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Up-Sampling (Increasing the Sampling Rate)

 The objective is to obtain samples x;|[n] = x.(nT") from the sequence
of samples x|n| = x.(nT) where T"' = T /L where L is a positive

Integer.
 The operation of increasing the %ampling rate is called upsampling.
n
x;[n] =x [Z] = X, (n Z) , n=0,+L,+2L ..
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Up-Sampling (Increasing the Sampling Rate)

Frequency Domain Representation of Up-Sampling
» A general system for up-sampling by a factor of L is shown below.

Lowpass filter
—_— 41 —1 Gamnm=[L }p—>
x[n| x.|nj Cutoff = #/L x| ]
Sampiing Sampling Sampling
period T period T'= T/L period T = T/L

» The system on the left: Expander (or S%mpling rate expander)
x[n] = x’zl, n = kL, k €Z
0, else

Equivalently,

Xeln] = Yy=—oo x[k]6[n — kL]  (38a)
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Up-Sampling (Increasing the Sampling Rate)

Freqguency Domain Representation of Up-Sampling

* A general system for up-sampling by a factor of L is shown below.

—_—
x[n|

Sampiing
period T

 The system on the right: DT LP
 Such a system is called an inter
« Up-sampling is therefore consic

ti

Lowpass hiter
- Gain=L }p—»
x.[n] | Cutoff = n/L V7]
Sampling Sampling
period T = T/L period T' = T/L

- with COF = /L and gain L
polator, and
ered as interpolation.
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Up-Sampling (Increasing the Sampling Rate)

Frequency Domain Representation of Up-Sampling
 Taking the DTFT of Eqg. (38a),

Xe(e1?) = B oo x[k]8[n — kLD | (39)
‘Xe(ej“)) = X(ej“’L)\ (40)
« Up-sampling contracts the DTFT by a factor of L.

 This can cause aliasing in high frequencies.
* To remove aliasing, we can low-pass filter x.[n], by applying an ideal low-pass

filter
L, lw| < /L

0, —<lwl<
) —S|IWISTT
L

H.(e/®) =
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Up-Sampling (Increasing the Sampling Rate)

Frequency Domain Representatlon of Up-Sampling
Q _— ZQN H (e™)

1 \ -
Qv ==0Q ——/\ — -l-f——f [ = 2N = [ SUREEN

S 2 ; -
2 { i
(dl

welth A
(h) - -
[ Xele™) = X ) Figure 4.25 Frequency-domain illustration of interpolation
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Up-Sampling (Increasing the Sampling Rate)

Freguency Domain Representation of Up-Sampling
Interpolation Formula for x;[n] In terms 7(_)[1;136[71]

sin(—— ta¥s _ ¥ gin (¥2) Yoy - | 1 :15;n,1iw
hi [Tl] — 7§nL ) bW e x(w}pmog'ic-::;:pr:i:;;
- Sln(ﬂ(n kL))
xi|n] = z x|k] (= kL)
k=—c0 I
h.]0] =1
hiln] =0,  n=4L,%2L,..

Dr. Shadan Khattak

Department of Electrical Engineering
CIHT - Abbottabad




Up-Sampling (Increasing the Sampling Rate)

Freguency Domain Representation of Up-Sampling

Linear Interpolation

ForL =5

‘

1 — M In| <L
hlin[n] = 9 L ’ o
0, otherwise
' hyin ()
45
/5 s [.=5
Ty

n
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Up-Sampling (Increasing the Sampling Rate)

Freguency Domain Representation of Up-Sampling
Linear Interpolation

oy
bl = 3, wbhaln = 0L

00 k=—o0

= x|klhyn[n — kL] ] O
k:zoo eer Tt T T |
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Up-Sampling (Increasing the Sampling Rate)

Freguency Domain Representation of Up-Sampling
Linear Interpolation

1 [sin(a)L/Z) :

Hin|e’®] = L| sin(w/2)

%

_H,(e')

- '”Im(fl jm}
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Up-Sampling (Increasing the Sampling Rate)

Freguency Domain Representation of Up-Sampling
Linear Interpolation

* If the original signal is sampled at the Nyquist rate, linear interpolation
will not be very good, since the O/P of the filter will contain

considerable energy iIn the band% < |w| < m.

* If the original sampling rate is much higher than Nyquist rate, then the
LI will be more successful in removing the frequency-scaled images of
X-(jQ) at multiples of 2t /L.
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