

3. J. W. Bames, Statistical Analysis for Engineers and Scientists, Tata McGraw-Hill,
New York.

4. Donald Cooper, Business Research Methods, Tata McGraw-Hill, New Delhi.

5. Leedy P. D., Practical Research: Planning and Design, McMillan Publishing Co.

6. Day R. A., How to Write and Publish a Scientific Paper, Cambridge University
Press, 1989.

7. Manna, Chakraborti, Values and Ethics in Business Profession, Prentice Hall of
India, New Delhi, 2012.

8. R. Subramanian, Professional Ethics, Oxford University Press, 2013.



Specialization in Communication System Engineering

EC6101 Advanced Digital Communication Techniques Cr-4

Couse outcomes: After completion of the course the students will be able to

COl. Analyze random processes for the design of digital communication systems.
CO2. Differentiate between different digital modulation schemes.

CO3. Study to design an optimum receiver for AWGN channels.

CO4. Determination of carrier with Symbol Synchronization.

COS5. Analyze different types of adaptive equalization methods and related issues.
CO6. Study of Signal Detection and Estimation.

Prerequisite: Digital Communication

Digital Modulation Schemes: Memory-less modulation method, QAM signalling with memory,
Continuous-Phase Frequency Shift Keying (CPFSK), Continuous-Phase Modulation (CPM), Power
Spectral Density (PSD): digital signal with memory, linearly modulated signal with finite mean; PSD
of CFPSK and CPM signals. (10)

Principles of Detection Theory: Binary and m-ary hypothesis testing. Multi-hypothesis testing;
sufficient statistics; Baye’s likelihood ratio test. (5)

Optimum Receiver for AWGN Channels: Correlation Receiver, Matched filter receiver, optimal
detection, error probability for band limited signal, optimal detection, detection of signalling schemes
with memory performance analysis for wire-line and radio communication. (8)

Synchronization: Carrier phase estimation (maximum likelihood, phase lock looped, decision-directed
loop), symbol time estimation (maximum likelihood, non-decision-directed timing estimation), joint
estimation of carrier phase and symbol timing. (7)

Digital Communication through Band-Limited Channels: Band-limited channel; characterization,
optimal receiver for band-limited channels with IST and AWGN. (7)

Linear equalization Adaptive Equalization: Equalization (peak distortion criteria, Mean Square
Error (MSE) criteria), decision feedback equalizer, zero forcing, LMS, adaptive decision feedback,
recursive least square (Kalman), blind equalization. (11)

Books
1. John G. Proakis and Masoud Salehi: Digital Communication, 5" Edition, McGraw hill
International, 2008
2. Amos Lapidoth, A Foundation in Digital Communications, Cambridge University
Press, 2009

Reference Books:
1. Carlson A. and Paul Crilly, Communication Systems, 5" Edition. McGraw hill
International, 2009.
2. Simon Haykin, Digital Communications, John Wiley & Sons, 2000



EC6109 Wireless & Cellular Communication Cr-4

Couse outcomes: After completion of the course the students will be able to

CO1: Comprehend the significance of terminology associated with cellular architecture and
determine the performance parameters of cell splitting, sectoring, and microcell zone
techniques.

CO2: Solve problems associated with basic propagation models like two ray reflection model,
Knife edge propagation model etc and able to analyze signal degradation in wireless
out door propagation models.

CO3: Comprehend and analyze the concepts of channel equalization and various diversity
techniques.

CO4: Comprehend and analyze the concepts of Spread Spectrum and its applications.

COS5: Comprehend and analyze the concepts of MC-CDMA and OFDMA modulation and
concept MIMO antenna System.

CO6: Comprehend and analyze the concepts of Ultra-wideband Communication, various
wireless standards and various research trends in wireless and cellular communication.

Prerequisites: Analog Communication Techniques, Digital Communication Techniques,
Communication engineering

Overview of Cellular Concept

Introduction to cellular system, Cellular System Architecture, Frequency Reuse, Channel Assignment
Strategies, Types of Interference , System Capacity, Near — Far Problem, Hand off, System capacity
Improvement Techniques , Tele-traffic Theory. (8 hours)

RF Propagation & Multi-path Model

Free space propagation model, propagation mechanism, Large Scale fading, Diffraction & Scattering
by high —raise structures, shadowing and path loss, Small Scale Fading, Doppler and time-delay spread,
coherence Bandwidth and coherence-Time, Types of Small — Scale Fading.(8 hours)

Equalization and Diversity Techniques:
Fundamentals of Equalization, Adaptive equalizer, Concept of diversity, Types of diversity (space,
time, frequency, polarization, Rake receiver (6 hours)

Spread Spectrum modulation and CDMA:

Spread Spectrum Modulation and principle, PN sequence and its properties. Direct sequence SS and
frequency — hopped SS (DS — SS and FH — SS), TH — SS, Spread Spectrum for CDMA, Walsh codes,
Variable Tree OVSF.(6 hours)

OFDM and Multicarrier Modulation:

Introduction to OFDM ,Multicarrier modulation and cyclic Prefix, Channel model and SNR
performance, OFDM issues-PAPR, Frequency and Timing Offset issues(4 hours)

Multiple Antennas and space time communications:
Concept of Multi input multi output Antenna system, Narrow band MIMO model. MIMO channel
capacity, MIMO Diversity gain, Space time Modulation & Coding, MIMO-OFDM.(4hours)



UWB (Ultra wide Band) communication:
UWRB Definition and features, UWB Wireless Channels, UWB Data Modulation, Uniform Pulse Train,
BER performance of UWB.(4 hours)

Wireless Standards and Current research domain in wireless and mobile
communication:

GSM, GPRS, WCDMA, Wimax, LTE support technologies, Cognitive radio, mobility management,
Wireless sensor networks.(8 hours)

Text books:

1. Wireless Communication — T.S.Rappaport — Pearson Education
2. Wireless Communication — Andrea Goldsmith — Cambridge Press
Referece books:

1. Wireless and Cellular Communication — C. Y. Lee — McGraw Hill
2. Mobile Communication — Schillar — Pearson Education
3. Communication System — Simon Haykin — John Willey

EC6309 RF and Antenna Engineering Cr -4
Couse outcomes: After completion of the course the students will be able to

CO1: Memorize and learn microwave vacuum tubes and principle of microwave components.
CO2: Understand antenna basics and operation commonly used antennas.

CO3: Solve the design problems of broadband antennas.

CO4: Analyze and synthesize antenna arrays.

CO5: Judge the design principle of reflector antenna and microstrip antenna.

CO6: Investigate the antenna techniques for cellular communication.

Prerequisite: Electromagnetic Theory

Microwave Tubes: Limitations of conventional vacuum tubes, Reentrant cavities, Klystron
amplifier (velocity modulation, bunching process, power output, efficiency), Slow wave
structure, helix TWT.

Microwave Components: Scattering matrix formulation of microwave network, Tees,
waveguide directional couplers (two-hole and Bathe-hole), rat-race ring, precision variable
attenuator, coaxial attenuator, microwave phase shifters, waveguide slotted section, circulator,
isolator, crystal detector.

Antenna Basics: Radiation mechanism, far field & near field, radiation pattern, E-plane & H-
plane, radiation resistance, efficiency, effective aperture area, directivity, gain, beamwidth,
bandwidth, linear & elliptic polarizations, cross polarization, antenna factor, antenna-noise
temperature, equivalence theorem, Friis transmission formula.

Antennas: Dipole & monopole antennas, sleeve antenna. Waveguide antenna, pyramidal and
conical horns, sectoral horns, Helical antenna and dielectric resonator antenna, Discone



antenna, turnstile antenna, plasma antenna, Vivaldi antenna, electrically small antennas and
their fundamental limits.

Broadband and Frequency-independent Antennas: Rumsay’s principle, planar log-spiral
antenna, log-periodic antenna, Yagi-Uda array.

Antenna Arrays: Uniform n-element linear array, grating lobes, planar antenna array, phased
array antenna, adaptive antennas, Dolph-Tchebyscheff array, basic concept of thinned array
antennas and methods of array thinning.

Reflector Antennas: Corner reflectors, parabolic reflector, losses in parabolic reflector, tilted
and offset-fed parabolic reflector, Cassegrain antenna.

Microstrip Antennas: Advantages and disadvantages of microstrip patch antennas, radiation
from microstrip antenna, field configurations, design equations for rectangular and circular
microstrip patches. Analysis of microstrip antennas using transmission line model and cavity
method, Stacked, proximity-coupled and aperture-coupled microstrip antennas, ceramic
antenna, PIFA.

Special Antenna Techniques for Wireless Communications: Antenna Diversity
Techniques, base station and mobile station antennas, Sector Antennas, Smart Antennas,
MIMO antennas, SDMA Antennas, concept of UWB antennas.

Text Books:

1. Antennas for All Applications-J. D. Kraus & R. J. Marhefka, Tata McGraw Hill, 3" Ed.,
2007.

2. Antenna Theory — Analysis and Design-C. A. Balanis, Harper & Row, 3 Ed., 2005.

Reference Books:
1. Antennas and Radio Wave Propagation-R. E. Collin, McGraw Hill, 1% Ed., 1985.

EC-6103 INFORMATION THEORY AND CODING TECHNIQUES Cr-4
Couse outcomes: After completion of the course the students will be able to

COl: Understand the different sources of information and formulate their corresponding mathematical
expression.

CO2: Develop the problem solving skills on source coding techniques.

CO3: Analyse the different channel coding schemes and evaluate the different coding channels
performance.

CO4: Compare and evaluate various error detecting codes.

COS: Analyse and evaluate various error correcting codes.

CO6: Design and implement of various coding techniques and application in real time communication
system.



Prerequisite: - Digital Communication Techniques.

Information & Entropy: Introduction to information theory, self information, mutual information,
conditional self information, average mutual information. Entropy & information, conditional entropy,
properties of binary entropy function.

Source Coding: Analog source, Digital sources, Discrete Memoryless Sources. Noiseless coding,
entropy coding, instantaneous codes, code efficiency & redundancy, information rate, source coding
theorem, VLC, FLC, prefix codes, Kraft inequality, Shannon-Fano algorithm, Huffman coding
algorithm, Lempel-Ziv algorithm, Run length encoding, Shannon’s first and second fundamental
theorems, extension of zero-memory sources, Markov sources and extension of Markov sources.

Channel Capacity & Coding: Discrete Memoryless channel, hard decision decoding and soft decision
decoding, discrete channel with discrete noise, channel capacity and channel efficiency, channel matrix,
binary symmetric channel (BSC), binary erase channel (BEC), lossless channel, deterministic channel,
noiseless channel. Channel coding theorem, critical rate, information capacity theorem (channel
capacity theorem), the Shannon limit.

Channel Coding (Error Control Coding)-I: Introduction to error correcting codes, definitions of
word, codeword, code, weight, distance, Galois field, vectors, matrices, generator matrix. FEC & ARQ.
Linear code and linear block code, theorems of linear block code, code rate, matrix description of linear
block codes, parity check matrix, systematic code, decoding of linear block codes, a standard array,
syndrome decoding, error probability after coding. Hadamard codes and Hamming codes, optimal linear
codes, maximum distance separable codes, Hamming bound and perfect code, binary Golay code.

Channel Coding (Error Control Coding)-II: Binary cyclic codes, method of generating cyclic codes,
burst error correction, Fire codes, circuit implementation of cyclic codes, cyclic redundancy check
(CRC) codes, Meggitt decoder. Primitive element & minimal polynomial, Bose-Chaudhuri-
Hocquenghem (BCH) codes, generator polynomial for BCH code, examples of BCH codes, Reed-
Solomon codes, nested codes. Convolutional codes, tree codes & trellis codes, polynomial description
of convolutional codes, Viterbi decoding of convolutional codes.

Text Books:
1. Information Theory, Coding and Cryptography — R. Bose, 2nd Edition, Tata McGraw Hill.
2. Elements of Information Theory - T. M. Cover & J. A. Thomas, 2™ edition, Wiley & Sons

Reference Books:

1. Digital Communication —J. G. Proakis, 4" Edition, Tata McGraw Hill
2. Principles of Digital Communication —J. Das, S. K. Mullick& P. K. Chatterjee

EC-6106 ADVANCED DIGITAL SIGNAL PROCESSING Cr-4

Couse outcomes: After completion of the course the students will be able to

CO1 Design digital FIR and IIR filters

CO2 Analyze and design different multirate systems

CO3 Differentiate between different transformations to analyze non-stationary signals
CO4 Analyze wavelet transforms and apply it for signal decomposition

CO5 Design of adaptive filters for different applications

CO6 Differentiate between parametric and non-parametric spectrum estimation techniques

Introduction:



Fundamentals Frequency domain analysis and Fourier Transform, Basic Filters, Ideal Filer
Characteristics, Characteristics of Practical Frequency selective Filters, Fundamentals of FIR
and IIR Filters , Structural Realization of FIR & IIR Filters.

Multirate Digital Signal Processing

Review of sampling theory, Sampling rate conversion, Polyphase implementation of FIR filters
for rate conversion, Multistage implementations, Applications of Multirate Signal Processing,
Digital Filter Banks, Subband Coding Basics, Subband Decomposition and Two-Channel
Perfect Reconstruction Quadrature Mirror Filter Bank, M-Channel Quadrature Mirror Filter
Bank.

Wavelet and Short Time Fourier Analysis

Fourier Transform : Its power and Limitations , Short Time Fourier Transform, The Gabor
Transform, Continuous Wavelet Transform, Wavelet Transform Ideal Case-Perfect
Reconstruction Filter Banks and wavelets, multi-resolution decomposition, Haar Wavelet.

Adaptive Filtering

Wiener filtering. Optimum linear prediction. Levinson- Durbin algorithm. Prediction error
filters. Adaptive filters. FIR adaptive LMS algorithm. Convergence of adaptive algorithms.
Fast algorithms. Applications; Noise canceller, echo canceller and equalizer. Recursive least —
squares algorithms. Matrix inversion lemma. Convergence analysis of the RLS algorithm.
Kalman filtering.

Spectral Estimation
Review of the theory of random processes , Spectrum estimation. Estimation of autocorrelation.
Periodogram method. Nonparametric methods. Parametric methods.

Text Books
3. Digital Signal Processing —J. G. Proakis & D. G. Manolakes, 4" edition — PHI
4. A Wavelet Tour of Signal Processing the Sparse Way, Stephane Mallat, , Elsevier, 2009

Reference Books
1. Multirate Systems and Filter Banks, P. P. Vaidyanathan, Prentice-Hall, 1993.
2. Wavelets and Signal Processing, Hans-Georg Stark, Springer, 2005
3. Statistical Digital Signal Processing and Modeling, M. Hayes, Wiley, 1996.
5. Statistical and Adaptive Signal Processing, D.G.Manolakis V. K. Ingle, and S. M. Kogon,
McGraw-Hill,2005

EC6320 Optimization Techniques in Engineering and its Application Cr-3

Couse outcomes: After completion of the course the students will be able to

CO1 Describe clearly an engineering problem, identify its parts and formulate the
optimal problem.

CO2 Frame fitness functions and cost functions for engineering optimization
problems and specify the constraints as required.

CO3 Implement different single variable optimization algorithms including the
gradient based methods.



CO4 Apply and implement fuzzy logic and fuzzy inference schemes to engineering and
real world problems.

COS5 Implement Bio-inspired optimization algorithms for solving complex
engineering problems.

CO6 Implement different types of neural networks, training algorithms, in context of
modelling engineering systems.

Optimization: Optimal problem formulation, single variable optimization algorithms: exhaustive
search method, golden section search method, Newton-Raphson method and other methods.
Multivariable optimization algorithms: direct search methods, gradient-based methods and other
methods. Constrained optimization. Local and global optimization. Single objective and multi-
objective optimization.

Integer programming, Geometric programming, simulated annealing,

Evolutionary Computing and Swarm Intelligence: Genetic algorithm, particle swarm
optimization, Bacterial Foraging Optimization and other biologically inspired algorithms.

Artificial Neural Network: Introduction, Typical applications of ANNs : Classification,
Clustering, Vector Quantization, Pattern Recognition, Function Approximation, Forecasting,
Control, Optimization; NN model, NN architecture, Single-layer networks; Perceptron-Linear
separability, Training algorithm, Limitations; Multi-layer networks- Architecture, Back
Propagation Algorithm (BTA) and other training algorithms, Applications. Feed-forward
networks, Radial-Basis-Function (RBF) and adaptive NN. Introduction to fuzzy logic.

Text Books:

1. Optimization for Engineering Design: Algorithms and Examples, Kalyanmoy Deb, 2'
edition PHI, 2012

2. Genetic Algorithms in search, Optimization and machine learning, D. E. Goldberg,
Pearson, 2013.

Reference Books:
1. E. Bonabeau, M. Dorigo and G. Theraulaz, Swarm Intelligence : From natural to
Artificial Systems, 1999.
2. R. C. Eberhart, Y. Sai and J. Kennedy, Swarm Intelligence, The Morgan Kaufmann
Series in artificial Intelligence, 2001.
3. K. Mehrotra, C.K. Mohan and Sanjay Ranka, Elements of Artificial Neural Networks,
MIT Press, 1997 - [Indian Reprint Penram International Publishing (India), 1997]
4. Simon Haykin, Neural Networks - A Comprehensive Foundation, Pearson, 2009.
5. Martin T. Hagan, Howard B. Demuth, Mark H. Beale; Neural Network Design;
Thomson 2002
6. A Cichocki and R. Unbehauen, Neural Networks for Optimization and Signal
Processing, John Wiley and Sons, 1993.

7. J.M. Zurada, Introduction to Artificial Neural Networks, (Indian edition) Jaico Publishers, Mumbai, 1" edition,
1999.

EC-6119  Optical Communication & Networks CR-3

Course Outcome: At the end of this course, students will be able to:
COl. gain knowledge on light propagation and types of modes through optical fiber.



CO2. analyze various types of losses, dispersion and bandwidth requirement forfiber-optic
communication.

CO3. gain knowledge on the modulation and design of various optical transmitters.

CO4. differentiate between types of optical receivers, SNR, NEP and BER.

COS. contribute in the areas of optical network and WDM design.

CO6. implement simple optical network and understand technology developments for future
enhanced network.

Introduction to optical communication:

Brief overview of optical fibers, optical frequencies, principle of Light Propagation in a fiber,
advantages of optical fiber communication, fiber optic communication systems, fiber optic
components and cables, materials used for fabrication of optical fiber.

Wave Propagation in optical fiber:

Relation between refractive index and velocity of light, basic structure and ray diagram of
optical path in an optical fibre, acceptance cone, numerical aperture, concepts of modes,
qualitative analysis of EM wave propagation in cylindrical waveguide, different types of mode
in optical fibers, cut-off condition for guided modes, boundary conditions, single mode, muti-
mode graded index fiber, concept of V-numbers and its importance, connectors and splices
Losses in optical fiber:

Attenuation, pulse spreading, Rayleigh scattering loss, absorption loss, bending loss, leaky
modes, core and cladding loss, concept of dispersion, intermodal dispersion, intermodal
dispersion, wave guide and material dispersion, minimization of dispersion.

Optical Transmitter and Modulation:

Characteristics of a good optical source, principle of operation of LED, LED driver circuits,
types of LED structure, principle of operation of Laser diode, Laser driver circuits, Laser
structure, comparison of LED/Laser. Intensity modulation using LED and Laser diode, analog
and digital modulation of LED/Laser, digital modulation formats, pulse code modulation,
Optical Time-Division Multiplexing(OTDM).

Optical Receivers and Measurements:

Photo detectors - principles, technology, parameters and characteristics, principle of operation
of PIN diode based receiver, structure, current characteristics, principle of operation of APD
based receiver, structure, current characteristics, comparison of PIN/APD, receiver amplifiers,
noises(thermal noise and shot noise) at optical receivers, SNR and Noise equivalent power.
Numerical aperture measurement, fiber attenuation and scattering loss measurement, optical
time domain reflectometer (OTDR), dispersion loss measurement.

Digital Optical Communication Links:

BER in quantum limit, BER analysis in presence for PIN based and APD based receivers in
presence of shot and thermal noise components, link design, power budget and rise-time
budget.

Optical Networks:

Basics Networks- SONET/SDH, High-Speed Lightwave Links, Optical Add/Drop
Multiplexing(OADM), Optical Switching, burst switching, Principle of operation of WDM,
WDM Networks examples, PassiveOptical Networks(PON), GPON, IP over DWDM, Optical
Ethernet.

Text Books



1. Optical Fiber Communication Systems, Gerd Keiser, Tata Mc-Graw Hill, 2013
2. Fiber Optics Communications, J.C. Palais, Pearson Education, 2005

Reference Books:
1. Optical Fiber Communications, John M Senior, Pearson Education.

2. Fiber-Optic Communication Systems, Govind P. Agrawal, Wiley Publication.

ECe6121 Cognitive Radio and Co-operative Communication  Cr-3

Couse outcomes: After completion of the course the students will be able to

CO1 Comprehend the significance of terminology associated with cognitive radio
architecture and components of spectrum sensing, spectrum analysis.

CcO2 Analyze Spectrum sensing , collaborative sensing and implementation.
CO3 Differentiate between different optimization techniques of spectrum allocation.
CO4 Study and implementation of algorithms in spectrum management.
CO5 Comprehend the significance of terminology associated with Spectrum Trading.
CO6 Analyze the Research Challenges and issues in Cognitive Radio.

Unit 1

Introduction to Cognitive Radios: Digital dividend, cognitive radio (CR) architecture,
functions of cognitive radio, dynamic spectrum access (DSA), components of cognitive radio,
spectrum sensing, spectrum analysis and decision, potential applications of cognitive radio.
Unit 2

Spectrum Sensing: Spectrum sensing, detection of spectrum holes (TVWS), collaborative
sensing, geo-location database and spectrum sharing business models (spectrum of commons,
real time secondary spectrum market).

Unit 3

Optimization Techniques of Dynamic Spectrum Allocation: Linear programming, convex
programming, non-linear programming, integer programming, dynamic programming,
stochastic programming.

Unit 4

Dynamic Spectrum Access and Management: Spectrum broker, cognitive radio architectures,
centralized dynamic spectrum access, distributed dynamic spectrum access, learning
algorithms and protocols.

Unit 5

Spectrum Trading: Introduction to spectrum trading, classification to spectrum trading, radio
resource pricing, brief discussion on economics theories in DSA (utility, auction
theory),classification of auctions (single auctions, double auctions, concurrent, sequential).
Unit 6

Research Challenges in Cognitive Radio: Network layer and transport layer issues, crosslayer
design for cognitive radio networks.

Books:
1. Ekram Hossain, Dusit Niyato, Zhu Han, “Dynamic Spectrum Access and
Management in Cognitive Radio Networks”, Cambridge University Press, 2009.



2. Kwang-Cheng Chen, Ramjee Prasad, “Cognitive radio networks”, John Wiley & Sons
Ltd., 2009.

3. Bruce Fette, “Cognitive radio technology”, Elsevier, 2nd edition, 2009.

4. Huseyin Arslan, “Cognitive Radio, Software Defined Radio, and Adaptive Wireless
Systems”, Springer, 2007.

5. Francisco Rodrigo Porto Cavalcanti, Soren Andersson, “Optimizing Wireless
Communication Systems” Springer, 2009.

6. Linda Doyle, “Essentials of Cognitive Radio”, Cambridge University Press, 2009.

ECe6115 Biomedical Signal Analysis Cr-3

Couse outcomes: After completion of the course the students will be able to

COl1: Understand the origin of different types of biomedical signals

CO2: Apply different transform techniques in biomedical signals

CO3: Apply the concept of signal processing to analyze the cardiological signal

CO4: Apply the concept of signal processing to analyze the neurological signal

COS: Understand mathematical and statistical techniques to analyse biomedical signals
CO6: Understand and evaluate of biomedical signals

Prerequisite: Digital Signal Processing
Unit 1

Generation of Bio-signals, Sources of bio-signals, Bio electric potential/ action potential. Types
of bio-signals (ECG, EEG, EMG, EOG), Study of diagnostically significant bio-signal
parameters. Acquisition of bio-signals (signal conditioning).

Unit 2

Classification of signals and noise, Digital filtering, Spectral analysis of deterministic,
stationary random signals and non-stationary signals, Coherent treatment of various biomedical
signal processing methods and applications. Biomedical signal processing by Fourier analysis,
wavelet (time-frequency) analysis,

Unit 3

Cardiological signal processing: Basic Electrocardiography, ECG data acquisition, ECG lead
system, Power spectrum of the ECG, Bandpass filtering techniques, Differentiation techniques,
Template matching techniques, A QRS detection algorithm, Realtime ECG processing
algorithm EEG signal.

Unit 4

Neurological signal processing: The brain and its potentials, The electrophysiological origin of
brain waves, The EEG signal and its characteristics (EEG rhythms, waves, and transients),
Correlation.



Analysis of EEG channels: Detection of EEG rhythms, Template matching for EEG, spike
and wave detection

Unit 5

Principal component analysis, Correlation and regression, Analysis of chaotic signals
Application areas of Bio—Signals analysis Multiresolution analysis(MRA) and wavelets,
Principal component analysis(PCA), Independent component analysis(ICA)

Unit 6

Pattern classification—supervised and unsupervised classification, Neural networks, Support
vector Machines, Hidden Markov models. Examples of biomedical signal classification
examples.

Text Book:

1. Rangaraj M. Rangayyan, “Biomedical Signal Analysis”, IEEE Press, 2001.

References:

1. W. J. Tompkins, “Biomedical Digital Signal Processing”, Prentice Hall, 1993.

2. Eugene N Bruce, “Biomedical Signal Processing and Signal Modeling”, John Wiley &
Son’s publication, 2001.

3. Myer Kutz, “Biomedical Engineering and Design Handbook, Volume I”, McGraw Hill,
2009.

4. D C Reddy, “Biomedical Signal Processing”, McGraw Hill, 2005.

5. Katarzyn J. Blinowska, JaroslawZygierewicz, “Practical Biomedical Signal Analysis Using
MATLAB?”, 1st Edition, CRC Press, 2011

EC6116 Machine Learning and Artificial Intelligence Cr-3
Couse outcomes: After completion of the course the students will be able to

CO-1: Understand different techniques of Supervised and Unsupervised Learning Mechnism
CO-2: Understand the aspects of Machine learning

CO-3: Understand different modelling Techniques of Machine Learning.

CO-4: Apply their knowledge to Extract features that can be used for a particular machine
learning approach in various 10T applications.

CO-5: Apply knowledge to compare and contrast pros and cons of various machine learning
techniques and to get an insight of when to apply a particular machine learning approach.
CO-6: To mathematically analyse various machine learning approaches and paradigms.
Unit-1

Supervised Learning (Regression/Classification)

Basic methods: Distance-based methods, Nearest-Neighbours, Decision Trees, Naive
Bayes, Linear models: Linear Regression, Logistic Regression, Generalized Linear Models,
Support Vector Machines, Nonlinearity and Kernel Methods

Unit-2

Unsupervised Learning

Clustering: K-means/Kernel K-means, Dimensionality Reduction: PCA and kernel PCA
Matrix Factorization and Matrix Completion, Generative Models (mixture models and
latent factor models)



Unit-3
Evaluating Machine Learning algorithms and Model Selection, Introduction to Statistical
Learning Theory, Ensemble Methods (Boosting, Bagging, Random Forests)

Unit-4
Sparse Modeling and Estimation, Modeling Sequence/Time-Series Data, Deep Learning
and Feature Representation Learning

Unit-5

Scalable Machine Learning (Online and Distributed Learning), A selection from some
other advanced topics, e.g., Semi-supervised Learning, Active Learning, Reinforcement
Learning, Inference in Graphical Models,

Introduction to Bayesian Learning and Inference

Unit -6
Recent trends in various learning techniques of machine learning and classification
methods for IOT applications. Various models for IOT applications.

Text Books:
1. Kevin Murphy, Machine Learning: A Probabilistic Perspective, MIT Press, 2012 2.
Trevor Hastie,
Reference Books:
1. Robert Tibshirani, Jerome Friedman, The Elements of Statistical Learning, Springer
2009 (freely available online)
2. Christopher Bishop, Pattern Recognition and Machine Learning, Springer, 2007.

EC6130 Digital Image and Video Processing Cr-3

Couse outcomes: After completion of the course the students will be able to

CO1: Learn different techniques of image sampling and image transformation.
CO2: Learn different techniques for image enhancement, video and image recovery
C03 : Understand techniques for image and video segmentation

CO4 : Study techniques for image and video compression.

CO5 :  Study techniques for colour image processing and application in video processing.

CO6:  Implementation of different techniques for object detection.

Unit 1

Digital Image and Video Fundamentals

Digital image and video fundamentals and formats, 2-D and 3-D sampling and aliasing, 2-
D/3-D

filtering, image decimation/interpolation, video sampling and interpolation, Basic image
processing operations, Image Transforms

Need for image transforms, DFT, DCT, Walsh, Hadamard transform, Haar transform,
Wavelet

transform



Unit 2

Image and Video Enhancement and Restoration

Histogram, Point processing, filtering, image restoration, algorithms for 2-D motion
estimation, change detection, motion-compensated filtering, frame rate conversion,
deinterlacing, video resolution enhancement, Image and Video restoration (recovery).

Unit 3

Image and Video Segmentation

Discontinuity based segmentation- Line detection, edge detection, thresholding, Region based
segmentation, Scene Change Detection, Spatiotemporal Change Detection, Motion
Segmentation, Simultaneous Motion Estimation and Segmentation Semantic Video Object
Segmentation, Morphological image processing.

Unit 4

Colour image Processing

Colour fundamentals, Colour models, Conversion of colour models, Pseudo colour image
processing, Full colour processing

Unit 5

Image and Video Compression

Lossless image compression including entropy coding, lossy image compression, video
compression techniques, and international standards for image and video compression (JPEG,
JPEG 2000, MPEG-2/4, H.264, SVC), Video Quality Assessment

Unit 6

Object recognition

Image Feature representation and description-boundary representation, boundary descriptors,
regional descriptors, feature selection techniques, introduction to classification, supervised
and unsupervised learning, Template matching, Bayes classifier.

Books:

1. Ed. Al Bovik ,”Handbook of Image and Video Processing”, 2nd Edition, Academic
Press, 2000.

2. J. W. Woods, “Multidimensional Signal, Image and Video Processing and Coding”,2~
Edition, Academic Press, 2011.

3. Rafael C. Gonzalez and Richard E. Woods,” Digital Image Processing”, 3rd Edition,
Prentice Hall, 2008.

4. M. Tekalp, “Digital Video Processing”, 2nd Edition, Prentice Hall, 2015.

5. S. Shridhar, “Digital Image Processing”, 2nd Edition, Oxford University Press, 2016.

EC-6122 SATELLITE COMMUNICATION SYSTEMS Cr-3
Couse outcomes: After completion of the course 