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Introduction 

Real
Physical System

Ideal
Mathematical Model
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Example (Modeling Uncertainty)

Nominal Model Uncertainty
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Example
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Example: With Oscillation Mode (Uncertainty)
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System with Uncertainty

Nominal Model:

Uncertain Model:
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Feedback Control

bevrani@uok.ac.ir
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Transfer Functions

bevrani@uok.ac.ir
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Conflicting Objectives

o Performance 
Requirements

o Constraint
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Alternative Structures

bevrani@uok.ac.ir
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Perturbed Systems

bevrani@uok.ac.ir

H. Bevrani    University of Kurdistan 14

Robustness

bevrani@uok.ac.ir
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Nyquist Plot

bevrani@uok.ac.ir

Margins (k=5) Gain perturbation
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Nyquist Plot: Delay Perturbation

bevrani@uok.ac.ir
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Robustness Objectives and Approaches

bevrani@uok.ac.ir

Some Approaches:
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Uncertainty Modeling
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Uncertainty Modeling

Nominal Model

Uncertain Model

Ga
in

Frequency
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Uncertainty Modeling

Weighting function: Describe the "size" of uncertainty (Focus on gain)
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Uncertainty Modeling

Output Multiplicative Uncertainty

Additive Uncertainty
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Uncertainty Modeling: Example

Step 1: Nominal model

Step 2: Magnitude of multiplicative uncertainty (Upper limit)
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Uncertainty Modeling: Example

G
ai

n 
(d

B
)

Step 3: Find              to cover all possible
uncertainties.
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Uncertainty Weighting Function (Estimation Method)

Frequency when uncertainty 
becomes 1

Uncertainty magnitude in high 
frequency band

Uncertainty magnitude in low 
frequency band
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Continue

The magnitude of uncertainty less 
than 1

The magnitude of 
uncertainty more than 1
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Continue

o Nominal model

Uncertainty magnitude
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Continue

o Nominal model

Time (s) Frequency

Ga
in

 (d
B)

H. Bevrani    University of Kurdistan 28

Robust Stability

center
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Continue

center
: Instability Condition

Robust Stability

: Stability Condition
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Complementary Sensitivity Function

Robust Stability:

o Sensitivity Function:

Smaller T is better at higher W2 frequencies
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Robust Stability Framework
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Example

Nominal model:

Plants set:

Ga
in

 (d
B)

(rad/s) (s)

Re
sp

on
se
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Continue

Robust Stability:

Ga
in

 (d
B)

(rad/s)

To satisfy robust stability:

√
X

(s)

Re
sp

on
se
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Project: Report 4

1) In Report 2, you considered a deviation range for one or more parameters of 

your system. Model those deviation in output multiplicative uncertainty 

form.

2) Check the robust stability condition for the closed loop system with the 

designed P/PI controllers in Report 2.

Deadline: The day before next Meeting

bevranih18@gmail.comPlease only use this email address:
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Thank You!


