wO 2021/044219 A2 |0 00000 KA O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
11 March 2021 (11.03.2021)

(10) International Publication Number

WO 2021/044219 A2

WIPO I PCT

(51) International Patent Classification:
Not classified

(21) International Application Number:
PCT/1IB2020/000831

(22) International Filing Date:
13 July 2020 (13.07.2020)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
62/873,889 13 July 2019 (13.07.2019) UsS
16/926,722 12 July 2020 (12.07.2020) UsS

(71) Applicant: SOLOS TECHNOLOGY LIMITED
[CN/CN]; Unit 211, 2/F., Photonics Center, No. 2 Science
Park East Avenue, Hong Kong Science Park, Shatin N.T.
(CN).

(72) Inventors: VIIIALPANDO, Ernesto Carios, Martinez;
125 North Drive, Westborough, MA 01581 (US). CHE-
UNG, Wai, Kuen; 1A, Block 15, Constellation Cove,
Taipo, New Territories, Hong Kong (CN). LAW, Kwok,
Wah; Flat C, 16/F, Tower 2, Green Code, No. 1 Ma Sik
Road, Fanling, New Territories, Hong Kong (CN). SO,
Chiu, Ming; Flat D, 15/F, Welland Bldg, No. 368, Queen's
Rd Central, Sheung Wan, Hong Kong (CN).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP,KR,KW,KZ,LA,LC,LK, LR, LS, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,

(54) Title: HARDWARE ARCHITECTURE FOR MODULARIZED EYEWEAR SYSTEMS APPARATUSES, AND METHODS

Figure /& Schematic block diagram of System Architecture

/602 - /600

e

76 )0 _/m ............. ‘
/6/2/(;;7 e

Power
Managemaent
Module

-

GPIG

e
/ &/ & _/@ GPIDs
Sensar
Proxim
/€ /9.4 G N

MCU with DSP

>

I

/63Y :
o
Module
/636 17 500mWx2
Sy —— /626

J

Biuetooth RF JBCE o A Sensoms /62
HModule G-sensot & Gyroacope
F2G ] 3 As Sensors xrzs
Magnetometer
/632
cpof /60
/ {Red & Blue}

(57) Abstract: Systems, apparatuses, and methods are taught that provide reconfigurable components for eyewear devices. A recon-
figurable component for use in an eyewear device includes an embedded electronics system. The embedded electronics system is con-
figured for wireless communication and for processing sensor signals. The embedded electronics system is embedded into a component
of the eyewear device, A plurality of sensors is embedded into one or more of the reconfigurable component and the eyewear device.
The plurality is in electrical communication with the embedded electronics system. The embedded electronic system further includes
a processor. The processor is configured to receive outputs from the plurality of sensors and to determine a system control parameter

from an output of at least one sensor of the plurality of sensors.
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TIILE
HARDWARE ARCHITECTURE FOR MODULARIZED EYEWEAR SYSTEMS,
APPARATUSES, AND METHODS

RELATED APPLICATIONS

o0l This patent apphcation is & continuation of United States Patent Applicstion
Serial Nomber 16/711,340, titled “MODULARIZED EYEWEAR SYSTEMS, APPARATUSRES,
AND METHODSR,” filed on December 11, 2019 This patent application claims prionity from
118, Provisional Patent Application No. 62/778.709 entitled “Modularized Eyewear System with
Interchangeable Frame and Temples with Embedded Electrenics for Mobile Audio-Visual
Augmented and Assisted Reality," filed on December 12, 2018, US provisional patent
application No, 62/778,709 entitled " Modularized Fyewear System with Interchangeable Frame
and Temples with Embedded Electronies for Mobile Audio-Visual Augmented and Assisted
Reality," ix hereby fully incorporated by reference. This patent application claims pricrity from
LLS. Provisional Patent Apphication No. 62/873,889 entitled “Wearable Devices Apparatuses,
Systems, And Methods,” filed on July 13, 2019, US provisional patent application No.

G2/873 889 entitled "Wearable Devices Apparatuses, Systemsz, And Methods," i herehy fully
incorporated by reference. US Patent Application No. 16/711 340 entitled " MODULARIZED
EYEWEAR SYSTEMS, APPARATUSES, AND METHODS," 13 hereby fully woorporated by

reference.
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BACKGROUND OF THE INVENTION

i TECHNICAL FIELD

{H002] The invention relates generally to evewear devices, and more particufarly to
apparatuses, mothods, and svstoms for providing informaticn to ¢ user through a modularized

evewear device,

2. BACKGROUND

{8003} The pace of modern life moves at & fast past. A person 1s often placed under the
constraing of Hime and is placed o sityations where his or her hands gre occopied and mformation
18 ot gecessible to the person, This can present a probleny. Crurrently available evewear such as

& ulasses or prescription sunglasses are expensive

LA

prescription glasses, e.g., prescription readin
and are not readily reconfigured to different user’s needs. This can present a problem.
Personalized sound transnussion is often doue with an occlusive in ear device knows a3 an
eatphone or earbud. Such a device obstrocts the ear canal and can interfere with a user’s heaving
of far field sounds. This cap present a probilem. Thus, problems exist that requives technieal

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

{8004} The invention may best be understood by referving to the following desceaiption
and accompanying drawings that are used to iHustrate embodiments of the invention. The
invention is tHustrated by way of example in the embodiments and is not limited in the figures of
the accompanying drawings, in which like references indicate stmilar elements.

[005] Figure 1 illustrates a modular reconfigarable eyewear system, according to
enbodinients of the invention.

{8006} Figure X illustrates g reconfipunable component for an evewsar device, according
to embodiments of the wvention,

{0007} Fignre 3 Hllustrates mualtiple reconfigurable components for an eyewear device,
according to embodiments of the invention.

j0008] Figure 4 illustrates another reconfigurable modularized evewear system,
according to embodiments of the wmvention,

a0 Figure 8 illostrates a perceptive view and a top view of the modularized evewear
system from Figare 4, according to embodiments of the invention

{018} Figure 6A illustrates a system grehtecture for a modularized evewsar device,
according to embodiments of the mvention.

6011} Figure 6B lusirates wireless networks corresponding to the system architectore
for the modularized eyewear device of Figure 6A, according to embodiments of the invention.
jao12} Figure 7 illustrates another system architeeture for the modularized eyewear

device of Figure 4, according to embodiments of the invention,
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HERY Figure ¥illustrates a block diagram of a temple insert module, according 16
embodiments of the invention,

j6014 Figure 9 ilhestrates 8 modularized evewear device fitted with a behind the neck
module assembly, according to embodiments of the invention.

jo01s] Figure 10 lusirates a behind the neck module assembly in perspective view
configured with g wearable device, sccording to embodiments of the invention,

[0016] Figure 11 illustrates coupling a temple tnterlock to 8 temple according to
embodinents of the invention.

{017} Figure 12 illustrates conpling a behind the neck module to electranics contained
within a temple, according to embodiments of the fnvention.

{0018} Fignre 13 ilhatrates 8 schematic for combining a behind the neck modale
assenibly with temple electronies, according to embodiments of the invention.

80194 Figure 14 illustrates a user interface on g behind the neck module assembly,
according to embodiments of the wvention.

H020] Figure 18 illgstratey a block diagram for a behind the neck electronics unit,
according to embodiments of the invention,

{6021} Figure 16 tHustrates a schematic g schematic block diagram, sccordmg ©
embodiments of the invention,

00221 Figure 17 ilhsirates 8 schenatic a schematic block diagram for wakeup control;
according to embodinents of the invention.

10023} Figure 18 illustrates 3 state disgram for button operation, according ©

anbodiments of the invention.
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{024} Figare 1% illustrates a state dingram for touch senxor operation, sccording o
embodiments of the invention,

[6025] Fignre 20 dhairates a state diagram for proxinity sensor opesation, according 1o
embodiments of the trvention.

oG] Figures 21A-21D iHustrate locations of buttans, according to cmbodiments of the

jvention,
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janzTy In the following detailed descripyion of embodiments of the tnvention, reference is
made to the accompanying drawings, in which like veferences indicate similar elements, and in
which is shown by way of illustration, specific embodiments in which the mmvention may be
practiced. These embodinents are described in sufficient detatl 1o enable those of skill in the art
to practice the mvention, In other instances, well-known circuits, structures, and techniques have
not been shown in detail in order not to obscure the anderstanding of this description. The
following detatled description is, thevefore, not to be wken in 2 lnniting sense, and the scope of

the invention is defined only by the appended claims.

{0028} In one or more embodiments, methods, apparatuses, and systems are described,
that provide modularization of an evewear svstem for g wer. As described in the description of

embodiments below, various combinations and configurations of electronics are taught for
incorporation into evewear devices. Some electronivs configurations are removably couplable i
an evewear device. In some embodiments, an electronics configuration is butlt-into an evewear
device, Tn vet other embuodiments, a behind the neck module assenibly iy releasably couplable
with anevewear device. In varlous embodiments, the modulanized reconfigurable eyewear
devices provide mformation to a user through the eyewear device, As used mn this description of
embodiments, information inchudes streaming audio i the form of music, information also
includes parameters of a wser’s biology (e.g., biometrics of physiology, blomechanics, ete.) such
as, but not Hmited to; heart rate, breathing rate, posture, steps, cadence, ste. Information also
includes information of interest to & user such as, but not limited to; information on g vehicle that
a user is using such as; revolutions per munute (RPM) of a bicycle, engine parameters such as

RPM, oil pressure, cooling water temperature, wind speed, depth of water, air speed, ste. In
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various embodunents, information s presented to 8 user through an evewsar déevice by, for
exgmple, an gudio broadeast that ¢ user hears gnd a video broadeast to a display thet the user sees
11 the eyewear device, or sees as an image as projected onto a pupil of the user’s eye. Thus,
information is 1o be given an expansive meaning within the scope of emvbodiments taught herein.
o019} Figure 1 illustrates a modalar reconfigurable ovewear svstom, gecordimg ©
embodiments of the invention. With referenceto Figure 1, a modularized evewear device 18
shown in perspective view at 100, The modularized eyewear device 100 has a frame chassis
102, In various embodiments, the frame chassis 102 is ophthalmically constructed to provide
frame rim portions that hold lens 120 and lens 1220 The lens 120 and 122 ¢an provide any of
the functions that evewesr devices provide, such as but not mited to, 8 safety glass lens, a
preseriptive lens, g sunglass lens, 8 welding glass lens, ste. An gyewear device can also contain
a single lens instead of the dual lens iHustrated. 1n some embodiments, a nose pad is provided,
thereby providing a cushion for the contact zone with 2 user’s nose. In some embodiments, the
nose pad is made from a compliant material such as silicon rubber,

{H830] A temple 104 (leff temple) and a temple 114 (right temple} are coupled to the
frame chassis 102, The temples 104 and 114 can be fexibly cougled to the frame chassis 102,
with hinges as shown in the figure or the temples 104 and 114 can be provided with a fixed
orieniation relative to the frame chassis 102,

[80311 fn various embodiments, one or more temples (104 and 114} and the chassis
frame 102 can be fitted with electronics as deseribed below. Within the view of 100, a left
ternple insert module {TIM} 106 15 configured with the left temple 104 and a right teraple insert
module {(TIM} 116 s configured with the night temple 114, Temple msert modules (TIMs) are

deseribed more fully in conjunction with the figures below,
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{032} With continued reference to Figure 1, & modulatized eyewear devics i3 shown in
exploded viewat 130, A frame chassis 132 15 ophthalmically constructed to encircle g lens 140
ard 8 fens 142 with a frame rim thereby securing the lens 140 and the lens 142 thereto, A brow
brar 140 is fastened to the frame chassis 132 in various ways, via assembly fasteners, adhesive,

gre, A left temple 144 mclades o left temple connector 132 which is ratatably coupleable with a

left chassis connector 130, Together, the left chassis connector 150 and the left tomple connector
152 foom a rotatable mechanical and electrical connection between the chassis 132 and the left
temple 144, thereby providing one oy more electrical pathways to connect the frame chassis 132
to the feft temple 144, Similatly, a right temple 134 18 rotatably coupleable to the frame chassis
132 through a right hioge assembly 148

160331 Note that in some embodiments, a modulanized evewear device is configored such
that each temple can be removed from its hinge via an electrical/mechanical connector having
one or more glectrical contacts, not shown for clanity i the tHlustrabion. These electucal contact
points can be made using, for example, pins, poiuts, pads, slots, contact devices, ete. For
example, the line mdicsied st 154 demarcates the mating of the right temple connector with the
right femple 134, Sunilarly, the line indicated at 136 demarcates the mating of the left temple
comector 132 with the left temiple 144

j0634] Through the provision of electrical/iimechanical connectors between each temple,
e.g., 134, 144 and the frame chassiz 132 the temples ave interchangeable with the eyewear
device. This functionality peronits a user {0 interchange one wemple with another. Different
ternprles can be configared with different electronics o provide different fumctionahity as
described herein. Erther temple cantbe configured to accommodate varaus electvonics

configurations. For example, in one or more embodiments, the right interchangeable temple
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accommodates an glectronics package that can mclade one or more of) & bivmetric sensar, a
biomechaucal sensor, & velucle sensor, an environmental sensor, a femperature Sensor, an
acoustic sensor, @ motion sensor, a light sensor, 8 touch sensor, & proximity sensor, a velocity
sensor, an acceleration sensor, a rotation sensor, 8 magnetic feld sensor, a global position system
{(GPS) recptver, cables, microphones, a micro speaker, a source of clectiical power (battery), a
camerg, 4 micro display, a heads-up display (HUD) module, 3 nmuliiagis inertial measurement
unit, 8 wireless communications system. Note that a TIM can alzo contain the elecironics
package and sensor(s) described above. In various embodiments, one or more wireless
comumumication system are provided that ntilize for example; near-field communications (NFO)
nsing the indusivial-scientific-medical (18M) frequency of 13.56 MHz, the Adeptive Network
Topology {(ANTANTH wireless standard, wireless communications using a Bleetooth standard,
a Blugtooth fow energy standard (BLE), wireless communication using a Wi-Fi standard, and
wireless communication using mebile telephone standards such as for example the 3G, 4G, Long
Term Evolution (LTE), 5G, ete. standard or other wireless standards, 1o some embodiments,
electrical pathways from the electronics extt a temple via a sheath cavity and wavel into a temple
sheath and continue into 8 brow bar sheath cavity. The right interchangeable temple contains 8
hinge-comector 148 that fastens to the brow bar 146 and chassis frame 132,

j035] In one or more embodiments, the right mterchangeable temple attaches {o the
front of the frame chassis via a hinge-connector that allows for power and data transferved to the
left interchangeable temple through the modular brow bar. The hinge-~connector mechanically
interlocks with the frame chassis and allews for power/dasa connectivity with electrical pin
conductors. Tn one or more arnbediments, 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 in
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the closed position {temples folded mward), the hinge-connector i conjunction with signals
received from one or more of proximity sensors and motion sensors will allow the system to
sense the user-device interaction state and will deactivate the power or data transfer. This
funciion leads to reduced power consunmption when folded and stowed and can lead to automatic
power up while a user wears the device on his or her head. In addition 1o switchable data or
power wansfer from the hinge-connector, the hinge-connecior can provide flexible circuits and
wired micro-connectors that grovide steady uninterrupted power and or data transfer,

{0036} In sone embodinents, # is convenient Yo route electrical pathways within a
volume of the brow bar 146, In some embodiments, the brow bar 146 is constructed to provide a
channel slong its length, within which the electuical pathhwavs gre routed. Thus, the brow bar
146 provides one or more sheaths, channels, ete. along its length within which electrical
pathways and sensors can be contamed. Examples of electrical pathways are, but are not limited
to; wires, printed cireuit board, flexible printed civewit beard, ete. In various embodiments, 1§ is
advantageous to mount one oF Tore sensors o the brow bar 146, thereby making av electrical
sub-assembly for the fame chassis 132 1o some embodiments, additional electrical pathways
from the frame chassis 132 are joined with the electrical pathway contained m the brow bar 146,
In some enhodinients, @ flexible slectronic cireuit is adhered to the underside top face of the
brow bar and exits the brow bar vig the lefl and right sheath cavities. Alternatively, or in
combimtion, fully embedded flexible electronics may be cast into the brow bar with integrated
contact pomts exiting the brow bar near each hinge. These integrated contact points on both sides
of the brow bar gllow transimission of data or power when i contact with the integrated contact

points of the right and el tomple. headdition to facilitating connection o electronics, the brow

10
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bar can concedl an optional pupil modude by a securing Hange and allows the user 1o view a
microdisplay via the brow bar pupil aperture.

{6037} I similar fashion the left temple s configured as a left interchangeable femple
connected to the front frame of the svewear with a left hinge-connector. In various
cmbodiments, the left imerchangeable torple van comain the same electronics
configuration/functionality as the right interchangeable teraple or interchangeable temples-can
contain different electronics configurations and different functionality,

j0038] With continued reference 1o Figure 1, a left terople 164 and right temple 174 are
configured as shown at 160, Each of the temples 164 and 174 contain electronics which gre
configured to provide information snd fusctionality 1o a user of the eyewsear system, As shown
at 180, the lefi temple 164 has aterople door (not shown} removed thereby exposing an
electronies package indicated at 186, The remple door secures and protects electronics fram
environmental exposare and hazard, The temple door is secured 1o the temple assembly with
suttable mechanical fasteners for a given application. In some embodiments, the remple door
provides a rating with respect to water intrusion vig an IP Code from Internativaal Protection
Marking IEC standard 60329 A source of electiical power (battery) is ilustrated at 184 and an
audio speaker and port 15 illustrated at 182, The audio speaker and port 182 is generally located
on g posterior end of a temple and 1o some embodiments is an integrated directional projection
speaker that privately directs sound to 8 user’s ear. Projection stersg speakers can communicate
various sudio signals to the user; such as but not hunited {0, voice prompis, streaming music,
sinart audio assistance, datg, ete. Notably, the projection speaker design does not occlude the
user’s ear. Thus, the user can hear far feld soands and the fir fickl sounds ave not degraded as

they are with cuerently available earbud style headphones that oeclode a nser’s ear.

11
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{039 The night temple 174 15 also provided with an electronics package (not shown in
the view) contained within the right teoiple 174, The right temple is provided with an audio
speaker with audio speaker port 184, which can be an infegrated divectional projection speaker,
irrone or more enthodinients, the right temple 174 is configured to accommuodate an external
assembly 190 that containg a micro display assembly 192, Swnslarly, the left tomple could be
configured for the externgl asserably 190 and the micro display assembly 192

[6040] In variows embodiments, 8 micro display assembly, such as 192, is a bead up
display (HUD) Pupil™ Optics Module that houses the optics, electronics, and micro display that
forny the optical system. The pupil mechanism also may house cables, flexible e boards, or
wires which exit from a housing into an electronics contact pathway. In one or more
embodiments, these electrical pathways are connected to a side of the left temple 174 to enable
the user with a see-through head up display external accessory to enhance a visual component of
& mobile reality experience.

{041} In one or more emnbodiments, wiring which exits the brow bar 1s concealed fn the
right and left sheaths of the femples and enters info the right and lefi temples via the sheath
cavities, thereby protecting the wiving from envivonmental hazards. The area near the contact
pathway may also acconunoedate motion mechanisims for customizing the interpupiliary distance
of the head-ap mucro display module.

j0042] in different embodiments, the frout frame portion, such as 102 or 132 (Figure 1)
or any similar structurs in the figures below, and the right and left temple portions, such as 104,
4, 134, 144, 164, 174 {Figure 1) or any sinular shructures in the figures below, can be pariof a
set of interchangeable front franw portions and temple portions each having the same or different

combinations of devices, accessories, capabilities andfor fonctions. At least one of an electronics

12
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board, nuicrophones, speakers, battery, camera, heads-up display module, wireless Wi-Fi radi,
GPS chipset, LTE cellnlar radio, muliiaxis mertial measwrement wit, motion sensor, touch
sensor, Hight and proximity sensors, ete. can be ncluded in desired combinations. Electronics can
be further included that pernut a user to perform at least one of, wirelessly connecting to a
cellular service, a smart phone, a smart watch, a siart bracelet, 3 mobile computer, and a sensor
peripheral. The electronies can farther include the ability to; view see-through sugmented reglity
unages via a modular head up diaplay (HUD), provide stereo audio content, provide voice and
awchio notification including music through one or more integrated projection micro-speakers.
The front frame elecivical contact devices and the temple electuics! contact devices can include
electrical contact points it or near respective hinge connegtors for removable electrical contact
with each other for electrically fransmitting at least one of; power, slectrical signads and data
berween the temple portions and the front frame portion when the contact points are in an
plectrically closed position. In some embodiments when asserabled together, the fromt frame
hinge contectors, the from frame electdical contact devices, the temple hinge connectors and the
temple electrical contact devices can form electromechanical hinges, hinge connectrs,
assemblies or devices. In sone embodimenis, system electrical power can be twned off by
folding the wmple portions info 8 storage position thereby disconnecting the comtact points.
043} I some embodimens, ot least ong of the front frame glectromics and the temple
electronics can fnclude at least one of a batlery, camera, heads-up display module, controller,
digital storage electronies, CPL, projection micro-speaker, microphone, wireless Wi-Fi radio,
GPS chipset, LTE cellular radin, multiaxis ingrital mocasurement system or unit, and sensory,

motion, touch; hight, proximity, tempetature and pressure sensots, ¢t

13
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044} In some embodunents, at least one temple can include & temple module insent
{TIM} containing selected termple electronics, mounted thereto. In other embodiments, a neck
smart cord 13 electrically connected 10 8 belund the neck elecivonics module. The neck smart
cord has right and left connectors or connector ends for mechanically and or elecinieally
interconnecting the behind the neck electronics module with the right and loft tomples of an
evewear device,

j0045] Figure 2 illustrates a veconfigurable component for an eyewear device, according
to embodiments of the investion, With referenve to Figare 2 at 200, a temple 202 is provided
with an engagement portion 204, A tenmple insert module, referred to o this description of
embodiments as o “TIM” a 210 is configured to be releasably coupleable with the engagement
portion 204 of the temple 202, The TIM 211 is installed into thetemple 202 as indicated by
arrows 2122 and 212b. In various embodiments, the engagement portion 204 is accomplishad by
# mechanical connection, such as but net limited ] press fit, olip, mechanical imerfock, hook
and loop, magnetic surface, external clamp to temple, Hange and mechanical coupling to temple,
efe. Inyet other embodiments the engagement portion 204 and the TIM 210 ntilize magnetic
surfaces, thereby holding the TIM 210 secure by magnetic atiraction. The fonm of the
engagement portion shown at 204, as well as the form of any engagement portion illustrated
elsewhere i the figlees presented herem, 1s given merely for tHlustrativn and does not it
embodiments of the invention. In the view illustrated at 200, the TIM 210 only makes o
mechanical connection with the teniple 202 no electrical connection is provided between the
TIM 210 and the temphe 202

{0046} In sore embodiments, the TIM 210 1 provided with g speaker and speaker port

214, which can be a nuicro projection speaker. The speaker provides information to a wser

14
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through an audio brosdeast, Note that the speakers provided herein are speakers that are located
externally from a user’s egrand are therefore not inserted into the user’s car like an earbud s
yaserted. The TIM 210 i3 configured with an electronics package that containg a processor,
mempry, electrical power, and one oy more wireless comnuaication protovels that enable the
TIM 210 to commumigate wirelessly 222 with one or more devives 320, The device 220 can be
an external sengor such as, bat not Hintied to; 2 biometric sensor ar a vehicle sensor, a local user
device, a network node, such as a wireless router, a remote network, or 8 remote user device such
as a mobile phone accessed through a network. Different sensors, setworks, and remote devices
are described more fully in conjunction with the figures below,

o047} Following the architeciure of Figure 2 at 200, in some einbodiments, a second
temple and a second TIM are provided.  The two TIMs in such a system can engage i wireless
communication betwesa the device 220 and between themselves as needed to provide a level of
design functionality to g user. For example, in one embodiment, a left TIM inchudes wireless
network capabibity sufficient to communicate wath the remote device 220, ulilizing a first
network protocol. In addition, the left TIM and the vight TIM are provided with wireless
network capability that supports communication utilizing a second network protocol. 1o arder
to conserve electrical power, the first network protocol has a greater range than the second
network protocol becanse a distance between the Jeft TIM and the remote device is greater than a
separation distance between the left TIM and the right TIM (nominally a width of eser’s head).
The architecture itlustrated at 200 is referred o as true wireless because there 13 no wired
connection between the left TIM and the right TIM. In ane or more embodiments, an audic
strpam 13 provided from g wser device to g first TIM utidinng a fivst wireless network. Thena

second wiveless andio stream 13 provided from one TIM toihe other TIM utilizing a second

15
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wireless network i order o provide the andio stream 1o each of & oft and s tlalt projection
speakers of the eyewear device.

[0048] The temples and TIMs described at 200 provide veconfigurable components for
eyewsar devices ax described m conjunction with the Bgures herain. A forward end 206 of the
ternple 202 1s engageable with a frame chassis of an eyewear device as described above with or
without a connector hetween a temple and a frame. Thus, the temple 202 can attain g fixed
position refative to & frame chassis or the temple can be rotatably coupled to the frame chassis
depending on a give design of the syewear.

{049 With reference 10 Figure 2 at 230, g temple 232 is provided with an engagement
portion 254, A temple nsert module, TIM at 260, is configured to be refeasably coupleable with
the engagement portion 254 of the temple 252, The TIM 260 15 jnstalled into the temple 252 as
indicated by arrows 262a and 262b. In various embaodiments, the engagement portion 204 is
accomplished by & combined electrical and mechanical connection.  The mechanical connection
can be as described i conjunction with 210/204 such as, but not Hmited to; press fit, chip,
mechamical mierlock, hook and loop, ete. In yel other embodiments the engagement portion 254
and the TIM 260 utilize magnetic surfaces, therelyy holding the TIM 260 secuve by magnetic
attraction, A number of electrical contacts 280 gre provided for dlustration with no hmitation
imphied thereby. The glecttical contacts 280 mate with corresponding electiical comgets in the
temple 232 thereby providing electrical connection 10 one or more electrical pathways (not
shown) m the temple 232, The electrical pathways within the temple 252 facilitate electrical
connection between the TIM 260 and one or more sensars 272 and 274, which can also represent
a source of signals provided o a display(s). The sensors 272 and 274 can be acoustic sensars

such as microphones or any of the sensors described hergin for use in conjunction with

16



WO 2021/044219 PCT/1B2020/000831

elecironics packages configured with eyvewear devices. 1n ong or more embodiments, one of
more of 272 and 274 provide signals o a display such as a HUD,

{0058 in some embodiments, the TIM 260 is provided with a speaker and speaker port
264, which can be a micro projection speaker. The speaker provides information to 2 user
through an open-ear audio broadeast,

{8051 Following the architecture of Figure 2 at 250, in some embodiments, g second
temple and a second TIM ave provided, as shown below i Figure 3. The two TIMs in such a
system engage in wirgless communtcation between the device 220 and between themselves as
250 provide reconfigurable components for evewear devices as deseribed in conjunction with the
figures herein,  For example, a forward end 236 of the temple 252 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 252 can attain @ fixed position relative to @ frame chassis or the

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

SYeWeRr,
{8052} Figure 3 Husirates, at 300, multiple reconfigurable components for an evewesr

device, gecording to embodiments of the tnvention. With reference w Fignre 3 at 300, the left
reconfigurable component 250 from Figure 2 is illustrated with @ companton right
reconfigurable component for an eyewear device, A right temple 352 has an engagement portion
that is not shown i Figure 3 but s similar to the engagement portion 254 of the left remple 252,
A temiple msert module, TIM a1 360 is configured to be releasably conpleable with the
engagement portion of the temple 3520 The TIM 360 is couple with the temple 352 as indicated

by arrows 3623 and 3626, In various emsbodiments, the engagensent portion of the temple 352 s
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accomplished by a combmed glectrical and mechanical connection..  The mechanics! conagction
can be provided as described gbove in conjunction with 210/204 sach as, but not inited to; press
fit, clip, mechanical intertock, book and loop, ei¢. In vet other embodiments the engagement
partion of the temple 332 and the TIM 360 wiilize magnetic surfaces, thereby holding the TIM
360 secare by magnetic attraction.  Several electricsl contacts 380 are provided for ilustration
with no Hmitation imphed thereby. The electrical contacts 380 muate with correspounding
electrical contacty in the temple 352 thereby providing electrical connection to one or mose
slectrical pathways {not shown) in the tample 3520 The electrical pathways within the temgle
352 factlitate electrical copnection 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 soy of the sensors or
displays deseribed herein for use in conjunction with electronies packages configured with
eyewear devices, In various embodiments, the TIM 360 is configured with an electronics
package that contams a processer, memory, elecirical power, and ane or more wireless
commuucation systerus using profocols that enable the TIM 360 to comumunicate wirelessly as
mdicated 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 permiss
wirgless communication between the TIMs as indicated by a wireless transmigsion at 382, In
some erobodiments, the TIM 360 15 provided with a speaker and a speaker port indicated at 364,
which can be 8 micro projection speaker. The speaker provides information to a user through an
audio broadeast.

0653} With reference to view 390 of Figure 3, clecirical conpectivity schematics are
ustrated 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 260 is electrically coupled to the sensor
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274 by an eleciriond pathway 392, The connectivity iHusteated between the TIM 260 and the

respective sepsors constitutes a left temple electrical schematic 384, Note that the feft temple
electrical schematic 384 can be more complex or less complex that the illastration. Thus, the left
temple electrical schematic is provided merely for illustration with no limitation implied thereby.
80541 Sintlarty, the TIM 360 is electrically coupled to the sensor 372 with an clocirical
pathway 398, The TIM 260 is clectrically coupled to the sensor 374 by an clectrical pathway
396. The comnectivity illustrated between the TIM 360 and the respective sensors constitutes a
right temple electrical scherpatic 380, Mote that the right temple electrical schematic 386 can be
more complex or less complex that the Hlustration.  Thus, the night elecirical schematic is
provided merely for illnstration with no hmitation inplied therehy.

[0035] The two TIMs in such a system engage in wireless commanication betwesn the
device 220 and between themselves as needed to provide a level of design functionality 1o 2 user.
For example, m one embodiment, a Teft TIM includes wireless network capability sufficient wo
comintucate with the remoete device 220, ptihizing a fivst network protocol. In addition, the left
TIM and the right TIM are provided with wireless network capabiliiy that supports wireless
commmanication as indicated at 382, The wireless communication 382 can be performed with a
second network protocod, which is different from that used 8t 222, In order to conserve electrical
power, the first network protocol (222) bas a greater vange thaw the second network protocol
{382) because 8 separation distance between the left TIM 260 and the remote device 220 18
greater than a separation distance between the left TIM 260 and the right TIM 360, the latter i3
nominatly g width of user’s head and the forer can be as much as a distance o 8 mobile

telephone collular tower,
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{056} Figure 4 illustrates another reconfigunrable modularized evewsar systeny,
sccording to ervbodiments of the invention. ' With reference 1o Figure 4, one or more of sensors,

power components, and computational units are distriboted theoughont an evewear device,
including distributed throughowt a frame chassis such as 402, A frame chassis 402 is
ophthalnucally constructed o encivcle lens 340 with frame rimes thereby seouring the lens 440
thereto, A left temple 404 are a right teraple 414 are coupled 1o the frame chassis 4032, thereby
forming an eyewear device, The left temple 404 is configured with an engagement porbion
ndicated at 408, A lefl temple insert modude (TIM) 406 15 configurad as described above to
engage with the engagement partion 408, thereby providing both mechanical and glectrical
connection between the TIM 406 and the temple 404, Similarly, a right terple 426 is iHlusirated
as engaged with the engagement portion of the right temple 414, The TIM 406 containg an
audio speaker and audio port indicated at 410 and the TIM 426 contains ag andio speaker and
audio port indicated at 430, In various emboduments, the audio speakers of 410 and 430 are
projection speakers. The evewear device includes several sensors or display(s), 462, 464, 466,
468, and 470 that ave integrated into an electrical pathway that extends from the left temple 404
through the frame chassis 402 to the right temple 414, In various embodiments there can e
more sensors or less seasors that those shown in Figure 4. The sensors and the locations of the
sensors shown in Figare 4 are provided merely as an ilustration and do not Hmit embodiments
of the invention. As described above in conjunction with the previous figores, at feast one of the
temple insert modules, 406 and or 426, are provided with a suite of electronics necessary to
provide wirglessly connectivity 222 o a device 220,

{00387} Tn the evewear device of 400, g high-level view of an elecirical pathway

schematic is shown at 4839, With reference to 480, the left TIM 406 and the night TIM 426 are
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electrically coupled with sensors 463, 464, 466, 4068, and 470 by elecrrical pathway elements
482, 484, 486, 488,490, and 492, An clecirical pathway element, such as 484, electrically
connects the sensor 464, Together, the components shown in 480 provide 8 modalarized
reconfigurable set of components for an evewear device. In one or more embadiments, one or
more acoustic sensors are located 1n at least one of, the frame chassis 402, the left teraple 404,
aud the right temple 414, Thas, acoustic sensors can be focated anyvwhere on atemple (left or
right) or a frame chassis of the eyewear device.

[0058] Figure 5 illustrates, penerally at 500, a perceptive view and a top view of the
modularized evewear system from Figure 4, according to embodiments of the invention, With
reference to Fignre §, o modularized evewear device is Hlustrated in perspective view at 502, A
modularized nose pad 504 1s releasably couplable as indicated at 506 with the moduelarized
eyewear device 302, Modularization of nose pads permits a user to swap nose pads in order to
improve the fit between the evewear gnd the user’s nose and facial structure. A greater level of
comtort can be achieved trough modularization of the nose pad of the eyewear device, In
addifion, other senzors such as a iomeinic sensor can be provided in the nose pad.

j8059] Figure 6A illustrates, generally at 600, a system architecture for a modularized
evewear device, according to embodiments of the tnvention, With reference to Figare 64, in
vartogs embodiments, a modularized reconfigurable evewear device can contain more than one
wireless commmication system. In various embodimeants, an eyewear device 602 has a high-
level block diagram architecture as shown at 604, In various embodiments, the evewear device
602 is configured to communicase with & wireless sensor 640 and @ 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 move of the sensors Hsted herein without limitation. For example, the
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wirgless sensor 640 can include 2 bMometrie seusor or biomechanical sensor configured for use
with a user or & sensor configured for wse with a vehicle or building. Some examples of
biometric sensors are, but are not limited 1o; a beart rate monftor, g pesspiration sensor; &
temperature sensor, eie. Nome examples, of vehicle sensors are, but ave not limited ) a velocity
sensor, an acoeleration sensor, a plobal position system signal, & vehicle engine parameter, a
wind speed mndicator, ete. Some examples of sensors for use with & building ave, but are not
limited to; a temperature readmg from a thermostat, 8 water pressure valoe, ete. Some non-
limiting examples of vehicles are, but are not limited to; 3 scoater, bicvele, an automabile, a
boat, a vacht, a watercraft, an anplane, a military vehicle, & wing suit, efe. Insome
embodiments, data is recetved at 540 and or 816 from a special use network. An example, of a
special use network, given for iHustration with no imitation implied thereby, iy a National Maring
Electronics Association (NMEA) NMEA 2000 network designed for watercraft such as vachis
{power or sail). NMEA 2000, also referred to o the art as "NMEA2K™ or “N2K" is standardized
as Taternational Blectrotechuical 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, ete. The mobile device 670 can be any ong or more of the mobile devices listed
heretn without lnstation. 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, & vehicle
compiter, ete.

{6060] The eyewear device 602 has a high-level srchitecture, vepresented at 604, that
contais a speaker 606, g contral processing wnit 508, ¢ source of electrical power 610, an
acoustic sensor 608, a storage device 614, and & wircless conumunication systent 616, Wirelesy

communication system $16 can contaan one or more of the following wireless communication
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systems, €.g., a near-fisld conymunication svsten 618, a wireless communication system utilizing
the Blustooth communication protocol 620, g wireless communication system utilizing the Wi-Fi
commupication protocel at 524, a mobile telephone communications protocol 622, The wireless
communication protocn! designated by LTE at 622 is given merely as an example for wireless
devices and does not hmit embodiments of the mvention. Those of skill 1n the art will recopnize
that ane or more antennas are inchuded, but not shown for clarity, in the wireless communication
system block 618

j8061] The wireless sensor 840 has a high-level architectivre, represented at €42, that
mchudes pne or more sensors 634 and a wireless commumication systemn 646, The wiveless
conmunications system 646 can be a low data rste commurications system souch as a near-field
commupications system, BLE, ANT®, or the ke, Or the wireless commumication system 646
can be provided as a higher data rate system as required by the sensor{s} 644,

8062} The mobile device 670 has a high-level architecture, represented at 672, that
mchudes, a central processing untt 674, a source of clectrical power 676, storage 678, and one or
more wirelesy cotmmumication sysiens indicated at the block 680, The mwbile device 678 can
be optionally configured to reach remote petworks as indicated by cloud 8689, The wireless
comnuication block 080 can melnde one or more of the following wireless communication
systenss, g a near-field communication system 882, a wiveless conununication system piilizing
the Bluetooth communication protocol 884, a wireless communication svstem atilizing the Wi-Fi
cornmunication protocol at 686, and & mobile telephone communications protocol at 688, The
witeloss conmumication protocol designated by LTE at 688 is given merely as an example of 8

compngnication sester for mobile devices and does not Himit conbodiments of the invention,
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Those of skill 1 the art will recognize that cne or more antennas ave included, but not shown for
clarity, in the wireless conmmunication system block 880 and 642

[60a3] In sonwe embodiments, the wireless sensor system 642 and the evewear device
602 are configurad initially by a user of the mohile device 670 and the muobile device user
interface as indicated by pathways €52a and 652b. In pperation, the evewear device 602 recerves
data wirelessly as indicated at 630 from a suitgble wireless comruurication system, such as for
example a near-field communications system 618 Wireless data obtained from the wireless
sensor system 642 can be transmoitted to the user device 6704072 by another wireless
commumeation system such as indicated at 654, The wireless communication indicated at 654
can be accomplished with a higher dats rate channel using for example Rluetooth protocol at
620/684, or Wi-Fi protocols at 624688, or mobile phone commuarications protocol indicated at
622/688. Data rransferred from the evewear device 602 can be stored and analyzed on the user

device 670 in various embodiments and with different application prograrms.

{08064} Figure 6B illusirates, generally at 690, wireless networks corresponding fo the

systen architecture for the modudarized eyewear device of Figure 64, according to
embodiments of the imvention. With reference to Figure 6B, the wireless communication block
616 can connect to a plurality of devices as shown in the figure. For example, one or more
wireless sensors 640 can connect to the wireless comumumication block 816 uiilizing low data mie
near-field communication networks as indicated at 618, One or more user devices 670 can
comnmunicate wirelessly with the wiveless communication block using Bluetooth communication
protocols as indicated at 630, One or more wireless nodes, such as Wi-Fi nodes indicated at 692
can conmunicate wirelessly with the wireless conmmication block 816 a3 mdicated at 624,

Ume or more remote networks 894 capn communicate wirelesshy with the wireless communication
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block 616 using cellular commumication protocols as ndicated at 622, Thus, a reconfigurable
eyewear device can contain one or more of the wirsless communication systems shown in the
ustration at 690 An evewear device can be recontigured for different wireless commumication
by swapping Tor example one TIM module for another. Alternatively, one or more temples can
be swapped with & frame chassts as described abeve to provide customized fimetionality o an
evewear device,

j0065] Figure 7 illustrates, generally at 700, anvther system architectare for the
modularized svewsar device of Figure 4, according to embodiments of the invention. With
reference to Figare 7, the wirgless commuucation block 616 of the eyewear device 602 can be
configured for cellular commmumications vig mobile telephone networks divectly without needing
a nser device to Runction 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 telephone, by a
wireless commumication system 622 thereby comecting with the ramote device 702 directly
through the external networks mdicated by cloud 704, No infermediary user mobile device 13
needed to support this Hoe of communication. Such a condiguration of an evewear device allows
auser of the evewear device to make telephone calls from the syewear device with the assistance
ofan interface, such as a voice interface, one or move tactile mterface like buttons, éfc. The
voice tnderface provides command and control of the telephone call by converting the user’s
voice signaly to commands that the device uses to facilitate the operation of the wirgless network
for the telephone call. Examples of such commands are, but are not limited to; select caller,
place call, volome up, volume down, ead call, e,

{0066} Figure 8 illusirates, generally at 300, a block diagram of a femple msert module

{TIM}, according to embodiments of the invention. With reference to Figure 8, a3 used in this
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embodiments of the invention may be used. The block disgram is g high-level conceptual
representation and may be tmplemented m a variety of ways and by various archifectores.  Bug
systenm 802 interconnects a Cenwal Processing Unit (CPL) 804 {alternatively referred to herein
a5 @ processor), Read Only Memory (ROM) 806, Random Access Memory (RAM) 808, storage
810, sudio 822, uger imterface 824, and communications 830, RAM 808 can also represent
dynamic random-access memory (DRAM) or other forms of memory. The user interface §24
can be iy various embodinients a voice interface, a touch interface, a physical button, or
combinations thereof. It s understood that memory (not shown) can be nscluded with the CPU
block 804, The bus system 8§82 may be for example, one or more of such buses as & system bus,
Peripheral Component faterconnect (PO, Advanced Graphics Port {AGP), Small Computer
System Interface (SCS), Institute of Electrical and Electronics Engineers (IEEE) standard
number 994 (FireWire), Universal Sertal Bus (USR), untversal asynchronous receiver-
transmutter (UARTY, serial peripheral iterfhce (SPD), inter-integrated cirouit (120, ete. The
CPRU 804 may be asingle, multiple, or even a distributed computing resowrce, Storage 310 may
be flash memory, ete. Note that depending upon the actual implementation of & TIM, the TIM
may include some, all, more, or 3 rearrangement of components in the block diagram. Thus,
many varations on the system of Figure 8 are possible.

{00671 Connection with ong of muore wireless networks 832 15 obtained via
commumication ({COMM) 830, which enables the TIM 800 to communicate wirelessly with local
sensors, local devives, ag well as with remcte devices on remote networks. In some

embodiments, 832/830 provide access to remole voite-to-text conversion systems which can be
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comumunication systems m various implementations, and can represent varicus forms of
telemetry, general packet radio service (GPRS), Ethernet, Wide Areg Network {(WAN), Local
Area Network (LAN), Internet connection, Wi-Fi, WiMAX, ZigBee, Infrared, Blustooth, near-
field communications, mobile telephone conmunications systems, such as 30, 4G, LTE, 50, etc.
“and combinations thereof. 1o various embodiments, 8 tonch interface is optionally provided at
824, Signals from one of more Sensors are input to the system via 829 and 828, Global position
system {GPSY mformation is received and is mput to the svstem at §26. Audio can represent a
speaker such as a projection speaker ov projection nxcre-speaker described herem.

{H068] In various embodiments, depending on the hardware configuration different
wircless protocols are used in the networks o provide the systems described 1o the Bigures shove.
One non-limiting embodiment of a technology vsed for wireless signal ransmission is the
Bluetooth wireless technology standard which is alse conmmoenly known as IEEE 802.15.1
standard. In other embodiments, the wireless signal ransmission protocol known as Wi-Fi is
used which uses the IEEE 802.11 standard. In other embodiments, the ZigBee communication
protocol is used which is based on the IEEE 802.15 4 standard. These examples are given
merely for illustration and do not Hmit different embodiments. Transmission Control Protocel
{TCPY and Internet Protocol (IP) are also used with different embodiments. Embodimenis are
not limited by the data communication protocols listed berein and are readily used with other
data conmmuication protocols not specifically listed herein.

oY In various embodiments, the components of systems as well as the systems
described iu the previous figures (such as a temple {nsert module {TIM)) are implamented in an
itegrated cireult device, which may include an integrated cireust package containing the

mtegrated circwf. In some embodiments, the components of systems as well as the systems are
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umplemented in a single integrated circwit die. In other emboduments, the components of systems
as well as the systens are implemented in more than one integrated circuit die of an integrated
cireuit device which may include a nudtt-chip package containing the integrated circuit

{8070] Figure 9 illustrates a modularized evewear device fitted with a behind the neck
module assemibly, according to-embodiments of the mvention, With reference to Figure 8, at
200, a behind the neck module assembly is fitted to a passive set of evewear, Passive eyewear
mdicates that {here are no elecironics lovated in the evewear. Alternatively, the evewear can be
active of powered evewear, as described herein, configured with electronics packaged o one or
more femples or wemple insert modules {TIMs). The evewsar has g frame chassis 902 that
contains lens 806, Coupled jo the frame chassis 902 is a left temple 904 and 8 vight emple 914,
The behind the neck modude assembly includes a behind the neck electronics pod (ePOD) 924, 8
left temple interlock 920 a right temiple interlock 922, a left smart cord 926 and a right smant
pord 928, The left sieart cord 926 couples elecinically and mechanically the ¢POD 924 to the left
temple interlock 920 and the right smart cord couples electrically and mechanically the ¢POD
924 to the right temple interlock 922,

{8071} The left temple interlock 920 contains an acoustic cavity, an audio speaker, and
an acoustic port. The acoustie port for the left audio speaker is indicated a2 930, The left smart
cord 926 containg electrical conductors that provide an audiv sigual for the audio speaker
contained within the left temple interlock 920, In vae or more embodhments, the audio speaker
contained m the left temple nterlock Is & micro-projection speaker. Similarly, the acoustic porst

for the right audio speaker i indicated at 932, The right smart cord 928 contains electrical

conductors that provide an audio sigoad for the audio speaker contamed within the right temple
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miterloek 932, In one or more smbodinents, the audio speaker contamed in the night temple
interlock 13 a micro-projection spegker

{00721 In various evbodiments, the ePOD 924 containg an electronics unit. The
elecironics unit contains the electronic components and funcitonality described herein fora
ternple msert module {TIM). In other words, the electronics unit 13 a TIM mechanically and
electrically packaged for nse in a behind the neck module assemnbly,

{0073 Electronics units having different electronic configuration and functionality can
be swapped n.and out of the ePOD In stmilar fashion to the way ditferent TIMs are swapped
mito and out of 8 teraple of an evewear device,

{0874} AL 950 a length sdjustment is provided to shorten or lengthen the right smart cord
and the tef} smart cord. A behind the neck elecironics pod (¢PODY) 934 is configured with a fefl
smart cord 936 and a right smart cord 958 exiting the same end of the ePOD 954, Sucha
configoration of the smart cords 936 and 58 permit a slider 960 to move either away from the
e¢POD or toward the ePOD. Moving the slider 560 away from the ePOD 954 shortens the
available free length of the smart cords 965/958.  Moving the shider 960 towards the e PO 934
increases the available free lenpth of smart eords 936/958.

160751 In one or more embodunents, i operation when in an “on™ state, sudio data 18
stregmed to the electronies unit in the ¢POD 924 and is divected to the left and right speakers for
broadcast to a user when the bebind the neck module assembly is installed on an eyewear device
and the user wears the eyewear device,

8076} Figure 10 illustrates, generally at 1000, a behind the neck module assembly in
perspective view configured with g wearable device, according to embodiments of the invention,

With reference to Figure 10, 3 first sensor 105048 iHlustrated on the ePOD 924, A second sensor
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1052 18 illustrated tncorporated into the right temple mterdock 9220 A third seasor 10541
iHlustrated incorporated into the left temple interlock 920, The sensors 1030, 1052, and 1034 can
be any of the vensors described berein previowsly deseribed for use i a TIM or divectly in
electronies built nto a temple.

0077} in the embodunent shown in Figure 18, cach reaple interlock module, e, 930
and 932 contains a through hole into which a temple of the eyewesr 18 ingerted. In this
embodiment, the temple interlock modules 920 and 922 are made from 8 compliant material such
as an elastomer or ribber that permis elongation sufficient for a temple to be inserted
therethrongh. For example, the left temple interleck 920 contams a through hole 1040 into
whiich the left temple 904 15 inserted. The right temple interdock 922 containg a through hole
1042 nto-which the right remple 914 i inseried. Each of the temple interlocks 920 and 922 are
positioned on a pair of compatible eyvewsar such that each of the speaker ports 930 and 932 are
positioned in front of and near to # user’s ear. Compatible evewsar is evewear that is compatible
with the meechanical attachinent provided by the temple nterfoeks,

{78y Figure 11 illpstratey, generally ot 1100 and 1130, coupling a temple interlock to a
temple according to embodiments of the invention. 'With reference to Figure 11, at 1100 3
magnetic termple mterlock is Hlustrated. The magnenc temple interlock includes a magnetic
region 1108 on atemple 1102 of an eyewear device. A temple interlock 1104 has a
corresponding magnetic region 1106, In operation, the magnetic regions 1106 and 1108 are
brought together, thereby causing the magnetic ragions 1106 and 1108 to attract each other
which provides g clamping force between the temple interlock 1104 and the temple 1102, A port

of an aeoustic cavity that contains a speaker s illustrated at 1110,
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{HO79] Antther methad of clamypng is Hustrated ar 11500 A temple interlock 1152
containg a slot TSR between g first side 1156g and ¢ second side 1136b of compliant material.
The geometry of VIS8, 1156, and 1156h forms a U shape o which 8 temple of an eyewear
device can be inserted. The elasticity of the material 1152 provides a releasable coupling
between the wemple intertock 1152 and the temple of the evewear {(not shown). An acoustic pon
of an gcoustic cavity that honses a speaker is tndicated at 154,

[008] Figure 12 iftustrates, generally at 1200, coupling 8 behind the neck module to
electronics contained within a temple, scoprding to embodiments of the invention. With
reference to Figare 12, a behind the neck modude assembly s coupled 6 elecironics contained
within @ femple. A portion of g behind the neck module assernbly is Hustrated with a behind the
neck elecironics pod (ePOD) 1220, a left smart cord 1322, and a left temple interlock 1210, Any
of the electrontes contained with a temple, as previously described, can be contained directly
within a temple without a temple insert medule (TIM). Or alternatively, the electronics
contained with the temple can be electronics that are part of a TIM, as indicated optionally at
1204 | In gither situation, 3 temple 1202 is provided with g number of elecirical contacts
indicated at 1206, A cowesponding number of elecirical contacts 1208 are provided in the left
temple interlock 1210, A mechanical interlock between the temple 1202 and the left teraple
interlock 1210 is provided to make the connection between 1210 and 1202 releasably couplable.
In one or more embodiments a magnetic coupling is provided near or at the location of
1206/1208 to provide a releasable coupling thersto.

{0081} Figure 13 illustrases, gensrally at 1300, a schematic for combining a behind the
neck modude assembly with temple clectromics, acconding to entbodiments of the inveation.

With reference to Figare 13, an outline of an evewear device iy indivated at 1302, The eveweay
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device 1302 contains electronics and or glectronic pathways 1o a left temple, a night temple, and a
frame chassis. The outling 1302 encompasses the frame chassis, left temple, and right temple.

in the system depicted in the Ggure, an electronics path 1308 extends between the left temple and
the right tample of the evewsar device 1302

jou82} The eyewesr dovice contains g left temple insert madule (TIM) 1304 Jocated ina
left temple and a right TIM 1396 located in a right temple. A behind the neck module assenbly
with elecironics unit (ePOD) i3 indicated at 1310, A left smant cord 1312 provides an elsctrical
pathway between the ePOD 1310 and the feft TIM 1304, A right smart cord 1314 provides an
electical pathway between the ePOD 1310 and the right TIM 1306, In various embodiments
both the left TIM 1304 and the right TIM 1306 are configured with one or more wireless
commumication network svstems that permit wireless communication between the feft TIM 1304
and the right TIM 1306 as indicated at 13160 A remote device 1320 s representative of one or
more wireless sensors or wireless user devices as described shove in cenjunction with the
preceding figures, Wireless communication 1322 is accomplished between the remote device
1320 and at least one of the left TIM 1304, the vight TIM 1300, and the ePOD 1310, All of'the
electronic syatem functionality described above with vespeet to & TIM 13 applicable to an ePFOD
such as ePOD 1310,

0083} In some embodimens, a lefl temple 13 not elecirically comsected o aright temple,
i such as case the electrical path 1308 is removed from the electrical schematic shown m 1300,
{0084} “igare 14 illustrates, generally at 10, a user interface on a behind the neck
module assembly, sccording to embodimnents of the wvention, With reference io Figure 14, 8
betund the neck elecironics pod (ePQD) 16 illusivated at 1402, The ePOD 1402 has a dwplay

mterface 1404, The display interface 1404 can be implemented in various wavs in different
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embodunents. In some embodiments the nser interface 18 2 tactile surface button, In stme
embodiments, the user interface is implemented with a touch screen, such gs a capacisive touch
sCreen presefting one or more controls to a user. In some swbodiments, the user interface
communicates information to s user. In vet other emabodiments, the user mnterface communicates
information to a person who views the user interface 1404 from behind the user who is wearing
the ePOD 1402, Au example of such information is, but s not Hmited 10, an emoji, mond status,
won, efe, as indicated at 1406,

{0085} Figure 13 tlustrates, generally at 1500, a block diagram for a behind the neck
electronics wnit, according to embadiments of the invention.  With reference 1o Figure 15, as
wsed in this description of embodiments, 8 behind the neck electronics unit can be based on a
device spch as & computer, v which embodinents of the invention mav be ssed. The block
diagram is a high-level conceptual representation and may be implemented i a variety of ways
and by various architectures.  Bus systerm 1302 imterconnects & Central Processing Unis {CPU)
1504 {alternatively referved fo beretn as a processor), Read Only Memory (ROM) 1506, Random
Access Memory (RAM) 1508, storage 1510, audio 1522, user interface 1524, and
comnyunications 1530, RAM 1308 can also represent dynamic randanvacesss memory {BRAM)
or other forms of memory. The user interface 1524 can be m various embodinents a voice
inderface, o touch mterface, @ physical button, or combinations thereof. s wnderstood that
memory {not shown) can be included with the CPU block 15304, The bus system 1502 may be
for example, one or more of such buses as a system bus, Peripheral Component Interconnect
(P, Advanced Graphics Port (AGP), Saall Computer System Imterface (3CS1), Institute of
Electrical and Electronics Engincers {IEEE} standard number 994 (Fire Wire), Universal Serial

Bus (USB}, sniversal asynchronous receiver-transmitier {LTART), serial peripheral interface
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{SP1), imer-integrated civeurt (120}, ere, The CPU 1504 may be a single, multiple, or even a
distributed computing resowrce. Storage 1510 may be flash memory, ete. Note that depending
upon the sctual implementation of a TIM, the TIM may include some, all, more, or &
rearrangement of components in the block diagram. Thus, many variations on the system of
Figure 18 are possible.

{6086} Connection with one or more wireless networks 1532 is obtained via
communication (COMM} 1530, which enables the TIM 1300 to conumunicate wirelessly with
loval sensors, local devives, as well as with remote devices on remote networks. In some
embodunents, 1532/1530 provide access 1o remote voice-te-text conversion systems which can
be i remote locations for example cloud based. 1532 and 1530 flexibly represent wireless
commnuication systevs it varions implementations, and can represent varions forms of
telemetry, general packet radio service (GPRS), Ethernet, Wide Area Network (WAN}, Local
Area Network (LAN), Iiternet connection, Wi-Fi, WiMAX, ZigBee, Infrared, Bluetooth, near-
ficld communications, mobile telephone conumumications systems, such as 3G 4G, LTE, 5G, e
and combinations theveof. In various embodiments, a touch interface 13 optionally provided at
1524, An optional display is provided at 15320, Signals from one or nicws sensors arg input o
the system via 1329 gnd 1528, Global position system (GPS) information ts received and 18
tnput to the systern at 1526, Aadio can represent a spegker such as @ projection speaker or
projection micro-speaker deseribed hergin,

{0087} In various embodiments, depending on the hardware configuration different
wireless protocols are used in the networks to provide the systems deseribed in the figures above,
One non-lisatting embodiment of g technology vsed for wireless signal transmission s the

Riuetpoth wireless technology standard which is also conunonly known as IEEE B2 151
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standard. In other embodinents, the wiveless signal wansouission protocol kaown as Wi-Fi s
wsed which uses the TEEE 802,11 standard. In other embodiments, the ZigBee communication
protocol is used which s based on the TEEE 802 15 4 standard. These examples are given
merely for illustration and do not Hmit different embodiments. Transnussion Control Protocol
{TCP) and Internet Protocol (1P are alsp used with differens embodinments, Embodiments are
not Hraited by the data cotnmumication protocols hsted heren and are readity used with other
data communication protocols not specifically listed heremn,

jBO88] In varipus embodiments, the components of systerns as well as the systems

deseribed in the previous figures (such as @ behind the neck slectronics unit) are implemented

ytegrated circpit, In some embodiments, the components of systems as well as the systems are
implemented in a single integrated civouit die. In other embodiments, the components of systems
as well as the systems are timplemented in more than one mtegrated circuit die of an integrated
circuit device which may include g multi-chip package containmg the integrated oircutt

{089 In various embodiments, the descriptions of embodiments provided hevein
provide reconfigurable components for head wearable devices. Reconfigurable components for
head wearable devices mclude, but are not imited to, removable temples, removable temple
insert modules (TIMS), a behind the neck module assembly, an electronics pod ¢PQD for a
behind the neck modale assembly and removable electronics units for ePODs.

{6090} Figure 16 Hustrates, generally at 1600, a schematic block diagram of system
architecture, according to embodiments of the mvention, With reference to Figure 16,
embodiments of the nvention are wsed in & system architecture that i1s custonuized for head

wearable devices, such as, but not imijted to, smart glasses or other eve-wear devices or head
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wearable devices. The system architecture desenibed in conjunction with Hgures below is used
in confunction with the reconfignerable components for head wearable devices described above
that melude, but are not lmuted to7 removable temgles, removable temple insert modudes {TIMs),
a behind the neck module assembly, an electronics pod ePOD for a behind the neck module
assembly, and removable electronics units for ¢PODs, i,
{80911 With reference o Figure 16, g wobile communications sait (MU}, an MCU
with a digrial signal processor (DSP) are illusirated in various embodiments in Figure 16 at
1602, The system 1800, in varipus embodiments, includes one or more of the following sub-
blocks:
« Central Processing Unit (CPU ISP chip 1634
*  Voice wake-up chip 1608,
»  Lniversal Bertal Bus (USB) type A magnetic pogo pin connector 1610 for battery
charging and signal paths to a compuser ot @ mobile device.
» A multi-functional button 1614,
» A br-color light source, such as a light emitting diede (LED) {For exaniple RED
and BLUE color) 1630,
»  Stereo power amplifier 1630 to deive 2 speakers 1628,
» Two microphones 1604/ 1606,
*  Densors:
i Touch sensor 1618,
o Proximity sensor 1618
o Geaxas sensor {3 axis accelerometer + 3 axs pyroscope} 1622

o 3-axis maghietometer 1620

36



WO 2021/044219 PCT/1B2020/000831

{60921 In some embodiments, the core of the hardware architecture is 2 siogle chip with
CPRU, digital signal processor, and Bluetooth RF modules inside the device, CPU and DSP
{1934} can be a separate chip or can be integrated into a single chip. In some embodiments, an
integration of the DSP into the {PU is adopted to reduce cost. MNote that the list of sub-blocks
above Is given merely for tlustration and that embodiments of the invention may containg more
sub-blocks or fower sub-blocks than those listed above, The interfaces shown herein, such as,
general puepose input-output {i}?}{}}; Isquared-c {(12C), Untversal Asynchronous

Receiver/ Transmitter {UART), ete. are shown by way of example and do not Hinit embodiments
of the avention. Embodiments of the invention are readily implamented with different interface
angd bug standards.

[0093 Tasks for the CPU mclude task schedabing, GPIO control, sensor control data
capture and manipulation, Bluetooth Radio Frequency {RF) management and power
management. IN various enbodiments, the DSP handles signal processing tasks such as noise
cancetlation, acoustic echo cancellation, cross-talk correction, and all time consunming sigoal
provessing algonthms. Bloetooth (BT} RF module 1632 handles BT wiveless compmutication
protocoly. In some embodiments, in addition to the Bluetooth module 1632, a cellular
communications module is added to provide direct cellular telephone communications from the
systern 1600 embedded into & head wearable device. In other eimbodiments, the Bluetouth
module 1632 is replaced by a cellnlar commumications module. Thus, many different
configurations of wireless communications are possible with the system 1600, The system 16808
can be configured with varions sensors, such as those listed below. Those of ordinary skill in the
art will recognize that g systeny 1600 can be configured with additional sensors or fower sensors

than those shown in the list below:
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*  LED 1620 via GPIO cutput pin

*  Buton 1614 via GPIO inppt pin.

s Touch sensor 166 - via GFIOs input and output pins.

& Voice wake-np chip 1608 ~via GPIO and UART.

e Proximity sensor 1618~ via 12 bus,

¢ Microphone 1604/1600 & speaker 1628~ via analog-digital-converter {ADC)

1640 and digital-to-analog-converter {DAC) 1636

e 643 axis sensors — via 120 bus.
{6694] Figure 17 illustrates a schematic block diagram for wakeup control, according to
smbodiments of the invention. Referring to Figure 17, the svstem 1702 will enter sleep mode
1704 1 order o save battery power. A voice wake-up chip, such as for example 1608, isused to
detect a wake-up word 1710 (or example “SOLOS™ spoken by 8 user and received on a
microphone such as 1604} 1 the wake-up word 1710 is detected at 1608, the CPLI/Systam is
powered up and moves toa “RUNT state as indicated at 1706,
{OODS] The systems 1700, 1702 or 1600 illostrated in conjunction with Figure 16 and
Figure 17, utilize an embedded speech recognition system 1608, Exanples, of embedded
speech recognition systems for use in ernboduments of the invention are, but are not limited 1o,
the embedded speech recognition systems fromy NUANCE such as the VoCon Hybnid, et or
embedded speech recognition systems from other manufacturers. The data sheet for the
NUANCE VoCon Hybrid is incloded herein as APPENIHX 1,
{0096} Referring to Figure 16 and Figure 17, in operation, when idle, the Systemn 1702
15 i “SLEEPY mode whereas the DSP VoCon 1608 15 alwayvs "ONY so that if can detect the

wake-up word 1710 via an input from the connected nicrophone 1604, When the DSP VoCon
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system 1608 detects the wake-up word 1710, & wakeup conteol signsl 1714 s sent o move the
System 1702 from “SLEEPY mode 1704 10 “RUN" mode 1706.

{8097} The embedded speech recognition systent 1608 s used o process wake-ap
word{s} 1710 and 1t is also used for command and control of the head wearable device from
commands extracted from g wser’s speech.

{8098} In various evabodirents, the components of system shown in Figure 16 andior
Figure 17 are implemented in an integrated circuit device, which may include an integrated
circult package contatming the ttegrated cuenit. In some embodiments, the components of the
systemis) are inplemented m g single integrated circuit die. In other embodiments, the
components of the systems) are implentented fnmore than one integrated cirewit die of an

integrated circuit device which may include a malti~chip package containing the integrated

CIruit.
j8099] In various embodiments, six (6) axis sensors, Hustrated at 1624, and three (3 axis

sensors, Hlustrated at1622, are used to perform heading, wacking, and e~compass hunctions, 1o
one ennbodinent, provided merely for iltustration and with no Innitation implied thereby, the
sensors capture the following nine {9) axis data (at rate of 10 samples/secondy which can be used
by a mobile commuatications ynit (MCLT) 1602 1 caleulate movement of & user’s head. The mine
{9} axes of data are, but are not Hmited tor acceleration data measured from acceleromueters along
X, Y, and Z axes; gyroscope data from X, Y, and Z axes; and magnetometer data from X, Y, and
Zoaxes. It is understood by those of ordinary skill in the art that X, Y, and Z axes fomply an
orthogenal coordmate system,  In some embodinments, these sensor data are nsed o track the

trajectory of user’s movement while wesring a head wearable deviee.
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a0} Figure 18 illustrates, generally at 1800, a state diagram for button pperation,

gecording to embodiments of the invention. A button, such as 1614 in Figore 16, 13 designed to
support meltiple purpose fonctionality, In one or more embodiments, the descriptions ofthe
funciions supported by a single button, a touch shider, and 8 proximity sensor ave tlhustrated by
way of example. Other fanctionality can be provided by the battan, touch sensor, and proximity
sensor, Different mumbers of buttons, stiders, and sensors can glso be provided in variogs
embodiments in order to provide the needed Runctionality for a given head wearable device, The
functionality and state diagrams presented hervein are provided merely by way of example and do
nat limit embodiments of the ivvention, Power ON/OFF Function 1802/1804 15 dllustrated as
follows:
ay A power "ON" state at 1802 is entered with a short press of the "Power
Bution” for a predetermined time {in one or more embodiment the
predeterniined time is two (2) seconds) until an "ON” indication light is
activated. In one or more embodiments, the “ON" indication lightis a
bhee colored Hght. In the “ON™ state 1802 a user can, through voice
command ask the system what the battery power level is at. For example,
& systeny can be configurad o return battery power level quantized to
different gravulacity, One example Is a quantization to three (3) battery
power levels, Lo, low, medium, high. Other quantizations are possible,
and this example using three battery powey levels is given merely for
tHustration with no limitation mnplied thereby, Ahernatively, the system
can be configured to notity the wser of the corrent battery power level via

machine generated sudible voice message,
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by A power “OFF” state at 1804 33 entered with & long press of the “Powsy

Button™ for a predetermined time {(in one or more embodiment the
predetermined time s three {3} seconds)uatil a an “OFF” indication light
is activated. {n one or more embodiments, the “OFF” indication light is a
red colored Bight. The system can be confizured to notify the user that the
system is powering down o the “OFF™ state via wachine generated

audible voice message.

The patring/unpaired fonctions 1306/ 1807 with a device, such as a mobile phone, are

lustrated as follows

A press of the “Power Button” for g time longer than is required 10 move
0 the OFF state, results in “PAIRING™ the system to a mobile device. For
the purpose of the example given berein, 5 seconds is a suitable time 1o
configure the system for “PAIRING,” noting that 5 secounds is longer than
the time (2 seconds) required to move the system to the OFF sate. Thas,
it operation, a user depresses the “Power Bation™ watil 2 blue colored light
and a red vodored light blink alternatively which will pair the system with
& mobile device, mdicated at 1800, After pairing, the system will play a
machine generated voice prompt telling the user thal patring was
successfal. The system can be moved to the “"UNPAIR” state at 1807 by
depressing the power for a time longer than is required for pairing. Thus
eight (8} seconds would secomplish moving the system to the “UNPAIR”

state at 1807, Different times can be chosen and those predetermined
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tumes given herein are given merely for an example and do not it
embodiments of the mvention,

it After pairing successfully, @ wser can play music at [R0& and make a
phone call ar 1810 utilizing & wireless connection between the head
wearable devics and a8 mobile phone or ap MCU {penerically referred to ay
a device). Head wearable devices, such as Smart Glasses will be tumed off
automatically after a preset time if the connection fails. In one
embodiment, provided merely for example the preset time is three (3)
miules.

it When nuasic is playing through the smart glasses at 1808, a short press of
the button will advance to the next song ot 1812, In one embodiment,
provided merely for iflustration, and with ao limitation implied thereby, a
shors press of the button necessary to advance to the next song is less than
two {2} seconds.

. When there i an mcoming call dering music playvback or when in the idle
state, a-short press the button for less than a predetermined time will
answer the call st 1814, For the purpose of illostration, snd with no
imitation impled thereby, a predetermined time for & short press of the
hution is less than 2 secomds. I case @ user presses the button longer than
the predetermined time, then the call is rejected at 1816,

{80101} Figure 19 illustoases, generally at 1900, a state disgram for touch sensor

gperation, according to enmibodiments of the vention. In oue of more embodiments, 8 touch
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seasor is configured with concurrent “shder”™ functionality and “tap™ fimctionality. An example
of & touch sensor is 1616 in Figure 18,

60102} In one or more smbodiments, provided merely for example, aod with no
Himuation inplied thereby, 8 touch sensor supports two functions: touch slider, single tap and
double tap operations. In other embadiments, & touch sensor can be configured to support more
or less functionality than that of the sensor described herein. With reference to Figare 19, 4 state
diagram corresponding to touch sensor operations is Hhustrated. Vohume control by stider 1930 s
configured on an evewear device 1940, The slider 1930 is configured to accept a “sliding” input
registered by a user liding a fnger along the sensor region. Inthis example, the volume control
has & levels (Tevel 1. Tevel R). A “guick shide™ imparted to the touch shider resalis in an

2

merease or a decrease in the volume by 1 level depending on a divection of the “quick shde ™
For example, if a current volume is at fevel 3, a quick shide forward 1952/1954 increases the
volume 1904 changing the volume from level 3to level 4, where 1 represents mintum volume
and 8 represents maximum volume. Siumtlarly, & quick slide backward from level 3 resultsin a
decremse w volume 1906 changing the volume thereby from level 3 to level 2,

[00103] “Slow shide”™ applied by a user to the touch slider means increase or decrease the
volume continueusly. For example, i the current volume is at level 3, 8 slow slide forward to
the end of the touch sensor region increases volume 1904, changing # from level o level 8. A
slow slide forward to s middle of the toweh sensor region, increases volume 1904, changing the
volume from a level 1o a level 4

jB0104] When the volume 15 at lovel 4, slow slide backward 1962/1904 1o the end of the

sensor reglon, decreases volume 1906, changing the volume fromea level 4 1 a level 1
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{105 Frany an incoming phone call state 1920, shiding forward 1932/1954 results in
snswering an incoming call at 1924, From the meoming phone call state 1920, sliding backward
1962/1964 results in rejection of an incoming call at 1922,

{B0106] A double tap execnted by a user op the touch slider region 1930 of the smart
zlasses 1940 15 used 1o activate or deactivate the wake-up chip. In one or more embodiments, 1f
voice wake-up is in an “OFF” stade then a double tap applied to the touch shider region changes

the voive wake-up to an “ON” state 1910, Similarhy, if voice wake-up is in an “ON state 1918,

then a double tap apphied {o the touch slider region changes the voice wake-up to the "OFF" state

1902,
jo0107] In various embodiments, a single tap i3 used 1o play music by moving the system

to g music “PLAYY state 1902 or toenter a nusic "PALRE” state 1908, where nusic play is
pausad pending further input tromm the user. When in the “PAUSE” state, a subsequent single tap
from the user moves control back to the “PLAY” state and music play resumes at 1902,
Additional state changes are accomplished by subsequent single taps {o move between PLAY o
PAUSE™ and vice versa as desired.

{00108} Figure 20 lustrates a state diagram, generally ar 2000, for proximity sensor
operation, according to embodiments of the invention. It varions embodiments, a proximity
sensor {such a3 1818 in Figure 16) is used io detect whether 2 user 15 wearing the bead wearable
device or has taken the head wearable desvice (evewear) off. In one example, given merely for
dlustration, and with no limitation implied thereby, the logic for the sensor operation proceeds as
follows. 1f the cutput of the proximity sensor is 2 17 that means that the user is wearing the
eyewear 2002, Hihe output of the proximuity sensor 18 8 707 that means that the user hag

removed the evewear 2004,
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{HaTOn Logie 1s configured to turn “OFF” music play when the user removes the syewear
from the neer s head, For example, i aser has pot on the eyewear 2002, then musto will “PLAY™
at 2006 controlled by either of the sensors described above that control the music play
functionality.  If the user removes the eyvewear 2004, the proxumity seasor will output *0.” when
the "0 output has lasted for more than a predetermined time, the music will "STOP” and the
system will enter a “PAUSE” state 2008 for music play.  In one or more embodinents, the
predetermined time required for the musie to stop playing is five {5} seconds. The music will
restne “PLAY™ state 2006 if the user puts the evewear back on, in which case the proximity
sensor output changes to “1.7

jo0116] If the evewear should remain off of the vser’s head for more than a predetermined
time; then the system is powered down into an “OPF” state at 2010, In one or more
embodiments, the predetermined time required to power the system down while the nser 18 not
wearing the evewear 1s ten (10} seconds ormore. Those of ordinary skill w the art will recognize
that the predetermined times given above are examples and that ditferent predeternined times
can b psed in various embodiments, No Hmutation is imphied by the times selected for the
examples given herem,

{80111] Figure 21 A through Figure 21D illustrate locaticens for the wuch sensor and the
multi-function buiton. With reference to Figure 214, an eyewear device is iHhustrated 4t 2102
perspective view with rear ovientation. A muliifunction button 2106 is shown located on an
underside of a right temple 2108, A touch sensor area 2104 is shown located on an outer surface
of the right temple 2108, Both the multifunction button 2106 and the touch sensor area 2104

provide functionality as deseribed in conjunction with the Hgures above,
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{0112} With reference to Figure 21B, an evewear device 2252 is illustrated in o forward
oriented perspective view at 2200 and in side view at 2275, & multifunction button 2276 13
showsn located on an wnderside of g right temple 2278 of the syewear device 3252, A touch
sensor area 2254 ix shown located o an cuter surface of the right temple 2278, Both the

multifunction baiton 2376 and the tonch seasor area 2254 provide functionality as described w

conjunction with the figures above.

[00113] With reference to Figare 21C, an eyewear device is llustrated in side view at
2300, A touch sensor avea 2304 is illustrated as a rectangular area on an outer side of the right

temple 2378, Note that the touch sensar arga 2304 can be provided in shapes other than
rectangular, A rectangular shape for 2304 is provided merely for lustration with no linitation
implied thereby: A pser uiilizes 1 finger 2306 to shide forward or backward to control volume as
described above i conjuaction with the precedmng figures and to indtiate taps as described above,
00114} With reference to Figure 21D, an evewear device 2402 is lustrated in a side
view at 2400 A multifonction button 2404 s llustrated on an under side of a right temple 2478,
A user wtilizes a finger 2406 {o depress the buiton 2404 as described above in conjunction with
the preceding figures m order to control functions of the evewear systens in 2402,

[801135] Note that the mult-function button gnd or the touch sensor area ¢an be locgted in
other posiiions on the head wearable device, such as, for example, on an outer surface of 8
temple, on a top surface of a temple, or on a left temple.

{00116} For example, in one o more gmbodiments, a multifunction button is located on a
top surfacs of g night temple. Iy use, @ nser grasps the nght emple with twe fingers, ane finger
placed on a boltors swrface of the tomple and the other hnger placed against 4 top surface of the

temple, For example, in one scenario, the user places a right thumb against the underside of the
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right ternple, a right middle finger is placed on a top surface of the right temple thereby grasping
the right temple. With the vight index finger the user can operate the multifunction butson,
Arranged in this fashion the multifuction batton 13 set back from a plane of the front frame such
that the button is aligned with and operable by the nser’s index finger when the temple as
grasped as described above

{80117} In various evobodiments, such an arrangement of the multifunction button §s more
easily operated when the user is undergoing an activity such as bicycle riding and the vser i3
pperating the multifinction button.

{H0118] In some embodiments, a bump, depression, o other shape of alignment mark is

fashioned tnto the temple to serve as an alignment location for 2 user’s finger or fingers relative

to-a location of the multifunction bugton. Placing & muoltifunction button a specified distance
from an alignment location permits a user to quickly find the mudtifunction button when the
gyvewear 1s on the wser's head. In some embodiments, the alignment ts provided when & user
grasps & temple with thumb and nuddle finger at the Juaction of the tomple and the front frame.
{0119 While the multifunction button i3 shown on the right temple, the muliifunction
button can also be locsted on a left temple of the evewear device. A lefi-handed user might
prefer to have the mahifunetion bunton as well as the touch sensor focated on a left teraple, while
a right-handed nser might prefer 1o have the multifunction bution and the touch sensor located on

a right temple. Thas, embodiments of the invention are configured in either buttonftemple

configuration.

00126} Gesture Detection
{80121} In various embodinents, the hardware architecture mcludes a touch sensor and a

malt-axis motion sensor ax described above, In some embodiments, a nins (§) axis motion
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sensor i used. The sensor data is used to detect vanious head gestures. Once g head gesture is
detected, 8 corresponding action will be taken by the system. I one example, when a phone call
comes i, 8 user can nod his or her head o one direction, such as up snd dowsn to answer the call,
Simyilarly, a head shake leftte-right or right-te-left is interpreted by the system to reject the call.
For example, a phone call comes in, 8 user can put his or her Baper on the touch sensor and then
nod his or her head down to pick up the phone call. Or with a finger on the touch sensor, the
user shakes his or her head {0 reject the call.

{80122} In sonwe embodinents, the mmiti-axis sensor is used for posture detection of the
user. Inovarious embodiments, the sensors collect accelerometer dats, gyroscope dats, and
magnetometer data and then pass the data o the system for processing using a software
algorithm running on a central processing unit ({CPU), DEP, ete, as desceribed in conjunction with
the figures sbove In some embodiments, sensors are configured vsing three orthogonal axes.
These data are processed using one or more of) a software algorithm, a CPU, and a2 DSP to detect
the posture of the user’s head. In varrous embodiments, when the user’s head is not i a proper
position for a long thme, 8 voive message 15 generated and broadeast via the speaker 10 the user,

Such compuunications to the user permit the user to take corrective action and mprove posture

for example.
[aui23) Audie Content
j60124] As described above, in various embodiments, a head wearable device 15 used in

conjunction with a mebile device to facilitate phone calls with the system that is configured int
the head wearable device {eyewsar device). Content, such as muusic can be streanted via a
mobile device to g head wearable device. The content stream can also originate inthe “cloud”

1.8, the Intemet, or locs] nelwork and be streamed to the head wearable device. In addition,
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local storage configared either with the systen (Figure 18) or confipnred on the head wearable
deviee for use by the system (Figure 16) can be used w provide a source of content that is
played for the user through the speaker(s) incorporated with the head wearable device, Thus, in

various embodiments, content is plaved for a user through the head wearable device gither in

conjunction with ¢ mobile device or i a standalone configurstion without the mobile device.

{80125] Answering a Phone Call
[00124] Phone calls can be answered in various ways in various embodiments. A phone

call can be answered and or erminated with the voics interface utilizing the local speech
recogiition system using contral words such as "TANSWER” 1o receive a call and “GOODBYE”
for example, to end a call. Alternatively, a phone call can be gnswered with one or more of the
physical sensors such as the “touch sensor™ and or the “botton.” Alternatively, a phone call can
be answered through analysis of a head gesture nnilizing data output from the accelerometers,
pyroscape, ete. Note that a combination of ene or more of the above {L.e., speech recognition,
sensor output, and gesture wdentification) can be combined to answer a phone call. Similarly, one

or mare of the above can be combined to provide for selection and or playing of audio content

for the user through the system incorpotated o the head wearable device.

{60127] Conunand and Conmtrel
joti28] System control ~ utilizing 8 wake-up word 1o power the system up from a slegp

state using a wake-up word, such as for exanple, “SOLOS”. Content controd — “play rumning
musie,” “skip song,” “volume up,” “volume down,” ete. Telephone control — such as for
exgmple: “make 2 phone call to ‘name™ {phone number corresponding to ‘name’ e.g., can be
selected from contacts), “volume up,” “volume down” Information control — such as for

ERIE 23

exampler “internet browsing,™ checking for “temperature,” check “weather,” “navigation,” sic.
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These sxamples have been provided mevely for tlustration and do ntt Himit embodiments of the

invention.
[60129] Magnetometer
{01 30] In various embodiments, @ magaetometer is incorporated into a head wearable

device. In some ambodunents, the magnetometer is a three-axas magnetometer, The
magnetometer in the head wearable device is used for navigation to ascertain an orientation of
the user to the earth’s magnetic field. A magnetometer mounted in a head wearable device,
when on a pser, has & fixed pointing dircction that is aligned with the movement of the user.
Thus, a magnetometer’s output from & head wearable device will provide amere useful sipnal
then a magnetometer that might be mcorporated into 8 user’s mobile phone because the mobile
phone is not necessarily aligned with the divection that the user 13 pointing in.

{0131 In varicus embodiments, a magnetometer’s onsput is used within an application
prograin utilizing a map to display a user’s direction and o retate the digital map as the user’s
arieutation to notth changes, for example.

0132 Accelerometer

j00133) fn various embodiments, one or more gecelerometers are provided in the head
wearable device. In some embodiments, a three-axis accelerometer ts provided.

[0U134] Gyroscope

[60133] In various embodiments, one or more gyroscopes are provided m the head

weatable device. Insome enshodiments, a three-axis gyroseope 18 provided.

j80136) Battery Housed in One ar More Temples
[80137] o varicus erabodituents, one of more batieries are provided 10 power the system

and the one or more batteries are stored within a volume of a temple or temples. Hatjeries are
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construgted with chemistries such as Lithiuny Ion or other battery chemisivies to support long hife
and to permit many recharge cyeles over the life of the battery. Depending on the expected
power needs for 1 head wearable device, several different sized temples can be provided for
different appilications. For example, some sports events muight require six or more hours of "ONT
time for a system, In such g situation, & large temple houses a tong-life battery. A smaller
volume temple will house a smaller battery having a shorier nseful e between recharge cveles.
Head wearable devices are configured for various uses such as sporfing activities, business uses,
home, and commercial uses. Some non~linuting examples of sporting activities are, but are not

timited to, bicyching, running, skiing, boating, hiking, st

j00138] System Distribution Across the Head Wearable Device
[60139] I one or more embodiments, the electronics systenm of a head wearable device 48

distributed across a left temple, a front frame, and a right temiple. In one or more embodiments, a
left teanple houses a battery, pne ar more nyicrophanes, and at least one speaker. A right temple
houses a battery, systern electronics, one or microphones, and at least one speaker, In some
embodunents, electrical connections between components of the system (femples and front
frame} are provided in the form of removable connectors. In some embodiments, these
conmectors can be hinged.

jot140] For purposes of discussing and understanding the different erabodinments, 1ts to
be understood that various terms are vsed by those knowledgeable in the art to describe
techniques and approaches. Furthermore, i the deseription, for purposes of explanation,
numerous spectfic details are set forth w prder o provide & thorough understanding of an
embodiment. Itwill be evident, however, to one of ordimary skill 1o the art that an ewbodiment

may be practiced without these specific details. In some instances, well-known stmctires and
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devices are shown in block diagram form, rather than i detail, in ovder to avoid obsouring
varigns embodiments. These embodiments are deseribed in sufficient detail to enable those of
ordinary skill inn the art to practice the invention, and it i to be wnderstood 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,

{80141} Some portions of the description may be presented o terms of algorithms and
svibolic representations of operations on, for example, data bits within a computer memorsy.
These alporithmie descriptions and representations are the means used by those of ordinary skill
m the dats processing arts o most effectively convey the substance of ther work to others of
ordinary skill in the art. An algorithm s here, and generally, concetved to be a self-consistent
sequence of acts leading toa desired resplt. The acts are those regquiring physical manipulations
of physical quantities. Usually, though not necessarily, these quantities take the form of
plectrical or magnetic siznals capable of being stored, transferred, combined, compared, and
otherwise manipudated. I has proven convenient ab times, principally for reasons of common
usage, 1o refer to these signals as bits, values, elements, symbols, characters, terms, numbers, or
the Bke,

{80142} It should be bome in mind, hiowever, that all of these gnd simular terms are 1o be
associated with the appropriate physical guantities and are merely convenient labels applied to
these quantities. Unlesy specifically stated otherwise as apparent from the discussion, it is
appreciated that throughout the description, discussions utilizing terms such as "processing” or
"computing” or "caloulating” or "determining” or "displaying” or the ke, can refer to the action
atd processes of a computer system, or similar electronic computing device, that manipulates

and transforms data represented as phyasical {electronic) guantities within the computer system's
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registers and memories into other data similarly represented as physical quantities within the
compuier system memories or registers or other such information storage. trangmission, or
display devices.

{00143] A apparatus for parforming the operations hevetn can nuplement the present
invention. This apparatus may be specially constructed for the required purposes, or #f may
comprise 8 general-purpose computer, selectively activated or reconfigured by a computer
program stored i the compuater. Such a compater program may be stored in a computer readable
storage medium, such ag, bat not limited o, any type of disk including Roppy disks, havd disks,
optical disks, compact disk- read only memories {CD-ROMS), snd magnetic-optical disks, read-
only memories {ROMs), random access memories {RAMs), dynamic random gecess memories
{DRAM), electrically programmable read-onty memories (EPRUM s, electrically erasable
progranmmable read-onty memories (EEPROMs), FLASH memories, magnetic or optical cards,
RAID, eto., or any type of media suitable for storing electromic inswuctions either local to the
gomputer of remote to the computer.

{0144} The algorithms and displays presented herem are not inherently related to any
particular computer or other apparatus. Various general-purpose systems may be used with
programs in accordance with the teachings herein, of it may prove convenient 1o construct more
spectahized apparatus to perform the required method, For example, any of the methods
according to the embodiments can be implemented in hard-wired circudivy, by programming a
general-purpose processor, or by any combination of hardware and software. One of ardinary
skall in the ant will immediately appreciate that the cnbodunents can be practiced with computer
system configurations other than those described, inclading hand-held devices, multiprogessor

systens, micvoprocessor-based or progranmmable consumer elecironies, digital signal processing

53



WO 2021/044219 PCT/1B2020/000831

{D28P) devices, set top boxes, network PCs, minicomputers, mainframe computers, aod the like.
The embodimenis can also be pracuiced in distributed computing environments where tasks are
performed by remote processing devices that are Hoked throngh a communications network.
{B0145] The methods herein may be implemented nsing computer software. I written v a
programuming language conforming 1o a recpgnized standard, sequences of instructions designed
to implement the methods can be compiled for execution on a vaviety of bardware platforms and
for inferface 1o 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 trplement the teachings of the embodiments as
described herein. Furthermore, it is common in the art to speak of software, in one form or
another {e.g., program, procedure, application, driver,..}, 45 taking an action or causing a result,
Such expressions are merely a shorthand way of saying that execution of the software by a
computer causes the processor of the computer to perform an actien or produce & result.

{80146} it s to be understood that vatious terms and techmiques are used by those
knowledgeable in the arf to describe communications, protocols, applications, implenrentations,
mechanisms, ete. Ove such technique s the description of an implementation of & technique in
terms of an algorithmy or mathematical expression. That 1s, while the technique reay be, for
exagmple, implemented a5 executing code on a computer, the expression of that technigue way be
more aptly and succinctly conveyed and communicated as a formula, algorithii, or mathenaticad
expression. Thus, one of ordinary skill in the art would recognize a block denoting A+B={" as an
additive function whose implementation it hardware and/or software would take two mputs (A
and B) and prodoce a stmmabion output {C). Thus, the use of formuda, algonithin, or

mathematical expression a3 descriptions is to be understood as having a physival representation

54



WO 2021/044219 PCT/1B2020/000831

i at least hardware andfor software (such as & computer system in which the techniques of the
present vention may be practiced g well ag implemented as an embodiment}.

{80147} Non~-franstiory machine-readable media is wderstood to include any mechanism
for storing information {such as program code, etc.) n 8 form readable by a machine {e.g., a
computer). For example, a2 machine-readable medium, syncenyvmounsly referred 1o as 2 computer-
readable medium, includes read only memory {(ROM); random access memory {RAM); magnetic
disk storage media; optical storage media; flash memory devices; except electrical, optical,
acvoustical or other forms of transmitting mformation via propagated signals {(e.g., carrier waves,
mfraved signals, digntal signals, etel); et

joU148] As used in this description, "one embodiment” or "an embodiment™ ov stmilsr
‘phrases means that the featare(sy being deseribed are included in at least one embodiment of the
mvention. References o "one embodiment” in this description do not necessarily refer to the
same embodiment; however, neither are such grubadiments mutually exclusive. Nor does “one
emboditnent” imply that there 1s but a single embodiment of the invention. For example, a
feature, siructure, act, efe, described in “one envbodinrent” may also be included in other
embodinments. Thus, the mvention may include 3 varety of combunations and/or miegrations of
the embodiments described herein,

81 49] While the tnvention has been described i ferms of several smbodimenis, those of
skill in the art will recognize that the myvention i3 not limited 10 the embodiments described, but
can be practiced with modification and alteration within the spirit and scope of the appended

claims. The description 15 thus o be regarded as tllustrative instead of linniiing.
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What is claimed is:

i & reconfignrable component for use i an evewear device, comprising:
an enbedded electronics system, the embedded electronics system is configured for
wirgless cormmunication and processing sensor signals, the embedded electronics system is
embedded into a component of the eyewear device; and
a plurality of sensors, the plarality of sensors is embedded into one or more of the
reconfigurable component and the eyewear devive, the plarality i3 in electrical connmumication
with the embedded electronics system; the ambedded electroniv system further compuising:
a pracessor, the processor is configured tor
regeive cuiputs from the plurality of sensors; and
determine a systeny control parameter from an ontput of at least one sensor

of the plarality,
2 The reconfigurable coraponent of clatm 1, wherein the processor extracts user head
motion data from the plurality and the wser head motion data is vsed by the svstem as the system

control parameter.

3 The reconfigurable component of claim 2, wherein the system control parameter is used

o answer an inconing telephone call.

4. The reconfigamble component of clatm 2, wherein the systera contrel parameter 15 used

to reject an ingoming telephone call
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5. The reconfigurable component of clainy 2, wherein the system control parameter is used

0 conttrol music play.

&, The reconfigurable component of clainy 2, wherein at least one sensor is an

accclorpmeter, at loast one sonsor iz a gvroscope and at foust one sensor s 2 magnetometer,

7. The reconfigurable component of claim 6, whersin the plurality of sensors further
comprising:

a sensor configured to measure acceleration along three mutually crthogonal axes X, Y,
and £

a sensor configured for gyroscope output alony three mutually orthogonal axes X, Y, and
£ and

a sensor configurad for magnetometer culput slong three mutually orthogonal axes X, Y,

aud 2.
8. The reconfigurable component of claim 1, whevein the embedded clectronic system

further comprising:
an embedded speech recognition system, the embedded speech recognition system is
configured to recetve awdio signals from a microphone and to move the embedded electronic

system {0 8 RUN state when a wake-up word is detected.

Q. The reconfigurable component of claint 8, wherein the embeddded speech recognition

system is configured to receive mudio signals from the mucrophone and the processar to facilitate
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aperation of wireless voice conumunication when a comnmand is recogmazed by the embedded

speech recognition system,

i The reconfigurable component of claim 8, wherein the embedded speech recognition
system i3 configured to recelve audio signals from the microphone and to facilitate eperatinn of

content control when a command is recognized by the embedded speech recognition system.

i1 The reconfigurable component of claim 8, wherein the embedded speech recognition
system s confipured to receive gudio signals from the microphone and to facilitate pperation of

information control when a command is recognized by the embedded speech recognition system.

12, Aveconfigurable component for use i an evewear device, comprising:

a temnple msert mudule, wherein the temple insert medule is releasably couplable
with an engagement porbion of @ temple, the temple is configured for use with the eyewear
device, the temple insert module fwther comprising:

an embedded glectronics system, the embedded electronics syaten iy
configured for wireless communication and processing sensor signalg, the embedded electronics
syster 15 embedded tndo a component of an eyewesr device; and

a plurality of sensors, the pluratity of sensors i3 embedded into one or
more of the temple msert module, the temple, and the eyewear device, the plurality of sensors i3
in elpctrival communication with the embedded electronics system, the embedded electronics
system further comprising

a processor, the provessor is configured to:
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receive outputs from the plorality of sensors; and
determime a system control parameter from an owntpot of at least

one sensor of the plorality,

13, The reconfigomble component of clamm 12, forther comprising:

a multifunciion button, wherein the processor is configured 1o receive signals from the
muliifunction baiton, the provessor is configured o determine a length of time that the
maltifuncion button is depressed by a user, the length of time is used by the provessor to initiate
one of more of:

a. ¥ pair sanobile device;

b.) unpair the mobile deviee;

¢.} play content;

d.) select g next song;

&} make a felephone call;

d.banswer a telephone call; and

.} reject the telephone call.

14, The reconfigarable component of claim 12, further comprising:

a touch sensor, wherein the processor 15 configured o receive siguals from the touch
sensor, the processor is configured to process a tap input from a user to 3 touch sensor swriace or
a slide input from the user 1o the touch sensor surface, the processor is configured to musiate one
ar more tap actions following receipt of the tap inpat, the tap achivns comprising;

a.} play content;
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b.} pause playing content;

.Y voiee condrol andio input; and
the processor is configured fo initiate one or move of the following slide acticns following receipt
of a slide input from the user, the slide actions comprising;

d.) answer an inconung telephone call;

e.} reject the incoming telephone call;

£} lower volame; and

.} Inerease volume.

15 The reconfignrable component of claim 14, wherein the tap input that toggles between

play content and pause playing content is a single tap input.

16, The reconfigurable component of clam 14, wherein the tap input that initiates voice

controd is & double tap mput.

17, The reconfigurable component of claim 14, wherein a short shide input resuls i an

=

meremental change inyvolume,

18, The reconfigurable component of claim 14, wherein a long shide input resulis in a

continnous change in volume.

19, Therecoufigurable component of clatm 12, further comprising:
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a proximity sensor, the processor is configured to receive signals from the proxamity
sensor, the processor is configured to ascertain a presence of 8 wser from the proximity sensor
outpot and to take one of the following actions;

a.} panse content play 1f 2 user has removed the eyvewear device from the user’s head;

by resumme content play when the user places the eyewsar device back on the user’s head;

¢.} torn off content play after the eyewear device has rematned off of the user’s head for a
first predetermined amownt of time; and

d.} power down the syewear device after the evewear device has remained off of the

user’s head for a second predetermined amount of tme,

20, Amethod to provide information to a user through an evewear device, congwising:
recetving outputs from a plurality of sensors at a processor, the processer is confamed
within g temple insert module and the temple msert module 1s contained within a temple of the
eyewear device the plurality of sensors are configured with the evewear device;
determining g system control parameter using at least one cutput from the plurality;

controfling at least one function of the eyewear device with the system control parameter.

21, The method of claim 20, wherein one sensor of the plurality 13 a button and the processor
is configured to associate a length of time that a user depresses the button with a system action,
and the system gction Is one O mworg of)

pairing with a mobile device;

unpairing from the mobile device;
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playing comtent;

selecting a next song:

making atelephone call;
answering the telephone call; and

rejecting the welephone call,

22, Themethod of claim 20, wherein one sensor of the plurality 1s a touch sensor and the
processor 13 eonfigured o receive signals from the touch sensor, the processor 1s configured to
Process a tap mput from & user to 8 touch sensor surface or @ shde mput from the user w the
tonch sensor surface, the processor i configared to initiate one or more tap actions following
receipt of' the tap input, the tap actions comprising:

pairing with a mobile device; and

unpairing from the mobile devive.

23 Themethod of claim 22, wherein the provessor is configured to inifiate one or more tap
actions following recerpt of & slide input to the touch sensor surface, the tap actions comprising
answering an incoming telephone call;
rejecting the wcoming telephone ¢all;
reducing volume of an audio broadeast from the eyewear device; and

increasing volume of the audio broadeast from the evewsar device,
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24, The method of claim 20, whersin one sensar of the plurality is a proxumity sensor, the
processor is configured fo receive signals from the proximity sensor and to ascertain a presence
of & nser from the zignals and to take an actioy, the action further comprising;
pausing content play if the vser has removed the eyewear device from the user’s head;
resumning content play when the user places the eyewear deviee back on the user’s head;
torning off music play after the evewear device has remained off of the user's head fora
first predetermined amownt of time; and
powering down the evewear device after the evewear device has remained off of the

uset’s head for a sseond predetermined amount of tme,
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