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Q1 (a) By using the partial fraction expansion method, analyse the inverse z transform of the
following function:

1
(1-3z")(1-2z7")°

¥{(z)=
(10 marks)

(b) Consider the difference equation:

x(k +2)—1.368x(k +1)+0.368x(k) = 0.368u(k +1)+ 0.264u(k)

where

x(k)=0 for x<0
u(k)=0 for k<0,u(0)=1.582, u(1)=-0.582 ,u(k)=0 fork=2,3,4,...

(i)  Calculate the value for x(1). (5 marks)

(ii))  Obtain the transfer function X(z)/U(z) (5 marks)

Q2 (a)  Determine the transfer function, C(z)/ R(z) of digital system in Figure Q2(a) using

sampled signal flow graph method.
(10 marks)

(b) A digital control system having a following characteristic equation. Examine the

stability of the system.

N 2 _ s
P(z)=2"~127"-02z+0.4=0 (10 marks)

Q3  Consider the digital control system shown in Figure Q3. The sampling period is assumed to

be 0.2 second and the type of controller used in the system is a compensator.

0.01758 K (z +0.8760)

G(z)=
(z—1)(z—0.6703)
z-0.6703
Gy(2) =K =22
z-0.2543

(a) Sketch the root locus of the system.
(8 marks)
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(b)

(c)

Q4 (3

(b)

Determine the critical value of gain K for a stable system.
(7 marks)

Determine the gain K for the controller such that the dominant closed loop poles have

a damping ratio, { of 0.5 and settling time of 2 second.

(5 marks)

Consider the digital control system in Figure Q4(a). Construct the state representation

in the controllable canonical form. (6 marks)
Based on answer from Q4(a) :

(1) Identify the controllability and observabality of the system.
(3 marks)

(i)  Produce a system design using pole placement method. Given that the desired

eigenvalues are z =1+ j0.189 and z =1 —j0.189. (8 marks)

(ii1))  Construct the block diagram of closed loop system for the Q4(b)(ii).
(3 marks)

Q5 The state and output equations of a discrete-time control system are respectively given by

(a)

(b)

x(k +1) = Gx(k) + Hu(k)
(k) =Cx(k)

G:B ;}H:[ﬂ c=[1 1]

Determine the state transition matrix in a closed form.

where

(10 marks)

Obtain the state response x(k) in a closed form to a sampled unit step input. Given
T

zero initial condition, X(O)Z[O 0] (10 marks)

-END OF QUESTIONS — R
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G;(s)
E(s) -
R(s) ™ C(s)
» Gi(s) » Gy(s)
_ I
H(s) e
Figure Q2(a)
Digital
controller Plant
R(z) * C(2)
o Gy (2) > ZOH > G(2) ==
Figure Q3
—_TERBITKS
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X(2) +8 1 z Y(z)
= 142 2+2z o
3 N
Figure Q4(a)
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TABLE 1 : Table of z-transform

X(s) x(1) x(kT) or x(k) X(z)
Kronecker delta (k)
1. — — 8 k=10 1
0, k#0
5(1(" o I\)
2. = — 1y n =k K
0. n+# ,\
1 . ‘ 1
3. - 1(r) 1(k) e
1 e L ~akT . | —
| % Y +a F g ] — el 51
i
[ 1 5 o=
: J ‘,3 ! ,\r (I -z 1)..
! 2 2 —_ Tz7'(1+z7Y
6. ."; ! (kf) (1 g l)\
6 ) o Tz7'(1+4z7"' + 279
7 o t (kT) A=z
a e : (1=-e“)z!
8. il _— akT '
s(s + a) L ] (1=zN1=-e"Tz "
__u__. ar b ~akT _ ~bkT fe™ g iy
. (s +a)s +b) ‘ t . ‘ (L= Yl =" ")
l T(’ 8T 551
) —_— , ot T~ okT <
b (s +a) B kTe 1~ P i DE
S it IR l = (L +ale "z
11. G+ af (1 — at)e (1 — akT)e A=)

6 i 1 E" R_R{ TK.A
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X(s) x(r) x(kT) or x(k) X(z)
5 . s r T2eT(] + o7 z=1),-1
12. G+ ay t’e (kT) e (1(_ Ty )
a* B - — - [(@T—1+e )+ (1 —e - aTe ")z )z
13 G+ a) at—1+e akT — 1 +e (T =201 = )
w . . z ' sinwT
14. = g sin wt sin wkT =22 cosoT 73
15. _S 1 —z7"'coswT
S+ w e Pl 1 —-2z"coswT + 22
® ar i e "z 'sinwT
16. m e sin wt e *T sin wkT =27 cm T + P
s +a w i 1—e"z7" coswT
17. (s+a)y+o| € COSwt e*" cos kT 1 —2e™Tz7 coswT + e 27 ;-2
18. x 1
s 1= gz™
19. at!
k=1,2,3,... 1—qz™
20. kat -1 !
(1 —az™")?
-1 -1
21. 2 k=i zZZ(1+az™
ok A —az )
20 §3 gk =1 27N (1 + 4az' + atz™%)
T —az 7y
23, Py 27'(1 + 1laz™' + 114222 + a’z73)
(1 = az™?)?
24, a* cos kr N - —
1+ az
25, k(k — 1) W o
2! A=z
- k(k=1)--(k —m + 2) i
(m —1)! (L =gy
27 k(k — 1 2+ z7>
2' (l — az—l)J
k(k = 1)---(k —m + 2) e
28. A m+1 z
(m = l)' (1 — az—l)m
?l-_" 7 ?“T“ 7Y &
7 i .'i }:‘J b BT J L.._L A
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