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I. Consider a linear system expressed as

X=AX+BU o
Y=CX+DU

. ¥
(i) Please derive the closed-loop transfer function G(s)= % for Eq. (1).(10%)

(ii) Based on Eq. (1), giving the system matrices and vectors as below: (10%)
A -1 -1 B—l 1
16 o |10
10 00
— ’D=
ey 1}2lo o]

Please find out the closed-loop transfer G(s)= %
s

2. Consider the following linear system:
X=Ax+Br @)
=/( -

where r = 2Lt2 is a parabolic input.

(i) Please present the steady-state error e(e0) basedon A4,Band Cwithout using “Final value

theorem”. (10%)
ii) Using the derived result of (i), please find out the steady-state error e(o0) for the following

system: (10%)

[0 1 0
x= x4 u

3 -3} [1} 3
y=[1 0]x
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3. Derive the “Separation Principle” based on the given system in Eq. (4) and explain the
meaning of separation principle in the practical control design. (20%)

x=Ax+ Bu @
y=0Cx )

4. Please linearize the following nonlinear system with the operating point
[Jc‘JJ + T S :ru]=[0 0 00 0]‘(20%)
X, =x,
%, = X, +4x, +sin(x,) + 2ucos(x,)
Xy =X,

x, =2x, +x,co8(x,)+3u

5. Find out the phase crossover frequency @, , the gain crossover frequency @, , phase margin

PM and gain margin GM of the bode plot as shown in Figure 1. (20%)

_Bode Diagram

Magnitude (dB)

Phase (deg)

Figure 1




