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Description
TECHNICAL FIELD

[0001] This invention generally relates to active noise
reduction (ANR) devices that also allow hear-through
functionality to reduce isolation effects.

BACKGROUND

[0002] Acoustic devices such as headphones can in-
clude active noise reduction (ANR) capabilities that block
at least portions of ambient noise from reaching the ear
of a user. Therefore, ANR devices create an acoustic
isolation effect, which isolates the user, at least in part,
from the environment. To mitigate the effect of such iso-
lation, some acoustic devices can include a hear-through
mode, in which the noise reduction is turned down for a
period of time and the ambient sounds are allowed to be
passed to the user's ears. Examples of such acoustic
devices can be found in U.S. Patent 8,155,334 and U.S.
Patent 8,798,283.

[0003] US 2006/153394 A1 relates to an apparatus to
provide control over the relative level of audio and back-
ground sound, comprising an input sound transducer
configured to convert ambient acoustical pressure into
an electrical background signal representing the back-
ground sound and noise cancellation circuitry coupled to
the input sound transducer and configured to create a
cancellation signal that is the inverse of the electrical
background signal. US 2006/153394

[0004] A1 further comprises a summer coupled to the
noise cancellation circuitry and configured to combine
the cancellation signal with an audio signal representing
audio program content and for providing the combined
electrical signal to an output sound transducer. US
2006/153394

[0005] A1 further comprises a controller coupled to the
noise cancellation circuitry and configured to control the
level of a cancellation signal relative to the audio signal.
Hence, US 2006/153394 A1 turns the active noise can-
cellation off or discontinues its adjustment when the
threshold condition is exceeded, but not to limit the signal
to a predetermined level when the ambient noise ex-
ceeds a threshold.

[0006] US 2016/005389 A1 relates to an audio proc-
essor for a hearing device that has a noise estimator, an
adaptive noise canceller, and a dynamic range compres-
sor to provide a gain according to a signal strength of an
input signal. A signal strength processor of US
2016/005389 A1 determines a signal strength dependent
noise cancellation parameter, and the adaptive noise
canceller provides noise cancellation of the input signal
according to an estimated noise from the noise estimator,
and according to the signal strength dependent noise
cancellation parameter, so as to provide less noise can-
cellation when the input signal has higher signal strength
than when the input signal has a lower signal strength.
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[0007] US 2015/104031 A1 relates to a method com-
prising: when an estimated noise level increases, dynam-
ically lowering application of active noise cancellation to
at least a portion of an audio signal to obtain at least a
portion of an active noise cancelled version of the audio
signal.

[0008] WO 2017/066709 A1 relates to a system com-
prising: an automatic noise canceling (ANC) headphone
having a microphone configured to generate a micro-
phone signal, the ANC headphone having at least two
non-zero ANC gain levels; and a processor configured
to receive the microphone signal, determine a character-
istic of the microphone signal, identify a revised ANC
level from the ANC gain levels based on a comparison
of the characteristic to at least one threshold, and output
a signal corresponding to the revised ANC level.

[0009] EP 2225754 A1 relatestoa system comprising
an input for receiving an input signal representing ambi-
ent noise; a detector for detecting a magnitude of said
input signal; and a voice activity detector for determining
voiceless periods when said input signal does not contain
a signal representing a voice. The detector is adapted to
detect the magnitude of said input signal during said
voiceless periods, and the system is adapted to operate
in afirst mode when said input signal is above a threshold
value, and a second mode when said input signal is below
the threshold value.

[0010] US2015/071453 A1relates to an anti-noise sig-
nal produced in accordance with an active noise cancel-
lation process (ANC), at an input of a speaker so as to
control how much background noise a user can hear.
Strength of the anti-noise signal is adjusted gradually,
rather than abruptly, in proportion to decreasing or in-
creasing sound pressure level of the background noise,
during inactivation or activation of the ANC process.

SUMMARY

[0011] According to a first aspect of the present inven-
tion, there is provided a method as set out in claim 1.
According to a second aspect of the present invention,
there is provided an apparatus as set out in claim 15.
Other embodiments are described in the dependent
claims.

[0012] Variousimplementations described herein may
provide one or more of the following advantages. Provid-
ing a variable gain hear-through or pass-through signal
flow path in parallel to an ANR signal flow path allows for
implementing noise reduction functionalities while, in
some instances, concurrently allowing ambient sounds
to pass through to a degree as per user-preference. Ac-
cording to the invention, the technology described herein
is used to implement a device that allows a user to be
aware of the environment, but provides noise reduction
functionalities when the ambient noise exceeds athresh-
old condition. In some cases, the threshold conditions
can be controlled based on user-input-either as discrete
steps, or substantially continuous over a range-to allow
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for a degree of control over the amount of ANR process-
ing performed by the device. In some cases, the nature
of ANR processing may also be varied in different ways
in accordance with the threshold conditions. For exam-
ple, parameters such as an insertion gain and/or a com-
pression factor associated with the ANR processing may
be adjusted in accordance with a threshold condition. In
some cases, this may improve the user-experience as-
sociated with corresponding acoustic devices (e.g.,
headphones) by making such devices more usable in
various different types of environments.

[0013] It should be noted and understood that there
can be improvements and modifications made of the
present invention described in detail below without de-
parting from the scope of the invention as set forth in the
accompanying claims. The details of one or more imple-
mentations are set forth in the accompanying drawings
and the description below. Other features, objects, and
advantages will be apparent from the description and
drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

FIG. 1 shows an example of an in-the-ear active
noise reduction (ANR) headphone.

FIG. 2is ablock diagram of an example configuration
in of an ANR device.

FIG. 3Ais ablock diagram of an example implemen-
tation of an ANR device where a variable pass-
through path is disposed in parallel to an ANR path
in a feedforward signal flow path.

FIG. 3B is a block diagram of an example implemen-
tation of a binaural ANR system where a variable
gain of the pass-through path disposed in parallel to
the ANR path for each ear is controlled by a coproc-
essor based on estimates of noise-levels at both
ears.

FIG. 3C is a block diagram of an example implemen-
tation of an ANR device where multiple variable
pass-through paths are disposed in parallel to an
ANR path in a feedforward signal flow path.

FIGs. 4A-4C are plots illustrating some example var-
iations in ANR processing based on selected or de-
termined threshold conditions.

FIG. 5A is a flowchart of an example process for
generating an output signal in an ANR device that
includes an ANR signal flow path and a variable
pass-through signal flow path disposed in parallel.
FIG. 5B is a flowchart of an example process for
generating a gain adjustment signal for an ANR sig-
nal path in each of two earbuds or earcups of an
ANR headphone.

FIG. 6 is a block diagram of an example implemen-
tation of a passive attenuation device where a vari-
able pass-through path is disposed in parallel to the
passive attenuation path.

10

15

20

25

30

35

40

45

50

55

DETAILED DESCRIPTION

[0015] This document describes technology that al-
lows the use of Active Noise Reduction (ANR) in acoustic
devices while concurrently allowing a user to be aware
of ambient sounds up to a threshold amount. Active Noise
Reduction (ANR) devices such as ANR headphones are
used for providing potentially immersive listening expe-
riences by reducing effects of ambient noise and sounds.
However, by blocking out the effect of the ambient noise,
an ANR device may create an acoustic isolation from the
environment, which may not be desirable in some con-
ditions. For example, a user waiting at an airport may
want to be aware of flight announcements while using
ANR headphones. In another example, while using an
ANR headphone to cancel out the noise of an airplane
in flight, a user may wish to be able to communicate with
a flight attendant without having to take off the head-
phone.

[0016] Some headphones offer a feature commonly
called "talk-through" or "monitor," in which external mi-
crophones are used to detect external sounds that the
user might want to hear. For example, the external mi-
crophones, upon detecting sounds in the voice-band or
some other frequency band of interest, can allow signals
in the corresponding frequency bands to be piped
through the headphones. Some other headphones allow
multi-mode operations, wherein in a "hear-through"
mode, the ANR functionality may be switched off or at
least reduced, over at least a range of frequencies, to
allow relatively wide-band ambient sounds to reach the
user. However, in some cases, a user may want to be
aware of ambient sounds up to a threshold, and want
ANR processing to kick in only when the ambient sound
exceeds the threshold. In addition, the user may want to
have a degree of control on the amount of ambient
sounds that pass through the ANR device.

[0017] The technology described herein allows for the
implementation of an ANR signal flow path in parallel with
avariable hear-through or pass-through signal flow path,
wherein the gain of the pass-through signal path is con-
trollable or adjustable based on threshold conditions on
ambient noise. According to the invention, a device im-
plementing the technology is configured to pass ambient
sounds up to a threshold level (possibly with some ANR
processing in parallel), but enable or ramp up the ANR
processing when the magnitude of the ambient sound
exceeds the threshold. In some cases, this may improve
the overall user experience, for example, by helping a
user avoid excessive acoustic isolation in low noise en-
vironments, while still providing ANR functionalities when
the noise exceeds a threshold. In addition, various pa-
rameters of the ANR processing may be made adjustable
based on the threshold. For example, parameters such
as insertion gain or compression ratio can be made ad-
justable based on the threshold conditions to provide, for
example, a target loudness level for the audio signal gen-
erated by the ANR headphone. Therefore, by facilitating
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a variable amount of hear-through and/or noise cancel-
lation, the technology described herein enables more
versatile ANR headphones that may be more usable in
various types of environments.

[0018] An active noise reduction (ANR) device can in-
clude a configurable digital signal processor (DSP),
which can be used for implementing various signal flow
topologies and filter configurations. Examples of such
DSPs are described in U.S. Patents 8,073,150 and
8,073,151. U.S. Patent 9,082,388 describes an acoustic
implementation of an in-ear active noise reducing (ANR)
headphone, as shown in FIG. 1. This headphone 100
includes a feedforward microphone 102, a feedback mi-
crophone 104, an output transducer 106 (which may also
be referred to as an electroacoustic transducer or acous-
tic transducer), and a noise reduction circuit (not shown)
coupled to both microphones and the output transducer
to provide anti-noise signals to the output transducer
based on the signals detected at both microphones. An
additional input (not shown in FIG. 1) to the circuit pro-
vides additional audio signals, such as music or commu-
nication signals, for playback over the output transducer
106 independently of the noise reduction signals. The
additional input may be a wired or wireless (e.g., Blue-
tooth®) connection to an audio source.

[0019] The term headphone, which is interchangeably
used herein with the term headset, includes various types
of personal acoustic devices such as in-ear, around-ear
or over-the-ear headsets, earphones, and hearing aids.
The headsets or headphones can include an earbud or
ear cup for each ear. The earbuds or ear cups may be
physically tethered to each other, for example, by a cord,
an over-the-head bridge or headband, or a behind-the-
head retaining structure. In some implementations, the
earbuds or ear cups of a headphone may be connected
to one another via a wireless link.

[0020] Various signal flow topologies can be imple-
mented in an ANR device to enable functionalities such
as audio equalization, feedback noise cancellation, feed-
forward noise cancellation, etc. For example, as shown
in the example block diagram of an ANR device 200 in
FIG. 2, the signal flow topologies can include a feedfor-
ward signal flow path 110 that drives the output trans-
ducer 106 to generate an anti-noise signal (using, for
example, a feedforward compensator 112) to reduce the
effects of a noise signal picked up by the feedforward
microphone 102. In another example, the signal flow
topologies can include a feedback signal flow path 114
that drives the output transducer 106 to generate an anti-
noise signal (using, for example, a feedback compensa-
tor 116) to reduce the effects of a noise signal picked up
by the feedback microphone 104. The signal flow topol-
ogies can also include an audio path 118 that includes
circuitry (e.g., equalizer 120) for processing input audio
signals 108 such as music or communication signals, for
playback over the output transducer 106. In some imple-
mentations, the feedforward compensator 112 can in-
clude an ANR signal flow path disposed in parallel with
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a pass-through path. Examples of such configurations
are describedin U.S. Patent Application 15/710,354, filed
on September 20, 2017.

[0021] In some implementations, the output of the out-
put transducer 106 may be adjusted in accordance with
a desired final volume or loudness at the ear, such that
the amount of overall attenuation (e.g., obtained by con-
trolling one or both of the ANR and pass-through signal
paths) provided by the ANR device rises and falls as the
surrounding noise level rises and falls, respectively. For
example, when the ambient sound level does not satisfy
a threshold condition (e.g., is below a threshold level),
the ambient sound may be allowed to pass through to
the ear with little or no attenuation. On the other hand,
when the ambient sound level does satisfy the threshold
condition (e.g., breaches the threshold level), the ambi-
ent sound may be attenuated, possibly progressively
(i.e., with more attenuation as the environment gets loud-
er).

[0022] FIG. 3A is a block diagram of an example im-
plementation of an ANR device 300 where a variable
pass-through path is disposed in parallel to an ANR path
in a feedforward signal flow path to provide the variable
attenuation described above. Specifically, the device 300
includes an ANR filter 305 (also denoted as KyyRr) dis-
posed in parallel to a combination of a pass-through filter
310 (also denoted as Kjyy) and a detector filter 315 (also
denoted and referred to as a sidechain filter K;). The
detector filter 315 may be used to monitor signals cap-
tured using the FF microphone 102, and control an input
to the pass-through filter (e.g., using a variable gain am-
plifier (VGA) or compressor 320). In some implementa-
tions, the input to the detector filter 315 can be pre-proc-
essed, for example, to make the detector filter 315 more
sensitive to certain types of signal. For example, the
sidechain filter can be configured to make the detector
filter more sensitive to perceptually-weighted speech-
band noise level changes. The output of the detector filter
315 can be used to adjust the VGA 320 which applies a
gain to the input signal provided to the pass-through filter
310.

[0023] Insomeimplementations, the detector filter 315
can include a frequency weighting filter (e.g., an A-
weighting filter and/or a filter representing a head-related
transferfunction (HRTF)). The detector filter 315 can also
include a level generator that converts the output of the
frequency-weighting filter to a signal level, which is then
compared to a threshold level (e.g., a user-defined or
predetermined level). The detector filter 315 can also in-
clude a signal generator configured to generate a control
signal that controls the gain of the VGA 320. In some
implementations, the signal generator can be configured
to generate the control signal in accordance with target
attack and decay rate dynamics. An ‘attack rate’ is de-
fined as the rate at which attenuation is increased. In
some implementations, the target attack rate is less than
100 dB (in overall insertion gain) per second, such as
approximately 10 dB/sec. A ‘decay rate’ or 'release rate’
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is defined as the rate at which attenuation is decreased.
In some implementations, the decay rate is faster than
the attack rate by a factor of two or more. In some imple-
mentations, a combination of a low threshold (e.g. <80
dBA of insertion gain) and a low attack rate (e.g., <100
dB/sec) can be used for a comfortable user experience
in various scenarios of day-to-day life.

[0024] Insomeimplementations, the detector filter 315
can be configured to control the VGA or compressor 320
in accordance with a threshold condition. The threshold
condition can be preset, or set in accordance with a user-
input. In some implementations, if the detector filter 315
determines the ambient noise level to be below a partic-
ularthreshold, the output of the detector filter 315 controls
the compressor or VGA 320 such that the gain of the
pass-through signal flow path is substantially equal to
unity. This in turn allows a user to hear ambient sounds
substantially with little or no attenuation. In some imple-
mentations, if the detector filter determines the ambient
noise level to be at or above the threshold, the output of
the filter 315 can be configured to control the compressor
or VGA 320 such thatthe overall gain of the pass-through
signal path is less the unity, and the output of the ANR
filter 305 provides attenuation of the noise at the ear. This
allows the user to be aware of the environmental noise
and sounds when the noise is below the threshold, yet
take advantage of the ANR functionalities of the headset
when the noise breaches a threshold - for example, to
keep loud sounds such as from vehicles or sirens or ma-
chinery from getting uncomfortably loud.

[0025] While the example of FIG. 3A shows a VGA
disposed in the pass-through signal path only, other var-
iations are also possible. For example, a VGA may be
disposed in the ANR path either in addition to or instead
of the VGA 320 disposed in the pass-through signal path.
In some implementations, a VGA disposed in a signal
path (e.g., the ANR path or the pass-through path) can
be controlled to adjust a weight associated with the cor-
responding path. For example, a VGA gain may be set
substantially equal to zero to make the weight associated
with the corresponding path substantially equal to zero.
In some implementations, one or more additional param-
eters associated with a VGA (or the corresponding path
in general) may be adjusted to control one or more char-
acteristics of the corresponding path. For example, a re-
sponse rate for the VGAs (which may also be referred to
as compressor attack and release times corresponding
to whether the compression is being ramped up or down,
respectively) may be adjusted to provide either a rapid
response or a relatively gradual response to changing
noise level. In some implementations, this may dictate
how quickly the ANR device adjusts the gains when the
noise level satisfies the threshold condition, and/or how
quickly the ANR device reduces or restores the gain to
a predetermined level (e.g. unity) when the noise level
no longer satisfies the threshold condition. In some im-
plementations, the response rate can be adjusted such
thatthe ANR processing responds to anincrease in noise
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level smoothly based on a target attack rate. In some
implementations, the target attack rate can be less than
100 dB/sec.

[0026] In some implementations, the outputs of the
ANR path and the pass-through path are combined (e.g.,
in a weighted combination) to generate a feedforward
signal 325 that drives, atleast in part, the acoustic trans-
ducer 106. In some implementations, the feedforward
signal 325 may be combined with a feedback signal 330
and/or one or more other signals 335. The signals 335
can include, for example, media signals originating from
an audio input 108 or signals from one or more other
microphones or audio sources.

[0027] In some implementations, the gain control of
the VGA or compressor 320 in each of the two separate
earbuds or earcups can be coordinated, for example, to
avoid having substantially unequal noise reduction in two
earbuds/earcups of a headphone. FIG. 3B is a block di-
agram of an example implementation of such a binaural
ANR system 350 where a variable gain of the pass-
through path disposed in parallel to the ANR path for
each ear is controlled based on estimates of noise-levels
at both ears. Specifically, the implementation shown in
FIG. 3B includes a coprocessor 360, which receives in-
puts from noise estimator modules 355 disposed in each
of the two earbuds or earcups 352a and 352b (352, in
general), and coordinates the gain control of the corre-
sponding VGAs or compressors 320 in the two earbuds
or earcups 352. In some implementations, the coproces-
sor 360 is disposed in one of the earbuds or earcups 352.
In some implementations, the coprocessor 360 can be
disposed in a device external to the headphone, such as
in a device that is the source of the acoustic media being
played through the headphone. The coprocessor can in-
clude one or more processing devices configured to an-
alyze inputs received from the noise estimators 355, and
generate gain control signals for the VGAs 320.

[0028] In some implementations, the noise estimator
355 comprises one or more digital filters configured to
generate a signal that provides an estimate of the noise
at the location of the corresponding earbud or earcup
352. For example, the noise estimator 355 can include
a front-end weighting filter that emphasizes the portion
of the spectrum most indicative on how loud a sound is
perceived. In some implementations, the front-end
weighting filter's response approximates A-weighting di-
vided by a head-related transfer function (HRTF) (or an-
other function representing the effect due to the pres-
ence/orientation of a user’s head) to refer the noise signal
as measured at the headphone’s at-ear microphones to
the diffuse field. Other front-end weighting filters are pos-
sible such as B- or C-weighting or a more sophisticated
loudness model could be used. In some implementa-
tions, the front-end weighting filter can be used to com-
pensate for hardware effects (e.g., microphone sensitiv-
ity). In some implementations, the front-end weighting
filter can include multiple cascaded filters each of which
accounts/compensates for a separate effect (e.g., an ef-
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fect due to the presence/orientation of the head, an effect
due to hardware, and/or A-weighting). The output of the
weighting filter can be an AC signal that represents the
relative loudness perceived at the corresponding ear.
Such output can then be post-processed (e.g., by recti-
fication and then low pass filtering) before being provided
to the coprocessor 360 as an estimate of the noise-level
at the corresponding ear.

[0029] Insomeimplementations, the systems depicted
in FIGs. 3A and 3B can be implemented as a part of a
multi-band system with two or more parallel paths, each
with its own VGA 320 and pass-through filter Ky, 310,
all disposed in parallel to Kyyg 305. An example of such
a device is depicted in FIG. 3C, which shows a multi-
band version of the device of FIG. 3A. Specifically, FIG.
3C is a block diagram of an example implementation of
an ANR device 375 where multiple variable pass-through
paths are disposed in parallel to an ANR path in a feed-
forward signal flow path. Each path includes a corre-
sponding pass-through filter (one of: 31043, ...,and 3 10n,
310 in general), a corresponding detector filter (one of:
3154, ...,and 315n, 315in general), and a corresponding
VGA (one of: 32043, ..., and 320n, 320 in general). Each
pass-through filter 310 passes a different portion of the
desired pass-through spectrum (as filtered using a cor-
responding bandpass filter- one of: 380a, ..., and 380n)
such that, when all VGAs 320 have unity gain, the overall
desired 'aware’ response is achieved. In some imple-
mentations, various parameters of the different parallel
paths can be configured separately. For example, a par-
ticular parallel path can be configured to have its own
attack andrelease rate, compressionratio, and/or thresh-
old that is appropriate for the corresponding frequency
band. In some implementations, one or more parame-
ters, e.g., the thresholds and compression ratios, can be
common across multiple parallel paths, while the corre-
sponding attack and release rates can be different. This
can allow for frequency-specific tuning of the response
of the ANR device. For example, a device can be con-
figured to have a fast response to high-frequency noise
spikes, but a relatively slower response to low frequency
noise. In some implementations, the parameters of the
different paths can be made user-adjustable.

[0030] In some implementations, the components of
the feedforward signal path 110 may be adjusted in var-
ious ways to generate the feedforward signal 325. FIGs.
4A-4C are plots illustrating some example variations in
the ANR processing in the feedforward signal path 110
based on differentthreshold conditions. Specifically, FIG.
4A shows a plot 400 that illustrates implementations
where the feedforward path 110 is adjusted to limit the
signal 325 to a predetermined level when the ambient
noise exceeds a threshold. Forexample, in one particular
setting, the ANR path and/or the pass-through path may
be adjusted such that below a noise level represented
by the line 404, the amount of ANR processing is sub-
stantially zero (and/or the gain of the pass-through path
is substantially equal to unity - to substantially represent
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an "open ear" condition). When the noise level is higher
than the noise level represented by the line 404, the ANR
processing (and/or the pass-through processing) may be
adjusted such that the level of the feedforward signal 325
is substantially limited to the level 402. This can include
reducing the gain associated with the pass-through path
and/or increasing the degree of ANR processing (as rep-
resented by the series of lines 404) until the maximum
possible degree of ANR processing is reached. In some
implementations the threshold level 402 is a fixed pre-
determined amount for a particular ANR device. In some
implementations, the threshold level 402 can be made
adjustable, for example based on a user input, in accord-
ance with a personal threshold of discomfort associated
withloudness level. In some implementations, the thresh-
old level can be set (or made user-adjustable) up to 80
dB(A) sound pressure level (SPL), though other values
may be used. In the examples discussed herein, the lev-
els associated with the thresholds and/or the ANR
processing are defined in terms of the level heard by the
user relative to the level of noise. Other definitions of the
levels may also be used.

[0031] FIG. 4Arepresents situations where the degree
of ANR processing is set to be substantially equal to zero
when the noise level is below the threshold 402. Other
variations are also possible. In some implementations,
as shown in FIG. 4B, the degree of ANR processing 404
can be configured to be dependent on the threshold level
402. For example, for the threshold 402a, the degree of
ANR processing below the threshold can be set to a level
represented by the line 404a. When the threshold is in-
creased to 402b, the degree of ANR processing may be
reduced to a level represented by the line 404b, for ex-
ample to account for a higher tolerance to ambient noise.
In some implementations, the degree of ANR processing
may be gradually decreased with increasing threshold
levels until the ANR processing is substantially turned off
to represent the substantially "open ear" condition.
[0032] In each of the examples depicted in FIGs. 4A
and 4B, the output loudness is adjusted to be substan-
tially limited to the threshold level 402. In these examples,
the feedforward path 110 acts as a limiter. In some im-
plementations, the feedforward path may be configured
to actas a compressor where the output loudness is com-
pressed, for example, in accordance with a compression
ratio that may or may not depend on the threshold level.
Examples of such implementations are illustrated in FIG.
4C. In one example, if the threshold is set at level 402a,
the feedforward path 110 is adjusted such that the output
loudness is adjusted in accordance with the curve 406a
once the noise level exceeds the threshold 402a. In an-
other example, if the threshold is set at level 402b, the
feedforward path 110 is adjusted such that the output
loudness is adjusted in accordance with the curve 406b
once the noise level exceeds the threshold 402b. While
FIG. 4C shows the slope of the curve 406a to be approx-
imately equal to that of the curve 406b, and shows a
substantially constant slope, other variations are also
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possible. For example, the compression ratio (as repre-
sented, for example, by the slope of the curves 406) can
be configured to vary in accordance with the threshold
(e.g., with a higher threshold allowing for a less aggres-
sive compression). The slope may also vary within a
curve, for example, a gentle slope could be used for a
first range of ambient noise levels while a more aggres-
sive slope could be used for a second range of ambient
noise levels, and yet in other ranges the slope could be
substantially flat. In some implementations, a compres-
sion ratio can be such that for every 10 dB increase in
noise level, the attenuation increases by at least 5 dB.

[0033] The examples shown in FIGs. 4A-4C are for
illustrative purposes, and do not represent exclusive
ways in which the subject technology may be implement-
ed. Other variations are within the scope of this invention,
which is defined by the claims. In some implementations,
the output loudness may be adjusted in coordination be-
tween the corresponding circuitry for the left and right
ears. For example, the output loudness may be adjusted
differently for one ear with respect to the other. In some
implementations, the circuitry can include one or more
voice activity detectors, and the output loudness of the
left and/or right transducers may be adjusted responsive
to detection of voice activity. For example, the one or
more voice activity detectors can be configured to detect
the voice of the wearer of the headphone, and reduce a
level of attenuation or noise reduction in response to that.
In some cases, this can lead to an improved user expe-
rience by "opening up" the headphone when the wearer
is in conversation with another person. For example, the
wearer can participate in such a conversation without
having to take off the headphone or manually reducing
the noise reduction/attenuation. In some implementa-
tions, separate voice activity detectors may control the
circuitry corresponding to the two ears, and the output
loudness may be controlled in accordance with the di-
rection from which voice activity is detected. In some im-
plementations, the rate of change in output loudness with
respect to ambient noise level can be configured to de-
pend on an amount of deviation from the threshold. For
example, the rate of change in output loudness with re-
spect to ambient noise level can be configured to be non-
linear (or piecewise linear with varying degree of linearity)
depending on the amount of deviation from the threshold.
[0034] FIG. 5A is a flowchart of an example process
500 for generating an output signal in an ANR device in
accordance with the technology described herein. At
least a portion of the process 500 can be implemented
using one or more processing devices such as DSPs
described in U.S. Patents 8,073,150 and 8,073,151. In
some implementations, the process 500 can be imple-
mented in a device that includes signal paths substan-
tially similar to those depicted in FIG. 3A and FIG. 3B.
Operations of the process 500 include receiving an input
signal representing audio captured by a microphone of
an ANR headphone (502). In some implementations, the
input signal can be captured using a feedforward micro-
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phone (or another microphone) configured to capture
ambient noise. In some implementations, the input signal
may be pre-processed such that subsequent processing
in the device is based on components within a particular
range of frequencies. For example, the input signal can
be weighted using a target frequency response to adjust
the spectral content of the input signal. In some imple-
mentations, the target frequency response can include
A-weighting curves configured to account for a relative
loudness perceived by the human ear, and filter out fre-
quencies to which the human ear is less sensitive. The
target frequency response can also be based on, for ex-
ample, a head-related transfer function (HRTF) that char-
acterizes how the human ear perceives sound from a
particular direction.

[0035] Operations of the process 500 also include
processing a portion of the input signal to determine a
noise level in the input signal (504). In some implemen-
tations, the portion of input signal can include a band-
limited signal within a target range of frequencies, or a
signal that is otherwise obtained by preprocessing the
input signal. In some implementations, the portion of the
input signal that is processed can include frequencies
that lie outside the range associated with human speech
such that sounds that do not represent human speech
are preferentially attenuated by the ANR device.

[0036] In some implementations, operations of the
process 500 include determining that the noise level sat-
isfies a threshold condition (506). In some implementa-
tions, the threshold condition can be determined based
on a user-input. For example, the corresponding ANR
device or headphone can be equipped with a control that
allows a user to set the level of ambient noise that the
user is comfortable with. In such cases, the threshold
condition can be determined based on a target loudness
level indicated by the user-input. In some implementa-
tions, the threshold condition may be preprogrammed
into the corresponding device. In some implementations,
the threshold condition may be adaptively determined
based on contextual information. For example, if the user
is in a quiet place such as a library (which may be deter-
mined based on, for example, location information from
the user’s mobile device), the threshold can be adaptively
set to a relatively high value as compared to when the
user is in a noisy environment (e.g., an airport).

[0037] In some implementations, operations of the
process 500 include generating, in response to determin-
ing that the noise level satisfies a threshold condition, an
output signal in which ANR processing on the input signal
is controlled in accordance with a target loudness level
of the output signal (508). In some implementations, de-
termining that the noise level satisfies the threshold con-
dition caninclude determining thatthe noise levelis larger
than a level associated with the threshold condition, and
responsive to determining that the noise level is larger
than the level associated with the threshold condition,
controlling the ANR processing in accordance with the
noise level. Controlling the ANR processing can be done
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in various ways, including, for example, the various tech-
niques described with reference to FIGs. 4A-4C. For ex-
ample, controlling the degree of ANR processing on the
input signal can include adjusting an insertion gain in
accordance with the threshold condition. In another ex-
ample, controlling the degree of ANR processing on the
input signal can include adjusting a compression of the
input signal in accordance with the threshold condition.
In some implementations not covered by the claims, de-
termining that the noise level satisfies the threshold con-
dition can include determining that the noise level is less
than a level associated with the threshold condition, and
in response, controlling the ANR processing independ-
ently of the noise level. For example, if the noise level is
less than the level associated with the threshold condi-
tion, the ANR processing can be set to a predetermined
level irrespective of the noise level. In some implemen-
tations, the noise level in the input signal is determined
as a signal-to-noise ratio (SNR) with respect to another
signal also driving the acoustic transducer. The signal
with respect to which the SNR is measured can include
an audio input (e.g., the audio input 108 described with
reference to FIG. 1), the signal from another microphone
(e.g., the feedback microphone 104), or the signal from
another audio source. In some implementations, the
threshold condition can be selected from multiple thresh-
old conditions, each of which corresponds to a different
degree of ANR processing.

[0038] Operations of the process 500includes driving
an acoustic transducer of the ANR headphone using the
output signal (510). This includes processing the input
signal in a first signal path comprising one or more ANR
filters to generate a first signal, processing the input sig-
nal in a second signal path that is disposed in parallel to
the first signal path, to generate a second signal, and
generating the output signal by combining the first signal
and the second signalin aweighted combination. In some
implementations, the first and second paths can be sub-
stantially similar to the ANR signal path and the pass-
through path, respectively, as described with reference
to FIG. 2. One or both of the first and second signal paths
can include a VGA disposed to control the amplifica-
tion/attenuation associated with the corresponding path.
In some implementations, in one mode of operation of
the ANR headphone, a weight associated with the first
signal can be substantially equal to zero, which in turn
may allow the second signal to dominate the output sig-
nal. Similarly, in another mode of operation, a weight as-
sociated with the second signal can be substantially
equal to zero, thereby allowing the first signal to dominate
the output signal.

[0039] FIG. 5B is a flowchart of an example process
550 for generating a gain adjustment signal for an ANR
signal path in each of two earbuds or earcups of an ANR
headphone. The process 550 can be implemented, for
example, by one or more processing devices arranged
to control the ANR signal paths disposed in earbuds/ear-
cups of an ANR headphone. In some implementations,
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the process 500 may be executed by the coprocessor
360 described above with reference to FIG. 3B. Opera-
tions of the process 550 includes receiving a first noise-
level estimate based on a first input signal captured by
a first microphone disposed at a first earbud or earcup
of an ANR headphone (552). For example, the first mi-
crophone can be a feedforward microphone of the first
earbud or earcup. The operations of the process also
includes receiving a second noise-level estimate based
on a second input signal captured by a second micro-
phone disposed ata second earbud or earcup of the ANR
headphone (554). For example, the second microphone
can be a feedforward microphone of the second earbud
or earcup.

[0040] In some implementations, each of the first and
second noise-level estimates can be generated by
processing the input signal captured by the correspond-
ing microphone by noise estimator similar to the noise
estimator described above with reference to FIG. 3B. For
example, each of the first and second noise-level esti-
mates can be generated by processing the input signal
via an A-weighting filter, or in one of the other methods
described above with reference to FIG. 3B.

[0041] Operations of the process 550 also includes es-
timating an ambient noise level based on the first noise-
level estimate and the second noise-level estimate (556).
This can include, for example, computing a quantity that
is a function of the first noise-level estimate and the sec-
ond noise-level estimate. For example, estimating the
ambient noise level can include determining, as a repre-
sentative noise level of the environment, an average of
the first noise-level estimate and the second noise-level
estimate.

[0042] Operations of the process 550 further includes
determining that the estimated noise level satisfies a
threshold condition (558). In some implementations, the
threshold condition may be determined based on a user-
input, for example, as described above. For example, the
threshold condition can be selected from multiple thresh-
old conditions, each of which corresponds to a different
degree of ANR processing preferred by the user.
[0043] Operations of the process 550 also includes
generating, in response to determining that the estimated
noise level satisfies a threshold condition, a gain adjust-
ment signal in accordance with the estimated ambient
noise level (560). The gain adjustment signal is generat-
ed for an ANR signal flow path disposed in each of the
first and second earbud or earcup, such that acoustic
outputs from the first and second earbuds or earcups are
controlled by the gain adjustment signal. In some imple-
mentations, the acoustic output of each of the first earbud
or earcup is generated in accordance with a compression
process executed on the corresponding input signal. The
compression process can be substantially similar to
those described above with reference to FIG. 4C.
[0044] In some implementations, the gain adjustment
signal is configured to control a variable gain amplifier
(VGA) disposed in the corresponding ANR signal flow
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path. The ANR signal flow path can include a first signal
path that includes the VGA, and a second signal path
disposed in parallel to the first signal flow path. In some
implementations, the ANR signal flow path is disposed
in a feedforward signal path disposed between a feed-
forward microphone and an acoustic transducer of the
corresponding earbud or earcup, as shown for example
in FIG. 3B.

[0045] In some implementations, the output signal can
be generated in accordance with a response rate asso-
ciated with the ANR processing. In some implementa-
tions, the response rate can be adjusted by controlling
the response time of a VGA associated with the signal
pathway, for example, as described with reference to
FIG. 3A. Theresponserate can be adjusted, forexample,
in accordance with a user-input that indicates whether
the ANR processing should adjust aggressively, or rela-
tively gradually, when the ambient noise changes. In
some implementations, the response rate is set at or
above a predetermined value (e.g., based on a target
attack/decay rate) to allow the system to respond to
steady-state noise rather than to noise spikes.

[0046] In some implementations, a response rate as-
sociated with the ramp-up of a VGA response can be
different from a response rate associated with a ramp-
down of a VGA response. These may be represented by
two different time constants that may be referred to as
the attack time constant and release time constant, re-
spectively. Insome implementations, a higher attack time
constant can represent a more gradual onset of the noise-
cancellation functionality, while a higher release time
constant can represent a more gradual onset of the hear-
through functionality. In some implementations, the at-
tack time constant may be different from the release time
constant. In some implementations, the attack and re-
lease time constants may be substantially equal to one
another. In some implementations, the attack time con-
stant may be at least one second.

[0047] In some implementations, the technology de-
scribed in this document may be combined with other
types and forms of ANR technology, including for exam-
ple, user-adjustable levels of ANR. In some implemen-
tations, one or more controls can be provided (e.g., in
the form of physical switches on the device, or a user
interface displayed on a smartphone paired to the device)
to allow a user to enable/disable the available function-
alities as needed. For example, in a headphone with con-
trollable ANR, a loudness limiting feature could be disa-
bled by a user when the user prefers full noise cancella-
tion. In another example, such as when the user is walk-
ing through a city, the loudness limiting noise cancellation
feature may be enabled to achieve a balance between
awareness and comfort. In some implementations, the
loudness limiting feature could be automatically enabled
ordisabled, forexample, based on contextualinformation
such as location or ambient noise level. For example, in
environments where full noise cancellation is deemed to
be preferred by the user, loudness limiting ANR may be
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automatically disabled. In another example, responsive
to detecting that the user is out for a run or walk, loudness
limiting ANR may be automatically enabled for a balance
between awareness and comfort.

[0048] The functionality described herein, or portions
thereof, and its various modifications (hereinafter "the
functions") can be implemented, at least in part, via a
computer program product, e.g., a computer program
tangibly embodied in an information carrier, such as one
or more non-transitory machine-readable media or stor-
age device, for execution by, or to control the operation
of, one or more data processing apparatus, e.g., a pro-
grammable processor, a computer, multiple computers,
and/or programmable logic components.

[0049] A computer program can be written in any form
of programming language, including compiled or inter-
preted languages, and it can be deployed in any form,
including as a stand-alone program or as a module, com-
ponent, subroutine, or other unit suitable for use in a com-
puting environment. A computer program can be de-
ployed to be executed on one computer or on multiple
computers at one site or distributed across multiple sites
and interconnected by a network.

[0050] Actions associated withimplementing all or part
of the functions can be performed by one or more pro-
grammable processors executing one or more computer
programs to perform the functions of the calibration proc-
ess. All or part of the functions can be implemented as,
special purpose logic circuitry, e.g., an FPGA and/or an
ASIC (application-specific integrated circuit).

[0051] Processors suitable for the execution of a com-
puter program include, by way of example, both general
and special purpose microprocessors, and any one or
more processors of any kind of digital computer. Gener-
ally, a processor will receive instructions and data from
aread-only memory or arandom access memory or both.
Components of a computer include a processor for exe-
cuting instructions and one or more memory devices for
storing instructions and data.

[0052] Other embodiments and applications not spe-
cifically described herein are also within the scope of the
following claims. For example, while the technology is
described in this document primarily with respect to ANR
devices, other types of devices may also be within the
scope of the invention, which is defined by the claims.
For example, if a device employs passive attenuation,
level dependent ANR functionality in accordance with the
technology described herein may be added in parallel to
the passive attenuation path to improve the performance
of such a device. An example of such a device 600 is
depicted in FIG. 6. The device 600 includes a passive
attenuation path 610 that includes a passive attenuator
blocking sounds from reaching the output transducer
106. However, in some cases, it may be desirable to by-
pass the passive attenuation path 610, for example to
allow for ambient noise to pass through. In such cases,
a variable pass-through path-which may be substantially
identical to the variable pass-through path described
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above withreference to FIGs. 3A and 3B-can be disposed
in parallel to the passive attenuation path, as shown in
FIG. 6.

[0053] It should be noted and understood that there
can be improvements and modifications made of the
present invention described in detail above without de-
parting from the scope of the invention as set forth in the
accompanying claims.

Claims
1. A method comprising:

receiving an input signal representing audio
captured by a microphone (102) of an active
noise reduction, ANR, headphone (100);
processing, by one or more processing devices
(355), a portion of the input signal to determine
a noise level in the input signal;

determining that the noise level exceeds a
threshold condition (404) responsive to deter-
mining that the noise level exceeds the threshold
condition,

generating an output signal (325) in which ANR
processing on the input signal is controlled in
accordance with a target loudness level (402;
402a,b) of the output signal, wherein generating
the output signal comprises:

processing the input signal in a first signal
path comprising one or more ANR filters
(305) to generate a first signal;

processing the input signal in a second sig-
nal path, disposed in parallel to the first sig-
nal path, to generate a second signal, the
second signal path comprising a first varia-
ble gain amplifier, VGA (320); and
generating the output signal by combining
the first signal and the second signal in a
weighted combination; and

driving an acoustic transducer (106) of the ANR
headphone (100) using the output signal.

2. The method of claim 1, wherein the threshold con-
dition is determined based on a user-input.

3. The method of claim 2, wherein the threshold con-
dition is determined based on the target loudness
level, as indicated by the user-input.

4. The method of claim 1, wherein:

determining that the noise level exceeds the
threshold condition comprises determining that
the noise level is larger than a level associated
with the threshold condition; and
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15.

responsive to determining that the noise level is
larger than the level associated with the thresh-
old condition, controlling the ANR processing in
accordance with the noise level.

The method of claim 1, wherein the first signal path
comprises a second VGA.

The method of claim 1, wherein, in a first mode of
operation of the ANR headphone, a weight associ-
ated with the first signal is substantially equal to zero.

The method of claim 1, wherein, in a second mode
of operation of the ANR headphone, a weight asso-
ciated with the second signal is substantially equal
to zero.

The method of claim 1, wherein each of the first sig-
nal path and the second signal path is disposed in a
feedforward signal path disposed between a feed-
forward microphone and the acoustic transducer.

The method of claim 1, wherein the portion of the
input signal processed to determine the noise level
is limited to a range of frequencies.

The method of claim 1, further comprising generating
the output signal in accordance with a response rate
associated with the ANR processing, wherein the
response rate is less than 100 dB of attenuation per
second, and a noise level of 80 dBA satisfies the
threshold condition.

The method of claim 10, wherein the response rate
is determined based on a user-input.

The method of claim 1, wherein the threshold con-
dition is selected from multiple threshold conditions
each of which corresponds to a different degree of
ANR processing.

The method of claim 1, wherein the ANR processing
on the input signal is controlled responsive to detect-
ing a voice of a user of the ANR headphone.

The method of claim 1, wherein controlling a degree
of ANR processing on the input signal comprises ad-
justing a compression of the input signal in accord-
ance with the threshold condition.

An apparatus comprising:

an active noise reduction headphone (100) that in-
cludes one or more microphones (102) configured
to generate an input signal based on captured am-
bient sounds;

a controller comprising one or more processing de-
vices, the controller configured to execute the meth-
od of any one of claims 1 to 14.
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Patentanspriiche

1.

Verfahren, umfassend:

Empfangen eines Eingangssignals, das Audio
darstellt, das von einem Mikrofon (102) eines
Kopfhorers (100) mit aktiver Rauschunterdri-
ckung (ANR) aufgenommen wird;

Verarbeiten eines Abschnitts des Eingangssig-
nals durch eine oder mehrere Verarbeitungsvor-
richtungen (355), um einen Rauschpegelim Ein-
gangssignal zu bestimmen;

Bestimmen, dass der Rauschpegel einen Zu-
stand des Schwellenwerts (404) ibersteigt, als
Reaktion auf das Bestimmen, dass der Rausch-
pegel den Zustand des Schwellenwerts Uber-
steigt, Erzeugen eines Ausgangssignals (325),
in dem die ANR-Verarbeitung des Eingangssi-
gnals gemal einem Ziellautstarkepegel (402;
402a,b) des Ausgangssignals gesteuert wird,
wobei das Erzeugen des Ausgangssignals Fol-
gendes umfasst:

Verarbeiten des Eingangssignals in einem
ersten Signalweg, der einen oder mehrere
ANR-Filter (305) umfasst, um ein erstes Si-
gnal zu erstellen;

Verarbeiten des Eingangssignals in einem
zweiten Signalweg, der parallel zu dem ers-
ten Signalweg angeordnet ist, um ein zwei-
tes Signal zu erstellen, wobei der zweite Si-
gnalweg einen ersten variablen Verstarker,
VGA (320), umfasst; und

Erzeugen des Ausgangssignals durch
Kombination des ersten Signals und des
zweiten Signals in einer gewichteten Kom-
bination; und

Ansteuern eines akustischen Wandlers
(106) des ANR-Kopfhérers (100) durch Ver-
wenden des Ausgangssignals.

Verfahren nach Anspruch 1, wobei der Zustand des
Schwellenwerts basierend auf der Benutzereingabe
bestimmt wird.

Verfahren nach Anspruch 2, wobei der Zustand des
Schwellenwerts basierend auf dem durch die Benut-
zereingabe angezeigten Ziellautstarkepegel be-
stimmt wird.

Verfahren nach Anspruch 1, wobei:

Bestimmen, dass der Rauschpegelden Zustand
des Schwellenwerts Uberschreitet, das Bestim-
men umfasst, dass der Rauschpegel grof3er ist
als ein dem Zustand des Schwellenwerts zuge-
hériger Wert; und

als Reaktion auf das Bestimmen, dass der
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Rauschpegel groRer ist als die Stufe, die dem
Zustand des Schwellenwerts zugeordnet ist,
Steuern der ANR-Verarbeitung gemafl dem
Rauschpegel.

Verfahren nach Anspruch 1, wobei der erste Signal-
weg einen zweiten VGA umfasst.

Verfahren nach Anspruch 1, wobei in einer ersten
Betriebsart des ANR-Kopfhorers ein dem ersten Si-
gnal zugehdriges Gewicht im Wesentlichen gleich
Null ist.

Verfahren nach Anspruch 1, wobei in einer zweiten
Betriebsart des ANR-Kopfhdrers ein dem zweiten Si-
gnal zugehdriges Gewicht im Wesentlichen gleich
Null ist.

Verfahren nach Anspruch 1, wobei sowohl der erste
Signalweg als auch der zweite Signalweg in einem
Vorwartssignalweg angeordnet sind, der zwischen
einem Vorwartsmikrofon und dem akustischen
Wandler liegt.

Verfahren nach Anspruch 1, wobeider Abschnitt des
Eingangssignals, der verarbeitet wird, um den
Rauschpegel zu bestimmen, auf einen Bereich von
Frequenzen begrenzt ist.

Verfahren nach Anspruch 1, ferner umfassend das
Erzeugen des Ausgangssignals gemal einer der
ANR-Verarbeitung zugehoérigen Antwortrate, wobei
die Antwortrate weniger als 100 dB Dampfung pro
Sekunde betragt und ein Rauschpegel von 80 dBA
den Zustand des Schwellenwertes erfiillt.

Verfahren nach Anspruch 10, wobei die Antwortrate
basierend auf einer Benutzereingabe bestimmt wird.

Verfahren nach Anspruch 1, wobei der Zustand des
Schwellenwerts aus mehreren Zustdnden des
Schwellenwerts ausgewahlt wird, von denen jeder
einem anderen Grad der ANR-Verarbeitung ent-
spricht.

Verfahren nach Anspruch 1, wobei die ANR-Verar-
beitung fir das Eingangssignal in Reaktion auf das
Feststellen einer Stimme eines Benutzers des ANR-
Kopfhorers gesteuert wird.

Verfahren nach Anspruch 1, wobei die Steuerung
eines Grades der ANR-Verarbeitung des Eingangs-
signals die Einstellung einer Kompression des Ein-
gangssignals gemal dem Zustand des Schwellen-
werts umfasst.

Gerat, umfassend:
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einen Kopfhdérer (100) mit aktiver Rauschunter-
drickung, der einen oder mehrere Mikrofone
(102) einschlief3t, die so konfiguriert sind, dass
sie ein Eingangssignal basierend auf eingefan-
genen Gerauschen aus der Umgebung erstel-
len;

eine Steuerung, die eine oder mehrere Verar-
beitungsvorrichtungen umfasst, wobei die Steu-
erung so konfiguriert ist, dass sie das Verfahren
nach einem der Anspriiche 1 bis 14 ausfiihrt.

Revendications

Procédé comprenant :

la réception d’'un signal d’entrée représentant
un contenu audio capturé par un microphone
(102) d’'un casque d’écoute a réduction active
de bruit, ANR, (100) ;

le traitement, par un ou plusieurs dispositifs de
traitement (355), d’'une partie du signal d’entrée
pour déterminer un niveau de bruitdans le signal
d’entrée ;

la détermination que le niveau de bruit dépasse
la condition de seuil (404) en réponse a la dé-
termination que le niveau de bruit dépasse la
condition de seuil, la génération d’un signal de
sortie (325) dans lequel un traitement ANR sur
le signal d’entrée est commandé conformément
a un niveau de sonie cible (402 ; 402a,b) du si-
gnal de sortie, dans lequel la génération du si-
gnal de sortie comprend :

le traitement du signal d’entrée dans un pre-
mier chemin de signal comprenant un ou
plusieurs filtres ANR (305) pour générer un
premier signal ;

le traitement du signal d’entrée dans un
deuxiéme chemin de signal, disposé en pa-
rallele avec le premier chemin de signal,
pour générer un deuxieme signal, le deuxié-
me chemin de signal comprenant un pre-
mier amplificateur a gain variable, VGA
(320);

la génération du signal de sortie en combi-
nant le premier signal et le deuxieme signal
dans une combinaison pondérée ; et

la commande d’un transducteur acoustique
(106) du casque d’écoute ANR (100) en uti-
lisant le signal de sortie.

Procédé selon larevendication 1, dans lequel la con-
dition de seuil est déterminée sur la base d’'une en-
trée d'utilisateur.

Procédé selon larevendication 2, dans lequel la con-
dition de seuil est déterminée sur la base du niveau
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de sonie cible, comme indiqué par I'entrée d'utilisa-
teur.

Procédé selon la revendication 1, dans lequel :

la détermination que le niveau de bruit dépasse
la condition de seuil comprend la détermination
que le niveau de bruit est plus grand qu’un ni-
veau associé a la condition de seuil ; et

en réponse a la détermination que le niveau de
bruit est plus grand que le niveau associé a la
condition de seuil, la commande du traitement
ANR conformément au niveau de bruit.

Procédé selon larevendication 1, dans lequel le pre-
mier chemin de signal comprend un deuxieme VGA.

Procédé selon la revendication 1, dans lequel, dans
un premier mode de fonctionnement du casque
d’écoute ANR, un poids associé au premier signal
est sensiblement égal a zéro.

Procédé selon la revendication 1, dans lequel, dans
un deuxiéme mode de fonctionnement du casque
d’écoute ANR, un poids associé au deuxiéme signal
est sensiblement égal a zéro.

Procédé selon la revendication 1, dans lequel cha-
cun du premier chemin de signal et du deuxieme
chemin de signal est disposé dans un chemin de
signal a action anticipatrice disposé entre un micro-
phone aaction anticipatrice etle transducteur acous-
tique.

Procédé selon larevendication 1, dans lequel la par-
tie du signal d’entrée traitée pour déterminer le ni-
veau de bruit est limitée a une plage de fréquences.

Procédé selon la revendication 1, comprenant en
outre la génération du signal de sortie conformément
a un taux de réponse associé au traitement ANR,
dans lequel le taux de réponse est inférieur a 100
dB d’atténuation par seconde, et un niveau de bruit
de 80 dBA satisfait la condition de seuil.

Procédé selon la revendication 10, dans lequel le
taux de réponse est déterminé sur la base d’'une en-
trée d'utilisateur.

Procédé selon larevendication 1, dans lequel la con-
dition de seuil est sélectionnée a partir de multiples
conditions de seuil, chacune desquelles correspond
a un degré différent de traitement ANR.

Procédé selon la revendication 1, dans lequel le trai-
tement ANR sur le signal d’entrée est commandé en
réponse a la détection d’une voix d’'un utilisateur du
casque d’écoute ANR.
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14. Procédé selon la revendication 1, dans lequel la
commande d’un degré de traitement ANR sur le si-
gnal d’entrée comprend l'ajustement d’'une com-
pression du signal d’entrée conformément a la con-
dition de seuil. 5
15. Appareil comprenant :
un casque d’écoute a réduction active de bruit
(100) qui comporte un ou plusieurs microphones 10
(102) configurés pour générer un signal d’entrée
sur la base de sons ambiants capturés ;
un dispositif de commande comprenant un ou
plusieurs dispositifs de traitement, le dispositif
de commande étant configuré pour exécuterle 15

procédé selon I'une quelconque des revendica-
tions 1 a 14.
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500 \

502

Receive input signal representing audio
captured by a microphone of an active noise
reduction (ANR) headphone

l

504

Process a portion of the input signal to
determine a noise level in the input signal

.

l

Determine that the noise level satisfies a
threshold condition

l

In response, generating an output signal in
which ANR processing on the input signal is
controlled in accordance with a target
loudness level of the output signal

l

Drive an acoustic transducer of the ANR
headphone using the output signal

FIG. 5A
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550 \

Receive a first noise-level estimate based on a
first input signal captured by a first
microphone disposed at a first earbud or
earcup of an ANR headphone

l

Receive a second noise-level estimate based
on a second input signal captured by a second
microphone disposed at a second earbud or
earcup of the ANR headphone

l

Estimate an ambient noise level based on the
first noise-level estimate and the second
noise-level estimate

l

Determine that the estimated noise level
satisfies a threshold condition

l

In response, generate, for an ANR signal flow
path disposed in each of the first and second
earbud or earcup, a gain adjustment signal in
accordance with the estimated ambinet noise
level, such that the acoustic outputs from the
first and second earbuds or earcups are
controlled by the gain adjustment signal

FIG. 5B

23

552

554

556

558

560



EP 3 704 688 B1

9 Old

STE
P
r41]%
01€
mvy | < (o v
0ce

Jajnpsued |
indinQ

Jolenualle

A

aAlssed

019

009

24



EP 3 704 688 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

.+ US 8155334 B [0002] «  EP 2225754 A1 [0009]
.+ US 8798283 B [0002] «  US 2015071453 A1 [0010]

«  US 2006153394 A1 [0003] [0004] [0005] «  US 8073150 B [0018] [0034]
+  US 2016005389 A1 [0006] « US 8073151 B [0018] [0034]
«  US 2015104031 A1 [0007] +  US 9082388 B [0018]

« WO 2017066709 A1 [0008] «  US 71035417 [0020]

25



	bibliography
	description
	claims
	drawings
	cited references

