EEE4001F: Digital Signal Processing
Class Test 1

17 March 2011

SOLUTIONS

Name:

Student number:

Information
e The testis closed-book.
e This test hagour questions, totalling 20 marks.
e Answerall the questions.

e You have 45 minutes.

1. (5 marks) Ifz[n] is the signal below
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then plot the following:
(@) yi[n] = x[2n — 2]
(b) y2[n] = x[-n —1]
(©) yz[n] = z[n] * d[n — 1]
(d) ya[n] = z[n — 1]+ uln — 1]
(e) ys[n] = z[n] — z[n —1].
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2. (5 marks) Consider the system below 3. (5 marks) Suppose we have the following cascade of a#-filtérs:

z[n] ‘777777777777777771 y[n] z[n] H (e o (e y[n]
4:» h[n] >  h[-n] —T— » 1(e?) 2(e?*)
|
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whereh[n] = 8[n] — 26[n — 1] — 8[n — 2]. M) =0 and @) = o

(@) Findh[n] such that the input[n] and output[n] satisfy the relationship
y[n] = hin] * z[n].
(b) Findg[n] such that:[n] = g[n] * y[n].

(a) FindH (@), the Fourier transform df[n).

(b) Find and plot the effective impulse resporgg[n] linking the inputz[n] and the output
y[n).

(c) Give an expression for the effective system transfection He(e/*) in terms of H (e7%).

(@) The given relationship in the frequency domaiig’~) = H(e/“) X (¢/¥). Since

(a) The effective impulse responséii[n] = h[n] * h[—n], shown below: Y (e3%) = Hy(e?*)Hy(e7*) X (e/*) we must have
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(b) The Fourier transform is and the inverse Fourier transform is the required impulspapse
. [ee] Ciom oo Ciom 1 n 1 n
H(e*) = ; hlnje ™7 = ; (8] — 26[n — 1] = 6[n — 2))e™ hln] =3 (5) uln] -2 (§> uln).
=1-2¢7Y —e 7%, (b) The given relationship in the frequency domaii&’) = H (&)Y (/). Since
) ) ) Y (e?%) = Hy(e’*)Hy(e?*) X (e7*) we must therefore have
(c) The effective Fourier transform is
. . . jw 1 —jw 1 —jw
Hen(e™*) = F{h[n]} F{h[-n]} = H(e*)H(e 7). ) = B By(e=) (1 ¢ ) (1 N )
Interestingly, but not required for the answer, one can sthaithis evaluates to a =1— e Ivw p Zemi2w,
real-valued transform 6 6
He(e7) = 6 — 2 cos(2w) The Fourier inverse is the quantity required in the time dioma
for the givenh[n]. The overall filter is therefore zero phase. In generalif is real then g[n] = 8[n] — ?5[,” — 1]+ lg[n —2.
: 6 6

H(e™7%) = H*(¢/*), and
Hen(¢/) = H(e’)H" (e7%) = |H (&) [?

will have a zero phase response — which is a special caseeafrlphase.



. (5 marks) Consider the minimum-phase system with trafisfetion Fourier transform properties

1—(1/2)z7t
( ) = W, Sequences(n], y[n] TransformsX (e’“), Y (e’“) Property
- ( / )Z azx[n] + by[n] aX (e?¥) + by (e7¥) Linearity
where the region of convergenceli$ > 1. eln = nal e X () Time shift
9 g qﬂi 3 /0 z[n] X (ef(w—w0)y Frequency shift
(a) Find a difference equation linking the inptjt:] and the outpug[n]. z[—n] X(e™9%) Time reversal
(b) Find the impulse response of the system. naln] e Frequency diff.
) . . . z[n] * y[n] X(e77)Y (e77v) Convolution
(c) Find the transfer function of a causal and stable sysheris the inverse off (z), and a[n)y[n] [T X ()Y () dp Modulation

sketch the poles, zeros, and region of convergence of tesda system in the z-plane.
Common Fourier transform pairs

. i . Sequence Fourier transform
(a) SinceY (z) = H(z)X (z) we haveY (z)(1 — 1271) = X(2)(1 — 327 1). Inverting gives 5] i
the difference equation [n — no) e~Iwmo
1 (—oo <n<o0) S 2nd(w + 2mk)
1 1 k oo
y[n] — gy[n — 1] =z[n] - Em[n —1]. a™u[n] (la] <1) T=ae=7T
uln] 1—(:+7w + 20 o O(w 4 27k)
(b) The impulse response is the inverse transforrfl ¢f). Since (n+1a"uln] (Ja| <1) e
-1 sin(wen) X(e39) = 1 |w| < we
H( ) 1 1 z o 0 we < w| <7
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1—1z71 2(1-1z271) apn = {1 0<n<M sinfw(M+1)/2] —jwh1/2
0 otherwise sin(w/2)
1 elwon Done oo 210 (w — wo + 2mk)

the inverse for the given ROC ign] = ()" u[n] — 1 ()" " u[n — 1].

(c) The transfer function of the inverse system is
Common z-transform pairs

1 1-1z
G(z) = =—3
H(z) 1-— 52*1 Sequence Transform ROC
. d[n] 1 Al z
The two possible ROCs afe| < 1/2 and|z| > 1/2. For causal and stable the second is uln] — 2] > 1
appropriatejz| > 1/2. This system has a zeroat= 1/3 and a pole at = 1/2, and the —u[-n —1] — |z] <1
sketch follows. 8[n —m] zm All z except0 or co
a"uln] —1_';,1 [z > al
—a"u[—n — 1] — Izl < lal
na"uln] ﬁ |2| > |al
—na"u[-n — 1] ﬁ |z] < lal
a” 0<n<N-1, 1_oN,—N
. —_—E |z| >0
0 otherwise 1-az
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