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Figure4.51 Example of quantization noise. (a) Unquantized samples of the signal
x[n] = 0.99cos(n/10). (b) Quantized samples of the cosine waveform in part
(a) with a 3-bit quantizer. (c) Quantization error sequence for 3-bit quantization of
the signal in (a). (d) Quantization error sequence for 8-bit quantization of the
signal in (a).

. and theyrange between —A /2and -+A /2.In Chapter 10 this will be demonstrated more
quantitatively when we calculate the power density spectrum and autocorrelation of
a guantization-noise sequence.

For quantizers that round the sample value to the nearest quantization level, as
shown in Figure 4.48, the amplitude of the quantization noise is in the range

—~Af2 < e[n] < AJ2. (4.121)

Tor small A, it is reasonable to assume that efn] is a random variable uniformly dis-
tributed from —A /2 to A /2. Therefore, the first-order probability density for the quan-
tization noise is as shown in Figure 4.52. (If truncation rather than rounding is used
in implementing quantization, then the error would always be negative, and we would
assume a uniform probability density from —A to 0.) To complete the statistical model
for the quantization noise, we assume that successive noise samples are uncorrelated
with each other and that e[n] is uncorrelated with x[n]. Thus, e[n] is assumed to be
a uniformly distributed white-noise sequence. The mean value of e[r] is zero, and its
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