PURDUE RAY W. HERRICK =

UNIVERSITY.

Delayless Polyphase Implementation of
Filters in Active Noise Control Systems

Yongjie Zhuang (presenter)
Yangfan Liu
Ray W. Herrick Laboratories
Purdue University
11/30/2021



Content

* Motivation

PURDUE RAY W. H ERRICK%

UNIVERSITY. LABORATORIES




Motivation

* In ANC applications, delay introduced in electronic devices will significantly impact noise
control performance.

* High sampling rate can be used to reduce delay in:
Anti-aliasing/reconstruction filters (higher cut-off frequency)

ADC and DAC (fixed number of delay samples)

Analog input signal x(t) =#| Microphone =% Amplifier = Ant:;:frsmg = ADC \

Digital
Filter
| ) [ Reconsiruct /
Analog output signal y(t) <= Speaker €= Amplifier |[€= eco:isltrel:ctlon <€ DAC
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Motivation

* To reduce delay, we can increase sampling frequency

e But it will require higher real-time computational power

4

* Traditional polyphase method can reduce real-time computations

* But adding low-pass filter as anti-aliasing/reconstruction filter is
required, which introduces additional delay
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Motivation

* To reduce delay, we can increase sampling frequency

e But it will require higher real-time computational power

4

* Traditional polyphase method can reduce real-time computations

* But adding low-pass filter as anti-aliasing/reconstruction filter is
required, which introduces additional delay

4

e Can we have delayless polyphase method ?
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Method - Review of conventional polyphase method

Suppose the filter h(0), h(1), h(2), ..., h(n) is a low pass filter:
I[H(H)I 1

3 A
2

For example, suppose M = Zf—]f = 3, and n =12, then we can split h(n) to 3 different filters:

c

h(0) h(1) h(2) h(3) h(4) h(5) h(6) h(7) h(8) h(9) h(10) h(11)

N

ho(n) hi{(n) h,(n)
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Method - Review of conventional polyphase method

h(0) h(1) h(2) h(3) h(4) h(5) h(6) h(7) h(8) h(9) h(10) h(11)

—_—

By Noble identity: ho(n) hy(n) h;(n)
X(2) —| H(2) " 301 > K(2) Needs n = 12 multiplication
for each sampling period of X(z)
Equivalent
X(2) » 3:1 —Hy(z) —®— K(2)
z-1
Needs n = 12 multiplication
> . > >4
"1 3:1 Hy(z) \-9 for M = 3 sampling period of X(z)
-
> 3:1 " H,(2) Saves a lot of computation effort! I
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Method - Review of conventional polyphase method

W(z) operates in a lower sampling rate, which saves computation

X(z) " H(2z) » 3:1 "W (z) » 1:3 — H(z) — Y(2)
Same output I
X(z) » 3:1 " Ho(z) ——@®—W(z) T*Ho(2) — 1:3 —»ga—» Y(z)
211 Z—1
! " 3:1 ~ H(z) 4’@ *H,(z) 1 1:3 —><-|:§
z 1 41
» 3:1 M H,(2) »"H,(z) — 1:3
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Method - Review of conventional polyphase method

But the low pass filter H(z) introduce additional delay

X(z) /H-(; » 3:1 W (z) » 1:3 » H(z) Y(2)
Same output I
7/~ N\ /N
X(2) M 3:1 —Ho(2)\—@—|W(z) F{Ho(2)\ 1:3 —@®—— 1)
211 Z—1
[ » 3:1 »H,(2) :@ *H{(z) ™ 1:3 —’C-I:D
z 1 & 41
» 3:1 H,(z) \HZ(Z) > 1:3
\_ \_
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Method - Proposed delayless polyphase method

Suppose if W(z) = W,(z)W,(z), and two sub-filters W (z) W,(z) are attenuated above cut-off frequency

Then we can have delayless polyphase structure:

X(z)

~

4

\\

W1 (z) | 3:1

X(z) l

» 3:1

3:1

> 13 @_
Same output I

— W11(Z)

PURDUE

UNIVERSITY

3:1

W,,(2) \= 1:3 —’GP—'
Z—l
W @H{ 1:3 e
41
Wa,(z)~ 1:3 —1

A\Mllz (Z)//
N
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Method - Proposed delayless polyphase method

e Suppose there is a desired control filter W (z) with high sampling rate.

 Cut-off frequency of W (z) is f, and attenuation is at least 2K dB

4

 Design a minimum-phase lowpass filter W, (z) with cut-off frequency f. and attenuation
approximately K dB

4
W(z)

o Let W,(2) =
Wiz
approximately K dB

such that it also has a cut-off frequency at f, and attenuation
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Results — Experimental setup

fs : Sampling rate
T : Number of filter coefficient/fs

Filter order T=15ms T=3ms
fs = 4 kHz 60

(high delay)

fs = 20 kHz 300 60
(low delay)

The ANC filter is designed by ﬂ

convex optimization method:
[Zhuang and Liu, JASA, 2021] .; anary source ‘
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Results — Compare the introduced group delay

102 | /\ When using minimum order butterworth

filter as anti-aliasing/reconstruction filter:

PR— |+ Passhand ends at about 1.5 kHz
- - -fs=20kHz[i Stopband starts at about 2 kHz
| ¢ 1dBripple at passband

Delay (ms)

* 30 dB attenuation at stopband

And another one sample additional delay.

10_2 E | 1 | 3
0 500 1000 1500 2000
Frequency (Hz)
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Results — Designed sub-filters for delayless polyphase

Frequency response shows the sub-filters fit the control filter well and each sub-filter has
the desired stopband

10 ; ; 10

o W) —W, (@)
<) - = =W, (@)W, (2) .
o Of 0 \ - = =W,(2)| |
©
=2
T 10t
S =101
= ©
-20 : : : >
0 500 1000 1500 2000 =
Frequency (Hz) =
T T (@)
ot ©
- W(z) = .30
o
~—-10
0 -40
©
<
O 20+t 50

0 500 1000 1500 2000 0 2000 4000 6000 8000 10000 |

Freauency (Hz) Frequency (Hz)
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Results — Comparison of noise control performance

15

10 k

-10

-15

Normalized PSD (dB)
o1
.

-20

-25

—-—=-ANC OFF

Conventional FIR
= = Proposed delayless polyphase

-30
0
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500

1000
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1500

2000

Both methods use 20 kHz sampling rate,

and the same filter order.

Compared with conventional FIR
implementation, the proposed method:

* reduce about 80% real-time
computational load
(multiplications reduced from 300 to 68)

* does not sacrifice noise control
performance

RAY W. HERRICKZPP
LABORATORTIES




Results — Comparison of noise control performance

15
—=-—=-ANC OFF

Conventional FIR (filter order 60) Both methods use 20k Hz sampling rate,
= = Proposed delayless polyphase (filter order 300 + 40 )

10 +

and different filter order.

—~ 5 -
S o , '
@ 5 ': , | Compared with lower order conventional
o P 'HIWF ‘h' FIR implementation, the proposed
s M \ ! ‘ method:
5 15 i LAY A A ‘ * has similar computational load
Z ‘ 1IN TR '.\*""'M‘ P
-20 I lﬁl ' I ’lll !
”'p.qi" N VT n?” _
25 ';' ! * has better noise control performance
30 | | | because longer filter response
0 500 1000 1500 2000
Frequency (Hz) i
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Results — Comparison of noise control performance

15 = === ANC OFF
I Conventional FIR (fs = 4k Hz)
10 = = Proposed delayless polyphase (fs = 20k Hz)
5 B
m
2 0
()]
& 5 ,
O ]
N -10 "‘,"Ff :‘h
® |I | .
c | || I
$ i ’\' b gt \
: . [
-20 - “|||. ll"f\ﬂ'l i |,’|"l ,’:l"'
S
25 + Ill'll ‘ l; 1 Il'l'”‘
r
_30 1 L 1
0 500 1000 1500
_ Frequency (Hz)
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Both methods use the same filter
response length, but use different
sampling rate

Compared with lower sampling rate
conventional FIR implementation, the
proposed method:

* has similar computational load

* has much better noise control
performance because lower delay
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Summary

* Increasing sampling rate can reduce electronic delay which improves ANC
performance. But real-time computational load is increased, too.

* The proposed delayless polyphase method can implement the increased
sampling rate ANC control filter without increasing real-time computational
load.

* By using the proposed method, either better performance can be achieved,
or less real-time computational load is needed.
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Thanks for your attention!

Q&A
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