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MOTILAL NEHRU NATIONAL INSTITUTE OF TECHNOLOGY ALLAHABAD

VISION

To establish a unique identity for the institute amongst national and international academic and
research organizations through knowledge creation, acquisition, and dissemination for the benefit

of society and humanity.

MISSION

e To generate high quality human and knowledge resources in our core areas of competence
and emerging areas to make valuable contribution in technology for social and economic
development of the nation. Focused efforts to be undertaken for identification, monitoring,
and control of objective attributes of quality and for continuous enhancement of academic

processes, infrastructure and ambience.

e To efficaciously enhance and expand, even beyond national boundaries, its contribution to
the betterment of technical education and offer international programmes of teaching,

consultancy, and research.

DEPARTMENT OF ELECTRICAL ENGINEERING

VISION

To produce globally competitive technical manpower with sound knowledge of theory and
practice, with a commitment to serve the society and to foster cutting edge research in Electrical

Engineering pertaining to the problems currently faced by the country and the world.
MISSION

1. Developstate of art lab facilities for research and consultancy.
Developinfrastructure and procurecutting edge tools/equipment.

Developrelevant content and capability for quality teaching.

S

Improve symbiotic relationship with Industry for collaborative research and resource

generation.

g
Q@é\(\ W

Page 2 of 61



Program Outcomes of M. Tech in Control & Instrumentation

POs

Ability to apply knowledge of control and instrumentation for design and development of control

PO 1 | systems for diverse engineering applications, suitable for industries, academia, and research
requirements.
An ability to independently carry out research /investigation and development work to

PO 2 . . B
solve practical problems in the field of Control & Instrumentation

PO 3 Students should be able to demonstrate a degree of mastery over the area as per the specialization of
the program.

PO 4 An ability to write and present a substantial technical report/document in order to communicate
ideas and solutions of research problem through publication in journals and conference proceedings.

PO S Possess good leadership, communication skill and sound technical knowledge for effective
teamwork.

PO 6 | Motivation for continuous and self-leaming for knowledge update and sustainability.
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M. Tech. (Electrical Engineeri
Instrumentation

with

ecialization in Control

OverallCreditstructure

Category : Progr;l;(:i(;:'es((l;g ProgramElectives Total
CoreEssentials minior profect (PE)
Credits 16 40 24 80
ProgramCore
Subject Code Subject Name L T | P | Credits
EE21103 |Advanced Control System 3 0 2 4
EE21104 |Optimal Control 3 0 2 4
EE22101  [Industrial Instrumentation 3 0 2 4
EE22102 |[Nonlinear Control 3 0 2 4
EE22601 [Term project 0 0 6 -+
EE23601 [Thesis I 0 0 | 18 12
EE23651 |State-of-the-art Seminar 0 0 6 4
EE24601 [Thesis —II 0 0 | 30 20
Total credits 56
ProgramElectives(PE-I &II) — 1* Semester
Subject Code Subject Name L|T|P| Credits
EE 21303 |Neuro-fuzzy Control Systems 3 0 4
EE 21305 |Introduction to Probability Theory &
Stochastic Process : . 4
EE 21311 |Biomedical Instrumentation 3 0 4
EE 21313 |Process Control & Instrumentation 3 0 4
EE 21332 [Electric Vehicle Technology 0 4
EE 21341 Microprocessor & Microcontroller 3 5 4
Based Systems
EE 21342 |Control Techniques in Power
Electronics . . *
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ProgramElectives(PE-III) — 1* Semester

Subject Code

Subject Name

Credits

EE 21301

Optimization Techniques

4

EE 21302

[Expert Systems

EE 21304

Digital Signal Processing

EE 21307

Neural Network & Deep Learning

EE 21314

'Virtual Instrumentation

EE 21315

Fuzzy logic and control

EE 21316

Embedded Systems

EE 21317

Artificial Intelligence in Engineering

EE 21318

Robotics and Automation

EE 21319

Research Methodology

EE 21320

Linear Algebra
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Program Elec

tives (PE-IV &V) — 2"! Semester

Subject Code

Subject Name

Credits

EE 22311

Special Topics in Control System

4

EE 22313

System Identification & Estimation

EE 22314

Adaptive Control

EE 22315

Stochastic control and Optimization

EE 22316

Cyber Security

W w|w|w|u |-
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EE 22317

Computer Aided Design of Electricall
Systems

o |o|lo|loc|oc|o™
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EE 22318

Electrical Energy Conservation &
Auditing

EE 22319

Modemn Digital and Embedded
Controllers

EE 22320

Electricity Industry Structure &

Regulations

Program Electives (PE-VI) — 3™ Semester

Subject Code

Subject Name

Credits

EE 23301

Digital System Simulation

4

EE 23302

Robot modelling and control

EE 23303

Smart sensor & actuators

EE 23304

Network Control System

EE 23305

Advanced Digital Control

EE 23306

Power Plant Operation & Controls
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Course Structure for M. Tech. (Regular)

Contact hours/ week
Sem Course Name, L-T-P Lecture Credits
courses
L T P | Total
Advanced 3
Optimal Control PE-1 PE-II PE-III
I | Control system (3.0-2) a00) | @10y | (3140) 5 15|34 22 20
(3-0-2)
Industrial . Term
Il | Instrumentation N"““{‘;_“Or_g)"“""l Project (1;151137) (2_]51'_‘5) 4 12 | 2|10 28 20
(3-0-2) (0-0-6)
= *
Thesis -1 State-of-the-art Seminar B MOOC .
I (0-0-18) 0-0-6 Online* 1 3 1 24 30 20
-0- (0-0-6) (3-1-0)
Thesis —II
v (0-0-30) 0 0 0 | 30 30 20

*This course can be completed between the start of the month of May (2™ semester) and end of the odd semester (3™ semester), i.c.,
between the end of their 2" and 3™ Semcsters.

Course Structure for M. Tech. (Part Time)

Lecture Contact hours/ week ]
Sem Course Name, L-T-P courses L T P Total Credits
Advanced Control i
1 system b e 2 6 | o | 4 | 10 8
(3-0-2)
Industrial -
Il Instrumentation N"““?;_‘g_g’"“"l 2 6 0 | 4 10 8
(3-0-2)
PE-1 PE-II PE-III
1) (3-10) (3-1.0) (3.10) 3 9 3 0 12 12
PE-IV PE-V Term Project
14 12
¥ (3-1-0) (3-1-0) (0-0-6) 2 B 3 B
Thesis —I State-of-the-art | PE-VI/MOOC*
v (0-0-18) Seminar Online* 1 3 1 24 30 20
e (0-0-6) (3-1-0)
Thesis 11
VI (0.030) 0 0 0 30 30 20

*This course can be completed between the start of the month of May (2™ semester) and end of the odd semester (3™ semester), i.e.,
between the end of their 2° and 3! Semesters.
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Course
Title Advanced Control System
Couse | gp 21103 Credit 4
Code
Core/
Elective Core Semester 1
:rerequmlt 1. Signals and Systems
2. Network theory
i(_nowledg 3. Linear Control System
Course ; ; . :
Aim This course aims to discuss modern control techniques for CT/DT systems.
At the end of the course the student will be able to:
Coiise CO1: Use matrix algcbra for the study of systems of linear equations.
Outcomes CO2: Develop and analyze state space models for CT/DT systems.
(COs) CO3: Characterize the behavior of elementary feedback control systems.
CO04: Design a control system satisfying the design specifications.
CO5: Analyze stability of the closed and open loop systems.

. PO1 | PO2 PO3 PO4 PO5 | PO6
Mapping : . . . .
Yot e COl1 |High | Medium | High Medium | Low | Medium
COs CO2 | High | Medium | Medium | Low Low | Low
&POs CO3 | High | Medium | Medium | Low Low | Low

CO4 | High | High High High Low | Medium
CO5 | High | High High High Low | Medium
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Module 1:

Differential/difference equations, Laplace transform/z-transform Revisited, Vector algebra, eigenvalue
and eigenvectors, Singular value decomposition (SVD), definiteness and Sylvester's criterion, singular
values, H2, Hoo and Lp norms.

Module 2:

Digital control system, components of sampled-data control system, Nyquist/Shannon sampling theorem,
hold circuits, Quantization, Digital PID controller.

Module 3:

Modelling of continuous-time/discrete-time systems, Impulse Response, Transfer function/pulse transfer
function, state-space modelling, homogeneous/non-homogeneous solutions of LTI/LSI systems, similarity
transformations, canonical forms, state space realization of transfer matrices and vice-versa, controllability
and obscrvability, stabilizability and detectibility, Pole placement and observer-based controllers,
separation principle, Full-order/Minimal-order observer design.

Module 4:

BIBO/Asymptotic Stability, Local/global stability, uniform and exponential stability, Lyapunov stability,
Stability of linearized systems, Jury stability, Bi-linear transformation, dead-beat response of DT system.

References:

Chin-Tsong Chen; "Linear system theory and design," Oxford Univ PI' (Sd), 4 edition,2012.

T. Kailath, "Linear system theory," Prentice-Hall, Inc.i 1 " edition, 1980.

M. Gopal, "Modern control system theory," New Age International, 1993,

K. Ogata, "System dynamics," Prentice Hall, 4 edition, 2003.

Ben Noble, "Applied linear algebra," Pearson, J edition, 1987.

AshishTewari, "Modern Control Design with MATLAB and SIMULINK," John Wiley &Sons, Ltd,
2012.

K. Ogata, "Discrete time control systems," Prentice Hall, 2 edition, 1995.

8. B. C. Kuo, "Digital control systems," Oxford University Press, 2 edition, 1995.
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Course 7
- N /
Title Optimal Control
Course
Code AR Credit 4
Core/ Core Semester 1
Elective
Prerequisit | | Advanced Mathematics
e
2. N
Eronledy .etwork theory
5 3. Linear Control System
Course
Aim This course aims to discuss optimal and robust control systems.
At the end of the course the student will be able to:
CO1: have in-depth knowledge and critical understanding of the theory and principles of
Course optimal control systems and their applications.
Outcomes | cQ2:analyze and design a robust control system.
(0% CO3:Use calculus of variation, minimum principle and dynamic programming to solve
continuous and discrete time problems.
CO4: apply LQR and LQG concepts for a robust control system.

. PO 1 PO 2 PO 3 PO 4 PO S PO 6
Mapping CO1 | High | Medium | Lo L High | Medi
beliman g i w ow ig edium
COs CcO2 High High High High High High
&POs CcO3 Medium Low High High Medium | Medium

CO4 High High Low Medium | Medium High
Module 1:

Optimal Problem formulation, Performance index, optimization without/with equality/inequality
constraints, Lagrange multiplier, small gain theorem.

Module 2:

Function & Functional, The calculus of variation, functional of a single function, functional involving
several functions, CT/DT LQR, steady state closed-loop control and sub-optimal feedback, tracking
problems.

Module 3:

Bellman’s principle of optimality, computational procedure for solving control problems, continuous-time
systems, discrete-time systems, Hamilton-Jacobi-Bellman equation, linear regulator problems.

Module 4:

Kharitonov's criteria, robust output-feedback design, Observers and Kalman filter LQG/loop-transfer
recovery, Least mean square optimization problem, H-infinity design,model-matching problem.

References:

1. K.Zou, J.C.Doyle, "Essentials of robust control," Prentice Hall; I edition; 1997.
2. M. Green, D. Limebeer, "Linear robust control," Dover Publications; Reprint edition, 2012.
3. Kwakernak and Sivan, "Linear Optimal Control," WileycBlackwell,1972.

X Page 9 of 61
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4. Anderson and Moore, "Linear Optimal Control" Prentice-Hall 1990
5. B.A. Francis, "A Course in Hoo Control Theory," Springer Verlag 1987.
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Course

Industrial Instrumentation

Title
Code. |[EE22101 Credit 4
gl(::;/; v Core Semester 2
Prerequisit
e Power Electronics, Electrical Machines, Control system
Knowledg
e
Course To teach different instrumentation systems for measurement of process variables with signal
Aim conditioning circuits.
After completion of the course students shall be able to:
CO1:Review of transducers for strain, velocity, acceleration, vibration, pressure, level, force,
flow, temperature, etc., Optic& LASER Instrumentation; Smart instrumentation
Course CO2:Signal conditioning - Instrumentation amplifiers, logarithmic amplifiers, isolation
Outcomes amplifiers, sample and hold, active filters, etc. .
(CCh) CO3:Design - Specification, error considerations; Selection & design of typical subsystems;
Data converters ADCs & DACs; Design of data instrumentation systems
CO4: Networking methods and their applications in instrumentation; Industrial standards;
Electrical hazards and safety, Wireless technology, Smart sensor & actuators.
PO1 PO2 PO3 PO4 POS PO6
Mapping Cco1 High Medium | Low Low Medium High
of COs CO2 | Medium | High | Low | Low Medium High
WHLROS CO3 |High |Medium |Low |Low Mecdium | High
CO4 High Medium | Low Low Medium High

Review of transducers [or strain, velocity, acceleration, vibration, pressure, level, force, flow,

temperature, etc., Optic & LASER Instrumentation; Smart instrumentation.

Signal conditioning Design - Specification, error considerations; Selection & design of typical
subsystems; Instrumentation amplifiers, logarithmic amplifiers, isolation amplifiers, sample and hold,
active, filters, etc.

Data converters: ADCs & DACs.

Design of data instrumentation systems, Networking methods and their applications in instrumentation;
Industrial standards; Electrical hazards and safety, Wireless technology, Smart sensor & actuators.

References:

1. E.O. Doebelin, "Measurement Systems - Application and Design," Tata, McGraw Hill,
6thedition 2012.
2. D. Patranabis, "Principles of Industrial Instrumentation," Tata McGraw Hill, 3rd edition2010.

w

S. K. Singh, "Industrial Instrumentation and Control," Tata McGraw Hill, 3rd edition 2008.

4. D.P. Eckman, "Industrial Instrumentation,” Wiley Eastern Ltd, jSI edition, 2004.
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5. A.S.Morris, R.Lengari, "Measurement and Instrumentation-Theory & Application,"Academic
Press; 2nd edition 2015.

6. Ronald L. Krutz, "Interfacing techniques in digital design with emphasis on Microprocessors,"
Wiley, 1988, ISBN ..0,171082899,9780471082897.

7. David F. Hoeschele, "Analog [0 digital ancl digital to analog conversion techniques, "Wiley-
Inter science, 2nd edition, 1994.

8. John Park, Steve Mackay, E. Wright, "Data Communication for Instrumentation and Control,"

Newnes; I edition August 11,2003.
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Cpurse Nonlinear Control‘
Title
Course
Code a2 Credit 4
Core/. Core Semester 2
Elective
ePrerequ;sn 1. Linear Control System
Knowledg 2. Advanced Mathematics
5
Course
Aim To discuss different control and stability schemes for nonlinear dynamical systems.
After completion of the course students shall be able to:
CO1: Have thorough knowledge of analytical tool to study nonlinear dynamical system.
Course CO2:Analyze limit cycle and stability of nonlinear system using Lyapunov theory.
Outcomes | cQ3:Design of nonlinear controller using Sliding mode control, Feedback linearization and
(COs) Backstepping technique.
CO4: Effectively use MATLAB and SIMULINK in the analysis, design, simulation, and
real-time Implementation of control systems.
PO 1 PO 2 PO 3 PO 4 PO 5 PO 6
Mapping col1 High | Medium | Low Low High High
of (}:3:,0 CO2 | Medium | High High High High | Medium
RELL S CO3 | Medium | Low High | High | High | Medium
CO4 Medium High Low High Medium | High

Introduction to nonlinear systems; Linearization; Comparison of linear and nonlinear systems;
Fundamentals of describing function method: describing function analysis of nonlinearities such as
saturation, dead-zone, on-off non-linearity, backlash, hysteresis; Analysis of nonlinear systems using
phase plane technique, limit cycles; Stability analysis of nonlinear systems: Lyapunov stability theorem
for Nonlinear system; Variable Structure Control; Sliding Mode Control; Higher Order Sliding;
Feedback linearization: linearization; back stepping control.

References:
1. M. Vidyasagar, "Nonlinear system analysis," Society for Industrial and Applied Mathematics,

Second Edition, 2002.

D. Graham, "Analysis of nonlinear control systems," Wiley, New York, 1985.

N. Minorsky, "Theory of nonlinear control systems," McGraw-Hili, New York, 1969.
H. K. Khalil, "Nonlinear systems," Prentice Hall; Third Edition, 200.

oS e

J. J. E. Siotine, "Applied nonlinear control," Prentice-Hall, 1991.
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Course Title

Neuro-Fuzzy Control Systems

Course Code

EE 21303

Credit 4
chry Elective (PE-I and PE-II) Semester 1
Elective
Prerequisite | Advanced mathematics
Knowledge Control system

Course Aim

To discuss the theory of neuro-fuzzy control system for developing intelligent control
algorithms.

After completion of the course students shall be able to:
CO1:Understand the working of human brain and ANN in general and its application as
controller in different areas of engineering

Course CO2: Understand the fuzzy logic and implementing it as controller for different
Outcomes CO3: Simulate the different models of ANN controller, fuzzy logic controller and neuro-
(£08) fuzzy controller
CO4: Apply neuro-fuzzy controller to the real time problem they undertake during their
thesis and write research papers related to it.
PO PO 2 PO 3 PO 4 PO 5 PO 6
Mapping of Col1 High High Low Low High High
COs with CO2 Medium Medium High Low Medium | Mediu
POs m
CO3 High Low High | Medium | High High
CO4 High High Low Medium | Medium | High

Introduction, neuron model, activation functions, perceptions, multilayer network,
Backpropagation, re-current networks, supervised and unsupervised learning, principle
component analysis, modeling, identification, prediction and control using neural network
controllers.

Basics of sets and fuzzy arithmetic, crisp sets, operation, relation and composition of sets,
Fuzzification and defuzzification methods, Fuzzy logic, software and hardware
application to closed loop control, TSK Fuzzy Models, Fuzzy controllers.

References

1. Simon Haykin, "Neural networks - A comprehensive foundation," Prentice Hall, 2003.
2. M. T. Hagan, "Neural network design, Cengage Learning," 2nd edition, 2008

3. D. T. Pham and X Liu, "Neural network for identification, prediction and control,"
Springer,1995

4. Klir George 1., Yuan Bo, "Fuzzy Sets and Fuzzy Logic: Theory and Applications,"
Prentice-Hall (1996)

5. B. Kosko, "Neural Networks and Fuzzy Systems," Prentice-Hall, 1994

6. T. J. Ross, "Fuzzy Logic with Engineering Applications Wiley-Blackwell;" 3rd edition
2010.

5
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Course Title | Introduction to Probability Theory & Stochastic Process™
Course
Code eSS Credit 4
o | Program Elective (PE-T and PE-I) Semester !
Prerequisite | Probability theory
Knowledge | Control system
Course AIm | 4 reyisit probability theory and demonstrate stochastic processes.
After completion of the course students shall be able to:
CO1: Understand concepts of probability, conditional probability.
Coutse CO02: Understand and implement some of the commonly encountered random variables, in
Outcomes particular the Gaussian random variable
(COs) CO3: Relate probability theory to real statistical analysis,
CO4:Apply the theory of stochastic processes to analyze linear systems
CO5: Apply the above knowledge to solve basic problems in filtering, prediction and
smoothing.
PO1 PO2 PO3 PO4 PO5 PO6
Manpi Col1 Medium High Low Low Low Medium
apping of
COs with CcO2 Medium | High Low Low Low Medium
POs CcO3 Medium High Medium | Medium | Low Medium
CO4 Medium Medium | Low Low Low Medium
COs High Medium | High High Low High

Discrete-type random variables - random variables and probability mass function, mean andvariance,
conditional probabilities -independence, Bayes' formula. discrete distributions: Bernoulli, binomial,
geometric, Poisson maximum likelihood estimation, Continuous-type random variables - cumulative
distribution functions, probability density function independence, Bayes' formula - continuous
distributions: uniform, exponential, Gaussian, chi-square - functions of random variables , Joint
distributions, transformation of probability functions under maps, joint Gaussian distribution, Minimum
mean square error estimation, Basic ideas of the probabilistic method-the first and second moment
techniques.

References

1. Robert Brown and Patrick, Hwang, "Introduction to Random Signals and Applied Kalman
Filtering," 3rd Ed, John Wiley and Sons Inc. 1997.

2. Goong Chen, Guanrong Chen, Shih-Hsun Hsu, "Linear stochastic control system," CRC
Press, 1995,

3. Jason L. Speyer and Walter 1-1. Chung, "Stochastic Processes, Estimation and Control,"
PHL2013.

4. 7. S. Meditch, "Stochastic Optimal Estimation and Control," New York, McGraw Hill
1969.

5. M. Mitzenmacher and E. Upfal, "Probability and computing: Randomized Algorithms and
Probabilistic Analysis," Cambridge University Press, 2005.

6. P.E. Pfeiffer, "Conditional Independence in Applied Probability," Birkhauser; 1979

7. Dimitri P. Bertsekas and John N. Tsitsiklis, "Introduction To Probability," Athena
Scientific; 2nd edition (I June 2008)
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Course

P~

Biomedical Instrumentatioﬁ/

Title
Course
Code kg2l Credit 4
Cors/ Elective (PE-I and PE-II) Semester 1
Elective
Prerequisit
e Instrumentation systems
Knowledg
e
Course
Aim To teach the basic of instrumentation systems for biomedical applications.
After completion of the course students shall be able to:
Course CO1: Basic concepts of biomedical instrumentation
Outcomes | CO2:Understand the method of measuring important parameters of human body like
(COs) cardiovascular system brain, respiration system etc.
CO3:Use of advanced technology in the field of diagnostic of different diseases.
CO4:Modifications and redesign of existing biomedical instrumentation systems.
POl PO2 PO3 PO4 PO5 PO6
Mapping COl Medium Medium Low Low Medium | Medium
of Cli?’so CO2 High Medium Low Low Low | Medium
t . z :
b s CO3 Medium High Medium Medium Low High
CO4 Medium Low High High Low High

Introduction to Biomedical Instrumentation; Basic concepts of Medical Instrumentation:
Generalized medical Instrumentation System, Medical Measurement constraints,
classification of Biomedical Instruments.

Anatomy and Physiology, Biomedical electrode sensors and transducers; Various types of
electrodes used irl ECG, EEG and EMG, Measurement of EEG, EMG and their diagnostic
Applications in Medicine, Flow and pressure measuring instruments in biomedical
engineering.

Instrumentation in Diagnostic Cardiology: Pacemakers and Defibrillators; EEG and EMG
Instrumentation; Instrumentation in Respiration; Artifacts and noise med ical
instrumentation.

Instrumentation in Diagnostic Ultrasound, Instrumentation in medical imaging, Fibre optics
and LASER in biomedical instrumentation.

Instrumentation in Intensive Care Units, Instrumentation in operating room.

Biomedical safety Instrumentation: Medical safety, Regulation and Standards, Preventive
maintenance. Computers and Telemedicine, New technologies and advances in medical
instrumentation.

References

1. Cormwell L. et al., "Bio medical Instrumentation & Measurements," PHI 2 edition, 1990.
2. Khandpur R.S., "Hand book of biomedical instrumentation," Tata Mcgraw-Hill, 1992.

3. Shakti Chatterjee, Aubert Miller, "Biomedical Instrumentation Systems,"
CengageLearning. Cehgage Learning, I edition, 20 IO.

-
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4. R. Anandanatarjan, "Biomedical Instrumentation and Measurements," PHI, 2011.

5. Carr & Brown, "Introduction to Biomedical Equipment," Prentice Hall, 4 edition, 2000.

6. Webster JG, "Medical Instrumentation: Application and Design," 4th eel,, John Wiley
&Sons, New York, 2009.

7 By
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gpurse Process Control & Instrumentation
itle
gﬁﬁfe EEZRNED Credit 4
e Elective (PE-I and PE-I) Semester 1
ective
Prerequisit
e Control system, Industrial Instrumentation
Knowledg
g
Course
Aim To teach the process control variables and related instrumentation systems.
After completion of the course students shall be able to:
CO1:understand the basic principles and importance of process control in industrial process
plants.
Course CO2:understand the various control schemes used in process plants.
Outcomes | CO3:explain the use of block diagrams & the mathematical basis for the design of control
(COs) systems.
CO4:explain the importance and application of good instrumentation for the efficient design
of process control loops for process engineering plants.
COS: specify the required instrumentation and final elements to ensure that well-tuned
control is achieved.
POl PO2 PO3 PO4 PO5 PO6
Mapping CO1 Medium High Medium High Low Low
of COs CcO2 Low Low Medium Medium Low High
with POs CcO3 Medium Medium Low Low Low low
CO4 High High High Medium Medium High
CO5 Low Medium Low Low Low Low
Introduction to Process Control, Mathematical Modeling: Development of mathematical
models, Modeling considerations for control purposes. Dynamic Behaviour of Chemical
Processes: Computer simulation and the linearization of nonlinear systems, Transfer
functions and the input-output models, Dynamics and analysis of first, second and higher
order systems. Feedback Control Schemes: Concept of feedback control, Dynamics and
analysis of feedback-controlled processes, Stability analysis, Controller design, Frequency
response analysis and its applications Advanced Control Schemes: Feedback control of
systems with dead time or inverse response, Control systems with multiple loops,
Feedforward and ratio 'control. Instrumentation: Final control elements, Measuring devices
for flow, temperature, pressure and level.
References
1. Harriot, P. "Process control," Tata McGraw-Hili Education, 1964.
2. Singh, S.K. "Computer Aided process control," PHI Learning Pvt. Ltd., 2004.
3. Seborg,Edgar, Mellichamp, "Process dynamics and control," John Wiley & Sons, Inc., 2nd
A Page 18 of 61
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Edition, 2000.

4. Marlin,T.E. "Process control -:Designing processes & control systems," McGraw-
HiliHigher Education; 2 edition, 2000.

5. Bennet, S. "Real time computer control," Pearson India, 2 Edition, 2003.
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Course Title | Electric Vehicle Technology

Course

Code EE 21332 Credit -

L Elective (PE-I and PE-II) Semester 1
Elective

Prerequisite | Power Electronics
Knowledge

Course Aim | To teach the Electrical vehicles and their operation

COI: Able to understand the electric vehicle design, architecture and types of EV.
CO2: Competence in designing the power electronic converters for electric vehicle

gourse charging applications
WG OmES CO3: Ability in analyzing the energy storage systems for EVs and carry research on the
(COs) same
CO4: Proficiency in design and control of electric motors for EVs
COS: Able to understand and create the solutions for the impact of EV on grid
PO 1 PO 2 PO 3 PO 4 PO 5
Mapping of CO 1 Hfgh H%gh High Hl‘gh H%gh
COs with co2 High High Low High High
POs CO3 High High High High High
cCO4 High High Low High High
CO5 Low Low High High High

General Introduction, History of Electric Vehicles (EV), Evolution of Batteries, E-Mobility — advantages,
Preference for EV over ICE Vehicles, EV types - Battery EV, Fuel Cell EV, Hybrid EV, Plug-In EV;
Policies and Regulations for Faster EV Adoption.

Energy Storage Options for EV Applications-battery types, Li-ion Batteries- Characteristics and
Parameters, Modeling and Estimation; Battery Management System; Safety strategies (passive/active) of
Li-ion batteries; Alternate energy storage technology.

Electric Motors for EV Applications, Performance requirements, Types of motors, Magnetic materials,
Thermal issues and management, Electromagnetic Analysis and Design, Sizing of propulsion motor.
Power Electronic Converters for EV Applications: Si-based devices, Wide-band gap devices, Power
losses, Reliability assessment, Role of Power Electronic Converters, Battery charging topologies, Traction
drives, Voltage source inverters, Modulation techniques, Sizing of power electronics converters.
Drive-trains: Hybrid Electric and Electric Drive-trains, Energy Management Strategies.

Modeling and Sizing of Batteries used in EVs, EV Battery Management Systems, Critical battery states
(State of Charge, State of Energy, State of Health, State of Power, State of Temperature); Safety
technologies.

EV Charging Methods(CC/CV), Charging Infrastructures, Standards, Location of Charging Stations,
Integration of EV load in Power System - Impact of EV charging on grid, EV charging strategies,
Mitigation Techniques.

EVs in Grid Support: Flexibility Services, Vehicle to Everything (V2X), Barriers in V2X Infrastructure,
Ancillary services, Dynamic Tariff with EVs.

Communication systems, Integrated Vehicle Health Monitoring.

Reference Books :

1. Sandeep Dhameja, Electric Vehicle Battery Systems, Elsevier, First Edition, 2002
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. John Fenton & Ron Hodkinson, Lightweight Electric/Hybrid Vehicle Design, Elsevier Oxford,

2000.

Seth Leitman, Bob Brant, Build Your Own Electric Vehicle, McGraw Hill, Third Edition, 2013.
Igbal Husain, Electric and Hybrid Vehicles: Design Fundamentals, CRC Press, Second Edition,
2010.

MehrdadEhsani, YiminGao, and Ali Emadi, Modern Electric, Hybrid Electric, and Fuel Cell
Vehicles: Fundamentals, Theory and Design, CRC Press, Second Edition2009.

Various IEEE/Science direct journals
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Course

Microprocessor & Microcontroller Based Systems

Title
Course
Code L Credit 4
Core’ | Elective (PE-1 and PE-II) Scester: |1
Elective
Prerequisit
e Digital Electronics
Knowledg
e
Course
Aim To teach the basic of micro controllers and its applications
After completion of the course students shall be able to:
gourse CO1:To understand the basic architecture of the micro controllers.
utcomes | cQ2: To understand the memory interfacing.
(COs) CO3:To understand the different set of commands.
CO4:To study parallel processing of the controllers.
PO 1 PO 2 PO 3 PO 4 PO 5 PO 6
Mg CO1 High Medium High High High Medium
of COs CO2 | High High Medium High Medium High
with POs CO3 Mediu Medium High High High | Medium
m
CO4 | High Medium | Medium High High Medium

Introduction to the general structure of advanced microprocessors and microcontrollers,
Discussions on architectures, instruction sets, memory hierarchies, pipelining and RISC
principles, interfacing to input and output devices, user interface design, real-time systems,
and table-driven software, single chip microcomputers, Interrupt structures, Parallel/serial
/O, Analog /O, DMA operations, Peripheral controllers, Laboratory based experiments

and projects with these devices.

References:
1. John B. Peatman, Design with PIC Microcontrollers, Pearson Education Asia, 2000.
2. John B. Peatman, Design with Microcontrollers, McGraw Hill, USA,1995.

3. Barry B Brey, INTEL Microprocessors 8086/8088, 80186/80188, 80286, 80386, 80486
Pentium, Pentium Pro Processor, Pentium II, Pentium III, Pentium 4, and Core2 with
64- Bit Extensions Architecture, Programming, and Interfacing, Eighth Edition, PHI
2009.
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Course

. Control Techniques in Power Electronics
Title
Course
Code et Credit 4
Core Elective (PE-I and PE-II) Semester 1
Elective
Prerequisit
e Power electronics
Knowledg
e
Course
Aim To teach the different control techniques of the converters

CO1: To introduce the control of switched converters through a generic converter for DC-
DC, DC-AC, AC-DC and DC-DC conversion and its closed loop operation.
CO2: To analyze the steady state and dynamic performance using state-space modelling and

Course discrete-time analysis.
Outcomes | CO3: To analysis stability of power electronics converters using small signal modelling and
(COs) transfer function approach through conventional root-locus and bode-plot methods.

CO4: To consider advance control methods such as hysteresis current control and sliding
mode control in power electronics converters for tracking of desired current or voltage.
CO5: To consider the various digital controllers such as Microcontrollers, DSP, ASIC,
FPGA etc. for power electronics converters.

PO 1 PO 2 PO 3 PO 4 POS5 PO 6
Mapping CO1 High Medium | Medium Low Medium | Medium
of COs CO2 High High Medium High Medium High
with POs CO3 High Medium Low Low Low Medium
CcCO4 High High Low Low High High
CO5 Low High High Low High High

Introduction: Control of power electronics converters, Switched power converters, Power switching
devices, Generic power converters, AC-DC, DC-AC, AC-AC, DC-DC converters control.

State Space modeling of switched converters: State space Models of Electrical Networks, Transient and
steady state response of switched converters using state models, Instantaneous solution of load current,
Device conduction, Pulse width modulation (PWM), single phase H-bridge and three phase inverter,
sinusoidal pulse width modulation (SPWM) analysis of VSI.

Averaging models and Dynamic Analysis: Output and state feedback switching controllers, Averaged
models, small-signal models and transfer functions of dc-dc converters, buck, boost, buck-boost
converters, Conventional stability analysis, Root-locus method, Frequency response analysis.

Discrete-time Analysis: Discretization of continuous models, Digital control of converter systems,
Sampling and ZOH, simulation of Power Electronics converters.

Variable Structure Systems: Variable structure and Sliding Mode control, Linear switched systems,
Phase-plane and describing function analysis.

Current Controllers: Hysteresis, Ramp-comparison, Predictive Current controllers, design and analysis,
switching frequency dependency on parameters, current control loop design and analysis, closed loop
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transfer function, bode plots and bandwidth.

Multilevel Converters and Control: Cascaded, Diode-clamp and Flying Capacitor multilevel converters,
Multicarrier modulations

Implementation of Power Electronics Controllers: Analog controllers, Computer Control, DSP
implementation, ASIC’s and embedded controller, FPGA’s and Virtual Instrumentation.
References:
1. N. Mohan, T. M. Undeland and W. P. Robbins, Power Electronics, Converters, Applications and
Design, Third Edition, Wiley India,2006.
2. M. H. Rashid, Power Electronics Handbook, Third Edition, Elsevier,2011.
3. M. P. Kazmierkowski, R. Krishnan and F. Blaabjerg, Control in Power Electronics (Selected
Problems), Academic Press, Elsevier Science (USA),2002.
4. H. S. Ramirez and R. S. Ortigoza, Control Design Techniques in Power Electronics Devices,
Springer Verlag, London,2006.
5. V. Ramanarayanan, Course Material on Switched Mode Power Conversion, Second Edition, IISc
Bangalore, India,2006.
6. D. O. Neacsu, Power Switching Converters (Medium and High Power), CRC Press, Taylor &
Francis Group, LLC, US, 2006.
7. B Wu, High Power Converter and AC Drives, IEEE Press, John Wiley & Sons.,2006.
8. T.L. Skvarenina, The Power Electronics Handbook, CRC Press,2002.
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Course Title

Special Topics in Control System

Course Code | EE 22311 Cradit 4
Comy Elective (PE-IV and PE-V) Semester 2
Elective
Prerequisite | 1. Control System
Knowledge 2. Mathematics
Course Aim | To discuss different control strategies.
After completion of the course students shall be able to:
CO1: Importance of Model Order Reduction: Time domain techniques and frequency
domain techniques.
Course CO2: Concept of variable-structure controller and sliding control and application of
Outcomes switching control laws to practical systems.
(COs) CO3: To develop understanding of fuzzy logic systems and familiarity with Mamdani and
TSK fuzzy logic controllers.
CO4: Developing analytical skills to design microcontroller, DSP controller and
Embedded controller for specific requirement and to analyze its performance.
PO 1 PO 2 PO3 PO 4 PO 5 PO 6
Mapping of Col High Medium Low Low Medium | Medium
COs with CO2 | Medium | High High | Medium | Medium | Medium
POs CO3 High Low High High High | High
CO 4 High High Low High High High

Model Order Reduction: Importance of reduced order models, Time domain Techniques, Frequency
Domain Classical techniques, Optimal Hankel Norm Approximation. Sliding mode control: Concept of
variable-structure controller and sliding control, reaching condition and higher order sliding mode,
reaching mode, implementation of switching control laws. Reduction of chattering in sliding and steady
state mode. Fuzzy Logic: Fuzzy arithmetic and fuzzy relations, Fuzzy logic controller, Adaptive fuzzy
control, Stabilization using fuzzy models Microcontroller and DSP control.

Reference Books:

1. G. Obinata and B.D.O. Anderson, "Model reduction for control system design," Springer-Verlag,
London, 2001.

2. M. Jamshid, "Large-Scale Systems: Modeling, Control and Fuzzy Logic," Prentice Hall; 1stedition,

1996.

3.J. .I. E. Siotine, "Applied nonlinear control,” Prentice Hall Englewood Cliffs, New Jersey.1991.

4. M. Chidambaran, "Computer Control of Processes," Alpha Science International Ltd, 2002.

5. V. 1. Utkin, "Sliding modes in control and optimization," Springer- Verlag, 1992.

6. W. Pedrycz,"Fuzzy control and fuzzy systems," Research Studies Press, 1993.
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Course Title | System Identification and Estimation
Course
Cos EE 22313 Credii 4
et Elective (PE-IV and PE-V) Semester 2
Elective
w Control System
Prerequisite .
Knowledge Probability theory
Course Aim | Thjs course aims to demonstrate the methodologies of system identification and estimation.
After completion of the course students shall be able to:
- CO1: Apply basics of probability theory in system identification and system state
Outcaitise estimation.
(COs) CO2: Methods for non-parametric system identification and modecl validation.
CO3: Estimation of parametric models and validation of the obtained system models.
CO4: Design state estimator for linear deterministic and stochastic systems.
COS5: Apply Kalman filter in various variants for system state and parameter estimations.
PO1 | PO2 PO3 PO4 PO5 | PO6
Mapping of COol1 H?gh Medium | High Medium | Low | Medium
COs with CO2 | High | Medium | Medium | Low Low | Low
POs CO3 | High |Medium | Medium | Low Low | Low
CO4 | High | High High High Low | Medium
COS5 | High | High High High Low | Medium

System Identification - Motivation and Overview, random variables and stochastic processes, stochastic
static models, Disturbance models - random processes, representation of stationary processes, white-noise
process, auto-covariance function (ACF), ARMA models. Parametric model structures - ARX, ARMAX
etc.

The identification problem, classical methods of identification of transfer functions models, Linear
Regression - Least Squares estimates, Statistical properties of LS Estimates. Weighted Least Squares,
Recursive Least Squares, Maximum Likelihood Estimation. Minimum variance algorithm, stochastic
approximation. Estimation of non-parametric models - impulse, step, response coefficients, frequency
response models. Estimation of parametric models - notions of prediction and simulation, predictors for
parametric models, prediction-error methods, Instrumental Variable method. Kalman-filters for state
estimation Gauss Markov, Model for vector random processes. Model Structure Selection and Diagnostics
- estimation of delay and order, residual checks, properties of parameter estimates, model validation.

References:

1. Pieter Eykhoff , "Trends and progress in system identification," Pergamon, 1981.

2. Raman K. Mehra, "System identification advanced and case studies," Elsevier Science; edition, 1976.

3. Jason L. Speyer, Walter H. Chung, "Stochastic processes, estimation and control," Society for Industrial
and Applied Mathematics, 2008.

4. Gregory F. Lawler, "Introduction to stochastic processes," Chapman' and Hall/CRC; 2 edition, 2006.
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