TU

Grazm
Graz University of Technology

Lecture 11
Multi-Rate Signal Processing and
Filterbanks
Gernot KUBIN
Signal Processing and Speech i
Communication Laboratory
www.inw.tugraz.at/spsc ._. C 0

A member of the Institute for Communications and Wave Propagation
149



Contents/Lecture 11

11.1. Discrete-time decimation and interpolation
11.2. Sampling-rate conversion and non-integer delays
11.3. Filterbanks and polyphase representations

11.4. Quadrature mirror filterbanks QMF and perfect recon-

struction

150

TU

Grazm

Graz University of Technology



TU

Grazm

Graz University of Technology

Decimation and interpolation

e Decimation as discrete-time subsampling

e Interpolation as discrete-time signal reconstruction: zero

insertion and interpolation filtering
e Block diagram and z-transform notation

e Example: trans-multiplexer
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Sampling rate conversion Y

e Conversion by small integers — |17 — /rj —
e -

e Rational conversion factors Yhit =< Xl

e General conversion factors, fractional delays, Lagrange

interpolation Vum,a..‘ DAC v, bAKHZ 72 ADC w\
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Filterbanks and polyphases

e Analysis-synthesis filterbanks

e Subsampling of filterbank channels: critical sampling vs.

oversampled ::m:um:xm_ N =My N=H u

olyphase representation, general case

e Detailed example: two channel case, odd and even sam-

ple decomposition
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QMF and perfect reconstruction

e Subsampling with non-ideal bandpass filters results either

in aliasing or in spectral gaps at band transitions

e Design band edges such that aliasing components of ad-

jacent bands cancel

e Two-channel case: quadrature-mirror filter design
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Perfect reconstruction, cont’d

e General case: all aliasing components from M channels
may overlap — matrix algebraic problem where matrix el-
ements are polynomials in z—1 — perfect reconstruction

in case of unmodified back-to-back connection

e Non-unique solution for synthesis filters — minimize noise
gain of synthesis filters; relax to near perfect reconstruc-

tion
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