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Filter phase characteristics
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All-pass filter input and output:



Linear phase

x[n] =
K∑
i=0

xi[n] h[n]

What we want:



All-pass filters∣∣H(ejω)
∣∣ = 1 for all ω

A(z) = zN + aN−1zN−1 + aN−2zN−2 + . . . + a1z + a0

A′(z) = z−N + aN−1z−(N−1) + aN−2z−(N−2) + . . . + a1z−1 + a0



H(z) = A′(z)
A(z)/zN

= z−N + aN−1z−(N−1) + aN−2z−(N−2) + . . . + a1z−1 + a0
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All-pass filter example
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Practical applications of all-pass filters

• Although our ears ignore phase to a large degree, we have two ears
• E.g. in a car with multiple speakers, phase could affect our preception of the audio

(Bellini et al. 2001)
• Watch from 6:40 to around 11:00 of All pass filters and when to use them?
• Used in chains of filters for audio effects, e.g. a phaser
• Improved feedback loop stability in control systems (Yao et al. 2018)
• Used to fix problems with phase

https://doi.org/10.1109/30.920427
https://youtu.be/SH7nClK2ACs&t=400
https://en.wikipedia.org/wiki/Phaser_(effect)
https://doi.org/10.1109/ECCE.2018.8558420

