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SECTION A

Q1. Given a signal,

2" . -2<n<l
x(m)=<3" ; 1£n<3
0 ;elsewhere

(@) Determine the numeric sequences of the following signals.

() M) =x(-n+025)+u(n+1)- u(n)
iy N(n)=2x(m)+r(n}—r(n- 1} —u(n—3)
(13 marks)

(b) A signal from a sensor has been measured as shown in Figure Q1. Calculate the
energy of the even part of w(x).
(7 marks)



Q2 (=)

(b)

()
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A Finite Impulse Response (FIR) filter has an impulse response and input signal
given by h(n)=8(n)+28(n—-2)+23(n~3)and x(n) = 2tri [g] , respectively.

Determine its response (n) by using the sum-by-column method.
(5 marks)

Briefly explain the process of periodic convolution by using the cyclic method.

Then, determine the output of the system by using this method, if the system input

b y
is x(n) = {1,-2,3} and the impulse response is h(n) = {-2, 1, 0}.
(7 marks)

y
Compute the cross-correlation of rx(n) and rin) for x(n) = {2, 1, 1, 2} and

U
h(n) = {4, 2, 3}. Find the relationship between ren(n) and ru(n).
(8 marks)
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SECTION B

Q3 A group of studems are asked to digitalize an analog voliage
x(¢) = 10sin (207) + 3 cos(2m) V to FIVE (5) encoded samples using a system “A”.

Below are the requirements to complete the task.

TASK REQUIREMENT FOR SYSTEM “A”

The anatog signal is sampled at f; = 10 Hz and it will be
quantized using TWQ (2) bits system with a dynamic range of
+4V.

(a) Name the system “A” based on the information above

{1 mark)

() lllustrate the basic block diagram of system “A”

(2 marks)

(c) Determine the system Quantization Signal-to-Noise ratio (SNRg) in dB and show
all the steps involved. Please note that the system uses uniform quantization

process (rounding technique).

(17 marks)



Q4 (a)

(b)

(©)

QS (@
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A discrete signal is given as x(n) =28(n)—28(n-2). Calculate the Discrete
Foutier Transform (DFT) of x(n).
(4 marks)

An input signal of a filter is written as

. PO Y £
rm)={1,2,1} & R, (k) ={4, 5 4,A}

Determine

i) Thevalueof A
i) ¥, (k) if y(n) = r(-n)
i) W, (k) if wn)=r*(n)

(3 marks)

The Discrete Fourier Transform (DFT) of a discrete signal, c(#) is known as

C;)Fr(k):{s: -2j, 0, 21}

i)  Ilustrate the butterfly structure of Decimation in Time (DIT) Fast Fourier
Transform Algorithm (FFT) technique.

ii) Determine discrete signal, c[n] based on your answer in Q4(c)

(13 marks)

A signal, x(n) = 2"u(n+1)is used as input to the filter shown in Figure Q3.

Analyze the output of the filter, ¥(2).
(5 marks)



Q6

(b}

(c)

(a)

(b

(c)
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A lowpass filter with transfer function H(z) = 0.324%(z + 1) operates at

1.3249z - 0.6751
S = 10 kHz, and its cutoff frequency is 2 = 1 kHz. Use this filter 1o design a

lowpass filter with a cutoff frequency of 3 kfiz.
(7 marks)

Design a lowpass filter with a cutoff frequency of 1 kHz. The sampling frequency
is 10 kHz.
(8 marks)

Based on the difference equation below, analyze the stability of the system.

y(n)=3y(n—-1D+2y(m-2)-2x(n- 2)=0
(5 marks)

Calculate the z-transform and its region of convergence for the following discrete

signal:

iy x(m= {],5,%,1 1}

i) c(m=(m-1)2)" u()
{5 marks)

Design an FIR highpass filter with cutoff frequency f; = 2 kHz using sampling
frequency S = 10 kHz. Use the Barlett window with N=9.
(10 marks)

- END OF QUESTION -
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Table 1 : Properties of the N-sample DFT.

Signal x(n) DFT X(k)
a x,(n) + a,x,(n) a, X (k) +a, X, (k)
x[n - nu] XDF;_[k]ed i ;rN y
x[n—O SN] (— ]‘)er).f"f'[k]
x[n]e 2”*0 X DET [k - ko]
(- 1)"x{n] X[k —0.5N]
x{-n] Xpir [_k]
xinlyin] Xy K1Y yrlK]
x[n]® yin] X prK)Y i 1£]
x[n] @ ®yln] X o (K K]
HOJ= -5 Xkl Xpl01= 2
"H ) %Z (-1)* X (K] (N even)
XDH'[_:\ NZ ])ner[k] (N even)
HZ_III[HJI =-~ Zfl X oy 1R1P
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Table 2 : A Short Table of z-transform Pairs.

Signal z-transform
s{n] I
5[:1— nO] 7z

1—zN
sl - V] o
Z
u[n] z—1
F
a "uln] o
F4
(-a)"uln] i a
B F4
nu[n] (z-1)
444
na "uln) Gz—ay

Table 3 : Properties of the z-Transform.

z-Transform

VX (2)
(3]
z

x~-nlu[-n-1) X [l] - x{0] (for causal x{n])

Z

Signal
x{n—N]

x{-n]

z
nx[n] _, chéz)
cos(nQ)x[n] 0.5[ X(zefﬂ ) + X (ze ™)
Sin("Q)x[”] jO.S[X(ze’n)— X(ze_fn)]
x{nl* Hn} X(2)H(z)
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Table 4 : Some Windows for FIR Filter Design.

Note: 1,(x) is the modified Bessel Function of order zero.

Window Expression wjn}, —0.5(N ~1)<n<0.5(N -1)
Boxcar 1
Cosine cos[ nr ]
N-1
. . ¢ 2n
Riemann sinc” ), L>0
N-1
Bartlett 1- 2|n|
N-1

von Hann (Hanning)

0.5+0.5 cos(

2mr)
N-1

1,(=B)

Hamming 0.54 + 0.46cos[ 2nm ]
N-1
2nn dnx
Blackman 0.42 + 0.5¢co +90.08¢co
N-1 N-1
Kaiser Io(frﬁ,ﬁ —4[n/{(N - 1)]i)

Table 5 : Characteristics of the windowed spectrum for various windows.

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

5p =g, Awp (dB) Aws (dB) Fygm CIN
Boxcar 0.0897 1.5618 21.7 C=092
Cosine 0.0207 0.3600 338 c=2.10
Riemann 0.0120 0.2087 385 C=2.50
von Hann (Hanning}) 0.0063 0.1103 44.0 C=3.2i
Hamming 0.0022 0.0384 53.0 C=347
Blackman 171 x 107 2.97x107 75.3 C=5.71

10
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Table 6 : Digital-to-digital frequency transformations.

Form Band Mapping s > Parameters
Edges

Lowpass to Q¢ z—a v sin[0.5(€2,, — Q.. )
lowpass 1-az siniO.S(Q n 8 )
Lowpass to Qc —(z+a) o cosf0.5(Q, + Q)]
highpass 1+ 0z coso.5(, - Q)]
Lowpass to [€2y, Q1] -~ (zz +Az+ Az) _ tan(O.SQD)
bandpass Az? + Az +1 tanf0.5(Q, - ©,)]

- (:(JS[O.S(Q2 +Q)
%= 05, - )

A,:Z“K, A:!:K—l
K+1 K+1
Lowpass to [, Q2] !22 + Az + Az! K = tan(0.5Qp)tan[0.5(€: -
bandstop A,z + Az +1 Q)]
- cos[(l‘.S(Q2 + Q,)]
" cosf0.s(@, o)
go2a 4 1K

1+ K

K +1

1
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Table 7 : Direct analog-to-digital transformations for bilinear design.

Form Band Mapping s Parameters
Edges -
Lowpass to | Q¢ z-1 C = tan(0.5C)
lowpass Clz+1)
Lowpass to | Q¢ Cclz+1) C = tan(0.5Qc)
highpass z—1
Lowpassto [ Q) <€ <| z2_28+1 |C= tan[0.5(€2; - Q))], §=cosld or
bandpass | Q clz2 -1 _cosfo.5(¢2, + )]
- cosI_O.S(QI - Ql)]
Lowpassto [ Q) < £ < c!zl - 1! C = tan[0.5(€; - Q1)], = cosly or
bandstop | £ 22 -2 +1 §= cms[v‘Jr.S(Q2 + 0, )]
i cos[0.5(, - )]
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Euler’s 1dentity
e*? = cos# + jsin&

cosf = %(eje + e‘ja)

sin@ = jiz(ej‘g —e""’)

Finite Summation Formula

z":a _ n(n+l)

k=0 2

n (n+1)2n+1)
3’ ERLUREY Sl

k=0 6
SN mz(n+l)2
2% =

r+l

N
;a Cl-e ,a:l

N kak:a[l-(n+l):r"+na”“]
¥=0 (l—gg)2

S ot = O.'_[(l +a)—(n+1)2a" +(2n2 +2n-—l)a:"” —n2a"*2]
k=0 (}—cz)J

Infinite Summation Formula
= 1
k
a®=——
Z Y la" <1

l-a || <1

2.

k=1

S ket =%

2 ke (-ay <t
2.

k=l

2
kz ,‘:af +a
*Tulay o<t
oy _1t+e™”
.t;ooe 1-e™ >0
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