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AMENDED CLAIMS
received by the International Bureau on 11 April 2014 (11.04.14).

1. A personal audio device, comprising:
‘a personal audio device housing;

a transducer mounted on the housing for reproducing an audio signal including both source audio for
playback to a listener and an anti-noise signal for countering the effects of ambient audio sounds in an

acoustic output of the transducer;

at least one microphone mounted on the housing for providing at least one microphone signal
indicative of the ambient audio sounds and that contains a component due to the acoustic output of the

transducer; and

a processing circuit that generates the anti-noise signal to reduce the presence of the ambient audio
sounds heard by the listéner, 3wherein the processing circuit inplements an adaptive filter having a response
that shapes the source audio and a combiner that removeé the source audio from the at least one microphone
signal to provide a corrected microphone signal, whefein the processing circuit determines a relative
magnitude of a source audio component of the acoustic;, output of the transducer present in the at least one
microphone signal and the ambient audio sounds present in the at least one microphone signal, wherein the
processing circuit determines a degree of coupling betweén the transducer and an ear of the listener and
adjusts the determined relative magnitude of the source audio component of the acoustic output of the
transducer present in the error signal and the ambient audio sounds present in the error signal in conformity
with the determined degree of coupling, and wherein the processing circuit takes action to prevent improper
adaptation of the adaptive filter in response to determining that the relative magnitude of the source audio
component of the acoustic ouatput of the transducer présent in the at least one microphone signal to the
ambient audio sounds present in the at [east one microphone signal indicates that the adaptive filter may not

adapt properly.
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2. The personal audio device of Claim 1, wherein the at least one microphone signal includes an error
microphone signal provided :oy an error microphone mounted on the housing proximate to the transducer,
wherein the adaptive ﬁl‘;er is a secondary path adaptive filter that adapts to model a response of & secondary
path taken by the source audio through the transducer and into the error microphone signal , and wherein an‘
output of the secondary path adaptive filter is combined with the error microphone signal to generate an error

signal indicative of the source audio component of the acoustic output of the transducer.

3.The personal audio device of Claim 2, wherein the at ]east one microphone signal includes a reference
microphone signal provided by a reference microphone mounted on the housing for measuring the ambient
audio sounds, and further comprising & leakage path adaptive filter that adapts to model a response of a
leakage path taken by the source audio through the transducer and into the reference microphone signal , and
wherein an output of the-leakage path adaptive filter is combined with the reference microphone signal to

generate a leakage-corrected reference microphone signal from which the anti-noise signal is generated.

4.The personal audio device of Claim 1, wherein the at least one microphone signal includes a reference
microphone signal provided by a reference microphone mounted on the housing for measuring the ambient
audio sounds, wherein the adaptive filter is a leakage path adaptive filter that adapts to model a response of a
leakage path taken by the source audio through the transducer and into the reference microphone signal, and
wherein an output of the leakage path adaptive filter is combined with the reference microphone signal to

generate a Jeakage-corrected reference microphone signal from which the anti-noise signal is generated.

AMENDED SHEET (ARTICLE 19)
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5. The personal audio device of Claim 2, wherein the processing circuit computes a ratio of a first magnitude
of the source audio component of the acoustic output of the transducer present in the error signal relative to a
second magnitude of the ambient audio sounds present in the error signal and compares the ratio to a
threshold, wherein the processing cixcuit further halts adaptation of the secondary path adaptive filter in

response to determining that the ratio is less than the threshold.

6. The personal audio device of Claim 1, wherein the processing circuit detects a magnitude of the source
audio and uses the magnitude of the source audio to determine the magnitude of the source audio component

of the acoustic output of the transducer present in the error signal.

7. The personal audio device of Claim 1, wherein the processing circuit uses a volume control setting applied
as gain to the source audio to determine the magnitude of the source audio component of the acoustic output

of the transducer present in the error signal.

8. The personal audio device of Claim 1, wherein the processing circuit detects a magnitude of the ambient
sounds using the at least one microphone, and wherein the processing circuit uses the magnitude of the

ambient audio sounds to determine the magnitude of the ambient audio sounds present in the error signal.

9. The personal audio device of Claim 8, wherein the processing circuit detects the magnitude of the ambient
sounds by determining a wideband root-mean-square amplitude of at least one microphone signal generated

by the at least one microphone.

10. The personal audio device of Claim 8, wherein the processing circuit detects the magnitude of the
ambient sounds by determining a root-mean-square amplitude of at least one microphone signal generated by

the at least one microphone in one or more predetermined frequency bands.

AMENDED SHEET (ARTICLE 19)
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11. The personal andio device of Claim 8, wherein the processing circuit detects a magnitude of the source
audio and compares the magnitude of the source audio to a magnitude of at least one microphone signal
generated by the at Jeast one microphone to determine the relative magnitude of the source audio component
of the acoustic output of the transducer present in the error signal and the ambient audio sounds present in

the error signal.

12. The personal audio device of Claim 11, wherein the processing circuit adjusts the compating of the
magnitude of the source audio to the magnitude of the at least one microphone signal by adjusting the
magnitude of the at least one microphone signal that is compared to the magnitude of the at least one

microphone signal in conformity with the determined degree of coupling.

AMENDED SHEET (ARTICLE 19)
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14. A method of countering effects of ambient audio sounds by a personal audio device, the method

comprising:

adaptively generating an anti-noise signal to reduce the presence of the ambient audio sounds heard

by the listener;
combining the anti-noise signal with source audio;
providing a result of the combining to a transducer;

measuring the ambient audio sounds and an acoustic output of the transducer with at least one

microphone;

implementing an adaptive filter having a response that shapes the source audio and a combiner that
removes the source audio from at least one microphone signal to provide a corrected microphone signal to

the at ]east one microphone;

determining a relative magnitude of a source audio component of the acoustic output of the
transducer present in the at least one microphone signal and the ambient audio sounds present in the at least

one microphone signal;

determining a degree of coupling between the transducer and an ear of the listener and adjusting the
determined relative magnitude of the source audio component of the acoustic output of the transducer
present in an error signal and the ambient audio sounds present in the error signal in conformity with the

determined degree of coupling; and

taking action to prevent improper adaptation of the adaptive filter in response to determining that the
relative magnitude of the source audio component of the acoustic output of the transducer present in the at
least one microphone signal to the ambient andjo sounds present in the at least one microphone signal

indicates that the adaptive filter may not adapt properly.

AMENDED SHEET (ARTICLE 19)
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15. The method of Claim 14, wherein the at least one microphone signal includes an error microphone signal
provided by an error microphone mounted on the housing proximate to the transducer, wherein the adaptive
filter is a secondary path adaptive filter that adapts to model a response of a secondary path taken by the
source audio through the transducer and into the erxor microphone signal, and wherein the method further
comprises combining anwoutput of the secondary path adaptive filter with the error microphone signal to

generate an error signal indicative of the source audio component of the acoustic output of the transducer.

16. The method of Claim 15, wherein the at least one microphone signal further includes a reference
microphone signal provided by a reference microphone mounted on the housing for measuring the ambient

audio sounds, and wherein the method further comprising:

generating a leakage correction signal using a leakage path adaptive filter that adapts to model a
response of a leakage péth taken by the source audio through the transducer and into the reference

microphone signal; and

combining the leakage correction signal with the reference microphone signal to generate a reference

signal from which the anti-noise signal is generated.

17. The method of Claim 14, wherein the at least one microphone signal includes a reference microphone
signal provided by a reference microphone mounted on the housing for measuring the ambient audio sounds,

and wherein the method further comprising:

generating a leakage correction signal using a leakage path adaptive filter that adapts to model a
response of a Jeakage path taken by the source audio through the transducer and into the reference

wmicrnphone rignal; and

combining the leakage correction signal with the reference microphone signal to generate a reference

signal from which the anti-noise signal is generated.

AMENDED SHEET (ARTICLE 19)
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18. The method of Claim 15, wherein the determining comprises computing a ratio of a first magnitude of
the source audio component of the acoustic output of the transducer present in the error signal relative to a
second magnitude of the ambient audio sounds present in the error signal and comparing the ratio to a
threshold, and wherein the taking action comprises halting adaptation of the secondary path adaptive filter in

response to determining that the ratjo is less than the threshold.

19. The method of Claim 14, further comprising detecting a magnitude of the source audio, wherein the
determining uses the detected magnitude of the source audio to determine the magnitude of the source audio

component of acoustic output of the transducer present in the error signal.

20. The method of Claim 14, wherein the determining uses a volume control setting applied as gain to the
source audio to determine the magnitude of the source audio component of the acoustic output of the

transducer present in the error signal.

21. The method of Claim 14, further comprising detecting a magnitude of the ambient sounds using the at
least one microphone, and wherein the determining uses the magnitude of the ambient audio sounds to

determine the magnitude of the ambient audio sounds present in the error signal.

22. The method of Claim 21, wherein the detecting detects the magnitude of the ambient sounds by
determining a wideband root-mean-square amplitude of at least one microphone signal generated by the at

least one microphone.

23. The method of Claim 21, wherein the detecting detects the magnitude of the ambient sounds by
determining a root-mean-square amplitude of at least one microphone signal generated by the at least one

microphone in one or more predetermined frequency bands.
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24. The method of Claim 21, wherein the detecting detects a magnitude of the source audio and compares
the magnitude of the source audio to a magnitude of at Jeast one microphone signal generated by the at least
one microphone to determine the relative magnitude of the source audio component of the acoustic output of

the transducer present in the error signal and the ambient audio sounds present in the error signal.

25. The method of Claim 24, further comprising adjusting the comparing of the magnitude of the source
audio to a magnitude of the at least one microphone signal by adjusting the magnitude of the at least one
microphone signal that is compared to the magnitude of the at least one microphone signal in conformity

willy the delenmined degree of coupling.
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27. An integrated circuit for implementing at least a portion of a personal audio device, comprising:

an output for providing an output signal to an output transducer including both source audio for
playback to a listener and an anti-noise signal for countering the effects of ambient audio sounds in an

acoustic output of the transducer;

at Jeast one microphone input for receiving at least one microphone signal indicative of the ambient

audio sounds and that contains a component due to the acoustic output of the transducer; and

a processing cifcuit that adaptively generates the anti-noise signal to reduce thé presence of the
ambient audio sounds heard by the listener, wherein the processing circuit implements an adaptive filter
having a response that shapes the source audio and a combiner that removes the source audio from the at
least one microphone signal to provide a corrected microphone signal, wherein the processing circuit |
determines a relative magnitude of a source audio component of the acoustic output of the transducer present
in the at Jeast one microphone signal and the ambient audio sounds present in the at least one microphone
signal, wherein the processing circuit determines a degree of coupling between the transducer and an ear of
the listener and adjusts the de:termined relative magnitude of the source audio component of the acoustic
output of the transducer present in the error signal and the ambient audio sounds present in the error signal in
conformity with the determined degree of coupling, and wherein the procéssing circuit takes action to
prevent improper adaptation of the adaptive filter in response to determining that the relative magnitude of
the source audio component of the acoustic output of the transducer present in the at least one microphone
signal to the ambient audio sounds present in the at least one microphdne signal indicates that the adaptive

filter may not adapt properly.
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28. The integrated circuit of Claim 27, wherein the at Jeast one microphone signal includes an error
microphone signal indicative of the ambient audio sounds and the acoustic output of the transducer, wherein
the adaptive filter is a secondary path adaptive filter that adapts to model a response of a secondary path
taken by the source audio through the transducer and into the error microphone signal, and wherein an output
of the secondary path adaptive filter is combined with the error microphone signal to generate an error signal

indicative of the source audio component of the acoustic output of the transducer.

29. The integrated circuit of Claim 28, wherein the at least one microphone signal includes a reference
microphone signal indicative of the ambient audio sounds, and further comprising a leakage path adaptive
filter that adapts to modt?l a response of a leakage path taken by the source audio through the transducer and
into the reference microphone signal, and wherein an output of the leakage path adaptive filter is combined
with the reference microphone signal to generate a leakage-corrected reference microphone signal from

which the anti-noise signal is generated.

30. The integrated circuit of Claim 27, wherein the at least one microphone signal includes a reference
microphone signal indicative of the ambient audio sounds, wherein the adaptive filter is a leakage path
adaptive filter that adapts to modél a response of a leakage path taken by the source audio through the
transducer and into the reference microphone signal, and wherein an output of the leakage path adaptive
filter is combined with the reference microphone signal to generate a reference signal from which the anti-

noise signal is generated:
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31. The integrated circuit of Claim 28, wherein the processing circuit computes a ratio of a first magnitude
of the source audio component of the acoustic output of the transducer present in the error signal relative to a
second magnitude of the ambient audio sounds present in the error signal and compares the ratio to a
threshold, wherein the processing circuit further halts adaptation of the secondary path adaptive filter in

response to determining that the ratio is less than the threshold.

32. The integrated circuit of Claim 27, wherein the processing circuit detects a magnitude of the source
audio and uses the magnitude of the source audio to determine the magnitude of the source audio component

of the acoustic output of the transducer present in the error signal.

33. The integrated circuit of Claim 27, wherein the processing circuit uses a volume control setting applied
as gain to the source audio to determine the magnitude of the source audio component of the acoustic output

of the transducer present in the error signal.

34. The integrated circuit of Claim 27, wherein the processing circuit detects a magnitude of the ambjent
sounds using the at least one microphone, and wherein the processing circuit uses the magnitude of the

ambient audio sounds to determine the magnitude of the ambient audio sounds present in the error signal.

35. The integrated circuit of Claim 34, wherein the processing circuit detects the magnitude of the ambient

sounds by determining a wideband root-mean-square amplitude of the at least one microphone signal.
36. The integrated circuit of Claim 34, wherein the processing circuit detects the magnitude of the ambient

sounds by determining a root-mean-square amplitude of the at least one microphone signal in one or more

predetermined frequency bands.
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37. The integrated circuit of Claim 34, wherein the processing circuit detects a magnitude of the source
audio and compares the magnitude of the source audio to a magnitude of the at Jeast one microphone signal
to determine the relative magnitude of the source audio component of the acoustic output of the transducer

present in the error signal and the ambient audio sounds present in the error signal.

38. The integrated circuit of Claim 37, wherein the processing circuit adjusts the comparing of the
magnitude of the source audio to the magnitude of the at least one microphone signal by adjusting the
magnitude of the at least one microphone signal that is compared to the magnitude of the at Jeast one

microphone signal in conformity with the determined degree of coupling.
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