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a. The MATLAB code in FIGURE Q1a(i) illustrates the frequency-shifting
property of the Discrete-Time Fourier Transform (DTFT). Additionally, the
magnitude spectrum of a discrete-time signal, x1[n] is presented in FIGURE
Q1a(ii). Here, h = freqz(b,a,w) returns the frequency response vector h
evaluated at the normalized frequencies supplied in w. Here, b is the

numerator and a is the denominator of the transfer function,

_ Bz _ bi+b bz D 2

H(z) = A i =] —(m—1) —m
(Z) dl+az e+ dp2 + am+12

I 1 | clejelose all Il Magnitude Spectrumofx1 |
: 2 W= -pi:2*pi/255:pi; wo = ©.4%pi; :: :
'3 x1=1[1357911); .:” /N 11
1 4 :, 30t I;" \ ] :
: 5 L = length(x1); hl = freqz(xl, 1, w); :: o f \ :
1 6 n=0:L-1; x2 = exp(wo*li*n) .¥ x1; :| / \ |
1 7 h2 = freqz(x2, 1, w); e / ‘\ :
1 8 :I 15 / \ !
| 9 figure; plot(w/pi, abs(hl)); grid I ’ . \ k!
110  title('Magnitude Spectrum of x1') :I iy =t e N N
111 figure; plot(w/pi, abs(h2)); grid :: s =% 3 P £
112 title('Magnitude Spectrum of x2') ! w { x = rad/sec) |
ity o e i~ A S - Dot — g — — — o _ s gy | e 1

(i) (ii)

FIGURE Q1a

i Determine the DTFT of x1[n] and x2[n].
[6 marks]

ii. Sketch the magnitude spectrum of x2[n] and explain the frequency-
shifting property of the DTFT.

[6 marks]
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onsider a causal and stable linear time-invariant (LTl system that produces

an output y[n] in response to an input x[n]. If the input and output signals

in radians). Additionally, analyze the

“original

> kHz
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FIGURE Q1c
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2. A discrete LTI system with zero initial conditions is described by the following
difference equation.

3 1
yln] = yln - 1] + =yln — 2] = x[n] - 5x[n — 1]

a. Determine the impulse response of the system if the ROC is % <lz| < %

and based on the impulse response; discuss. the causal

[10 marks]

t response if the input signal is

i = x[n] = (l)n u[n — 4J.

2
[6 marks]
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Signal x[n] is given by
x[n]={21 3, -2, 1,-1,0.5, 6}

hs[n] = u[n — 4], hyln] =36[n+1] - 8[n—-1].

FIGURE Q3
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In a digital audio ‘application, the sighal x[n] must be upsampled to ensure compatibility
with the varying sampling rates of different audio storage media. The plot in

FIGURE Q4(a) represents the magnitude spectrum of a discrete-time signal x[n], while

1 of x[n] after undergoing upsampling

_____________________________________

20 1y 20

a. What is the upsampling factor, L and justify your answer.
- ‘ [2 marks]
b.  Based on FIGURE Q4(b), discuss the problem of upsampling a discrete-time
signal.
[2 marks]

C. Based on part (b), propose a systerito mitigate these problems, providing the
block diagram of the proposed system. Additionally, specify the parameters of the

filter used in the system.
[4 marks]

d. If x[n] is to be downsampled by a factor of 3, sketch the magnitude spectrum of

the downsampled signal. Clearly label relevant frequency points in your sketch.

[6 marks]
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A causal digital band-pass biquad filter designed for an audio processing application has
the zero-pole plot, magnitude response and direct-form Il implementation as shown in
FIGURE Q5 (a), (b) and (c), respectively.

0 0.1 0.2 0.3 0.4 05
Frequency (rad/s}):

FIGURE Q5

With the aid of a diagram and based on the zero-pole plot of the filter, determine

the filter's magnitude response at w = n/10 rad/s.

[6 marks]
Based on the position of the poles, discuss the stability of the filter, and explain

how to guarantee the stability of the designed filter.
[6 marks]

Based on the direct-form Il implementation, derive the transfer function of the
filter.

[6 marks]
In another audio processing application, you are required to design a band-stop
filter without changing the structure of the filter. Provide the zero-pole plot of your
proposed design and justify your answer.

[6 marks]

— END OF PAPER -
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TABLE Al.1 Common DTFT Pairs
Sequence DTFT
5[n —ng) e Jmo®
1 (=]
26 (w + 21k)
kk=—co
a"uln] ,la|l <1 1
1—ge-J®
—atu[-n—1] ,la|>1 1
1 -—mae‘f“’
u[n] 1
1—oJo + k; né(w + 2nk)
(n+ Da™u[n] ,lal <1 1
(1 — ge~J@)2
rtsinw,(n+ 1) 1
P
sin w, ufnl..{r <1 1—2rcoswy,eJ® +rig=j2w
sin @, Bon o {1, lw] < w
mn Kiez) = 0, w, < |lw| <w
0<sn<M sinfo(M + 1)/2] =i/
otherwise sin (w/2)

ejnwo

2né(w — wo + 2mk)

k=—o

cos (won + @)

Z [me/?6(w — wy + 21k) + me 196 (w + wy + 2mk)

k=—o0
TABLE Al.2 Properties of DTFT
Property Sequence DTFT
Linearity ax[n] + by[n] aX(e’®) + bY(e/?)
Time-shift X[ ngl o X (o)
Time-reversal x[-n] X(e /®)
Modulation e/mox[n] X(e/(@-wo)y
Convolution x[n] * y[n] X(e/)Y (e/®)
Conjugation x*[n] X'(e /)
Derivative nx[n] dX(el®)
daw
Multiplication x[n]y[n] —1-an(€1'9) ¥ (/@90 dg
2n)_, J
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APPENDIX Il
TABLE All.-1 Common z-Transform Pairs
Sequence z-Transform ROC
8[n] 1 All z
a™u[n] 1 |z| > |a]
1—agz-1
—a"u[-n — 1] 1 |z| < |a|
1—qgz™?
ufn] 1 lz]| > 1
1—2z"1
—u[-n — 1] 1 lz| <1
1—2z"1
na™u[n] az™ ! |z] > |a]
(1—az"1)2
—nau[-n — 1] az™?! [z] < ]a]
(1—az 1)
(cos won)u(n] 1 - (coswg)z™?! |z] > 1
1—(2coswg)z™t+2z72
(sin wgn)uln] (sinwy)z™?t |z| > 1
1—-(2coswy)z 1 +2z72
(r™ cos won)uln] 1— (rcoswy)z™? |z| > r
1—(2rcoswg)z~t +1r2z—2
(r™sin won)uln] (rsinwy)z™?! lz| > r
1—(2rcoswg)z"t +r?z72
_{a",OSnSN—l 1—aVz7V |z| >0
x(n) = . ==y
0, otherwise 1—z-1
TABLE All.2 Properties of z-Transform
Property Sequence z-transform ROC
Linearity ax[n] + by[n] aX(z) + bY(2) Contains R, N R,
Time-shift x[n — ngl z7™X(2) R,
Time-reversal x[—n] X(z™) 1/R,
Exponentiation a™x[n] X(a~1z) |a|R,
Convolution x[n] * y[n] X(2)Y(2) Contains R, N R,
Conjugation x*[n] X" (z") R,
Derivative nx[n] __dX(2) R,
4 dz
Convolution, x[n] * h[n] = Z x[k]h[n — k]







