SAMPLING



» Representation of of a Continuous-Time Signal
by Its Samples: The Sampling Theorem

= Reconstruction of of a Signal from Its Samples
Using Interpolation

* The Effect of Under-sampling: Aliasing

= Discrete-Time Processing of Continuous-Time
Signhals

= Sampling of Discrete-Time Signals



= Representation of CT Signals by its Samples

z1(1) \/\
zo(t) \
t

r3(t)




= Representation of CT Signals by its Samples

o \/\ 21 (kT)
t
kT
r2(0 \ ro(KT)
t I I L L I 1 1 .

r3(t)

x3(kT)

kT



= Representation of CT Signals by its Samples
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= |mpulse-Train Sampling:
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= |mpulse-Train Sampling: From multiplication property,
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Impulse-Train Sampling: Ex4.21, 422, pp. 323-4
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* The Sampling Theorem: 1
x(t) : a band-limited signal /T\
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= Exact Recovery by an Ideal Lowpass Filter:
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= Sampling with Zero-Order Hold:

£

-

x(1 i t
“_l_ Zerg-order | *ot)

hold

hi (1)
o
At i L - i 362 ] IT




= Sampling with Zero-Order Hold:

Ex 4.4, p. 293
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= Representation of of a Continuous-Time Signal
by Its Samples: The Sampling Theorem

= Reconstruction of of a Signal from lts Samples
Using Interpolation

= The Effect of Under-sampling: Aliasing

= Discrete-Time Processing of Continuous-Time
Signhals

= Sampling of Discrete-Time Signals



= Exact Interpolation:
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= Exact Interpolation:

#(h)

+E t - 1T}

l Koliw)
tj—-—-+®—b- H(jw) -, (1]
(al

+o0 .
wel sin(we(t — nT
r(t) = z z(nT) i (we( )
o R T we(t — nT)
Binec )
N / i
T R




= |deal Interpolating Filter & The Zero-Order Hold:
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= Sampling & Interpolation of Images:
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= Higher-Order Holds:
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= Higher-Order Holds: Shiadl Set H
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First-Order Hold on Image Processing:

zero-order h_Dld first-order hold




= Representation of of a Continuous-Time Signal
by Its Samples: The Sampling Theorem

= Reconstruction of of a Signhal from lts Samples
Using Interpolation

* The Effect of Under-sampling: Aliasing

= Discrete-Time Processing of Continuous-Time
Signals

= Sampling of Discrete-Time Signals



= Qverlapping in Frequency-Domain: Aliasing
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= Qverlapping in Frequency-Domain: Aliasing
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= Qverlapping in Frequency-Domain: Aliasing
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= Qverlapping in Freqguency-Domain: Aliasing
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= Qverlapping in Frequency-Domain: Aliasing

(1) = cos(wot)
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= Qverlapping in Frequency-Domain: Aliasing
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= Strobe Effect:
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= Representation of of a Continuous-Time Signal
by Its Samples: The Sampling Theorem

= Reconstruction of of a Signal from lts Samples
Using Interpolation

= The Effect of Under-sampling: Aliasing

= Discrete-Time Processing of Continuous-Time
Signhals

= Sampling of Discrete-Time Signals



= Discrete-Time Processing of CT Signals:
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= C/D or A-to-D (ADC) and D/C or D-to-A (DAC):
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C/D convarsion
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= C/D Conversion:
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D convarsion

_________________
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= C/D Conversion:
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D/C Conversion:

i
L

D/C conversion

onversian b
d=creta fime

SYSACM

ydn]

Garvession o : = i)

conlincs trme

Conversion of v, T
. _# p I

discrete-time - > Y, {t}
| sequence to & I
| - : (g (e i
| impulse train el s |
I 2 2 I
' |
e S e Dl S |

H, (jos)
_____________________________________________________________ i

Conversion of| x4 [ ¥alInl |Conversion of] v, it} ik
impulsa train = Hy {8 »| sequence to f—i 11
to seguence irmpulse train _% E'.;_E »




= Frequency-Domain lllustration:
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= Frequency-Domain lllustration: --*"‘-| FHHW;F-- Jr
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Digital Differentiator: S e
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= Half-Sample Delay: A — e
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= Representation of of a Continuous-Time Signal
by Its Samples: The Sampling Theorem

= Reconstruction of of a Signal from Its Samples
Using Interpolation

= The Effect of Undersampling: Aliasing

= Discrete-Time Processing of Continuous-Time
Signhals

= Sampling of Discrete-Time Signals



= |[mpulse-Train Sampling:
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Impulse-Train Sampling:
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= Exact Recovery Using ldeal Lowpass Filter:
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= DT Decimation & Interpolation: Down-sampling
Eq 5.45, p. 378: Time expansion
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= Higher Equivalent Sampling Rate: Up-sampling
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= Discrete-Time Processing of CT Signals
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