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QUESTION 1

(a) A digital signal processing (DSP) system is described by the difference equation
y(n)+ 0.6y(n—1)—04y(n—2) =x(n) + x(n—1)
Determine the solution when the initial conditions are zero and x(n) = u{n).

(10 marks)

(b) The impulse response A(n), and input x(n) are given as x{n) =u(n) —

n
u(n — 2); h(n) = G) ,n = (0. Find the response y(n) in closed form.

{10 marks)
(¢) Find the z-transform of x(n) = (%)“ [u(n) — u(n — 10)]. (5 marks)

QUESTION 2

(a) Define circular convolution. For the sequences x,(n) ={1,2,3,1} and x,(n) =
{4,3,2,2},
Determine the 4-point circular convolution of x3(n) = x;(n) ® x,(n).
(10 marks)
(b) What is the advantage of using fast Fourier transform (FE'T) algorithm to determine
the DFT of a discrete sequence? Using DIT-FFT algorithm, determine the 8-point
DFT of the sequence x(n) = {1,1,0,1,1,0,0,1}. What is the speed improvement

factor in this case? (15 marks)

QUESTION 3
(a) Design a 5-tap FIR band reject (band-stop) filter with a lower cut-off frequency of
2,000 Hz, an upper cut-off frequency of 2,400 Hz, and a sampling rate of 8,000 Hz
using the Hamming window method. Determine the transfer function and difference
equation of the desired FIR system.

(20 marks)
{b) Determine the causal signal x(n) having the z-transform
1
X(2)) = (ir-Dya—z1)2 (5 marks)




QUESTION 4

(a) Design a first-order high-pass digital Chebyshev filter with a cut-off frequency of 3
kHz and 1 dB ripple on the pass-band using a sampling frequency of 8,000 Hz. (Use
Bilinear Transformation method.)

State the difference equation and the transfer function of the filter designed
(15 marks)

{b) Use direct Form I and II to realize the filter. (10 marks)




Table 1: Properties of z-transform

Property Time Domain z=Transform
Linearity axy(a) o bya(ny aZ{x ) L hZ{xs(n))
Shift theorem xX(noony . TTMN(z)
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Table 3: Summary of ideal impulse responses for standard FIR filters.

Ideal Impulse Response

Filter Type Il {(noncausal FIR coeflicien(s)
Lowiiss: | (—‘i- i)
ORp ) - {‘i"if"") for s /0 M M
[ighpass: ) - {:::!L el
) :'-‘55;2’_’ for i /) M < n=M
BLL”:"}“!"‘L‘ | IR
Bandpass: Ji{n) {_\;.,(”;:,-n] ,\m:fi,,n) forn 70 M<n< M
ey I
Bdnd.\lgp, hiny ~ hin(ﬁ!inn) .xin;i;r_n] forn /0 Mo M

Causai FIR Tilter cocflicients: shifting A(n) o the right by M samples,
Transter function:
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Table 4: FIR filter length estimation using window functions (normalized transition

width Af = Ifstop ”"" fpassl/fs ).

Stopband
Window Window Window Passhand  Attenuation
Type bPuncton win)., — M=p=M Length, & Rapple (dB) (4B
Rectaneular N~ 00/A 07410 21
Hanming 0.5 - 05 cos(42) N = 3 H/AS 0056 44
Lenuming 054 ¢ 040 cos{F4) N = 33/A7 00194 AR
Blackman 042 - 0.5cos{47) + 0.08cos(F) N = 5.5/A/ 0.0017 74
Table 5. Analog lowpass prototype transformations
Filter Type Prototype Transformation
Low pass = w15 the cutolT [requency
Highpass 2o, we s the cutolT frequency
= i--(ui —— .
Band pass . wy ooy B wy w;
Bandstop ?\—;I%T wy - Jopog, W wy w;

k3

Table 6: Conversion from analog filter specifications to lowpass prototype specifications.

Anuloy Filter Specitfications Lowpass Prototype Spectfications
Lowpass: wy,. wy, P BTN LY

Highpass: w,. w,, DR RN S W A

Bandpass: wp. @gp, 00, W P NN W

Wy D Wy @@

Bandstlop: wyur. @ @, @ AT IS 1‘,’;,,,_}:-:__

ey W upl el 0 \/('Jd.\."(‘):.u‘/.l

. passbhand Trequeney edge: w,, stopband Trequency edge: wyy, lower cutofl frequency in
pussbiand: w . upper catoft frequency e passhand: @, fower cutolt Trequency i stopband:
i UpPer cutofl Nrequency i stopband: w,, geometric center frequency.




The Z-transform
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