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Robust Stability (RS) Analysis

: A set of plant models

: Nominal plant model

: Uncertainty Weight

: Controller

Robust Stability (RS) Analysis:

Given a controller K, determine whether the system remains stable for all 

plants in the uncertain set.
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Continue

Robust Stability (RS) Test:
Given a controller K, 
(Small gain theorem)

(Ref 1, pp. 276, 299)
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Small Gain Theorem

The closed-loop system is internally stable if           is stable 

and satisfies 

- Structure

(Ref 1, pp. 155, 306)
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Continue

o Multiplicative Property of H∞ norm allows (System Gain):

Note: for H2 norm:

(Ref 1, pp. 155, 306)

o RS Test for SISO Systems:

H. Bevrani    University of Kurdistan 8

Example: RS Test in SISO Systems

Nominal Plant Model :

o Selected Uncertainty Weight:

o Considered Controller:

X

√

(Ref 1, p. 277)

Perturbed Plant Model :
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Continue

X
√

o RS Criteria:
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Time (Step) Response Evaluation

X√
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Spinning Satellite

Gain uncertainty:

Delay uncertainty:

Example: RS Test in MIMO Systems

o Nominal Plant Model :

o Perturbed Plant Model :
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o Multiplicative (Output) Uncertainty

Continue
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Continue

RS:

Inverse-based Controller:

X

√
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: NS        RS : NS        RS√√√ X

Time (Step) Response Evaluation
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MΔ–Structure and RS Analysis

Robust Stability (RS) Test:
Given a controller K, 
(Small gain theorem)

M: Internally stable
(Nominal stability)

(Ref 1, pp. 276, 301)
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Robust Stability

Unstr. Uncertainty

Additive

Inverse Additive

Multiplicative (Output）

Multiplicative (Input）

Inverse Multip. Output

Inverse Multip. Input

(Ref 1, p. 303)
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Robust Stabilization (Robust Controller Synthesis)

Robust Stabilization Problem:
Find all stabilizing controllers K, such that

(LFT)
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Sensitivity Optimization and Robust Stabilization

o Sensitivity Optimization:

o Robust Stabilization: 
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Robust Stabilization

Robust Stabilization Problem:
Find all stabilizing controllers K, such that
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Mixed Sensitivity
Robust Stability (RS)Nominal Performance (NP) Duality and

Complementary
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Mixed Sensitivity: Stacked Requirements

o Mixed Sensitivity Problem: Find controllers K, such that:
(Ref 1, pp. 62, 282)
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S/T/KSMixed Sensitivity

o S/T/KSMixed Sensitivity Problem: Find controller K, such that:

(Ref 1, p. 62)
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Multivariable Loop Shaping

Loop Transfer Function at 
the input to the plant

Loop Transfer Function at 
the output to the plant

Input Sensitivity Function:

Input Comp. Sens. Function:

Output Sensitivity Function:

Output Comp. Sens. Function:

Loop Transfer Function

(Ref 1, pp. 341-344)
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Loop Shaping: For High Frequency
Robust stability,
Noise attenuation, 
Control energy 
reduction boundary

Open/Closed-loop Objectives (                         ):

o Noise attenuation:
o Input usage (control energy) reduction:
o RS to an additive perturbation:

o RS to a multiplicative output perturbation:
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Loop Shaping: For Low Frequency

o Disturbance rejection:

o Reference Tracking:

Open/Closed-loop Objectives (                   ):
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MIMO Loop Shaping

J. C. Doyle and G. Stein, “Multivariable Feedback Design: Concepts for a Classical/ModernSynthesis”, IEEE TACSpecial Issue on Linear Multivariable Control Systems, 26-1, 1981
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Example: Spinning Satellite

Nominal Model:

o Inverse-based Controller

NS        RS√√

o Performance and Uncertainty Weights
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Robust Stability in SISO Systems

√ X
Nyquist Plot:
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Mixed Sensitivity: Stacked Requirements

Mixed Sensitivity:

o For SISO Systems:

SISO Robust Performance:

(Ref 1, pp. 282-285)
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Loop Shaping

Loop Transfer Function:
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Example

o Gain Crossover Frequency:

o Stability Margins:
Gain Margin:

Phase Margin:

Time Delay Margin:

Stability Margin:

(Ref 1, pp. 32, 34)
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Continue
o Frequency Domain Performance

o Maximum Peak Criteria

(Ref 1, pp. 34, 36)
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Bode Gain-phase Relationship

(minimum phase systems)

Slope of the Gain Curve at

Sharp Slope: Small Phase Margin

o Example:

(Ref 1, pp. 18, 20)
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SISO Loop Shaping

Loop Shaping Specifications

o Gain Crossover Frequency

o Shape of

o System Type, Defined as the Number of 
Pure Integrators in

o Roll-off at Higher Frequencies

(Ref 1, pp. 41, 42, 343)
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Thank You!


