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DE NEED519 Optimal Methods and Applications 3 0 0 3 

 

Course Objective 

 This course provides a rigorous mathematical framework to systematically design 

controllers that do not merely stabilize a system but optimize its performance 

according to a precise quantitative criterion such as minimizing time or energy.  

Learning Outcomes 

Upon successful completion of this course, students will learn: 

 Basic mathematical concepts, optimality conditions 

 Understand mathematical frameworks centered on Pontryagin’s Maximum Principle, 

Dynamic Programming, and calculus of variations 

 It instils the fundamental ability to formalize engineering trade-offs and derive the 

theoretical optimal strategy for a given dynamical system forming the core 

competency for advanced research and development in control engineering. 

 

Unit 

No. 
Topics to be covered 

Lecture 

Hours 
Learning Outcome 

1 
Basic mathematical concepts. Conditions for 

optimality, calculus of variations approach 
8L 

Knowledge about basics of 

optimisation 

2 
Pontryagin's maximum principle and 

Hamilton Jacobi-Bellman theory. 
8L 

Understand the basics 

optimization principles 

3 Structures and properties of optimal systems. 6L 
Understand the properties of 

optimal systems 

4 
Various types of constraints; singular 

solutions. 
6L 

In depth knowledge about the 

constraints 

5 Minimum time and energy problems. 6L 
Familiarisation of optimal 

problems 

6 
Applications in robotics and autonomous 

systems. 
8L 

Understanding optimal control 

of real life examples 

 Total 42L  

 

Textbook: 

1. Daniel Liberzon, “Calculus of Variations and Optimal Control Theory”, Princeton University 

Press, 2011. 
 

Reference books: 

1. Brian D. O. Anderson, John B. Moore, “Optimal Control: Linear Quadratic Methods”, 

Courier Corporation, 2007. 

2. H. Kwakernaak and R. Sivan, “Linear Optimal Control Systems”, Wiley Interscience, 1972 

 


