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SECTION A

Q1 (a) Consider a periodic signal

x[n]:3rect(n:1)~35[n+3]+2tri(n;A)

Which has period N = 5.
(i) Based on the period of x[#], examine the possibilities of 4 if 4> 1

(5 marks)

(i) From Q1 (a)(i), find the numeric sequence of x[n] for ALL
possibilities.
(2 marks)

(b) Choose the most appropriate x[n] if the average power of this signal is

12 watt.
(3 marks)

(¢) Given asignal x[n] = 0.4" u[n — 3] and h[n] = 0.2"'y[n]. Calculate
the convolution signal, y[n] = x[n] * h[n].
(8 marks)

(d) Briefly explain the process of periodic convolution by using cyclic
method.
(2 marks)
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Q2 A group of students are assigned to digitalize an audio signal,
w(t) = 3sin(1200mt) + sin(900mt) over 0 <7 < 3 ms using system ‘A’. Below
are the requirements to complete the task.

Task requirements

The audio signal is sampled at 25% above the Nyquist rate. Then the
signal is quantized with the dynamic range that varies + 10 volts and
the resolution of 2.5 volts.

(@) Illustrate the diagram of system ‘A’.
(3 marks)

(b) Analyse the quantized signal, Wo1[n] and digital signal, W, [n] using
truncation technique.
(11 marks)

(c) Aninput signal is written as:

) U
x[n]=1{3,7,4,-1} & X,y [k]={3,-1- 8/,1,-1+8;}.

Using suitable properties, calculate 7[n] = x[n]x[n]and R, [k].
(6 marks)
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Q3 (a) Define the Region of Convergence (ROC) in z-transform.

(3 marks)
(b) Calculate the z-transforms and ROC of the following:
D xnl=(n+1)(2)"u[n]
(3 marks)
(i)  x[n]=(n-1)(2)"*u[n]
(3 marks)
() The z-transform of x[n] is X(z)= Lz,lzl >0.5. Solve the
- (z+0.5)

z-transform of the following using properties and specify the ROC.

(i) y[n]=() " nxn]
(3 marks)

(ii) A[n]=x[n]-x[n-1]
(3 marks)

(d) Assume that x[n] as a right-sight signal. Produce the x[n] of the
following z-transform using partial fractions.

3z°

X(2)=—;
(z°-1.5z2+0.5)(z—-0.25)

(5 marks)
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Q4 (a) State two comparisons betwen the Infinite Impulse Response (IIR) filter
and Finite Impulse Response (FIR) filter.
(4 marks)

(b) Explain why the digital filter is better than analog filter.
(5 marks)

(c) Design a bandpass digital filter with band edges of 1 kHz and 3 kHz using
the digital-to-digital frequency transformations technique of IIR filter
z+1

with the digital Low Pass Filter H(z) = This filter has a
z*—z+0.

cutoff frequency of 0.5 kHz and operates at a sampling frequency of 10
kHz.
(11 marks)

SECTION B

U
Q5 (a) Find the periodic convolution between x,[n]={-201,-4} and

U
h,[n]={-6,0,2,1} using appropriate method.
(6 marks)

(b)  Analyse the discrete signal, x[n] in terms of unit ramps and steps.

x[n] = 48[n — 2] + 26[n] + 36[n + 1] + S[n+ 2]
(10 marks)

(c) A signal x(t) = sin(20nt) is ideally sampled at 15 Hz. Estimate the
signal y(t) that is recovered if sampled signal is passed through an ideal
filter with cutoff frequency, f. = 8 Hz.

(4 marks)
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Q6 (a) Find y[n]= x[2n — 0.75] using linear interpolation if a numeric

sequence is x[n] = {2,7,-3}.
(6 marks)

U
(b) Analyse x[n]< X, [k]={4,—2/,0,2/}using the Fast Fourier
Transform (FFT) approach.
(10 marks)

(¢) Sequences x,[n] and x,[n] are given below;

x1[n] = 38[n] + 28[n — 1]
x2[n] = 26[n] — 8[n — 1]

Express the z-transform of their convolution using properties.
(4 marks)

-END OF QUESTIONS-
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Table 1: Properties of the Discrete Fourier Transform (DFT)
Property Signal DFT Remarks
Shift x[n - n,) X lk]=e72#/¥ | No change in magnitude.
Shift x{n — 0.5N] . l)k X [k] jléalf—penod shift for even
Modulation x[n} j2mk IN | X DFT [k —k, ]
Modulation | (~1)'x[n] Xper[e-05N] | Hetiperiod shift for even
Folding x[-n] X pir |- k] This is circular folding.
1 The convolution is
Product x[nly[n] ~ Xorr [kl® v, [£] periodic.
. The convolution is
Convolution x[n]® y[n] Xy [k]YDn [k] i
Correlation x[n]® @ y[n] X i 16V 5 ] The correlation is periodic.
Central _1&E -
S 5 32 AT BN 8 )X
NS0 Kol
x—|=—=) \-1) X k| (Neven),
Central 2] Nz o
Ordinates N1 ¥, "
X prr [—] = Z (1) xfn] (Neven)
2 n=0
Parseval’s Moo 18 2
Relation n}:;[x[n] - ﬁg X orr [k]
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Table 2: Properties of the z- transform

Property Signal z-transform
Linearity ax,[n]+a,x,[n] a1 Xi(2) + axXo(z2)
Time reversal x[-n] X"

, . i) x(n - k) i) 7*X(z)
Time shifting i) x(n + k) ii) 2X(z)
Convolution x1(n)* xa(n) Xi1(2)Xa(2)
Correlation e ()= 2%, (), (n—1) Ri1x2(2) = X1 (2)Xp(27")
Scaling a"x(n) Xa'z)
Differentiation | rx|n] z™ di—gz) or —z-d—X@
Time . . 1
differentiation | 21~ =1] Hex1 -2
Time integration | Y X (k) X(z)= (Z-Z‘f)

» k=0 B
Initial value lim 5m
theorem n— Ox(n) [Z | - °°X(~)
Final value lim hm (21,0
theorem n—> wx(n) |2| > 1( z )X(Z'
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Table 3: z-Transform Pairs
Signal x() Sequence x(n) z-Transform X(z)
o(1) o(n) 1
ot - k) o(n-k) z*
u(r) u(n) 1z
1-z' z-1
-u(-n-1) 1z
1-z' z-1
(D)= u(d) nu(n) =
(1 - z_l)z (z-1y
a'u(n) 1z
l1-az’ z-a
-a"u(-n- 1) | -
l1-az’ z-a
na"u(n) az
(z-a)’
-na"u(-n - 1) az
(z-af
e™ e 1z
1-e“z' z—¢™
£ nu(n) g !1 + z_‘) z(z + 1)
z -
(1_2“)3 (z-1)
te™ ne " zle™ ze™®
(1 —e“'z")2 (z —e“')Z
Sinwot sinwon zsinw,
2’ —2zcosm, +1
COSWol CoSWon z(z —COs a),,)
2’ —2zcosm, +1
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Table 4: Digital- to- digital Transformations

10

Form Band Mapping s > Parameters
Edges
Lowpass to Qc z-a oo sin[0.5(Q, -Q.)
lowpass l-az sin[0.5(Q,, + Q)
Lowpass to Qc ~(z+a) _ —cos[0.5(Q, +Q.)]
highpass l+az N cos[0.5(Q, - Q. )
Lowpass to [Q1, Q] _(22 + A12+Az) _ tan(O.SQD)
bandpass 4,2 + Az +1 tan[0.5(Q, -, )]
_ —cos[0.5(Q, +Q,)]
- cos[O.S(Q2 —52 )]
_ 2aK _K-1
K+ K+l
Lowpass to [Q1, Q] | (2+4z+ Az) K = tan(0.5Qp)tan[0.5(Q; -
bandstop A+ Azl | Q)]
_ —cos[0.5(Q, + Q)]
- cos[O.S(Q2 - Ql)]
420, 1K
K+1 1+K
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Table 5: Direct Analog- to- digital Transformations for Bilinear Design

From Band Edges | Mapping s Parameters
>
Lowpass to Qc z-1 C =tan(0.5Q2,.)
lowpass Ciz+1)
Lowpass to Qc C(z+1) C =1an(0.5Q.)
highpass z-1
Lowpassto | Q;<Qo<Cy | 27 -2pz+1 C =tan[0.5(Q, -Q))]. B =cosQ, or
bandpass (22 -1 _cos[0.5(Q, + Q)]
cos[0.5(Q, - ,))]
Lowpassto | Q,<Qu< | C(2-1) C=twn[0.5(Q, -Q)].f =cosQ, or
bandstop = =2pz+1 _cos [0.5(0, +Q, )]
cos[0.5(Q, - Q)]
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Table 6: Windows for FIR filter design.

Window Expression waln], -0.5(N-1) < n < 0.5(N-1)
Boxcar 1
Cosine { nr

co

N-1
Ri
emann SincL(Z_n)’ L>0
N —
Bartlett 2/
N-1
Von Hann (Hannin
H & 0.5 +0.5005( i
N-1
Hammin
2 0.54+0.46cos( 2"”1 )

Blackman

0.42+0.5cos 2% )+0.08co ek ]

-1 N-1

Kaiser n \

1| z3.]1-4

| 78 (N_J
1, (”ﬂ )
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Table 7: Characteristics of the windowed spectrum for various windows.
Peak Passband | Peak Sidelobe | Transition
Window Ripple Attenuation | Attenuation Width
Boxcar 0.0897 1.5618 21.7 C=0.92
Cosine 0.0207 0.3600 33.8 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 10* | 297 x 1073 75.3 C=5.71
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Identity

e’ =cos@+ jsin@

cosf = %(ejg + e'jo)

sin@ = jiz(ej” - e‘jg)

Finite Summation Formula

ia: n(n+1)

A
>, nln+1)2n+1
27T

2 a3:n2(n+1)2

k=0 4

n ot zl_ann

k=0 l-a , a#l

3 I

ar[l —(n+1)a" +na"+‘]
(1-a)
kot :a[(l+a)—(n+1)2 (2n +2n— l)a n? m]

(i-af

ka* =

E

3 1|

=]

x
(=]

Infinite Summation Formula

gakzl_—lz, o <1
kzﬂ:“k:“_g“’ la| <1
Y o i
205 e
D
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