M.E. (Electrical) - Control Systems (2002 course)
	TEACHING SCHEME
	EXAMINATION / EVALUATION SCHEME

	Subject code no.
	Subject
	Lect.
	Pract

(Hrs/Week)
	Drwg.
	Total
	Paper
	TW
	Pract.
	Oral
	Total

	Semester I
	
	
	
	
	
	
	
	
	
	

	503101
	Digital control system
	4
	-
	-
	4
	100
	-
	-
	-
	100

	503102
	Non Linear Control System
	4
	-
	-
	4
	100
	-
	-
	-
	100

	503103
	Multivariable control System
	4
	-
	-
	4
	100
	-
	-
	-
	100

	503104
	Computer Methods in Control system
	4
	-
	-
	4
	100
	-
	-
	-
	100

	503105
	Lab Practice I
	-
	4
	-
	4
	-
	50
	-
	-
	50

	
	Total of Semester I
	16
	4
	-
	20
	400
	50
	-
	-
	450

	Semester II
	
	
	
	
	
	
	
	
	
	

	503106
	Optimization Techniques and control
	4
	-
	-
	4
	100
	-
	-
	-
	100

	503107
	Microcontroller & its applications in Control system
	4
	-
	-
	4
	100
	-
	-
	--
	100

	503108
	Identification & Adaptive Control
	4
	-
	-
	4
	100
	-
	-
	-
	100

	503109
	Intelligent Control
	4
	-
	-
	4
	100
	-
	-
	-
	100

	503110
	ELECTIVE
	4
	-
	-
	4
	100
	-
	-
	-
	100

	503111
	Lab - Practice II
	-
	4
	-
	4
	-
	50
	-
	-
	50

	503112
	Seminar I
	-
	1
	-
	1
	-
	50
	-
	-
	50

	
	Total of Semester II
	20
	5
	-
	25
	500
	100
	-
	-
	600

	Semester III 
	
	
	
	
	
	
	
	
	

	503113
	Seminar II
	-
	1*
	-
	1
	-
	-
	-
	50
	50

	503215
	Dissertation
	-
	2*
	-
	2
	-
	-
	-
	-
	

	Semester IV
	
	
	
	
	
	
	
	
	

	503114
	Seminar III
	-
	1*
	-
	1
	-
	50
	-
	-
	50

	503215
	Dissertation
	-
	2*
	-
	2
	-
	200
	-
	150
	350

	
	Total of Semester III & IV
	-
	6
	-
	6
	-
	250
	-
	200
	450

	
	GRAND TOTAL
	36
	15
	
	51
	900
	400
	-
	200
	1500


ELECTIVE: a) Automation & Robotics,  
 b) Digital signal Processing,  c) Process Control.

* The Hrs./week shown against Seminar and Dissertation are per student per week.

Note: Seminar II will be based on literature survey and problem identification of dissertation topic.

Lab Practice I:
Should contain at least 16 experiments based on subjects of Semester I

Lab Practice II:
Should contain at least 16 experiments based on subjects of Semester II
503101:
Digital Control System

Teaching Scheme






Examination Scheme
4 Hours/Week






Paper : 100 Marks

1. Introduction : 

Advantages of digital control system, Basic sampled data control systems, Principle of sampling & sampling theorem, reconstruction of signals, Sample and Hold circuits, Basic discrete time signals, time domain models for discrete time signals.                                                    (06 Hrs)

2. Discrete Time Signals :

Sequences, Standard signals, Linearship invariant system, Stability, Linear constant      coefficient, Difference equation, Classification of signals.                                            (05 Hrs)

3. Transform Analysis : 

Introduction to Z-transform, Properties of Z-transform, Inverse Z-transform, Z- transform       analysis of sampled data control system, pulse transfer function, Modified Z-transform.     Selection of sampling rate, single and multirate sampling Fourier series, Fourier transform of discrete time signals, Important properties of Fourier transform Fourier transform of standard signals, definition and properties of DFT, FFT, Decimation in time and frequency, Inverse FFT-Fast correlation & Fast Convolution                                                                               (12 Hrs)

4.Time Domain And Frequency Domain Analysis: design of digital control system, Control 

algorithm on micro controllers , Implementation of numerical algorithms, Selection of sampling 

rate, Single rate sampling and multi rate sampling.                                                        (06 Hrs) 

5.State Space Analysis of Sampled Data Systems: 

Methods of descretization of linear system Discrete state equations, Similarity transformation, Realization of Pulse transfer function, Design example of mixing plant, Controllability, Observality and Stability Analysis, Mapping Between S-Plane & Z-Plane, Jury’s Stability Test, Bilinear Transformation, Routh criterion, Root locus method. Liapunov Stability Analysis of Discrete Time systems                                                                                                     (10 Hrs)

6.Digital Simulation And Design: Compensation, digital control design via  continuous designs and linearisation of compensation network, digital filter properties, Frequency response methods at linearisation of analog filters, Design examples- Microprocessor/Microcontroller based system.                                                                                                                              (06 Hrs) 

References:

1. Gopal M. “Digital Control and State Variable Methods”, Tata McGraw-Hill Publishing Company Limited, New Delhi, India, 1998.

2. Ogata K., “ Discrete Time Control Systems”, Prentice Hall International, New Jersey, USA, 1995.

3. Kuo B. C., “Digital Control Systems” Holt Rinehar and Winston Inc., New York, 1992.

4. Houpis C. H. and Lamont C. B., “Digital Control Systems”, McGraw-Hill,1985.

5. Katz P., “Digital Control Using Microprocessors”, Prentice Hall International, New Jersey, USA, 1981.

6. Astrom & Whitenmark  "Computer Control System"  

7. Liptak  "Handbook on process control"

503102:
Nonlinear Control Systems

Teaching Scheme






Examination Scheme
4 Hours/Week






Paper : 100 Marks

1. Introduction to non-linear systems: 

Their special features, Classification of nonlinearlities. Types of nonlinearities generally encountered in the physical systems, Jump phenomenon, and critical Jump resonance curve. Different methods of analysis of nonlinear systems and their comparison.   (08Hrs)

2. Phase-plane Analysis: 

Concept of phase plane, phase trajectory, Patterns of phase portraits, Singular points, Methods of plotting phase plane trajectories.

Stability studies from phase portrait, limit cycles, Poincare Index and Benedixon’s Criteria, Time domain response from trajectories

Simulating various non-linearities using MATLAB.                                       (08 Hrs)

3. Describing Function Analysis:

Review of calculation of describing function of basic non-linearities, Limit Cycles, stability Analysis, closed loop frequency response. Popov’s method, pole and zero shifting transformation. The Circle criterion and its applications.                    (08 Hrs)

4. Lyapunov’s Stability Methods: 

Stability in small region Lyapunov’s first method, Concept of positive and negative definiteness, local linearization Asymptotic, stability, Lyapunov’s second method-Fundamental theorem, time varying parameter systems, determination of Lyapunav function.                                                                                                             (08 Hrs)

5. Design of Nonlinear Adaptive Systems:

Adaptive Control as dynamic nonlinear feedback, Lyapunov based design, Estimation based design, Feedback linearization and zero dynamics.                               (10 Hrs)

      References:

1     Ogata K. ‘Modern Control Engineering’, Prentice Hall, 1997

2     J. E. Hsu and A.V. Meyer, Modern Control Principles and application, Mc-Graw  

       Hill, 1968

3. Nagrath I. J. and Gopal M. ‘Control Systems Engineering,’ New Age Int. 3rd Edn

       1999.

4. Mirosiov Krstic, Ioannis  Kanellakopoulos, Petar Kokotovic  'Nonlinear and Adaptive Control Design.' John Wiley & Sons Int.(1999)

503103:
Multivariable Control Systems

Teaching Scheme






Examination Scheme
4 Hours/Week






Paper : 100 Marks

1. Introduction : Elementary matrix theory, Eigen values and  Eigen vectors, Linear  Transformation , Digonalisation techniques, Modal matrix , Vander - Monde matrix,  Caley Hamilton theorem.                (03 Hrs)

2. Concept of state, state variable and state model for Linear-Time-Invariant SISO systems, Relation between state model and transfer function model, various canonical forms of state model. Methods to obtain solution of state equation.                         








(06 Hrs)

3. Concepts and test of controllability and observability for Linear-Time-Invariant SISO systems. Relationship between controllability, observability and transfer function, Effect of pole-zero cancellation in transfer function.                                                      (06 Hrs)

4.  Multivariable Control System representation – State Space, differential operator and transfer matrix representation of multivariable systems.                                      (06 Hrs)

5. Controllability, Observability, stability and Reproducibility, minimal realization of multivariable Control Systems.                                                                             (06 Hrs)

6. Linear state variable feedback control, Linear output feed-back control, State observer.

                                                                                                                                     (06 Hrs)

7. Frequency. Domain design:  Dynamic feedback compensation, Dynamic decoupling.

                                                                                                                                     (06 Hrs)

8. Noninteractive and Model matching control design: Decoupling algorithm, Model matching problem, Disturbance rejection by model matching                              (06 Hrs)

References:   

1.Gopal M. “Digital Control and State Variable Methods”, Tata McGraw-Hill Pub.                                                                                                                                               

         New Delhi, India, 1998

2. Nagrath I.J. and Gopal M. ‘Control Systems Engineering,’ New Age Int.- 3rd 

   Edition, 1999

3.Mrs. Y. S. Apte, ‘Linear Multi- Input- Output Control’ New age International Pub. -  

   1996.

      4. H. H. Rosenbrock, 'Computer Aided Control System Design ' Academic Press, 1974.      

      5.N. K. Sinha, ‘Multivariable Control’, Marcel Dekker, Inc. New York.

503104:
Computer Methods in Control Systems

Teaching Scheme






Examination Scheme
4 Hours/Week






Paper : 100 Marks

1.Review 

Methodology of computer aided solution. Numerical instability. Survey of high level programming languages. Selection of language. Salient features and syntax of “C” Data structure; stack, queue. Bubble sort, Quick sort, merge sort                                      (04 Hrs)

2.Solution of Transcendental & Polynomial equations:

Direct and Iterative methods. Iterative methods based on 1st degree equation: secant method, Regular-falsi method, Newton-Raphson method. Rate of convergence. Root of a polynomial equation, Birge Vieta & Lin-Bairstow iterative methods.                                           (05 Hrs)

3.Solution of simultaneous equations of first order:

Gauss-Jordon elimination method. Jacobi’s iterative method. Gauss Siedel method. Inversion    of square matrix by elimination using partial  pivoting. Triangularization method, Cholesky method. Comparison & choice of method.                                                                    (08 Hrs)

4.Solution of Ordinary  differential equations:

Euler’s method, modified Euler’s method, Improved Euler’s predictor-corrector methods.  

Milne’s & Adoms- Moultor predictor-corrector methods. Use of these methods to solve state equations. Stability analysis.                                                                                         (07 Hrs)

.5.Transfer function programs:

Transient response of Y(s)=M(s)U(s)[(M(s) being control     ratio].Polar, Bode plots, Root-locus. (06 Hrs)

6..State Variable Problems:

Methods of finding eigen values and vectors, Levereier-Faddeev method. Householder’s method. State transition matrix. Solution of (time response) state model.

                   X(t)=Ax(t)+Bu(t)

                  Y(t)=Cx(t)+Du(t)                                                                                            (06 Hrs)

7.Simulation of Non-linear Control System using phase plane and describing function method.

                                                                                                                                          (06 Hrs)

8.Simulation of Multi-loop PID control system & its response analysis                         (06 Hrs)

Note: The students are expected to develop algorithms, flow-charts and programs to obtain digital computer solution of the problems given in(2) to (8).

       Books 

(1) Stevan C. Chapra, Raymond P. Chunale--Numerical Methods for Engineers: McGraw-Hill 

     International.

(2) M. K. Jain, S.R.K. Tyengar, R. K. Jain, --Numerical Methods for Scientific 

     Engineering Computation, Willy Eastern Ltd

(3) M. Gopal--Modern Control System Theory Wiley Eastern Ltd.

(4) Nagrath Gopal.-- Control System Engineering , New Age Int. 3rd Edition 1999
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