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duction is performed on the acoustic signals to reduce the unwanted noise.
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OCCLUSION REDUCTION AND ACTIVE NOISE REDUCTION
BASED ON SEAL QUALITY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of and priority to U.S. Patent Application No.
14/985,057, filed December 30, 2015, the entire contents of which are incorporated herein by

reference.

FIELD

[0002] The present application relates generally to audio processing and, more specifically,

to systems and methods for occlusion reduction and active noise cancellation based on seal

quality.

BACKGROUND

[0003] An active noise reduction (ANR) system in an earpiece-based audio device can be
used to reduce background noise. The ANR system can form a compensation signal adapted
to cancel background noise at a listening position inside the earpiece. The compensation
signal is provided to an audio transducer (e.g., a loudspeaker), which generates an “anti-
noise” acoustic wave. The anti-noise acoustic wave is intended to attenuate or eliminate the
background noise at the listening position via a destructive interference, so that only the
desired audio remains. Consequently, a combination of the anti-noise acoustic wave and the
background noise at the listening position results in cancellation of both and, hence, a

reduction in noise.

[0004] An occlusion effect occurs when earpieces of a headset seal a person’s (user’s) ear
canals. The person may hear uncomfortable sounds from their own voice caused by bone-
conducted sound reverberating off the earpiece blocking the ear canal. The occlusion effect
is more pronounced if the seal is very good. The occlusion effect can boost low frequency

(usually below 500 Hz) sound pressure in the ear canal by 20 dB or more.
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SUMMARY

[0005] This summary is provided to introduce a selection of concepts in a simplified form
that are further described below in the Detailed Description. This summary is not intended to
identify key features or essential features of the claimed subject matter, nor is it intended to

be used as an aid in determining the scope of the claimed subject matter.

[0006] Methods and systems for occlusion reduction and ANR based on a determination of
a quality of a seal are provided. The method may provide for more uniform performance of a
headset across different seal qualities. An example method includes receiving acoustic
signals. Each of the acoustic signals may represent at least one captured sound having at
least one of a voice component and an unwanted noise, the voice component including the
voice of a user. The example method further includes determining, based at least partially on
the acoustic signals, a quality of a seal, provided by an in-the-ear module of a headset, of the
user’s ear canal. The example method switches between operational modes depending on
seal quality. For example, if the quality of the seal is above a predetermined threshold value,
the method may proceed with performing an occlusion reduction on the acoustic signals to
improve the voice component. If the quality of the seal is below the predetermined threshold
value, the method may proceed with performing an active noise reduction (ANR) on the

acoustic signals to reduce the unwanted noise.

[0007] According to another example embodiment of the present disclosure, the steps of the
method for occlusion reduction and the ANR based on a quality of a seal are stored on a non-
transitory machine-readable medium comprising instructions, which, when implemented by

one or more processors, perform the recited steps.
[0008] Other example embodiments of the disclosure and aspects will become apparent
from the following description taken in conjunction with the following drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Embodiments are illustrated by way of example and not limitation in the figures of

the accompanying drawings, in which like references indicate similar elements and in which:
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[0010] FIG. 1 is a block diagram of a system and an environment in which the system is

used, according to an example embodiment.

[0011] FIG. 2 is a block diagram of a headset suitable for implementing the present

technology, according to an example embodiment.

[0012] FIG. 3 is a block diagram illustrating a system for performing occlusion reduction
and active noise reduction based on a determination of seal quality, according to an example

embodiment.

[0013] FIG. 4 is a flow chart showing steps of a method for performing either occlusion
reduction or active noise reduction based on a determination of seal quality, according to an

example embodiment.

[0014] FIG. 5 illustrates an example of a computer system that may be used to implement

embodiments of the disclosed technology.

DETAILED DESCRIPTION

[0015] The present technology provides systems and methods for occlusion reduction and
ANR based on a determination of a quality of a seal, which can overcome or substantially
alleviate problems associated with uncomfortable sounds in an ear canal. Embodiments of
the present technology may be practiced on any earpiece-based audio device that is
configured to receive and/or provide audio such as, but not limited to, cellular phones, MP3
players, phone handsets, hearing aids, and headsets. While some embodiments of the present
technology are described in reference to operation of a cellular phone, the present technology

may be practiced on any audio device.

[0016] According to an example embodiment, the method for occlusion reduction and ANR
based on a determination of a quality of a seal includes receiving acoustic signals. The
method may provide for more uniform performance of a headset across different seal
qualities. For the example method, each of the acoustic signals represents at least one
captured sound. The captured sound may include at least one of a voice component and an

unwanted noise. The voice component may include the voice of a user.

3-



WO 2017/117295 PCT/US2016/069020

[0017] The method further includes determining, based at least partially on the acoustic
signals, at least the quality of a seal of an ear canal. If the quality of the seal is above a
predetermined threshold value, the example method proceeds with performing an occlusion
reduction on the acoustic signals in order to improve the voice component. Alternatively, if
the quality of the seal is below the predetermined threshold value, the example method

proceeds with performing an ANR on the acoustic signals to reduce the unwanted noise.

[0018] Referring now to FIG. 1, a block diagram of an example system 100 suitable for
performing occlusion reduction and ANR and an environment thereof are shown. The
example system 100 includes at least an internal microphone 106, an external microphone
108, a digital signal processor (DSP) 112, and a wireless or wired interface 114. The internal
microphone 106 is located inside a user’s ear canal 104 and is relatively shielded from the
outside acoustic environment 102. The external microphone 108 is located outside of the
user’s ear canal 104 and is exposed to the outside acoustic environment 102. In some
embodiments, the example system 100 includes an accelerometer 120. The accelerometer

120 1s located inside user’s ear canal 104.

[0019] In various embodiments, the microphones 106 and 108 are either analog or digital.
In either case, the outputs from the microphones are converted into synchronized pulse code
modulation (PCM) format at a suitable sampling frequency and connected to the input port of
the DSP 112. The signals xi, and xex denote signals representing sounds captured by internal

microphone 106 and external microphone 108, respectively.

[0020] The DSP 112 performs appropriate signal processing tasks to improve the quality of
microphone signals xi, and x.x, according to some embodiments. The output of DSP 112,
referred to as the send-out signal (sou), 1S transmitted to the desired destination, for example,
to anetwork or host device 116 (see signal identified as go Uplink), through a radio or wired

interface 114.

[0021] In certain embodiments, a signal is received by the network or host device 116 from
a suitable source (e.g., via the wireless radio or wired interface 114). This is referred to as the
receive-in signal (rj,) (identified as ri, downlink at the network or host device 116). The

receive-in signal can be coupled via the radio or wired interface 114 to the DSP 112 for

4-



WO 2017/117295 PCT/US2016/069020

processing. The resulting signal, referred to as the receive-out signal (r,y), is converted into
an analog signal through a digital-to-analog convertor (DAC) 110 and then connected to a
loudspeaker 118 in order to be presented to the user. In some embodiments, the loudspeaker
118 is located in the same ear canal 104 as the internal microphone 106. In other
embodiments, the loudspeaker 118 is located in the ear canal opposite the ear canal 104. In
the example of FIG. 1, the loudspeaker 118 is found in the same ear canal 104 as the internal
microphone 106; therefore, an acoustic echo canceller (AEC) may be needed to prevent the
feedback of the received signal to the other end. Optionally, if no further processing of the
received signal is necessary, the receive-in signal (rj,) can be coupled to the loudspeaker 118
without going through the DSP 112. In some embodiments, the receive-in signal 1y, includes

an audio content (for example, music) presented to the user.

[0022] FIG. 2 shows an example headset 200 suitable for implementing methods of the
present disclosure. The headset 200 includes example in-the-ear (ITE) module(s) 202 and
behind-the-ear (BTE) modules 204 and 206 for each ear of a user. The ITE module(s) 202
are configured to be inserted into the user’s ear canals. The BTE modules 204 and 206 are
configured to be placed behind (or otherwise near) the user’s ears. In some embodiments, the
headset 200 communicates with host devices through a wireless radio link. The wireless
radio link may conform to a Bluetooth Low Energy (BLE), other Bluetooth, 802.11, or other
suitable wireless standard and may be variously encrypted for privacy. The example headset
200 is a nonlimiting example, other variations having just an in-the-ear “earpiece” may be

used to practice the present technology.

[0023] In various embodiments, ITE module(s) 202 include internal microphone 106 and
the loudspeaker(s) 118 (shown in FIG. 1), all facing inward with respect to the ear canals.
The ITE module(s) 202 can provide acoustic isolation between the ear canal(s) 104 and the
outside acoustic environment 102. In some embodiments, ITE module(s) 202 includes at

least one accelerometer 120 (also shown in FIG. 1).

[0024] In some embodiments, each of the BTE modules 204 and 206 includes at least one
external microphone 108 (also shown in FIG. 1). The BTE module 204 may include a DSP
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112 (as shown in FIG. 1), control button(s), and Bluetooth radio link to host devices. In

certain embodiments, the BTE module 206 includes a suitable battery with charging circuitry.

[0025] The system and headset in FIGs. 1 and 2 is discussed in more detail in U.S. Patent
Application No. 14/853,947, entitled “Microphone Signal Fusion,” filed on September 14,

2015, the disclosure of which is incorporated herein by reference for all purposes.

[0026] In certain embodiments, the seal of the ITE module(s) 202 is good enough to isolate
acoustic waves coming from the outside acoustic environment 102. However, when speaking
or singing, a user can hear the user’s own voice reflected by ITE module(s) 202 back into the
corresponding ear canal. The sound of the voice of the user is distorted since, while traveling
through the user’s skull, the high frequencies of the voice are substantially attenuated and
thus has a much narrower effective bandwidth compared to voice conducted through air. As

aresult, the user can hear mostly the low frequencies of the voice.

[0027] FIG. 3 is a block diagram showing a system 300 for performing occlusion reduction
and ANR based on a determination of a seal quality, according to an example embodiment.
The example system 300 includes seal quality determination module 310, an active noise
reduction (ANR) module 320, and an occlusion reduction module 330. The modules of
system 300 can be implemented as instructions stored in a memory and executed by at least
one processor, for example, DSP 112. In certain embodiments, at least some of the
instructions performing the functionalities of the modules 310-330 are stored in a memory

and executed by at least one processor of the network or host devicel16.

[0028] In some embodiments, the occlusion reduction module 330 is operable to receive at
least internal microphone signal x;, and perform active occlusion reduction. The active
occlusion reduction may be used to cancel some components of the distorted voice to restore
anatural voice sound inside ear canal 104. The distorted voice is captured by the internal
microphone inside the ear cancel. The active occlusion reduction generates, based on the
internal microphone signal x;,, a first signal. When played by loudspeaker 118, the first
signal cancels out some low frequencies (e.g., where the distortion due to the skull is found)
of the distorted voice and by doing so improves voice quality distorted by travelling through
the skull.
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[0029] In other embodiments, the ANR module 320 is used to reduce outside unwanted
noise (also referred to as background noise) captured by external microphone 108 from
outside acoustic environment 102. ANR module 320 receives signal x.x captured by external
microphone 108. ANR module 320 generates, based on the signal x.x, a second signal.
When played by the loudspeaker 118, the second signal cancels the outside unwanted noise

within the ear canal 104.

[0030] In various embodiments, the occlusion reduction can be carried via use of a limited
bandwidth noise cancellation since, while traveling through human tissue, the high
frequencies of the user’s voice are substantially attenuated and thus has a much narrower
effective bandwidth compared to voice conducted through air. Thus, the bandwidth of noise
cancellation for occlusion reduction may be limited to between 100 Hz and 1 KHz, for

example.

[0031] In various embodiments, switching between the first operational mode for the
occlusion reduction (e.g., using occlusion reduction module 330) and the second operational
mode for the ANR (e.g., using the ANR module 320) is based on the determination of the
quality of the seal of the ear canal. In various embodiments, the seal quality determination
module 310 is operable to determine the quality of the seal by comparing signal x.x captured
by the external microphone 108 and signal x;, captured by internal microphone 106. If signal
xin includes noise components similar to the noise components of signal x.x, it indicates that
outside noise is heard inside the earbud, reflective of a bad seal quality, according to various
embodiments. The quality of the ear seal might be determined by any of a variety of suitable
methods, including comparing the internal and external mic, but is not limited to that method.
An example system suitable for determining seal quality is discussed in more detail in U.S.
Patent Application No. XX/XXX, XXX, entitled “Audio Monitoring and Adaptation Using
Headset Microphones Inside of User’s Ear Canal,” filed on | the disclosure of which is

incorporated herein by reference for all purposes.

[0032] In various embodiments, when the ANR is performed in response to the
determination that the seal of the ear canal is poor, accelerometer data from accelerometer

120 located inside the ITE module(s) 202 can be used to discriminate between the voice of
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the user and background noise in the external microphone signal x.x. For example, the
accelerometer may be used to detect signals (e.g., motion of the user’s head) that are
indicative of the user speaking. In various embodiments, if it is determined that the user is
speaking then the ANR module 320 reduces noise in a way that reduces or cancels the
background noise without suppressing the voice components of the user’s voice in a way that
would distort it. That is, the background noise in the received acoustic signal is suppressed,
in various embodiments, in a way that does not result in also causing distortion of the part of
acoustic signal that represents the users’s voice. An example audio processing system
suitable for performing this balance between noise cancellation and voice quality is discussed
in more detail in U.S. Patent Application No. 12/832,901 (now U.S. Patent No. 8,473,287),
entitled “Method for Jointly Optimizing Noise Reduction and Voice Quality in a Mono or
Multi-Microphone System,” filed on July 8, 2010, the disclosure of which is incorporated

herein by reference for all purposes.

[0033] Although separate modules are shown in FIG. 3 for ANR and occlusion reduction,
the ANR module 320 may be configured to perform ANR and the noise cancellation for the

occlusion reduction.

[0034] In certain embodiments, the ITE module(s) 202 may include a mechanical vent.
The mechanical vent may include an electroactive polymer. The mechanical vent may be
configured to be closed to make a better seal. In response to the determination that a seal of
the ear is good (e.g., the quality of the seal is above a predetermined threshold) and the voice
of the user sounds distorted inside the ear canal, the mechanical vent may be opened to let the
user’s voice that is inside the ear canal 104 travel outside the ITE module(s) 202. When the
mechanical vent is open, the distorted user’s voice may bounce back less to the ear canal so
as to reduce the uncomfortable sound presented to the user. At the same time, opening of the
mechanical vent would let in the outside acoustic signals which may not only let in the
undistorted user’s voice from outside, but also let in background noise inside the ear canal.
Active noise cancellation may be performed to cancel just this background noise so that the
opening of the mechanical vent does not cause additional outside background noise to be
heard by the user. By way of example and not limitation, the mechanical vent may be

activated when the user starts a phone call. In certain embodiments, the mechanical vent is

-8-
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activated when the seal quality is above a threshold and speech (for example, from speakers
other than the user) is detected, while an external noise is present and the user is listening to
music without talking or singing along. The mechanical vent may also actively relieve air

pressure in the ear to provide greater comfort for the user.

[0035] An example audio processing system suitable for performing noise cancellation
and/or noise reduction is discussed in more detail in U.S. Patent Application No. 12/832,901
(now U.S. Patent No. 8,473,287), entitled “Method for Jointly Optimizing Noise Reduction
and Voice Quality in a Mono or Multi-Microphone System,” filed on July 8, 2010, the
disclosure of which is incorporated herein by reference for all purposes. By way of example
and not limitation, noise reduction methods are described in U.S. Patent Application No.
12/215,980 (now U.S. Patent No. 9,185,487), entitled “System and Method for Providing
Noise Suppression Utilizing Null Processing Noise Subtraction,” filed June 30, 2008, and in
U.S. Patent Application No. 11/699,732 (now U.S. Patent No. 8,194,880), entitled “System
and Method for Utilizing Omni-Directional Microphones for Speech Enhancement,” filed

January 29, 2007, which are incorporated herein by reference in their entireties.

[0036] FIG. 4 is a flow chart showing steps of method 400 for performing either occlusion
reduction or ANR based on a determination of a seal quality, according to various example
embodiments. The example method 400 can commence with determining a quality of the
seal of a user’s ear canal that is provided by an in-the-ear (ITE) module inserted therein, in
block 402. In some embodiments, the quality of the seal can be determined based on a
difference of signal x.x captured by the external microphone 108 and signal xin captured by
the internal microphone 106. If signal xi, includes components similar to components of
signal xex, it indicates that outside noise is captured by the internal microphone (e.g., in the

ITE module) inside the ear canal.

[0037] In decision block 404, a decision is made based on the quality of the seal of the ear
canal. If the quality of the seal is above a predetermined threshold value, method 400, in this
example, proceeds with performing occlusion reduction in block 406. Alternatively, if the
quality of the seal is below a predetermined threshold value, then method 400, in this
example, performs ANR in block 408. The predetermined threshold value may be
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determined based on, for example, the difference in signal between the signal x.x captured by
the external microphone 108 and signal xi, captured by internal microphone 106 being over a
certain threshold, indicating the seal is such that outside noise that the external microphone
108 captures is not being captured by the internal microphone 106 because of the seal. In
some embodiments, the predetermined threshold value may be a table of values or other
relationship, such that there is continually varying, e.g., including a mix of occlusion
reduction and ANR for certain values, rather than just switching between occlusion reduction

and ANR.

[0038] FIG. 5 illustrates an exemplary computer system 500 that may be used to implement
some embodiments of the present invention. The computer system 500 of FIG. 5 may be
implemented in the contexts of the likes of computing systems, networks, servers, or
combinations thereof. The computer system 500 of FIG. 5 includes one or more processor
units 510 and main memory 520. Main memory 520 stores, in part, instructions and data for
execution by processor unit(s) 510. Main memory 520 stores the executable code when in
operation, in this example. The computer system 500 of FIG. 5 further includes a mass data
storage 530, portable storage device 540, output devices 550, user input devices 560, a

graphics display system 570, and peripheral devices 580.

[0039] The components shown in FIG. 5 are depicted as being connected via a single bus
590. The components may be connected through one or more data transport means.
Processor unit(s) 510 and main memory 520 are connected via a local microprocessor bus,
and the mass data storage 530, peripheral device(s) 580, portable storage device 540, and

graphics display system 570 are connected via one or more input/output (I/O) buses.

[0040] Mass data storage 530, which can be implemented with a magnetic disk drive, solid
state drive, or an optical disk drive, is a non-volatile storage device for storing data and
instructions for use by processor unit(s) 510. Mass data storage 530 stores the system
software for implementing embodiments of the present disclosure for purposes of loading that

software into main memory 520.

[0041] Portable storage device 540 operates in conjunction with a portable non-volatile

storage medium, such as a flash drive, floppy disk, compact disk, digital video disc, or

-10-
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Universal Serial Bus (USB) storage device, to input and output data and code to and from the
computer system 500 of FIG. 5. The system software for implementing embodiments of the
present disclosure is stored on such a portable medium and input to the computer system 500

via the portable storage device 540.

[0042] User input devices 560 can provide a portion of a user interface. User input devices
560 may include one or more microphones, an alphanumeric keypad, such as a keyboard, for
inputting alphanumeric and other information, or a pointing device, such as a mouse, a
trackball, stylus, or cursor direction keys. User input devices 560 can also include a
touchscreen. Additionally, the computer system 500 as shown in FIG. 5 includes output
devices 550. Suitable output devices 550 include speakers, printers, network interfaces, and

monitors.

[0043] Graphics display system 570 includes a liquid crystal display (LCD) or other
suitable display device. Graphics display system 570 is configurable to receive textual and

graphical information and processes the information for output to the display device.

[0044] Peripheral devices 580 may include any type of computer support device to add

additional functionality to the computer system.

[0045] The components provided in the computer system 500 of FIG. 5 are those typically
found in computer systems that may be suitable for use with embodiments of the present
disclosure and are intended to represent a broad category of such computer components that
are well known in the art. Thus, the computer system 500 of FIG. 5 can be a personal
computer (PC), hand held computer system, telephone, mobile computer system, workstation,
tablet, phablet, mobile phone, server, minicomputer, mainframe computer, wearable, or any
other computer system. The computer may also include different bus configurations,
networked platforms, multi-processor platforms, and the like. Various operating systems
may be used including UNIX, LINUX, WINDOWS, MAC OS, PALM OS, QNX
ANDROID, 10S, CHROME, TIZEN, and other suitable operating systems.

[0046] The processing for various embodiments may be implemented in software that is

cloud-based. In some embodiments, the computer system 500 is implemented as a cloud-

-11-
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based computing environment, such as a virtual machine operating within a computing cloud.
In other embodiments, the computer system 500 may itself include a cloud-based computing
environment, where the functionalities of the computer system 500 are executed in a
distributed fashion. Thus, the computer system 500, when configured as a computing cloud,
may include pluralities of computing devices in various forms, as will be described in greater

detail below.

[0047] In general, a cloud-based computing environment is a resource that typically
combines the computational power of a large grouping of processors (such as within web
servers) and/or that combines the storage capacity of a large grouping of computer memories
or storage devices. Systems that provide cloud-based resources may be utilized exclusively
by their owners or such systems may be accessible to outside users who deploy applications
within the computing infrastructure to obtain the benefit of large computational or storage

resources.

[0048] The cloud may be formed, for example, by a network of web servers that comprise a
plurality of computing devices, such as the computer system 500, with each server (or at least
a plurality thereof) providing processor and/or storage resources. These servers may manage
workloads provided by multiple users (e.g., cloud resource customers or other users).
Typically, each user places workload demands upon the cloud that vary in real-time,
sometimes dramatically. The nature and extent of these variations typically depends on the

type of business associated with the user.

[0049] The present technology is described above with reference to example embodiments.
Therefore, other variations upon the example embodiments are intended to be covered by the

present disclosure.
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WHAT IS CLAIMED IS:
1. A method for audio processing, the method comprising:

receiving acoustic signals, each of the acoustic signals representing at least
one captured sound having at least one of a voice component and an unwanted noise;

determining, based at least partially on the acoustic signals, a quality of a seal,
provided by an in-the-ear module of a headset, of an ear canal of a user;

if the quality of the seal is above a predetermined threshold value, performing
an occlusion reduction on the acoustic signals to improve the voice component; and

if the quality of the seal is below the predetermined threshold value,
performing an active noise reduction (ANR) on the acoustic signals to reduce the unwanted

noise.

2. The method of claim 1, wherein the voice component includes the voice of the

user.

3. The method of claim 1, wherein:
the acoustic signals include a first acoustic signal captured outside the ear
canal and a second acoustic signal captured inside the ear canal; and
the determination of the quality of the seal includes comparing the first

acoustic signal and the second acoustic signal.

4. The method of claim 1, wherein the occlusion reduction includes performing

active noise cancellation for a limited bandwidth of the acoustic signals.

5. The method of claim 4, wherein the limited bandwidth is within a frequency

range between 100 Hz and 1 kHz.

6. The method of claim 1, wherein the predetermined threshold value is a table of
values such that occlusion reduction and the ANR are performed on a continually varying

basis as a function of the predetermine threshold value.

-13-
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7. The method of claim 6, wherein the module operates in the first mode in
response to a determination that the voice component has qualities indicative of the quality of

the seal being above the predetermined threshold.

8. The method of claim 1, wherein the ANR includes:
discriminating between the voice component and the unwanted noise; and
cancelling, based on results of the discrimination, the unwanted noise in the

acoustic signals.

9. The method of claim 8, wherein the discrimination is based on data from an
accelerometer located inside the ear canal, the accelerometer providing one or more signals

indicative of the user speaking.

10. The method of claim 9, wherein, while detecting that the user is speaking, the
ANR is configured to limit distortion of the voice components that represents the user’s voice

while performing the ANR on the acoustic signals.

11. The method of claim 1, wherein the occlusion reduction includes:
activating a mechanical vent to allow sound waves from outside of the ear
canal to penetrate inside the ear canal, the mechanical vent being activated in response to a
determination that the quality of the seal is above a predetermined threshold; and

cancelling noise in the sound waves.

12. A system for audio processing, the system comprising:

at least one processor to receive acoustic signals, each acoustic signal
representing at least one captured sound having at least one of a voice component and an
unwanted noise;

at least one processor to determine, based at least partially on the acoustic
signals, a quality of a seal, provided by an in-the-ear module of a headset, of an ear canal of a
user;

if the quality of the seal is above a predetermined threshold value, at least one
processor being configured to perform an occlusion reduction on the acoustic signals to

improve the voice component; and
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if the quality of the seal is below the predetermined threshold value, at least
one processor being configured to perform an active noise reduction (ANR) on the acoustic

signals to reduce the unwanted noise.

13.  The system of claim 12, wherein the voice component includes the voice of
the user.
14. The system of claim 12, wherein:

the acoustic signals include a first acoustic signal captured outside the ear
canal and a second acoustic signal captured inside the ear canal; and
the quality of the seal is determined by comparing the first acoustic signal and

the second acoustic signal.

15.  The system of claim 12, wherein the occlusion reduction includes performing
an active noise cancellation for a limited bandwidth of the acoustic signals, the limited

bandwidth being within a frequency range between 100 Hz and 1 kHz.

16. The system of claim 12, wherein the occlusion reduction and the ANR are
performed by a module configured to operate, based on the determination of the quality of the
seal, in a first mode for performing the occlusion reduction and a second mode for

performing the ANR.

17.  The system of claim 16, wherein the module operates in the first mode in
response to determination that the voice component has distortion indicative of the quality of

the seal being above the predetermined threshold.

18.  The system of claim 12, wherein the ANR includes:
discriminating between the voice component and the unwanted noise; and
cancelling, based on results of the discriminating, the unwanted noise in the

acoustic signals.

19.  The system of claim 18, wherein the discriminating is based on data from an
accelerometer located inside the ear canal, the accelerometer detecting at least motion

indicative of the user speaking.
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20.  The system of claim 12, wherein the occlusion reduction includes:
activating a mechanical vent to allow sound waves from outside of the ear
canal to penetrate inside the ear canal, the mechanical vent being activated in response to a
determination that the quality of the seal is above a predetermined threshold; and

cancelling noise in the sound waves.

21. A non-transitory computer-readable storage medium having embodied thereon
instructions, which, when executed by at least one processor, perform steps of a method, the
method comprising:

receiving acoustic signals, each of the acoustic signals representing at least
one captured sound having at least one of a voice component and an unwanted noise;

determining, based at least partially on the acoustic signals, a quality of a seal,
provided by an in-the-ear module of a headset, of a user’s ear canal;

if the quality of the seal is above a predetermined threshold value, performing
an occlusion reduction on the acoustic signals to improve the voice component; and

if the quality of the seal is below the predetermined threshold value,
performing an active noise reduction (ANR) on the acoustic signals to reduce the unwanted

noise.
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