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AUGMENTED ENVIRONMENTAL AWARENESS SYSTEM

BACKGROUND
{B0061] Many kinds of hearing assistant devices modify the auditory environment to
provide an enhanced auditory experience. Examples of such devices include conventional
hearing aids, personal sound amplification devices, and augmented reality systems. Some of
these devices can determine what a user 1s interested in hearing (e g., using eye gaze) and
provide an enhancement in the auditory environment.
{0002] People, however, have limited ability to comprehend more than one auditory
source at a time. Moreover, such abilities tend to degrade with age, especially when age-

related hearing loss takes effect.

SUMMARY
[06063] Thus specification describes technologies relating to an augmented environmental

awareness system to present new sounds to a user in an enhanced auditory experience.
[06064] In general, one mnovative aspect of the subject matter described in this
specification can be embodied in methods that include the actions of a system mcluding
audio output transducers that transduce electrical output signals into acoustic sounds and a
signal processing device that receives as input electrical input signals, and 1 data
communication with the audio output transducers to provide the electrical output signals to
the audio output transducers, and where the signal processing device 1s arranged to execute
instructions that cause the signal processing device to perform operations including detecting,
based on the electrical mput signals and data describing a current auditory environment, a
new sound that was not present in the current auditory environment before the detection,
adjusting electrical input signals that are determined to be characteristic of the new sound to

generating electrical output signals from the adjusted

b -]

generate adjusted electrical signals
electrical signals that are determined to be characteristic of the new sound and from electrical
imput signals that are not determined to be characteristic of the new sound, and providing to
the audio output transducers the electrical output signals.

{60G5] These and other embodiments can each optionally include one or more of the

following features. In some implementations, the data describing the current auditory
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environment includes data generated from electrical input signals received prior to the
received electrical input signals from which the new sound was detected.

{6006] In some implementations, the system further includes mukhtiple audio input
transducers that transduce acoustic sounds into electrical mput signals, where the signal
processing device 1s in data communication with the audio input transducers and detecting
the new sound that was not present in the current auditory environment before the detection
based on the electrical input signals and data describing the current auditory environment
includes detecting the new sound from the electrical input signals provided from the audio
nput transducers.

(6067 In some implementations, generating the adjusted electrical signals that are
determined to be characteristic of the new sound includes storing the electrical input signals
that are determined to be characteristic of the new sound for a duration of a current sound of
mnterest.

[6068] In some implementations, generating the electrical output signals from the
adjusted electrical signals and electrical input signals that are not determined to be
characteristic of the new sound includes generating the electrical output signal from the
electrical input signals that are not determined to be characteristic of the new sound and the
stored electrical input signals are determined to be characteristic of the new sound.

{B009] In some implementations, generating the adjusted electrical signals that are
determined to be charactenistic of the new sound mncludes monitoring the electrical input
signals to detect an absence of a current sound of imterest, where storing the electrical nput
signals that are determined to be characteristic of the new sound occurs during the
monttoring. Monitoring the electrical input signals to detect the absence of a current sound
of interest can include detecting a prosodic signal that 15 indicative of an end of the current
sound of interest.

{6010} In some implementations, generating the electrical output signals from the
adjusted electrical signals and electrical input signals that are not determined to be
characteristic of the new sound ncludes inserting the stored electrical input signals that are
determined to be characteristic of the new sound in the generated electrical output signals ata

time that the current sound of interest is absent.

J
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{601 1] In some implementation the new sound is a sound generated by speech {e.g., a
person speaking, or computer audio file of a person speaking).

{6012] In some implementations, generating the adjusted electrical input signals that are
determined to be characteristic of the new sound to cause a frequency shift in the new sound
when the adjusted electrical signals are used to cause the audio output transducers to generate
audio output.

{0013} In some implementations, detecting a new sound that was not present in the
current auditory environment before the detection based on the electrical input signals and
data describing the current auditory environment includes determining a directional
component indicative of a source of the new sound. Generating the electrical output signals
from the adjusted electrical signals and the electrical input signals that are not determined to
be charactenistic of the new sound can include generating the electrical outputs signals so that
the electrical output signals cause the audio output transducers to generate the new sound as
origimating form a position that 15 defined by the directional component.

[0014] In some implementations, adjusting the electrical input signals that are determined
to be charactenistic of the new sound to generate adjusted electrical signals includes adjusting
an amplitude of the electrical input signals that are determined to be characteristic of the new
sound.

[B015] Other embodiments of this aspect include corresponding methods, apparatus, and
computer programs,

[B016] Particular embodiments of the subject matter described i this specification can be
mplemented so as to realize one or more of the following advantages. In a conversational
situation, where a hearing device 1s focused on one particular source, the augmented
environmental awareness system can make a user aware of new sounds through enhancing
the audibility of sources of the sounds. New sounds can be adjusted to fit into the auditory
environment such that the new sound is presented to the user at a time and place where it 1s
easily separable from the foreground sound, and in a way that allows the user’s auditory
system to easily separate the foreground from the background.

{60617] Real-time and personalized auditory environments can be provided to a user,
where the system can detect and recognize new sounds of interest to the user and only

highlight the new sounds of interest in an auditory environment for the user. By only
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highlighting the new sounds that are sounds of interest to the user, the system can provide an
auditory environment to the user with reduced background noise and fewer distracting
sounds. Moreover, the system can account for a current sound of interest in the user’s
auditory environment and determine an importance or interest level for a new sound detected
in the user’s auditory environment relative to the current sound of interest and adjust the
presentation of the new sound accordingly. For example, a virtual reality experience can be
enhanced by staging sounds in real-time, such that a user’s focus 1s drawn to new important
sounds in a virtual environment of the virtual reality experience, and/or are alerted to new
important sounds 1n the auditory environment outside the virtual reality experience.

[60138] The details of one or more embodiments of the subject matter described in this
specification are set forth in the accompanying drawings and the description below. Other
features, aspects, and advantages of the subject matter will become apparent from the

description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[{6019] FIG. 1 15 a block diagram of an example operating environment for the augmented
environmental awareness system.
[06020] FIG.2 15 a flow diagram of an example operation of the augmented environmental
awareness system
[6021] FIG. 3 15 a flow diagram of an example process for generating the electrical
output signals.
[6022] FIG. 4A 1s flow diagram of another example process for generating the electrical
output signals.
{6623] FIG. 4B 1s a flow diagram of another example process for generating the electrical
output signals.
{0624] FIG. 5 1s a flow diagram of another example process for generating the electrical
output signals.
{6025} Like reference numbers and designations in the various drawings indicate like

elements.
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DETAILED DESCRIPTION
{0026] Overview
{6027} The technology in this patent application s intended to help users be aware of
new auditory objects in their environment. The technology enhances the audibility of new
sources when users are in a focused auditory situation. There are two main features
implemented by this technology: detection and presentation. Detection relates to identifying
new sounds in a current auditory environment, and presentation relates to adjusting the
presentation of the new sound so that the user 15 more likely to notice the new sound.
{0028] More particularly, the technology in this patent application 1s related to detecting
a new sound in a user’s auditory environment, adjusting the new sound relative to the
auditory environment, and presenting the adjusted new sound and auditory environment to
the user. The user’s auditory enviromment can include sounds that are naturally generated
and sounds that are machine generated. In some implementations, a user’s auditory
environment 18 presented to the user through a filtering process, for example, where the
sounds are processed using beam forming {e.g., to concentrate the user’s attention towards
one particular source of sound), background noise attenuation {e.g., to reduce unwanted
notse}, or level adjustment of natural sounds vs. machine-generated sounds.
[06029] The adjustment of the new sound in order to highlight the new sound in the user’s
auditory envirgnment may be by imposing a time-delay n the presentation of the new sound
{(e.g., during a pause in the auditory environment), by frequency transposition of the new
sound {e.g., to distinguish the new sound in frequency relative to the auditory
environment),by adjusting the amphitude of the new sound {e.g., increasing the relative
volume of the new sound to draw attention to 1t), or by a combination thereof The system
can determine a type of adjusiment of the new sound based in part on a type of sound that is
being adjusted. For example, new sound types of speech and non-speech may be adjusted
differently from each other to better highlight the new sound when it is presented to the user
in the user’s auditory environment. The type of adjustment of the new sound can be based in
part on a determined importance of the new sound (e.g., based on a classification of the
sound}, such that the presentation of the adjusted new sound is more or less intrusive to the
user’s auditory environment. The type of adjustment of the new sound can be based in part

on user preference, such that a user may select a type of adjustment to sounds of a particular
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type {e.g., a class of sounds) when the new sound 1s presented to the user in the user’s
auditory environment,

{6030} These features and additional features are described in more detail below.

{8031] Example Operating Environment

[6032] FIG. 1 is a block diagram of an example environment 100 in which an augmented
environmental awareness system 102 provides an enhanced auditory experience to a user
104. An auditory environment for the user 104 includes all sounds that are presented to the
user 104 {e g., all sounds n the user’s audible range). The auditory environment can include
sounds from a real environment {e g., audio signals in the area surrounding the user), or
sounds from a virtual environment (e.g., synthesized audio signals), or a combination thereof.
[06033] In some implementations, the auditory environment may include frequencies
outside the nominal audible range of the user 104 {(e.g., high pitch sounds or low ptich
sounds). The audible range of sounds presented to the user 104 in the auditory environment
may depend i part on a sensitivity of the audio input transducers 106 {e.g , the conversion
efficiency of an audio input transducer 106 converting acoustic pressure into an electric
voltage).

[6034] The augmented environmental awareness system 102 optionally includes an audio
nput transducer 106 which can receive audio input sounds from one or more audio sources
108a, 108b in the user’s 104 auditory environment. The audio input transducer 106 can
convert audio mput signals from the one or more sources 108a, 108b nto electrical input
signals 110, Audio sources 108a, 108b are human, animal, sound producing devices, or
environmental events that produce sound and that 1s presented to the user 104, Sources 108a,
108b can include a person {e.g., a person speaking), an ambient noise (e.g., weather, traffic},
an alarm (e g, sirens, alerts), an animal {(e.g., a dog barking), or the like.

{6035} The augmented environmental awareness system 102 can also receive electrical
input signals 110 that are characteristic of sound originating from one or more virtual sources
112, Electrical input signals 110 include, for example, stored electrical signals {(e.g., data that
are stored as part of a sound file and that are processed electronically), and electrical signals
that can be generated (e.g., by a computer) from stored audio files (e.g., mp3 files).

Electrical mput signals 110 that are characteristic of sound originating from a virtual source

6
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112 can be provided by virtual reality systems, augmented reality systems, computers, media
playback devices (e.g., mp3 player, video player), a user’s smart phone, or other devices
where sound originating from the virtual source 112 is produced by providing the electrical
input signals 110 to one or more audio cutput transducers (e.g., speakers, headphones).
{0036} Electrical input signals 110 can be used to describe, e g, represent, a current
auditory environment for the user 104, In some implementations, additional data can also be
used to describe a current auditory environment. Examples of such data describing the
current auditory environment for the user 104 can include information relating to what is in
the user’s 104 field of vision {e.g., in a virtual or augmented reality experience}, and buffered
audio data from a most recent period of time, e.g., the last three seconds, for example. The
augmented environmental awareness system 102 can define a background level of a current
auditory environment by monitoring a variance in a spectrogram of the current auditory
environment. Background estimation and subtraction algorithms can be used to remove
background noise from the current auditory environment, for example, to perform speech
enhancement. One example process for performing speech enhancement is described n
“Speech enhancement using a mimimum-mean square error short-time spectral amplitude
estimator”, Ephraim, Y., etal, /EEE Transactions on Acoustics, Speech, and Signal
Processing, vol. 32, no. 6, pp. 1109-1121, Dec 1984, Gther processes can also be used.
[0037] The augmented environmental awareness system 102 can momitor sounds in the
area surrounding the user 104 to detect new sounds. For example, the augmented
environmental awareness system 102 may continually or periodically scan the area
surrounding the user {e.g., beam steering n a radius around the user} to check for new
sounds, and process the audio input and electrical mput signals 110 to detect a new sound in
the auditory environment. The electrical input signals 110 provided by the audio input
transducer 106, by the virtual source 112, or a combination of the audio input transducer 106
and the virtual source 112 are provided to a new sound detector 114,

{H038] In some implementations, the new sound is detected based on the electrical input
signals 110 and data describing the current auditory environment from the electrical input
signals 110 provided from the audio input transducers 106. For example, the new sound can

be a person speaking, a car door closing, or a siren in the area around the user 104,
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{6039} In some implementations, the new sound 15 detected based on the electrical input
signals 110 and data describing the current auditory environment from the electrical input
signals 110 provided from the virtual sources 112. For example, the new sound can be a
virtual person speaking in a virtual reality experience in which the user 104 is participating,
or, alternatively, a real person speaking in the physical environment in which the user 1
located.

{3040} The new sound detector 114 can detect, based on the electrical input signals 110
and data describing a current auditory environment, a new sound in the auditory environment
that was not present before the detection. The new sound can be determined to be originating
from a source 108a, 108b and/or from a virtual source 112, depending on the actual origin of
the new sound.

[06041] More specifically, a new sound 1s a sound that 15 determined to not be a part of the
auditory environment prior to the detection of the new sound by the new sound detector 114,
A new sound can be, for example, a person speaking, a siren, a car door closing, a phone
ringing, a dog bark, or another sound that 1s detected withun the auditory environment of the
user 104 and that was not present before such detection. In one example, the new sound 1s a
sound generated by speech {e.g., a speaking person). In another example, the new sound is
not a speech signal (e.g., a car driving by).

[0042] Electrical signals characteristic of the new sound detected by the new sound
detector 114 1s provided to the electrical signal adjuster 116, The electrical signal adjuster
116 can perform one or more adjustments (e.g., time delay, frequency or pitch shift,
amplitude shift, etc.) to the electrical input signals that are determined to be characteristic of
the new sound to generate adjusted electrical signals.

{6043} Adjustments to the electrical input signals determined to be characteristic of the
new sound can depend in part on a classification of the new sound. An adjustment to the
electrical mput signals determined to be characteristics of the new can cause audio output
from an output electrical signal generated by the adjusted electrical signal to be more or less
intrusive to the user’s auditory environment based in part on the classification of the new
sound. An importance of a type sound to the user (e.g., classified as a sound from a siren), a
relative focation of the source of the new sound (e.g., a source that is in the field of vision of

the user versus behind the user), a degree of familiarity of the new sound (e.g., the user’s

8
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spouse speaking versus a radio commercial}, can each affect a type of adjustment made to the
electrical mput signals determined to be characteristic of the new sound. In one example, a
position of a source of the new sound outside of the user’s 104 field of vision may result ina
first type of adjustment {(e.g., a time-delay of the new sound), and a posttion of the source of
the new sound inside of the user’s 104 field of vision may result in a second type of
adjustment (e.g., a frequency shift of the new sound). Adjusted electrical signals are
discussed in more detail with reference to FIGS. 3, 4A, and 4B below.

[0044] In some implementations, adjustments to the electrical input signals determined to
be characteristic of the new sound can depend in part on user preference. A user 104 can
indicate to the augmented environmental awareness system 102 a type of adjustment that the
user prefers for a new sound. In one example, the user 104 may designate a type of
adjustment (e.g., frequency shift) for new sounds based on a type of sound (e.g., speech-type
sounds). Inanother example, the user 104 may designate a type of adjustment (e.g.,
amplitude shift) for all new sounds.

{004 5] In some implementations, adjustments to the electrical input signals determined to
be characteristic of the new sound can depend n part on a classification of a current sound of
interest in the user’s auditory environment. For example, a time-delay adjustment can be
applied to the electrical input signals determined to be characteristic of the new sound when a
current sound of interest 1s determined to be a speech-type of sound (e.g., the user 104 15
engaged n conversation}. In another example, an amphitude shift adjustment can be apphied
to the electrical input signals determined to be characteristic of the new sound when a current
sound of mterest 18 determined to be a non-speech type of sound (e.g., the user 104 18
listening to music).

{6046} In some implementations, adjustments to the electrical input signals determined to
be characteristic of the new sound can depend in part on circumstances {(e.g., time and
physical space} of the user’s auditory environment. A user may find a particular new sound
more or less important based on the circumstances of the user when the new sound is
detected, and a type of adjustment of the electrical input signals determined to be
characteristic of the new sound can be different depending on the importance. For example,
a user's auditory environment may be a workplace setting {e.g., the user 15 at work) and new

sound is a phone ringing which may have high importance to the user. The electrical input

9
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signals determined to be characteristic of the phone ringing can be adjusted with a shift in
amplitude {e.g., make it louder) as result. In another example, a coworker sneezing n the
user’s workplace setting may have low importance to the user, such that the electrical input
signals determined to be characteristic of the sneeze can be time-delayed.

{0047} In some implementations, the new sound detector 114 can detect multiple new
sounds present in a current auditory environment. The new sound detector 114 may rank the
multiple new sounds (e g, rank in terms of relative importance of the new sounds to the user)
to determine a type of adjustment or a degree to which the electrical input signals determined
to be characteristic of each new sound should be adjusted. For example, the new sound
detector 114 may detect in a current auditory environment of the user 104 two new sounds: a
speaking person outside the user’s 104 field of vision and the user’s mobile phone ringing.
The new sound detector can determine that the speaking person ranks higher than the uset’s
mobile phone ringing and adjust the electrical input signals for each sound accordingly. In
another example, the new sound detector 114 may detect in a current auditory environment
of the user 104 two new sounds: a speaking person inside the user’s 104 field of vision and a
speaking person outside the user’s 104 field of vision. The new sound detector can
determine that the speaking person inside the user’s field of vision ranks hugher than the user
outside the user’s field of vision (e.g., because it prevents audio/visual from being out of
sync).

[06048] In some implementations, the electrical input signals determined to not be
characteristic of the new sound and the adjusted electrical signals are stored as stored
electrical signals 118. How long the electrical signals are stored may depend, for example,
on the duration of the new sound. For example, the adjusted electrical signals can be stored
in the stored electrical signals 118 until a current sound of interest is determined to be absent
{e.g., a current person speaking finishes a statement}. Alternatively, only the most recent N
seconds of the electrical signals for the new sound may be stored.

{(049] An electrical output signal generator 120 can generate electrical cutput signals
from the adjusted electrical signals and the electrical mput signals that are not determined to
be characteristic of the new sound. In some implementations, the electrical output signal
generator 120 receives stored electrical signals 118 including adjusted electrical signals and

electrical mput signals that are not determined to be characteristic of the new sound.
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{6050} In some implementations, the new sound detector 114 does not detect a new
sound such that no electrical signals are adjusted, and the new sound detector 114 functions
as a pass through for received electrical input signals 110 and provides them to the electrical
output signal generator 120.

{0051} The electrical output signals are provided to one or more audio output transducers
122 that transduce the electrical output signals into acoustic sounds. The acoustic sounds can
then be provided to one or more audio output devices 124 to present the acoustic sounds to
the user 104, An audio output device 124 can include, for example, headphones, speakers,
hearing aids, or the like.

[0052] In some implementations, an audio output device 124 can be a component of a
virtual reality or augmented reality system. The audio output device 124 can provide audio
for a virtual reality or augmented reality system that also includes a visual presentation of the
virtual reality or augmented reality experience. In one exarple, an augmented reality system
mcludes wearable “smart” glasses that include an audio output device 124 {e.g., earbuds,
witegrated speakers).

[6053] The processes performed by the new sound detector 116, the electrical signal
adjuster 116, the electrical output signal generator 120 are performed by one or more signal
processing devices 126. The signal processing device 126 can be in data comumunication
with the audio output transducers 122, or the audio ocutput transducers and the audio mput
transducers 106, The signal processing device 126 can receive as input electrical input

signals 110 and can provide electrical output signals to the audio output transducers 122

[0054] Example Operation of Augmented Environmental Awareness Svstem

{6055} FIG.2 1s a flow diagram of an example operation 200 of the augmented
environmental awareness system 102, The current auditory environment and the new sound
can include sounds from real sources {e.g., sources 108a, 108b}, virtual sources {e.g., virtual
source 112}, or a combination of real sources and virtual sources {e.g., in an augmented
reality experience).

{(056] A new sound s detected that was not present in the current auditory environment
(202}. The new sound can be detected by the new sound detector 114 from the electrical

mput signals 110 received by the new sound detector 114, where the electrical imput signals
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110 can oniginate from a virtual source 112, an audio input transducer 106 converting audio
signal from one or more sources 108a and 108b, or a combination thereof. In some
implementations, a vanance of a spectrogram computed of the sounds in a current auditory
environment of the user 104 can be used to determine if a new sound is present in the
auditory environment. For example, the current auditory environment can be captured by
looking at statistics of a spectrogram of the current auditory environment or a modulation
spectrogram of the current auditory environment, and deviations from normal can be detected
as new sounds

{3057} The new sound detector 114 can, for example, use machine-learning techniques
for recognizing new sounds that are distinct from the current auditory environment. A
statistical model may be used to characterize the electrical input signals 110 and determine if
electrical mput signals 110 are characteristic of a new sound {e.g., are determimed to be
outside a range of the current auditory environment). The new sound detector 114 can use
one or more of an environmental sound background model, auditory saliency model, a
binaural localization model, and speech detectors to evaluate electrical nput signals 110 to
determine if a new sound 1s present in the current auditory environment. Other processes
may be used by the new sound detector to determune is a new sound is present 1n the current
auditory environment.

EHERY] For example, an environmental sound background model can be used to 1dentify
background nomses in the electrical input signals such that the new sound detector 114 can
better separate a potential new sound from the background nowse in the current auditory
environment. One example of how the augmented awareness system 102 can use a speech
activity detector to distinguish new sounds {e.g., can detect new speech signals}) is described
in N. Mesgarani, et al, "Discrimination of speech from nonspeech based on multiscale
spectro-temporal Modulations," in IEEFE Transactions on Audio, Speech, and Language
Processing, vol. 14, no. 3, pp. 920-930, May 2006. In another example, an audio event
classifier can be used to detect when new types of sounds are present, as described in
Hershey, Shawn, et al,, “CNN Architectures for Large-Scale Audio Classification,” accepted
for publication at JCASSP 2077, last revised 10 Jan 2017 (arXiv:1609.09430v2). Other

processes can also be used.  The augmented environmental awareness system 102 can
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distinguish between foreground sounds (e.g., important sounds that are relevant to the user)
and background sounds {e.g., unimportant sounds that are irrelevant to the user).

{6059} In ancther example, an auditory saliency model can be used to determine what
stands out perceptually to the user 104 in the auditory environment. User 104 reaction to
sounds that are detected by the augmented environmental awareness system 102 in the
auditory environment can be monitored (e.g., gaze tracking, Flectroencephalography signals)
in order to determine what sounds are perceived by the user 104, One method for
determining auditory saliency is described in Kaya, EM, et al., “Modeling auditory attention”
in Philosophical transactions of the Royal Society B, vol 372, issue 1714, publish 19
February 2017, Speech topics that are new can be determined, for example, using a system
described in Broderick, Michael P, et al | “Electrophysiological correlates of semantic
dissimilarity reflect the comprehension of natural, narrative speech”, in Current Biology, vol
28, Issue 3, 803 - 809.e3. Addiionally, electroencephalography signals can be used to
determine when sounds are interesting {e.g., should be adjusted to draw attention to the
sound in the user’s auditory environment), as described, for example, in O’Sullivan, J, et al,
“Neural decoding of attentional selection in multi-speaker environments without access to
separated sources” in Conf Proc TFEE Eng Med Biol Soc. 2017 Jul;2017:1644-1647. Gther
processes can also be used.

{B060] In another example, a binaural localization model can be used to determine an
orientation of a source of a new sound relative to the user 104, For example, new sound
detector 114 can use the binaural localization model to determine a relative position of the
source of the new sound to the user 104 {e.g., behind the user, in front of the user}. The
location mformation extracted using the binaural localization model can be used by the
augmented environmental awareness system 102 to determine a type of adjustment that
should be made to the new sound. In one example, directional sounds can be synthesized by
creating interaural level differences (ILD}) and interaural time differences (ITD) using a
process described in Brown, C. Phillip, et al., “A Structural Model for Binaural Sound
Synthesis,” in JEEE Transactions on Speech and Audio Processing, vol. 6, no 5, September

1998. Other processes can also be used.
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{6061} The new sound detector 114 can determine a class for the new sound. Sounds that
are determined to be present in the auditory environment may be classified (2.g., as a siren,
person speaking, music, wind} and an importance of each class of sound can be determined.
{(062] The new sound detector 114 can, for example, use neural networks/machine
learning to classify the new sound including a type of source of the sound {e.g., human,
animal, machine), a degree of importance of the new sound {e.g., important or unimportant),
a familiarity of the new sound to the user {e.g., speech from a known person vs a car door
closing), a posttion of the source of the sound relative to the user {e.g., a source that is in
front of the user or a source that is behind the user}. The new sound detector 114 may further
classify a type of speech {e g., a conversational speech, an alert speech) of the new sound for
a new sound that 1s classified as speech based. For example, the new sound detector 114
may distinguish a speech that is an alert type (e.g., "Look out behind you!") and a speech that
15 a conversational type (e g, "Nice to meet you"). Emotions and/or changes in emotion can
be detected, for example, using a system described o Slaney, M., et al, "Baby Fars: a
recognition system for affective vocalizations,” Acoustics, Speech and Signal Processing,
1998, Proceedings of the 1998 IEEF International Conference on, Seattle, WA, 1998, pp.
985-988 vol.2. In another example, new sounds can be identified and classified using
AudioSet technology described in Hershey, Shawn, et al., “CNN Architectures for Large-
Scale Audio Classification,” accepted for publication at JCASSP 2017, last revised 10 Jan
2017 (arXiv:1609.09430v2). Other processes can also be used.

[B063] In one example, speech detectors can be used to detect the presence or absence of
human speech 1n the electrical mput signal using, for example, notse reduction {e.g., via
spectral subtraction), feature detection of the electrical input signal, and classification of the
features of the electrical input signal to determine if the electrical mput signal is
characteristic of human speech. One example method for performing speech detection is
described in Mesgarani, N, et al., "Discrimination of speech from nonspeech based on
multiscale spectro-temporal Modulations," in IEEE Transactions on Audio, Speech, and
Language Processing, vol. 14, no. 3, pp. 920-930, May 2006. Other processes can also be
used.

{0064] In some implementations, the augmented environmental awareness system 102

can use data provided from an augmented reality or virtual reality system to determine if a
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new sound is present {e.g., data provided by a virtual reality environment that a new sound 1s
present}. For example, a virtual reality system can provide data to the augmented
environmental awareness system 102 related to what audio/visual is presented to the user 104
in a virtual reality experience.

{0065] The electrical input signals 110 that are determined to be characteristic of the new
sound are adjusted to generate adjusted electrical signals (204). The electrical signal
adjuster 116 can receive the electrical input signals 110 from the new sound detector 114 that
are determined to be characteristic of the new sound and perform one or more adjustments to
the electrical input signals. Adjustments to the electrical input signal determined to be
characteristic of the new sound can include, frequency shift, ime-delay, amplitude shift, or a
combination thereof. More details of the types of adjustments to the electrical input signal
determined to characteristic of the new sound are described with reference to FIGS. 3, 4A
and 4B below.

[06066] The electrical output signals are generated from the adjusted electrical signals and
from the electrical input signals that are not determined to be characteristic of the new sound
(206). The electrical output signals can be generated by the electrical output signal generator
120 from stored electrical signals 118 or electrical input signals 110 (e.g., electrical input
signals not determined to be characteristic of new sounds). In some implementations, the
new sound detector 114 does not detect a new sound i the user’s 104 current auditory
environment and the electrical output signal generator 120 can generate electrical output
signals from the electrical input signals 110,

{6067} The electrical output signals are provided to the audio output transducer 122 {208)
to convert the electrical output signals into audio signal that can be provided to one or more
audio output devices 124 {e.g., headphones or speakers) to produce sound for user 104. For
example, the electrical output signals generated from an adjusted electrical signal and
electrical mput signal not characteristic of the new sound are provided to the audio cutput
transducer 122

{6068] Generating Adpusted Electrical Signals

{(069] One way of notifying a user of a new sound 1s to present the new sound after a
current sound of interest to a user 1s no longer present. This can be done by storing the

electrical signals indicative of the new sound of interest. In some implementations, the
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adjusted electrical signals that are determined to be characteristic of the new sound are
generated by storing the electrical mput signals (g.g., stored electrical signals 118} fora
duration of a current sound of interest {e.g., a time-delay of the new sound). FI(. 3 15 a flow
diagram of an example process 300 for generating the electrical output signals. The electrical
input signals that are determined to be characteristic of the new sound are stored for the
duration of a current sound of interest (302). The current sound of interest can be a sound to
which the user 104 is paying attention {e.g., by monitoring eve gaze, electroencephalogram
signals, etc.}. For example, a current sound of interest can be a speaking person to whom the
user 104 is speaking, which can be determined by the user 104 looking at the speaking
person. In another example, the current sound of interest can be determuned in a virtual
reality or augmented reality system by determining what a user is looking at (e.g., using gaze
tracking) or what s being presented to the user in a visual component of the virtual reality or
augmented reality experience {e.g., what is being projected on a screen),

[6G70] The duration of the current sound of interest can be determined for an interval
over which the current sound of interest 1s providing audio input to the augmented
environmental awareness system 102, For example, for the duration of active engagement by
the speaking person.

[6071] In some implementations, the current sound of interest 15 provided by a
virtual/augmented reality system and a duration of the current sound of interest can be
provided to the augmented environmental awareness system 102 by the virtual/augmented
reality system. For example, if the user 104 1s listening to a person speaking m a virtual
reality experience o a virtual reality system, the virtual reality system can provide to the
augmented environmental awareness system 102 mformation related to the user’s experience
and how long the person in the virtual reality experience will be actively speaking.

{0072] The electrical input signals are monitored to detect an absence of a current sound
of interest (304}. An absence of the current sound of interest can be determined by
monitoring the electrical mput signals characteristic of the current sound of interest. An
absence of the current sound of interest can be a pause or an end of a current sound of
interest. In one example, a current sound of interest is conversational speech where a pause
in the conversation by the speaking person can be detected by monitoring the prosodic

signals {e.g., the inflections of speech, emphasis, contrast, focus of speech) of the current
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sound of interest. A prosodic signal can be a fall in pitch of the speaking person’s tone,
mdicating a conclusion of a statement or expressed thought.

{667 3] In some implementations, a current sound of interest 1s provided to the user
through a virtual/augmented reality experience through a virtual/augmented reality system
where the virtual/augmented reality system can provide information to the augmented
environmental awareness system 102 relating to when an absence of the current sound of
interest will occur. For example, a user can be playing through a virtual reality game ona
virtual reality system such that the virtual reality system has present and future knowledge of
occurrences and can provide to the augmented environmental awareness system 102
mformation relating to when there will be a gap in the current sound of interest in the virtual
reality game.

[6074] The stored electrical input signals that are determined to be characteristic of the
new sound are inserted mto the generated electrical output signals at a time that the current
sound of interest 1s determined to be absent (306). For example, the electrical input signals
characteristic of a siren in the user’s audutory environment can be stored (e.g., in store
electrical signals 118) until a person with whom the user 104 1s speaking pauses, at which
point the electrical signals characteristic of the siren are inserted into the electrical output
signals.

{007 5] The electrical output signals are generated from the electrical mput signals that
are not determined to be characteristic of the new sound and the stored electrical 1nput
signals that are determined to be characteristic of the new sound (308}, In some
mplementations, the new sound 1s provided to the user 104 after a delayed period of time
where the delay 15 dependent on the augmented environmental awareness system 102
detecting an absence of the current sound of interest. In other words, the electrical output
signals from the adjusted electrical signals and the electrical input signals that are not
characteristic of the new sound are generated by nserting the stored electrical mnput signals
that are characteristic of the new sound (e.g., in stored electrical signals 118) at a time where
an absence of the current sound of interest s detected.

{8076] In one example, the angmented environmental awareness system 102 can monitor
a current sound of interest {e.g., a person speaking to the user 104) and delay a new sound

{(e.g., a phone ringing) from being provided to the user 104. The delay of the new sound can
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be accomplished by storing electrical input signals characteristic of the phone ringing {(e.g., in
the stored electrical signals 118}, until the person speaking to the user pauses or finishes their
speech (e.g., pauses for breath, finishes a statement).

{0077] FIG. 4A 1s flow diagram of another example process 400 for generating the
electrical output signals. The electrical input signals that are determined to be characteristic
of the new sound are adjusted to cause a frequency shift in the new sound when the adjusted
electrical signals are used to cause the audio output transducers to generate audio output
(402). Insome implementations, a frequency shift in the new sound can be shifting the pitch
of the new sound, where a high pitch sound corresponds to a high frequency sound wave and
a low pitch sound corresponds to a low frequency sound wave.

{007 8] For example, a frequency shift can be shifting the frequency of the new sound toa
lower frequency when the new sound 15 plaved through the audio output device such that the
lower frequency causes the new sound to be within an audible range of the user 104 and
outside the range of the foreground sound.

[3079] In another example, a frequency shift can be shifting the pitch of the new sound to
a pitch that 15 distinct from the pitches of the sounds included in the current auditory
environment {(e.g., raising the pitch of the new sound such that it 1s distinct from the
background sounds).

{B080] The adjusted electrical input signals that are determined to be charactenistic of the
new sound are generated (404} from the frequency shifted electrical input signals that are
deternimed to be characteristic of the new sound. The adjusted elecirical mput signals can be
stored {e.g., in stored electrical signals 118} and provided to the electrical output signal
generator 120 to be incorporated into the electrical output signals.

{0081] FIG. 4B 1s a flow diagram of another example process 410 for generating the
electrical output signals. The electrical input signals that are determined to be characteristic
of the new sound are adjusted to adjust an amplitude in the new sound when the adjusted
electrical signals are used to cause the audio output transducers to generate audio output
(412). Insome implementations, an amplitude adjustment in the new sound can be
increasing or decreasing the amplitude of the new sound, where an increased amplitude
corresponds to a louder perceived sound by the user 104 and a decreased amplitude

corresponds to a quieter perceived sound by the user 104,
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{0082] For example, an amplitude adjustment can be adjusting the amplitude of the new
sound to a higher amplitude when the new sound is played through the audio output device
such that the higher amplitude causes the new sound to be perceived by the user 104 as
louder relative to auditory environment.

{G083] The adjusted electrical input signals that are determined to be characteristic of the
new sound are generated (414) from the amplitude adjusted electrical input signals that are
determined to be characteristic of the new sound. The adjusted electrical input signals can be
stored (e.g., in stored electrical signals 118) and provided to the electrical output signal
generator 120 to be incorporated into the electrical output signals.

[6084] FIG. 5 1s a flow diagram of another example process 500 for generating the
electrical output signals. In some implementations, a directional component that is indicative
of the source {(e.g., 108a, 108b) of the new sound that was not present in the current auditory
environment before the detection 15 determuned based on the electrical input signals and the
data describing the current auditory environment (502). A directional component includes
mformation {e.g., in front of the user 104, behind the user 104, above/below the user 104,
etc.) of a location of the source 108a of the new sound relative to the user 104, For example,
a new sound may be a person speaking to the user 104 and who 15 behind the user 104,
Information related to the directional component may be stored in stored electrical signals
118 and used by the electrical out signal generator 120 when generating the electrical output
signal for the new sound.

[B085] The electrical output signals are generated from the adjusted electrical signals and
the electrical mput signals that are not determined to be characteristic of the new sound. The
electrical output signals are generated so that the electrical output signals cause the andio
output transducers 122 to generate the new sound as originating from a position that 1s
defined by the directional component (504). The audio signal provided to the user 104 by
audio output device 124 can be perceived by the user as originating from a position that is
defined by the directional component (e.g., by output panning, by synthesizing a three-
dimensional sound location by varving the Interaural Time Dnfference (ITD) and Interaoral
Level Bifference (LD} cues, or by full three-dimensional sound rendering using ). Inone

example, surround sound using multiple audio output devices 124 can provide audio signal to

19



WO 2020/005672 PCT/US2019/038099

the user 104 such that the audio signal 15 perceived by the user as originating from a position
that is defined by the directional component.

{6086} In some implementations, an augmented reality or virtual reality experience
provide the new sound as originating from a position that is defined by the directional
component in accordance to a virtual source being present in the user’s virtual/augmented
reality experience. For example, a virtual reality experience shows a user a person speaking
to the left of the user, and the audio signal of the person speaking is presented to the user
such that the user perceives the person speaking to be on their left.

{GOR7] The directional component for a source can change as the user 104 moves relative
to the source. In one example, if the source is behind the user, the audio signal can be
presented to the user with a directional component indicative of the source being behind the
user. If the user 104 then turns to face the source, the directional component indicative of the
source will reflect this relative movement and will be indicative of the source being in front
of the user.

[B088] In some implementations, the augmented environmental awareness system 102
monitors a user’s 104 reaction to the presentation of a new sound, and adjusts the
presentation of the auditory environment in response. For example, if a user 104 reacts (e.g,
turns to face the source of the new sound, stops speaking, pays attention) to the presentation
of the new sound, the augmented environmental awareness system 102 can deternune that the
new sound s a current sound of interest to the user 104, User 104 reactions to the new sound
can be determined, for example, using electroencephalogram EEG signals from the user 104
that indicate the user is paying attention, accelerometer data from a user’s wearable device
{e.g., smart glasses, headphones), a change in the user’s speech (e.g., the user stops
speaking).

{(089] In another example, if the user 104 does not react {(e.g., continues speaking, does
not mdicate paving attention) to the presentation of the new sound, the augmented
environmental awareness system 102 can determine that the new sound s not a current sound
of interest to the user 104, The augmented environmental awareness system 102 can fade the
new sound to a background level (e.g., lower the amplitude of the new sound) or otherwise

adjust the new sound to a lower priority in the user’s auditory environment.
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{6090} In some implementations, a user’s 104 reaction to the presentation of a new sound
can be used by the augmented environmental awareness system 102 to refine one or more
machine-learned models used by the new sound detector 114 to detect and identify new
sounds that may be of interest to the user 104, For example, if a user 104 ignores the
presentation of a new sound (e.g., a window opening), then the augmented environmental
awareness system 102 may de-emphasize sounds of the same classification for future new
sounds that are detected. In another example, if a user 104 reacts and pays attention to the
presentation of a new sound {(e.g., a spouse speaking), then the augmented environmental
awareness system 102 may emphasize the importance of sounds of the same classification
{(e.g., that the user’s spouse should always be presented as a new sound of interest}. A model
can be trained using user reactions to the presentation of sounds over a training period to
distinguish between a new sound that 15 of interest to the user 104 and a new sound that 15 not
of interest to the user 104 such that only the electrical mput signals that are characteristic of
the new sound of interest are adjusted by the electrical signal adjuster 116 to highlight the
new sounds of mterest when the electrical output signals that are generated with the adjusted
electrical signals are provided to the audio output transducer 122.

{0091] In some implementations, the system may process speech input from the user to
process new sounds according to the user’s spoken mstructions. For example, a user may not
be interested m a new sound and may utter “T don’t want to histen to that new sound,” and the
system may suppress the electrical signals that are characteristic of the new sound. One
example use case are sound headphones that make the user aware of physical environment
sounds. The user may be listening to a symphony, and when the user’s phone rings, the
system may present the new sound of the phone ringing to the user. The user may utter “1
don’t want to listen to that new sound” and the headphones will no longer present the phone
ringer to the user, e.g., may isolate the user from physical environment sounds. Conversely,
suppose the user 1s listening to the symphony, and there is noise in the physical environment,
e.g., a washing machine is out of balance, or the phone rings, etc. Should the user be
interested in the new sound, the user may utter “T want to listen more closely.” The system
may then continue to present the new sound to the user while suppressing the sounds of
current interest, e.g., the electrical signals that are used to generate the symphony are paused

or suppressed.
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{6092} Embodiments of the subject matter and the operations described in this
specification can be implemented in digital electronic circuitry, or in computer software,
firmware, or hardware, including the structures disclosed in this specification and their
structural equivalents, or in combinations of one or more of them. Embodiments of the
subject matter described in this specification can be implemented as one or more computer
programs, i.e., one or more modules of computer program instructions, encoded on computer
storage medium for execution by, or to control the operation of, data processing apparatus.
[6093] A computer storage medium can be, or be included in, a computer-readable
storage device, a computer-readable storage substrate, a random or serial access memory
array or device, or a combination of one or more of them. Moreover, while a computer
storage medium 1S not a propagated signal, a computer storage medium can be a source or
destination of computer program mstructions encoded 1n an artificially-generated propagated
signal. The computer storage medium can also be, or be included in, one or more separate
physical components or media {(e.g., multiple CDs, disks, or other storage devices).

[0094] The operations described in this specification can be implemented as operations
performed by a data processing apparatus on data stored on one or more computer-readable
storage devices or received from other sources.

[6095] The term “data processing apparatus” encompasses all kinds of apparatus,
devices, and machines for processing data, mchuding by way of example a programmable
processor, a computer, a system on a chip, or multiple ones, or combinations, of the
foregoing. The apparatus can include special purpose logic circuitry, e.g., an FPGA (field
prograrmnmable gate array) or an ASIC (apphication-specific integrated circuit). The apparatus
can also mchude, tn addition to hardware, code that creates an execution environment for the
computer program in question, e.g., code that constitutes processor firmware, a protocol
stack, a database management system, an operating system, a cross-platform runtime
environment, a virtual machine, or a combination of one or more of them. The apparatus and
execution environment can realize various different computing model infrastractures, such as
web services, distributed computing and grid computing infrastructures.

{(096] A computer program {also known as a program, software, software application,
script, of code) can be written in any form of programming language, including compiled or

mterpreted languages, declarative or procedural languages, and it can be deployed in any
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form, including as a stand-alone program or as a module, component, subroutine, object, or
other unit suitable for use in a computing environment. A computer program may, but need
not, correspond to a file in a file system. A program can be stored in a portion of a file that
holds other programs or data {e.g., one or more scripts stored in a markup language
document), in a single file dedicated to the program m question, or in multiple coordinated
files (e.g., files that store one or more modules, sub-programs, or portions of code). A
computer program can be deployed to be executed on one computer or on multiple computers
that are located at one site or distributed across multiple sites and interconnected by a
communication network.

[6097] The processes and logic flows described in this specification can be performed by
one or more programmable processors executing one or more computer programs to perform
actions by operating on input data and generating output. The processes and logic flows can
also be performed by, and apparatus can also be implemented as, special purpose logic
circuitry, e.g., a FPGA (field programumable gate array) or an ASIC {(apphcation-specific
mtegrated circuit).

[6098] Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more processors
of any kind of digital computer. Generally, a processor will receive instructions and data
from a read-only memory or a random access memory or both. The essential elements of a
computer are a processor for performing actions in accordance with structions and one or
more memory devices for storing nstructions and data. Generally, a computer will also
melude, or be operatively coupled to recetve data from or transfer data to, or both, one or
more mass storage devices for storing data, e.g., magnetic, magneto-optical disks, or optical
disks. However, a computer need not have such devices. Moreover, a computer can be
embedded 1n another device, e.g., 3 mobile telephone, a personal digital assistant (PDA), a
mobile audio or video plaver, a game console, a Global Positioning System (GPS) receiver,
or a portable storage device {e.g., a universal serial bus (USB) flash drive), to name just a
few. Devices suitable for storing computer program instructions and data include all forms
of non-volatile memory, media and memory devices, including by way of example
semiconductor memory devices, e.g., EPROM, EEPROM, and flash memory devices;

magnetic disks, e.g., internal hard disks or removable disks; magneto-optical disks; and
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CD-ROM and DVD-ROM disks. The processor and the memory can be supplemented by, or
incorporated in, special purpose logic circuitry.

{6099} To provide for interaction with a user, embodiments of the subject matter
described in this specification can be implemented on a computer having a display device,
e.g., a CRT {cathode ray tube) or LCD (hiquid crystal display) monitor, for displaying
information to the user and a keyboard and a pointing device, e g., a mouse or a trackball, by
which the user can provide input to the computer. Other kinds of devices can be used to
provide for interaction with a user as well; for example, feedback provided to the user can be
any form of sensory feedback, e g., visual feedback, auditory feedback, or tactile feedback;
and mnput from the user can be received in any form, including acoustic, speech, or tactile
input. In addition, a computer can interact with a user by sending documents to and
receiving documents from a device that 15 used by the user; for example, by sending web
pages to a web browser on a user’s user device i response to requests received from the web
browser.

[00100] Embodiments of the subject matter described in this specification can be
implemented i a computing system that includes a back-end component, e.g., as a data
server, or that mcludes a muddleware component, e g., an application server, or that includes
a front-end component, e.g., a user computer having a graphical user interface or a Web
browser through which a user can interact with an implementation of the subject matter
described in this specification, or any combination of one or more such back-end,
middleware, or front-end components. The components of the system can be interconnected
by any form or medium of digital data commumcation, e.g., a communication network.
Examples of communication networks include a local area network (“LAN”) and a wide area
network (“WAN”), an inter-network {e.g., the Internet), and peer-to-peer networks {e.g., ad
hoc peer-to-peer networks).

{60101] The computing system can include users and servers. A user and server are
generally remote from each other and typically interact through a communication network.
The relationship of user and server arises by virtue of computer programs running on the
respective computers and having a user-server relationship to each other. In some
embodiments, a server transmits data (e.g., an HTML page} to a user device (e g, for

purposes of displaying data to and receiving user input from a user interacting with the user
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device). Data generated at the user device {e.g., a result of the user interaction) can be
received from the user device at the server.

[60102] While this specification contains many specific implementation details, these
should not be construed as limitations on the scope of any features or of what may be
claimed, but rather as descriptions of features specific to particular embodiments. Certain
features that are described in this specification in the context of separate embodiments can
also be implemented in combination in a single embodiment. Conversely, various features
that are described in the context of a single embodiment can also be implemented in multiple
embodiments separately or in any suitable subcombination. Moreover, although features
may be described above as acting in certain combinations and even mitially claimed as such,
one or more features from a claimed combination can in some cases be excised from the
combination, and the claimed combination may be directed to a subcombination or variation
of a subcombination.

[60103] Swularly, while operations are depicted in the drawings in a particular order, this
should not be understood as requiring that such operations be performed 1n the particular
order shown or in sequential order, or that all dlustrated operations be performed, to achieve
desirable results. In certain circumstances, multitasking and parallel processing may be
advantageous. Moreover, the separation of various system components in the embodiments
described above should not be understood as requiring such separation n all embodiments,
and 1t should be understood that the described program components and systems can
generally be integrated together 1 a single software product or packaged mte multiple
software products.

[B0104]  Thus, particular embodiments of the subject matter have been described. Other
embodiments are within the scope of the following claims. In some cases, the actions recited
in the claims can be performed in a different order and still achieve desirable resulis. In
addrtion, the processes depicted in the accompanying figures do not necessarily require the
particular order shown, or sequential order, to achieve desirable results. In certain

implementations, multitasking and parallel processing may be advantageous.
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CLAIMS

What is claimed 1s:

1. A system, comprising:
audio output transducers that transduce electrical output signals into acoustic sounds;
and
a signal processing device that receives as input electrical input signals, and 1n data
communication with the audio output transducers to provide the electrical output signals to
the audio output transducers, and wherein the signal processing device 1s arranged to execute
instructions that cause the signal processing device to perform operations comprising:
detecting, based on the electrical input signals and data describing a current
auditory environment, a new sound that was not present in the current auditory environment
before the detection;
adjusting electrical input signals that are determined to be characteristic of the
new sound to generate adjusted electrical signals;
generating electrical output signals from the adjusted electrical signals that are
determined to be charactenistic of the new sound and from electrical input signals that are not
determined to be characteristic of the new sound; and

providing, to the audio output transducers, the electrical output signals.

2. The system of claim 1, wherein the data describing the current auditory environment
comprises data generated from electrical input signals received prior to the received electrical
input signals from which the new sound was detected.
3. The system of claim 2, further comprising a plurality of audio input transducers that
transduce acoustic sounds into electrical input signals, and wherein:

the signal processing device is in data communication with the audio input
iransducers; and

detecting, based on the electrical input signals and data describing the current

auditory environment, the new sound that was not present in the current auditory
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environment before the detection comprises detecting the new sound from the electrical input

signals provided from the audio mput transducers.

4. The system of claim 1, whereimn:

generating the adjusted electrical signals that are determined to be characteristic of
the new sound comprises storing the electrical input signals that are determined to be
characteristic of the new sound for a duration of a current sound of interest; and

generating the electrical output signals from the adjusted electrical signals and
electrical input signals that are not determined to be characteristic of the new sound
comprises generating the electrical cutput signal from the electrical input signals that are not
determined to be characteristic of the new sound and the stored electrical input signals that

are determined to be characteristic of the new sound.

S. The system of clamm 3, wheremn:
generating the adjusted electrical signals that are determined to be charactenistic of
the new sound comprises:
monitoring the electrical input signals to detect an absence of a current sound
of interest;
and wherein storing the electrical input signals that are deternuned to be characteristic

of the new sound occurs during the monttoring.

6. The system of clam 5, wherein monstoring the electrical mnput signals to detect the
absence of a current sound of interest comprises detecting a prosodic signal that 13 mndicative

of an end of the current sound of interest.

7. The system of claim 3, wherein generating the electrical output signals from the
adjusted electrical signals and electrical input signals that are not determined to be
characteristic of the new sound comprises inserting the stored electrical input signals that are
determined to be characteristic of the new sound in the generated electrical output signals ata

time that the current socund of interest is absent.
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8. The system of claim 3, wherein the new sound is a sound generated by speech.

9. The system of claim 1, wherein:

generating the adjusted electrical input signals that are determined to be characteristic
of the new sound comprises adjusting the electrical input signals that are determined to be
characteristic of the new sound to cause a frequency shift in the new sound when the adjusted

electrical signals are used to cause the audio output transducers to generate audio output.

10. The system of claim 1, wherein detecting, based on the electrical input signals and
data describing the current auditory environment, a new sound that was not present in the
current auditory environment before the detection includes determining a directional

component indicative of a source of the new sound.

I The system of clanm 10, wherein generating electrical output signals from the
adjusted electrical signals and electrical input signals that are not determined to be
characteristic of the new sound includes generating the electrical output signals so that the
electrical output signals cause the audio output transducers to generate the new sound as

originating from a position that 15 defined by the directional component.

12, The system of claim 1, wherein adjusting electrical input signals that are determined
to be characteristic of the new sound to generate adjusted electrical signals comprises
adjusting an amplitude of the electrical input signals that are determined to be characteristic

of the new sound.

13. A method implemented in a data processing apparatus, comprising:

receiving as input, by the data processing apparatus, electrical mput signals;

detecting, based on the electrical input signals and data describing a current auditory
environment, a new sound that was not present i the current auditory environment before
the detection;

adjusting electrical input signals that are determined to be characteristic of the new

sound 1o generate adjusted electrical signals;
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generating electrical output signals from the adjusted electrical signals that are
determined to be characteristic of the new sound and from elecirical input signals that are not
determined to be characteristic of the new sound; and

providing, to audio output transducers, the electrical output signals.

14. The method of claim 13, wherein the data describing the current auditory
environment comprises data generated from electrical input signals received prior to the

recetved electrical input signals from which the new sound was detected.

15. The method of claim 14, further comprising:
transducing acoustic sounds into the electrical input signals; and
detecting the new sound from the electrical mput signals provided from the audio

mput transducers.

16, The method of claim 13, wherein:

generating the adjusted electrical signals that are determined to be characteristic of
the new sound comprises storing the electrical input signals that are determined to be
characteristic of the new sound for a duration of a current sound of interest; and

generating the electrical output signals from the adjusted electnical signals and
electrical mput signals that are not determined to be characteristic of the new sound
comprises generating the electrical output signal from the electrical input signals that are not
deternimed to be characteristic of the new sound and the stored electrical mput signals that

are determined to be characteristic of the new sound.

17. The method of ¢laim 16, whergin;
generating the adjusted electrical signals that are determined to be characteristic of
the new sound comprises:
monitoring the electrical input signals to detect an absence of a current sound
of interest;

and wherein storing the electrical imput signals that are determined to be characteristic
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of the new sound occurs during the monitoring.

I8 The method of claim 17, wherein monitoring the electrical input signals to detect the
absence of a current sound of interest comprises detecting a prosodic signal that is indicative

of an end of the current sound of interest.

19. The method of claim 15, wherein generating the electrical output signals from the
adjusted electrical signals and electrical input signals that are not determined to be
characteristic of the new sound comprises mserting the stored electrical input signals that are
determined to be characteristic of the new sound in the generated electrical output signals ata

time that the current sound of tnterest is absent.

20, The method of claim 13, wherein adjusting electrical input signals that are determined
o be characteristic of the new sound to geverate adjusted electrical signals comprises
adjusting an amplitude of the electrical input signals that are determined to be characteristic

of the new sound.

30



PCT/US2019/038099

WO 2020/005672

1/5

q801
82IN0G

et

01 498N

Y7 1 89e(]
ndng
olpny

071 Jouausr jeublg
nding feotyoeis

gt
sjpufic
[B0L108)
PRICIS

o1 Jsonpsuel]
ndng oipny

31y sesnipy
feubis {21083

¥l
I0J08I8(] pUNOS MeN

sjeuBic induj leonos)3

[

L Ol

901 Jeonpsuel |
ndu) opny

701 WoISAS SSeUBIEMY [BIUSWILORAUT pajuaubny

[T 80n0g fenuin

Noaw




WO 2020/005672

EDGZ

2/5

Detect a new sound that was not prasent in the current auditory
environment

[
<D
1%

}

Adiust electrical input signals that are determined to be
characteristic of the new sound to generate adjusted electrical
sighals

N
=

0

!

Generate aiacirical output signals from the adjusted electrical
signals and from the electrical input signals that are not
defermined to be characteristic of the new sound

N3
<>

!

Provide the electrical oufput signals fo the audio output
iransducers

D
<>
o

FIG. 2

PCT/US2019/038099



WO 2020/005672

SDGZ

3/5

Store the electical input signals that are defermined o be
characteristic of the new sound for the duration of a current
sound of interast

>
<
1%

!

Moritor the eiectrical input signals to detect an absence of a
current sound of inferest

1363
o
Y

!

Insert the stored electrical input signals that are determined to
be characteristic of the new sound in the generated electrical
output signals af a time that the current scund of inferestis
absent

306

|

Generalz the elecirical cutput signal from the electrical input
signals that are not determinad o be characteristic of the new
sound and the stored electrical input signals that are determined

to be characteristic of the new sound 208

FIG. 3

PCT/US2019/038099



WO 2020/005672 PCT/US2019/038099

4/5

ADGZ

Adiust the electrical input signals that are determined to be
characteristic of the new sound to causa a frequency shift in the
new sound whan the adjusted electrical input signals ars used to

cause the audio oufput transducers to generate audio oulput.

_ 402

Genarate the adjusted electrical input signals that are
determined fo be characteristic of the new sound

04

FIG. 4A

4192

Adjust an amplitude of the electrical input signals that are
determined o be characieristic of the new sound.

12
Gernerate the adjusted electiical input signals that are
determined o be characteristic of the new sound
14

FIG. 4B



WO 2020/005672

5002

5/5

Determine a directional component indicative of a sourca of the
new sound

502

!

Generate the electrical oufput signals so that the electrical
output sigrals cause the audio oulput fransducers o generate
the new sound as originating from a position that is defined by

the directional component

504

FIG. 5

PCT/US2019/038099



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2019/038099

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4R3/00
ADD. GlOL25/78 HO457/00

HO4R5/033

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

G1OL HO4R HOA4S

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 7 903 825 Bl (MELANSON JOHN L [US]) 1-4,
8 March 2011 (2011-03-08) 8-16,20
Y column 3, line 34 - Tine 60; figure 1 5-7,
column 4, line 31 - column 5, line 13; 17-19
figure 3
column 7, lines 25-37, 61-67
column 8, line 10 - line 22
X US 2017/188168 Al (LYREN PHILIP SCOTT [CN] 1-3,
ET AL) 29 June 2017 (2017-06-29) 8-15,20
Y paragraph [0023] 5-7,
paragraphs [0050], [0051] 17-19
paragraphs [0246] - [0250]
figure 17
- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

30 August 2019

Date of mailing of the international search report

09/09/2019

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Betgen, Benjamin

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2019/038099

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X
Y

US 2014/270200 Al (USHER JOHN [GB] ET AL)
18 September 2014 (2014-09-18)

paragraphs [0021], [0022], [0024];
figure 1

paragraph [0027]; figure 2a

paragraph [0034]; figure 2c

US 2017/345429 Al (HARDEE CHRISTOPHER J
[US] ET AL) 30 November 2017 (2017-11-30)
paragraph [0005]

-3
-1
7

— G100 -

5,20
7-19

5-7,
17-19

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2019/038099
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 7903825 Bl 08-03-2011 US 7903825 B1 08-03-2011
US 8804974 B1 12-08-2014
US 9613622 B1 04-04-2017
US 2017188168 Al 29-06-2017 US 10362421 Bl 23-07-2019
US 10368179 Bl 30-07-2019
US 2017188168 Al 29-06-2017
US 2017339503 Al 23-11-2017
US 2018084359 Al 22-03-2018
US 2019007776 Al 03-01-2019
US 2014270200 Al 18-09-2014  NONE
US 2017345429 Al 30-11-2017 US 2017345429 Al 30-11-2017
US 2018053513 Al 22-02-2018

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - wo-search-report
	Page 39 - wo-search-report
	Page 40 - wo-search-report

