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M.Tech in Control and Industrial Automation (CIA)

Course Structure

First Semester

Class
Course

Sl. No. Type Course Name Load/Week Credit
code

L T P

Class

load/

week

Marks

1 PC

2 PC

Applied Linear and Nonlinear Control

Industrial Automation

EE5101N 3 0 Ο 3 100

EE5102N 3 Ο 0 3 3 100

3 PC
Industrial Instrumentation and Process

Control
EE5103N 3 0 0 3 3 100

1. Optimization and Optimal Control

2. Theory of Discrete and Digital
Control Systems

EE5121 N

EE5122N
PSE 3. High Voltage Systems

EE5123 N
4 (any

one)

4. Power system Reliability and Load
Forecasting

3 0 0 3 3 100
EE5124 N

EE5125 N
5. Advanced Microcontroller

Technology
EE5126 N

6. Power Quality

5 OE

High-Performance Computation (HPC)
Using CPU and GPU for AI EE5161 N 3 0 0 3 3 100

Applications
Theory Sub-total 15 0 0 15 15 500

6 PC
Lab/Mini Project on Applied Linear and
Nonlinear Control

EE5171 N 0 0 3 2 3 50

7 Lab/Mini Project on Industrial
PC EE5172 N 0 0 3 2 3 50

Automation

8 PC
Lab/Mini Project on Industrial

Instrumentation and Process Control
EE5173 N 0 0 3 2 3 50

Practical Sub-total 0 o 9 6 9 150

First Semester Total 15 0 9 21 24 650

Second Semester

Class Class

Sl. No. Type Course Name Course code Load/Week Credit load/ Marks

L T P week

PC Identification and Data Driven Control EE5201 N 3 이 0 3 3 100

2 PC Intelligent Control Systems EE5202 N 3 0 0 3 3 100

3 PC
Optimal Filtering & Stochastic

Processes
EE5203 N 3 0 0 3 3 100

PSE

1. Elements of Cyber Physical Systems
2. Networked & Distributed Control

3. Restructured Power Systems

EE5221 N

4 (any
one)

4. Smart Grid Technologies and Energy
Informatics

5. Special Electrical Machines
6. Power Electronic Converters for

Bulk Power Conditioning

EE5222 N

EE5223 N

EE5224 N

EE5225 N

3 이 0 3 3 100

EE5226 N

5 OE Power Supplies for Electrical
Equipment

EE5262 N 3 0 0 3 3 100

Theory Sub-total 15 0 0 15 15 500

6 P M.Tech. project/Term-paper EE5291 N 0 0 3 2 3 50

Ο Seminar/Viva Voce EE5292 N 이 이 3 2 3 50

Practical Sub-total 이 이 6 4 6 100

Second Semester Total 15 0 6 19 21 600

2.
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Third Semester

Class Class

Sl. No. Type Course Name Course code Load/Week Credit load/ Marks

L T P week

1 VAC Energy Audit EE 6101 3 0 3 3 100

2 P M. Tech. Thesis EE6191 N 12 24 300

3 Ο
Progress Seminar and Viva-

voce
EE6192 N 6 100

4 I
Summer internship (6-8 weeks)
evaluation

EE6193N 2 50

Third Semester Total 23 550

Fourth Semester

Class

Sl. No. Type Course Name Course code Load/Week Credit

L T P

Class

load/

week

Marks

1 P M. Tech. final thesis EE6291 N 22 30 400

2 0
Thesis Seminar and Viva-

voce

EE6292 N 8 200

Fourth Semester Total 30 600

Aparajita Sergust 25.6.25
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1st Semester

M.Tech in Control and Industrial Automation (CIA)

Course Code EE 5101 N
Course

Name

Applied Linear
and Nonlinear

Control

Course

Category

L T P
PC

3 0 0

Adaptive

Pre-requisite
Courses

Under graduate

Control Systems

Co-

requisite
Courses

Nil
Progressive

Courses

Control, Robust

Control,

Geometric

Control

Course Offering Department Electrical Engineering

Data Book /

Codes/Standa

rds

Nil

Course

Objectives

1.

2.

To develop a strong foundation in applying linear and nonlinear control

techniques for physical systems.

To develop mathematical models of dynamical systems, study their responses,

and analyze system-theoretic properties.

3. To enable students to design various types of controllers for physical systems.

4. To introduce the distinctive features of nonlinear systems, and develop tools for

analyzing them.

5. To introduce advanced control strategies for nonlinear systems.

Module Syllabus Duration

(class-hours)

Module Outcomes

I.

Recapitulation of Linear System:

State Variable modelling and

Transfer Function
3

Understand modelling of

physical systems using transfer

functions and state-space

approach.

ΙΙ.

Time response of systems:

Homogeneous and non-

homogeneous case

3

Determine time response of
homogeneous and non-

homogeneous systems.

III.

Analysis of linear systems:

Stability, Controllability and

observability
3

Analyze and check system

properties like stability,
controllability, and
observability.

IV.

Synthesis: Linear State Variable

Feedback Control, State observers 4

Design state-feedback
controllers.

V.

Design of classical controllers,

LQR control 5

Design state observers.

Design lead, lag, lead-lag, PID
controllers.

Design LQR controllers.

VI.

Case Studies - Controller design

of Physical Systems 4

Perform modelling, analysis and
controller design for physical

systems.

4.
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VII.

Mathematical background for

nonlinear systems. 3

Understand mathematical

preliminaries required for

nonlinear systems.

VIII.

Examples of physical nonlinear

systems. Notion of equilibrium

points, Essential nonlinear

phenomenon like finite escape

time, multiple isolated equilibria,

chaos, limit cycles, etc.,

Understand models of physical

nonlinear systems and their

nonlinearities.

3 Perform Jacobian linearization.

Linearization.

IX.

Analysis of nonlinear systems:

Second-order systems, phase-plane

portrait, invariant sets.

Classification of equilibrium
points.

Perform analysis of second order

nonlinear systems.

4

Stability Analysis:

X.

Asymptotic,

global asymptotic, exponential,

input-to-state (ISS) and instability.
Lyapunov's direct and indirect

method, invariance principle.

Construction of Lyapunov

functions.

Perform stability analysis of

nonlinear systems using

Lyapunov theory.

5

XI.

Introduction to nonlinear design

methods: feedback linearization,

sliding mode control. Case

studies.

5

Perform design of advanced
controllers for nonlinear

systems.

TOTAL 42

Course

Outcomes

The students shall be able to,

1.Develop linear and nonlinear dynamic models for physical systems.

2.Apply tools from linear systems theory to determine (i) time response of systems,

(ii) stability of systems, and (iii) controllability and observability of systems.

3.Design classical and advanced controllers for physical systems.

4.Perform analysis of nonlinear systems using Lyapunov methods.

5.Design advanced controllers for nonlinear systems.

Learning
Resources

1. I. J. Nagrath and M. Gopal, Control Systems Engineering, New Age International
Publishers, 8th ed. 2024

2. K. Ogata, Modern Control Engineering, Pearson, 5th ed. 2015

3. C.T. Chen, Linear Systems Theory and Design, Oxford University Press, 3rd ed. 1999

4. H. K. Khalil, Nonlinear Systems, Pearson, 3rd ed. 2014

5. H. J. Marquez, Nonlinear Control Systems, Wiley, 2003

6. C. Edwards and S. K. Spurgeon, Sliding Mode Control: Theory and Application, CRC
Press, 1998

5.
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Course Code EE5102 N
Course

Name

Industrial

Automation

Course

Category

L T P

PC
3 0 0

Pre-requisite
Courses

Undergraduate Control
Systems,

Instrumentation, Digital

Logic and

Microprocessors,

Programming Basics

(C, Ladder Logic, etc.)

Co-requisite
Courses

Industrial

Instrumentation,

Industrial

Communication
Networks

Course Offering Department Electrical Engineering

Progressive

Courses

Data Book/

Codes/Standa

rds

Robotics and

Automation,Process

Control and

Instrumentation,
Safety Instrumented

Systems, and

Industrial Safety

IEC 61131-3, IEC

61158,ISA

101.01,IEС 61508.

ISO 10218

Course

Objectives

1. To introduce the concept, types, levels, and components of industrial automation.

2. To impart knowledge on the architecture, programming, and application of

Programmable Logic Controllers (PLCs).

3. To familiarize students with SCADA and DCS systems, their communication

protocols, architecture, and applications.

4. To develop understanding of industrial communication networks, safety

standards, and cyber-security measures.

5. To enable students to understand the structure, kinematics, dynamics, and motion

analysis of industrial robots.

6. To explain different types of end effectors, sensors, actuators, and mobile robots
used in industrial automation.

7. To formulate the SLAM algorithm in mobile robots for industrial automation.

Module Syllabus Duration

(class-hours)

Introduction to Industrial

Automation: Concept and Need

Automation, Types of

for

Automation,
I.

Levels of Industrial Automation,
3

Components of Industrial Automation.

Module Outcomes

Understand the fundamental

concepts of industrial

automation. Differentiate

between various types and
levels of automation. Identify

key components of automation

systems.

II.

Programmable Logic Controllers

(PLCs): Basics of PLC, PLC

Programming, Interfacing PLCs with

Sensors & Actuators, Case Studies.

Explain the basics of PLCs.

Develop simple PLC

8
programs. Interface PLCs with

sensors and actuators. Analyze

real-world applications

through case studies.

Supervisory Control and Data

Acquisition (SCADA) & Distributed
III. 5

Control System (DCS): SCADA:

Components, Architecture, and

Describe the components,

architecture, and operation of

SCADA and DCS systems.
Understand relevant

6.
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IV.

V.

Operation, Communication Protocols,

SCADA Applications in Industrial

Monitoring & Control, DCS: Structure,

Functionality, Case Studies.

Industrial Communication &

Networking:

Communication Protocols.

communication protocols, and

evaluate their applications in

industrial monitoring and
control through case studies.

Industrial

3

Understand and explain key

industrial communication

protocols and their role in

facilitating reliable data

exchange within industrial

automation systems.

3

Apply safety standards and

regulations. Recognize cyber-

security frameworks.

Implement essential cyber-

security measures in industrial

automation systems.

Safety Engineering and Cyber-
security in Industrial Automation:

Safety Standards and Regulations,

Cyber-security Frameworks and

Standards, Cyber-security Measures.

Arm-Type Industrial Robots: Robot

Motion Analysis: Mathematical

representation of Robots, Homogeneous

transformation, Robot Dynamics,
VI.

Kinematics. 7

Robot End Effectors: Types of end

effectors, types of gripper mechanism,

considerations in gripper selection and
design.

Understand the mathematical

modelling of Arm-Type
Industrial Robots as well as

types of end-effectors and their

gripping mechanism.

Robot sensors and actuators: Sensors:

position and velocity sensors, resolvers,
encoders, tactile sensors- touch sensors,
force sensors etc.

Know about the sensors and

actuators used in Industrial

automation and their proper

application.
VII. 6

Actuators: Pneumatic and hydraulic

actuators, stepper motors, servomotors

etc. Power transmissions systems:

Gears.

VIII.

Mobile Robots for Industrial

automation: Descriptions of different

types, Localization and Mapping,
Navigation.

8

Implement autonomous

navigated robots for industrial

purposes.

TOTAL 42

Course

Outcomes

The students shall be able to,

1. Explain the fundamentals, types, levels, and components of industrial automation.

2. Develop and implement basic PLC programs and interface PLCs with industrial

sensors and actuators.

3. Analyze SCADA and DCS systems for industrial monitoring and control,

including communication protocols.

4. Evaluate industrial communication protocols and apply safety engineering and

cyber security practices in automation systems.

7.
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Learning

Resources

5. Perform mathematical modeling and kinematic/dynamic analysis of arm-type
industrial robots.

6. Select appropriate end effectors, sensors, actuators, and design basic systems for

mobile and fixed industrial robots and to handle sensor and actuator data in real

time.

7. Application of mobile robot in Industrial Automation.

1. Nicholas Odrey, Mitchell Weiss, Mikell Groover, Roger Nagel, Ashish Dutta,

"Industrial Robotics -Technology, Programming and Applications"

2. Peter Corke, "Robotics, Vision and Control: Fundamental Algorithms in
MATLAВ®".

3. Hugh Jack, "Automating Manufacturing Systems with PLCs".
4. Jon Stenerson, "Industrial Automation and Process Control".

5. B.R. Mehta & Y.J. Reddy, "Industrial Process Automation Systems".

6. Gerasimos G. Rigatos, "Modelling and Control for Intelligent Industrial Systems:
Adaptive Algorithms in Robotics and Industrial Engineering.

7. Bolton W. 2015,"Mechatronics: Electronic Control Systems in Mechanical and

Electrical Engineering", Pearson.

8. Krishna Kant, 2017,"Computer-Based Industrial Control", PHI Learning.

Aparajita Senguytr 25.6.25
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Course Code EE 5103 N
Course

Name

Industrial

Instrumentation

and Process

Control

L T P

Course

Category
PC

3 0

Pre-requisite

Courses

Fundamentals of

Instrumentation

and Control

System

Co-

requisite
Courses

Sensors &

Transducers

Progressive

Courses

Advanced

Microcontrollers

Course Offering Department Electrical Engineering

Data Book

/ Codes/

Standards

Nil

Course

Objectives
1.To introduce the methods of measurement of different industrial parameters with

sensors.

2.To discuss on different electronic transmitters and pneumatic systems.

3.To familiarize with the different components and functions of Data Acquisition
Systems(DAS).

4.To explore the design and development of embedded hardware with

IoT/Microcontrollers.

5.To realize control actions by applying pneumatic, hydraulic and electronic

principles.

6.To describe and represent the various complex control techniques applied on

industrial processes.

7.To study the role of actuators and control valves in computer aided process control.

8.To have a brief overview on Industrial control of Thermal power plants and related
sectors.

Module Syllabus Duration

(class-hours)

Module Outcomes

I.

Measurement with Sensors:

Measurement of Flow, temperature,

liquid level, Pressure, Strain, Force,

Torque, Load cells, Linear and Angular
displacement/speed, Position and Motion

sensors, etc., and Sensors in Robotics

6

Apply measurement

methods of industrial

parameters with different

sensors and sensors in

Robotics

II.

Electronic transmitters and Pneumatic

systems: Capacitive, piezo-resistive, and
resonator type. Flapper-nozzle assembly,

air filter regulators.

4

III.

Data Acquisition Systems: Objective of

a DAS, single channel DAS, Multi-

channel DAS, Components used in DAS-
Converter Characteristics-Resolution-

Non-linearity, settling time,

Monotonicity, Data loggers.

4

Deliver the knowledge on
the configurations of

electronic transmitters and

Pneumatic Systems

Describe the objectives of

DAS, its components and

its application as a Data

Logger

१.
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IV.

Embedded Systems/IoT/Advanced
Microcontrollers: Embedded Hardware;

Intel 8051 Microcontroller; PIC

Microcontroller; Programmable

Peripheral devices and IVO Interfacing

with Sensors, ARM & ADSP

Microcontrollers.

7

Interface sensors with

Microcontrollers and its

programmable peripheral
devices

V.

Realization of control actions by

applying pneumatic, hydraulic and

electronic principles and related process

parameters.

4

Apply pneumatic and

hydraulic control actions

using the electronic

principles

VI.

Complex Control Techniques: Ratio

Control, Cascade Control, Feed forward

Control, Control Inverse Derivative

Control, Variable Structure control, Split

range control.

5

Actuator and Control valves: Operation

and types of Actuator, Types of control

valves and their working principles,

Represent the various

complex control

techniques applied on

industrial processes

Operate actuators and

control valves for different

process variables in DCS

VII.

Valve Characteristics, Range-ability and

Turn down, Selection of valve for

different process variables; Computer

aided process control: Distributed Control

System (DCS)

6

VIII.

Industrial Control of Thermal Power

plant and other related utilities:

Instrumentation and Control

Disseminate a brief

6
overview on Industrial

control of Thermal power

plants and related utilities

TOTAL 42

Course

Outcomes

The students shall be able,

1.To apply the measurement of industrial parameters with different sensors and sensors
in Robotics.

2.To deliver the knowledge on the configurations of electronic transmitters and

Pneumatic Systems.

3.To describe the objectives of DAS, its components and its application as a Data

Logger.

4.To interface sensors with Microcontrollers and its programmable peripheral devices.

5.To apply pneumatic and hydraulic control actions using the electronic principles.

6.To represent the various complex control techniques applied on industrial processes.

7.To operate actuators and control valves for different process variables in DCS.

8.To disseminate a brief overview on Industrial control of Thermal power plants and
related utilities.

10.
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Learning
Resources

1. A.D. Helfrick and William David Cooper, Modern electronic instrumentation and

measurement techniques, Prentice Hall

2. B. G. Liptak - Instrumentation Engineers Handbook (Measurement); Chilton Book Co.,
1994

3. John-G. Webster (ed.), The Measurement, Instrumentation, and Sensors: Handbook,

Springer

4. Curtis D. Johnson, Process control instrumentation technology, Prentice Hall.

5. D. E. Seborg, T. F. Edgar & D. A. Mellichamp - Process Dynamics & Control; John Wiley

& Sons, 2nd Edition, 2003

6. D. P. Eckman - Automatic Process Control; John Wiley, New York, 7th Edition, 1990.

Aparajita Lerguth 25.6.25
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Course Code EE 5121 N
Course

Name

Optimization

and Optimal
Control

L T
Course

Category

P

PSE
3 이 이

Pre-

requisite
Courses

Undergraduate

Control System

Linear Algebra

Co-requisite
Courses

Nil
Progressive
Courses

Course Offering Department Electrical Engineering
Data Book/

Codes/Standards

1. To develop a foundation in optimization and optimal control.
2.

Nonconvex

Optimization,

Advanced MPC,
Stochastic

Optimal Control
Nil

Course

Objectives To enable students to formulate and solve optimization problems using convex

optimization.

3. To introduce calculus of variations for solving optimal control problems.

4. To develop tools for solving the linear quadratic regulator problem.

5. To introduce model predictive control.

Syllabus Duration

(class-hours)

Module OutcomesModule

I.

Introduction to static optimization:

linear and nonlinear problems,
constrained and unconstrained

optimization, Karush-Kuhn-Tucker

(KKT) conditions.

Differentiate between linear and

nonlinear optimization

problems.
4

Solve constrained and

unconstrained optimization

problems.

II.

Convex Optimization: Mathematical

preliminaries: convex sets, convex

functions. Convex optimization

problems: standard form, equivalent

formulation, optimality criteria. Semi-

definite programming, Linear Matrix

Inequalities. Formulation of standard

optimization problems as LMIs;

Numerical examples.

Understand convex sets and

convex functions.

Solve convex optimization

problems.

8 Formulate control problems

using LMIs and solve them.

Introduction to Calculus of

Variations: Euler's equation,
Legendre's condition, conditional

IIΙ. extremum problems, examples.

Advanced topics: Transversality

Conditions, sufficient conditions for

10

Provide the foundation of

optimal control by formulating
the optimization problem, derive

condition for optimality and
understand the structure of

solutions.

an extremum.

IV.

Quadratic forms: Solution to

Lyapunov Equation, stability of

unforced linear state equations.

4

Solve Lyapunov equations.

Perform stability analysis of
unforced linear systems.

12.
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V.

Linear Optimal Control: linear

quadratic regulator problem, state

feedback solution, LTI infinite

horizon problem, Algebraic Riccati

Equation (ARE), Hamiltonian Matrix,

Numerical design examples.

7

VI.

Introduction to linear model

predictive control (MPC).

Formulate and solve the linear

quadratic regulator problem.

4

Provide a foundational

understanding of how MPC

works, its mathematical

formulation and implementation

aspects.

Case studies: study of

VII. benchmark problems;

standard

design 5

examples.

Perform optimization and

optimal control on physical

systems.

TOTAL 42

Course

Outcomes

The students shall be able to,

1. Apply optimization techniques to solve engineering problems.

2. Formulate and solve convex optimization problems.

3. Apply calculus of variations to solve optimal control problems.

4. Solve linear optimal control problems.

5. Design model predictive controllers.

Learning
Resources

1. I. Petrov, Variational Methods in Optimum Control Theory - I, 2012

2. B. D. O. Anderson and J. B. Moore; Optimal Control: Linear Quadratic

Methods, PHI, New Delhi, 2007.

3. S.S. Rao, Engineering Optimization - Theory and Practice, 3rd ed. Wiley, 1996
4. S. Boyd and L. Vandenberghe, Convex Optimization, Cambridge University

Press, 2004 (https://web.stanford.edu/~boyd/cvxbook/bv_cvxbook.pdf)

5. S. Boyd, L. El Ghaoui, E. Feron, V. Balakrishnan, Linear Matrix Inequalities

in Systems and Control Theory, SIAM, 1994

(https://web.stanford.edu/~boyd/lmibook/lmibook.pdf)

6. C. Scherer and S. Weiland, Linear Matrix Inequalities in Control, DISC

Lecture notes, 2015 (https://www.imng.uni-
stuttgart.de/mst/files/LectureNotes.pdf.)

7. J. M. Maciejowski, Predictive Control with Constraints, Pearson Education,

2001

Aparajita Serguyt 25.6.25
13.



Course

Code
EE 5122 N

Course

Name

Theory of Discrete and

Digital Control Systems

Course

Category

L T P
PSE

3 0 0

Pre-requisite
Courses

Signals and

Systems

Co-requisite
Courses

Control

Systems

Progressive
Courses

Discrete-Time

Systems

Course Offering
Department

Nil
Electrical Engineering Data Book / Codes/Standards

Course

Objectives

1.To introduce and represent different discrete-time input signals applied on

analog systems,

2.To discuss and derive the mathematical background of sampling and signal

reconstruction,

3.To apply the z-transform theory and its inverse z-transform for the time domain

analysis of sampled data control system,

4.To perform the stability analysis and obtain the frequency response of sampled

data control system,

5.To induce a brief theory on calculation of error constants and hence design of

digital controllers,

6. To study state-space approach of designing of discrete-time systems,

7. To obtain the transfer function of complex systems with mixed sampling rates,

8. To realize discrete time systems through standard and ladder programming.

Module Syllabus Duration

(class-hours)

Module Outcomes

I.

Recapitulation of Discrete-time and

Sample Data System: Discrete-time signals
and their classifications, Time-invariant

system response, Representation of discrete-
time signals as sequences, Recursive

solution; Discrete convolution; Digital
simulation of analog system.

4

Π.

III.

Sampling & Reconstruction of Signals:

Sampling Process; Sampling Theorem;

Impulse Sampling; Zero-order and first-order

holds, Aliasing, Sampling of Continuous-
time signals, Signal reconstruction.

Z-Transform and its applications:
Difference equations, z-transform theory,
Obtaining z-transform by convolution

integral, z-transfer functions (pulse transfer

functions using convolution sums), inverse z-

transform and response of linear discrete

systems, signal flow graph, Mapping between

s-plane to z-plane, z-transform analysis of
sampled data control systems, System with

3

6

Classifying the
different discrete-time

input signals and

perform digital

simulation of analog

systems

Perform the sampling
and reconstructing the
continuous-time

signals

Obtain z-transform

and inverse z-

transform to find

response of linear

discrete systems.
Mapping among various

frequency plane.

14.
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dead time/transportation lag; Modified z-

transform; Frequency pre-warping.

IV.

Stability analysis in z-plane: Jury's stability
criteria, Root Locus Analysis, Routh's

Stability Criteria (Bilinear Transformation),
Frequency Response of Sample data system,
Bode diagram in w-plane.

6

V.

Design of Digital Controllers: Time-domain

specifications; Error constants for different

discrete control configurations; Digital PID
controller; Relationship with analog and

digital controller parameters: Frequency

responses; Realization of position and

velocity form of discrete-time PID controller.

6

VI.

State Space Representation of Discrete-
time Systems: State model state models for

linear discrete time systems, conversion of
state variables models to transfer functions in

z-domain, solutions of state equations, state

transition matrix, state transition flow graphs,
eigen values, eigenvectors; canonical state

variable models, controllability and

observability.

6

Use of various stability
analysis technique for

the discrete-time

systems

Computation of the time

domain specifications of

discrete time controllers,

finding error constants

and realization of

controllers

Analysis and design of
controllers for discrete

time systems using
state-space method.

VII.
Multirate and Skip sampling: Skip sampled
components; Transfer function of complex
system with mixed sampling rates.

5

Considering multi-rate

sampling for different

loops in a discrete time

system.

VIII.
Realization of discrete time systems: Direct

and Standard programming; Series, Parallel
and ladder programming; errors in
realization.

6

To realize discrete-time

systems using standard
and ladder programming

TOTAL 42

Course

Outcomes

The students shall be able to,

1.Classify the different discrete-time input signals and perform digital simulation of

analog systems,

2.Perform the sampling and reconstruction of continuous-time signals,

3. Obtain the z-transform and inverse z-transform to find response of linear discrete time

systems. Mapping among various frequency plane,

4. Use of various stability analysis techniques for the discrete-time systems,

5. Compute the time domain specifications of discrete time controllers, finding error
constants and realization of controllers,

6. Apply state-space method of analysis of discrete time systems and controller design

7. Analyze the discrete time systems with multi-rate sampling and skip sampling.

8. Realize discrete-time systems using standard and ladder programming methods

15. Aparojila Singuyt 25.6.25



Learning
Resources

1. Discrete Time Control Systems,K. Ogata-, Prentice Hall Inc., 2e, ©2001.

2. Modern Control System Theory,M. Gopal -, TMH, 2e, ©2005.

3. Digital control systems,B. C. Kuo -, Oxford, 2e, © 2012.

4. Digital Control Systems - Design, Identification and Implementation, Landau,

IoanDoré, Zito, Gianluca-, Springer, ©2006.

5. Digital Control Of Dynamic Systems, G.Franklin, J.Powell, M.L. Workman.

Aparajita Sergupt 25.6.
25
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Laboratory /Mini Project

on

Applied Linear and Nonlinear Control

(EE5171 N)

Laboratory /Mini Project

on

Industrial Automation

(EE5172 N)

Laboratory /Mini Project

on

Industrial Instrumentation and Process Control

(EE 5173 N)

Aparajita Lerguyh 25.6.25
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2nd Semester

M.Tech in Control and Industrial Automation (CIA)

Course

Code
EE 5201 N

Course

Name

Identification

and Data

Driven Control

Course

Category

L T P

PC
3 0 0

Pre-requisite
Courses

Control Systems,
Signals and

Systems, Linear

Algebra,
Probability and

Statistics

Course Offering Department

Course

Objectives

Module

L.

ΙΙ.

Co-requisite
Courses

Optimal

Filtering &
Stochastic

Processes

Progressive
Courses

Nonlinear System
Identification and

Control, Adaptive
Control,

Reinforcement

Learning for Control

Electrical Engineering
Data Book/

Codes/Standards
Nil

1. To introduce the fundamental concepts of system identification and the role of

data-driven control systems.

2. To develop skills in data collection, pre-processing, and application of

excitation signals for system modeling.

3. To familiarize students with parameter estimation techniques including LS,

RLS, MLE, and subspace methods.

4. To provide understanding of classical and modern system identification

approaches, including open-loop and closed-loop methods.

5. To introduce wavelet-based identification and control strategies, and their

applications in instrumentation.

6. To explore the application of machine learning techniques in control, including

predictive control frameworks.

7. To enable application of learned techniques in real-world industrial systems

using MATLAB/Python tools.

Syllabus

Introduction to System Identification and

Data-Driven Control: Role of data in

control systems, Model-based vs. model-

free control, Overview of system

identification

Data Collection and Preprocessing:
Excitation signals (PRBS, white noise),

Data preprocessing

Duration

(class-hours)

3

3

Module Outcomes

Explain the role of data

in control systems.

Distinguish between
model-based and model-

free control. Understand

the basics of system
identification.

Generate suitable

excitation signals and

apply pre-processing

techniques to prepare

data for system

identification.

III.

Parameter Estimation Techniques: Least

Squares (LS), Recursive LS (RLS),

Maximum Likelihood Estimation (MLE),
Subspace Identification, Gaussian Process

7

Apply various parameter
estimation methods such

as LS, RLS, MLE,

Subspace Identification,
and Gaussian Process

18.

Aparajte Segut 25,6,25



Regression

IV.

Classical System Identification Methods:

Discrete-time Systems, Persistent Excitation

in Input Signal, Model Structures 5

Open-loop and Closed-loop Subspace
Identification Methods

V. 5

VI.

Wavelet Control and its Application in

Instrumentation: Wavelet-Based System

Identification, Wavelet Control Strategies,
Case Studies

5

Regression in control

systems.

Model discrete-time

systems using classical
identification methods.

Understand the role of

input signal excitation
and model structures.

Differentiate and

implement open-loop
and closed-loop

subspace identification
techniques.

Utilize wavelet-based

methods for system
identification and

control. Analyze their

application through case

studies.

Integrate machine

learning techniques with

linear control theory.

Apply model reduction

techniques. Understand

predictive control

concepts.

VII.

Machine Learning Control (MLC):
Methods of Machine Learning and Linear

Control Theory, System Identification and

Model Reduction Techniques in ML,

Concept of Predictive Control

9

VIII.

Applications in Real-World Systems:

Industrial case studies: robotics, energy

systems, AI-powered control in autonomous

vehicles and smart grids, MATLAB/Python
implementation

5

Apply system
identification and

control techniques in

real-world industrial

systems using tools like
MATLAB or Python.

TOTAL 42

The students shall be able to,Course

Outcomes
1. Explain the principles of system identification and data-driven control, and

differentiate between model-based and model-free control strategies.

2. Design data collection experiments, apply pre-processing techniques, and
utilize excitation signals effectively for system modeling.

3. Apply and analyze parameter estimation methods such as Least Squares,

Recursive Least Squares, Maximum Likelihood Estimation, subspace

identification, and Gaussian Process Regression.

4. Implement wavelet-based system identification and control strategies, and

integrate machine learning techniques for predictive and data-driven control

applications.

5. Develop and evaluate system identification and control models for real-world

applications, using tools like MATLAB/Python in areas such as robotics, energy

systems, and autonomous systems.

19,

Apargjila Sagupta 25.6.25



Learning
Resources

1.Ljung L. 1999. System Identification: Theory for the User. Prentice Hall.

2.Söderström T., Stoica P. 1989. System Identification.

3.Duriez T., Brunton, et al. 2017. Machine Learning Control - Taming Nonlinear
Dynamics and Turbulence.

4.Steven L. Brunton, J. Nathan Kutz. 2022. Data-Driven Science and

Engineering Machine Learning, Dynamical Systems, and Control 2nd Edition.
Kindle Edition-Cambridge University Press.

5.Astrom K., Wittenmark B. 2013. Adaptive Control. Dover.

Aparajila Seugupl 25.6.25
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