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3
Course Description
The theory of Optimal Control is to evaluate the control signals that satisfy some   physical constraints and minimize or maximize some performance measure.  Calculus of Variation as well as State Variable methods are discussed and reviewed.  Pontryagin’s maximum principle and dynamic programming to problems of optimal control theory.  Interactive numerical techniques for finding optimal trajectories.

Prerequisite by Topic
Students taking this course should have complete familiarity with the topics of state variable in automatic control (ECE 682) course.  Specifically students should be familiar modeling of state variable systems in different forms, solution of continuous as well as discrete state variable equations.  Familiarity with controllability and observability of systems with multiple input and multiple output.  Be able to design of systems using pole placement method.  Understand system stability using variety of methods.

Text, References & Software
Recommended Text:

Optimal Control Theory-An Introduction,  Donald E. Kirk,  Prentice Hall 1970

Additional References:

Dynamic Programming and Calculus of Variation,  S. E. Dreyfus.  Academic Press 1965. 

Software:

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

Internet Resources:

http//hpme12.me.edu/matlab/html/

Course Objectives – After completing this course the students should be able to:

1. Have complete familiarity with Calculus of Variation.

2. Understand different forms of performance  measures as applied to variety of optimal control problems.

3. Model linear regulator problem.

4. Understand Pontryagin’s minimum principle.

5. Apply dynamic programming.

6. Apply optimal control law. 

7. Apply computational procedure to solve optimal control problems.

8. Understand and apply Hamilton-Jacobi-Bellman equations.

9. Solve discrete linear regulator problem.

10. Apply numerical techniques to determine optimal trajectories.

Topics Covered/Course Outline

1. Review of State Variable Representation of Systems.  

2. The Performance Measure.

3. Calculus of Variations.

4. Functional Involving Single Functions and Several Functions.

5. Necessary Conditions for Optimal Control.

6. Linear Regulator Problem-Continuous and Discrete.

7. Pontryagin’s Minimum Principle.

8. Minimum Time Problem.

9. Minimum Control Effort Problem.

10. Dynamic programming.

11. The Optimal Control Law.

12. Computational Procedure for Solving Control Problems.

13. Hamilton-Jacobi-Bellman Equations.

14. Numerical Determination of Optimal Trajectories.

15. Two Point Boundary Value Problems.

16. Method of Steepest Descent.

Relationship to Program Outcomes

This 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 of 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 communication methods.

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

        subject.

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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