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Lecture 4:
Digital processing of analog signals -- the
quantization noise

EE3660 Introduction to DSP
March 5, 2025
Dept. EE, NTHU
Prof. Yi-Wen Liu

Pgare 447 (a) Discrete-time filtering of continuous-time signals.
(b) Digital processing of analog signals
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1. Continuous-time signals are not precisely band-limited
2. ldeal LPF can not be realized

3.1deal C/D and D/C approximated by A/D and D/A
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Outlines

* Sample-and-hold

* Quantization and noise
- Binary representation
— Noise distribution
— Noise spectrum

Figure 451 Physical configuration for A/D conversion.
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Pigure 453 Conceptual representation A/D
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Figure 454 Typical quantizer for A/D conversion.
ie 0
Two's-complement  Offset binary
A: quantization step size code code
on n
X full-scale lovel
ol e
We have A = ?
4 wl o
- - e on 100
5 : ; : ' i on
2 1o o
o ol
i RLL A
|. 2w, o
Oecrete Tiont Sigw of Pracronte g 1 d Fluion Copyright 02010 01970, O19 by Prarsen Kdorstion, Inc
Mot V. Oppenite o Rossld W. Schater A ey reverved
-«




% IR ERE B TR %
BIZEAER | BALERSEE MR BN E

Exercise: What does 11001001 represent?

——— W b
- .
-t
-

t >
’ L}
Recall that —X,,, < £[n] < X,,, ]
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Figure 456 Additive noise model for quantizer.
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Quantizer
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x[n] QC) |21 = Q(x[n))
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Figure 457 Example of quantization noise.
(a) Unquantized samples of the signal x[n] = 0.99 cos(n/10).
(b) Quantized samples of the cosine waveform in part (a) with a 3-bit quantizer.

(b)
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(c) Quantization error sequence for 3-bit quantization of the signal.
(d) Quantization error sequence, 8-bit quantization
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Pigere 4.60 Spectra of quantization notse for several vabues of &
Power Spectra for Uniform Quantizers
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1500 Histograms for Quantization Noise Samples
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Pgure 459 (a)B+1=16and (b)B+1=8
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Figure 458 Noise modeling

Assume that Pea(€)
Full range = 2X,,, 1
number of bits = B + 1 A A=2"8x,
.A A ¢
2 2

Question:
What's the power of quantization
error?




% IR ERE B TR %
BIZEHR | BRSNS

Q(M')N/ZD@D(W) =0
i feca} = E {llepls

fTP () (R0 ) ol

Figure 458 Noise modeling

Assume that Pea(€)

Full range = 2X,,, 1

number of bits = B + 1 A A=2"8x,

-A A ¢
2 2
This plot assumes Question:
that quantization error is uniformly distributed. What's the power of quantization
error?

Further, we often assume that

1. Error is stationary

2. Error is uncorrelated with signal
(Remarks...)

3. Error is white, Le,
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(b)

THoz(0) = H,(Q)Ho(Q) H(e?“) Hoa (), where
w=TN

The discrete filter H( ) can compensate for any deviation from
ideal in the other three terms.




