EEE4001F: Digital Signal Processing
Class Test 2
21 April 2011

SOLUTIONS

Name:

Student number:

Information

e The testis closed-book.

This test hagour questions, totalling 20 marks.

Answerall the questions.

You have 45 minutes.

1. (5 marks) Determine the 8-point DFT of the real-valuedusegex([n| = é[n — 3]. Plot
the magnitude and phase of your answer on separate axesngrtbat the phase lies

between-m andr.

Since

7 7
X[k] _ Z (S[Tl _ 3]e—j27rkn/8 _ Z (S[Tl _ 3]e—j27rk73/8 _ e—j7rk.3'/47
n=0

n=0

we havel X[k]| = 1 andZX [k] = —2nk. Plots as follows:
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2. (5 marks) Consider the system below

X(t) @[] , yln]
cib H(eH*) f—n
T

whereT = 0.001s and
1 lw| < 0.5

H(e) = i
0 otherwise

for —m < w < 7. Find the outpuy[n] if the input isz(¢) = cos(4007t) + cos(6007t).

The discretised input is

In the frequency domain this is
(m) (m) ‘ (
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and the filter removes the two impulses at frequeneies +-37, and hence theos (37n)
term. The output is therefore just the remaining term

yln] = cos (%’%) .

3. (5 marks) Findv[n| = z[n] * y[n] with

sin(m(n — 5)/2)‘

z[n] = /™% and y[n] = o

sin(mn
™

/2) From the Fourier tables we see that

The signaly[n] = yo[n — 5], whereyg[n] =

sin(mn/2) £ lw| < /2

yo[n] = Yo(ej“’) =
™ 0 /2 < |w| < 7.

Applying the time shift property gives the pair

sin(m(n — 5)/2) N

m(n—5) V(&) = e 7Y ().

ylnl =

We can think ofw[n| as the output of a system with impulse respogisé, driven by the
inputz(n]. Sincez[n| is a complex exponential with frequengy= 7 /3 the output will be

w[n] _ Y(ejfr/i'))ejnn/?» _ 67j57r/3y(ejﬂ'/3)6j77n/3 _ ej(7-rn/3757r/3)7

sinceY (e/7/3) = 1.



4. (5 marks) Two students want to analyse a signal from a piwpe. They digitise a estimate can also be improved by capturing a longer samplataf this increases the

sample of 128 points, obtaining the signal below: length of the window functiomu[n] in the time domain, which compresses the
correspondingV (e’*) in frequency. Ideally¥ (e’*) should be a Dirac delta function, so
this is a good thing.
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They decide to investigate the apparent periodicity by iloglat the signal in the
frequency domain. To do this they calculate the DFT

127
X[k = wln]e i Hhn

n=0

fork =0,...,127, which has the following magnitude plot:

50

[X (k]|

0 e n.mmmhhﬂ IUva [TYT JUTRTIRS FOR1 DUSUTIC SYPUR 1 200 [ FRTOTI0 ATAL) nmh”[ h””ﬂ”hv"uv o1l
0 20 40 60 80 100 120
k

(a) What is the dominant frequency present in the signalsonea in radians per sample?

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

(a) The leftmost peak of the frequency response occurs att &bo 26. This corresponds to
the discrete complex exponentidl# (26, which has a frequenay = 22 (26) radians
per sample. The rightmost peak just corresponds to the saapeehcy, but with opposite
sign (the signak[n| is real, so the transform is symmetric).

Since the sum in the DFT is only over 128 samples, a reatanwindoww, [n] of this
length has effectively been applied to the signal. We anetbee observing samples of the
DTFT of the windowed signat[n|w..[n]. The samples oK [k] therefore relate to the
spectrum ofX (e7*) x W,.(e/*), so we are seeing the desired spectrum “blurred” by the
window functionW,.(e’*), which is of a sinc form.

The peaks inX [k]| are broad because the sinc function has high sidelobese Taashe
reduced by using a different window function that has befperctral properties. The

(b

~



Fourier transform properties

Sequences|[n], y[n] TransformsX (e?*), Y (e7*) Property
azx[n] + by[n] aX(e??) + bY (e?) Linearity
z[n — ng) e IUnd X () Time shift
/0 z[n] X (el(@=w0)y Frequency shift
z[—n] X(e ) Time reversal
nzn] '%iw) Frequency diff.
z[n] * y[n] X(e™7*)Y(e™7¥) Convolution
z[n)y[n) = [T XY (1 )dp Modulation

Common Fourier transform pairs

Fourier transform

Sequence
6[n] 1
8[n — no] e~7wmo
1 (—oo <n < o0) S oo 2w (w + 27k)
a"u[n] (la] <1) P
uln] —1,e1—jw + 2Rl oo WO (w + 27k)
n 1
(n + Da™ufn] (a] < 1) S -
st x(erey= 4! el
0 we < |w| <7
1 0<n<M i . .
oln] = < n.f sln[:i)x(ll(vi-;;;/2]e—]w1\l/2
0 otherwise
elwon Don oo 218 (w — wo + 2mk)

Common z-transform pairs

Sequence Transform ROC
é[n] 1 All z
u[n] 17i71 [z] > 1
—u[—n —1] 173,1 lz] <1
S§ln —m] z~™ All z except0 or co
a"uln] [z > |a]
—a"u[-n —1] |z| < |al
na™un] |z| > |a|
—na"u[—n — 1] |z| < |al
a” 0<n<N-1,
- = |z >0
0 otherwise
1—cos -1
cos(won)u[n] % [z} >1
1—7cos(wg)z ! |z > r

7" cos(won)u[n|

1—27cos(wg)z— L +r22—2




