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DIGITAL SIGNAL PROCESSING
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June 2004
3 hours

PART A

Answer all of the following questions.

Information
The exam is closed-book.
There are two parts to this exam.
Part A hassix questions totalling 70 marks. You must answer all of them.
Part B hastwo questions totalling 30 marks. You must answer all of them.

You have 3 hours.

1. You are given the two signals [n] andz,[n] shown below. The signal values are zero
outside of the range of shown:
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(a) Use graphical methods to find the linear convolujer = z1[n| * z2[n].
(b) Use the expression for the convolution sum directly td ftme values ofj[n] for
n=—1andn = 1.
(10 marks)

2. Consider the aperiodic exponentially decaying signahshbelow:

x[n]

(a) Find the Fourier transform of thén] and sketch its magnitude over the ranger to
2x. Does the signal have predominantly low or high-frequerarytent?

(b) Calculate thei-point DFT X [k] of the signal.
(c) If Z[n] is the inverse DFT of [k], what is the value of [—2] andi[4]?
(10 marks)




3. (a) Find the z-transform of the exponentially-decayigmal 5. The pole-zero plot for a filter is as follows:
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(b) What is the z-transform of the signgh] = z[n] * 2[n]? Use this result, along with the f L l;
transform pair \ )
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to find y[n]. ~o_ |-
(c) Use either a power-series expansion or the method ofdaigjon to find the first 4 values . ) )
of the causal signal corresponding to the z-transform (a) Use graphical methods to roughly sketch the magnitudghase response of the filter.
escribe the effect the filter will have on an input signa
1 b) D ibe the effect the fil ill h i ignal
X(2) = 1242 (c) What are the possible regions of convergence for theZil&hich will correspond to a
| filter, and which t table filter?
Where is the region of convergence in the z-plane? causatiifier, andwhich fto a stable fier
(10 marks)

(15 marks)

4. The figure below shows a second-order system:

yin]

(a) Write down an expression for the z-transform of the syste

(b) Under the assumption that the system is causal, draweazgob plot of the system in the
z-plane. Is the system stable?

(c) Find the impulse response of the system under the asmumgfiven. You may need the

transform pair

1
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(15 marks)




6. In the system PART B

c/D H{(ed*) D/C Answerboth of the following two questions. Each question counts 15 mark
ze(t) Ye(t)
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T Ty 1. Multidimensional signal and image processing

X.(jQ) andH (e/*) are as shown below:

X.(9) (a) Explain why a periodic sequence in 2-D is more compler ftba1-D.
c\J

1 (5 marks)
(b) Use the method of your choice to find the 2-D convolutiotwieen the following two
—21 x 5 x 10° 27 x 5 x 10° @ signals:
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Sketch and label the Fourier transformyeft) for each of the following cases:
(@) 1/Ty = 1/T = 10*.
(5 marks)

(b) 1/T1 = 1/T2 =2x 104
(c) 1/T1 =2 x 10%,1/T, = 10%.
(d) 1/Ty =104, 1/T» = 2 x 10

(c) Describe in detail how a charge-coupled device (CCDatea signal.
(5 marks)

(10 marks)




2. Speech processing

(a) Radix-3 Decimation in time FFT algorithm:
i. Write an expression faX [k] involving threeN/3-DFTs.
ii. What is the advantage of a radix-3 FFT foAa= 3" length signal as compared to a
direct computation of the DFT?
(5 marks)

(b) True or False:
i. Aradix-2 Decimation-in-time FFT algorithm will be fastéhan a radix-2
Decimation-in-frequency FFT algorithm.

ii. A spectrogram contains 3-D information about a speeghali

iii. Estimating nasals parameters is one of the weaknes®6fnodel.

iv. Zero padding a signal before computing its DFT will inase its frequency resolutions.
v. Vowels have distinct formants.

(5 marks)

(c) The following are three different signais|n] that are the sum of two sinusiods:
x1[n] = cos(mn/4) + cos(17mn/64)

cos(mn/4) + 0.8 cos(21mn/64)

cos(mn/4) + 0.0001 cos(217n/64)

xa[n

We wish to estimate the spectrum of each of these signalg ttsn64-point DFT with a
64-point rectangular window[n|. Indicate for which of the signals you would expect to
see two distinct spectral peaks.

(5 marks)




