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Outline

• Circle criterion and positive real functions (passivity)

• Control design based on linearization

• Lyapunov-based control design



(Strictly) Positive Real Transfer Functions



Quiz 



Matching Quiz 



Kalman Yakubovich Popov  Lemma

Minimal realization of 



Passivity Theorem(s)

Power inflow 

Passive Linear System

(Strictly) 

positive 

real 

• Feedback interconnection of passive systems is passive 

• A passive system is BIBO

• If the input r=0, the origin of minimum realization of G(s) is gas



Passivity theorem – Circle criterion



Circle criterion – Strictly positive real functions  

2) Nonlinearity: Find the sector as a function of the gain K

3) Check if the Z(s) is strictly positive real

1) Isolate the linear part of the system (A). Check the argument (input) of 

the nonlinear function (c). Check how the nonlinearity is involved in the 

system(b). Find G(s) using A, b, c. 

Find the maximum value of K that ensures 

asymptotic stability of the origin using the 

circle criterion.



Linear control design based on linearization



Example (Linearization)



Example (Linearization)

Try this home – See lecture notes 2. 



Lyapunov-based design

Steps of Lyapunov-based design:

Comments:



Example 1 (Lyapunov-based design)



Example 2 (Lyapunov-based design)



Example 3 (Lyapunov-based design)


