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INSTRUCTION: Answer FOUR (4) questions ONLY.
Please use the answer booklet provided.

Question 1(CLO 1 & CLO 2)
(@) Sketch the following sequences:

i x(n) = 38(n +2) — 0.56(n) + 58(n — 1) — 46(n — 5)

( 2 marks)
il. x(n)=86n+1)-26(n—1)+5u(n—4)
( 2 marks)
(b) Based on Figure Q1, write down the output signals of the adders.
(4 marks)

(c)  A3-tap FIR-low pass filter has a cut-off frequency of 800Hz and a sampling rate of 8000Hz.

i. Calculate the filter coefficients by using the Fourier transform method.
(4 marks)

il. Determine the transfer function and difference equation of the designed FIR system.
(4 marks)

ii. Determine the frequency (f),H (e/?), |H (e/?)|, |1(e™)|aB.and LH(e/?) 4o and place your
answer in Table 1.You are required to copy Table 1 in your answer booklet.

Table 1
Q(radians) | Frequency(f) | H(e/?) |H ()] [HE™1dB | LH (877 gegree
0
3m/4
™

(9 marks)
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Question 2(CLO 1, CLO 2 & CLO 3)

(a) Using the sequence definitions, evaluate the digital convolution up to y (4).

-2, k=012 2, k=0
x(k) =1 1, k=34 and h(k) = {-1, k=12
0 elsewhere 0 elsewhere

i. Using the graphical method.

(6 marks)
ii. Using the table method.

(3 marks)
i, Applying the convolution formula directly.

(6 marks)

(b) Design a Butterworth IIR digital bandpass filter for a given specifications:

wpy = 0457, wgy = 037, wg, = 0.757,ap = 1dB ,a; = 0.40dB , B, = 0.78

(10 marks)

Question 3(CLO 2& CLO 3)

(a) Design a 3-tap FIR low-pass filter with a cut-off frequency of 800Hz and a sampling rate of
8000 Hz using the Hamming window function.

(13 marks)

(b)  Determine the frequency (f),H(e/?),|H(e/?)|, |H(z*)|aB.and LH (e/?)uye and place your answer
in Table 2.You are required to copy Table 2 in your answer booklet.

Table 2

Q(radians) | Frequency(f) H(el™) l H(e/M)| |H(e™)|dB LH (7 cugre
0
4
/2
3m/4
m

(9 marks)
(c) Sketch the magnitude frequency response and the phase response based on your answer in

Q3 (b).
(3 marks)
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Question 4(CLO1,CLO2&CLO 3)

(a)

(b)

(©

Give a brief comparison between passband and stopband.

(4 marks)
Determine the inverse z-transform for the following transfer function.
i. - 1
X(2) = (1-z-1)(1-0.5z"1)
(5 marks)
ii. Y(Z) = zz(z+1)
(z-1)(z2-2+0.5)
(6 marks)

A causal LTI lIR digital filter is characterized by a constant coefficient difference equation
given by :

y[n] = x[n - 1] = 1.2x[n — 2] + x[n — 3] + 1.3y[n — 1] — 1.04y[n — 2] 4+ 0.222y[n — 3]

i. Determine the rational function of H(z) in z' ,z and in the factored form.

(6 marks)
ii. Sketch the pole-zero of the IR transfer function.

(3 marks)
iii. List the ROC of the transfer function.

(1 marks)
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Question 5(CLO 1, CLO 2 & CLO 3)

(@) Determine the z-transform for each of the following sequences:

ki x(n) = 10sin(0.25mn) u(n)

(2 marks)
i. x(n) = e %1"cos(0.25mn)u(n)
(2 marks)
(b) Design a Type 1 Chebyshev IIR digital high pass filter for a given specifications:
E, = 700Hz,F; = 500Hz, ap, = 1dB, Fag; = 32dB ,Fr = 2kHz
(6 marks)

(c)  The realizations of a third-order IIR transfer function is given by:

0.44z2% 4+ 0.362z + 0.02
z340.4z240.182-0.2

H(z) =

i. Determine the cascade realization based on direct form |l realization of each section.

(5 marks)
ii. Determine parallel form Il realization.

(5 marks)
iii. Sketch the answer in Q5(c)(ii).

(5 marks)

END OF EXAMINATION PAPER
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APPENDIX |
Table of z-transform pairs
x(n) X(z) ROC
|
~a"u(-n-1) —— |4< |a
l-az
-1
az
—na"u(-n-1) — |7|<|a
(I—az™)”
x(mn) X(2) ROC
o(n) 1 All z
1
u(n _ zl>1
() — =
1
a’"u(n —_ zl>la
az™
a"u(n Z| = a
n u( ) (l_az—l)z I | | l
x(n) X (2) ROC
1—z"'cosw,
= 1
(cos @on)eulr) 1-2z'cosw, +z2 =1
. 1—z'sin @,
o~ B |
(sin @, r () 1—2z'cosw, +z2 2]
= 1—az ' cosw,
(»2 > |la
& Do R) 1—2az 'cosw, +a,z > ol =l
i 1—az' sin @,
> |la
L™ st sl el ) 1—2az'cosaw, +a,z™> 2] |
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APPENDIX Il

APPENDIX I
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APPENDIX IV
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