EEE4001F: Di g|ta| S gn al Processi ng 1. (5 marks) Determine the impulse response of the LTI systesoribed by the difference
equation
Class Test 1 y[n] = 035y[n — 1] = x[n]
under the assumption that it is (a) causal and (b) not causal.
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The impulse response is the outpiit] = /[n] of the system when the input is
SOL UT| ONS x[n] = §[n]. If the system is causal, then for this input the output mestédro form < 0,
so we must havé[—1] = 0. lterating

h[n] = 0.35h[n — 1] + 8[n]

in the forward direction gives the values of the impulse oese

Name:
h[o] = 1
Student number: h[1] = 0.35
h[2] = (0.35)A[1] = 0.35%
h[3] = (0.35)A[2] = 0.35>
Information o
and so on. The general solutiomip:] = 0.35"u[n].
* The test s closed-book. There is a second noncausal (anticausal) impulse responssgonding to the reverse
e This test haour questions, totalling 20 marks. iteration

hln — 1] = (0.35) " (h[n] — 8[n])

with the initial conditionk[1] = 0 (this is clear with the hindsight of the z-transform and
its regions of convergence, but subtle arguments are edjfor determining this in the
time domain (see O&S p.37, for example). In any case, thdsléathe values of the
impulse response

e Answerall the questions.

e You have 45 minutes.

h[0] =0
h[—1] = —(0.35)

h[-2] = (0.35)A[1] = —(0.35)*
h[-3] = (0.35)h[2] = —(0.35)3,

or h[n] = —(0.35)""u[—n — 1] in general.



2. (5 marks) Sketch the sequence 3. (5 marks) Describe how a structure of the form

Y] = o xeln] 1 xln]
— 1L > H(e/?) > | M —

for |¢| < 1 and find its DTFT. Why do we requife:| < 1? x[n] xr[n]

can be used to increase the sampling rate of the signhby a factor of 1.5. Sketch
representative Fourier transforms of the signals at diffepoints in the system if
The required transform is X(ei@)

(o]
Y(e/®) = Z alle=ion

n=Tee f = o
0 0o -7 —/2 /2 b4
— In| ,—jon [n] ,—jon _ ,10[,0 )
- Z are + ZOO‘ ¢ e and specifyH (e/®).
n=—00 n=
0 [e’s]
— Z a—ne—jwn+zane—jwn_l
n=—00 n=0 To increase the sampling rate by the required factor we reeeggand the signal by a
_ i areion 4 i aleion _ | factor of 3 (L = 3), filter to eliminate undesired images, and decimate by tfaxf 2
o o (M = 2). Since the overall rate is increased, there is no dangdiasirg. The signals in
o o0 the system are as follows:
= Z(ae’”’)" + Z(ae_’”’)” -1 X.(e7?)
n=0 n=0 . \ L I
1 1 =2 -7 —m/2 /2 ji3 2 it
- (1 — ael®) + (1 —aeJo) ! T fTH(ejw) —
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o mE —n/2 /2 3 bis @
X, (e/?)
Q 7 - 2/\ /2 b3 /Zn\ @

The lowpass filtelH (e/?) as drawn has a cutoff frequency®f6, but any cutoff in the
ranger/6 to /2 will meet the filtering requirements.



4. (5 marks) Supposgln] is the output of an LTI system whetijr] is the input:
1

o |
J " o I,

(@) What is the response of the system to the input
1

x[n] e 1[ [1 yn]

(b) Find the impulse respongén] of this system.

Starting with the impulse response, we know that

y[n] = i x[klh[n — k] = x[0]h[n — O] + x[1]A[n — 1] = —h[n] + h[n — 1].

k=—o00
If the system is causal then
y[0] =1 = —h[0] + h[—1] = —h[0] = h[0] = —1
vyl =1=—-h[1]+h[0] = —h[1] - 1 = hK[l] = -2
y2l = -1 =—h2] + h[l] = —h[2] -2 = h[2] = -1
yBl=—-1=—-h3]+h2]=—-h[3]—-1= h[3] =0

and so on. The impulse response is therefore

—1 n=0

-2 n=1
hin] =

-1 n=2

0 otherwise

Using linearity and time invariance the responsem] = §[n] — §[n — 5] is simply
v2[n] = hin] — hln — 5], with h[n] given above.



