Sampling (in discrete time)
FOURTH PART
(down-sampling, “diezmado”;
and up-sampling, “interpolation in
discrete time” )




Down-sampling (“Diezmado”)
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With one block: directly (see

next slides)
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Down-sampling (“Diezmado”)

x(n] xpn]= znN]

—1 N .

With two blocks! Tp|n] = xp[nN|
x([n] xp|n] xpn
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pln]= > d[n —kN] f
k=—o0 ]\T

Multiplication with an infinite train of delta: the
results is that some values go to zero and the
rest of samples keep the same values.



Down-sampling (“Diezmado”)

REMOVE
N-1 zeros

xp[n]
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Down-sampling in frequency: first step

e |Let us Consider that: (p[n] can be considered periodic of period N !)

Generalized Fourier Transform
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Down-sampling in frequency first step

2[n] _,@_, zp[n) Recall that we are

i $ plotting the module
pn] = > 6[n— kN] of the FTs
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It is already periodic,

1
since it is the FT of x[n] ﬁ /\ /t\ /\
(discrete time) Q0

—27 —47r —om ir O
3 3
X, (2)
In this example, we are %
lucky: no overlapping !!! <o) /\ /\ /\ /\ /\ /\
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Recall that we are plotting the module of the FTs


first step: avmdmg overlapping

________________________________________________

No overlapping if:
T
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Equivalent to the Nyquist condition



Down-sampling: second step

Tp|n] REMOVE xp[n]
ﬁ ’
N-1 zeros i I |
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Down-sampling: second step




Down-sampling: summary

REMOVE 1]
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Xp(Q) = X, (N) v 2 OOX<N kN):




Down-sampling: summary

X(Q)
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x[n] xp[n]= x[nN] N-1 zeros
— |N —— t zp[n] = xp[nV]
pla] = Y d[n—kN] t
k=—o0 N

Equivalent !!
One block= two blocks

Recall that we are
plotting the module
of the FTs
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Recall that we are plotting the module of the FTs


Up-sampling: “adding samples”

Now, we consider the “opposite” problem, we come
back.... We consider the problem of “adding
samples” is a suitable/proper way.

This is related to the interpolation problem: [
Interpolating a signal in discrete time and obtaining other signal |
in discrete time (instead of obtaining a signal in continuous

| time as we have previously seen). :



Up-sampling: try to recover
the down-sampled signal

OH o——0 *—o

[

We “decide” these values...
Can we reconstruct/recover perfectly
the previously down-sampled signal?



Up-sampling: two steps (again)

First step Second step

00—
zp[n)] ADD’ Ze|n] “FILL", with | @iln]
"I N-1 zeros *| values, the -
N-1 zeros
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Up-sampling: first step

Note that x_p[n] is th
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Up-sampling: recover the down-
sampled signal (second step)

X(9)
AN \—)F
N=3 X,(Q)= X0
ANNANNANNLE,
—x )
AA A 0%/,\3/.\ A

In this example,
we obtain:

X;(Q) = X(©)

Recall that
we are
plotting the
module of
the FTs
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Recall that we are plotting the module of the FTs


Ideal interpolator for up-sampling

—

N H;(Q) N o N, Q| <w/N
7, mN <o <n
7 T 07 o periodic 27
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In time, it will a convolution with an “octopus” :

1 [N : N 2jsin(mn/N)  sin(mn/N)
. - 10 _ J _ o
h;[n] o /_W/NN e’ " dS) o n — sinc(n/N)
hz [n] 19
It is zero at each multiple of N
o T T . (in this example, N=3)
IS S N - B A S S

Sinc function in discrete time
(“octopus” in discrete time; “el pulpo”!!)



Ideal interpolator for up-sampling
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TIME FREQUENCY

Recall that we are plotting the
module of the FTs
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Recall that we are plotting the module of the FTs




