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(57) Abstract: Embodiments disclosed herein may include a wearable appar
atus including a frame having a memory and processor associated therewith.
The apparatus may include a camera associated with the frame and in com
munication with the processor, the camera configured to track an eye of a
wearer. The apparatus may also include at least one microphone associated
with the frame. The at least one microphone may be configured to receive a
directional instruction from the processor. The directional instruction may be
based upon an adaptive beamforming analysis performed in response to a de
tected eye movement from the infrared camera. The apparatus may also in
clude a speaker associated with the frame configured to provide an audio sig
nal received at the at least one microphone to the wearer.
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Wearable Communication Enhancement Device

Cross-Reference to Related Application
[001] This application claims the benefit of U.S. Patent Application No. 14/035,142,

filed on September 24, 2013, entitled "Wearable Communication Enhancement Device". The
entire disclosure of which is incorporated herein by reference.

Technical Field
[002] This disclosure relates to communication aids and, more particularly, to a

wearable device capable of enhancing communication between one or more people.

Background
[003] Today's hearing aids generally increase the volume on everything in proximity to

the user. As a result, crowded areas or areas having a number of different sounds tend to be
extremely unpleasant for the wearer. Further, current hearing aids often generate feedback
when other people speak near the wearer's ear. These types of issues often result in the
wearer resorting to lip reading or alternative sub-optimal techniques.

Summary of Disclosure
[004] In one implementation, a wearable apparatus, in accordance with this disclosure,

may include a frame having a memory and processor associated therewith. The apparatus
may include a camera associated with the frame and in communication with the processor,
the camera configured to track an eye of a wearer. The apparatus may also include at least
one microphone associated with the frame, the at least one microphone configured to receive

a directional instruction from the processor, the directional instruction based upon, at least in
part, an adaptive beamforming analysis performed in response to a detected eye movement

from the infrared camera. The apparatus may further include a speaker associated with the
frame configured to provide an audio signal received at the at least one microphone to the
wearer.

[005]

One or more of the following features may be included. In some embodiments,

the processor may be configured to convert the audio signal to text. The apparatus may also
include at least one lens configured to receive the text results from the processor and to
provide the text to the wearer. The apparatus may further include a facial recognition camera
associated with the frame, the facial recognition camera configured to identify a non-wearer
of the apparatus. In some embodiments, the speaker may be included within at least one
headphone in communication with the processor. In some embodiments, the memory may be
configured to store at least one of contact information and conversation log files based upon
the converted text.

The directional instruction may be based upon, at least in part, an

identification of a non-wearer of the apparatus. The identification of the non-wearer of the
apparatus may be performed based upon an eye movement of the wearer. The identification
of the non-wearer of the apparatus may be performed based upon receiving an input from an
input device associated with the frame. In some embodiments, the at least one lens may be
configured to display visual feedback to the wearer, the visual feedback including at least one
of beam shape, beam direction, and an identified non-wearer of the apparatus.
[006] In another implementation, a method is provided.

The method may include

tracking an eye of a wearer using a camera associated with a frame, the frame having a
processor and a memory associated therewith. The method may also include receiving a
directional instruction from the processor at a microphone associated with the frame, the
directional instruction based upon, at least in part, an adaptive beamforming analysis
performed in response to a detected eye movement from the camera.

The method may

further include adjusting a direction of the microphone, based upon the directional
instruction, receiving an audio signal at the at least one microphone and providing the audio
signal to the wearer using a speaker associated with the frame.
[007]

One or more of the following features may be included. In some embodiments,

the method may include converting, using the processor, the audio signal to text. The method
may also include receiving the text results from the processor and providing the text to the at
least one lens. The method may further include identifying a non-wearer of the apparatus

using a facial recognition camera associated with the frame.

In some embodiments, the

speaker may be included within at least one headphone in communication with the processor.
The method may also include storing at least one of contact information and conversation log
files based upon the converted text in the memory. In some embodiments, the directional

instruction may be based upon, at least in part, an identification of a non-wearer of the
apparatus. The identification of the non-wearer of the apparatus may be performed based

upon an eye movement of the wearer. The identification of the non-wearer of the apparatus
may be performed based upon receiving an input from an input device associated with the
frame. The method may further include displaying visual feedback to the wearer at the at

least one lens, the visual feedback including at least one of beam shape, beam direction, and
an identified non-wearer of the apparatus.
[008] The details of one or more implementations are set forth in the accompanying

drawings and the description below. Other features and advantages will become apparent
from the description, the drawings, and the claims.

Brief Description of the Drawings
[009] FIG. 1 is a diagrammatic view of a wearable apparatus in accordance with an

embodiment of the present disclosure;
[0010] FIG. 2 is a diagrammatic view of a wearable apparatus in accordance with an

embodiment of the present disclosure;
[0011] FIG. 3 is a block diagram of a beamformer that may be used in accordance with
an embodiment of the present disclosure;

[0012] FIG. 4 is a block diagram of an equalization system that may be used in

accordance with an embodiment of the present disclosure;
[0013] FIG. 5 is a block diagram of an acoustic echo cancellation system that may be

used in accordance with an embodiment of the present disclosure;
[0014] FIG. 6 is a diagrammatic view of a display generated by a wearable apparatus in

accordance with an embodiment of the present disclosure;
[0015] FIG. 7 is a diagrammatic view of a system configured to implement an acoustic

beamforming process in accordance with an embodiment of the present disclosure; and
[0016] FIG. 8 is a flowchart of an acoustic beamforming process in accordance with an

embodiment of the present disclosure.
[0017] Like reference symbols in the various drawings may indicate like elements.

Detailed Description of the Embodiments
[0018] Embodiments provided herein are directed towards a wearable device that may

assist the user in communicating with other individuals. Some embodiments may include an
assistive wearable device that may utilize eye-tracking to direct acoustic beamforming for the
purpose of directed speech recognition.

Some embodiments may also provide real-time

closed captioning, as well as enhanced and amplified audio, to the wearer.

In this way,

embodiments of the present disclosure may allow deaf or hard of hearing people to
communicate more easily than existing hearing aids.
[0019] Referring to FIG. 1, there is shown an embodiment depicting a wearable

communication apparatus 100 in accordance with the present disclosure. Apparatus 100 may
include a frame 102 having numerous components associated therewith. As shown in FIG. 1
some components may include, but are not limited to, front facing camera 104, at least one
microphone 106, one or more speakers 108, transparent lenses 110a and 110b, and rearward
facing camera (shown in FIG. 2). Frame 102 may include at least one memory and processor
onboard that may be configured to communicate with some or all of the components
associated with frame 102. Frame 102 may be constructed out of any suitable material and
may be configured to be worn on the head of a user as indicated by FIG.

1.

[0020] In some embodiments, frame 102 may include a front facing camera 104.

Front

facing camera 104 may be embedded within frame 102 and may be in communication with
the onboard processor associated with apparatus 100.

Front facing camera 104, in

conjunction with the onboard processor and memory, may include facial recognition
capabilities. Accordingly, front facing camera 104 may be configured to identify a wearer
and/or non-wearer of the apparatus.
[0021] In some embodiments, the facial recognition capabilities of apparatus 100 may be

combined with voice biometrics, which may allow the system to recognize who was speaking
and pair it with personal information. For example, if the wearer was speaking to a person
saved in his/her contacts, this voice/face may be paired with their contact information.
Additionally and/or alternatively, if it is a person the wearer has previously spoken to but not
saved, apparatus 100 may prompt the wearer to save their information.

In some

embodiments, apparatus 100 may be configured to recognize when the person has introduced
themselves, and ask the wearer to confirm that he/she would like to save that information.
This option may be provided using the closed captioning option described herein, using the
speakers, and/or any other suitable approach.
[0022] Referring also to FIG. 2, an embodiment of a wearable apparatus 200 is shown.

Wearable apparatus 200 may include any or all of the components discussed with reference to
FIG.

1.

Additionally and/or alternatively, wearable apparatus 200 may include one or more

cameras 202A and 202B (e.g. infrared cameras), which may be associated with frame 102
and in communication with the onboard processor. In some embodiments, infrared cameras
202A and 202B may be configured to track the eye of the wearer of the apparatus. The term
"camera" as used herein may refer to its ordinary meaning as well as to any device that may
be used to track the movement of an object and/or to provide video with regard to a particular
target.
[0023] In some embodiments, frame 102 may include one or more microphones 106.

Although, two microphones are depicted in FIG. 1 any number of microphones may be used
without departing from the scope of the present disclosure.

Microphones 106 may be

configured to receive speech input signals from one or more individuals and/or alternative
input signal sources within the range of apparatus 100. Some alternative input sources may
include, but are not limited to, televisions, radios, cellphones, and/or any other source of
sound. Microphone 106 may also be in communication with the onboard processor and may

be configured to receive one or more instructions from the processor. In some embodiments,
this directional instruction may be based upon an adaptive beamforming analysis performed
by the processor, which may occur in response to a detected eye movement from infrared

camera 202A and/or 202B. The directional instruction may be configured to result in an
adjustment at microphone 106. The concept of beamforming is discussed in further detail
below with reference to FIGS. 3-5.
[0024] In some embodiments, an identification of the non-wearer of the apparatus may be

performed based upon an input from front facing camera 104 and may be based upon the user
selecting the non-wearer as the person of interest or the person's whose speech the wearer is
interested in focusing upon (e.g. using an eye movement, audible selection, physical button
selection, etc.). Additionally and/or alternatively, the identification of the non-wearer of the
apparatus may be performed based upon receiving an input from an input device associated
with the frame. In some embodiments, at the wearer's option, a directional instruction may
be sent to microphones 106 based upon this identification and selection.
[0025] In some embodiments, frame 102 may also include one or more speakers 108 as

shown in FIG.

1.

Speakers 108 may be associated with frame 102 and may be configured to

provide an audio signal received at microphone 106 to the wearer. In some embodiments, the
audio signals may undergo processing prior to output at speakers 108. Speakers 108 may be
included within a headphone that may be in communication with the processor. Any suitable
speaker may be used without departing from the scope of the present disclosure, including,
but not limited to, the ear-bud speakers depicted in FIG. 1. In some embodiments, speakers
108 may be connected with frame 102 using any suitable approach, for example, using an

audio jack, hardwired, and/or other connection.
[0026] In some embodiments, speakers 108 may be configured to synchronize with

apparatus 100, and may include a programmable equalizer capable of calibration, which may
allow the user the option of adjusting one or more settings such as altering the low end
frequencies, boosting the midrange, etc. Accordingly, apparatus 100 may be configured to
periodically administer quick hearing tests to recalibrate itself as the wearer's hearing may
deteriorate over time.
[0027] In some embodiments, the onboard processor may be configured to receive the

input signals from microphones 106.

The received input signals may be processed and

transmitted to speakers 108 for the benefit of the wearer. Additionally and/or alternatively,
the onboard processor may convert the received audio signal to text for the wearer to read,
thus providing a closed-captioning functionality an example of which is depicted in FIG. 6
discussed below.
[0028] FIG. 6 depicts an embodiment of the wearable apparatus that shows a display as

viewed by the wearer through lens 110A/B. As discussed above, lenses 110A/B may be
configured to receive the text results from the processor and to provide the text to the wearer
via a display visible to the wearer.

Lenses 110A/B may include transparent or partially

transparent screens that allow the user to view their surroundings while also providing the
closed-captioning feedback shown in FIG. 6 . In some embodiments, lenses 110A/B may be
configured to display various types of visual feedback to the wearer, for example, via the
display shown in FIG. 6 . The visual feedback may include, but is not limited to, beam shape,
beam direction, and the identification of the non-wearer of the apparatus.
[0029] As discussed above, frame 102 may include one or more memory devices

associated therewith. Some suitable memory types may include, but are not limited to, hard
disk drives, tape drives, optical drives, RAID devices, random access memories (RAM),
read-only memories (ROM), and all forms of flash memory storage devices. For example, in
some embodiments, frame 102 may include onboard flash memory, which may be configured
to store contact information and to save encrypted conversation log files. Additionally and/or
alternatively, wearable apparatus 100 may be in communication with a configurable amount
of cloud storage, which may allow for the offloading of various types of data.

Some

representative types of data may include, but are not limited to, saved chat logs and backup
contact information.
[0030] In some embodiments, apparatus 100 may include various types of speech

recognition software, which may be executed in whole or in part by the onboard processor.
Additionally and/or alternatively, apparatus 100 may be in communication with one or more
server devices that may perform some or all of the speech recognition operations.
Accordingly, apparatus 100 may use speech recognition to intelligently categorize elements

of the conversation. Some elements capable of being categorized may include, but are not
limited to, things, events, places, people, or any other category/type designation created or
discovered by the software.
[0031] Referring now to FIG. 3, an embodiment of a beamforming system 300 including

both a beamformer and a postfilter is provided. As discussed above, the systems of FIGS. 3-5
may employ various beamforming techniques, which may be configured to generate one or
more directional instructions that may be received by microphones 106 and may be used to
focus upon a particular speaker or source of sound. System 300 may be associated with one

or microphones such as those described above and may be incorporated within apparatus 100.
In some embodiments, system 300 may be configured to receive one or more audio signals
such as those described above. System 300 may include beamformer 302 and postfilter 304
as well as a number of other processing components and circuitry types, such as those

discussed below.

In some embodiments, processing of audio signals may occur in

beamformer 302, postfilter 304, adaptive blocking matrix 306, etc.
[0032] The term "Beamforming", as used herein, may generally refer to a signal

processing technique used in sensor arrays for directional signal transmission or reception.
Beamforming methods may be used for background noise reduction in a variety of different
applications. A beamformer such as beamformer 302, may be configured to process signals
emanating from a microphone array to obtain a combined signal in such a way that signal
components coming from a direction different from a predetermined wanted signal direction
are suppressed.

Microphone arrays, unlike conventional directional microphones, may be

electronically steerable which gives them the ability to acquire a high-quality signal or
signals from a desired direction or directions while attenuating off-axis noise or interference.
It should be noted that the discussion of beamforming is provided merely by way of example
as the teachings of the present disclosure may be used with any suitable signal processing

method.
[0033] In some embodiments, beamforming may provide a specific directivity pattern for

a microphone array. In the case of, for example, delay-and-sum beamforming (DSBF),

beamforming encompasses delay compensation and summing of the signals. Due to spatial
filtering obtained by a microphone array with a corresponding beamformer, it is often
possible to improve the signal to noise ratio ("SNR").

However, achieving a significant

improvement in SNR with simple DSBF requires an impractical number of microphones,
even under idealized noise conditions. Another beamformer type is the adaptive beamformer.
Traditional adaptive beamformers optimize a set of channel filters under some set of
constraints. These techniques do well in narrowband, far-field applications and where the
signal of interest generally has stationary statistics.

However, traditional adaptive

beamformers are not necessarily as well suited for use in speech applications where, for
example, the signal of interest has a wide bandwidth, the signal of interest is non-stationary,
interfering signals also have a wide bandwidth, interfering signals may be spatially
distributed, or interfering signals are non-stationary.

A particular adaptive array is the

generalized sidelobe canceller (GSC). The GSC uses an adaptive array structure to measure a
noise-only signal which is then canceled from the beamformer output. However, obtaining a
noise measurement that is free from signal leakage, especially in reverberant environments, is
generally where the difficulty lies in implementing a robust and effective GSC. An example
of a beamformer with a GSC structure is described in L . J . Griffiths & C . W. Jim, "An
Alternative Approach to Linearly Constrained Adaptive Beamforming", in IEEE Transactions
on Antennas and Propagation, 1982 pp. 27-34.

[0034] In T. Wolff and M . Buck, "A Generalized View on Microphone Array Postfilters",

Proc. International Workshop on Acoustic Echo and Noise Control (IWAENC), Tel Aviv,

Israel, 2010, a postfilter transfer function is described that generalizes some known postfilters such as those proposed by Zelinski, Simmer, McCowan, Leukimmiatis etc.
generalized postfilter is provided below:

Equation 1

A

[0035] Here, Φ χχ

denotes the power spectral density (PSD) at the microphones and

Φ αα is the PSD at the beamformer output. The term in the middle determines the spatial

characteristic of the filter as it depends on the coherence matrix of the entire sound field
as well as the one of the noise J

.

xx

The matrix B can be designed to match the postfilter to

any given beamformer: If B is orthogonal to the LCMV constraint matrix C f hence B C

= 0,

then B becomes a blocking matrix and the postfilter implements the same constraints as the
beamformer. The third part of the transfer function denotes the influence of the blocking
matrix gain

Gbm.

For further details please see T. Wolff and M . Buck, "A Generalized View

on Microphone Array Postfilters", Proc. International Wor hop on Acoustic Echo and Noise

Control (IWAENC), Tel Aviv, Israel, 2010.
[0036] As discussed above, in some embodiments, beamformer-postfilter system 300

may consist of an arbitrary beamformer 302, a blocking matrix 306 and an adaptive postfilter
304.

Postfilter 304 may be ideally matched to beamformer 302 if the blocking matrix

constraint is identical to the beamformer constraint: C Pf = Cbf. If this holds, the blocking
matrix may reject all those signal components that are kept undistorted by the beamformer.
[0037] Equation 1 states that the sum of all PSDs at the blocking matrix output
t B

B

=

may be computed first. For an ideal blocking matrix, this PSD may not contain

any desired speech components anymore, because they have been rejected by the blocking
matrix (blocked).

Practically, however, the reverberation does pass the blocking matrix,

because it does not impinge from the steering direction of the beamformer (diffuse sound).
Therefore we observe noise as well as reverberation at the blocking matrix output. According
to Equation 1 this PSD (

)has to be equalized by

G = tr B

Equation 2

B

= Φ ηη / Φ

to make up for the coloration introduced through the blocking matrix B . Here, Φ ηη is the
noise-PSD at the microphones. The resulting noise estimate may then be subtracted from the
input PSD Φ χχ to obtain the PSD of the desired speech

< >

= Φ χχ — Φ

.

Together with the

PSD at the beamformer output Φ α α , the optimal postfilter H Pf can be computed.
[0038] The equalizer Gn, however, is not known in general and must therefore be

estimated. Classical postfilters such as the one proposed by Zelinski or McCowans Postfilter,
do so by using a Model J

for the noise coherence function. For example, an uncorrelated

noise field or a diffuse noise field is assumed. These models result in a certain equalizer for
the noise

Gn.

Practically, both assumptions do generally not coincide with real noise fields, so

the noise estimators will be biased. As a consequence, the respective filters are not optimal
under practical conditions, which means that either the noise is not suppressed or the filter
will be too aggressive and suppresses speech. Therefore, it has been proposed in T. Wolff and
M . Buck, "A Generalized View on Microphone Array Postfilters", Proc. International

Workshop on Acoustic Echo and Noise Control (IWAENC), Tel Aviv, Israel, 2010, to estimate

the equalization filter G n adaptively. This is typically achieved by temporal averaging
of

nn /

y

during speech pauses and provides an unbiased estimate for the noise PSD

which improves the performance with respect to the noise. To find the speech pauses it is
necessary to use voice activity detection (VAD), which can be implemented similar to the
spatial VAD proposed in O . Hoshuyama and A . Sugiyama, "Robust Adaptive Beamforming",

Microphone Arrays, Springer, Berlin, Heidelberg, NY (2001).
[0039] A similar reasoning holds for the speech, i.e., if the complex coherence function of

the desired speech component is not considered correctly, the postfilter leads to undesired
speech distortion. One way to minimize them is to use an adaptive implementation of the
blocking matrix as proposed in O . Hoshuyama and A . Sugiyama, "Robust Adaptive
Beamforming", Microphone Arrays, Springer, Berlin, Heidelberg, NY (2001), for instance.
The blocking matrix gain

Gbm

in Equation 1 is then typically considered to be infinite, so

there is no need to estimate it (see also T. Wolff and M . Buck, "Influence of Blocking Matrix
Design on Microphone Array Postfilters", Proc. International Workshop on Acoustic Echo

and Noise Control (IWAENC), Tel Aviv, Israel, 2010. As a consequence, the residual speech
that practically still passes the blocking matrix is treated as interference which results in a
dereverberating effect.
[0040] Even with an adaptive blocking matrix it is desired to better control the

dereverberation effect of the postfilter. The filter as described so far does not offer any
possibility to control the dereverberation explicitly. The reason for this is that the equalizer Gn
is designed to match the noise field - not the reverberation.

[0041] The problem of protecting the direct sound from undesired distortions is discussed

somewhat in E.A.P. Habets and S . Gannot, "Dual-microphone Speech Dereverberation Using
a Reference Signal", International Conference on Acoustics, Speech and Signal Processing

(ICASSP '07), Honolulu, Hawaii, 2007. The main idea proposed there is to delay the PSD at
the blocking matrix output

UU

by a few frames D

µ →

k - D^)

Equation 3
and match it to the noise PSD at the beamformer output (note this is in the current frame).

The "matching" may be performed using a gradient algorithm to find the respective mapping.
Since the "noise reference spectrum"

is delayed (hence does not yet contain the reverb in

the current frame) the resulting postfilter exhibits enhanced robustness with respect to
distortion of the direct sound. The delaying, however, turns the simple relation between
Φ

Ι<., µ and the noise PSD at the beamformer output (just a time-invariant equalizer) into a

rather complex relation that depends on signal properties. Also, the proposed method neither
offers a way to achieve stronger suppression of the reverberation, not offers it a way to

control the direct sound distortions explicitly.
[0042] Embodiments of acoustic beamforming process 10 may be configured to

implement a beamformer with a spatial postfilter. Both, the beamformer as well as the spatial
postfilter may be configured to suppress the reverberation as these algorithms focus on the

desired speaker spatially.

The reverberation typically hits the microphones from other

directions (diffuse soundfield).

Putting a spatial focus in the direction of the speaker

therefore suppresses the reverb. Hence, the reverberation may act as an interfering signal.
[0043] Referring now to FIG. 4, an embodiment of a model based equalization system

400, which may be used with acoustic beamforming process 10 is provided. As discussed

above, acoustic beamforming process 10 may include limiting a model based reverberation

equalizer using a temporal constraint for direct sound distortions.

The model based

reverberation equalizer may be configured to generate one or more outputs, based upon, at
least in part, at least one of the first audio signal and the reverberation audio signal. In this

way, in order to optimize the postfilter's behavior with respect to reverberation, acoustic
beamforming process 10 may incorporate an equalization filter

opt

( , ) instead of

( , ).

Accordingly, acoustic beamforming process 10 may utilize a model based equalization that
results from the coherence function of diffuse sound, overestimate it and impose an upper

limit (e.g. Constraint-EQ 406) that limits the distortion of the direct sound components. The

latter is achieved by ensuring a minimum required direct-to-noise ratio (DNR) as is shown in
FIG. 4 .

[0044] In some embodiments, the model based reverberation equalizer may be configured

to increase a level of suppression of reverberation by a spatial postfilter (e.g. postfilter 304).
The model based reverberation equalizer may also be configured to limit some or all of the
distortion of the direct sound and enable spatial filtering at the postfilter.
[0045] In some embodiments, acoustic beamforming process 10 may include receiving

one or more outputs from the model based reverberation equalizer at a postfilter such as

postfilter 304 shown in FIG. 3 . Postfilter 304 may also receive a beamformer output, for
example, from beamformer 302.
[0046] If the equalizer is designed for the diffuse noise field, the resulting postfilter may

be too aggressive in the lower frequencies because the coherence functions of the direct
sound and the diffuse sound may not differ greatly. Therefore, both may be suppressed.
Applying the diffuse soundfield model may not produce an optimal solution in the lower

frequencies.
[0047] In the higher frequencies, the diffuse soundfield model differs greatly from the

coherent direct soundfield and therefore the spatial postfilter works well and leads to the
suppression of reverberation. From the viewpoint of de-reverberation, the performance could
practically be enhanced though (a higher suppression of reverb may be desired.). A higher
suppression of the reverberation could simply be achieved by overestimating the noise PSD.
This, however, may lead to undesired distortions of the desired signal components (direct
sound). To what degree those will be distorted depends on the DNR.
[0048] Referring now to FIG. 5, an embodiment of a system 500 configured to implement
an acoustic echo cancellation process, which may be associated with wearable apparatus 100
is provided. System 500 may include a number of filters 502, 504. Filters 502, 504 may be

of any suitable design, for example, adaptive acoustic filters as are discussed in further detail
below. System 500 may further include sparsity analysis module 506, control filter update
module 508, and constraint module 510. Sparsity analysis module 506 may be configured to
apply at least one sparse update to one or more of filters 502, 504. In some embodiments,
system 500 may update one or more sub-band adaptive filters based upon a multi
dimensional sparsity analysis as is discussed in further detail below. System 500 may be
configured to remove any echo component associated with the received audio reference
signals as shown in FIG. 5 .
[0049] In some embodiments, system 500 may incorporate a multi-channel sub-band

(frequency selective) AEC implementation.

In this way, system 500 may be configured to

analyze a level of signal energy of the audio reference signal with regard to time, frequency
and audio channel to identify at least one maximum error contribution point. Accordingly,
embodiments of system 500 may update only the points in the 3-D time-frequency -channel
space that contribute the most to the error. Additionally and/or alternatively, system 500 may
be configured to set a threshold amount of processing to some predefined amount.
[0050] In some embodiments, system 500 may analyze the multi-channel reference

signals along time, frequency as well as across channels. Then, a function may be applied

that determines how to allocate resources to the respective sub-bands and channels (e.g., in
terms of the number of coefficients that are allowed to be updated). In this way, some filters
(e.g., at a particular frequency and channel) may have no coefficients adapted at all, whereas

others get only some of their coefficients renewed. Only those considered as most important,
will get all their coefficients refreshed. An £-Max approach may finally be used to decide
which coefficients (e.g., at a given channel and sub-band) in particular will finally receive an
update. Various £-Max options may be available.
[0051] Referring again to FIG. 6, in some embodiments, in operation, the wearer of

apparatus 100 may use his/her eyes to point at and/or designate a speaker (or otherwise
control the direction of the beam) they wish to have recognized by apparatus 100. In this
way, the wearer may designate a speaker by looking at them, and then immediately looking
above and below them, which may be captured by rear-facing camera 202A and/or 202B.
Additionally and/or alternatively, the wearer may designate a speaker by determining head or
other body movements, and/or by looking at a speaker and pressing or otherwise activating a
selection option (e.g. small button, voice activated control, etc.) on, or otherwise associated
with, the device. Once a speaker has been designated, apparatus 100 may use employ frontfacing camera 104 to track that person to keep them within the beam's focus and also to
clarify and enhance their speech signal.
[0052] In some embodiments, the eye tracking capabilities discussed herein may include

allowing the beam to follow the eye position of the wearer and/or to allow the wearer to use
his/her eyes as a pointing device. For example, a wearer may focus the acoustic beam on an
individual, may look at them and also "signal" that that person is the target (e.g., after the
wearer looks at the person, by looking above them and below them. Additionally and/or
alternatively, a wearer may use their eyes to point and then set the beam, as opposed to
continually following the wearer's eye direction. This setting may help to avoid inadvertently
resetting the beam if the wearer looks away.
[0053] In some embodiments, the beam may have different modes and settings.

For

example, the angle of the beam may be altered for different situations, including something

that is basically all wide open for situations where the user wants to be able to hear all
possible sounds surrounding them (e.g., crossing the street or riding a bicycle). Additionally
and/or alternatively, multiple narrow beams may be used for small group conversations.
[0054] In some embodiments, apparatus 100 may be configured to clarify and enhance

the speech signal for the wearer while also improving the accuracy of the speech recognition
software running on apparatus 100. Apparatus 100 may provide real time captioning via the
displays associated with lenses 110A/B, and may also store audio and/or textual
transcriptions of conversations for reference or for querying later.
[0055] In some embodiments, apparatus 100 may be configured to utilize front-facing

camera 104 to recognize the faces of speakers it records.

Accordingly, apparatus 100 may

associate this data with the speaker's voice-biometric data to generate an identity profile entry
for that person, including contact information if available. In this way, the system may pair
conversation log data with personal contact data, which may be stored in onboard memory, in
network servers, or using any other suitable approach. This may assist in improving data
quality for referencing later.
[0056] In some embodiments, apparatus 100 may further include an embedded voice

assistant, so that a wearer may easily query their stored conversation logs using their voice
(e.g., "At what time did David say we should meet? And at what location?"). The data may

be stored on the device and/or accessible over a communications network.
[0057] In some embodiments, apparatus 100 may be configured to recognize when a

person has introduced themselves, using language modeling and speech recognition. In this
way, apparatus 100 may prompt the wearer to edit or save this information alongside the
speaker's paired face/voice identity profile. For example, the voice assistant may remind the
wearer via speakers 108 or the reminder may be presented in text via the display associated
with lenses 110A/B.
[0058] In some embodiments, apparatus 100 may be configured with language packs for

localization and translation.

For example, a French speaking wearer may receive French

captions, a Spanish speaking wearer Spanish captions, etc. These language packs may be

paired with translational software so that a French-speaking wearer could listen to a Spanishspeaking person, and receive captioning in French. Additionally and/or alternatively, using
front-facing camera 104 along with gesture modeling and recognition may allow apparatus
100 to translate sign language into captioning as well.

[0059] Referring again to FIG. 6, in some embodiments apparatus 100 may include

various conversation modes, which may be selected and/or automatically triggered depending
upon the environment. In addition to Normal/Automatic Mode, which is the default setting
and which behaves as described above. These different modes may be used to specify the
width of the beam as well as the intensity of the filtering and enhancement that may be
applied to the audio signal before it is sent to the headphones and speech recognition
software. In an Active Mode, a wide a beam as possible may be recorded. This may be
particularly useful, for example, during times when it is important for the wearer to hear
things around them, such as oncoming cars or police sirens. In a Music Mode, the wearer
may be listening to music and the apparatus may operate so that the music is not canceled out
via filtering.

In a Large Room Mode, additional filters for Acoustic Echo Cancelation may

be added to reduce echo and reverb on speakers 108 as well as to further minimize
background noise. In a Manual Mode, the directed beam may be matched precisely to eye
direction. For example, using a dial or digital interface for specifying beam width. This may
be used for situations where the described modes do not apply and the wearer needs to have
finer control over the shape and direction of the beam.

Numerous modes may be used

without departing from the scope of the present disclosure. Some of these may include, but
are not limited to, music mode, study mode, party mode, etc.

These modes may be

programmable based on a time of day or via an application on the wearer's phone or via
apparatus 100.
[0060] As discussed above, in some embodiments, apparatus 100 may include lenses
110A and/or HOB. In addition to captioning, lenses 110A and/or HOB may also display

visual feedback to the wearer related to beam shape and direction, as well as identifying who
the designated speaker is by name. If desired, a wearer may also have the speaker's name

and/or personal information from their paired face/voice identity profile displayed along with
their words as displayed in the captioning.
[0061] In some embodiments, apparatus 100 may provide privacy protections for both the

wearer as well as those individuals with which the wearer has interacted. In this way, the
conversation files stored by apparatus 100 may be encrypted using any suitable technique.
For example, using a biometrically determined voice key that may be linked to the wearer's
own voice. Accordingly, the stored conversation logs may only be accessible by the wearer
of apparatus 100. Any conversation log files stored in the cloud may be similarly encrypted.
Additionally and/or alternatively, the wearer may have the ability to delete some or all of the
conversation history and go "off-the-record" at their option.
[0062] Although many of the examples discussed herein have focused upon the context

of speech recognition it should be noted that the teachings of the present disclosure are not
limited to these applications. For example, in some embodiments, front facing camera 104 of
apparatus 100, in conjunction with the onboard processor, may be configured for gesture
recognition in order to interpret sign language and then convert the interpreted sign language
to closed captioning and/or voice translation through the speakers 108. The teachings of the
present disclosure may also be applied to real-time translations. Accordingly, apparatus 100
may incorporate the speech-recognition engine inside the device into a translation engine. In
this way, one user wearing the device could speak English, and another could speak French,
and both could read what the other was saying in their selected language. As such, apparatus
100 may function as a universal translator.

[0063] Referring now to FIG. 7, an example of a generic computer device 700 and a

generic mobile computer device 750, which may be used with the techniques described here
is provided.

Computing device 700 is intended to represent various forms of digital

computers, such as tablet computers, laptops, desktops, workstations, personal digital
assistants, servers, blade servers, mainframes, and other appropriate computers.

In some

embodiments, computing device 750 can include various forms of mobile devices, such as
personal digital assistants, cellular telephones, smartphones, and other similar computing

devices. Computing device 750 and/or computing device 700 may also include other devices,
such as televisions with one or more processors embedded therein or attached thereto. The
components shown here, their connections and relationships, and their functions, are meant to
be exemplary only, and are not meant to limit implementations of the inventions described
and/or claimed in this document.
[0064] In some embodiments, computing device 700 may include processor 702, memory
704, a storage device 706, a high-speed interface 708 connecting to memory 704 and h igh

speed expansion ports 710, and a low speed interface 712 connecting to low speed bus 714
and storage device 706. Each of the components 702, 704, 706, 708, 710, and 712, may be
interconnected using various busses, and may be mounted on a common motherboard or in
other manners as appropriate. The processor 702 can process instructions for execution within
the computing device 700, including instructions stored in the memory 704 or on the storage
device 706 to display graphical information for a GUI on an external input/output device,
such as display 716 coupled to high speed interface 708. In other implementations, multiple
processors and/or multiple buses may be used, as appropriate, along with multiple memories
and types of memory. Also, multiple computing devices 700 may be connected, with each
device providing portions of the necessary operations (e.g., as a server bank, a group of blade
servers, or a multi-processor system).
[0065] Memory 704 may store information within the computing device 700. In one

implementation, the memory 704 may be a volatile memory unit or units. In another
implementation, the memory 704 may be a non-volatile memory unit or units. The memory
704 may also be another form of computer-readable medium, such as a magnetic or optical
disk.

[0066] Storage device 706 may be capable of providing mass storage for the computing

device 700. In one implementation, the storage device 706 may be or contain a computerreadable medium, such as a floppy disk device, a hard disk device, an optical disk device, or
a tape device, a flash memory or other similar solid state memory device, or an array of
devices, including devices in a storage area network or other configurations. A computer

program product can be tangibly embodied in an information carrier. The computer program
product may also contain instructions that, when executed, perform one or more methods,
such as those described above. The information carrier is a computer- or machine-readable

medium, such as the memory 704, the storage device 706, memory on processor 702, or a
propagated signal.
[0067] High speed controller 708 may manage bandwidth-intensive operations for the

computing device 700, while the low speed controller 712 may manage lower bandwidthintensive operations. Such allocation of functions is exemplary only. In one implementation,
the high-speed controller 708 may be coupled to memory 704, display 716 (e.g., through a
graphics processor or accelerator), and to high-speed expansion ports 710, which may accept
various expansion cards (not shown). In the implementation, low-speed controller 712 is
coupled to storage device 706 and low-speed expansion port 714. The low-speed expansion
port, which may include various communication ports (e.g., USB, Bluetooth, Ethernet,

wireless Ethernet) may be coupled to one or more input/output devices, such as a keyboard, a
pointing device, a scanner, or a networking device such as a switch or router, e.g., through a
network adapter.
[0068] Computing device 700 may be implemented in a number of different forms, as

shown in the figure. For example, it may be implemented as a standard server 720, or
multiple times in a group of such servers. It may also be implemented as part of a rack server
system 724. In addition, it may be implemented in a personal computer such as a laptop
computer 722. Alternatively, components from computing device 700 may be combined with
other components in a mobile device (not shown), such as device 750. Each of such devices
may contain one or more of computing device 700, 750, and an entire system may be made
up of multiple computing devices 700, 750 communicating with each other.
[0069] Computing device 750 may include a processor 752, memory 764, an input/output

device such as a display 754, a communication interface 766, and a transceiver 768, among
other components. The device 750 may also be provided with a storage device, such as a
microdrive or other device, to provide additional storage. Each of the components 750, 752,

764, 754, 766, and 768, may be interconnected using various buses, and several of the

components may be mounted on a common motherboard or in other manners as appropriate.
[0070] Processor 752 may execute instructions within the computing device 750,

including instructions stored in the memory 764. The processor may be implemented as a
chipset of chips that include separate and multiple analog and digital processors. The
processor may provide, for example, for coordination of the other components of the device
750, such as control of user interfaces, applications run by device 750, and wireless

communication by device 750.
[0071] In some embodiments, processor 752 may communicate with a user through

control interface 758 and display interface 756 coupled to a display 754. The display 754 may
be, for example, a TFT LCD (Thin-Film-Transistor Liquid Crystal Display) or an OLED

(Organic Light Emitting Diode) display, or other appropriate display technology. The display
interface 756 may comprise appropriate circuitry for driving the display 754 to present
graphical and other information to a user. The control interface 758 may receive commands
from a user and convert them for submission to the processor 752. In addition, an external
interface 762 may be provide in communication with processor 752, so as to enable near area
communication of device 750 with other devices. External interface 762 may provide, for
example, for wired communication in some implementations, or for wireless communication
in other implementations, and multiple interfaces may also be used.
[0072] In some embodiments, memory 764 may store information within the computing

device 750. The memory 764 can be implemented as one or more of a computer-readable
medium or media, a volatile memory unit or units, or a non-volatile memory unit or units.
Expansion memory 774 may also be provided and connected to device 750 through
expansion interface 772, which may include, for example, a SIMM (Single In Line Memory
Module) card interface. Such expansion memory 774 may provide extra storage space for
device 750, or may also store applications or other information for device 750. Specifically,
expansion memory 774 may include instructions to carry out or supplement the processes
described above, and may include secure information also. Thus, for example, expansion

memory 774 may be provide as a security module for device 750, and may be programmed
with instructions that permit secure use of device 750. In addition, secure applications may
be provided via the SIMM cards, along with additional information, such as placing
identifying information on the SIMM card in a non-hackable manner.
[0073] The memory may include, for example, flash memory and/or NVRAM memory,
as discussed below. In one implementation, a computer program product is tangibly

embodied in an information carrier. The computer program product may contain instructions
that, when executed, perform one or more methods, such as those described above. The

information carrier may be a computer- or machine-readable medium, such as the memory
764, expansion memory 774, memory on processor 752, or a propagated signal that may be

received, for example, over transceiver 768 or external interface 762.
[0074] Device 750 may communicate wirelessly through communication interface 766,

which may include digital signal processing circuitry where necessary. Communication
interface 766 may provide for communications under various modes or protocols, such as
GSM voice calls, SMS, EMS, or MMS speech recognition, CDMA, TDMA, PDC, WCDMA,
CDMA2000, or GPRS, among others. Such communication may occur, for example, through
radio-frequency transceiver 768. In addition, short-range communication may occur, such as
using a Bluetooth, WiFi, or other such transceiver (not shown). In addition, GPS (Global
Positioning System) receiver module 770 may provide additional navigation- and locationrelated wireless data to device 750, which may be used as appropriate by applications running
on device 750.
[0075] Device 750 may also communicate audibly using audio codec 760, which may

receive spoken information from a user and convert it to usable digital information. Audio
codec 760 may likewise generate audible sound for a user, such as through a speaker, e.g., in
a handset of device 750. Such sound may include sound from voice telephone calls, may
include recorded sound (e.g., voice messages, music files, etc.) and may also include sound
generated by applications operating on device 750.
[0076] Computing device 750 may be implemented in a number of different forms, as

shown in the figure. For example, it may be implemented as a cellular telephone 780. It may
also be implemented as part of a smartphone 782, personal digital assistant, remote control,

or other similar mobile device.
[0077] Referring now to FIG. 8, an embodiment of a acoustic beamforming process 10 is

provided.

Process 10 may include tracking (802) an eye of a wearer using a camera

associated with a frame, the frame having a processor and a memory associated therewith.
Process 10 may also include receiving (804) a directional instruction from the processor at a
microphone associated with the frame, the directional instruction based upon, at least in part,
an adaptive beamforming analysis performed in response to a detected eye movement from

the camera. Process 10 may further include adjusting (806) a direction of the microphone,
based upon the directional instruction, receiving (808) an audio signal at the at least one
microphone, and providing (810) the audio signal to the wearer using a speaker associated
with the frame.
[0078] Various implementations of the systems and techniques described here can be

realized in digital electronic circuitry, integrated circuitry, specially designed ASICs
(application specific integrated circuits), computer hardware, firmware, software, and/or
combinations thereof. These various implementations can include implementation in one or
more computer programs that are executable and/or interpretable on a programmable system
including at least one programmable processor, which may be special or general purpose,
coupled to receive data and instructions from, and to transmit data and instructions to, a
storage system, at least one input device, and at least one output device.
[0079] These computer programs (also known as programs, software, software

applications or code) include machine instructions for a programmable processor, and can be
implemented in a high-level procedural and/or object-oriented programming language, and/or
in assembly/machine language. As used herein, the terms "machine-readable medium"

"computer-readable medium" refers to any computer program product, apparatus and/or
device (e.g., magnetic discs, optical disks, memory, Programmable Logic Devices (PLDs))
used to provide machine instructions and/or data to a programmable processor, including a

machine-readable medium that receives machine instructions as a machine-readable signal.
The term "machine-readable signal" refers to any signal used to provide machine instructions
and/or data to a programmable processor.
[0080] As will be appreciated by one skilled in the art, the present disclosure may be

embodied as a method, system, or computer program product. Accordingly, the present
disclosure may take the form of an entirely hardware embodiment, an entirely software
embodiment (including firmware, resident software, micro-code, etc.) or an embodiment
combining software and hardware aspects that may all generally be referred to herein as a
"circuit," "module" or "system." Furthermore, the present disclosure may take the form of a
computer program product on a computer-usable storage medium having computer-usable
program code embodied in the medium.
[0081] Any suitable computer usable or computer readable medium may be utilized. The

computer-usable or computer-readable medium may be, for example but not limited to, an
electronic, magnetic, optical, electromagnetic, infrared, or semiconductor system, apparatus,
device, or propagation medium.

More specific examples (a non-exhaustive list) of the

computer-readable medium would include the following: an electrical connection having one
or more wires, a portable computer diskette, a hard disk, a random access memory (RAM), a

read-only memory (ROM), an erasable programmable read-only memory (EPROM or Flash
memory), an optical fiber, a portable compact disc read-only memory (CD-ROM), an optical
storage device, a transmission media such as those supporting the Internet or an intranet, or a
magnetic storage device. Note that the computer-usable or computer-readable medium could
even be paper or another suitable medium upon which the program is printed, as the program
can be electronically captured, via, for instance, optical scanning of the paper or other
medium, then compiled, interpreted, or otherwise processed in a suitable manner, if

necessary, and then stored in a computer memory.

In the context of this document, a

computer-usable or computer-readable medium may be any medium that can contain, store,
communicate, propagate, or transport the program for use by or in connection with the
instruction execution system, apparatus, or device.

[0082] Computer program code for carrying out operations of the present disclosure may

be written in an object oriented programming language such as Java, Smalltalk, C++ or the
like.

However, the computer program code for carrying out operations of the present

disclosure may also be written in conventional procedural programming languages, such as
the "C" programming language or similar programming languages. The program code may
execute entirely on the user's computer, partly on the user's computer, as a stand-alone
software package, partly on the user's computer and partly on a remote computer or entirely
on the remote computer or server.

In the latter scenario, the remote computer may be

connected to the user's computer through a local area network (LAN) or a wide area network
(WAN), or the connection may be made to an external computer (for example, through the

Internet using an Internet Service Provider).
[0083] The present disclosure is described below with reference to flowchart illustrations

and/or block diagrams of methods, apparatus (systems) and computer program products
according to embodiments of the disclosure. It will be understood that each block of the
flowchart illustrations and/or block diagrams, and combinations of blocks in the flowchart
illustrations and/or block diagrams, can be implemented by computer program instructions.
These computer program instructions may be provided to a processor of a general purpose
computer, special purpose computer, or other programmable data processing apparatus to
produce a machine, such that the instructions, which execute via the processor of the
computer or other programmable data processing apparatus, create means for implementing
the functions/acts specified in the flowchart and/or block diagram block or blocks.
[0084] These computer program instructions may also be stored in a computer-readable

memory that can direct a computer or other programmable data processing apparatus to
function in a particular manner, such that the instructions stored in the computer-readable
memory produce an article of manufacture including instruction means which implement the
function/act specified in the flowchart and/or block diagram block or blocks.
[0085] The computer program instructions may also be loaded onto a computer or other

programmable data processing apparatus to cause a series of operational steps to be

performed on the computer or other programmable apparatus to produce a computer
implemented process such that the instructions which execute on the computer or other
programmable apparatus provide steps for implementing the functions/acts specified in the
flowchart and/or block diagram block or blocks.
[0086] To provide for interaction with a user, the systems and techniques described here

can be implemented on a computer having a display device (e.g., a CRT (cathode ray tube) or
LCD (liquid 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 input from the user can be received in

any form, including acoustic, speech, or tactile input.
[0087] The systems and techniques described here may be implemented in a computing

system that includes a back end component (e.g., as a data server), or that includes a
middleware component (e.g., an application server), or that includes a front end component
(e.g., a client computer having a graphical user interface or a Web browser through which a

user can interact with an implementation of the systems and techniques described here), or
any combination of such back end, middleware, or front end components. The components of

the system can be interconnected by any form or medium of digital data communication (e.g.,
a communication network). Examples of communication networks include a local area
network ("LAN"), a wide area network ("WAN"), and the Internet.
[0088] The computing system may include clients and servers. A client and server are

generally remote from each other and typically interact through a communication network.
The relationship of client and server arises by virtue of computer programs running on the
respective computers and having a client-server relationship to each other.
[0089] The flowchart and block diagrams in the figures illustrate the architecture,

functionality, and operation of possible implementations of systems, methods and computer
program products according to various embodiments of the present disclosure. In this regard,

each block in the flowchart or block diagrams may represent a module, segment, or portion of
code, which comprises one or more executable instructions for implementing the specified

logical function(s). It should also be noted that, in some alternative implementations, the

functions noted in the block may occur out of the order noted in the figures. For example,

two blocks shown in succession may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order, depending upon the functionality
involved. It will also be noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block diagrams and/or flowchart illustration,

can be implemented by special purpose hardware-based systems that perform the specified
functions or acts, or combinations of special purpose hardware and computer instructions.
[0090] The terminology used herein is for the purpose of describing particular

embodiments only and is not intended to be limiting of the disclosure. As used herein, the
singular forms "a", "an" and "the" are intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further understood that the terms "comprises"
and/or "comprising," when used in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the presence or

addition of one or more other features, integers, steps, operations, elements, components,
and/or groups thereof.
[0091] The corresponding structures, materials, acts, and equivalents of all means or step

plus function elements in the claims below are intended to include any structure, material, or
act for performing the function in combination with other claimed elements as specifically

claimed.

The description of the present disclosure has been presented for purposes of

illustration and description, but is not intended to be exhaustive or limited to the disclosure in
the form disclosed. Many modifications and variations will be apparent to those of ordinary
skill in the art without departing from the scope and spirit of the disclosure. The embodiment

was chosen and described in order to best explain the principles of the disclosure and the

practical application, and to enable others of ordinary skill in the art to understand the
disclosure for various embodiments with various modifications as are suited to the particular

use contemplated.
[0092] Having thus described the disclosure of the present application in detail and by

reference to embodiments thereof, it will be apparent that modifications and variations are
possible without departing from the scope of the disclosure defined in the appended claims.

What Is Claimed Is:
1.

A wearable apparatus comprising:

a frame having a memory and processor associated therewith;
a camera associated with the frame and in communication with the processor, the
camera configured to track an eye of a wearer;
at least one microphone associated with the frame, the at least one microphone

configured to receive a directional instruction from the processor, the directional
instruction based upon, at least in part, an adaptive beamforming analysis performed
in response to a detected eye movement from the infrared camera; and

a speaker associated with the frame configured to provide an audio signal received at
the at least one microphone to the wearer.

2.

The wearable apparatus of claim 1, wherein the processor is configured to convert the
audio signal to text.

3.

The wearable apparatus of claim 1, further comprising:
at least one lens configured to receive the text results from the processor and to

provide the text to the wearer.

4.

The wearable apparatus of claim 1, further comprising:

a facial recognition camera associated with the frame, the facial recognition camera
configured to identify a non-wearer of the apparatus.

5.

The wearable apparatus of claim 1, wherein the speaker is included within at least one

headphone in communication with the processor.

6.

The wearable apparatus of claim 2 wherein the memory is configured to store at least
one of contact information and conversation log files based upon the converted text.

7.

The wearable apparatus of claim 1, wherein the directional instruction is based upon,
at least in part, an identification of a non-wearer of the apparatus.

8.

The wearable apparatus of claim 1, wherein the identification of the non-wearer of the
apparatus is performed based upon an eye movement of the wearer.

9.

The wearable apparatus of claim 1, wherein the identification of the non-wearer of the
apparatus is performed based upon receiving an input from an input device associated

with the frame.

10.

The wearable apparatus of claim 1, wherein the at least one lens is configured to
display visual feedback to the wearer, the visual feedback including at least one of

beam shape, beam direction, and an identified non-wearer of the apparatus.

11.

A method comprising:
tracking an eye of a wearer using a camera associated with a frame, the frame having
a processor and a memory associated therewith;
receiving a directional instruction from the processor at a microphone associated with
the frame, the directional instruction based upon, at least in part, an adaptive
beamforming analysis performed in response to a detected eye movement from the
camera;

adjusting a direction of the microphone, based upon the directional instruction;

receiving an audio signal at the at least one microphone; and
providing the audio signal to the wearer using a speaker associated with the frame.

12.

The method of claim 11, further comprising:
converting, using the processor, the audio signal to text.

13.

The method of claim 11, further comprising:
receiving the text results from the processor and providing the text to the at least one
lens.

14.

The method of claim 11, further comprising:
identifying a non-wearer of the apparatus using a facial recognition camera associated
with the frame.

15.

The method of claim 11, wherein the speaker is included within at least one
headphone in communication with the processor.

16.

The method of claim 12, further comprising:
storing at least one of contact information and conversation log files based upon the

converted text in the memory.

17.

The method of claim 11, wherein the directional instruction is based upon, at least in
part, an identification of a non-wearer of the apparatus.

18.

The method of claim 11, wherein the identification of the non-wearer of the apparatus
is performed based upon an eye movement of the wearer.

19.

The method of claim 11, wherein the identification of the non-wearer of the apparatus
is performed based upon receiving an input from an input device associated with the

frame.

The method of claim 11, further comprising:

displaying visual feedback to the wearer at the at least one lens, the visual feedback
including at least one of beam shape, beam direction, and an identified non-wearer of
the apparatus.

CLASSIFICATION OF SUBJECT MATTER

A.

G06F 3/00(2006.01)i
According to International Patent Classification (IPC) or to both national classification and IPC

FIELDS SEARCHED

B.

Minimum documentation searched (classification system followed by classification symbols)
G06F 3/00; G03H 1/00; H04R 25/00; G02B 27/14; G10L 15/00; G02C 11/06; G06F 3/16; G10L 19/00; H04R 1/40

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models
Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: eye tracking, beamforming, microphone, camera, speech-to-text, hearing aid

DOCUMENTS CONSIDERED TO BE RELEVANT
Category

Citation of document, with indication, where appropriate, of the relevant passages
CA 2297344

See pages

Relevant to claim No.

Al (MANN , W. STEVE G. ) 0 1 August 2000
7 , 14-19 , 30-33 , 3 5 and f i gures 1 , 1 1 .

1-20

US 8482859

B2 ( JOHN N. BORDER e t a l . ) 0 9 July 2013
See c o lumn 80, l ines 63-64 ; c o lumn 95, l ines 38-40 ; c o lumn 102 , l ine
c o lumn 103 , l ine 17 ; c o lumn 176 , l ine 6 5 - column 177, l ine 3 ; and
f i gures
1 , 106 .
J P 2012-059121
See paragraphs

1-20
46

A (SOFTBANK MOBILE CORP . ) 2 2 March 2012
[0018H0019]
, [0032]-[0038]
, [0048]- [0053] .

2-3 , 6 , 12-13 , 16
1 , 4-5 , 7-11 , 14-15
, 17-20

US 2007-0112571

See

c l aims

Al (MURUGAPPAN THIRUGNANA) 17 May 2007
1 , 2 and f i gure 9 .

6 , 16
1-5 , 7-15 , 17-20

US 2010-0074460

See paragraphs

I IFurther
*
"A"
"E"
"L"

"O"
"P"

Al (THOMAS L . MARZETTA) 25 March
[0018]- [0042] and f i gures I B , 6 .

documents are listed in the continuation of Box C .

Special categories of cited documents:
document defining the general state of the art which is not considered
to b e of particular relevance
earlier application or patent but published on or after the international
filing date
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)
document referring to an oral disclosure, use, exhibition or other
means
document published prior to the international filing date but later
than the priority date claimed

Date of the actual completion of the international search
17 November 2014 (17. 11.2014)

Name and mailing address of the ISA/KR

t

International Application Division
Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 302-701,
Republic of Korea

V
Facsimile No. +82-42-472-7140

Form PCT/ISA/210 (second sheet) (July 2009)

2010

1-20

See patent family annex.
"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 b e
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 b e
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 mailing of the international search report

18 November 2014 (18.11.2014)
Authorized officer
JANG, Ho Keun
Telephone No. +82-42-481-8187

.

I

Information on patent family members

Patent document
cited in search report

CA 2297344 A l

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

Publication
date

01/08/2000

y 2009)

PCT/US2014/051491
Patent family
member(s)

AU
AU
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
EP
EP

1999-28239 A l
1999-29174 A l
2228403 A l
2233047 A l
2233047 C
2235030 A l
2237939 A l
2237939 C
2247649 C
2248473 C
2249976 A l
2249976 C
2256918 A l
2256918 C
2256920 A l
2256922 A l
2256922 C
2261376 A l
2264973 A l
2267877 A l
2275784 A l
2275784 C
2275798 A l
2275798 C
2280022 A l
2280420 A l
2280425 A l
2280425 C
2290765 A l
2290765 C
2295378 A l
2295448 A l
2300435 A l
2303611 A l
2309868 A l
2310114 A l
2313693 A l
2316098 A l
2316473 A l
2351660 A l
2354113 A l
2354114 A l
2357681 A l
2357697 A l
2360051 A l
2362895 A l
2364080 A l
1064783 A l
1064783 B l

Publication
date

18/10/1999
18/10/1999
02/08/1999
02/08/1999
26/09/2000
02/08/1999
28/08/1998
21/09/1999
25/07/2000
25/07/2000
22/12/1998
02/11/1999
02/08/1999
16/10/2001
02/08/1999
02/08/1999
07/01/2003
02/08/1999
15/09/1999
14/10/1999
29/12/1999
24/10/2000
29/12/1999
24/10/2000
28/01/2001
13/04/2000
13/04/2000
13/04/2000
27/11/1998
25/07/2000
30/06/2000
30/06/2000
28/05/2000
01/10/2000
29/12/2000
02/08/1999
28/01/2001
12/02/2001
28/01/2001
02/02/2002
02/02/2002
24/01/2002
26/12/2002
26/12/2002
26/12/2002
26/12/2002
26/12/2002
03/01/2001
04/06/2003

Information on patent family members

Patent document
cited in search report

Publication
date

PCT/US2014/051491
Patent family
member(s)

2334591 A
2370958 A
2002-508635 A
2002-508636 A
2002-0007510 Al
2002-0030637 Al
2002-0057915 Al
2002-0085843 Al
2002-0105410 Al
2002-0198685 Al
2003-0034874 Al
6307526 Bl
6446862 Bl
6614408 Bl
99-49655 Al
99-49656 Al

10/01/2001
21/05/2003
25/08/1999
10/07/2002
19/03/2002
19/03/2002
24/01/2002
14/03/2002
16/05/2002
04/07/2002
08/08/2002
26/12/2002
20/02/2003
23/10/2001
10/09/2002
02/09/2003
30/09/1999
30/09/1999
23/08/2012

EP 1066717 Al
EP 1066717 Bl
GB
GB

JP
JP
US

us
us
us
us
us
us
us
us
us
wo
wo

8482859 B2

09/07/2013

us 2012-0212399 Al

JP 2012-059121 A

22/03/2012

None

US

Publication
date

US

2007-0112571 Al

17/05/2007

WO

2007-054760 Al

18/05/2007

US

2010-0074460 Al

25/03/2010

CN

102165795 A

24/08/2011
22/06/2011
23/05/2012
09/02/2012
01/06/2011
01/04/2010
01/07/2010

EP 2335425 A2
EP 2335425 A4

JP 2012-503935 A
R 10-2011-0058853 A
WO 2010-036321 A2
wo 2010-036321 A3

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

y 2009)

