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Band-limited input: Rx(f) = 0, |f| = B =20 kHz ‘/_I TR ssa
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Sampling frequency: fs = 44.1 kHz b oo *
Problems
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Uniform quantization: 16 bits = N = 216 steps — K’\I}I\'L \_._
= 'y
Saturation level: A A2 A2 W®  wish degoee
Quantization step height: A 12 2323 J\I/L
p height:
Signal-to-Distorsion Ratio: ~ SDRpax = 101log;0(232) =~ 96 dB l_—izi)l _ Lemaining, chror:
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Listening to CDs — 2

Oversampling 1(2)

@@Upsampl. Yinl LP-filter ZIn] PAM V() LP-filter W([E)
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Listening to CDs — 3

Noise Shaping 1(4) — Principle of First-Order Noise Shaper

+ f d Psteps 7 levels ~3b,#
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X[m] Ups. Y[n] P Z[n] PAM V(1) P W(r)
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Noise Shaping 2(4) — Analysis 1 n
. 1 .
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It no QLv]:
ZIn)=Y[») =]+ Yr-]-Z[r-] = F["]

Errore  SIn] = ZIn] -X ]
Fg> Y0 =XI]+YIn-7- 2]
209 = ¥Ix1 + QL) -
= Sl = (X +YI*~1-Z[n-1]) + Qn] ~X [T
-Q[n-l]
= Qn]- Q-]

Interpretation:
The quantization
noise is filtered.

hl») = §[»] - 8[»-1]
Hiel= 1 - 527
= 2§ € s0n(76)
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Listening to CDs — 3 e

Noise Shaping 3(4) — Analysis 2
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Sln7°
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Quanbizatven error: (2 [»] : ~
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Error: Sln] : iyl
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2010-08-28 — Problem 4

The time-continuous process X (¢) is bandlimited white noise with mean myx = 0
and PSD
. Lo [flsW,
Rx(p={0 M=
0, elsewhere.

The signal X (t) is sampled and pulse-amplitude-modulated according to the figure
below.

sampling | Y[n]

pulsegen.
X(t)—= Z(t
t) T (1) (t)
. . 1 AW .
The sampling frequency is f, = 7= 3 and the pulse shape of the PAM is
3sin(2rWt)
t) ="
p(t) AWt
a) Determine and draw the PSDs Ry [0] and Rz(f). (3p)
b) Determine the reconstruction error 2 = E{(Z(t) — X (t))?}. (2p)
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Listening to CDs — 3

Noise Shaping 4(4) — Implementation of Third-Order Noise Shaper

Quart
RPN  Plevets YH
> T W
2h F K

Error PSD:

B.lel = ‘;Z’; - 5inb(re)

Error Power in
Audio Range:
’/47

64A* ~
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Corresponds to:
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2010-08-28 — Problem 4 — PSDs

Rx(f)
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2009-10-23 — Problem 3

The input X (¢) to the system below is a strictly stationary white process with
PSD Ry, and the stochastic variable ¥ is as usual uniformly distributed on
[0,27) and independent of X (t). The input is Gaussian with mean O.

2cos(2mfot + W)
/J\ sampling
X(t)— H squarer .
(1) N X ]

The initial filter has frequency response Note: This is
one of the tasks
2, |fI< fo, from Tutorial 8.
H(f)=
0, elsewhere.

The carrier frequency is f. = 2fo, while the sampling frequency is fs = 3 /.

Calculate the power Py of the output Y/[n]. (5 p)
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