
Lecture Notes: Week 4b

Topic: Uncertainty modeling and
robustness (stability vs. performance)

ECE/MAE  7360
Optimal and Robust Control

( Fall 2003 Offering)

Instructor: Dr YangQuan Chen, CSOIS, ECE Dept.,
Tel. : (435)797-0148.
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A Real Control Problem
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sensor noise

Controller
commands
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control input

Controller Objective: To provide desired  responses in face of

•  Uncertain plant dynamics     +  External  inputs
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Representation of Uncertain Plant Dynamics

Perturbation 

Nominal  Plant
response

measurements

disturbance

sensor noise

control inputs

•  Nominal Plant  is a FDLTI System

•  Perturbation is Member of Set of Possible Perturbations
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Analysis Objectives

• Nominal Performance Question (H2 Optimal Control):

 Are  closed loop responses acceptable for disturbances? sensor noise? commands?

• Robust Stability Question (H∞∞ Optimal Control):

 Is  closed   loop system stable for nominal plant? for all possible perturbations?

• Robust Performance Question (Mixed H2 /H∞∞ Optimal Control):

Are closed loop responses acceptable for all possible perturbations and all external

inputs? Simultaneously?
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Complete Picture of Robust Control Problem
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Standard Feedback Loops in Terms of General Interconnection Structure
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Robust Stabilization of Systems with Unstructured Uncertainties

Consider an uncertain plant with an unstructured perturbation,
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Robust Stabilization with Additive Perturbation

Consider an uncertain plant with additive perturbations,

mΣ

eΣ

u y
+

mΣ has a transfer function mmmmm DBAsICsG +−= −1)()(

eΣ is an unknown perturbation.

mΣ and em Σ+Σ have same number of unstable poles.

Given a γa > 0, the problem of robust stabilization for plants additive perturbations is to find a

proper controller such that when it is applied to the uncertain plant, the resulting closed-loop

system is stable for all possible perturbations with their L∞-norm ≤ γa. (The definition of L∞-

norm is the same as that of H∞-norm except for L∞-norm, the system need not be stable.)

Such a problem is equivalent to find an H∞ γ-suboptimal control law ( with γ = 1/ γa ) for
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Robust Stabilization with Multiplicative Perturbation

Consider an uncertain plant with multiplicative perturbations,

mΣ

eΣ

u y
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mΣ has a transfer function mmmmm DBAsICsG +−= −1)()(

eΣ is an unknown perturbation.

mΣ and em Σ×Σ have same number of unstable poles.

Given a γm > 0, the problem of robust stabilization for plants multiplicative perturbations is to

find a proper controller such that when it is applied to the uncertain plant, the resulting

closed-loop system is stable for all possible perturbations with their L∞-norm ≤ γm. Again,

such a problem is equivalent to find an H∞ γ-suboptimal control law ( with γ = 1/ γm ) for the

following system,
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