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OUTLINE

▸ Signal Quantization 

▸ Dither 

▸ Noise Shaping
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QUANTIZER - SIGNAL QUANTIZATION
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Linear model of a quantizer

- addition of a random signal e(n) which has 
uniform probability density function (PDF)

Nonlinear static curve xQ=f(x)
Quantization step size Q

xQ(n)x(n)

xQ(n)=x(n)+e(n)x(n)

e(n)

x(n) xQ(n)

e(n)

Q Q

Quantizer

Quantization error

e(n) = xQ(n)� x(n)
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SIGNAL QUANTIZATION
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e(n)

PDF
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SIGNAL QUANTIZATION
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Autocorrelation sequence of e(n)

Power Density Spectrum of Quantization Error

Power Density Spectrum of output sequence xQ(n) 

rEE(m) =
X

n

e(n) · e(n+m) =
Q2
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�(m)

SEE(e
j⌦) =

X

m

rEE(m)e�j⌦m =
Q2
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SXQXQ(e
j⌦) = SXX(ej⌦) + SEE(e

j⌦)
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SIGNAL QUANTIZATION
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os_quant.m
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SIGNAL-TO-NOISE RATIO OF QUANTIZER
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P 2
F

◆

= 6.02w � 10 log10(P
2
F /3) in dB

Quantizer stepsize Q 
Quantizer word length w

Peak factor (crest factor)

Input variance (power)

Error variance (power)

Signal-to-noise ratio

xmax = 1 ! Q = 2�(w�1)
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SNR FOR DIFFERENT INPUT PDF
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DITHER
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DITHER

DITHER - HISTOGRAMS AND POWER DENSITY SPECTRA
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DITHER

DITHER SIGNALS + POWER DENSITY SPECTRA
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DITHER

DITHER SIGNALS + POWER DENSITY SPECTRA
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DITHER

DITHER SIGNALS + POWER DENSITY SPECTRA

13



DITHER

DITHER SIGNALS + POWER DENSITY SPECTRA
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NOISE SHAPING

NOISE SHAPING - ERROR FEEDBACK
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[δ(n)-h(n)]
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NOISE SHAPING - FIRST/SECOND ORDER FIR FILTERS
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H2(z) = 2z�1 � z
�2

H1(z) = z
�1

Power Density Spectrum SE1E2(e
j⌦) = |1� e�j⌦|2 · SEE(e

j⌦)

SE2E2(e
j⌦) = |1� 2e�j⌦ + e�j2⌦|2 · SEE(e

j⌦)
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NOISE SHAPING IN FREQUENCY DOMAIN
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NOISE SHAPING

DITHER + NOISE SHAPING
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NOISE SHAPING

MODIFIED NOISE SHAPING WITH DITHER
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NOISE SHAPING

PSYCHO-ACOUSTIC NOISE SHAPING

20
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PSYCHO-ACOUSTIC NOISE SHAPING
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