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Structure of M.E. (Electrical) - Control System (2@8 Course)

ELECTRICAL ENGINEERING BOARD,
University of Pune.

Semester- |
. Teaching o
C:Soudtgelflt) Subject Scheme Examination Scheme r"l;g:zils Credits
' Lect | Pract | Paper| TW | OR | PR
Advance Mathematic:
503101 | Technique for Control 3 - 100 -- - - 100 3
System
503102 | Frocess Contr 3 | -~ | 10| ~| ~| ~| 100 3
Management
503103 Nonlinear Contro 3 . 100 N _ . 100 3
System
50310: | Elective- | 3 -- 10C -- -- -- 10C 3
503105 | Elective - Il 3 -- 100 -- -- -- 100 3
503106 | Lab. Practice - | -- 6 -- 5( - - 50 3
503107 | Seminar - | -- 4 -- 50 -- - 50 2
Total | 15 10 500 100 --| - 600 20
Semester- Il
. Teaching N
Csoudtgelflg Subject Scheme Examination Scheme r:g:ils Credits
' Lect | Pract | Paper| TW | OR | PR
503108 Multivariable & Optimal 3 _ 100 _ _ . 100 3
Control System
System ldentification &
503109 Adaptive Control 3 - 100 - - - 100 3
503110 | Advanced Digital 3 | - | 00| ~| ~| ~| 100 3
Control Technique
503111 | Elective - Il 3 -- 100 -- -- -- 100 3
50311: | Elective- IV (Open 3 - 10C - - - 10C 3
50311 | Lab. Practice Il -- 6 -- 5C - - 50 3
503114 | Seminar - Il -- 4 50 -- - 50 2
Total | 15 10 500 100,  ---| - 600 20
Semester- |l
. Teaching o
S)udtgel\clg Subject Scheme Examination Scheme r:g:ils Credits
' Lect | Pract | Paper| TW | OR | PR
603101 | Seminar - IlI -- 04 - 50 -- - 50 2
603102 | Project Stage - | -- 18 -- 50 -t 1- 50 6
Total | --- 22 100| --- 100 08
Semester- IV
. Teaching N
CSOudtgelgg Subject Scheme Examination Scheme ;g:ils Credits
' Lect | Pract | Paper| TW | OR | PR
603102 | Project Stage - Il -- 18 - 150 50 - 200 12
Total | --- 18 150 50| --- 200 12

Note: - The contact hours for the calculation of lad of Teacher - Seminar- 01Hr / Week /
Project- 02Hr / Week /

Student
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Continue, Structure of M.E. (Electrical) - Control System (2008 Course)

» Lab- Practice- | & Lab. Practice - Il will have minimum 10 experiments each.

* Seminar Il will be based on the Project Work.

 The Term Work of Project stage Il of semester 1\68d be assessed jointly by the pair of
internal and external examiners, along with thé examination of the same.

Elective - |
i) Automation & Robotics
1)) Modeling & Dynamic System

Elective - Il
i) Advanced Topics in Control Systems
i) Computer Aided Control Systems Design.
iii) SCADA System & Applications

Elective - 1l
i) Robust Control Systems
i) Stochastics Dynamical Systems
iii) Large Scale System

Elective - IV
i) Intelligent Control
i) Advanced Drives & Control
iii) Open *

* Candidate will have option for any one of theatiee subject from the existing Pune University PG
programmes, either from the same Board or fromathgr Board, with the consent of his guide.

PROF. M. G. UNDE

Date: 08-02-2008

CHAIRMAN
B.O.S. ELECTRICAL
ENGG.
UNIVERSITY OF PUNE



503101: Advanced Mathematical Techniques for ContildSystems

Teaching Scheme Examination Scheme
Theory: 3 Hrs/Week Paper: 100 Marks

Unit I: Mathematical Concepts

Review of Euclidean, Linear Algebraic equationsnwx sets, extrema of functions, real valued
function, partial derivatives gradient vector, Tay$eries, Directional derivatives, direction afegtest
descent, local and global extrema, limitations oétlmd of differential calculus, unconstrained
extrema of differentiable functions, constrainett&xa, method of Lagrange multipliers. (6 Hrs.)

Unit II: Optimization and Classical Techniques
Engineering applications of optimization, optimipat problem, classification of optimization
problems and techniques, single variable, multal@d@ optimization with no constraints, equality
constraints, inequality constraints unconstrainadimization, conditions for optimality, convexity,
steepest descent method, conjugate gradient mdtlevaton's method.
(6 Hrs.)

Unit [ll: Linear Programming
Linear programming problems, solution of a systdnirear simultaneous equations, LP problems,
involving LE constraints, simplex method, revis@d@ex method, duality, dual simplex method.

(6Hrs.)
Unit IV: Nonlinear Programming
One dimensional minimization method, unimodel fiorctelimination methods, dichotomous search,
Fibonacci method, Golden section method, interpolatmethods, unconstrained optimization
technique, direct methods - univariate method. (6 Hrs.)

Unit V: Dynamic Programming
Multistage decision process, suboptimization andggle of optimality, computational and calculus
method of solution, final value and initial valueplems continuous dynamic programming.

(6 Hrs.)

Unit VI: Integer and Stochastic Programming

Integer and stochastic programming, zero-one prognag, mixed integers, integer linear
programming, graphical representation, Gomory cetthod, Integer nonlinear programming, and
polynomial.Basic concept of probability stocha$itiear programming and nonlinear programming,
dynamic programming. (6 Hrs.)

Text Book:
1. Optimization Theory and Applications: S. S. RaoywN&ge International Publications

Reference Book:

1. Optimization Methods in Operations and Researche®ys Analysis: K. V. Mital and C. Mohan,
New Age International Publications

2. Optimization Concepts and Applications in EnginegriA. D. Belegundu and T. R. Chandrupatla,
Pearson Education



503102: Process Control Management

Teaching Scheme Examination Scheme
Theory: 3 Hrs/Week Paper: 100 Marks

Unit I: Management Process

Motivation- Motives, classification of motives. La@rship — definition importance — leadership style
models and theories of leadership styles. Groupauiyes and teams, theories of group formation,
formal organization and informal groups and theteraction. Conflict management, stress
management, strategies for solving destructiveliwtsf (6 Hrs.)

Unit Il Process Dynamics

Introduction to Process Control, Control Strategiesntrol Objectives, Benefits of Control, and
importance of Control Engineering. Mathematical Mioay Principles - A Modeling Procedure,
Modeling examples, Linearization.

Dynamic behavior of typical process systems - Sesteucture of a simple systems, Parallel structure
of a simple systems, Recycle structure, Stagedepsas, multiple-Input multiple-output systems, an
empirical model building, process reaction curve. (6 Hrs.)

Unit Ill: Feedback Control and PID Tuning and Management
Process and Instrument Elements of the Feedbaclp,LBtock Diagram, Control Performance
Measures for Common Input Changes, Selection oa¥kas for Control.
PID Controller Tuning for Dynamic Performance - &tining Tuning Constants for Good Control
Performance, Correlations for Tuning Constants,eHinoning the Controller Tuning Constants,
Controller tuning based on stability —Dead beat aelfi tuning controller, Ziegler-Nichols Closed-
Loop, some important interpretations.

(6 Hrs.)
Unit 1V: Digital Implementation Management of Process Control
Structure of the Digital Control System, EffectsQdmpling a continuous signal, The Discrete PID
Control Algorithm, Effects of Digital control onadtility, Tuning and performance.
Practical Application of Feedback Control - Equipm&pecification, Input Processing, Feedback
Control Algorithm, Output Processing. (6 Hirs.

Unit V: Cascade Control and Feed forward Control
Design Criteria, Cascade Performance, ControllgoAlhm and Tuning, Implementation Issues.

(4 Hrs.)
Unit VI: Multivariable Control
Modeling and Transfer Functions, Influence of iatdion on the Possibility of Feedback Control,
Process Interaction - Important Effects on Multighlte System Behavior, Process Interaction - The
Relative Gain Array (RGA), Effect of Interaction @tability and Tuning of Multi loop Control

Systems. (8 Hrs.)
Text Book:
1. T E Marlin — “Process Control - Designing processasd Control system for dynamic

performance”, McGraw-Hill, International Edition.ed York 1995.
2. G. Stephanopoulos: “Chemical process control —roduction to Theory & Practice”, Prentice
Hall of India Ltd, New Delhi.

Reference Book:

Books:

1. Organization behavior,™@Ed. — Stephen Robbins 2. Human behavior at worRavis and
Newstorm 3. Organization behavior — Uma Sekaran

2. “Management Concepts and Practices” — Hannagan



503103: Non Linear Control Systems

Teaching Scheme Examination Scheme
Theory: 3 Hrs/Week Paper: 100 Marks

Unit I Introduction to Non Linear System

Classification of non-linearity, types of non-limigg in physical system, jump phenomena and cilitica
jump resonance curve, methods of analysis of nogali systems and comparison, linearization, slope,
isoclines, singular point, limit cycle. (64

Unit Il: Phase Plane Analysis

Concept of phase plane, phase trajectory, phaseper methods of plotting phase plane trajectorie
Vander Pol’s equation, stability from phase pottri#ine response from trajectories, isoclines metho
Pell's method of phase trajectory, Delta methophafse trajectory construction. (6 Hrs.)

Unit Ill: Frequency Domain Analysis
Absolute stability, circle criterion, Popov criteni Describing function, DF of typical nonlineargie
stability analysis using DF method, DIDF, pole zshifting transformation. (6 Hrs.)

Unit IV: Liapunov Stability

Autonomous Systems: Stability of equilibrium poi@oncepts of positive definite/semi definite,
negative definite/ semi definite, indefinite fumsis, Lyapunov function Liapunov Stability:
asymptotic stability, global asymptotic stability. (6 Hrs.)

Unit V: Stability Criterion
Linear systems, linearization of nonlinear systea®ut equilibrium point. Liapunov's indirect
method. Stability analysis of nonlinear system gdirapunov's theorem. (8 Hrs.)

Unit VI: Nonlinear Control Design
Feedback linearization, Input Output linearizatisiiding mode control (4 Hrs.)

Text Book:
1. Automatic Control System: George J. Thaler Brovaicd Publications
2. Nonlinear Systems: Hasan A. Khalil, Printece Hallnalia

Reference Book:

1. Control Systems Theory and Application: Samarjip&h Pearson Education

2. Control System Engineering: Nagrath and Gopal, YMidastern

3. Introduction to Control Engineering: A. K. Mandalew Age International Publications



503104(i): Automation and Robotics

Teaching Scheme Examination Scheme
Theory: 3 Hrs/Week Paper: 100 Marks

Unit I: Introduction

Basic concept of automation, types of automatiored, flexible and programmable and their
comparative study. Robotics: A brief history, défon, laws of Robotics,

Introduction to NC and CNC machines - Basic condelptk diagram difference and comparison with
robots, advantages, disadvantages and applicatiBatot like devices such as prostheses,
exoskeletons, telecherics, locomotive mechanistmtrananipulator etc. Concept of Workcell, Basic
components of robot, Specifications of robot: degref freedom (DOF), accuracy, repeatability,
spatial resolution, compliance, loads carrying cépa speed of response, work volume, work
envelope, reach etc. (6 Hrs.)

Unit Il: Fundamentals of Robot Technology

Basic structure, links and Joints, types of Joity{ses of links, types of end effectors: Grippers:
Mechanical, Vacuum cups, Magnetic, adhesive andetfi@eous. Tools as end effectors.

Wrist configuration: concept of: yaw, pitch andirol

Robot classification: according to 1) Co-ordinaystem: Cartesian, cylindrical, spherical, SCARA,
Articulated 2) Control Method: Servo controlled amah-servo controlled, their comparative study 3)
Form of motion: P-T-P (point to point), C-P (contous path), pick and place etc. and their
comparative study 4) Drive Technology: HydraulieleBmatic, Electric (stepper motor, D.C. servo
motor) in detail with selection criteria. Motion rogersion: Rotary to rotary, rotary to linear andevi
versa. (6 Hrs.)

Unit 1lI: Industrial Applications and Robot Program ming

Industrial Applications of Robots: Welding, Spraghmting, Grinding, Handling of rotary tools, Parts
handling/transfer, Assembly operations, parts sgrtiparts inspection, Potential applications in
Nuclear and fossil fuel power plant etc. (Detads the above applications are selection criteribn o
robots, sensors used, selection of drives and @actjanethods of control, peripheral devices useq e
Programming of Industrial Robots: Concept of oreliand off line programming, concept of teach
pendant, three levels of robot programming such)aSpecialized manipulation languages 2) Robot
library for an existing computer language 3) Rdbwary for a new general purpose language.
Classification of robot specific languages on tlasi® of hardware level, point-to-point level, the
motion level and structured programming level. (6 Hrs.)

Unit IV: Robot arm dynamics and transformation

Newton Euler Equations, Kinetic and potential egetgagrangian analysis for a single prismatic joint
working against gravity and single revolute joidbint vector, Homogeneous co-ordinates. Matrix
operators for translation and rotation. Homogenemrsformation matrix. Concept of "Hand Matrix".
Effect of pre and post multiplication of a hand rxaby basic matrix operators. (6 Hrs.)

Unit V: Kinematics

Denavit-Hartenberg (D-H) representation of kineggthains. Rules for establishing link co-ordinate
frames. D-H matrix. Forward solution of robotic nparator. Examples of forward solutions for
Stanford and PUMA robots.

Inverse Kinematics: Inverse (back) solution by ijedt approach, ii) Geometric approach, iii)
Geometric approach with co-ordinate transformatzom iv) manipulation of symbolic T and A
matrices. (6 Hrs.)



Unit VI: Robot Control

Open loop and closed loop control, Linear contrcheédnes, PD and PID control, Torque and Force
control of robotic manipulators, Adaptive contrdlybrid control, Impedance control.

Manipulator Jacobian, Jacobian for prismatic ambltge joint. Jacobian Inverse, Singularities.
Control of Robot manipulator: joint position corngo(JPC), resolved motion position controls

(RMPC) and resolved motion rate control (RMRC). (6 Hrs.)
Text Books:
1. Richard D. Klafter, Thomas A. Chemielewski, Mich&iign "Robotic Engineering — An Integral

2.

3.

Approach”, Prentice Hall of India Pvt. Ltd., NewIBie Eastern Economy Edition.

K. S. Fu., R. C. Gonzalez, C. S. G. Lee, "Robot{@entrol Sensing, Vision and Intelligence",
International Edition, McGraw Hill Book Co.

R. K. Mittal, I. J. Nagrath, "Robotics and ControT'ata McGraw Hill Publishing Company Ltd.,
New Delhi.

Reference Books:

1.
2.

3.
4.

Arthur J. Critchlow, "Introduction to Robotics"

Robert J. Schilling, "Fundamentals of Robotics: Ksis and Control", Prentice Hall of India, New
Delhi

John J. Craig, "Introduction to Robotics: Mecharsosl Control”, Pearson Education

Mikell P. Groover, Mitchell Weiss, Roger N. Nag&ljcholas G. Odrey, "Industrial Robotics:
Technology, Programming and Applications", McGrait Book Company



503104¢(ii): Modeling of Dynamic System

Teaching Scheme Examination Scheme
Theory: 3 Hrs/Week Paper: 100 Marks
Unit |

Dynamics systems, Examples of dynamic; systems,iniliefis related to dynamic systems,
Classification of system inputs, classificatiorsgétem models. System modeling and simulation.

(5 Hrs).
Unit Il: Modeling of Mechanical and Electrical Systems:
Translational systems: Springs, Dampers, Mass, tieod Systems: D'Alembert's Principle,
Lagranges's Equation, Three dimensional motion
Elective Systems: Basic Elements, Passive Circoalysis, Active circuit analysis: The operational
amplifier Mechanics. (6 Hrs)

Unit lll: Fluid Systems:

Properties of fluids: Density, equation of stateyuids and Gases, Viscosity, Propagation of speed,
Thermal properties, Reynolds Number Effects.

Derivation of passive components, resistance, itahee and capacitance.

Thermal System: Basic Effects, conduction, coneectand Radiation, Circuit analysis of static
thermal system: Signal and Multiple lumped capacigamodeling. (7 Hrs)

Unit IV: Transform Methods for Generalized Response

Impulse response, Convolution integral: Responsetiitrary inputs when impulse response is known,
Frequency response, Response to periodic Inpatssiémt inputs and random signal.

Simulation Methods: Limitations of analytical metisp Analog Simulation.

Digital Simulation: Specific Digital Simulation thniques. (6 Hrs)

Unit V: Generalized Modeling Methods:
Frequency response methods, Pulse testing metliasdom Signal testing methods, Parameter
tracking methods, Multiple regression and leasasgunethods, Subsystem Coupling Methods.

(5 Hrs)
Unit VI: Applications (Distributed Parameter Models)
Longitudinal vibrations of a rod, Lumped Parametgproximations for rod vibration, Conduction heat
translation in an Insulated Bar, Lumped paramgtier@imations for heat transfer in insulated bar.
Magnetic Levitation system for an Experimental Raihicle. (7 Hrs)

Text Books:

1. System Modeling and Response: Theoretical and xrpetal Approaches. Ernest O. Dobling,
John Wiley and Sons, 1980

2. Modeling and Simulation of Dynamic Systems: Rohédods, Kent L. Lawrence, Prentice Hall

Reference Books:

1. Simulation Modeling and Analysis: Averill M. Law, VDavid Kelton. McGraw Hill

2. System Dynamics: Modeling Analysis, Simulation, igasErnest O. Dobling, Marcel Dekker Inc.

3. Modeling of Dynamical Systems Vol. I: H. Nichols¢aditor), Peter Peregrinus Ltd., on behalf of
IEE (Useful for unit 6) 116842, 1980 Edition

4. Dynamic Modeling and Control of Engineering Systethd owen Sheaser, Bohan T. Kulawski
Macmillan Publishing Company NY, 158275, 1990 Extiti



503105(i): Advanced Topics in Control Systems

Teaching Scheme Examination Scheme
Theory: 3 Hrs/Week Paper: 100 Marks

Unit |

Sliding Mode Control: notion of variable structurentrol, sliding surface, Uncertainties in system
matrix, input matrix, external disturbance, dynasliding surface. (6 Hrs)

Unit Il

Introduction to adaptive control, Different methpdslaptive control using SMC. (6 Hrs)

Unit Il

Pole placement techniques. State feedback and tofgpdback of single input and multi-input
systems. (6 Hrs)

Unit IV

Multirate output feedback techniques - Periodic pputFeedback (POF) and Fast Output Sampling
Feedback (FOS). Multirate output control. His)

Unit V

Introduction: Biological neurons and memory: Stanetand function of a single neuron; Artificial
Neural Networks (ANN). (5 Hrs)

Unit VI

Typical applications of ANNs : Classification, Ctasng, Vector, Quantization, Pattern Recognition,
Function Approximation, Forecasting, Control, Op#ation; Basic Approach of the working of ANN
- Training, Learning and Generalization. &H

Text Books:

1. Spurgeaon “Sliding mode control, theory and appbece”

2. A Cichocki and R. Unbehauen, Neural Networks forti@ation and Signal Processing, John
Wiley and Sons, 1993.

Reference Books:

1. K. Mehrotra, C. K. Mohan and Sanjay Ranka, “Elerseuntt Artificial Neural Networks”, MIT
Press, 1997 - [Indian Reprint Pen ram Internatiéhadlishing (India), 1997]

2. Simon Haykin, Neural Networks - A Comprehensive dation, Macmillan Publishing Co., New
York, 1994.



503105(ii): Computer Aided Control System Design

Teaching Scheme Examination Scheme
Theory: 3 Hrs/Week Paper: 100 Marks

Unit I: Introduction

Application of software and simulink for controlssgm design.

Review of compensation technique and choice oinoyth parameters to obtain desired performance.
Absolute stability and relative stability concepts. (5 Hrs)

Unit II: Design of Linear Control Systems
Transient and steady state response; Polar, Baut#, IBcus plots; Reshaping of these plots to obtain
desired response, Initial condition and forced oesp, A simple lag — lead design. (7 Hrs)

Unit 1ll: Design of control systems by state varialte techniques

Controllability, Observability; Stability by usingomputer methods; solution of state and output
equations of closed loop systems. Pole placemeangmieObserver design.

Linear / quadratic optimal control. Full and reddicegder observers. (6 Hrs)

Unit IV: Design of nonlinear control systems
Phase plane technique, Describing Function metlmodhénlinearities like saturation, dead space,
ON/OFF (Ideal Relay type nonlinearity). Simulatii@echniques. (6 Hrs)

Unit V: PID Controller

Use of digital computer as a compensator devicsjcbeomputer control scheme, tunable PID
controller, Ziegler — Nichol’'s method,

Simulation of multiloop control system using P, PID, PID controller and finding the system
response. Standard compensator structures (P,IRDARPID control). (6 Hrs)

Unit VI: Design of digital control system

Technique and methodology; Computation of digitpliealent of the analog controller, simulation of
performance of the design. Digital controller dasiBegulator and observer design; Digital servo for
inverted pendulum. (6 Hrs)

Text Books:

1. G. C. Goodwin, S. F. Graebe, M. E. Salgado, “Cdr@gstem Design”, Prentice Hall of India
2. Norman S. Nise, “Control Systems Engineerind® Biition, Wiley

3. George Ellis, “Control System Design Guide — A Ficat Guide”, 3 Edition, Academic Press

Reference Books:
1. M. Gopal, “Digital Control and State Variable MettfipTata McGraw Hill
2. Hadi Saadat, “Computational Aids in Control Systddsing MATLAB”, McGraw Hill
International
. Ogata K., “Modern Control En ineering”t,thdition, Prentice Hall
7 [

3
4. Ogata K. “System Dynamics”, 3Edition, Prentice Hall
5. M. Gopal, “Control Systems Principles and Desigti® Edition, Tata McGraw Hill



503105(iii): SCADA Systems and Applications

Teaching Scheme Examination Scheme
Theory: 3 Hrs/Week Paper: 100 Marks

Unit I: Introduction to SCADA and PLC:

SCADA: Data acquisition system, evaluation of SCAD®mMmunication technologies, monitoring
and supervisory functions.PLC: Block diagram, pamgming languages, Ladder diagram, Functional
block diagram, Applications, Interfacing of PLC WwiSCADA. (8 Hrs)

Unit Il: SCADA system components:
Schemes, Remote Terminal Unit, Intelligent Eledtrddevices, Communication Network, SCADA
server. (5 Hrs)

Unit Ill: SCADA Architecture
Various SCADA Architectures, advantages and disathges of each system, single unified standard
architecture IEC 61850 SCADA / HMI Systems. Hi®)

Unit IV: SCADA Communication
Various industrial communication technologies- wir@nd wireless methods and fiber optics, open
standard communication protocols. (6 Hrs)

Unit V: Operation and control of interconnected power system
Automatic substation control, SCADA configuratidbnergy management system, system operating
states, system security, state estimation. Hrép

Unit VI: SCADA applications
Utility applications, transmission and distributiosector operation, monitoring analysis and
improvement. Industries oil gas and water. Casgiessy/implementation, simulation exercises. (5 Hrs)

Text Books:
1. Stuart A Boyer: SCADA supervisory control and datguisition
2. Gordan Clark, Deem Reynders, Practical Modem SCAd@tocols

Reference Books:
1. Sunil S. Rao, Switchgear and Protections, Khantdidion



503106: Laboratory Practice — |

Teaching Scheme Examination Scheme
Lab Practice: 6 Hrs/Week Term Work: 50 Marks

Students should perform at least ten experimerdgrubab. Practice — | covering the subjects
taught during semester - |



503107 Seminar — |

Teaching Scheme Examination Scheme
Seminar: 4 Hrs/Week Term Work: 50 Marks

Each student is required to deliver a seminarrgt fiemester on state of art of the topic of hiséiren
choice. The topic of the seminar should be outhef syllabus and relevant to the latest trends in
Control Systems. The student is expected to sulbriseminar report in standard format approved by
the University of Pune.



503108: Multivariable and Optimal Control Systems

Teaching Scheme Examination Scheme
Theory: 3 Hrs/Week Paper: 100 Marks

Section I: Multivariable Control Systems

Unit |

Example of multivariable control systems, diffeiahbperator and transfer matrix, state-space nsodel
and system solution. (6 Hrs)

Unit 11

Controllability, observability, state estimationl@allocation, stability and reproducibility, minah
realization of multivariable control systems. (6 Hrs)

Unit [l

Decoupling and model matching control, extensionctassical theory to multivariable control
systems. (6 Hrs)

Section II: Optimal Control System

Unit IV

Pontryagin’s minimum principle, application to diste and continuous systems. (5 Hrs)
Unit V

Hamilton - Jacoby equation. Relation between thaimum principle and dynamic programming.
Linear regular problem. Quadratic performance kdate (8 Hrs)

Unit VI

Minimum time problems, Bang Bang Control, singudalutions. (5 Hrs)

Text Books:

1. Linear Multivariable Control System: Y. S. Apte,\Wé\ge International Publication 1996
2. Multivariable Control System: W. M. Wonham

3. Optimal Control- An Introduction: O. Kirk, Prentidtall

4. Optimum Systems Control: A. P. Sage, Il Edition

Reference Books:

1. Linear System Theory and Design: C. T. Chen, 3ntidtd Oxford 1999
2. Multivariable Control: N. K. Sinha, Marcel Dekkerd., New York

3. Control System Design: Goodwin, Graebe, Salgado

4. Optimization Theory and Applications: S. Rao, WikEgstern



503109: System Identification and Adaptive Control

Teaching Scheme Examination Scheme
Theory: 3 Hrs/Week Paper: 100 Marks

Unit I Introduction to Identification techniques
Introduction, Basic concepts of Identification ahdaptive Control of Systems.
Identification Techniques -
a) Nonparametric Methods: Impulse Response and Ctmel&requency Response, Fourier and
Spectral Analysis, Need for Stochastic Identificati
b) Parametric Methods: Least Square Estimation, Maminuikelihood, Instrumental Variable
Method
c) Computation Methods: Levi son-type, Kalmipe and QR-type. (6 Hrs)

Unit 11
Convergence and Consistency, Recursive EstimaBooistrapping, Experiment Design, Choice of
Input, Model Structure and Order Determination, odalidation, Practical Application. (5 Hrs)

Unit Ill: Learning Systems and Methods

Learning in Redundant computer configuration, Laayrand pattern recognition, Parametric and non
parametric training methods, Linear discreminal ction, Learning systems with and without
supervision, Decision theoretic methods, Bayeskgarning, Stochastic approximation technique,
Image processing, Feature extraction theory, Caskes. (6 Hrs)

Unit IV: Introduction to Adaptive Control and Real- Time Parameter Estimation

Introduction to Adaptive Control, Linear FeedbaEkfects of Process Variations, Adaptive Schemes,
the Adaptive Control Problem Real-Time Parametetinisgion - Least Squares and Regression
Models, Estimating Parameters in Dynamical SysteBperimental Condition, Simulation of
Recursive Estimation. (6 Hrs)

Unit V: Self-Tuning Regulators (STR)
Pole Placement Design, Indirect Self-tuning RegutatContinuous-Time Self-tuners, Direct Self-
tuning Regulators, Disturbances with Known Changsties, Stochastic Self-tuning Regulators,
Unification of Direct Self-tuning Regulators, LimeQuadratic STR, Adaptive Predictive Control.

(6 Hrs)
Unit VI: Model-Reference Adaptive Systems (MRAS)
Introduction, The MIT Rule, Determination of the @amtation Gain, Lyapunov Theory, Design of
MRAS Using Lyapunov Theory, Bounded-Input, Bound&atput Stability, Applications to Adaptive
Control, Output Feedback, Relations between MRAS SR, Nonlinear Systems. (7 Hrs)

Text Books:

1. Ljung, System Identification Theory for the usereiice Hall, 1999.

2. Astrom K. J., Wittenmark B - "Adaptive Control", Aion Wesley, 1995.
3. Landau L. D., Lozano R., M'Saad M. - "Adaptive Qolit Springer, 1997.
4. T. Soderstrom & P. Stoica, “System IdentificatioRtentice Hall

Reference Books:

1. Eveleigh, V. W. "Adaptive Control and Optimizatidechniques"”, McGraw Hill Book Company,
New York, 1967.

2. Mendel, J.M. and Fu, K. S. "Adaptive Learning amatt€¥n Recognition Systems", Academic
Press, New York, 1970.

3. A. Papoulis, “Probability, Random Variables andck@stic processes”, 2nd Ed., McGraw Hill,
1983.

4. A. Larson and B.O. Schubert, “Stochastic Processesl. | and Il, Holden-Day, 1979. W.
Gardener, Stochastic Processes, McGraw Hill, 1986.



503110: Advanced Digital Control Techniques

Teaching Scheme Examination Scheme
Theory: 3 Hrs/Week Paper: 100 Marks

Unit I: Digital Simulation and Digital Redesign

Introduction, Digital modeling with sample and haldvices, State variable formulation, Numerical
integration, Frequency domain characteristics, \Mgr@and Prewarping, Digital Redesiging, Closed
form solution for G(T), Partial matching of states|ution of the feedback matrix by series expamsio
Exact solution of E(T) by series expansion, Stab@pbnsideration and Constraints on the selectfon o
weighing matrix. (8 Hrs)

Unit II: Design of Discrete Data control Systems byConventional Methods
Design in the Z plane using root locus diagram,sphiead lag controller, digital P, PIl, PD, PID
controller, Pole zero cancellation. (4 Hrs)

Unit Ill: Pole Placement Design and State Observer

Introduction, Stability improvement by state feeckaNecessary and Sufficient conditions for
arbitrary pole placement, State regulator desigesi@h of State Observers, Compensator design by
separation principle, Servo Design - introductidnreference input by feed forward control. State
feedback with integral control, digital control &, with state feedback, deadbeat observer,
Introduction to system identification and adapteatrol. (6Hrs)

Unit IV
Multirate DSP, Decimation, Interpolation, DesignRractical Sampling, Rate Conversion, Design of
FIR and IIR Filters, Finite word length effect imgdal filters, discrete wavelet transform, adaptiv

filter components, algorithms. (8 Hrs)
Unit V

Digital Signal Processors - Features, Fixed anditiig point DSP, Selection of DSP. Architecture
and Instruction set of TMS 320C5X, instruction pipeg, Application Programs. (5 Hrs)

Unit VI

Digital Signal Processors - Features, Fixed anditiig point DSP, Selection of DSP. Architecture
and Instruction set of TMS320C54X DSP Processottungon pipelining, Application Programs.
(5 Hrs)

Text Books:

1. Discrete Time Control Systems, Pearson Educatioa, Katsuhiko Ogata

2. Digital Control and State Variable Methods (convamtl and Neuro Fuzzy Control), Tata
McGraw Hill, M. Gopal

3. Digital Signal Processing Implementation using D\@ieroprocessors with Examples from TMS
320C54XX, Thomas Publication, Avatar Singh, S. iSasan

4. Digital Signal Processor, B. Venkatramani, M. BreasR ata McGraw Hill

Reference Books:

1. Digital Control Systems, Oxford Press, Koop

2. Digital Signal Processing, Principles, AlgorithmsdaApplications, Pearson Education, John G.
Proakis

3. Digital Signal Processing, Pearson Education, Haadervis



503111(i): Robust Control System

Teaching Scheme Examination Scheme
Theory: 3 Hrs/Week Paper: 100 Marks

Unit I: Introduction
Some common robust control problems. Linear systmis: Jordan and Real Jordan canonical forms,
structural decomposition. (4 Hrs)

Unit II: Structural mapping of Bilinear Transformat ions:
Mapping of continuous time to discrete time ancewicversa, existence condition oktub optimal
controllers, continuous time system and discrete tystem. (7 Hrs)

Unit 11l: Solution to Discrete time Riccati Equations:
Solutions to general DARE anddHDARE. (7 Hrs)

Unit IV: Information in continuous time and discrete time Heo optimization:
Full information feedback case, output feedbackecgéants with imaginary axis zeros/unit circle
zeros. (6 Hrs)

Unit V: Solutions to continuous time and discreteitne Hoo problems:

Full state feedback, full order output feedbackumed order output feedback. (6 Hrs)
Unit VI

Robust and perfect tracking of continuous time disdrete time systems, solvability conditions and
solutions; solutions to measurement feedback case. (6 Hrs)

Text Book:

1. Robust and kb Control: Ben M. Chen, Springer Verlag, London, @00
2. Essentials of Robust Control: K. Zhon, John C. Borentic Hall Int. 1998

Reference Book:

1. Robust Control - The Parametric Approach: S. P.tfAbharya, H. Chapellat, Prentice Hall Int.
1995

2. Robust Adaptive Control: Petros A. loannou, Jingh,SRrentice Hall Int. Upper Saddle River,

NJO7458

Robust Process Control: M. Morari and E. ZafiriBugntice Hall 1989

Feedback Control Theory: J. C. Doyle, B. A. Framagid A. R. Tannenbaum, Macmillan 1992

A Course in ko Control Theory: Francis

Optimal Controller, A General Robust Control in @oh System Toolbox:- Robust Analysis,

Robust Model Reduction:- MATLAB, Mathwork Inc. 1992

o0 k®



503111(ii): Stochastics Dynamical Systems

Teaching Scheme Examination Scheme
Theory: 3 Hrs/Week Paper: 100 Marks

Unit |

Finite - dimensional linear estimation. The geomatrstructures of linear estimation. (5 Hrs)

Unit Il

Stochastic processes and linear estimation. Stbchar®cesses, Hilbert space, Spaces of square —
integrable variables. (7 Hrs)

Unit Il

Orthogonal increments processes. General propectoesiting processes, Brownian motion and white
noise, Wiener integrals. (6 Hrs)

Unit IV

Estimation in dynamical systems. Multidimensionabgesses, linear stochastic equations, the
innovations process, The Kalmann Filter. (6 Hrs)

Unit V

Linear Stochastic Control. Dynamic programming #meldeterministic linear regulator, the stochastic
linear regulator, Partial observations and the isdjma Principle, Infinite-time problems. (8 Hrs)

Unit VI

An outline of further developments. Nonlinear filtey and control, Distributed-parameter systems.
(4 Hrs)

Text Books:

1. Paul Malliavin, "Stochastic Analysis", Springer 919
2. M.H.A. Dauvis, "Linear Estimation and Stochastic @off, Chapman and Hall, London (1977)

Reference Books:

1. Peter S. Maybeck, "Stochastic Models, Estimatiod @wontrol Vol.-I", Academic Press, New
York (1979).

2. Peter S. Maybeck, "Stochastic Models, Estimatiod &@ontrol Vol.-1I", Academic Press, New
York (1982).

3. Peter S. Maybeck, "Stochastic Models, Estimatiod @ontrol Vol.-llI", Academic Press, New
York (1982).



503111(iii): Large Scale Systems

Teaching Scheme Examination Scheme
Theory: 3 Hrs/Week Paper: 100 Marks

Unit I: Modeling and parameter estimation:
Introduction to probability theory, elements ofiesttion theory, application to parameter estimation
for a dynamical model, some methods for the detetion of transfer functions. (5 Hrs)

Unit Il: Parameter estimation for large scale systes
Hierarchical parameter estimation, the multiple jgeton approach, recursive algorithm for the
minimum variance estimator, simulation results. (5 Hrs)

Unit 11l Aggregation:

Aggregation of control systems, problem statem@nbperties of the aggregated system matrix,
determination of the Aggregation matrix;

Generation of feedback controls: linear dynamidmjaiation, bounds on sub optimality, eigenvalue
assignment. (8 Hrs)

Unit IV: State space reduction techniques:

Model analysis approach, mathematical developntlerge basic methods, and a general approach.
Subspace projection methods, projection error nmgation, and derivation of reduced model.

Optimal order reduction, problem formulation, cdiafis of optimality, numerical algorithm,
polynomial input functions. A comparative study.ténsion to discrete systems, preliminary analysis,
two model reduction techniques, output error miaation. Examples. (6 Hrs)

Unit V

Model simplification using frequency domain techreg. Simplification by continued function

expansions: three Cauer forms, a generalized Ralgrithm, simplified models, relationship to

aggregation, and extension to discrete models;

Approximation methods for simplification: time momematching, Padetype approximations, Routh-
Hurwitz method. Minimal realization algorithms: abtions of reliability, Pade - type realizable

models, aggregated model of Routh approximants. (6 Hrs)

Unit VI: Time scale analysis
Block-diagonalization of continuous systems: prablestatement, numerical algorithms, basic
properties, relation to model aggregation. Feedloadirol design: two stage eigenvalue placement.
Decoupling of discrete systems: fast slow separatipproximate analysis, state feedback design.

(6 Hrs)

Text Books:

1. Magdi S. Mahmoud and Madan G. Singh — “Large ssgems modeling”, Pergamon press,
Oxford.

2. Lan Lunze — “Feedback control of Large scale systeRrentice Hall International, New York.

3. Prof. B. Bandopadhyay — “Large scale systems”

Reference Books:

1. Magdi S. Mahmoud, Mohamed F. Hassan, Mohamed GuwiBlas “Large scale control systems -
Theories and Techniques”, Marcel Dekkar, Inc, Newvkvand Basel.

2. Yacov Y. Haimes — “Large scale systems”, Publishierth Holland publishing Co. Amsterdam.

3. Dragoslav D. Siljak — “Large scale dynamic systestability and structure”, Norht Holland, New
York.

4. International federation of automatic control (IFA€/mposia series, 1990, No. 9, “Large scale
systems: theory and applications 1989”



503112(i): Intelligent Control
Teaching Scheme Examination Scheme
Theory: 3 Hrs/Week Paper: 100 Marks

Unit I: Introduction to Neural Networks

Introduction, Humans and Computers, OrganizatiothefBrain, Biological Neuron, Biological and
Artificial Neuron Models, Historical Developmentssentials of Artificial Neural Networks:

Artificial Neuron Model, Operations of Artificial ®&uron, Types of Neuron Activation Function, ANN
Architectures, Classification Taxonomy of ANN - Gmctivity, Neural Dynamics (Activation and
Synaptic), Learning Strategy (Supervised, Unsupedji Reinforcement), Learning Rules. (6 Hrs)

Unit IIl: Feed Forward Neural Networks

Introduction, Perceptron Models: Discrete, Contumicand Multi-Category, Training Algorithms:

Discrete and Continuous Perceptron Networks, P&ameConvergence theorem.

Multilayer feed forward Neural Networks. Credit Agsment Problem, Generalized Delta Rule,
Derivation of Back propagation (BP) Training, Sumynaf Back propagation Algorithm, Learning

Difficulties and Improvements. (6 Hrs)

Unit 1ll: Associative Memories

Paradigms of Associative Memory, Pattern Mathersatidebbian Learning, General Concepts of
Associative Memory (Associative Matrix, AssociatidRules, Hamming Distance, The Linear
Associator, Matrix Memories, Content Addressablemdey), Bi-directional Associative Memory

(BAM) Architecture, BAM Training Algorithms: Stora&gand Recall Algorithm, BAM Energy

Function, Proof of BAM Stability Theorem. Self-Orgaing Maps (SOM) and Adaptive Resonance
Theory (ART).

Introduction, Competitive Learning, Vector Quantiaa, Self-Organized Learning Networks,

Kohonen Networks, Linear Vector Quantization, SigbPlasticity Dilemma, Feed forward

competition, ART1, ART2. (6 Hrs)

Unit IV: Fuzzy set Theory

Fuzzy versus crisp, Crisp sets (operation, propgrpartition and covering), fuzzy sets: membership

function, Basic fuzzy set operations, propertiesfudzy sets, crisp relations: (Cartesian product,

operation and relations), fuzzy relations. (Fuzayt€sian product, operation on fuzzy relations).
(6Hrs)

Unit V: Fuzzy systems

Crisp logic (Laws on prepositional logic, Inferende prepositional logic), predicate logic

(Interpretation of predicate logic formula, Infecenin predicate logic), fuzzy logic (Fuzzy quaretifi,

fuzzy Inference), fuzzy rule based system, deficatiion methods. (6 Hrs)

Unit VI: Applications

Neural network applications: Pattern recognitiomteol and Process Monitoring, fault diagnosis and

load forecasting. Fuzzy logic application: Greg t'¢iofuzzy cruise controller, Air conditioner

controller.

(6 Hrs)

Text Book:

1. Neural Network Design-Hagan, Demuth, Beale- Thohessning, Vikas Publishing House

2. Introduction to Artificial Neural Systems - Jacek Eluarda, Jaico Publishing House, 1997.

3. Neural Networks, Fuzzy logic, Genetic algorithmmtbesis and applications by Rajasekharan and
Rai - PHI Publication.

Reference Books:

1. Neural and Fuzzy Systems: Foundation, ArchitectaresApplications, - N. Yadaiah and S. Bapi
Raju, Pearson Education

2. Neural Networks - James A Freeman and Davis Skapaarson, 2002.

3. Neural Networks - Simon Hykins, Pearson Education

4. Neural Engineering by C. Eliasmith and CH. Anderdoif|



503112(ii): Advanced Drives & Control

Teaching Scheme Examination Scheme
Theory: 3 Hrs/Week Paper: 100 Marks

Unit I: Introduction to motor drives:

Classification, comparison of AC and DC drives, iBadements, torque equations, component of load
torque, multi-quadrant operation, equivalent dpaeameters, components of power electronic drives-
criteria for selection of drive components matclwaen the motor and the load, calculation of time

and energy in transient conditions, characteristEamechanical systems, stability consideration,

thermal consideration, thermal model of motor feating and cooling, match between the motor and
power electronics converter, closed loop contralrofes. (7Hrs)

Unit II: DC drives

System model, motor rating, motor mechanism dynsjrddve transfer function, effect of armature
current waveform, torque pulsations, adjustableedpdrives, chopper fed and 1 phase converter fed
drives, effect of field weakening. (5 Hrs)

Unit 11l: Induction Motor drives

Basic Principle of operation of 3 Phase motor, eajent circuit, MMF space harmonics due to
fundamental current, fundamental spatial MMF digttions due to time harmonics simulation, effect
of time and space harmonics, speed control by rgrgtator frequency and voltage, impact of non-
sinusoidal excitation on induction motors, variabtpiare wave VSI drives, variable frequency CSI
drives, line frequency variable voltage drives. (6 Hrs)

Unit 1V: Induction Motor drives

Review of induction motor equivalent circuit, effeof voltage, frequency and stator current on
performance of the m/c, effect of harmonics, slqvpr recovery schemes-static Kramer drive and
dynamic d.q model, small signal model, voltage andent fed scalar control, direct and indirect
vector control, sensor less vector control, diteajue and flux control. (6 Hrs)

Unit V: Synchronous motor drives:

Review of synchronous motor fundamental, equivale@ntuit, dynamic d-q model, synchronous
reluctance, sinusoidal and trapezoidal back eminpaent magnet motors, sinusoidal SPM machine
drives, trapezoidal SPM machines drives, woundlfiglachine drives, switched reluctance motor
drives. (6 Hrs)

Unit VI: Closed loop control:
Motor transfer function-P, Pl and PID controllezarrent control-Design procedure, phase locked loop
(PLL) control-microcomputer control. Industrial digptions and modern trends in drive, effect of

RMS voltage variation on drive behavior. (&BH
Text Books:

1. B. K. Bose, “Modern Power Electronics and AC drivéd®earson Education, Asia, 2003.
2. M. H. Rashid, “Power Electronics”, Third EditionHP

3. G. K. Dubey, “Fundamentals of Electrical Drives’afdsa Publishing house.

Reference Books:

1. V. Subrahmanyam, “Electric Drives-Concepts and Aggpions”, TMH

2. G. K. Dubey, “Power Semiconductor controlled driyéxH 1989.

3. R. Krishnan, “Electric Motor Drives: Modeling, Analis and Control”, PH, 1998.
4. P. Vas, “Sensor less vector and direct torque otintdxford Press, 1998.

5. W. Leonard, “Control of Electric Drives”, Spring¥erlag, 1985.



503112(iii): Open Elective

Teaching Scheme Examination Scheme
Theory: 3 Hrs/Week Paper: 100 Marks

Candidate will have option for any one of the elexsubject from the exiting Pune University
PG programmers, either from the same Board or fxoynother Board, with the consent of his guide.



503113: Laboratory Practice — Il

Teaching Scheme Examination Scheme
Lab Practice: 6 Hrs/Week Term Work: 50 Marks

Students should perform at least ten experimerdemiab. Practice — Il covering the subjects
taught during semester — 1.



503114 Seminar — I

Teaching Scheme Examination Scheme
Seminar: 4 Hrs/Week Term Work: 50 Marks

The student is required to deliver a seminar imsdcemester on the topic relevant to latest trends
Control System preferably on the topic of his/hesdrtation. The student is expected to submit the
seminar report in standard format approved by thivéJsity of Pune.



603101 Seminar— Il

Teaching Scheme Examination Scheme
Seminar: 4 Hrs/Week Term Work: 50 Marks

The Term Work will consist of aeport prepared by every student on a seminar topicon
Advancement in Technology related to the selectedis$ertation topic or closely related to
dissertation and oral presentation.The student is expected to submit the seminartréepstandard
format approved by the University.



603102 Project Stage — |

Teaching Scheme Examination Scheme
Project: 2 Hrs/Week/student Term Work: 50 Kéar

Project Stage — | is the integral part of the dissi®n project. The project should be based on the
knowledge acquired by the student during the courge and should contribute to the needs of the
society. The project aims to provide an opporturmtydesigning and building complete system or
subsystems in an area where the student like tair@cgpecialized skills.

The student should present the progress of thegrd} will consist of problem statement, litenatu
survey; project overview and scheme of implemeoitatblock diagram, PERT chatrt, etc.)



603102 Project Stage — Il

Teaching Scheme Examination Scheme
Project: 2 Hrs/Week/student Term Work: 150rkda
Oral: 50 Marks

The Project Stage-1l will be evaluated on the bakis

1. Understanding of the problem statement.

2. Physical inspection of the project in case of hanenproject.

3. Project Report

4. Oral examination
Term-work will be assessed jointly by a pair ofeimal and external examiners along with the oral
examination of the same.



