
Course Type Course Code Name of Course L T P Credit 

DC Nonlinear Control Systems 3 1 0 4 

 

Course Objective 

 This course makes students absorb and digest a wide range of nonlinear analysis tools in 

analysing and designing a wide range of nonlinear dynamical systems in electrical circuits, 

mechanical systems, control systems and other engineering disciplines.  

Learning Outcomes 

Upon successful completion of this course, students will learn: 

 The mathematical modelling of nonlinear dynamical systems, 

 Mathematical stability analysis tools for the nonlinear dynamical systems, 

 Learn how to design nonlinear feedback control for nonlinear systems. 

 

Unit 

No. 
Topics to be covered 

Lecture + 

Tutorial Hours 
Learning Outcome 

1 

Mathematical Preliminaries: Existence and 

uniqueness of solutions of nonlinear differential 

equations, comparison principle, limit cycles, 

existence of periodic solutions, bifurcations, 

Describing function analysis. 

5L+1T 

Understand the fundamentals of 

mathematical representation of 

nonlinear dynamical systems. 

2 

Lyapunov Stability Analysis: Definition/concept 

of stability, Lyapunov stability theory for 

autonomous systems, invariant set stability 

theorems, Lyapunov instability theorems, 

Lyapunov’s theory (specialization) for 

linear/linearized systems, Lyapunov stability 

analysis for non-autonomous systems, and input-

to-state stability (ISS). 

11L+5T 

In depth knowledge about the 

stability of the equilibrium 

points, input to state (ISS) 

stability. 

3 
Input-Output Stability: Lp stability, finite gain L2 

stability, small-gain theorem. 
4L+1T 

Familiarisation of Input-Output 

Stability. 

4 

Passivity Formalism: Notion of passivity, 

positive-real (PR) and strictly positive- real (SPR) 

systems, passivity theory on feedback 

interconnections. 

4L+1T 

Knowledge about the basic 

concepts of passivity and 

passivity tools for 

interconnected systems. 

5 

Nonlinear Feedback Control Design: Integral 

action, feedback linearization, backstepping, 

introduction to sliding mode control, passivity-

based control, high gain observers. 

9L+4T 

In depth knowledge about the 

design of nonlinear feedback 

control design. 

 

6 

Case studies of under-actuated non-linear 

systems: Helicopter, Inverted Pendulum, Robots, 

etc. 

9L+2T 

In depth knowledge about 

analysis and control design of 

some under actuated systems. 

Total 42L+14T  
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