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personal projection micro speaker system, A method includes generating audio signals within a chamber. The chamber' is a part of a
volume of the eyewear device. The audio signals are concentrated for delivery to the user's ear. The audio signals are transmitted to
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INTERNATIONAL APPLICATION TITLE

PERSONALIZED DIRECTIONAL AUDIO FOR HEAD-WORN AUDIO PROJECTION

SYSTEMS, APPARATUSES, AND METHODS

RELATED APPLICATIONS

{0001} This patent application is a contnuation-in-part of Umited States Non-provisional
Patent Application titled "Modularized Evewear Systems, Apparatus, and Methods,” filed on
Decesnber 11, 2019, Serial Number 16/711,340, which claims priority from United States
Provisional Patent Application titled “Modularized Evewear Svstem with Interchangeable Frame
and Temples with Embedded Electronics for Mobile Audio-Visual Augmented and Assisted

%

Reality.” filed on December 12, 2018, Serial Number 62/778,709 and from United States
Provisional Patent Application Serial Number 627873 889 titled “Wearable Devices Apparatuses,
Systems, And Methods," filed on July 13, 2019, United States Non-provisional Patent
Application Seral Number 16/711 340 titled “"Modularized Evewear Systems, Apparatus, and
Methods,” is hereby fully incorporated by reference. This application claims priority from co-
pending U.S. Provisional Patent Application Sental Number 62/801 468 titled “Personalized
Directional Audio For Head-Worn Awdio Projection Devices With Near-Eve (Electro-Dynamic)
Microspeaker System,” filed on Pebruary 05, 2019, United States Provisional Patent Application
Serial Number 62/801 468 titled “Personalized Divectional Audio For Head-Worn Audio
Projection Devices With Near-Eve (Electro-Dynamic) Microspeaker Systenm,” is hereby fully

mcorporated by reference. This application claims priority from co-pending United States
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Provisional Patent Application Serial Number 62/873 889 titled ““Wearable Devices Apparatuses,
Systems, And Methods," filed on July 13, 2019, United States Provisional Patent Application
Serial Number 62/873 889 entitled "Wearable Devices Apparatuses, Systems, And Methods," is

hereby tully incorporated by reference.

BACKGROUND OF THE INVENTION

1. TECHNICAL FIELD

8002} The invention relates generally to eyewear devices, and more particularly 1o
apparatuses, methods, and systems for providing audio signals to a nser through an eyewear

device.

2. BACKGROUND

10003} The pace of modem life moves at a fast past. A person is often placed under the
constramt of time and i3 placed in situations where his or her hands are occupied, and
mformation is not accessible to the person. This can present a problem. Currently avatlable
evewear such as prescription glasses, e.g., prescripion reading glasses or presoription sunglasses
are expenstve and are not readily reconfigured to different user’s needs. This can presenta
problem. Personalized sound transmission 13 often done with an occlasive in ear device known
as an earphone or earbud. Such a device obstructs the ear canal and can mterfere with a user’s
hearing of far field and near field sounds. This can present a problem. Sharp directivity for
personal bsteming of audio serves as a basis for mobile asgmented reality and assisted reality

head-worn evewear device applications. Cwrrent methods of sound transmission 10 a user such
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as bone conduction technologies have low transmission efficiencies with lower sound energy
levels deliverad to the user. This can present a problem. Thus, problems exist that require

techimical solutions that uses technical means to produce technical effects.
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BRIEF DESCRIPTION OF THE DRAWINGS

{0004} The invention may best be understood by referning to the following description
and accompanying drawings that are ased to Hlustrate embodiments of the invention. The
mvention is thustrated by way of example i the embodiments and is not limited in the figures of
the accompanying drawings, 10 which like references indicate similar elements.

{6005] Figare 1 illustrates a modular reconfigurable evewear system, according to
embodiments of the invention.

{0006} Figure 2 illustrates a reconfigurable componert for an evewear device, according
to embodiments of the mvention.

{0007} Figure 3 illustrates multiple reconfigurable components for an eyvewear device,
according to embodiments of the wnvention.

{0008} Figure 4 illustrates another reconfigurable modularized evewear system,
according to embodiments of the invention.

{6009} Figure § illustrates a perspective view and a top view of the modulgrized eyewear
system from Figure 4, according to embodiments of the invention.

{6010} Figure 6A illustrates a svstem architecture for a modularized eyewear device,
according 1o embodiments of the mvention.

je011} Figure 6B illustrates wireless networks corresponding to the systern architecture
for the modularized eyewear device of Figure 84, according 10 embodiments of the invention.
{0012} Figure 7 illustrates another system architecture for the modularized evewear

device of Figure 4, according to embodiments of the invention.
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5
{8013} Figure 8 tllustrates a block diagram of a temyple insert module, according to
embodiments of the invention,
0014} Figure 9 illustrates a modularized evewear device fitted with a behind the neck

module assembly, according to embodiments of the mvention.

{001 5] Figure 10 tllustrates a behmd the neck module assembly n perspective view
confipured with a wearable device, according to embodiments of the invention.

{0016} Figure 11 Hlustrates coupling a temple interlock to a temple according 1o
embodiments of the invention.

8017} Figure 12 idlustrates coupling a behind the neck module to electronics contained
within a temple, according 10 embodiments of the imvention.

{0018} Figure 13 illastrates a schematic for combining & behind the neck module
assembly with temple electronics, according to embodiments of the mvention,

{0019} Figure 14 illustrates a user infertace on a behind the neck module assanbly,
according to embodiments of the invention.

{6020} Figure 15 illustrates a block diagram for an electronics untt configured for a
behind the neck electronics pod (ePOD), according to embodiments of the invention.

0021} Figure 16 dlusirates a personal projection micro speaker systeny In a cross-
sectional view, according to embodiments of the invention.

{0022 Figure 17 illustrates another personal projection micro speaker system in @ cross-
sectional view, according 1o embodiments of the invention.

{0023} Figure 18 illustrates a personal projection micre speaker system, in a cross-

sectional view, utihzing multiple speakers, according to embodiments of the invention.
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6
{6024} Figure 19 illusirates a personal projection micro speaker systen on a user,
according to embodiments of the mvention.
{0025} Figure 20 illostrates an internal surface of an acoustic chamber, according o
embodiments of the invention.
{06026} Figure 21 illustrates an acoustic chamber curved surface of general shape ina

cross-sectional view, according t© embodiments of the invention.

{6027} Figure 22 ilustrates variable density structures, according to embodiments of the
mvention.
{8028} Figure 23 illustrates, in cross-section, a multilayered acoustic chamber wall,

according 1o embodiments of the invention.

{0029} Figure 24 illustrates a distribution of variable density structuwres in a temple of an
evewear device, according to embodiments of the invention,

{0030} Figure 25 illustrates an exploded perspective view of a personal projection
speaker system in a temple of an eyewear device, according to expbodnnents of the invention.
{6031} Figure 26 ilustrates an external sound reflector cover, according 1o embodiments
of the mvention.

{60321 Figure 27-28 illustrate additional external sound reflector covers and acoustic

gain, according to embodiments of the ivention,
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7
{80334 DETAILED DESCRIPTION
{0034} in the following detailed description of embodiments of the mvention, reference is

made 1o the accompanying drawings, in which like references indicate similar elements, and in
which is shown by way of itlastration, specific embodiments in which the invention may be
practiced. These embodiments are deseribed i sufficient detail to enable those of skill in the ant
to practice the invention. In other instances, well-known circuts, structures, and techniques have
not been shown in detail in order not to obscare the understanding of this description. The
following detailed description i3, therefore, not to be taken m a limiting sense, and the scope of
the invention is defined only by the appended claims.

{0035} In one or more embodiments, methods, apparatuses, and systems are described,
that provide modualarization of an cyewear system for a user. As described in the description of
embodiments below, various combinations and configurations of electronics are tanght for
imcotporation into evewear devices, Some electronics configurations are removably couplable to
an eyvewear device, In some embodiments, an electronics configuration is buil-into an evewear
device, In vet other embodiments, a behind the neck module assembly is releasably couplable
with an eyewear device. In various embodiments, the modularized reconfigurable eyvewear
devices provide information t© a user through the evewear device. As used in this description of
embodiments, information includes streaming andio m the form of music, mformation also
includes parameters of a user’s biology {e.g., biometics of phyvsiology, biomechanics, ete.) such
as, but not limited to; heart rate, breathing rate, posture, steps, cadence, ete. Information alse
includes notifications and information of mterest to a user from digital applications embedded in
a mobile computing platform (i.e., smart phones, Internet of Things (10T devices, etc.) or from

environmental or spatial confext based on external sensory mformation such as, but not limited
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to; geographical positioning data, or information on a vehicle that a user s using such as;
revolutions per minute {RPM) of a bicycle, engine parameters such as RPM, oil pressure, cooling
water temperature, wind speed, depth of water, air speed, etc. In vanous embodiments,
mformation 1s presented to a vser through an eyewear device by, for example, an audio broadeast
that a user hears and a video broadcast to a display that the user sees in the evewear device, or
sees gs an image as projected onto a pupil of the user’s eve. Thus, mformation is to be given an
expansive meaning within the scope of embodiments taught herein.

{0036} Figure 1 illustrates a modular reconfigurable eyewear system, according to
embodiments of the mvention. With reference to Figure 1, a modulanzed evewear device is
shown i perspective view at 100, The modularized evewear device 100 has a frame chassis
102, In varions embodiments, the frame chassis 102 13 ophthalmically constructed to provide
frame vim portions that hold lens 120 and lens 1220 The lens 120 and 122 can provide any of
the functions that evewear devices provide, such as bot ot linited to, a safety glass lens, a
prescuptive lens, a sunglass leng, a welding glass lens, ete. An evewear device can alse contain
a single lens instead of the dual lens lustrated. In some embodiments, a nose pad is provided,
thereby providing a cushion for the contact zone with a user’s nose. Ia some embodiments, the
nose pad 15 imade from a compliant material such as silicon rabber.

{0037} A temiple 104 (left temple) and a temple 114 {right temple) are coupled t the
frame chassis 102, The temples 104 and 114 can be flexibly coupled to the frame chassis 102,
with hinges as shown in the figure or the teroples 104 and 114 can be provided with a {ixed
orientation relative to the frame chassis 102

0038} in various embodiments, one or more temples (104 and 114) and the chassis

frame 102 can be fited with electronics as described below, Within the view of 100, a left
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temple insert module (TIM) 106 is configured with the left temple 104 and a right temple nsernt
module {TIM) 116 is configured with the night temple 114, Temple insert modules (TIMs) are
described more fully m conjunction with the figures below.

{6039} With continaed reference to Figure 1, 2 modularized eyewear device 1s shown in
exploded view at 130. A frame chassis 132 is ophthalmically constructed to encivele a lens 140
and a lens 142 with a frame rim thereby securing the lens 140 and the lens 142 thereto. A brow
bar 146 is fastened to'the frame chassis 132 invarious ways, via assembly fasieners, adhesive,
etc. A left temple 144 includes a lefi temple connector 152 which is rotatably coupleable with a
left chassis connector 150, Together, the left chassis connector 1530 and the left teouple connector
152 form a rotatable mechanical and elecirical connection between the chassis 132 and the left
temple 144, thereby providing one or more electrical pathways to connect the frame chassis 132
to the left temple 144, Similarly, a right temple 134 is rotatably coupleable to the frame chassis
132 through a right hinge assembly 148,

[0040] Note that in some embodiments, a modulanized evewear device is configured such
that each temple can be removed from tts hinge via an electnical/mechanical connector having
one or move elecirical contacts, not shown for clarity in the ilustration. These electrical contact
points can be made using, for example, pins, points, pads, slots, contact devices, ete.  For
example, the line indicated at 154 demarcates the mating of the right temple connector with the
right temple 134, Sumilarly, the line indicated at 156 demarcates the mating of the left temple
connector 152 with the left temple 144,

{0041} Through the provision of electrical/mechanical connectors between gach temple,
e.g., 134, 144 and the frame chassis 132 the tenples are interchangeable with the evewear

device, This functionality permits a user to interchange one temple with another, Differem
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temples can be configured with ditferent electronics to provide different functionality as
described herein. Either temple can be configured fo accommodate various electronics
configurations. For example, in one or more embodiments, the right interchangeable teraple
accommaodates an electronics package that can mclode one or more of] a biometric sensor, a
biomechanical sensor, an environmental sensor, & temperafiire Sesor, an acoustic sensor, a
motion sensor, a light sensor, a touch sensor, 8 proxumity sensor, a velogity sensor, an
acceleration sensor, a rotation sensor, @ magnetic field sensor, a global position system {GPS)
recetver, cables, microphones, a micro speaker, a source of electrical power {battery), a camers, a
niiere display, a heads-up display (HUD) module, a multiaxis inertial measurement unit, a
wireless communications system. Note that a TIM can also contain the electronics package and
sensor{s) described above. In varipns embodiments, one or more wireless conimunication
system are provided that utilize for example; near-field conmmumcations (INFC) using the
industrial-scientific-medical (1SM) frequency of 13.56 MHz, the Adaptive Network Topolegy
{ANT)Y ANTH wireless standard, wireless communications using 8 Bluetooth standard, a
Bluctooth low energy standard (BLE), wircless communication using a Wi-Fi standard, and
wirgless communtcation using mobile telephone standards such as for example the 3G, 4G, Long
Term Evolution {(LTE), 5G, ete. standard or other wireless standards. In some embodiments,
eleciical pathways from the electronics exit a temple via & sheath cavity and travel into a temple
sheath and continae into a brow bar sheath cavity. The sight interchangeable temiple contains a
hinge-connector 148 that fastens to the brow bar 146 and chassis frame 132

{0042} In one or more embodiments, the right interchangeable temple attaches to the
front of the frame chassis via a hinge-connector that allows for power and dats transferved to the

left interchangeable temple through the modular brow bar, The hinge-comnector mechanically
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interlocks with the frame chassis and allows for power/data connectivity with electrical pin
conductors. In one or more embodiments, when positioned in the open direction of wearing, the
hinge-connectors sense the open state of the device allowing for power or data transfer. When
the closed position (temples folded imward), the hinge-connector w1 conjunction with signals
received from one or more of proximity sensors and motion senzors will allow the system to
sense the user-device interaction state and will deactivate the power or data transfer.
Furthermore, i the open position, 1n some embodiments a sensor, such ag, but not mited to, a
proximity sensor, can detect when the device is being worn by a user and can thus operate in its
active {ON} state. This function leads to reduced power consumption when folded and stowed
and can lead to automatic power up while a user wears the device on his or her head. In addition
to switchable data or power wansfer from the hinge-connector, the hinge-connector can provide
flexible circuits and wired micro-connectors that provide steady uninterrupted power and or data
transfer.

0043} In some enmthodiments, it is convenient 1o route electrica! pathhways within a
volume of the brow bar 146, In some embodiments, the brow bar 146 1s constructed to provide a
channel along its length, within which the electrical pathways are routed. Thug, the brow bar
146 provides one or more sheaths, channels, ete. along its length within which electrical
pathways and sensors can be contaimed. Examples of elecirical pathways arve, but are not himited
to; wires, printed circuit board, Hlexible printed circwit board, ete. In vanous embodiments, 1t s
advantageous to mount one or more sensors 1o the brow bar 146, thereby making an electrical
sub-assembly for the frame chassis 132, 1o some embodiments, additional electrical pathways
from the frame chassis 132 are joined with the electrical pathway contained in the brow bar 146.

In some embodiments, a flexible electronic circuit 1s adhered to the underside top face of the
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brow bar and exits the brow bar via the left and right sheath cavities. Alternatively, orin
combimation, fudlv embedded flexible electronics niay be cast imto the brow bar with integrated
contact points exiting the brow bar near each hinge. These integrated contact points on both sides
of the brow bar allow {ransmission of data or power when in contact with the integrated contact
points of the night and left temple. In addition to facilitating connection to electronics, the brow
bar can conceal an optional pupil module by a securing flange and allows the user to view a
microdisplay via the brow bar pupi apertore.

{0044} In similar fashion the feft temple 15 configured as a lefl interchangeable temmple
connected to the front frame of the evewear with a left hinge-connector. In various
embodiments, the left mterchangeable temple can contain the same electronics
configuration/functionality as the right interchangeable temple or interchangeable temples can
contain different electronics configwrations and ditferent functionality.

{0045] With continued reference to Figure 1, a left temple 164 and right temple 174 are
configured as shown at 160, Each of the temples 164 and 174 contain electronies which are
configured to provide information and functionality to a user of the evewcar system. As shown
at 160, the left temple 164 has a temple door {not shown) removed thereby exposing an
electronics package indicated at 186, The temple door secures and protects electronics from
envivonmental exposure and hazard. The temple door is secured to the temple assembly with
suitable mechanical fasteners for a given application. In some embodiments, the temple door
provides a rating with respect to water intruston via an IP Code from International Protection
Marking 1EC standard 60329, A source of electrical power (battery} is Hlustrated &t 184 and an
audio speaker and port 1s tlustrated at 182, The andio speaker and port 182 is generally located

on a posterior end of a temple and in some embodiments is an integrated directional projection
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speaker that privately directs sound o a user’s ear. Projection stereo speakers can communicate
various audio signals to the user, such as but not Hmited to, voice prompis, streaming music,
simart audio assistance, data, etc. Notably, the projection speaker design does not occlude the
user’s ear. Thus, the user can hear far field sounds and the far field sounds are not degraded as
they are with currently available earbud style headphones that occlude a user’s ear.

{0046} The right temiple 174 is alse provided with an electronics package (not shown in
the view) contained within the right temple 174, The nght temple 15 provided with an audio
speaker with audio speaker port 184, which can be an integrated directional projection speaker.
In one or more embodiments, the right temple 174 is configured to accommedate an external
assembly 190 that contains a micro display assembly 192, Similarly, the {eft temple could be
configured for the external assembly 190 and the micro display assembly 192,

60471 In various embodiments, a micro display assembly, such as 192, 3¢ a head up
display (HUD} Pupit™ QOptics Module that houses the optics, electronics, and micro display that
form the optical system. The pupil mechanism glso may house cables, flexable cireuit boards, or
wires which exit from s housing into an electronics contact pathway. In one or more
embodiments, these electrical pathways are connected o a sude of the left temple 174 10 enable
the user with a see-through head up display external accessory to enhance a visual component of
a mobile assisted and/or augmented reality experience.

{0048} In one or more embodiments, wiring which exits the brow bar is concealed in the
right and left sheaths of the temples and enters into the right and left temples via the sheath
cavities, thereby profecting the wiring from environmental hazards. The area near the contact
pathway may also accommuodate motion mechanisms for custonuzing the interpupiliary distance

of the head-up micro display module.
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{8049} in different embodiments, the front frame portion, such as 102 or 132 (Figure 1)
or any similar structure in the figares below, and the right and left temple portions, such as 104,
114, 134, 144, 164, 174 (Figure 1) or any similar structures in the figures below, can be part of a
set of interchangeable front frame portions and temple portions each baving the same or different
combmations of devices, accessories, capabilities andfor fanctions. At least one of an electronics
board, microphones, speakers, battery, camera, heads-up display module, wireless Wi-Fi radio,
GPS chipset; LTE cellular radio, nultiaxis mertial measurement unit, motion sensor, touch
sensor, Hight and proximity sensors, etc. can be mcluded in desired combinations. Electronics can
be further included that permit a aser to perform at least one of, wirelessly connecting to a
cellular service, a smart phone, a smart watch, a smart bracelet, a mobile computer, and a sensor
peripheral. The electronies can further include the abihity to; view see-through avgmented reality
images via a modular head up display (HUD), provide stereo audio content, provide voice and
audio notification meluding music through one or more imtegrated projection micro-speakers,
The front frame electrical contact devices and the temple electrical contact devices can molude
electrical contact points n or near respective hinge connectors for removable elecirical contact
with each other for electrically transmitting at teast one of: power, electrical signals and data
between the temple portions and the front frame portion when the contact points are m an
electrically closed position. In some embodiments when assembled together, the front frame
hinge connectors, the front frame electrical contact devices, the temple hinge connectors and the

ges, hinge connectors,

=

temple electrical contact devices can form electromechanical hin
asseniblies or devices. In some embodiments, system electrical power can be turmed off by

folding the temple portions nto g storage position thereby disconnecting the contact poings.
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6050} in some embodiments, at least one of the front frame electronics and the temple
electronics can include af least one of a battery, camera, heads-up display module, controller,
digital storage electromics, CPU, projection mucro-speaker, microphone, wireless Wi-Fi radio,
GPS chipset, LTE celhudar radio, multiaxis mertial measurement system or umt, and sensory,
motion, touch, Hght, proximity, temperature and pressure sensors, efe,

8051} in some embodiments, at least one temple can mclude a temple module msert
{TIM) containing selected temple electronics, mownted thereto. In other embodiments, a neck
smart cord s electrically connected to a behind the neck electronics module. The neck smart
cord has right and left connectors or connector ends for mechanically and or electrically
mterconnecting the behind the neck electronics module with the right and left temples of an
eyewear device,

60521 Figure 2 Hlustrates a reconfigurable component for an eyewear device, according
to embodiments of the invention. With reference to Figure 2 at 200, a temple 202 13 provided
with an engagement portion 204, A temple insert module, referred to i this description of
embodiments as a “TIM™ at 210 is configured to be relcasably coupleable with the engagement
portion 204 of the temple 202. The TIM 210 15 mnstalied mto the temple 202 as indicated by
arrows 212a and 212b. In various embodiments, the engagement portion 204 s accomplished by
a mechanical connection, such as but not hmited to; press fif, chp, mechanical imterlock, hook
and loop, magnetic sarface, external clamp to temple, flange and mechanical coupling to temple,
ate. In yet other embodiments the engagement portion 204 and the TIM 210 wtilize magoetic
surfaces, thereby holding the TIM 210 secure by magnetic atiraction. The forns of the
engagement portion shown at 204, as well as the form of any engagement portion iHlustrated

elsewhere in the figures presented herein, ts given merely for itlustration and does not limit
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embodiments of the invention. In the view illustrated at 200, the TIM 210 enly makes a
mechanical connection with the temple 202 no electrical connection is provided between the
TIM 210 and the temple 202

[60S83} In some embodiments, the TIM 210 is provided with a speaker and speaker port
214, which can be a micro projection speaker. The speaker provides information o a user
through a directed andio broadeast. Note that the speakers provided herein ave speakers that are
located externally from a user’s ear and are therefore not nserted into the user’s car like an
earbud is inserted. The TIM 210 is configured with an electronics package that contains a
processor, memory, electrical power, and one or more wireless communication protocols that
enable the TIM 210 to communicate wirelessly 222 with one or more devices 220. The device
220 can be an external sensor such as, but not himited to; a biometric sensor or a vehicle sensor, &
local wser device, a petwork node, such as a wireless router, a remote network, or a remote user
device such as a mobile phone accessed through a network. Different sensors, networks, and
remote devices are described more fully in conjunction with the figures below,

{6054} Following the architecture of Figure 2 at 200, in some embodiments, a second
temiple and a second TIM are provided. The two TIMs in such a system can engage w wireless
communication between the device 220 and between thernsalves as needed o provide a fevel of
design functionality to a user. For example, in ong embodiment, a left TIM includes wireless
network capability safficient o comnrunicate with the remote device 220, utibizing a first
network protocol. In addition, the left TIM and the right TIM are provided with wireless
network capability that supports communication wtilizing a second network protocol.  In order
to conserve electrical power, the first network protocol has a greater range than the second

network protocol because a distance between the left TIM and the remote device 1s greater than a
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separation distance between the left TIM and the night TIM (nominally a width of user’s head).
The architecture itlustrated at 200 1s referred to as true wireless because there 1s no wired
connection between the left TIM and the night TIM. In one or more embodiments, an audio
stream 18 provided from a user device to a first TIM utiltzing a first wireless network. Then a
secomd wireless andio strean is provided from one TIM 10 the other TIM utilizing a second
wireless network in order to provide the audio stream to each of a left and a right projection
speakers of the eyewear device,

{055] The temples and TIMs described at 200 provide reconfigurable components for
gvewear devices as described in conjunction with the figures herein. A forward end 206 of the
temple 202 is engageable with a frame chassis of an evewear device as described above with or
without a connector between a temple and a frame,  Thus, the temple 202 can attain a fixed
position relative to a frame chassis or the temple can be rotatably coupled to the frame chassis
depending on a give design of the evewear.,

{0056} With reference to Figure 2 gt 250, a temple 252 15 provided with an engagement
portion 2584, A temple tnsert module, TIM at 260, is configured to be releasably coupleable with
the engagement portion 254 of the temple 252, The TIM 260 is mstalled info the temple 252 ag
indicated by arrows 262a and 262b. In various embodiments, the engagement portion 204 1s
accomplished by a combined electrical and mechanical connection.  The mechanical connection
can be as described in conpunction with 210204 such as, but not limited to; press fit, clip,

mechanical interlock, hook and loop, ete. In vetother embodiments the engagement portion 254
and the TIM 260 uiilize magnetic surfaces, thereby holding the TIM 260 secuve by magnetic
attraction. A number of elecirical contacts 280 are provided for illustration with no Hmitation

mnplied thereby, The electrical contacts 280 mate with corresponding electrical contacts in the
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temple 252 thereby providing electrical connection o one ot more electrical pathways (not
shown) m the temple 252, The electrical pathways within the temple 252 facilitate electrical
connection between the TIM 260 and one or more sensors 272 and 274, which can also represent
a source of signals provided to a display{s). The sensors 272 and 274 can be acoustic sensors
such as microphones or any of the seasors described herein for use in conjunction with
electronics packages confipured with eyewear devices. In one or more embadiments, one or
more of 272 and 274 provide signals 1o a display such as a HUD.

{0057} In some embodiments, the TIM 268 is provided with a speaker and speaker port
264, which can be a micro projection speaker. The speaker provides information o a user

through an open-ear audio broadeast.

{0058] Following the architecture of Figure 2 at 230, in some embodiments, a second
temple and a second TIM are provided, as shown below i Figure 3. The two TiMs insuch a

systent engage in wireless communication hetween the device 220 and between themselves as
250 provide reconfigurable components for evewear devices as described in conjunction with the
figures herein.  For example, a forward end 256 of the temple 252 is engageable with a frame
chassis of an eyewear device as described above with or withouta connector between a remple
and a frame. Thus, the temple 252 can attain a fixed position relative 1o a frane chassis or the

temple can be rotatably coupled to the frame chassis depending on a given design of the

eyEwear.
{0059} Figure 3 illustrates, at 300, multiple reconfigurable components for an eyewear

device, according to embodiments of the invention. With reference to Figare 3 at 300, the left

reconfigurable component 250 from Figure 2 15 Hlustrated with a companion right
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reconfigurable component for an eyewear device. A right temple 3582 has an engagement portion
that 1s not shown in Figure 3 but is stmilar to the engagement portion 254 of the left temple 252,
A temple msernt module, TIM at 360 is configared to be releasably coupleable with the

engagement portion of the temple 352, The TIM 360 is coupled with the temple 352 as mdicated
by arvows 362a and 362b. In various embodiments, the engagement poriion of the temple 332 s
accomplished by a combined electrical and mechanical connection.  The mechanical connection
can be provided as described above in conjunction with 210/204 such as, but not limited to] press
i, clip, mechanical interlock, hook and loop, etc. In yet other embodiments the engagement
portion of the temple 352 and the TIM 360 utilize magnetic swfaces, thereby holding the TIM
360 secure by magnetic attraction. Several electrical contacts 380 are provided for illustration
with no himitation umplied thereby. The elecivical contacts 380 mate with corresponding
electrical contacts In the temple 352 thereby providing electrical connection to ote or more
electrical pathways (ot shown) in the temple 332, The electrical pathwavs within the temple
352 facilitate electnical conpection between the TIM 360 and one or more sensors 372 and 374.
The sensors 372 and 374 can be acoustic sensors such as microphones or any of the sensors or
displays described herein for vse in conjunction with electronics packages configared with
gvewear devices. In various embodiments, the TIM 360 is configired with an electronios
package that contains a processor, memory, electrical power, and one or more wireless
comuunication systems using protocols that enable the TIM 360 to communicate wirelessly as
indicated by a wireless transmission at 222 with one or more devices 220, In addition, the TIM
360 and the TIM 260 can be configured with wireless communication capability that permits
wireless communication between the TIMs as indicated by a wireless transmission at 382, In

some embodiments, the TIM 360 1s provided with a speaker and a speaker port indicated at 364,
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which can be a micro projection speaker. The speaker provides information to a user through an
audio broadeast.

{0060} With reference to view 390 of Figure 3, elecirical connectivity schematics are
Hlustrated for each of TIM 260 and TIM 360, The TIM 260 is electrically coupled to the sensor
272 with an electrical pathway 394, Similarly, the TIM 26013 electrically coupled to the sensor
274 by an electrical pathway 392, The connectivity ilustrated between the TIM 260 and the
respective sensors constitutes a left temple electiical schematic 384, Note that the left temple
electrical schematic 384 can be more complex or less complex that the thustration. Thas, the left
temple electrical schematic s provided merely for illustration with no Hmitation implied thereby.
{0061} Sumilarly, the TIM 360 is electnically coupled to the sensor 372 with an electrical
pathway 398, The TIM 360 is elecinically coupled to the seasor 374 by an electrical pathway
396, The connectivity tllustrated between the TIM 360 and the respective sensors constitutes a
right temple electrical schematic 386, Note that the night temple electrical schematic 386 canbe
more complex or less complex that the illustration. Thus, the right electrical schematic is
provided merely for Hlustration with no limitation implicd thereby.

{6062} The two TIMs m such a system engage i wireless communication between the
device 220 awd between themselves as needed to provide a level of design fimetionahity 1o a user.
For example, 1n one embodiment, a left TIM includes wireless network capability sufficient to
conmmunicate with the remote device 220, utilizing a frst network protocel. In addition, the left
TIM and the right TIM are provided with wireless network capability that sapports wireless
communication as indicated at 382, The wireless communication 382 can be performed with a
second network protocol, which is different from that used at 222, In order to conserve electrical

power, the first network protocol (222) has a greater range than the second network protocol
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{382) because a separation distance between the left TIM 260 and the remote device 220 s
greater than a separation distance between the left TIM 260 and the right TIM 360, the latter is
nominally a width of user’s head and the former can be as much as a distance to a mobile
telephone cellular tower.

{0063} Figure 4 illustrates another reconfigurable modularized evewear system,
according to embodiments of the tnvention. With reference 1o Figure 4, one or more of sensors,
power components, and computational units are distributed throughout an eyewear device,
including distributed throughout a frame chassis sach as 402, A frame chasais 402 is
ophthalmically constructed to encircle lens 440 with frame rims thereby securing the lens 440
thereto. A left temple 404 are a right temple 414 are coupled to the frame chassis 402, thereby
forming an eyewear device, The left temple 404 is configured with an engagement portion
mdicated at 408, A left temple tnsert modude (TiM) 406 18 configured as described above to
engage with the engagement portion 408, thereby providing both mechanical and electrical

as engaged with the engagement portion of the right temple 414, The TIM 406 contains an
audio speaker and audio port mdicated at 410 and the TIM 426 contains an audio speaker and
audio port indicated at 430, 1n various embodiments, the andio speakers of 410 and 430 are
projection speakers. The evewear device includes seversl sensors or displav(s), 462, 464 460,
468, and 470 that are integrated inte an electrical pathway that extends from the lefi teraple 404
throngh the fame chassis 402 to the right temple 414, In various embodiments there can be
more sensors or less seasors that those shown in Figure 4. The sensors and the locations of the
sensors shown in Figure 4 are provided merely as an illustration and do not limit embodiments

of the invention, As described above 1n conjunction with the previous figures, at least one of the
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temple isert modules, 406 and or 426, are provided with a suite of electronics necessary to
provide wirelessly connectivity 222 to a device 220

{0064} In the evewear device 0f 400, a high-level view of an electrical pathway
schematic is shown at 480. With reference to 480, the left TIM 406 and the right TIM 426 are
electnically coupled with sensors 462, 464, 466, 408, and 470 by electrical pathway elements
482, 484, 486, 488 490, and 492, An electrical pathway element, such as 484, electrically
connects the sensor 464, Together, the components shown in 480 provide a modularized
reconfigurable set of components for an eyewear device. In one or more embodiments, one or
more acoustic sensors are located in at least one of, the frame chassis 402, the left temple 404,
and the right temple 414, Thas, acoustic sensors can be located anywhere on a temple (left or
right) or a frame chassis of the eyewear device,

6065 Figure § Hlustrates, generally at 300, a perspective view and a top view of the
modulanized evewear system from Figure 4, according to embodiments of the invention. With
reference to Figure 8, ¢ modularized evewear device is iHlustrated in perspective view at 502, A
modulanzed nose pad 504 is releasably couplable as indicated at 506 with the modularized
eyewear device 302, Modularization of nose pads permids a user to swap nose pads in order to
improve the fit between the evewear and the user’s nose and facial structure. A greater level of
comfort can be achieved through modularization of the nose pad of the eyewear device. In
addition, other sensors such as @ biometric sensor can be provided in the nose pad.

{6066} Figure 6A illustrates, generally at 600, a system architecture for a modulanzed
eyewear device, according to embodiments of the invention. With reference to Figure 6A, in
various embodiments, @ modularized reconfigurable evewear device can contain more than one

wireless conununication system. In various embodiments, an eyewear device 602 has a high-
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level block diagram architecture as shown at 604, {n various embodiments, the evewsar device
502 1s configured to communicate with a wireless sensor 640 and a mobile device 670. The
wireless sensor 640 can contain a single sensor or a plurality of sensors. The wireless sensor 640
can contain any one or more of the sensors listed herein without hmitation. For example, the
wirgless sensor 640 can include a biometric sensor or biomechanical sensor contigured for use
with a user or a sensor configured for use with a vehicle or building. Some examples of
biometric sensors are, but are not Hmited to; a heart rate monitor, a perspiration sensor, a
temperature sensor, ete. Some examples, of vehicle sensors are, but are not limited 1o; a velocity
sensor, an acceleration sensor, & global position system signal, a vehicle engine parameter, a
wind speed indicator, ete. Some examples of sensors for use with a building are, but are not
limited to; a temperature reading from a thenmostat, a water pressure valoe, ete. Some non-
Hmiting examples of vehicles are, bat are not lintited o] a scooter, bicyele, an automobile, a
boat, a vacht, a watercraft, an airplane, a military velicle, 3 wing suit, etc.  In some
embodiments, data is received at 640 and or 616 from a special use network. An example, of g
special use network, given for illustration with no imitation implied thereby, is a National Marine
Electronics Association {(NMEA) NMEA 2000 network designed for watercraft such as yachis
{power or sail}. NMEA 2000, also referved 1o i the art as "NMEAZK or "N2K” is standardized
as International Electrotechnical Commission (IEC) 61162-1. NMEA 200 is a plug-and-play
communications standard used for connecting marine sensors and display units within ships,
boats, yachts, etc. The mobile device 670 can be any one or more of the mobile devices listed
herein without hmuation. For example, the mobile device can be a mobile phone, a watch, a
wrist band, a bracelet, a tablet computer, a laptop computer, a desktop computer, a vehicle

computer, efc.
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{8067} The eyewsar device 602 has a high-level architecture, represented at 604, that
contains a speaker 606, a central processing unit 608, a source of electrical power 610, an
acoustic sensor 608§, a storage device 614, and a wireless communication system 616, Wireless
communication system 616 can contain one or more of the following wireless compumication
systems, .., a near-field conununication systen 618, a wireless conununication system utilizing
the Bluetooth communication protocol 620, a wireless communication system utilizing the Wi-Fi
commuuucation protocol at 624, a mobile telephone communications protocol 622, The wireless
communication protocol designated by LTE at 622 13 given merely as an example for wireless
devices and does not limit embodiments of the invention. Those of skill in the art will recognize
that one or more antennas are included, but not shown for clarity, i the wireless communication
system block 614,

{60681 The wireless sensor 640 has a bigh-level architecture, represented at 642, that
mckides one or more sensors 644 and a wireless commuunication system 646, The wireless
comnunications systemn 646 can be a low data rate communications system such as a near-field
communications system, BLE, ANT+, or the like. Or the wireless communication system 646
can be provided as a higher data rate system as required by the sensor{s) 644.

{6069 The mobile device 670 has & high-level architecture, represented at 672, that
meludes, a central processing unit 674, a source of electrical power 676, storage 678, and one or
more wireless conumunication systems indicated at the block 680, The mobile device 670 can
be optionally configured 1o reach remaote petworks as indicated by cloud 689, The wireless
communication block 680 can mclude one or more of the following wireless communication
systems, £.g., & near-field communication systemn 682, a wireless communication system utilizing

the Bluetooth communication protocel 684, a wireless conumunication system utilizing the Wi-Fi
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commumication protocol at 680, and a mobile telephone communications protocol at 688, The
wireless communication protocol designated by LTE at 688 i1s given merely as an example of a
communication system for mobile devices and does not hmit embodiments of the invention.
Those of skill i the art will recognize that one or more antennas are mcluded, but not shown for
clarity, in the wireless communication system block 680 and 642,

{0070} in some embodiments, the wireless sensor system 042 and the eyewear device
6502 are configured initially by a user of the mobile device 670 and the mobile device user
interface as indicated by pathways 632a and 6352b. In operation, the eyewear device 602 receives
data wirelessly as indicated at 650 from a suitable wireless communication system, such as for
example a near-field communications system 618, Wireless data obtained from the wireless
sensor system 642 can be transmitted o the user device 670/672 by another wirgless
communication system such as indicated at 654, The wirgless communication mdicated at 6534
can be accomplished with a higher data rate channel using for example Bleetooth protocol at
620/684, or Wi-Fi protocols at 624/686, or mobile phone communications protocol imndicated at
622/088. Data transferred from the eyewear device 602 can be stored and analyzed on the user
device 670 in various embodiments and with different application programs.

6071} Figure 6B illusirates, penerally at 690, wireless networks corresponding to the
system architecture for the modulanized evewear device of Figure 6A, according to
embodiments of the invention. With reference to Figure 6B, the wireless communication block
616 can connect 1o a plarality of devices as shown in the figre. For example, one ot more
wireless sensors 640 can connect to the wireless communication block 616 utilizing low data rate
near-field communication networks as indicated at 618. One or more user devices 670 can

communicate wirelessly with the wireless communication block using Bluetooth conmmunication
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protocols as indicated at 620, One or more wiraless nodes, such as Wi-Fi nodes indicated at 692
can communicate wirelessly with the wireless communication block 616 as indicated at 624,
One or more remote networks 694 can communicate wirelessly with the wireless communication
block 616 using celludar communication protocols as indicated at 622, Thus, a reconfigarable
eyewear device can contain one or more of the wireless conumunication systams shown in the
illustration at 690. An evewear device can be reconfigured for different wireless commumication
by swapping for example one TIM module for another. Alternatively, ong or more temples can
be swapped with a frame chassis as described above to provide customized functionality to an
gvewear device.

{0072} Figure 7 illustrates, generally at 700, another system architecture for the
modularized evewear device of Figure 4, according to embodiments of the invention. With
reference to Figure 7, the wireless communication block 616 of the eyewear device 602 can be
configured for cellular communications via mobile telephone networks divectly without needing
a user device to function as an intermediary, For example, in 700, the eyewear device 602 is
configured for communication with a remote device 702, which can be a mobile tclephone, by a
wireless communication system 622 thereby connecting with the remote device 702 directly
through the external networks mdicated by cloud 704, Mo mtermediary user nwhile device is
needed o support this line of commumication. Such a configuration of an eyewear device allows
a user of the eyewear device to make telephone calls from the evewear device with the assistance
of an imterface, such as a voice mterface, one or more tactile interface Like buttons, etc. The
voice interface provides command and control of the telephone call by converting the user’s

voice signals to comimands that the device uses to facilitate the operation of the wireless network
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for the telephone call. Examples of such commands are, but are not hinited to; select caller,
place call, volume up, volume down, end call, etc.

{0073} Figure 8 illustrates, generally at 800, a block diagram of a temple insert module
{TIM), according to embodiments of the invention. With reference to Figure 8, as used i this
description of embodiments, a TIM can be based on a device such as a computer, in which
embodiments of the invention may be used. The block dizgram is a high-level concepiual
representation and may be tmplemented in a varety of ways and by various architectures. Bus
system 802 mterconnects a Central Processing Unit (CPL) 804 (alternatively referred to herein
as a processor), Read Only Memory (ROM) 806, Random Access Memaory (RAM) 808, storage
810, audio 822, user interface 824, and communications 830. RAM 808 can also represent
dynamic random-access memory {DRAM) or other forms of memory. The user mterface 824
can be in various embodiments a voice interface, a touch interface, a physical button, or
combmations thereof. It Is understood that memory (not shown) can be ncluded with the CPU
block 804, The bus system S02 may be for example, one or more of such buses g5 a system bus,
Peripheral Component Interconnect (PCH, Advanced Graphics Port (AGP), Small Computer
System Interface (SCS), Institute of Blectrical and Electronics Engineers (IEEE) standard
number 994 (FireWire), Universal Serial Bus (USB), universal asvachronous receiver-
transputter (UART), serial peripheral interface (SPI), inter-integrated circuit {12C), ete. The
CPU 804 may be a single, mudtiple, or even a distobuted computing resource. Storage 8190 may
be flash memory, ete. Note that depending upon the actual implementation of a TIM, the TIM
may inclade some, all, more, or a rearrangement of components in the block diagram. Thus,

many variations on the systemn of Figure 8 are possible.
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{8074} Connection with one or more wireless networks 832 is obtained via
communication {COMM) 830, which enables the TIM 800 to communicate wirelessly with local
sensors, local devices, as well as with remote devices on remote networks. In some
embodiments, 332/830 provide access to remaote voice-to-text conversion systems which can be
i remote focations for example cloud based. 832 and €30 flexibly represent wireless
communication systems in various intplementations, and can represent vanous forms of
telemetry, general packet radio service (GPRS}, Ethernet, Wide Area Network {WAN), Local
Area Network {LAN), Internet connection, Wi-Fi, WiMAX, ZigBee, Infrared, Bluetooth, near-
field communications, mobile telephone communications systems, such as 3G, 4G, LTE, 3G, stc.
and combinations thereof In various embodiments, a touch interface is optionally provided at
§24. Siguals from one or more sensors are input to the system via 829 and 828, Global position
system (GPS) mformation 18 recetved and is mput 1o the system at 326, Awdio §22 can represent
a speaker such as a projection speaker or projection nucro-speaker described herein.

[0075] In various embodiments, depending on the hardware configuration different
wireless protocols are used in the networks to provide the systems described in the figures above.
One non-hmiting embodiment of a technology wsed for wireless signal transmission s the
Blustouth wireless technology standard which is also commonly known as IEEE 802.15.1
standard. In other embodiments, the wireless signal transmission protocol known as Wi-Fi is
psed which uses the IEEE 802,11 standard. In other embodiments, the ZigBee communication
protocol is nsed which 18 based on the IEEE 802,15 4 standard. These examples are given
merely for illustration and do not limit different erabodiments. Transmission Control Protocol

{TCP) and Internet Protocol (1P) are also used with ditfferent embodiments., Embodiments are
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not linuted by the data communication protocols listed herein and are readily used with other
data communication protocols aot specifically listed herein.

{0076} In various embodiments, the components of systems as well as the systems
described in the previous figures (such as a temple insert modude (TIM)) are implemented in an
mtegrated civculf device, which may include an integrated circuit package comtaining the
mtegrated cirewdt. In some embodiments, the components of systems as well as the systems are
implemented in a single integrated circuit die. In other embodiments, the components of svstems
as well as the systems are implemented in more than one Integrated circuit die of an integrated
circntt device which may include a multi-chip package containing the integrated cirouit

0077} Figure 9 illustrates a modularized evewear device fited with a behind the neck
module assembly, sccording to embodiments of the mvention. With reference o Figure 9, at
900, a behind the neck module assembly 13 fitted to a passive set of eyewear. Passive evewear
mdicates that there are no electronics lovated In the evewear. Alternatively, the evewear can be
active or powered eyewear, as described herem, configured with electronics packaged mto one or
more temples or temple insert modules (TTMs). The eyewear has a frame chassis 902 that
contains lens 906. Coupled 1o the frame chassis 902 13 a left temple 904 and a right temple 914,
The behind the neck module assembly includes a behind the neck electronios pod (ePOD) 924, a
left temiple mterlock 920 a right temple interlock 922, a left smart cord 926 and a right sman
cord 928. The left smart cord 936 couples elecirically and mechanically the ePOD 924 to the left
temple interlock 920 and the right smart cord couples electrically and mechanically the ePOD
924 1o the right teniple interlock 922.

[0078] The left temple interlock 920 contains an acoustic cavity, an audio speaker, and

an acoustic port, The acoustic port for the left audio speaker is indicated at 930, The left smart
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cord 926 comaing electrical conductors that provide an audio signal for the audio speaker
contained within the lefi temple interlock 920, In one or more embodiments, the audio speaker
contained in the left tomple interlock 1s a micro-projection speaker. Similarly, the acoustic port
for the right andio speaker 15 indicated at 932, The right smart cord 928 contans electrical
conductors that provide an audio signal for the audio speaker contained within the right temple
interlock 922, In one or more embodiments, the andio speaker contained in the right temple
mterlock is a micro-projection speaker

{079} In various embodiments, the ¢POD 924 contains an electronics unit. The
glectronics unit contains the electronic components and functionality described herein fora
temple insert module {TIM). In other words, the electronics unit is a TIM mechamcally and
electrically packaged for 4se in-a behind the neck modude assembly,

{60801 Electronics units having different electrontc configuration and functionality can
be swapped in and out of the ePOD in similar fashion to the way different TIMs are swapped
inte and out of a temple of an eyewear device.

{0081} At 950 a length adjustment is provided 1o shorten or lengthen the night smart cord
and the left smart cord. A behind the neck electronics pod (ePOD) 954 18 configured with a left
sinart cord 956 and a right smart cord 938 exiting the same ead of the ePOD 954, Sucha
configuration of the smart cords 956 and 938 permit a slider 900 o move either away from the
ePOD or toward the ePOD. Moving the slider 96Q away from the ePQD 934 shortens the
avatlable free length of the smart cords 985/958. Moving the slider 960 towards the ePOD 954
increases the available free length of smart cords 956/958.

{0082} in one or more embodiments, in operation when i an “on” state, audio data is

streamed to the electronics unit in the ePOD 924 and is directed to the lefi and right speakers for
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broadcast to a user when the behind the neck module assembly is mstalled on an evewear device
and the user wears the evewear device,

{0083} Figure 10 illustrates, generally at 1000, a behind the neck module assembly in
perspective view configured with a wearable device, according to embodiments of the invention.
With reference to Figure 10, a first sensor 1050 is illustrated on the ePOD 924 A second sensor
lostrated incorporated into the left temple interlock 920, The sensors 1050, 1052, and 1054 can
be any of the sensors described herein previously described for use in a TIM or divectly in
glectronics buill into a temple.

{0084} In the embodiment shown in Figure 10, each temple interlock module, 1.6, 920
and 922 contains a through hole uto which a temple of the eyewear is mserted. In this
embodiment, the temple interfock modueles 920 and 922 are made from a compliant material such
as an elastomer or rubber that permits elongation sufficient for a temple to be inserted
therethrough. For example, the left temple mterlock 920 contains g through hole 1040 mto
which the left temple 904 is inserted. The right temple interlock 922 contains a through hole
1042 mio which the right teraple 914 1s inserted. Each of the temple interfocks 920 and 922 are
posttioned on a pair of compatible evewear such that each of the speaker ports 930 and 932 are
positioned in front of and near to a user’s ear. Compatible eyewear is eyewear that is compatible
with the mechanical attachment provided by the temple interlocks.

{6085 Figare 11 ilhustrates, generally at 1100 and 1150, coupling a temple mterlock to a
temple according to embodiments of the invention. With reference to Figure 11, at 1100 a
magnetic temple interlock s lastrated. The magnetic temple interlock mchudes a magnetic

region 1108 on a temple 1102 of an eyewear device. A temple interlock 1104 has a
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corresponding magnetic region 1106, In operation, the magnetic regions 1106 and 1108 are
brought together, thereby causing the magnetic regions 1106 and 1108 to attract each other
which provides a clamping force between the temple interfock 1104 and the temple 1102, A port
of an acoustic cavity that containg a speaker is illustrated at 1110

{8086} Ancther method of clamping is lustrated at 11500 A temple tnterlock 1152
contains a slot 1158 between a first side 11563 and a second side 1156b of comphiant material.
The geometry of 1158, 1156a, and 1156b forms a U shape imo which a temple of an eyewear
device can be inserted. The elasticity of the material 1152 provides a releasable coupling
between the temple interlock 1152 and the temple of the eyewear {not shown). An acoustic port
of an acoustic cavity that houses a speaker is indicated at 1154

{0087} Figure 12 illustrates, generally at 1200, coupling a bebind the neck module to
electronics contained within a teniple, according to embodiments of the invention. With
reference to Figure 12, a behind the neck module assembly 1s coupled to electronics contained
within a temple. A portion of a behind the neck module assembly is illustrated with a behind the
neck electronics pod (ePOD) 1220, a loft smart cord 1222 and a left temple mterlock 1210, Any
of the elecironics contawned with a temple, as previously described, can be contained directly
within a temple without a temple insert module (TIM). Or alternatively, the electronics
contained with the temple can be electronics that are part of a TIM, as indicated optionally at
1204, An agoustic port 1230 is tHustrated within the temple 1202, The acoustic port 1230
permits sound generated by a speaker located there behind o be emutted therethrough for hearing
by the user. Alternatively, the acoustic port 1230 can be located within the TIM 1204, In
various embodiments, @ temple 1202 is provided with g number of electrical contacts indicated at

1206, A corresponding number of electrical contacts 1208 are provided m the left temple
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interlock 1210, A mechanical interlock between the temple 1202 and the left temple mterlock
1210 is provided to make the connection between 1210 and 1202 releasably couplable. Inone or
more embodiments a magnetic coupling is provided near or at the location of 1206/1208 to
provide a releasable coupling thereto.

{0088} Figure 13 tllustrates, generally at 1300, 4 schematic for combinmg a behind the
neck module assembly with temple electronics, according to embodiments of the invention.
With reference to Figare 13, an outline of an eyewear device is indicated at 1302, The evewear
device 1302 contains electronics and or efectronic pathways in a left temple, a right temple, and a
frame chassis. The outline 1302 encompasses the frame chassis, left temple, and right temple.

in the system depicted in the figure, an electromics path 1308 extends between the left teniple and
the right temple of the eyewear deviee 1302,

{6089 The eyewear device containg a8 left temple insert modude (TEIM) 1304 located in a
left tenple and a right TIM 1306 located in a right temple. A behind the neck modele assembily
with electronics unit (ePOD) is indicated at 1310, A lefv smart cord 1312 provides an electrical
pathway between the ePOD 1310 and the left TIM 1304, A night smoast cord 1314 provides an
electrical pathway between the ePOD 1310 and the night TIM 1306, In various embodiments
both the left TIM 1304 and the right TIM 1306 are configured with one or more wireless
comumunication network systems that penmit wireless communication between the feft TIM 1304
and the right TIM 1306 as indicated at 1316, A remote device 1320 s representative of one or
more wireless sensors or wireless vser devices as described above in conjunction with the
preceding figures. Wireless communication 1322 s accomplished between the remote device

1320 and at least one of the left TIM 1304, the right TIM 1306, and the ¢POD 1310, All of the
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electronic svstem functionality described above with respect to a TIM is applicable to an ePOD
such as ePOD 1310,

{0090} In some embodiments, a left temple is not elecirically connected to a right temple,
11 such as case the electrical path 1308 is removed from the electrical schematic shown i 1300,
{6091} Figure 14 tllustrates, generally at 1400, 4 user mnterface on a behind the neck
behind the neck electronics pod (ePOD) 1s illustrated at 1402, The ¢POD 1402 has a display
interface 1404, The display interface 1404 can be implemented m various ways in different
embodiments. In some embodiments the user interface is a tactile surface button. In some
embodiments, the user interface is implemented with a touch screen, such as a capacitive touch
screen presenting one or more controls to a user. In some embodiments, the aser interface
communicates information to a user. In yet other embodiments, the user wterface commumicates
mmformation to a person who views the user interface 1404 from behind the vser who is wearing
the ePOD 1402, An example of such information 1s, but is not limited to, an emaji, mood status,
con, ete. as mdicated at 1400

{60924 Figure 15 illustvates, generally at 1500, a block diagram for an electronics umt
confipured for a behind the neck electronics pod {(ePODY, according to smbodiments of the

neck electronics umt can be based on a device such as a computer, in which embodiments of the
invention may be used. The block diagram s a high-level conceptual representation and may be
implemented in a variety of ways and by various architectures.  Bas systems 1502 interconnects a
Central Processing Unit (CPU) 1504 (alternatively referred to herein as a processor), Read Only

Memory (ROM) 1506, Random Access Memory (RAM) 1508, storage 1510, audio 1522, user
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interface 1524, and conununications 1530, RAM 1508 can also represent dynanic random-
access memeory {DRAM) or other forms of memory. The user interface 1524 can be in vanous
embodiments a votce interface, a fouch mterface, a physical button, or combinations thereof. It
is understood that memory {not shown) can be included with the CPU block 1504, The bus
system 1502 may be for exanple, one or more of such buses as a system bus, Peripheral
Component Intercomnect {PCI), Advanced Graphics Port {AGE), Small Computer System
Interface (SCSI), Institute of Elecirical and Electronics Engincers (IEEE} standard number 994
{FireWire), Universal Serial Bus (USB), universal asvnchronous receives-transositter (UART),
serial peripheral interface {(SPI), inter-integrated circust (12C), ete. The CPU 1504 may be a

single, multiple, or even a distributed computing resoiree. Storage 1510 may be flash memory,

the behind the neck electronics unit may include some, all, more, ov a vearrangement of
components in the block diagram. Thus, many vanations on the system of Figure 15 are
possible.

{6093} Connection with one or more wireless networks 1532 15 obtained vi
communication {COMM) 15330, which enables the behind the neck electronies unit 1500 to
communicate wirelessly with local sensors, ocal devices, as well as with remote devices on
remote networks, In some emboduments, 153271530 provide access to remote volce-to-text
conversion systems which can be in remote locations for example cloud based. 1532 and 1530
flexibly represent wireless communication systems it various implementations, and can
represent various forms of telemetry, general packet radio service (GPRS), Ethernet, Wide Area
Network {WAN), Local Area Network (LAN), Internet connection, Wi-Fi, WiMAX, ZigBee,

Infrared, Bluetooth, near-field communications, mobile telephone communications systems, such
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as 3G, 4G, LTE, 3G, eic. and combinations thereof. In various embodiments, a touch interface is
optionally provided at 1524, An optional displav 1s provided at 1520, Signals from one or more
sensors are input to the system via 1529 and 1528, Global position system (GPS) information is
recetved and is mput to the system at 1326, Audio 1522 can represent a speaker such as a
projection speaker of projection micro~speaker described herein.

{8094} In various embodiments, depending on the hardware configuration different
wireless protocols are used in the networks 1o provide the systems described inthe figures above.
{ne non-limiting embodiment of a technology used for wireless signal ransmission is the
Blugtooth wireless technology standard which & also commonly known as IEEE 802.15.1
standard. In other embodiments, the wireless signal transmission protocol known as Wi-Fi is
wsed which nses the IEEE 802 11 standard. In other embodiments, the ZigBee communication
protocel is used which 18 based on the IEEE 802,15 4 standard. These examples are given
merely for Hustration and do not lmit different embodiments. Transmission Control Protocol
{TCP) and Internet Protocol {1P) are also used with ditferent embodiments. Embodiments are
not limited by the data communication protocols hsted herein and are readily used with other
data communication protocols not specifically listed herein.

{0055} in various embodiments, the components of systems as well as the systems
described in the previous figures (such as a behind the neck electronics unit) are implemented m
an mtegrated circuit device, which may include an integrated circuit package containing the
integrated circuit. In some embodiments, the components of systems as well as the systems are
implemented in a single integrated civowit die. In other embodiments, the components of systems
as well as the systems are implemented in more than one integrated circuit die of an integrated

cireuntt device which may include a multi-chip package containing the integrated circuit.
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{8096} in various embodiments, the descriptions of embodiments provided herem
provide reconfigurable components for head wearable devices. Reconfigurable components for
head wearable devices include, but are not himited to, removable temples, removable temple
insert modules {TIMs), a behind the neck module assembly, an electronics pod ePOD fora
behind the neck module assembly and removable electronics wnits for ePODs.

0097} in various embodiments, running on the data processing systemis) created with
respect 1o vartous TIMs (00 in Figure 8) or with respect 1o vanous behind the neck electronics
units (1300 m Figure 15) are one or more algorithms that provide usefal finctionality to a user.
These algorithims are described below in conjunction with the following figures as procedures or
synonvmously methods and it will be understood by those of ordinary skilf in the art that the
algorithms may be run on hardware that is distributed across the systems in different ways. For
example, in some embodiments, the algorithm will run on the hardware contained within a TIM
or within a behind the neck electronics unit. In other embodiments, the alporithm or parts of the
algorithum will run on 8 combination of 8 TIM and 3 device such as the devices 220, 670, 702,
1320, etc., shown in the figures above, or on a combination of a TIM, a device (220, 670, 702,
1320, etc.}, and cloud based hardware and services available through one or more
communication networks as described above in conjunction with the preceding figures.
Similarty, tn other embodiments, an algorithm or parts of the algorithm will run on a
combination of a behind the neck electronics anit and a device such as the devices 220, 670, 702,
1320, eic., shown n the figures above, or ona combination of a behind the neck electronics unit,
a device (220, 670, 702, 1320, etc ), and cloud based hardware and services available through
one or more conununication networks as described above in conjunction with the preceding

figures.
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6098} Figure 16 illustrates, generally at 1600, a personal projection micro speaker
system {PPMS} in a cross-sectional view, according to embodiments of the invenbion. With
reference to Figure 16, a chamber 1602 1s defined by an inner surface 1604, A chamber wall
1608 has an outer surface 1606 and an acoustic port 1610, A micro speaker 1612 15 mounted
within the chamber 1602 and is configurad to receive electronic signals which are then converted
into airthborne gcoustic signals by a moving surface of the micro speaker 1612, Awborne acoustic

(33

signals are equivalently referred to in the art as “sound waves,” which are indicated at 1614, The
terms “airborne acoustic signals™ and “acoustic signals,” “andio signalgs,” “sound waves,” etc. are
used synoaymousty ia this description of embodiments. Acoustic signals 1614 are divected by
the system of 1600 toward a user’s ear mdicated at 1616 to provide a personal listening
experience for the user, while at the same time, minunizing the acoustic signals 1614 that are
audible to other people proximate 1o the user. The chamber 1602 18 also referred 1o herein
synonyimousty as a micre chamber or a niiere acoustic chamber, ete. Al such terms are used
interchangeably in this description of embediments, The micro speaker 1612 is refereed to
herein synonymously as a micro-projection speaker or simply a speaker. 1t will be understood by
those of ordinary skill in the art that the chamber i3 a small chamber designed to house a small
speaker i order to provide a personalized listening experience 1o a user through a personal
projection micro speaker svstem (PPMS).

j0099] An end view of the PPMS system is illustrated at 1630. Note that the owter
dirnensions of the chamber wall 1608 are nominally indicated in Figure 16 as) width "W°
height “H,” and length “1.” In various embodiments, the chamber 1602 can be sized as needed
for the various applications in which PPMS systems are used. Thus, the chamber dimensions are

gualitative ia nature and are not meant 1o hmit embodiments of the invention., No absolute vahae
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or relative absolute values for dimensions of the chamber should be mferred therefrom. For
example, PPMS systems are used within a temple of an eyvewear device, a temple msert module
{TIM) of an eyewear device, or in a temple interlock used in conjunction with a behind the neck
module as described in conjunction with the figures above and are configured as needed for
those apphoations. Note that PPMS systems can be incorporated nto eyvewsar devices that ave
removable components and PPMS systems can be incorporated into evewear devices that are
configured with non-removable components. In varicus embodiments, the acoustic signals that
are delivered through the PPMS svstems are provided in stereo mode or in monoaural mode.
j001006] The inner surface 1604 forms a generally concave swriace with respect o the
speaker 1612, In some embodiments, the surface is generally parabolic. In other embodiments,
the chamber is generally rectangular is shape. Within the description of embodiments presented
herein, various chambers are iHustrated with different interior shapes. These different shapes are
provided as illustrations and do not Hmit embodiments of the invention. Note also that a
chamber such as 1602 can be divided o multiple chambers where each chamber is configured
with one or more micro speakers. There can be for example, in some embodiments, a first
chamber that houses a speaker(s) used to generate a low range of acoustic frequencies and a
second chamber that houses a speaker(s) used 1o generate a higher range of acoustic frequencies.
in some embodiments, there are multiple chambers 1 which one or more chambers do not have a
speaker installed therein and one or more chambers that do bave a speaker(s) installed therein,
{60161} The chamber wall 1608 ix illustrated i Figure 16 with one layer. However, in
various embodiments, a chamber is made with multiple layers and the multiple layers can be
provided with different acoustical properties. For example, in one or more embodiments, a

material for the chamber wall 1608 and the inner surface 1604 are selected during manufactare
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to provide a high degree of acoustic reflectivity fo mcident acoustic energy, thereby serving to
reflect and to concentrate emission of acoustic signals 1614 through the acoustic port 1610,
Examples of some materials with a high degree of acoustic reflectivity and hypoallergenic
properties are, but are not linmited to; plastics, such as, thermoplastics, acrylonitnile butadiene
styrene {ABS), cellulose acetate, polyamide, nylon, pelycarbonate, carbon epoxy resm, metals,
including titanuun, aluminum, ete. Temples, TIMs, temple interlock devices can be made using
mjection molding manufactoring technigoes. Thermoplastics can also be used in injection
molding processes to make the temples, TIMs, or temple interlock devices. Plastics such as
Acetate are used in some embodintents to make the temples, TIMs, or tenple ingerlock devices
described herein. In some embodiments, the outer surface 1606 is coated with a layer of material
that 15 designed to absorb vibrational energy, thereby isolating s user from undesirable vibrations
of the chamber 1608 which can be generated by the speaker 1612, Such materials are
charactenized by a high mechanical loss factor and a low Young's modulus. Examples of some
materials that absorb vibrational energy are, but are not imited to an elastomer, polyurethane
foam, melanune foam, batvl rubber, halobuty! rubber, ete.

{60102] Figure 17 illustrates, generally at 1700, another personal projection micro speaker
systerm, in 4 cross-sectional view, according to embodiments of the invention. With reference to
Figure 17, a chamber wall 1708 has an mmer surface 1704 and an cuter surface 1706, The inner
surface 1704 defines a chamber 1702, within which a speaker 1712 is mounded. Invarious
embodiments, the speaker 1712 is mounted to an inner surface 1704 of the chamber wall 1708
with mounts that are not shown in order to maintain clarity in the tHustration. The chamber wall

1708 has an acoustic port 1710 for the emission of acoustic signals 1714,
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{80103} in operation, the micro speaker 1712 18 configured o receive elecivonic signals
which are then converted info airborne acoustic signals by a moving surface of the micro speaker

1712, The mner surface 1704 together with the acoustic port 1710 concentrate the acoustic

signals 1714 in a direction of a user 1716. A direction { indicated at 1718, of the acoustic
signals refative to the user 1716, s measured from a reference 1720, Note that O can span a
range of angles and is not himited to those angles shown in the figures. Figure 16 illustrates (1
equal to approximately zero. While Figure 17 illustrates €f nominally in the range of ¢ 10 90

degrees. Preferably, U is selected in light of & given geometry of the system 1700 in relationship

to placement on a user’s head,

{60104] An end view “A,” corresponds to the cross-sectional view i 1700 and ilfustrates
an end view of the evewear device that the PPMS system i3 embedded into. The system can be
embedded into a temple of the eyewear device, a temple insert module {TIM) of the eyewear
device, a temple interlock module, ete.

j00105] Figure 18 illustrates, generally at 1800, a personal projection mucro speaker
system utilizing multiple speakers in a cross-sectional view, according to embodiments of the
invention. With reference to Figure 18, a chamber wall 1808 has an inner surface 1804 and an
puter surface 1806. The taner surface 1804 defines a chamber 1802, within which, speakers
1812a through 1812b are mounted. In various embodiments, the speakers 1812a through 18126
are mounted to the inner swrface 1804 of the chamber wall 1808 wiath mounts that are not shown
1 order to maintain clarity 1o the ilustration. The chamber wall bas an acoustic port 1810 for

the emission of acoustic signals 1814
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80106 in operation, the micro speakers 1812a through 1812b are configwred to receive
electronic signals which are then converted mfo airborne acoustic signals by moving surfaces of

the micro speakers 1812a through 1812b. The tnner surface 1804 together with the acoustic port
1810 concentrate the acoustic signals 1814 in a direction of a user 1816, A direction (1 indicated
at 1818, of the acounstic signals relative 1o the user 1816, 38 weaswred from a reference 1820,
Note that, as described above n conjunction with the preceding figures, U can span a range of
angles and is not imiited to those angles shown in the figures. For example, Figore 16 illusirates

€ equal to approxunately zero. Figure 17 and Figare 18 illustrates @ nominally 1 the range of
0 to 90 degrees. Preferably, (8 is selected in light of a given geometry of the system 1700 in

refationship to placement on a user’s head.

[00107] A symbol "N, on 1812b, indicates a general number of speakers. One or more
speakers form a speaker arrangement and are provided within the chamber 1802 as described
above. Note that the speakers are represented on the figures herein with a recfangular shape,
however no lunitation is unplied thereby. In various embodiments, a speaker(s) can have a
square shape, a rectangular shape, a round shape, etc. Speakers used in the embodiments faught
herein are typically referred to i the art as electrodynamic speakers. Some now-hmiting
examples of speakers that are suitable for use herein are, but are not imited to; 8 Micro-Electro-
Mechanical Systems {MEMS) speaker, high performance, high fidelity and lo distortion micro-
speakers, etc.

{60108] Figure 19 illustrates, generally at 1900, & personal projection micro speaker

system on a user, according to embodiments of the tnvention, With reference to Figure 19, an
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gvewear device 1904 1s configured with the personal projection micro speaker system amd 13
shown worn by a user 1902, In the configuration of 1900, the PPMS system is incorporated into
a temple of the evewear device or into a TIM. Acoustic signals 1906 are concentrated and
emiited from a chamber of the PPMS system and are incident upon the user’s ear at 1908, The
geometry of the PPMS svstem together with an angle ¢ are selected during the design of the
system 1900 1o project the acoustic signals toward the user’s ear canal. Thus, a maximum
amount of destred acoustic signals are delivered to the user’s ear by the system of 1900,
{00109] Figure 20 illustrates, generally at 2000, an internal surface of an acoustic
chamber, according to embodiments of the inveation. With reference to Figure 20, an eyewear
device 2004 has a PPMs system embedded therein at 2008, An enlarged view of 2006 is
itlustrated in cross-section at 2080, In various embodiments, the chamber 2052 is configured
with an acoustic reflecting surface 2054 having @ gencrally parabolic shape, One or more
speakers are positioned at or about approximatelv the focus 2036 of the generally parabolic
shape of the concave sound reflecting surface 2054, In operation, sound waves are directed
towards or into the surface 2054 which then reflects and concentrates the sound waves into a
generallv parallel columm of sound waves which travel away from the surface 2054 out the andio
port 2060 in the direction of the user’s ear canal (for example 1908 in Figure 19).

60118} Fignre 21 ilhustrates, generally at 2100, an acoustic chamber curved surface of
general shape in a cross-sectional view, according to embodiments of the invention. With
reference to Figure 21, a chamber wall 2108 has an tnner surface 2104 and an outer surface
2106, The inner surface 2104 defines a chamber 2102, within which & micro speaker

arrangement 2112 s mounted. In various embodiments, the micro speaker arrangement 2112148
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mounted to an inner surface 2104 of the chamber wall 1708 with mownts that are not shown in
order to maintain clarity n the dlustration. The chamber wall has an acoustic port 2110 for the
emission of acoustic signals 2114,

[60111] In operation, the micro speaker arrangement 2112 1s configured o receive

g strface of

£o8

elactronic signals which are then converted into airborne acoustic signals by a movin
the micro speaker arrangement 2112, The inner surface 2104 together with the acoustic pont
2110 concentrate the acoustic signals 2114 in a direction of a user 2116,

[00112] In various embodiments, the chamber 2102 is configured with an acoustic
reflecting surface 2104 having a generally parabolic shape. One or more speakers forming a
micro speaker arrangement 2112 are positioned at or about approximately the focus 2114 of the
generally parabolic shape of the concave sound reflecting surface 2104, The shape of the surface

is indicated by J{X, ¥ T} and is a generally curved shape, of which, 2104 is a representation of

one or more embodiments and does not it embodiments of the invention. In operation, sound
waves are direcied towards or into the swrface 2104 which then reflects and concentrates the
sound waves 2118 into a generally paraliel coluson of sonnd waves which travel away from the
surface 2104 and ont the audio port 2110 in the direction of the user’s ear canal as represented by
2116,

j60113] Figure 22 tHustrates, generally at 220, variable density structures, according to
embodiments of the invention. Figure 23 illustrates, generally at 2300, in cross-section, a
multilayered acoustic chamber wall, according to embodiments of the invention. Figure 24
iHustrates, generally at 2400, a distribution of vartable denstiy structures in a temple of an

eyewesr device, according to embodiments of the invention.  Referring collectively to Figure 22
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through Figure 24, 1o various embodiments, each PPMS systent used in conjunction with an
eyewear device can have a range of materials with varying material properties in order to provide
for both good reflection and emission of acoustic signals in a direction of a user’s ear canal, as
well as attennation of acoustic energy or attenuation of vibrational energy in a different direction.
For example, a temple portion or a TIM, of an evewear device, can be constructed with a region
of vibration damping material between the speaker arrangement and a fromt frame portion of an
eyewear device. For example, in Figare 22 vibration damping material is indicated by 2208
extending from an acoustic chamber 2204 forward o a front frame section 2202, Sinilarly, in

Figure 24, a teraple portion 2410 is forward of an acoustic chamber portion 2404, An acoustical

property, 1 indicated at 2412, such as a density of the temple portion 2410 1s selected 10 be

lower than an acoustical property, JAC Indicated at 2406, such as a density of the chamber

portion 2404 housing the speaker arrangement of the PPMS system, the relationship between
densities is given by the equations at 2424, Such vibration dampmg material(s} 2412 mnnnizes
transmussion of mechanical vibration forward of the speaker arrangement, thereby reducing the
effects of mechanical vibration noise on sensors that might be located i such forward sections,
In addition thereto, such vibration damping material attenuates vibration through the eyewear
device which might annoy a user. Vibration damping material will also attenuate leakage of
acoustic signals along unwanted forward directions of the evewear device.

{00114] Similarly, a temple portion or a TIM, of an evewear device, can be constructed

with a region of vibration damping material belween the speaker arrangement and a rear temaple

pottion of an evewsar device. An acoustical property, P2 indicated at 2422, such as a density of

the rear temple portion 2420 15 selected to be less than an acoustical property, PAC indicated at
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2406, such as a density of the chamber portion 2404 housing the speaker arrangement of the
PPMS system, the relationship between densities is given by the equations at 2424, Such
vibration damping material nunimizes transmission of mechanical vibration energy in a direction
rear of the speaker arrangement, thereby reducing the effects of mechanical vibration noise on
sensors that might be located iy such rear sections. In addition thersto, such vibiation damping
material attenuates vibration through the evewear device which might annoy a user, such as
tickling a user’s ear. Vibration damping material will also attenuate leaskage of acoustic signals
along unwanted directions.

j00115] A chamber wall of a PPMS system can be made from layers, as indicated in the
cross-section A-A displayed in Figure 23. In various embodiments, a chamber 2302 utilizes an
tnner layer 2308 that provides an inner surface 2304 made with a material that provides a high
degree of acoustic reflectivity thereby enhancing sound concentrabion, enission, and projection
of acoustic signals to a user’s ear. An outer layer 2310 that 1s coupled to the inner laver 2308
can be made from a material selected to absorb and attenuate acoustic energy. Materials that
provide a high degree of acounstic reflectivity are charactenized by a deunsity that is large, as
described above. Maternals that provide for acoustic absorption are characterized by a density
that 1s low, some of which are described above. In one or more embodiments, the relationship
between lavers of the chamber are given by equations 2424 (Figure 24). A speaker arrangement
2312 i3 mouvnted to the chamber wall 2304 with mounts 23148 and 23 14b, Mounts 23 14s and
2314b can provide vibration isolation between the speaker 2312 and the chamber wall 2303,
thereby minimizing vibrational energy that is imparted to the chamber wall 2304 when the
speaker 2312 is generating acoustic signals. In sonte embodiments, an outer layer 2310 of one or

more of, an acoustic chamber 2404, g forward temple portion 2410, and a rear temple portion
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2420 is pade from a plurality of layers, each having an acoustical property which can be

different, one from the other, as indicated at 2208 (Figure 223 by: {P1, P2. P3.....Px}, where

{1 represents a material property of a first layer up to an N layer represented by PN, Thus,

material properties are made to vavy, in some embodiments in a non-linear way i an evewear
device in order to maximize projection of the acoustic signals to the nser’s ear canal. Note that
PPMS systems are destgned and intended to concentrate and to project acoustic signals, e.g.
2206 {Figure 22}, in the direction of the user’s ear and to attenuate gcoustic energy and vibration
in other directions in order to provide a comfortable and personal listening experience to the
user.

ja0116] in addition to the inner structural design of the acoustic chamber, the material of
the inner wall of the temiples that house the electronics and sealed micro speakers are utilized to
enhance the direchionalily of the audible sound that is being emitied to the wser. The mner wall
material of the overall temple or TIM enclosure can have a variation of its acoustical properties
{e.., density, elastic modub of elasticity, ofe.) to maximize the dampening and reflectivity
effects of sound waves emitied by the micro speakers. These materials can have a non-hnear
variation to optinuze the sound wave directionality characteristies with constderation of the
location of the matenial with respect to the ear canal. For example, the material distal to the ear
canal (i.e., proximal to the front of the frame of an evewear device) can have mncreased
dampening properties and the zone that encloses the speaker box (acoustic chamber) and micro
speaker (proximal o the gar canal) is designed to merease the sound reflectivity to enhance

envission of acoustic energy from the acoustic chamber,
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{80117} The dampening effect of material proximal to the front of a frame mininyizes
mechanical vibration that can translate to leaked sound resulting from, for example, the
resonance of the enclosed speaker while emitting audible sound. Furthermore, a laver of
damping material can act as an inselator to mintmize the tactile sensory effect that such
vibrations cause on the listenet’s body upon contact with the device while being worn, The
material laver, or layering that is utihized in the surrounding zone of the micro speaker enclosure
can maximize the refectivity of the andible sound emitted and focally divect the sound to the
listener’s ear canal. The combination of the variable density material lavering m combination
with the design of the sealed acoustic chamber maximizes directionality of the projected sound.
The material towards the exterior of the temple 5 also designed to act as an isolation element to
avoid audible sound leakage through the rest of the frame,

[60118] Figure 25 iHhustrates, generally at 2500, an exploded perspective view of a
personal projection micro speaker (PFPMS) system in a temple of an evewear device, according 1o
embodiments of the invention. With reference to Figure 25, in one embodiment, g group of
components of a tomple of an eyewear device that is adapted to house a PPMS system 18
tlustrated. Although desenbed 1 termus of a right temple, those of ordinary skill m the art will
recognize that the deseription applied to Figure 25 is apphicable to a left tenple as well.

{00119] A right temple body 2508 is configured to receive a speaker 2510, A right temple
cover 2507 1s configured fo mate with the right temple body 2508. A night acoustic chamber is
formed by a segment 2520 of the right temple body 2308, a segment 2522 of the right temple
cover and the right chamber cover 2509, The right chamber cover 2509 provides closure
between the right temple body 2508 and the right temple cover 25307, In one or more

embodiments, a speaker mount s used fo fasten the speaker 2510 to the right temple body 2508.
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In one embodiment, in a non-Hmiting example, double sided tape 2504 is used as a speaker
mount. In one embodument, in a non-limiting example, a speaker stabilizer 2505 15 located
between the speaker 25310 and the right temple cover 2507, In one embodiment, 1 a non-
Hmiting example, the speaker stabilizer 18 made using Ethylene-Vinyl Acetate (EVA) foam. In
one embodiment, in a non-hmiting example, the right chamber cover 2509 s secured to the right
temple 25308 with double sided tape 2503, In one embodinment, in a non-limiting example, the
right chamber cover 2509 15 stabilized with a stabilizer 25306, which can be made with EVA
foam. In one embodiment, in a non-limiting example, the right acoustic chamber having a length
indicated by 2520 is divided mto two compartments using a divider 2501, The divider 2501 has
a slot that permits air to flow from a forward compartment that houses the speaker 2510 10 a rear
compartment that honses the acoustic port 2530, In one embodiment, in a non-linmidting example,
a waterproof mesh 2501 1 framued around it perimeter and 15 mounted over the acoustic port
2530 thereby provided a waterproof chamber 1o seal out water, moistare, dust, dirt, ete. from the
right acoustic chamber. EVA foam damps vibration which can nunimize iransmission of
vibration from the speaker into the right temple body 2508 and the right temple cover 2507, In
one embodiment, in a non-lmiting example, a piece of foam 2302 is located between the speaker
2510 and the divider 2501, In one embodiment, the right temple body 2508 and the nuht temple
cover 2507 are made of molded plastic which has a high density, is a stiff material, is hughly
reflective to acoustic encrgy, snd provides effective transmission of vibrational energy. To
mitigate the nodesirable effects of acoustic energy leakage and vibration transimission, a closed
cell energy absorbing foam such as EVA s used around the speaker 2510 ax illustrated with

Figure 15,
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60126} Figure 26 illustrates, generally at 2600, an external sound reflector cover,
according to embodiments of the invention. At 2650 the eyewear device from 2600 is shown on
g user. As used in this description of embodiments, the terms “external sound cover,” external

AL

sound reflector,” “external reflector cover,” “sound cover,” “audio reflector,.” “lobe,” and
“cover” are used synonvmously in this description of embodiments. With reference to Figure
2600, an evewear device 2602 has a right external reflector cover 2606 fixed to a right temple
and a left external reflector cover 2604 fixed to a lef temple. An external reflector cover or lobe
can be added to an eyewear device in a permanent fashion or it can be a removable accessory.
An external reflector cover can also be hinged. An external reflector cover provides a further
enhancement to the personal audio listening experience by ncreasing the directionality, and
sound vectoring of the acoustic epussion 1o the target listener, 1e. the user: The reflector cover
minimizes the audio signals generated by a speaker, enntted from an acoustic chamber, that are
not delivered to the user’s ear canal, Thereby, reducing the audible sound that becomes noise to
non-target listeners, Le., bystanders,

{60121} A reflector cover can be permanently attached and hinged w a temple of an
eyewesr device. The listener can rotate the cover and farther provide a reflection surface to
direet sound to his or ber ear canal. While not i use, the Hstener can retract or remove the cover
back to the temple or remove i entirely. The reflector cover can be made from the same material
psed to make the temples of the eyewear device.  Fully removable reflector covers can be
provided to a user in a range of sizes, whereby a particular size s selected by the user for use
depending on the user’s requirements.

[00122] External reflector covers provide an additional benefit by moving windbormne

tirbulent noise away from the andio signals which are broadcast from an acoustic portof a
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chamber and away from the user’s ear canal. In other words, the effects of a headwind and the
associated turbulence induced noise are reduced by the external reflector cover when the hstener
uses the eyewear device in a dynamic mobile environment where wind conditions can negatively
impact the audio performance and directionality of the audio signals. Windbore turbelence
froms the enviromment is considered to be noise to & user of 4 PPMS system, therefore use of an
gxternal reflector cover increases a signal-to-noise ratio of the PPMS system by reducing a
magnitude of the windborne wrbulent noise that & user can hear.

{00123} Figure 27-28 tllustrate, generally at 2700, additional external sound reflector
covers and acoustic gain, according to embodiments of the invention. With reference to Figure
27, a temple 2702 of an evewear device has an acoustic port 2704, An external reflector 2706 15

Ry
H

attached to the temple 2702 with attachments 2710 Attachments 2710 are accomplished in
various ways, one non-limiting example 1s performed with one o1 more magnetic contacts. In
one of more embodiments, magnetic contacts are used o attach the audio reflector 2706 1o the
puter surface of & smart glasses teraple(s) or temple tip. In other embodiments, different
attachiment methods, other than magnetic, arc emploved. Different attachment methods are, but
are not limied to; hook and loop fasteners, snaps, clips, etc. The andio reflector 2706 is wsed to
reflect audio signals coming from an acoustic port (speaker outlet} 2704 to a human ear 2708 of
auser. A user can attach a single audio reflector 1o a lefi temple or to a right temple of the head
wearable device or the user can use two andio reflectors {one attached to the left temple and
another one attached to the right temple) to improve sound quality and or clavity. This is

especially useful in a noisy environment, however, sound quality, clarity, and volume are

improved in any environment through the use of an gudio reflector.
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{80124) Figure 28 illustrates without any limitation mnplied thereby, direct wave paths
2802 and reflective wave paths 2804 for various embodiments of the invention. The external
sound cover or alternatively described as an audio reflector 2806 1s designed taking into
consideration that the reflected wave paths 2804 from the audio reflector 2806 and direct wave
paths 2804 from a speaker are at the same phase or approximately at the smne phase, thereby
combining coherently to increase the acoustic signal amplitudes received at the user’s ear. Since
a distance from a speaker, contained within an acoustic chamber of the temple 2702 1o a user’s
ear (ivect path) is very close to a distance from the speaker to the user’s ear after reflection from
a far end of the acoustic reflector, the direct and the reflected acoustic waves have approximately
the same phase. Therefore, the waves combine coherently, in phase, resulting in an increase in
sound pressure level on the order of 4 10 § decibels. Dependig on a frequency range of the
acoustic signals, the increase in sound pressure level can be up 1o 6 decibels, 1.e., a factor of two
{2). Thus, the direct path 2802 and the reflected path 2804 (Figure 28 at 2800} is functionally
equivalent to acoustic signals 2852 illustrated in Figure 28 at 2850,

[00125] In various embodiments, the audio reflector 2806 is made wath an inner part and
an outer part. The inner part or inner surface of the audio reflector 2806 causes reflection of the
audio signals from the speaker and provides the coherent inorease in signal amplitude as
described above. The outer part or outer surface of the audio reflector 2806 is used to reflect
ambient noise away from the user’'s ear. Alternatively, the outer surface of the andio reflector
can be made with 8 muaterial that absorbs acoustic energy. Thus, when undesived acoustic signals
from the environment are incident upon the outer surface of the audio reflector, the signals are
absorbed by the outer surface. In both cases, the acoustic signals from the enviromment are

prevented from reaching the user’s ear by the audio reflector through either reflection or
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absorption depending on a given design. Acoustic signals from the epvironment are considered
to be noise to a user of a PPMS system, therefore use of an andio reflector increases 3 signal-to-
noise ratio of the PPMS system.

{60126] In one or more embodiments, both the tnner part and or the inner surface and the
outet part and or the onter surface are made from one or more materials that provide good
reflection to acoustic signals incident thereon. Some examples of acoustically reflective
materials are, bat are not Hmited o) coated tightly woven fabrics such as vinyl coated polyester,
Teflon coated fabirics, molded plastic, eic.

j00127] For purposes of discussing and understanding the different embodiments, it is to
be understood that various terms are used by those knowledgeable in the art to describe
techniques and approaches. Furthermore, i the description, for purposes of explanation,
numerous specific details are set forth in order to provide a thorongh understanding of an
embodiment. 1t will be evident, however, 1o one of ordinary skill 1 the an that an embodiment
may be practiced without these speaific details. In some instances, well-known structures and
devices are shown in block diagram form, rather than in detail, in order to avoid obscuring
various embodiments. These embodiments are described in sufficient detail 1o epable those of
ordmary skill 1n the art to practice the invention, and it is to be understood that other
embodiments may be utilized and that logical, mechanical, electrical, and other changes may be
made without departing from the scope of the present invention.

{00128] Sonie portions of the description may be presented in terms of algorithms and
symbolic representations of operations on, for example, data bits within a computer memory.
These algorithmic descriptions and representations are the means used by those of ordinary skill

1 the data processing arts to most eftectively convey the substance of their work to others of
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ordinary skill in the art. An algorithm is here, and generally, conceived to be a self-consistent
sequence of acts leading o a desired result. The acts are those requining physical manipulations
of physical quantities. Usually, thoagh not necessanly, these guantities take the form of
electrical or magnetic signals capable of being stored, wansferred, combmed, compared, and
otherwise manipulated. It has proven convenient at fines, principally for reasens of cormmon
usage, to refer to these signals as bits, values, elements, symbols, characters, terms, numbers, or
the like.

[00129] It should be borne in mind, however, that all of these and similar terms are to be
associated with the appropriate physical quantities and are merely convenient labels applied ©
these quantities, Unless specifically stated otherwise as apparent from the discussion, it is
appreciated that throughont the description, discussions unilizing terms such as "processing” or
"computing” or "calculating” or "determiming” or "displaying” or the ke, can refer to the action
and processes of a computer system, or simtlar electronic computing device, that manipulates
and transtorms data represented as physical {electronic) quantities within the computer system's
registers and memories into other data similarly represented as physical quantities within the
computer system memories or registers or other such information storage, transmission, or
display devices.

{00130] An apparatus for performing the operations herein can implement the present
invention. This apparatus may be specially constructed for the required purposes, or it may
comprise a gencral-purpose computer, selectively activated or reconflgured by a computer
program stored in the commuter. Such a computer progran may be stored in a computer readable
storage mediun, such as, bat not hmited to, any type of disk including floppy disks, hard disks,

optical disks, compact disk- read only memories (CD-ROMs}, and magnetic-optical disks, read-
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only memories (ROMs), random access memaories (RAMSs), dynamic random access memories
{DRAM), electrically programmable read-only memories {EPROM)s, electrically erasable
programmable read-only memories (EEPROMs), FLASH memories, magnetic or optical cards,
RAID, etc., or any type of media spitable for storing elecivonic instructions either local to the
computer of remote (o the computer.

00131} The algorithms and displavs presented herein are not inherently related 1o any
particular computer or other apparatus. Various general-purpose systems may be used with
programs in accordance with the teachings herein, or it may prove convenient 1o constract more
speciatized apparatus to perform the required method. For example, any of the methods
according to the embodiments can be implemented In hard-wired circuitry, by programming a
general-porpose processor, or by any combination of hardware and software. One of ordinary
skill in the art will pnmediately appreciate that the embodiments can be practiced with computer
system configurations other than those described, including hand-held devices, multiprocessor
systers, microprocessor-based or programinable consumer electronics, dipital signal processing
{DSP) devices, set top boxes, network PCs, minicomputers, mainframe computers, and the hike,
The embodiments can alse be practiced 1o distributed computing envirouments where fasks are
performed by remote processing devices that are linked through a communications network.
{00132] The methods herein may be implemented using computer software. Wwritten ina
programming language conforming to a recognized standard, sequences of instructions designed
to iplement the methods can be compiled for execution on a variety of hardware platforms and
for intertace to a variety of operating systems. In addition, the embodiments are not described
with reference to any particular programming language. It will be appreciated that a variety of

programming languages may be used to tmplement the teachings of the embodiments as
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described herein. Furthermore, it is conwnon m the art o speak of software, in one formor
another {e.g., program, procedure, application, driver,...}, as taking an action or causing a resuit,
Such expressions are merely a shorthand way of saying that execution of the software by a
computer causes the processor of the compiter to perform an action or produce a result.

{00133] It 1s to be understood that various terms and technigues are used by those
knowledgeable m the art to describe communications, protacels, applications, implementations,
mechanisms, ete. One such technigoe is the description of an implementation of a technigue in
terms of an algonthm or mathemattcal expression. That 13, while the technique may be, for
example, mplemented as executing code on a computer, the expression of that technique may be
more aptly and succinctly conveyved and communicated as a formula, algorithin, or mathematical
expression. Thus, one of ordinary skill m the art would recognize a block denoting A+B=C as an
additive function whose implementation in hardware andfor software would take two inpuis (A
and B} and produce a sammation output {C}. Thus, the use of formula, algorithm, or
mathematical expression as descriptions is 1o be understood as having a physical representation
m gt least hardware and/or software (such as a computer system in which the technigues of the
present invention may be practiced as well as implemented as an embodiment}.

{00134] Non-transttory machine-readable media is understood to include any mechanium
for storing information (such as program code, #tc.) in a form readable by a machine (e.g., a
computer). For example, a machine-readable medium, synonvmously referred to as a computer-
readable medinm, includes read only memory (ROM); random access memory {RAMY); magnetic
disk storage media; optical storage media; flash memory devices; except electrical, optical,
acoustical or other forms of ransmitting mformation via propagated signals (e.g., carrier waves,

mfrared signals, digital signals, ete); ete.
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{B0135] Az used i this description, "one embodiment” or "an embodiment” or similar
phrases means that the feature(s) being described are included in at least one embodiment of the
invention. References to "one embodiment” in this description do not necessaniy refer to the
same embodiment; however, neither are such embodiments nustually exclusive. Nor does Yone
embodiment” nply that there 13 but s single embodiment of the invention. For example, a
feature, structure, act, ete. described in “one embodiment™ may alse be mcladed in other
embodiments, Thus, the invention may inchude a variety of combinations andfor imegrations of
the embodunents described herein.

{80136} While the invention has been described m terms of several embodiments, those of
skill in the art will recognize that the invention is aot imited to the embodiments described, bug
can be practiced with modification and alteration within the spint and scope of the appended

claims. The description is thas 1o be regarded as Hlustrative instead of mting,

Page 59 of 96



WO 2020/161545 PCT/1B2020/000231
58

What is claimed ix;

1. A method to provide audio signals 1 a user from an eyewear device, comprising;
generating audio signals within a chamber, the chamber is a part of a volume of the
eyewear device,
concentrating the andio signals for delivery to the user’s ear; and
transmitting the gudio signals to the user’s ear, the andio signals are transmitted through a

port in the chamber.

2. The method of claims 1, wherein a shape of the chamber contributes 1o the
concentrating.
3. The method of claim 2, wherein the shape provides a curved surface to a speaker, and the

speaker is used in the generating.

4. The method of clatm 2, wherein the shape is generally parabolic.
5. The method of clamm 1, wherein an inner surface of the chamber has a first acoustic

reflectivity and at least a portion of the evewear device has a second acoustic reflectivity, the

first acoustic reflectivity is greater than the second acoustic reflectivity.

6. The method of claim 5, the portion absorbs vibrational energy.
7. The method of claim 6, wherein the portion is forward of the chamber,
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& The method of claim 6, wherein the portion is rear of the chamber.
9. The method of claim 6, wherein the portion is an outer surface of the chamber.

10, The method of claim I, wherein an external sound cover contributes 1o the concentrating,

the external sound cover is attached o the eyewear device,

11, The method of claim I, wherein a speaker is used in the generating.

12, The method of claim 11, wherein the speaker 1s located within a temple of the eyewear

device.

13, The method of clamm 11, wherein the speaker 1s located within a temple nsert module of

the eyewear device.

14, An apparatus to provide audio sigaals to a user from an eyvewear device, comprising:
a chamber, the chamber is defined by an imterior surface, the chamberisapatofa
volume of the eyewear device, the chamber further compristng:
at least one speaker, the at least one speaker to generate audio signals, the at least

one speaker is contained within the volome;
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an acoustic port, the acoustic port s positioned in a wall of the chamber to
concentrate emission of the audio signals from the chamber i a direction of the user’s ear when
the user wears the eyewear device; and

an outer surface, the outer surface 1s exterior to the inmer surface.

15, The apparatus of claim 14, wherein the intertor surface has a larger acoustic reflectivity

than an acoustic reflectivity of the outer surface.

15, The apparatus of claim 13, wheremn the outer surface 15 coated with a material that

absorbs acoustic energy.

17.  The apparatus of claim 14, wherein the mner surface forms a curved shape around the at

least one speaker.

IR, The apparatos of elaim 17, wherein the curved shape is generally parabolic.

19, The apparatus of claim 14, further comprising:

an external sound cover, the external sound cover has an inner surface and an outer
surface, the external sound cover is configared to aitach to the evewear device, wherein in
operation, the audio signals emitted from the acoustic port reflect off of the fnner surface toward

the user’s ear.
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20, The apparatus of claim 19, wherein a first naterial used for the inner surface provides
substantially for reflection of the audio signals and a second matenal used for the outer surface

provides substantially for absorption of acoustic energy.

{Shape of external sound cover}
21, The apparatus of claim 19, wherein a shape of the external sound cover is concave

towdrds the user’sear,

22, The apparatus of claim 14, wherein the chamber s located within a temiple of the evewear

device.

23, The apparatus of claim 14, wherein the chamber is {ocated within a temple insert module

of the evewear device,
24, The apparatus of claim 14, wherein an tnner surface of the chamber has a first acoustic
reflectivity and at least a portion of the eyewear device has a second acoustic reflectivity, the

first acoustic reflectivity s greater than the second acoustic reflectivity.

25

Ay

The apparatus of claim 24, the portion absorbs vibrational energy.

26, The apparatus of claint 25, wherein the portion is forward of the chamber.

27, The apparatus of claim 25, wherein the portion is rear of the chamber,
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I8 The apparatus of claim 25, wherein the portion is an outer surface of the chamber.

29, An apparatus to provide audio sigoaals to g user from a temple interlock, comprising:
a chamber, the chamber 15 defined by an imterior surface, the charber is contained within

a volume of the temple interlock, the chamber further comprnising:

at least one speaker, the at least one speaker to generate audio signals, the at least
one speaker is contained within the volume; and

an acoustic port, the acoustic port is positonad in a wall of the chamber to
concentrate emission of the audio signals from the chamber in a direction of the user’s ear when
the temple interlock is aftached to the eyewear device and the user wears the eyewear device; and

an outer surface, the ouler surface 1s exterior to the inner surface,

{Variable material properties in the eyewear device}

30.  The apparatus of claim C1, wherein an inner surface of the chamber has a first acoustic

reflectivity and at least a portion of the eyewear device has a second acoustic reflectivity, the

first acoustic reflectivity is greater than the second acoustic reflectivity.

31, The apparatus of claim 30, the portion absorbs vibrational energy.

32, 'The apparatus of claim 31, wherein the portion 13 forward of the chamber.

33, The apparatas of clatm 31, wherein the portion is rear of the chamber.
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34, The apparams of claim 31, wherein the portion is an outer surface of the chantber.

35, The apparatus of claim 29, wherein the imer surface forms a corved shape around the at

least one speaker.

36, The apparatus of claim 35, wheretn the curved shape is generally pavabolic.

%
~1

The apparatus of claim 29, further comprising:

an external sound cover, the external sound cover has an inner surface and an outer
surface, the external sound cover is configured to attach to the eyewear device, wheretn in
operation, the audio signals enutied from the acoustic port reflect off of the ey surface toward

the user’s ear.
38, The apparatas of claim 37, wherein a first maserial used for the inner surface provides
substantially for reflection of the audio signals and a second material used for the outer surface

provides substantially for absorption of vibrational energy.

39, The apparatus of claim 37, wherein a shape of the external sound coveris concave

tonwards the user’s ear.

40, A method to provide audio signals to a user from a temple interlock, comprising;
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generating audio signals within a chamber, the chamber is a part of a volume of the
temple interlock;

concentrating the audio signals for dehivery fo the user’s ear; and

transmitting the audio signals to the user’s ear, the audio signals are transmitted through a

port i the chamber,

41 The method of clanms 40, wherein a shape of the chamber contributes to the

concentrating.

42, The method of claim 41, wherein the shape provides a curved surface to a speaker, and

the speaker is used in the generating.

43, The method of claim 41, wherein the shape ts generally parabolic.

44, The method of claim 40, wherein an inner surface of the chamber has a first acoustic

reflectivity and at least a portion of the temple interlock has a second acoustic reflectivity, the

first acoustic reflectivity is greater than the second acoustic reflectivity.

45, The method of claim 44, the portion gbsorbs vibrational energy.

46, The method of claim 43, wherein the portion is an outer surface of the chamber.

Page 66 of 96



WO 2020/161545 PCT/1B2020/000231
65

47, The method of claim 40, wherein an external sound cover contributes 1o the

concentrating, the external sound cover is attached 1o the temple imterlock.

48, Ap apparatus to increase a signal-o-noise ratio of audio sigoals divected towards auser’s
ear, Comprismg;
an external sound cover, the external sound cover further comprising:
an inner surface; amd
an outer surface, the external sound cover is configured for attachment to a temple
of an eyewear device, wheretn in operation, audio signals emitted front an acoustic port of an

eyewear device reflect off of the inner surface and are directed thereby toward the user’s ear.

49, The apparatus of claim 48, wherein a matertal property of the outer surface is selected to
provide absorption of acoustic energy mcident thereon, thereby increasing a signal-to-noise ratio

of the audio signals.

30.  The apparatus of clain 48, wherein a material property of the outer sarface i selected to
reflect acoustic energy incident thereon away from the user, thereby increasing  signal-to-noise

ratio of the audio signals,

51, The apparatus of claim 48, wherein iy operation the external sound cover prevents

windborne turbulence from impinging on the user’s ear, thereby increasing a signal-to-neise

ratio of the audio signals.
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