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SNU MAE Multivariable Control, Fall 08

Homework Assignment 3
Issued: Nov 5  Due: Nov 19(Wed)

1. Let a matrix M € C2"*2" be of the form

0 M ]

M= { My 0

where Mya, My; € C**™. Show, for each of the following block structures, that

(a) for A = {diag[Ay,821a] : A1 € C".63 € C}, pa = /G (M2 o)

(b) for A = {diag[6115,0215] : 6; € C}. pa = /p(M12Ma1) = \/p(Ma1Miz2)

2. [u test] Consider a transfer function with uncertain parameters a. 8:

W (1+01a)s? + (1 - 030 +045)s + (1+0.26)
Gls,0.8) = (s2+0.55 +1)(s2 + 25+ 3) ’

(a) Represent G as the interconnection of the nominal plant G and A =
diag[e, 8] as shown in Fig. 1.

Then, for each of the following block structures, perform tests for nominal
performance, robust stability, and robust performance :

(b) A = {diag[A1,A]: A; € C}

Figure 1: (a) Robust Stability test vs. (b) Robust Performance test

(c) A = {diag[01,62] : & € R}

(d) Compare the above result with the small gain theorem.
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3. [order reduction] Consider a stable transfer function with (a > 0) :

(s—a)

Gl = G+a)s+2a)

(a) Compute a balanced realization of G, and the corresponding controllability
and observability Gramians.

(b) Compute the Hankel singular values of G, and truncate the above system
to the first order (call if G). Compute ||G — G |oo.

(c) [optional] Compute the reduced transfer function G, using “hankmr” in
MATLAB (You may assume a = 1). Compute ||G — Gr||oo-
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