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(57) Abregé/Abstract:

Disclosed are methods, circuits, devices, systems and associated computer executable code for acquiring, processing and
rendering acoustic signals. According to some embodiments, one or more direction specific audio signals may be generated using
a microphone array comprising two or more microphones and an audio stream generator. The audio stream generator may receive
a direction parameter from an optical tracking system. There may be provided an audio rendering system adapted to normalize
and/or balance acoustic signals acquired from a soundscape.
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(57) Abstract: Disclosed are methods, circuits, devices, systems and associated computer executable code for acquiring, processing
and rendering acoustic signals. According to some embodiments, one or more direction specific audio signals may be generated us -
Ing a microphone array comprising two or more microphones and an audio stream generator. The audio stream generator may re-
ceive a direction parameter from an optical tracking system. There may be provided an audio rendering system adapted to normalize
and/or balance acoustic signals acquired from a soundscape.
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METHODS CIRCUITS DEVICES SYSTEMS AND ASSOCIATED COMPUTER
EXECUTABLE CODE FOR ACQUIRING ACOUSTIC SIGNALS

FIELD OF THE INVENTION

(001} The present mvention relates generally {0 the field of acoustic signal or sound
geaguisition.  The present invention relates {0 processing of audio signals. Tne present
invention aiso relates to circuits, gevices, systems and associated compuler executable

code for acquiring, processing and audio rendering directional acoustic signais.

BACKGROUND

(0021 Hearing 1088, deafness, nard of heanng, hearing mpairment, is a pariial or tolal
inabilily 1o hear. in children it may affect the development of language and can cause
wOrk related difficuities for aduits. | may be caused by many ftactors, including: genetics,
aging, exposure (o noise, illiness, chemicais and physical trauma. VWnie the resuils of
hearing tesis are expressed in decibels, hearing 108s s usually described as mild, mild-

moderate, moderate, moderately severe, severe, or profound.

{003 ] Heanng 1088 1S usually acquired by a person who at some point in e had no hearing
impairment. Globally hearing loss affects about 10% of the population {0 some degree.

there are a number of measures that can prevent hearng loss, inciuding avoidance of

oud Noises, chemical agents, and physical trauma.

10041 For those reguinng hearing assisiance due 10 hearing ioss, there are hearing aids,
which are generally electroacoustic devices designed o amplity sound for the wearer

usually with the aim of making speech more inteiligible. tarlier devices, Known as ear
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trumpels or ear homs, were passive funnel-ike ampiification cones designed 1o gather
sound energy and direct it into the ear canal. Similar devices include the bone anchored

hearing aid, and cochiear implant.

(00STA maior drawpack of all hearing aids provided (o date 18 ther nability o spatially

separate packground noise from sound of interest which the wearer wishes (o near.

1006] Wearable compuling devices, also Known as body-porne computers or wearables are
miniature electronic devices that are worn by the bearer undger, with or on {op of ciothing.
Wearabies have been developed for general or special purpose iformation technoliogies

and media development.

(0071 There s a8 need for improved methods, circuits, devices, sysiems and associated
computer executable for acquirng, processing and rendering acoustic signais, optionally

LSiNng a wearable computing device.
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SUMMARY OF THE INVENTION

(0081 The present invention may mclude methods, circuits, devices, sysiems ang
associated machine executable code for acguiring acoustic signais such as human speech
and/or various other sound types. According {o further embodiments, the present
nvention may mclude methods, circuits, devices, systems and associated machine
axecutable code for processing, normalization, balancing, and/or audio rendering acquired
acoustic signals such as human speech and/or ofther sounds audible. According to vet
further embodiments, the present invention may inciude methods, circuits, devices,
systems and associaied machine executable code for transcriong, transiating and/or
graphically rendering acquired human speech. The preseni invention ncludes methods,
circuits, devices, systems and associated computer executable code for dynamically
targeting a directivity of an acousiic signal (8.4, sound) acguisttion assembply towards g
direction of a sound source {&.g. a numan speaker) Wentified and/or tracked by an optical

fracking sysiem.

(0091 According to empodiments, there may pe provided a mobdile computing device, such
as a wearabie computing device, inciuding: (1) an electricaliy conhigurable acoustic signal
(Le. sound) acguisition assembly whose operalion and optionally directivily may be
dynamically altered by an electrical signal, and (2) an optical tracking system adapted (o
aptically track one or more sound sources and 1o output to the acoustic signal acguisition
gassemply an eiectncal signai or indicator o adjust operation and/or directivity of the
acousiic signal acquisition assembly 80 as to acquire acoustic signals from a direction of
an oplically {racked sound source while subsiantially suppressing, discarding, excluding,
and/or otherwise masking acoustic signal information from directions other than that of the

optically tracked sound source. ACCording to embodiments, the oplical fracking system
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may be adapied {0 update s output elecincal signal or ndicator as the target sound
SoUrce moves relative the computing device, thereby causing the directivity of the acoustic

signal acquisition assembly {0 change and track the moving sound source, without the

assembly physically moving.

{00101 According 1o some embodiments, the mobtiie device may pe in the form of eyewear
naving an array of microphones disposed across and within the frame and/or stems of the
eyvewear. According to such empodiments, the optical tracking system may inciude a
forward Iooking optical iage sensor and/or the oplical tracking system may nclude an
nward facing optical eye tracking sensor. 1he eyewear embodiment may alse include 3
communication interface, wired or wireless, (o connect the eyewear {0 a smartphone which
may be used as a user interface for the eyewear. A touchscreen of the smartphone may
pe used o view potential tracking targets and 1o select one or more potential targets for
actual tracking by the optical tracking system. 1he smariphone may aiso be used {0
provide machine transcription (.e. speech-io-text) for speech acquired through the
aeoustic acauisition assembply of the eyewear. [The smariphone may aisg be used {o
provigde machine transiation for speech acguired through the acoustic acguisition assembply

of the eyewear.

(00111 According {0 some empodiments, the mobie device may be in ihe form of
neadphones having an array of microphonas disposed across and within the body and
frame of the neadphones. According to such embodiments, the optical tracking system
may include a forward looking optical image sensor on a forward facing surtace of the
neadphones. ne headphnones embodimeant may aiso include a communication intertace,

wired OF wireless, o connect ihe headphoneas 10 a smartphone which may be used as g
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user interface for the headphones. A touchscreen of the smariphone may pe used o view
potential tracking targets and (o select potential target for tracking by the optical tracking
system. The smartphone may also be used {o provide machine transcription {1.e. speech-
to~text) functionality for speech acguired through the acoustic acguisition assembly of the
neadphones. The smariphone may aise be used (o provide maching transiation
functionaiity for speech acquireg through the acoustic acquisition assembiy of the

neadphones.

{00121 According to aspects of the present invention, ihere may te proviaed oplical sensor
guided directional audioc signal (or audio stream) generation, wherein directional audgio
signal/stream generation may include one or more of: {(a) microphone selection, (D)
acoustic beam-forming, and/or (C) acoustic beam-steenng. According o embodiments, an
optical tracking system including an optical sensor assembly {e.g. CCD or CMOS with
oplics) and {racking circuiis {(e.g. processor(s) executing image feature identification and
tracking algorithms} may generate a signal or indicator to guide the directional audio
stream generation. Directional audio signal/stream (aiso referapie {0 as "directional augio
signail’) generation may te performed with an acoustic micropnone array integral or
otherwise functionally associated with audio signal processing circuils configured or

programmed as a directional audio stream generstor.

(00131 According to some embodiments of the present invention, there may de provided an
electrically configurable acoustic acquisition assembly which may include a microphone
array having two or more microphones positioned at some distance from one another
wherein each of the microphones may be adapted {0 convert acoustic signals {(L.e. sound)

which arrive at the microphones iNlo slectnical signals such as anaicg or digital audio
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signals. The microphone array may include sets of maitched microphones, wheramn
matched micropnones may have supstantially Wentical freguency response characternistics
and/or direclivity characteristics. The microphone array may include microphnones which
are omnpi-directional  micropnones, poly-directional microphones and/or directional

micropnonas.

(0014} Dhirectional microphones of an array according to embodiments of the present
nvention may be positioned and/or affixed within the array to have aiffering awectivities
and 1o taciiate differing acoustic signal aeguistion covergge regions.  Lirectivity of array
microphones may be fixed reiafive to the microphone siructure or may be elecirically
steerable as taught by the MEMS microphone shown in U.S. patent application Pub. No.
Uo20130142358 A1, According to some embodiments, acoustic signal acguisttion
coverage region(s) of each of two separate directional microphones of an aray accorging
o embodiments may overiap, partiglly or compietely. Any direclional microphone
structures kKnown today or to be devised in the future may be applicable o aspects of the

present invention.

(00151 Microphones of an array according to some embodiments may have either an
analog signal output or a digital signal (e.g. I°C or I°S) output. According to some
ambodiments of the present invention, there may be a mix of analog and digiial
micropnonas on the same array. According to embodiments of the present invention
Nncluding analog microphnones, there may be provided analog signal to digital signal
conversion circuits ("A/D") for sampling and digitizing output signals from the analog

micropnonas.
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10016} The elecirnically configurable acousiic signal acguisiion assembly may be integral
with, include and/or be otherwise elecirically coupled o a Directional Audico Stiream
Generaior (DASG), which DASG may be adapied to select, activaie, receive and/or
sampie outpul signals from one or more of the array microphones. the DASG may be
adaapted 1o convert electrical audio signal oulputs from one or more of the array
mucrophiones inte a girection specific electncal audio signal, digital or analog. A direction
specific electrical audio signal {(aiso referable {0 as “direction specific audio signal’ or
‘DSAST) generated for a specific direction relative {0 the array (e.g. 30 degrees left of
tangential axis of array), may pe an eiectncal signal which 1s generated ana/or moduiated
so as to: {(a) predominantly inciude or carry acoustic signal information from acoustic
signais which arrived at the microphone(s) from the specific direction, aiso referable {0 as
the specific Direction Of Armival (DOA), and (b) substantially suppresses, discard, exclude,
ack and/or otherwise mask acoustic signal information from acoustic signais which arrved

at the microphone(s) from directions other than the specific direction.

(00171 The DASG may convert array microphone output signals, analog or digital, into a
DSAS for a given acoustic signal DOA by: (8) selecting and/or sampling an ouiput of one
Or more array microphones whose directivity overiaps with the given acoustic signal DOA,;
(b} acoustic beamforming and/or acoustic beam-steering of array microphone cutput
signals into a beam-formed audio signal with a directivity aimed towards the given acoustic
signai DOA; and/or (¢) a combination of array microphone selection, activation, output
sampiing, and beamforming of the outputs of the selected array microphones. some of
the array microphones may be directional microphones and the DASG may include
microphone selection circuts which may select which microphoneas to aclivate or otherwise

utiize in generating a direction specific audio signal. Additionally, the DASG may include
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one or more signatl comoining circuils {0 combing signails from selected directional and/or
omni-directional microphones. The DASEG may include acoustic beamforming circuiis o
generate an acoustically beam-formed audio signal with a sieerabie directivity, whnerein
Nput audio signals originating at the array microphones may pe received by ihe
peamformmng circuis: (a) directly tfrom all or a subset of array micropnones, (o) from
microphione seieclion circuits which direct selected microphone output signais {0 the
peamforming circuills, (¢} from signal combining circuits which may combine microphone

ouiput signals, and/or {d) some combination of {(a} through (C).

(00181 According to embodiments, the DASG may include background noise sublraction or
removal tunctionality. According to such embodiments, during or afler generation of a
DSAS associated with an intended DOA, sound signal components which are aestimated {0
pe background noise may be sublracted from the DSAS. Background noise may be
estimated by sampiing audio signails from array microphones having directivity other than
the intended DOA. it should be understood, however, that any acoustic noise cancellation
circuits, algoritnms andg/or technigues kKnown today or {0 e devised in the fulure may be

applicabie {0 the present invention.

100191 A device according to some embodiments may include an optical iracking system
(OTS) adapted to optically track one or more sound sources and to provide a direction
naicator or signal naicating a direction of a tracked sound source relative 1o the device.
The optical fracking system may inciude an oplical sensor assembly with an oplical image
sensor and with one or more ienses, which optical sensor may pe disposed on or within
the device (o face forward and o acguire image information from a scene in front of the

device. Image processing algorithms, such as fteature wentification (e.g. 10rso anag/or tace
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identification) algoritnms and/or dentified-feature-tracking algorithms may be execuied by
either dedicated or muili-purpose processing circuitry i order 10 track and estimate 3
relative direction of a sound source such as a human face. The OTS may be further
adapted {o provide the estimated relative direction to a DASG of the device, in the form of
a signal, indicator or parameter generated once, mtermittently or substantially

COMtiNUOUSHY.

(00201 Accorging to some embpodiments, the 0TS may be adapied o track two or more
sound sources at the same time. According to such embodiments, the OTS may generais
a separate signatl or indicator for each tracked source. According {o such empodiment, the
DASG may be adapted {0 generate a separate DSAS for each tracked sources. Each
DSAS may be generate using: (a) a separate set one or more directional microphones,
which sets may overiap; (b) a separate acouslic beam-forming processing chain, and/or

(C) a combination of {(a8) and (b).

(00211 According to further embodiments, there may be provided an oplical sensor
assembly which faces an eye of a user of the device. Image processing algorithms
adapted to convert an image of an eye of 8 user into an estimated viewing angle of the eye
Of 8 user may ne executed by either dedicated or mulli-purpose processing circuitry. The
Viewing angle estimate may be used in order (o further eslimate a reiative direction of a
sound source being loocked at by the user. The OTS may be further adapted to provide the
estimated relative direction {o a DASG of the device, in the form of a signal, indicator or

parameter, generated once, intermuttentiy or substantially continuousliy.

100221 According to some empodiments, a DSAS may be sent audio rendering circuits

driving one or more speakers. The DSAS may be in the form of a digital signal and the

9
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AUdio rendering circuits may inciude oneg or more digital 1o analog converters (/A). The
rengering circuits may aiso include an adjustabie ampiifier, optionaily a separate amplifier
for each speaker. According to further embodiments, each audio rendering output chain of
the audio rendering circuiis may pe configured (e.g. using a digital filter or a digial

ampiifier) with a signal transter charactenstic specific to an ear of a specific user,

(00231 A device according to empodiments of the present inveniion may mciude one or
more speakers connecied output ports of the audio rendering circuits.  The connection
between the speakers and one or more ouiput poris may be wired or wireless {e.¢.
Bluelooth). According {0 some empodiments, each of two speakers may be a connected
{0 a separate oulput port of the audio rendernng circuits and each of the spaakers may be

ntegral or otherwise functionally associated with an ear interface such an earbud or a

neadphone.

100241 A device according to vet further embodiments may inciude a display assembly, for
axampie in the form of an eye projector on eyewear. he display assembly may provide a
user with transcriptions and/or fransiations ¢of device acguired speach. The dispiay may
ais0 be used as part of an interface 1or. {a) selection of @ sound source {0 track;, and {2)

indicating towards which sound sources a DSAS is being directed.

(00251 Embodiments of the present invention mnclude optical sensors and circuits o

generate signais 1o adjust g directivity of a dynamicaily adjusiable acoustic sensor array.

BRIEF DESCORIPTION OF THE DRAWINGS
(00261 The subject malter regarded as the mnvention 18 particularly pomted out andg

distinclly claimed in the conciuging portion of the specihication. The invention, hiowever,

10
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poth as to organization and method of operation, together with objects, features, and
aavantages thereof, may bpest be undersiood py reference {0 the following detaiied

description when read with the accompanying drawings in which:

00271 Fig. 1A shows a functional biock diagram of an exemplary acoustic signal
acquisition device according o empodiment of the present invention;

(00281 Fig. 18 shows a flowchart inciuding exempiary steps of an acoustic signal
acquisition device according (o empodiment of the present invention;

100291 Fig. 2A shows a glagram of a device accordaing to embpodiments of present invention
relaled o eyewear;

100301 Fig. 2B shows an exemplary functional block diagram of the device according to
Fig. 2A;

(00311 Fig. 20 shows a diagram of a device according to embodiments of present
invention reiated to headgear, more speciically headphones;

100321 Figs. 3A to 30 show illustrated use cases of a device according to embodiments;
and

100331 Figs. 4A and 48 show functional block diagrams of embpodiments of the present

invention nciuding analog microphones and digital microphones, respectively.

100341 it will be apprecigted that for simplicity and clarity of dlustration, elements shown in
the figures have nol necessarnly peen drawn 1o scale. FOr exampie, the gimensions of
some of the elements may be exaggerated relalive (0 other elements for clarity. Further,
where consigered appropriate, reference numerais may be repealed among the figures to

indicate corresponding or analogous elements.

11
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DETAILED DESCRIPTION

(00351 In the foliowing detatled description, numercus specific getails are set forth in order
o provide a thorougn understanding of the invention. However, it will be undersiocod by
those skilled in the art that the present invention may be practiced withoul these specific
details. In other nstances, well-known methods, procedures, components and circuis

nave not been described in detall so as not to obscure the present invention.

100361 Unless specifically siated otherwise, as apparent from ine foliowing discussions, i
1S appreciated that throughout the specitication discussions utibzing terms such as
‘processing’, computing’, "calculating”, "determining’, or the like, refer {0 the action
and/or processes of a computer or computing system, or similar electronic compuling
device, thatl manipulale and/or transform dala reprasented as physical, such as electronic,
quantities within the compuling system’s regisiers and/or memories into other data
similarly represenied as physical gquantities within the computing system's memories,

registers or other such information storage, transmission or display devices.

100371 Embodgiments of the present invention may include apparatuses for performing the
operations herein.  This apparatus may be speciailly construcied for the desired purposes,
or i may comprise a general purpose computer selectively activated or reconfigured by a
computer program stored in the computer. Such a computer program may be stored in &
computer readaple storage medium, such as, but s not imited 10, any type of disk
including floppy disks, optical disks, CD-ROMs, magnetic-optical disks, read-only
memories (ROMs}, random access memories (RAMs) electrically programmabie read-only

memories (EPROMs), electncally erasable and programmable read only memories

12
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(EEPROMSs), magnetic or oplical cards, or any other type of media suitable for storing

electronic nstructions, and capabie of peing coupied {0 a computer system bus.

(0038} The processes and displays presented herein are not inherently related {0 any
particular computer or other apparatus. Varnous general purpose systams may be usedg
witht programs in accerdance with the {eachings herein, or it may prove convenient o
consiruct a more specialized apparatus to perform the desired method. The desired
structure for a variety of these systems will appear from {he description pelow. in addition,
ampbodiments of the present invention are not described with reference (o any particular
programming language. it will be appreciated that a variety of programming languages

may pe used to implement the teachings of the inventions as described herein.

(00391 According (o embodiments, a direclion specific audio signal or audio data stream
may be generated by applving one or more direction parameters derived from an optical
tracking system (o anaiog and/or digital circuits associaled with a microphone array. 1he
micropnoneg array may mnciude omnidirectional micropnones, directional micropnoness or a
compination of both.,  The optical fracking syslem may ifrack fealures ¢f one or more
objects, a position of an eye or a combpination of poth.  The analog and/or digital circuits
associated with the microphone array may include microphone driver circuits, microphone
selection circuits, signal conditioning circuilts, amplifier circuis, signal combining circuits,
signal subiraction circuis, signal filtenng circuils, analog acoustic peamiorming circuits,
analog (o digital converters, digital filters, digital acoustic beamiorming circuits, and/or

audio rendering circuits.
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(00401 Tuming now {0 Fig. 1A, there 1s shown a functional block diagram of an examplary
aeoustic signal acguisition device according o embpodiment of the present invention. ne
device may inciude an acoustic acquisition assembly with a set or array of microphones
naving a fixed spacing and orientation relative {0 one another. The assembly may pe
integral or otherwise funcltionally associated with a Directional Audio Stream (Generator
(DAS(G) which receives sound source target direction signals, indicators, paramelers and
vectors from an Optical Tracking system (O1s). The DASG may include microphone
selection circuits {0 select one or more array microphones, switching circuils {0 access the
selected micropnone terminals or ports, and activation or anving circuits {0 aclivate ana

drive selected microphones.

100411 According to some embodiments, the microphone selection circuits may seiect one
OF more array micrephones with a directivity corresponding to a target direction. A
Direction Specific Audio Stream or Signal (DSAS) may include oniy signais from one or
more selected directional microphones. Alternatively, acoustic beamiorming may pe
applied {0 microphone outputs of two or more microphones. The DASG may include
acoustic beamforming circuits for generating the DSAS, for example as analog acoustic
peamforming circuis. According {0 examples where the DASG includes digital acoustic
peamforming circuils and the microphones have anaiog outputs, the DSAG may also
include an analog to digital converter (L/A) o converl. Figure 4A shows an embodiment of
the present mvention where the array microphones are analog microphones and the
DASG includes digital acoustic beamforming processing pipelines running on processing
circuitry (e.g. DSP, FPGA, ASIC, or processor). Figure 4B shows an embodiment of the
present invention where the array microphones are digital microphones and the DASG
includes digital acoustic beamforming processing pipelines running on procassing circuilry

(e.g. DSP, FPGA, ASIC, or processor). According to some embodiments, the
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peamforming circuit may inciude a combination ¢of anaiocg and digital beamforming
components. Any acoustic beamforming circuils, technoiogies or technigues kKnown 1oday

or 1o devised In the future may be applicable 10 aspects of the present invention.

(00421 The OTS s integral or connected to a forward iooking camera and the optical
processing circuits in the O1TS may include feature identification processing to identify one
or more features of objects or persons present in front of the device. The one or more
features may be a numan {orso portion, a human face, 8 human lip, a video presentation
device, an audic praesentation device, and any potential acoustic signal source. The OTS
may include processing {0 estimale a direction parameler indicative of a direction
corresponding (o one or more identified features. 1he direction parameter may indicate a
relative direction between the device and an dentified object. Al least one separate
direction parameter may be generated for each of two or more separate identiiied features
associated with each of two or more separate opbjects or persons, for exampie {0 two or

more separate people.

100431 The direction parameter for a given identified feature of a given object or person
may pe used by the DASG {0 select which microphonas of the microphone array may pe
utilized In coliecting acoustic signais emanating from the given object or person.  he
direction parameler for a given object may be used to calculale beamiorming parameters,
such as peamforming coeflicients utilized in steering an acoustic beam towards the given
opject or person and collecting acoustic signals emanating from the given feature. The
direction parameter for a given dentified fealure may be used for both microphone

selection and beamforming parameter caiculation.
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(00441 A device geeording 1o an embodiment of Fig. 1A also may include an eye tracker for
fracking a posiion of an eve of a wearer of the device. 1The eye tracker may be
implemented with an optical tracking system aimed at a wearers eve. [he optical tracking
sysiem may be impiemented using any tracking tecnnology known today or {0 be devised
N the tuture. The eye tracker may mnclude processing {0 estimate a direction parameter
indicative of g device wearer s viewing direction as indicated py a position of a tracked eye

of the wearer.

100451 The audio rendenng assembply of Fig. TA may include one or more audio speakers
and an audio signal rendering circuils {(engine) adapled to drive each of said one or more
speakers. The audio signal generator may be adapted {0 generale one or more audio
signals based on the tirst direction specific audio signal.  the audio signal generator may
pDe gdapted 10 generate g separate audio signai for each of two speakers, wherein 3
relative volume and delay between the separaie signals may pe based on the first acousiic
signal direction of armval.  The audio signal generator may include ear specific signal
customization circuils 10 adapt an audio signal pased on a fregquency sensilivity of 3
specific ear. Tne audio signal generator may inciude packground noise suppression

CIFCUIS.

100461 According o further embodiments, the OTS may be adapted to: (1) track a change
N rejative direction petween the device and an wentifieg feature of an object, and (<)
update the at least one direction parameter used by said DASG {0 generate the first
stream of audio data. The OTS may be also be adapted to frack two or more identified
features and {0 generate separate direchion parameters for each of the two or mors

identified features. Figure 3A shows an empodiment of the praesent invention where the
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device is in the form of eyewear and the O15 18 tracking o separate people. A separate
DSAS Is generated for each of the two tracked sound sources (iL.e. paople). Figures 3B
through 3D show scenarios where the OTS fracks both static and moving sound sources
and a DSAS for the tracked people (sound acquisition targets) is adjusted or sieered
geeordingly. Also shiown 18 a user siarting and giscontinuing racking and soundg

Acquisition for a speciic sound sources at wiil,

100471 According to vel further embodiments, the device may inciuge user interface circuits
adapted (o allow a wearer 10 select for which dentified feature a direclion speciic audio
signal i1s generated. The interface circuits may inciude a display selected from the group
consisting of: (1) a tuncltionally associated touchscreen, and (2) optical head mounted
display. The interface circuits may raceive user input from the fracker. the interface
circuits may receive user input from the functionally associated touchscreaen. The interface
Circuits may inciude one or more electric puttons, switches or gauges on the device. Figs.
1A, 2A and 2B, 20 and 2D show embodiments including interface circuils {o connect the

devices {0 smartphonas wnicn may be used as part of the user interface.

(00481 Fig. 1B shows a flowchart inciuding exempiary sieps of an acoustic signal
acquisition device according (o embodiment of the present invention. The optical tracking
system optically tracks one or more sound sources, also referred {0 a DSAS targets. A
relative direction value, parameter or vector 8 caicuiated for a target sound source. The
directional audio stream generafor selects, swilches-in, activates and/or sampies array
microphones calculated, estimated or otherwise determined {0 be usable for generating a
direction specific audio stream/signal (DSAS) in the direction of the target sound source.

Optionally, the directional audio stream generator aciivates an acoustic beamforming
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orocessing pipsine with beamforming parameters associated with the direction of the
target sound source. An audio rendernng engine or circuils converts {(e.g. D/IA) a DSAS
iNto one or more analog signals to drive one or more speaker(s). Optionally, the audio
rendering engine or circuits may adjust amplifude and delay petween left and right speaker
Aariving signais to provide a listener with perception of direction of the {arget sound source

of the DSAS.

100491 Fig. 2A shows a diagram of a device according to embodiments of present invention
related (o eyaewear. According to this embodiment, the micropnone array is be a wearable
microphone array. A device hoiding the microphone array may de incorporated or
otherwise funcltionally associated with any wearable device, opltionally in the form of
ayewear, headphones (Fig. 20) or other headgear. Al least a portion of the optical
fracking system may also be incorporated or otherwise funclionally associated with the
same wearable device as the microphone array, shown as Cam K and Cam L. Some or all
portions of the oplical tracking system and/or associated circuits may be part of the same
device as tne microphoneg array.  According to further empodiments, portions ¢of the
fracking ang/or signal processing functionaily may pe performed by a8 funclionally
associated device such as a smartphone connected o the device by a wired or wireless

communication ink.

(0050 As shiown in Fig. 28, which 18 an exemplary functional block diagram of the device
according to Fig. 2A, the eyewear may include an interface to an external communication
device. The external communication device may provide for transcription (speech 1o text)
and translation of directionally acquired speech within a8 DSAS. According 1o

embodiments, the DSAS may be stored on a device's nonvolatile memory (NVM) device or
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on an online data NVM device. The DSAS may be provided {0 a speech {0 text engineg,
which speech 1o text engine may be incorporated iNto the gevice and/or may be part of a
funclionally associated communication device {e.g. smariphone). The speech to {ext
engine may function mndependently or it may utilize an online speech o {ext service such
as that provided by Google. According to yet further embodiments, the DSAS or text
derived therefrom, may pe provided 10 38 anguage transiation enging, for example the
Google translate engine. Qufiput of the text {0 speech engine and/or of the language
fransiation engine may be siored. CQutput of the text to speech engine andf/or of the
language transiation engine may be displayed on a display of the device. QOuiput of the
text 10 speech engine and/or of the language transiation engine may be displayed on a

display of a functionally associated device, such as a smariphone.

(00511 Fig. 20 shows a diagram of a device according to embodiments of present
invention related to headgear, more specifically headphones. This embodiment i1s simiar

to the one for eyewear, wilh the exception of not including an eye projection display.

100521 While certain features of the invention have been Hiustrated and described herein,
many moditications, substifutions, changes, and eguivaients will now occur 1o those skilied
N the art. it i1s, therefore, 10 be understood that the appended ciaims are itended o cover

all such modifications and changes as fail within the true spirit of the invention.
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Claims

Whnat is claimed:

1. A wearable device comprising:
a microphone array comprising two or more microphones posilioned some distance
from one ancther, wherein each of said micropnones 1s adapted (o convert acoustic
signais into electrical signais;
a directional audio stream generator (DAS(G) adapied to convert eleciric signals
output by one or more of said microphones into a first direction specific audio signal
corresponaging to acoustic signais naving a first direction of arrival, and
an Optical Tracking System (O7TS) comprising an optical sensor and optical
information processing circuits, said OTS adapted (o generate at least one direction

parameter used by said DASG 10 generate the first direction specific audio signal.

2. The device according to claim 1, wherein said DASG includes acoustic

peamtorming circuits.

3. 1he device according to claim 2, whierein said acoustic beamforming circuits are
analog.
4. The device according to claim 2, wherein said DASG includes at least one analog to

digital converter and said acoustic beamiorming circuits are digital.

o} 1he device according to claim 1, wherein at least some of said microphones are

directional and said DASG includes microphone selection Circuits.

G. The device according to claim 5, wherein said DASG includes at least one analog to

digital converter and gigital signal compining circuits.
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I8 1he device according to claim 6, wherein said digital electrical signal combining

circuits include beamtorming functionaiity.

8. 1he device according to claim 7/, wherein said electrical signal combining circuits

nciude packground noise remaoval processing.

9. The device according to claim 1, wherein said U715 includes at least one forward
COKING camera and said oplical processing circuits inciude feature wentification
processing to identify one or more features of objects or persons present in front of the

gdevice.

10, The device according {o claim 8, wherein the one or more features i1s selected from
the group consisting of a human torse portion, a numan face, a human ip, a video
presentation device, an audio preseantation device, and any potential acoustic signal

SOQUTCe.

11.  The device according to claim 10, wherein said 0TS further includes processing o
estimate a direction parameter indicative of a direction corresponding 1o the one or more

identified features.

12. The device according io claim 1, wherein said OTS includes an eye tracker for

tracking a position of an eye of a wearer of said device.

13. The device according o clam 12, wherein said QTS further includes processing to
astimate a direction parameter indicative of a direction corresponding 1o the position of the

tracked eve.
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14, The device according to claim 1, further comprnising an audio renderng assembply
NCIUAING oNe Or more audio speakers and an audio signal generator adapted to drive each

of said one or more speakers.

15, The device according claim 14, wherein said audio signai generator is adapted o

generate one or more audio signais based on the first direction specific audio signal.

16, The device according to claim 15, wherein said audio signai generator is adapted 1o
generate a separate audio signal for each of two speakers, wherein a relative volume and

delay tetween the separate signals 18 pased on ihe first acoustic signal direction of arrival.

17. The device according {o claim 14, wherein said audio signai generator ncludes

packground NoISe SUPPression Circuits.

18, The device according to claim 14, wherein said audio signal generator includes ear
specific signal customization circuits 1o adapt an audio signal based on a freguency

sensitivity of a specific ear.

19. The device according io claim 1, wherein said OTS is adapted {o: (1) track &
change in relative direction petween said device and an ientified feature, and (2) update
the at ieast one direction parameter used by said DASG (o generate the first stream of

audio dats.

20, The device according to claim 19, wherein said U795 is adapted to track two or more
ideniified features and 1o generate separate direction parameters for each of the two or

more identitied features.
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21, The device according to claim 20, further comprising user interface circuils adapted

{0 aliow a wearer {0 select for which dentified feature a direclion specific audio signal is

generated.

22, The device according to claim 21, wherein said interface circuits inciude a display
selected from the group consisting of: (1) a tunctionally associated {ouchscreen, and (2)

aptical head mountad display.
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