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Problem 1 (25%). Given a causal LTI continuous-time system G having the impulse response g(f), construct G =

Sia1GHron. When is it causal? Then, assuming G(s) = D + C(sI — A)"'B with B € R™™, construct a state-space

realization of G (z) and express its parameters using one (n + 2m) x (n + 2m)-dimensional matrix exponential.
Remark: When we write [ (-)dr = Y, fi(hiH)hf(t)dt, we mean that each term is actually limg g fi(hiH)h_ef(t)dt.

Problem 2 (25%). Given a causal LTI continuous-time system G having the transfer function G(s) = C(s] — A)'B
(minimal realization with full column rank B and full row rank C). Construct G = SjgGHk and its state-space
realization, assuming that 7y has the hold function ¢ (1) = B'e? "W (h)1jo 4(¢), where

t
We(t) := / eA"BB'e"dr > 0.
0

Find a system G*, such that G* € H* and G (z)G*(z) = z7'1.
Problem 3 (25pt). Consider analog plant P and controller K having the transfer functions

4252 2.1581(s 4 0.2895)

P(s) = — d K(s) = — .
© = Grme ooty M KO =G ise

Assuming that A/D and D/A converters are the ideal sampler and the zero-order hold, respectively, redesign this
controller using both the Tustin’s and step-invariant (where K= SiatKHzon) approximations. First, do it with 4 = 0.02
and present the analog closed-loop responses to the analog input disturbance d(t) = sign(sin(%£¢))1(¢) (square wave)
under the analog and each of the redesigned sampled-data controllers. For each approximation method, find the
maximal / for which the closed-loop system is stable. Present simulations for these redesigns as well.

Problem 4 (25pt). Consider the analog plant and controller in the previous problem and let T;(s) = % be
the corresponding disturbance sensitivity transfer function. For each & € {0.02,0.08,0.16,0.635}, construct the step-
invariant discretization P (z) of P (s) and design for it a 2-order discrete controller, which places the closed loop poles
to the poles of the step-invariant discretization T, (z) of T, (s) for a given / (use the method based on the Sylvester
matrix, see http://leo.technion.ac.il/Courses/CT/Lectures/lect04handout .pdf). Simulate
analog closed-loop response for each of these designs under the same disturbance as in the previous problem.



