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Leiter: Prof. Dr.­Ing. Johann Reger

Adaptive and variable structure systems ­ Assignment 3

Question 1

Consider the given transfer functions and their Nyquist plots as linear part of the Lur’e System and
sector nonlinearity with bounds

a) k2 > k1 = 0

b) k2 > k1 > 0 und

c) k2 > 0 > k1 gilt.

Decide using the graphical Circle Criterion for which of the above sector bounds the Lur’e system
with respective linear part is absolutely stable.
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Abbildung 2: G2(s) =
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(s − 1)(s + 1
2)(s +

1
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Abbildung 3: G3(s) =
1

(s − 1)(s + 2)(s + 3)
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Question 2

Consider the control loop with linear part

G(s) = KG′(s), where G′(s) =
−0.36s + 0.18

s2 + 0.7s + 0.1
.

a) Identify the largest loop gain K > 0 by reading off the respective values in the diagramm below
for the Nyquist Cricle and Popov Criterion, respectively. For the nonlinear cases feedback with
a memoryless sector nonlinearity in the sector [0, 1] is considered.

b) Discuss the difference of the respective system classes for which asymptotic stability can be
guaranteed.
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Abbildung 4: Nyquist plot and Popov plot of G′(s)

(Kai Wulff) 1. Oktober 2025



Adaptive and variable structure systems ­ Assignment 3

Question 3

Given the control loop in Fig. 5, where

F(s) =
s + 6

(s + 2)(s + 3)

is the transfer function of the process and the inner loop represents the actuator with kp ≥ 0 and
stationary nonlinearity φ(e) belonging to the sector [0, k] with k arbitrary large.

--

r = 0 e u y
F(s)φ(·)
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Abbildung 5: Considered control loop

a) Consider the control loop as Lur’e System and identify its linear part G(s).

b) Calculate a bound for kp for which absolute stability is guaranteed.

Question 41

Given the Lur’e System with

G(s) =
1 + τ1s

s(1 + τ2s)
, τ2 > 0, τ1 ≥ 0.

a) Show that G(s) is stabilisable with negative feedback of arbitrary small gain ε > 0 (critically
stable).

b) Show that the Lur’e System is absolutely stable for stationary nonlinearities in the sector [ε, ∞].
Hint: consider the cases: τ1 ≥ τ2 and τ1 < τ2.

1For home revision

(Kai Wulff) 1. Oktober 2025



Adaptive and variable structure systems ­ Assignment 3

Question 5

Given G(s) in negative feedback with

φ(y) =

{

0 : y ≤ 0 ,
ky : y > 0 .

Assume that G(s) satisfies the Popov Criterion in the sector [0, k].

a) Calculate a Lyapunov function for the closed-loop system.
Hint: Consider the Lure’ type Lyapunov function for each interval of φ.

b) Let cT = [1 2] be the output vector of a minimal realisation of G(s). Which state-space partitio-
ning is induced by the nonlinearity? What form take do the level sets of the Lyapunov function
take?
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