Signals & Systems for
Speech & Hearing

Week 6

Bandpass filters &
filterbanks

Practical spectral analysis

e Most analogue signals of interest are not
easily mathematically specified ...

- so applying a Fourier transform directly
(through an equation) is not possible

¢ Digital techniques allow the use of the FFT

- simply by sampling the waveform values
e How was this done back in the day? Or
even now, in analogue form?

e What kind of LTI system separates out
frequency components?

Try this out on an old friend ...
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Can do this in two ways ...

e As shown, with a tunable bandpass filter
- cheap to implement, slow to run

e Or, with a filter bank

- A set of bandpass filters whose centre
frequencies are distributed over a desired
frequency range

- fast because of parallel processing but
expensive in hardware
e Exotic fact you can ignore

- an Fourier analysis can be thought of as
implementing a filter bank

What filter properties affect the
output of a filterbank?

o 27?7

e 77?777 of filters in a filter bank
determines the resolution of the
spectrum

e Need to space filters relative to ????
e Why?

—don’t want holes in the spectrum

- could miss spectral components
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How the properties of a filter bank
influence signals through it:
I. Resolution in frequency

Consider a signal that consists of two
sinusoids reasonably close in frequency,

which are to be analysed in a filter bank. 1

Filtering through narrow filters
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Filtering through wide filters

A more extreme example

wide band filters

narrow band filters
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Bandwidth & Damping

e Two ways of describing the same
thing:
- Narrow Bandwidth = Low Damping
- Wide Bandwidth = High Damping
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Summary

e Bandpass filters with a long impulse
response have narrow frequency
responses.

e Bandpass filters with a short impulse
response have broad frequency
responses.
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How the properties of a filter bank
influence signals through it:
II. Resolution in time

1

Consider a signal that consists of two
impulses reasonably close in time, which
are to be analysed in a filter bank. -

Filtering through a wide filter
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Filtering through a narrow
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Summary

¢ Filter banks which consist of
relatively narrow filters are good
for seeing fine spectral detail ...

- but poor for temporal detail

e Filter banks which consist of
relatively wide filters are good for
seeing fine temporal detail ...

- but poor for spectral detail
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Applying these concepts to a
complex periodic wave consisting
of 20 equal-amplitude harmonics

of 100 Hz
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A complex periodic wave
consisting of 20 equal-amplitude
harmonics of 100 Hz
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Narrow-band (50 Hz) filtering at
200, 250, 300, 350 and 400 Hz

Wide-band (300 Hz) filtering at
200 250, 300, 350 and 400 Hz
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Of course, you need many more

filters in the filter bank than

seven.
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What can you use filter banks for?

kil Spectrum Analyzer pro Live 4.0 - Demo version (14 days)
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Other than spectral analyses ..
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To make spectrograms or voiceprints ...
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To make a graphic equaliser ...

filter bank  volume
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To process sounds for a multi-channel
cochlear implant (an electronic filter bank
substitutes for the basilar membrane)
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In hearing aids ...

Shape the spectrum of incoming sounds to
compensate for the hearing loss

frequency regions with bigger loss get greater
gain

a graphic equaliser!
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In computational models of the
auditory periphery.

inner
outer ear middle ear hair cells

basilar nerve
membrane fibres

Imagine that each afferent auditory nerve fibre has a
bandpass filter attached to its input. 39




