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Q1

Q2

(a)

(b)

(c)

(b)

(c)

Given a discrete signal as:

x[n] =r[n+3]—2uln] —rn—-1]+ 6[n — 2] — 2u[n — 2] — 6[n — 4]

(i) Determine the numeric sequence of x[n]
(6 marks)
(i) Calculate the signal energy of x[n]
(2 marks)
U
The signal y[n] ={1,2,1,2,1,0,—1 } can be expressed as:
= 4 _(n—l) 5 t(n—}ll)
y[n] = 4tri rect(—=
Propose the value of A and B, and prove your answer.
(7 marks)

y i
Calculate the periodic convolution of x,[n]={3,-5,6,2} and h,[n] ={-7,1,—4,8}
using the cyclic method.
(5 marks)

The sampling operation leads to a potential loss of information in a digital signal processing
implementation.

(1) Explain briefly how the information loss can be avoided.

(2 marks)
(i1) Describe the aliasing in the sampling process.

(5 marks)
Describe the function of quantizer in an analog to digital converter (ADC) system.

(2 marks)

You are given the following analog signal:

Zt) = 2

1.4(t + 0.55)

Analyse the process of ADC for the signal x(t) to estimate the quantization signal-to-noise
ratio (SNRq) in dB for the first 6 samples (the first sample is at t = 0 s) using rounding method.
The dynamic range is 5 V with 3 bits length and the sampling interval is 0.2 second. Use the
sampling value with FOUR (4) decimal points.

(11 marks)
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Q3

Q4

(a)

(b)

(c)

(d)

(b)

Define the N-point Discrete Fourier Transform (DFT) and the inverse DFT.
(4 marks)

L
Let Yppr[n] = {7,j3, 1,—j3 }. Using IDFT definition, find y[n].

(5 marks)

y i
Given the DFT pair x[n] ={4,1,3,2} & Xpprlk] ={10,1+j,4,A}. Using DFT
property,

(1) Find A.
(1 mark)
(i)  Calculate Yppr[k] if y[n] = x[n + 3]
(5 marks)

Produce a flowchart showing all twiddle factors and values at intermediate nodes to compute

u
the discrete Fourier transform (DFT) of x[n] = {—2, 5, —4, 7 } by using the 4-point decimation
in time (DIT) algorithm.

(5 marks)

z-Transform is an important tool in a discrete system analysis.

(1) Define the z-Transform.
(2 marks)

(11) Describe and illustrate the Region of Convergence (ROC) for z-Transform of unit step,
u[n]
(3 marks)

Z
The z-transform of signal x[n] = a™u[n] is given as X(z) = — with the region of

convergence (ROC) of |z| > . Find the z-transforms and specify their ROC for the following:

(i) y[n] =x[3+n]
(2 marks)

(i) pln] = (-0.4)"x[n]
(2 marks)

cm—
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(z—0.6)(z—0.2)2
n = 0. Assume the signal is right-sided. Use the partial fraction expansion method in your
answer.

(¢) Given X(z) = Analyse X(z) to determine the value of signal x[n] for
(2)

Hints:

Ei N(z) __A4 4 A

Pk .
(Z_p[)(“ pﬂ) (f- P,, ( _'p]) (Z_pj) (Z_pn)

A =(z-p)H(),

At’l e7 Ar’l | Air
(z-p) (-p)  (z-p)
. d T 1 dt
4, =G-pYHE),,» Ay = C-PYHE) ,» Apy = (z-PVHE),
(11 marks)
Q5 (a) List FOUR(4) advantages of the digital filter than analog filter.
(4 marks)

(b) Describe with an appropriate diagram the steps to design an Infinite Impulse Response (I1IR)
filter using the response matching approach.
(6 marks)

(c) Design a lowpass Finite Impulse Response (FIR) filter with cutoff frequency of 6 kHz and
sampling rate of 20 kHz. By using the filter length of 7 and Bartlett window, calculate the
impulse response hy[n] , window sequence wy [n] and windowed impulse respose hy, [n].

(7 marks)

(d) Design a highpass FIR filter based on the specification in Q5(c).
(3 marks)

-END OF QUESTIONS -
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Table 1: Properties of the N-Sample DFT
Property Signal DFT
Shift x[n— no) 5 o [k]e-jlzkﬂe.ﬂ\'
Shift x[n — 05]\/] (_ 1)‘- ‘YDFT [k]
Modulation x [n]e sk I N b g [k —k, ]
Modulation (-1) x[n] & pi [k = O.SN]
Folding x[—n] X [_ k]
Product x[n]y[n] 1 |
VXDFT[k]®YDFT[k] |
Convolution x[n] ® y[n] F [k]yDFT [k]
Correlation x[n] ® ®y[n] X o [k]y[;” [k]
Central Ordinates 1 ¥t Nl
I[O]z_ZXDFT[k]’ XDFT[O]:Zx[n]
N k=0 n=0
Central Ordinates N 1 A k
x[7] == 2 1) Xopr [k] (Veven),
2 k=0
N N-1 B
X prr |:_2'j| = (_ I) x[n] (V even)
n=0
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Table 2: Properties of the z- transform

Property Signal z-transform
Linearity aixi(n) + axxa(n) a1 X1(z) + axXz(2)
Time reversal x(—n) Xzt

X . ) x(n—Fk) i) z*X(z)
Time shift

ERRE  mamaen if) 24X(2)
Convolution x1(n)* x2(n) Xi(2)X3(z)
Correlation s {)= _in (n)x, (n— l) R% (2) =X, (Z)X: (3_1 )
Scaling a"x(n) X(a''z
Differentiation | nx(n) . dX(f) or de—(z)

dz™ dz
T x(n) —x(n—1) X(z)(1 -2
differentiation ’ ' -
Time integration | » X(k) X(z)= ( = 1 )
k=0 Z—1,

Initial value lim lim
theorem H Ox(n) |z| - aoX(é)
Final value lim lim (-]
theorem PR Oox(n) ER 1( oz ]X(“')
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Table 3: z-Transform Pairs

Signal x(7) Sequence x(n) z-Transform X{(z)
o(1) d(n) 1
a(t-k) d(n - k) z*
u(z) u(n) 1 gz
1=z 2
-u(-n-1) 1 z
=z~ - "
r(t) = tu(t) nu(n) 7 &
(-z=f (=-1)
a"u(n) 1z
l-gz”  z-a
-a"u(-n - 1) I . &
l—az?  z-a
na"u(n) az
(z—a)’
-na'u(-n-1) az
z—a)
e e™ 1 2
Lg% g™
P n-u(n) 3 (1+z"l) _ 2(z+1)
(l—z'l)’ ("' —1)3
fe™ . 5l e
(1 ez )2 (z &=
sinw,t sinwoh zsinw,
z° =2zcosw, +1
cos@,t coswon z(z - cos w, )
z* —2zcosw, +1
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Table 4: Digital- to- digital Transformations
Form Band Mapping 7 — Parameters
Edges
Lowpass to Qc z—a _sin 0.5(Q, -Q, )]
lowpass | p—— b sin0.5(Q, + Q.. )
Lowpass to Qc ~(z+a) - —c0s[0.5(Q, + Q. )]
highpass ltaz  cos[0.5(Q, -, )]
Lowpass to [Q, Q] | _ (zz +Az+ Az) __ tan(0.5Q,)
bandpass A2+ Az+1 tan[0.5(Q, - Q, )]
) _ —cos[0.5(Q, + Q)]
- cos[O.S(Q2 -0
L
K+ TP K+
Lowpass to [Q, Q] (23 + Az + 4, K = tan(0.5Qp)tan[0.5(Qy -
bandstop A, +A4z+1 | )]
) _ —cos[0.5(Q, +Q,)]
"~ cos[0.5(Q, -, )]
= 2o - - 1-K
RS Y 148
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Table 5: Direct Analog- to- digital Transformations for Bilinear Design

Mapping s

Form Band Edges s Parameters
Lowpass to Qc z—1 C =tan(0.5Q¢)
lowpass Clz+1)
Lowpass to Qc C(z+1) C = tan(0.5Q¢)
highpass it
Lowpassto | Q1 <o <y | ,2 —2f+1 | €=1tan[0.5(€2 - )], = cosQ or
SRS clz2 1 ~cos[05(Q, +Q,)]
cos[0.5(22, -, )]
Lowpassto | Q1 <Qo<Q: | (72 _1) C = tan[0.5(Q2 - Qy)], f= cos& or
bandstop 2228 +1 " cos[0.5(Q2, + Q)]

K cos[O.S(Ql -, )]
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Table 6: Windows for FIR filter design.

Window Expression wafn], -0.5(N-1) <n< 0.5(N-1)
Boxcar 1
Cosine [ T J
cos
N-1
Riemann e L( 2n ) 50
N=1,
Bartlett . 2|n|
N-=-1
Von H Hanni iy
e 0.5+0.5c08 2% J
N-1
q :
RS 0.54+0.46€05( R J
N-—1
Blackm
SRR 0.42 + O.SCOS( =pis J+0.08cos( i ]
N-1 N-1,
Kaiser

H n Y
1,| nB 1_4[]\1—1)

1y

(7B)

Table 7: Characteristics of the windowed spectrum for various windows.

TERBUKA

Peak Passband Peak Sidelobe | Transition
Window Ripple Attenuation | Attenuation Width

0p= Os Awp(dB) Aws (dB) Fws=CIN
Boxcar 0.0897 1.5618 217 Cc=0.92
Cosine 0.0207 0.3600 338 C=2.10
Riemann 0.0120 0.2087 38.5 C=2.50
von Hann (Hanning) 0.0063 0.1103 44.0 C=3.21
Hamming 0.0022 0.0384 53.0 C=347
Blackman 1.71 x 104 | 297 x 103 75.3 C=5.71
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Identity
e’ =cos@ + jsinf
cosé = l(ej'g + e*’g)
)
sinf = _L(ejg ~gP )
12
Finite Summation Formula
- o n(n + ])
k=1 2
< n(n+1)(2n+1)
k=
Z 5
< o n*(n+1)
k=1 4
iak . 1"" a"’l
k=0 l- cazl
4 oo a[l—(n +1)a” + na"”]
= (1-a)
: Rt akl +a)-(n+1) a" + (2112 +2n —l)a"” —nla"*l]
= (l1-a)f
Infinite Summation Formula
Sato L
k=0 —a |a| <1
St
= -« . |a| <1
y ket =%
i e
= kzak - 0_’2 + &
; (1—0:)3_ |a|<l l
g i I
ie”"{"' _+e™ TERBLEiA
fmo 1-e™ a>0
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