Course Syllabus

ECE 681 NON-LINEAR CONTROL SYSTEMS

Department:  

Electrical & Computer Engineering

Course Number:
ECE 681

Course Title:

Non-Linear Control Systems 

Credit Units:

3

Catalog Description

Analysis of non-linear systems by means describing functions and phase-plane diagrams. Stability studies by means of the second method of Liapunov and Popov’s Methods.

Prerequisite by Topic

Students should have familiarity with ECE 480 covering techniques of analysis of linear control system, such as root locus method, stability considerations using Nyquist  diagram, and phase-gain-frequency diagrams, and design using compensating networks and optimization. Students are also expected to have knowledge of State Variables in Automatic Control as offered in ECE 682 covering applications of vector-matrix equations related to control systems, stability, controllability and observability. 

Text, References & Software

There is no text book for this course.

Primary References:

Ogata, K., Modern Control Engineering, Prentice-Hall, [2002]

Hsu, J. C. & A. U. Meyer, Modern Control Principles and Applications, McGraw-Hill, [1968]

Secondary References:

Gopal, M., Modern Control System Theory, John Wiley Eastern Ltd. New Delhi, [1984]

Friedland, B., Control System Design, McGraw-Hill, [1986]

Ogata, K., State Space Analysis of Control Systems, Prentice-Hall, [1967]

DeRusso, Roy, and Close, State Variables for Engineers, John Wiley, [1988]

Kuo, B. C., Automatic Control Systems, Prentice-Hall, [1987]

Slotine, J. E. & Weiping Li, Applied Nonlinear Control, Prentice-Hall, [1991]

Gibson, J. E., Nonlinear Automatic Control, McGraw-Hill, [1963]

Khalil, Hasan K., Nonlinear Systems, Macmillan Publishing, [1992]

Thaler, G. J., Automatic Control Systems, West Publishing Company, [1989]

Software:

MATLAB: Control and Simulink Tool Boxes, Math Works Inc.

Course Objectives  

The purpose of the course is to introduce the nature of nonlinearities found in control systems both in the forward path and in the feedback path. Some times nonlinearities may be used to adjust the performance of the system. Students are expected to learn why standard methods of analysis and design in linear systems are not applicable in nonlinear system. Methods suitable for nonlinear systems are introduced and their applications are explored. 

Topics Covered/Course Outline

1. Phase Plane Analysis covering

Singular points

Construction of phase portraits, methods of isoclines

Phase plane analysis of linear systems

Phase plane analysis of nonlinear systems

Existence of limit cycles

2. Describing Functions


      Stability analysis and limit cycles


      Linear compensation methods

            General describing functions of common nonlinearities

            Relative stability

3. Liapunov’s direct method


      Stability and instability theorems

            Variable gradient method

            Stability analysis

            Method to select Liapunov function

4. Popov’s Method

            Popov’s criterion and Circle theorem

            Stability analysis of unforced and forced systems

            Stability of time-varying systems

            Relative stability and total stability

5. Nonlinear Control System Design

            Feedback linearization

            Adaptive control

             Practical examples 

             MATLAB approach in design

Relationships to Program Outcomes

This course supports the achievement of the following outcomes:

a)
Ability to apply knowledge of advanced principles to the analysis of electrical and computer engineering problems.  

b)
Ability to apply knowledge of advanced techniques to the design of electrical and computer engineering systems.

c)
Ability to apply the appropriate industry practices, emerging technologies, state-of-the-art design techniques, software tools, and research methods for solving electrical and computer engineering problems.

d)
Ability to use the appropriate state-of-the-art engineering references and resources, including IEEE research journals and industry publications, needed to find the best solutions to electrical and computer engineering problems.

e)
Ability to communicate clearly and use the appropriate medium, including written, oral, and electronic methods.

f)
Ability to maintain life-long learning and continue to be motivated to learn new subjects.

g)
Ability to learn new subjects that are required to solve problems in industry without being dependent on a classroom environment.

h)
Ability to be competitive in the engineering job market or be admitted to an excellent Ph.D. program.
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