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Sampling & Quantization

= \\Vhy?
®x Analog domain - Digital domain

® continuous-time vs. discrete-time signals
x |Limits

® Aliasing...

<HY-330> Introduction to telecommunication systems theory
CSD.UoC Stefanos Papadakis fall 2024



Analog == Perfect?

Analogue

|
1 . 5 f !
| [amplified | |

X

Digital

e
regene rate

<HY-330> Introduction to telecommunication systems theory
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Sampling

Input signal

0.001

Sampling intewvals

<HY-330> Introduction to telecommunication systems theory
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Quantization

fall 2024
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Quantization Error

Increasing
amplitude

CSD.UoC

1
Amplitude

1110 measurement
" (sample)

1100

Voo mon =
1010
1001

Recorded 1000
amplitude,
rounded
down to o110 True

the amplitude
closest aiol

“level”

anei

0100
0ol
0010
0001
Q000

Increasing
amplitude
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Quantization Noise

| ==Actual Signal
e -hit Sampled Signal

Quantization Noise

V
§s
=
.ﬁ
S
£
<
©
c
20
»

Time (Arbitrary)

SQNR = 20log,(29) ~6.02- QdB
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Nyquist rate

®x Bandlimited signal of Bandwidth:
x Sampling rate (uniform): i
» Nyqguist Rate

x Nyquist Bandwidth

<HY-330> Introduction to telecommunication systems theory
CSD.UoC Stefanos Papadakis fall 2024



Nyquist rate

VAR AR

!
ARRRARRRAAI

<HY-330> Introduction to telecommunication systems theory
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Sampling frequency domain

Spectrum of an analog signal bandlimited to fg

¥

V(f.) Spectrum of the signal after ideal sampling at a frequency f,

<HY-330> Introduction to telecommunication systems theory
CSD.UoC Stefanos Papadakis fall 2024



fall 2024
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FFT of sampled signal (sampled at 19kHz)
FFT of sampled signal (sampled at 10kHz)
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Passband Aliasing

Full Analog Spectrum
MHz | 12MHz , . 33MHz

10MH z 20MHz

T————p
fs=10MHz

fc=15MHz
Sampled Spectrum 12MH z 7MHz Aliased to 17MH z

33MH z Aliased to 13MHz

<HY-330> Introduction to telecommunication systems theory
CSD.UoC Stefanos Papadakis fall 2024



Allasing In Images
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ADC

Analog signal ADC Digital signal

.%lldl(ﬁ)g Sigxml | Salllpler Qllalltizer Digjtdl Siglldl
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DAC

DIGITAL SAMPLES DAC OUTPUT (NON-RETURN-TO-ZERO MODE)

AMPLITUDE

<HY-330> Introduction to telecommunication systems theory
CSD.UoC Stefanos Papadakis fall 2024



AMPLITUDE

«—— Nyquist bandwidth

o fy2 fs %s s crequENCY
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SPECTRUM AT THE DAC

<HY-330> Introduction to telecommunication systems theory
CSD.UoC Stefanos Papadakis fall 2024



