EEE4001F: Di g|ta| S gn al Processi ng 1. (5 marks) Determine the 8-point DFT of the real-valued sequence z[n] = 6[n — 3]. Plot

the magnitude and phase of your answer on separate axes, ensuring that the phase lies

C| ass Test 2 between —7 and 7.
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e Thetest is closed-book.
e Thistest hasfour questions, totalling 20 marks.
e Answer all the questions.

e You have 45 minutes.




2. (5 marks) Consider the system below 3. (5 marks) Find w[n] = z[n] * y[n] with

X(t) x[n] y[n] ) _
C/ID H(elY) — I[TL} — ™/3  and y[n] _ sin(m(n 5)/2)‘
m(n —5)
T

where T = 0.001sand

H(e™) 1 |w| < 0.57
€ =
0 otherwise

for —m < w < . Find the output y[n] if theinput isz(t) = cos(4007t) + cos(6007t).



4. (5 marks) Two students want to analyse a signal from a microphone. They digitisea
sample of 128 points, obtaining the signal below:
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They decide to investigate the apparent periodicity by looking at the signal in the
frequency domain. To do thisthey calculate the DFT

127
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X[k =" alneimskn
n=0
for k =0,...,127, which has the following magnitude plot:
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(8) What is the dominant frequency present in the signal, measured in radians per sample?

(b) The quantity | X [k]| as calculated is a poor estimate of the spectrum of the microphone
signal. Why isthis so? What can be done to improve the estimate?

Fourier transform properties

Sequences z[n], y[n) Transforms X (e*), Y (e7*) Property
az[n] + by[n] aX(e?*) + bY (e7) Linearity
z[n — ng) eTIwnd X (e1@) Time shift
eI@0m 1 [n] X (el (@=w0)) Frequency shift
z[—n] X(e™7v) Timereversal
naln) jAXI?) Freguency diff.
z[n] * y[n] X(eTI®)Y (e9%) Convolution
z[n]y[n] = [T X(?)Y (7 D)do Modulation
Common Fourier transform pairs
Sequence Fourier transform
é[n] 1
8[n — ng) e~Iwno
1 (—o0o<n<oo0) Done oo 2w (w + 27k)
au[n] (Ja] <1) T
u[n] o+ Tl o T (w + 2mk)

(n+1a"uln] (Ja| <1)

sin(wen)
wn

1 0<n<M
aln] = _
0 otherwise
ciwon
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xom=|

1 |w] < we
0 we < |w| <7

sinfw (M+1)/2] |~ juM/2
Sin(w/2)

SR oo 278 (w — wo + 27k)

Common z-transform pairs

Sequence Transform ROC

§[n] 1 All z

u[n) T |z] > 1

—u[—n —1] # lz] <1

§[n —m] z=™ All z except 0 or co
a™uln] 1—a1z71 [z] > al
—a"u[—n —1] 71_;2,1 |z] < lal
na"uln] ﬁ |z| > |al
—na”u[—n — 1] ﬁ |z] < lal
m <n< — -

(0w e e
cos(won)uln] m}% |z > 1

r™ cos(won)uln] doreostwg)eT! |z| >r

1—2rcos(wg)z—1+r22—2




