Lecture 1 - Self Study Material

Richard Pates and Bo Bernhardsson

Department of Automatic Control LTH,
Lund University

Richard Pates and Bo Bernhardsson Lecture 1 - Self Study Material



Zhou/Doyle Book

Read ZD 2.5-2.6
Skim through ZD 3.1-3.5
Read ZD 4
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Find out what the singular value decomposition of a matrix is.

A=UxvT

How can we use SVD to find a low-rank approximation of a matrix?

What is the condition number of a matrix and how does it relate to the
singular values?

What numerical problems can you get with a high condition number?
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What is the definition of a norm? What is an induced norm?

By default || A|| stands for the induced 2-norm, i.e.

[All = 01(A4)
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More on Doyle’s counter example

Watch the control bootcamp video ”Intro to Robust control”
https://www.youtube.com/watch?v=Y6MRgg_TGyO&t=7s

Also get the paper and plot the GOF for the example.
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https://www.youtube.com/watch?v=Y6MRgg_TGy0&t=7s

H,, norm computation

H,-norm computation requires a search
Theorem ||C(sI — A)"'B + D||s < 7 if and only if
o C(sI — A)~'B is asymptotically stable
@ opax(D) < 7, hence R =~%I — D*D > 0
@ H has no eigenvalues on the imaginary axis, where

A+BR-1D*C BR1B*

H=|_c1+DR'D")C —(A+BR-'D*C)"
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H., norm computation - LMI alternative

IG|loo < 7 is equivalent to that there exists P = P* > 0 such that

PA+ A*P PB C*
B*P  —~yI D*|<o0
C D —I

Linear Matrix Inequality. Convex optimization to find such P
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The Small Gain Theorem

A _>O<T,U2
e
€2
w1
= G

Suppose G € RHEX™. Then the closed loop system (G, A) is
internally stable for all

A € BRHy = {A € RH™® : |Alo < 1}

if and only if ||G|lo < 1.
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