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Model Order Reduction
3. Exercise

Exercise 3.1: (Spring-Mass-Damper System)
Consider again the spring-mass-damper system from Exercise 1.1 given by the control system

ṗ(t) = v(t),

mv̇(t) = −kp(t)− dv(t) + u(t),

y(t) = p(t),

(1)

with constants m, k, d > 0.

(a) Compute the impulse response Yδ(t) of (1).

(b) Compute the transfer function G(s) of (1).

Exercise 3.2: (Realization)
Let (A,B,C,D) be a realization of the transfer function G(s).

(a) Determine a realization of GT (s).

(b) Let D be invertible. Determine a realization of G−1(s).
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Exercise 3.3: (Proposition 3.3.)
Proof the following:
Let A ∈ Rn,n, B ∈ Rn,m, C ∈ Rp,n and D ∈ Rp,m. Further, let λ ∈ σ(A) be a controllable and
observable mode, that is,

rank[λI −A,B] = n and rank

[
λI −A
C

]
= n.

Then the transfer function of (A,B,C,D) has a pole at λ.

Exercise 3.4: (Image compression using the SVD)

Write an Matlab program imagecompressionsvd(image,k) which

• loads a matrix X of image informations,



• computes a best rank-k approximation Y to X (with respect to the 2-norm),

• shows the original and compressed images as well as the error imageX−Y (use subplot),and

• prints the amount of numbers needed to store the original and compressed images.

Test your program on the images clown, gatlin, durer, mandrill, earth for different values of k.
Hint: You will need the Matlab command load. For example load clown will provide a matrix
X of image information (in this case of dimension 200× 320 corresponding to the resolution of
the image) and a matrix map containing colormap information. Showing the image on screen is
done by the commands colormap(map);image(X).


