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US 10,1

1

WEARABLE ('OMPUTLNG DEVICE

RELATED APPLICATIONS

llns dpphcaliou Is a ihvislonal ol U.S. patent apphcauon
Ser. No 14,'556.062. tiled Nov. 28, 2014„entitled WI'.AR-
ABLE COMPIJTINCi DEVICE. the entire disclosure of
winch Is herein incorporated by refcrcncc, winch clmms the
benctit ol U.S. Provisional Apphcauon Scr. No. 62/006,835,
filed .Iun. 2. 2014, entitled WIIARABI,I: ('OMPIJ'I'INCi
Dl /VI(:I i and U 8 Provisional Application Ser No. 61,'910,
201. hied Nov. 29, 2013, entitled I'IN(ilifl RIN(i l)1iVI('ll
FOR ACTIVITY MONITORINCi OR FESTURAL INPUT,
the entire ihsclosures of each ofwhich applications is herein
incorporatcxl by reference.

FIELD OF THE INVENTION

llns invention is in thc Iield ul wearable clcxtronic
dcviccs.

BACKCiROUND OF THE INVENTION

Wearable clcctronlcs arc ml emerging tcxlmology with
many applications for lhe wcarcr. They can unprovc hfb-
slyles. ease access to technology and help nxmitor activity
within the ivearer's body. I lowever, many current v earable
electronics are bulky and can be intrusive or interfere with
a person*s daily hfe In this regard, the wearer may not be
comfortable wearin the device for extended periods of
tlnlC.

SUMlyhttRY OF THE INVENTION

llus ulvenlion overcomes thc dlsadvmltagcs 01'hc pmor
art by providing a 0 earablc computulg device (WCDJ ul the
slmpc of a rulg. Thc w tmrdblc computing device can bc worn
for extended periods of time and can take many measure-
nlents and perform various fiulctions because of its fornl
factor and position on the finger of a user.

One aspect of the disclosure provides a wearable com-
puting device, compmsing. ml uucrior w dll, an cxlcuor wall,
d flcxiblc punted circuit board dtsposcxI bclwcen thc lntcmor
w afl and lhc exterior walk al least one componenl disposed
on the tlexible printed circuit hoard: and wherein at least one
of the intenor wall and the exterior wall defines a windov
that facilitates at least one of data transmission, battery
recharge. and status indication.

In Onc example, thc window compnscs an ultcmal wul-
dow dclined by thc interior wall.

In one cxamplc, the window compnscs tm cxtemor wul-
doiv detined by the exterior wall

In one example, the windov: comprises a plurality of
exterior tvindoivs defined by the exterior wall.

In one example„ the plumslity of exterior window:s com-
puscs d Iirs1 cxlcuor wuldow and a second cxlcnor w uldow,
whermn ihe lirsl exterior window faclhucs ballcry clmr ing
dnd lhc second exlcnor wuldow facililics dale lransmission.

In one exanlple. at least one concentmlted photovoltaic
cell, an antenna, and at least one I,EI) are accessible via the
window.

Another aspect of the disclosure provides a w:earable
conlputhlg dcvlcc, coulpllsulg. Bn huclll'dl honshlg pofuon
conligurcd lo bc disposed near a lin cr of a uscri a flcxlble
punted circuit board arrdngixi around a portion Of a circum-
ference of an interior surface of the internal lxlusing,: at least
one component disposed on the flexible printed circuit

39,859 B2

board; aud an cxlemal housing portion conligured to seal thc
at least one component and the printed circuit board in an
internal space defined by the interior surface of the internal
housin .

In one example. the exteulal housing portion comprises a
subst mtially transparent external potting.

hl Onc cxdnlplc., thc dl h asl tint: coulponcnl coulprlsc's Bl

least one LED contigurcd to emit at least one ofvisible hghl,
infmlred mldiation, and ultraviolet radiation thmugh the

io external potting
In one example, the al least one component comprises a

concentrated photovoltaic cell configured to receive concen-
trated light tiuough the transparent external potting.

In onc example, the flcxlble prulted circuit board includes
a plurahly ol'llfli:ncr clmnenm conligurixl lo cngagc wah a
corresponding plurality of flanges disposed on the internal
housin portion

Another aspect of lhe disclosure provides a w:earable
computing device, comprising: an external housing portion;

lo a flexlble printed circuit board arranged around a portion of
d clrciuufcrcncc of iln uucnor sUrlacc of lhc cxlcnltll hous-
ing, al least one component dlsposcxl on Ihc flcxiblc pnntcxI
circuit board; and an internal housing portion configured to
seal the at least one component and the printed circuit board
in an internal space detined by the intenor surface of the
external housinv.

In one example, the inteulal housing pottion comprises a
substantially tralmparmlt ultcrnal potting.

In one example, Ihe al least onc componmu compnses al
lo least one I,I il) configured to emir at least one ofvisible light,

infmlred radiation, and uhraviolel radiation through the inter-
nal pottmg

In one example, the at least one component comprises a
concentrated photovoltaic ceil configured to receive concen-

ls tratcd light tluough lhc udnsparent Intcmal potung.
In onc cxamplc, thc flexiblc pruned clrmiil board includes

d plUIB111)'f stlflcncr clcult:nm ciinfigUrcxl 10 cngagc wuh a
corresponding plurality of flanges disposed on the external
housmg portion

do Another aspect of the disclosure provides a system, com-
prisln a wearable conlputing device„ including a housing
dnd d photovtiltiiic clcult:nl dlspost:il Bt li ast paruallv w llhhl
thc housulg, and a base assembly, the brac assembly ulclud-
lng a conccnudtixi hghl sonlcc iilrcclcd Bt lhc pholovohalc
element.

In one exmnple, the wearable conlputmg device includes
at least one ferrous elenlent disposed within the housing. and
v herein the base assembly includes at least one magtetic
clcmcnt disposed thcrcin.

tl hl Onc cxanlphm lhc conccnlIalcd hght soulcc Is Blrangcx!
circumfcrcntlally around thc wcarablc computulg device
when the ivearable computing device is engaged with the
base assembly

In one example, the concentrated light source comprises
s. at least one of a laser diode and a light emitting diode (LED).

In onc example, a housing of tlm WCD deliucs an opclung
tluough which the WCD is conligurcd to reccivc conccn-
triltCil hgllt.

In one exainple, the base assembly comprises an optical
to element for focusing concentrated light emitted fmm the

concentrated light source.
In one example, the optical element comprises a lens and

ls sclcclcd front thc gltlUp conslstulg of coactive, convc'x,
phulo-concave. piano-ctnivcx.

ss In onc example, lhc WCD comprises at least onc trans-
parent potting configured to allow concentmlted light to pass
thcl'cfllrough
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In one example, tlm WCD is nng-shaped alxl thc base
assembly compnses at least one post configured to engaged
w lib 8 Ilngt:I SpBCI: 01 tht: WCD.

In one example, the photovoltaic cell cotnprises a plural-
ity of photovoltaic cells.

Another aspect of the disclosure provides an enclosure filr
a wearable computin device, the enclosure comprising a
base definin a receptacle for receiving the wearable cnnl-
puting; a lid configured to enga e with the base to substan-
udlly enclose thc wearablc computulg dcv&cc, the lul havulg
an optical element configured to direct incident electromag-
nt:nc I'itthduon 10 8 photovollalc cell thsposctl On Ihc win&t-

able computin device to allow charging thereof
In onc example. thc 1&d includes a plural&ty ol'ent hulcs

that prevent overheating within the enclosure
In one example. the optical element comprises 8 lens.
In one example, the lens has a focal length and v herein

a distance behveen a central portion of the lens nnd the
phot ovoll sic cell is grcatcr Ihml or less Ihan Ihc fi&cal 1mlglh.

Another aspect of the disclosure provides 8 timepiece
sv'stt:nl. conlprlslng 8 tlnlcplccc'. havhlg d sltbstitnualiv pla-
nar under surface; and a timepiece computing device
adhered to the planar under surface, the timepiece conlput-
ing device heing substantially cylindrical and cnmprising a
processor& 8 memory, and at least one censor.

Another aspect of the disclosure provides a wearable
compuung device system, compnsulg. 8 v,carablc comput-
ing de&ice, an auacluncnt I'rame coupled to the wcarablc
computin device; and an optical element remnvably
coupled to the attachment frame, wherein the optical ele-
ment is conti ured to direct electromagnetic radiation to a
photovoltaic cell disposed on a sutface of the w:earable
computing device to allo~ for charging of the w:earable
computing dcv&cc.

In onc cxtunplc, Ilm attacluncnt frame is rcmovably
coupled to thc wcurable computin device.

In one example, the attachment frame engages with an
inward-facing surface of the wearable cotnputing device

Another aspect of the disclosure provides 8 method of
identifying an authorized ucer of a vvearable computing
ilt:vlcc. ctnnpr19ulg: lilt&nun&tung d pttruon of 8 skul stlrlacc
of thc user: lnuiging thc ponlon of Ihc skm surface of thc
user Io gencrateat least one ftrs»mage; gmlcratlng 8

reference capillary map corresponding to the user based at
least in part on the at least ione image.

In one example„ the method further includes rotatin the
wearable computing device during the illuminating and
huitghlg stt:ps.

In onc cxmnplc, the method further includes nna m the
portion of the sku& surface of Ihc user lo gcncrate al least one
second image: and conlpanng the at least one second image
to the reference capillary map in order tn authenticate the
user.

Another aspect of the disclosure provides 8 method of
nitvlgdung. conlpnshlg. gt:slllrulg ul 8 lilst thrccfion while
wcarmg a wearablc computing dcv&ce, comparulg the first
dlrccuon Io a prcdctcrm&ntxi d&rection ul a predetcnnined sct
of directions, providing feedback based on the comparison
of the first direction of the predetermined direction.

In one example, the gesntre comprises pointing 8 finger
and the first direction comprises 8 first heading,.

Another aspect of the disclosure prov&dcs a method of
regulatulg tempcruturc, compnsulg. mcasurmg a skm Iem-
pcrdltirt: of 8 User vta 8 first lcnlpclduirc. Bcn901, nit asillulg
an mnbient temperature via a second temperature sensor,
comparina the skin temperature to a predetermined thresh-

old tcmpcrature: mid adiusting thc amb&cnt tcmperaturc
based ln part on the comparison

In Onc cxdnlplc. U&ci&9ullng lht: skin ten&pi:I'tt&UII: conl-
prises measuring the skin temperature via a first tempemcture
sensor dtsposcxf at ml inward facing surface of a wcarablc
cmnputing device

In one example, measuring the ambient tempemture com-
prises measuring the anlbient temperature via a second
temperature sensor disposed at an outv ard facing curface of

111
thc 1st:dlttblc coulpU&lng tit:vlcc.

Another aspect of the disclosure provides a method for
controlhng ttppllanccs, ctnnpl19ulg: ltlcnuf)'lng 8 posluou of
a first appliance in a roonu gesturing a first gesture in a
direction of thc first dpphancc: &dent&fying thc direction of
the first direction via a wearable cnmputing device, issuing
a controlling command to the first appliance based in part on
the identified directitm of the gesture

Another aspect of the disclosure provides a method of
gcncraung an alert, comprising: authenticating a first wearer
of a first v,earable computing device as a first authenticated
user, Iransnutung lirst biometnc datu associated with Ihc
first wearer; associating the first biometnc data with a first
prolilc associated with Ihc lira& wearer ol thc lira& wcarablc
computing device, comparing the lira& biometnc data w&th 8

gmup profile cnmprising aggregated biometric data fmtn a
plunllity of distinct wearers of a plurality of distinct wear-
able computing devices; and generatin an alert if the firct
biometnc data falls outside of a predetermined threshold set

&0 by the aggregated biometric data.
In onc example, the biometnc datu compnscs at least one

of heart rute, ECG profile, blood sugar, m&d blood prcssure.
In one example, the plurality of distinct wemers share a

co&ninon tmtt, I'csultt&lg ln Ihcll';Iggrcg;It&oil lllto thc gtoup
lc pmhle

In one example. the conunon trait comprises at least one
of: age. gender, profession, and location.

Another asptxt of thc disclosure prov&dcs a method of
dctcrnunc 8 samplulg rate of a wearablc compuung device.

do comprising: determining an activity level of a wearer of a
v earable computing device based at least in part on data
from at least one sensor disposed onboard the w:earable
computing device; comparing the activity level to a prede-
termined activity tlueslmldt and increasing a first sensor
samphng rate il'hc activ&ty Icvcl &s above a predetcrnuned
activity tlut:shold.

In one exatnple, the method fiirther includes decreasing
the hrst sensor sampling rate if the activity level is belotv a
predetermined activitv threshold

In one example, the predetermined activity threshold
comprises an acceleration nleasurement.

131(llilt Dlk)(:I(ffrl ION Olt TIII: Dl(AWIN(i)

&9 The invention description below refers to the accompa-
nying drawings, of which.

FI(i 1A is 8 pcrspcxttve view of a WCD &llustratulg an
cxtcrior wuldow in accordance with some cmbodlmcnts,

ltl(i 113 is a perspective view of the W('I) of ltl(i IA
to illustrating an interior tvindow in accordance with sotne

embodiments:
FICi. IC is a perspective vietv of an alternative WCD

dcs&gn of Ihc rulg of FIG. 1A in accordance with some
embodiments:

sc FI(i 2 &s an abstract functional d&ngram &llustratulg
exanlple cnmponents tvithin the W('I) in accordance tvith
some embodiments;
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FIG. 3A ls a view ol'n extcnor wuldov; of 9 WCD with
example components exposed in accordance with some
cmbodimcnts,

li(i 3I3 is a vielv of an mterior window of a WGI) v ith
cxdnlplc conlponcnm exposed hi dccoldBncc with sonic
ail lbodiolents:

FIG. 3C is a view of the exterior windows of Bn alterna-
tive Vl'('D ivith exanlple components exposed in accordance
lvith some embodiments;

FIG. 4 is an exploded vww of a WCD Illustratulg 9 bat(cry
and B flexible circuit which are configured to fit inside the
housulg of the WCD in accordance with some cmbodnncnts,

FI(i 5 is a perspective view of the flexible circuit of Ill(i.
4 ul accordance with some embodiments,

li(i 6 is an exploded view of a W('I) with an alternative
charging mechanism in accordance with some embodi-
nlents;

FIG. 7 is a perspective view of an alternative desi@I of a
WCD ln accordance with some cmbodunents;

FI(fi 8 is an exploded view of the WCD of FICi. 7
11109(ldtulg Bnothcl'lltcmdtlvC Clullgulg nlCChslnl901 ul
accordance ivith some embodiments:

Fl(i 9A is a perspective view of a charging device for the
rin station in accoriLsnce with some embodiments:

FI(fi 9B is an Bbstmct dia ram illustrating B partial
structure of the char ing station of FI(i. 9A in accordance
with some mnbodunmlts,

FIG. 10 is an cxamplc scrcenshot Illustrating a user
interface of a mobile apphcation coupled to the W('D and
displaying fitness nlonitoring readings in accordance v ith
sonic embodiments,

FIG. 11 is an example screenshot illustrating a user
interface of a mobile apphcatlon coupled to the WCD and
displaying sensor readulgs (c.g., for cahbratlon purposes) ln
accord;mce with some cmbodunents:

FIG. 12A is a perspective view of a wearable computulg
device (Vi('l)f according to one or more aspects of the
disclosure;

FI(fi 12B is a side view of a WGD according, to one or
more aspects of the disclosure:

FIG. 12C is a front view of the WCD accordm to onc or
alone dspccts 01 thc ihsclosurc:

FIG. 12D ls a cross section of thc WCD along thc linc
A-A of ill(i 12(':

li(i 1211 is a perspective vieiv of the internal housing
without external pottin:

FIG. 12F is a perspective view of the internal lmusing
with a portion of thc extcmal pouing rcmovcxl and showing
one or more components mid printed circuit board (PCBI,

FIG. 13 is a cross section ol'a WCD accordulg to another
aspect of the disclosure;

FI(i 14A is a cross section of a W('D according to
another aspect of the disclosure:

FI(fi 14B is a perspective view of the PCB and stifiener
clcmcnt of FIG. 14A,

FIG. 14C ls a perspective view ol'he PCB and stlflbner
clcmcnt of FIG. 14A,

li(i 14D shows a cross section of the WCD at a point in
tinle ivhen the P('l3 is being inserted into the internal space
and prior to the application of potting:

FIG. 14E is B cross section of the WCD of after a potting
ma(anal has beni applied subscxfucnt to thc WCD of FIG.
14D,

FIG. 15A depicts a perspective view of a WCD accordulg
to another aspect of the disclosure:

FI(i 15B is an exploded view of the W('I):

FI(i 16A is an cxplodcd view of a housing tmd a PCB of
a WCD according to one or more aspects of the disclosure;

FI(i 16B is 9 cross sccaton ol'I(i 16A along hne B-B,
lil(i 16C is a perspective viev of the W('I) with potting,

util(CIlal,
lil(i 17A depicts a cross section of a W('I) employing

charging by concentrated light source accordin to one or
more aspects of the disclosure;

FICi 17B depicts a cross section of a WCD employing
I I I

charging by concentrated hght source accordulg to another
aspect of the disclosure:

FI(i 17C ls a perspiwuvc view ol' base assembly and
WGD 700 according to one or more aspects of the disclo-
9 lll 0,

lil(i 17I) depicts a perspective view of Internal compo-
nents of the base assenlbly 750 Bnd WCD 700 accordin to
another aspect of the disclosure;

FICiS. 17E-F depict other GPV configurations accordin
10 to onc ol nunc aspects ol Ihc ih9closurc,

FICi 17G is perspective view of a WCD and base assem-
bly with a lx3 CPV arrangemcnt,

lil(i 18A depicts a cmss section of a W('D 800 employ-
iug charging by concentrated light source according to
another of the disclosure;

FI(i 18B dc)acts a cross section ol' WCD employulg
charging by concentmted light source according to another
of the disclosure:

lil(i 19A depicts a cross section of a W('I) employing
10 charging by concentrated light source according to another

of the disclosure:
FICi 19B depicts a cross section of a WCD employing

charging by concentrated hght source accordulg to another
of the disclosure:

FI(i 19C depicts a schcnuitlc diagram ol'magnets that csn
be used in a W('D aniL'or base assembly according to one or
more aspects of the disclosure;

lil(i 19D depicts a schenlatic diagram of magnets that can

do be used m a WCD and/or base assembly accordin to one or
more aspects of thc ihsclosurc

FICi. 19E is a perspective view of a WCD and a base
assembly according to onc or morc aspects of the disclosure.

FI(i 20A Is tl cl09s section of d WCD cugagcd with a base
assembly 1050 accordin to one or nlore aspects of the
disclosure;

FICi. 20B is a perspective view of a PCB 1040/1 with 0
CPV 1030/& and ferrous element 10206 configuration
dccordhlg to onc ol nlolc aspects ol thc dlsclosuub

0 FI(i 20C ls a perspective view of a PCB with a CPV
10300 and fi:rrous clcmcni 1020c configuration accordul io
one or more aspects of the disclosure;

lil(i 20I) is a perspective view of a magnet and a
concentrated light source 1070J according to one or more

19 aspects of the disclosure:
FI(i 21A is a schcmauc iiew ol'a WCD showing com-

ponents used Ibr identifying thc wearer of thc WCD:
FI(iS. 21B-C arc perspective views of a sinn surface

according to one or more aspects of the disclosure;
io ill(i 22A is a perspective view of a user enlploying I i(gi

monitorin according to one or more aspects of the disclo-
sure,

FI(i 22B is a view of a human with au chwtnc pa(liney
though his body accordmg to onc or morc aspects of the

si disclosure,
ill(i 22(.'s a perspective view of a W('I) that can employ

E(Xi monitoring according to one aspect of the disclosure;
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FIG. 23A is a pcrspcctivc v&cw ol'he lund of a user in
various positions employing the novi ational thanires of the
WCD:

11Ci 2313 is a flow chart depicting a method of providing
limdback to a user according to onc or morc aspects of thc
disclosure;

FIG. 24A is a schematic dia ram of a system 1400 for
controlling an envimnn&ent of a user according to one or
more aspects of the disclosure:

FIG. 24B is a side vww Ol' WCD show mg one or more
tempem&hires sensors according to one or more aspects of the
disclosure

FI(i 24C is a system diagram of a systein for controlling
home appliances accorduig to onc or morc aspcmts of the
disclosure;

FI(k 24D is a flow chart depicting a method of controlling
home appliances according to one or more aspects of the
disclosure„

FIG. 25 is a perspccuvc view of the hand of a user
eniploying 0 nvo-factor authentication tecluuque according
to orle or 11&orc a&poem ol tl&c dlsciosiilc,

FI(i 26A is a schen&atic view: of a charging apparatus fi&r

charging the WCD according to one or more aspects of the
disclosure;

FI(k 26B shov s a WCD includiiig an RF antenna and
charging circuitry;

FIG. 26C is a block diagrmn of die charguig apparatus
according to one aspect of thc d&sciusure;

11Ci 26)) is a scheniatic view of the charging apparatus of
lil(i. 26A and the W('D of I'I(i 26)3 according to one or
more aspects of the disclosure:

FIG. 27A is a pictorial diagram and FICi. 27B is 0 block
diagram of a WCD employing flash storage accordin to one
or more aspects ol'he disclosure,

FIG. 28A is a schematic diagrmn of one or more WCDs
perfornung proxun&ty funcuons accurduig to one or more
aspects Of the disclosure,

FI(i 2813 is a schematic diagram of one or more W('l)s
performing proximity functions according to one or more
aspects of the disclosure,

FIG. 29A is a flow chart depicting a method of imitating
gcsturc input accordu&g to onc or more aspects ol'hc
disclosure,

11C& 29I3 is a chart show'ing accelem&tion vs tinie as
measured by the accelerometer of the WCD;

FIG. 30 is 0 perspective view of a WCD 2000 employing
a reset function;

FIG. 31A is a perspccuvc view of a WCD uicluding an
LED uidicator according to onc or morc aspects of the
dlsCloslllc,

FI(ig 31)3 and 31('re cmss sections along, line ('-C of
a W('D employing an I ED indicator according to one or
more aspects of the disclosure:

FI(k 32 is flow chart depictin a method of conununi-
caung with a near Iield commuiucauon (NFC) device
according to one or morc aspects of thc d&sclosurc:

FIG. 33A dep&cts a pcrspect&vc vww 01'a WCD assmnbly
accordin to One or niore aspects of the disclosure;

11Cig 3313-D depict exploded views of the WCI) asseni-
bly of FICi. 33&k:

FIG. 33E depicts a cross sectional view of the WCD
dsSC&llblv dlollg A-A,

FIGS. 34A-B dep&ct a WCD assembly according to one or
morc aspects of the ihsclosurc:

FI(i 35A depicts an enclosure or case for storinn a WCD
accordilM to oi&e or n&ore aspects of the disclosure:

FICi 35B is a cross sow&tonal view of thc asscn&bio&I

enclosure of FICi. 35A along the line B-B:
FICi 35C depicts a cross sixuonal vww of thc susen&blcxI

enclosure of FIG. 35B along luis A-A,
l&I(i 36 depicts an enclosure includmg air vents according

to one or more aspects of the disclosure;
FICi 37 depicts a method of sizing a finger according to

one or more aspects of the disclosure„
FICi 38 is a pictorial din~an& showing a plurality of

io image perspcctivcs ol a user's lrdnd:
FICi 39 depicts a sizmg tool for siz&ng thc linger ol'a user.
l&I(i 4(i depicts a sizin tool for sizing the finger of a user

according to an alternate exmnple;
FICi. 41 depicts yet another alternate example of a sizin

tool for sizing the finger of a user:
FICi. 42 depicts a method ofmonitoring activity accordin

to onc or morc aspects of thc disclosure,
FICi 43 depicts a method of detennu»ng whcthcr a user

is wearing oloves according to One or more aspects of the
zo disclosure:

FICi 44 depicts a method of securing data onboard the
WCD accordin to one or niore aspects of the disclosure:

FICi 45A is a timepiece system according to one or more
aspects of thc disclosure.

FICi 45B is a bouom & icw of the TCD,
l&I(i 46 depicts a W(1) with a pair of I.lii) indicators

disposed at an in&vard-facing portion of the W( D;
FICi. 47A is a systeni fi&r generatin and managing alerts

according to one or more aspects of the disclosure;
&0 FICi. 47B depicts a block process diagmm for generatin

dill illillliigillg she&IS dCColdillg to 01&C OI'llorC SSpcC&S Ol tl&C

disclosure,
l&I(i 47C is a flow chart depictuig a method for generating

and managing alerts accordilM to oi&e or more aspects ot the
&s disclosure

FICi 48A is a method for variable sampling accordin to
one or more aspects of the disclosure; FICiS. 48B and 48c are
graphs depicting oiw, or more aspects of thc stunple method
of FICi. 48 k: and

dc l&I(i 49 is a diagramniatic representation of a machine in
the exan&pie form of a computer system within which a set
of instmctions. for cmising the machine to perform any one
or more of the methodologies discussed herein, may be
executed.

Dli'I'All.iil) l)i&S('RIVI1DN

The present disclosure descnbes a weam&ble computin
dcvicc (WCD) that enables a wearable Iitncss moiutor(s),'
computer(s) wluch is suitable for prolonged usage w&di

accurate results. 11&e WCD can be ui the form of a ruig that
can be worn on the tinger of a human (or animal) user
Although the WCD of the present disclosure is depicted as
a ring that can be v, ont on the finger of a user, other shapes,

» designs. and form factors can be utilized for the WCD. For
cxtunplc, theWCD can bc in tlu: Ibm& ol' wnst bmid,
bracclct, nccklacc, camng, or any other type Ol'carablc
accessory. Ill (1&is Icgdrd, lclcrcllcin to tile flllgcl ol a Use& ill
the present application can be considered to apply to other

io portions of a human body depending on the form of the
WCD, such as wrist, neck. ear. etc.

The term "coupled" as used herein means connected
directly to or connectcxi tluough one or more intervenuig
components or circuits. Any of thc signnls provided over

ss various buses dcscnbcd hcrcui may be tune-multiplcxcxI
with other signals and provided over one or niore common
buses Additionally, the interconnection between circuit ele-
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ments Or sofiw arc blocks may bc shown as buses or as single
signal lines liach of the buses may altemativelv be a single
signal line. and each of the single signal lines may alterna-
tively be buses, and a smgle line or bus might represent any
one or more of a myriad of physical or logical mechanisms
for conununicat&on (e, a network) between components.
Thc prcsen& cmbod&ments are not &o bc cons&mod as Inn&tcd
to specific examples dcscnbcd herein but rather &0 uiclude
within their scope all embodm&eats defined by the appended
clainls

FIG IA is a perspective view 1(NI of a W('D 310
illustrating an exterior w&ndow 120 in accordance with some
enlbodiments. and Flfi. IB Is a perspective view 102 of the
WCD 110 of FIG. IA &llustrating an intenor v,uldow 130

As prcv&ously mcntioncd, it &s riwogmzcd ul the presmlt
disclosure that conventional wearable Iitnews nlonltols s&lch

as clip-on devices, wristbands, or watch-type monitors st&ll

often sufi'er fronl inaccuracy mainly because they lack
constant and consistent »ays to read Ibom the body areas
they aint to mon&tor. It can also be an extra burden for the
person lo rmncmber and wear such convcn&ional fitness
I&xi&i&told cack t&11&c &hc pclsoll pc& iolln cxcl cl sos 111 olde& 10

create an accurate lustory tnscking the exercise activ&t&es

Accordingly, the present embodiments of the W(' 110
cmi function as fitness nlonitors/computer which is suitable
for prolon ed usage so as to create accurate results. In
addition or as an alternat&ve to fitness monitorin, as w&ll be
discussed ui more dcta&l below, thc WCD 110 cml function
ds a remote Input dcv&ce tlnough, lor example, esture
recognition. In some enlbodiments, the W('D IIU can fur-
ther function as a sleep nionitor, a heart rate sensor, a card&ac
monitor a body temperature detector. or the like It is noted
that. for those embodiments which can function as a card&ac
monitor (e.g. that measures electrocardiogrinu (EKG)), it
Intl)'c ncccssa&y k& cstabllsh d cltlscd loop (c.g., lor tile
clccxncal mcasuremcnt ol'KG) across the hearn As such. &n

some ol'&hose emboihmcnts, a scq&anne conductive pad can
be coupled to the W('I) 110 so that a user can pinch the pad
with fingers on an opposite hand.

Specifically. &n some embodiments of the present disclo-
sure, the W( D 110 can be w om by the user (e g.. on a finger)
for li&ness, physical act&v&ty. biolog&cal da&a monitormg as
well as for gestural &npu& or other suitable purposes. As
shown ul FICIS. IA and IB, &hc WCD 110 can include thc
exterior window 120 on its exterior wall for input/output
data trmismission and reception. battery recharge, or status
indication. The WCD 110 can also include the interior
window 130 on its interior wall for various monitoring or
scns&ng activ&ucs. Thc form fac&or of the WCD 110 allows
i& io bc

worn

lor prolonged hours wi&h consnull and cons&s-
tcn& coniac& w»h the skin area, thereby creating a more
reliable and extended recording (e.g, as compared to afore-
nlentioned conventional fitness monitors) of the user's it-
ness activity. physical exercise. as well as health infomtation
such as heart rates and body temperature. More implemen-
tauon de&a&ls regardu&g thc WCD 110 dre d&scusscd below.

FIG. IC &s a pcrspect&vc view of mi al&cmat&vc WCD
dcs&gn 112 of the WCD 110 of FIG. 1A ul accordance with
sonic embodiments As shown in I'I(i IC, the WCD 112
includes a second exterior window 124 in addition to a hrst
exterior windoiv 122 The two exterior windows 122 and
124 can include spacing between the two windows 122 and
124 so that tin: meehan&cdl strength of &he housm s&ructure
ol'&hc WCD 112 may bc stronger dim& tlrdt of thc WCD 110,
winch &s shown &o include one single exterior wuxlow 120.
liurther, in some embodiments, radio antennas (e.a . I31u-

etooth) or odler sensitive circuitry can be positioned in the

SCCOI&d Cx&CI&t&l wllldow 124 Ilwd)'lo&11 ti&C fills CxIC1101

v indow 122 so that quality of reception niay be impn&ved
l&I(i 2 is an abstmct fiuictional diagranl 200 illustnsting,

exaniple coinponents within the W('D (e g, W('I) 110) in
accordance with some embodinients. As shown in diagmsm
200. the WCD 110 can include a processor module 210, a
plurahty ol'sensor modules 220, a status u&d&cd&or module
230. a power gcnerauon and management module 240. d

cmnnlunication module 250, a nlemory 260. and miscella-
io neous modules 270 (e.a, a real-t&me clock (Rq(') crystal

osc&llator as illustrated in I&l(i. 2). The W('D 110 can also
include a battery module 280 that provides electrical power
for the WCD 110. In some embodiments, the battery 280 can
bc ol a litluum-polymer type Or a zu&c-polymer type. It is
nolcd that modules illus&ra&cxl ui ihagrdm 200 arc for pur-
poses of facilitating a better understanding of the present
embodiments; other suitable modules may be included in the
WCI) I IU and are not shown for simplicity As used herein,
the tern& "components'* is considered to genemslly include

lo any of the moduies depicted and/or described in FI(i. 2. as
well as any other modules dcscribixl herc&n.

It is noted lhat the aformncnt&oned modules arc u»cndcxi
for purposes of enabling the present enibodiments. rather
than limiting As such, a person of ordinary skill m the art
will understand that the present disclosure covers apparent
alternatives. modifications, and equivalents (e.g.. combining
or separatin the modules) made to the teclmiques described
hcrcin. For example, &n some embod&ments, a port&on of thc
conunuiucat&on module 250 (c.g., thc Bluctooth Clup as

&o shown in Iil(i. 2) can be combined into the processor module
2 IU i&or another example. one or more niodules herein can
be combined into one to form a system-on-the-chip (SO( )

The processor nnldule 210 can have generic characteris-
tics similar to general purpose pmcessors or may be appli-

li cat&on spec&iic intcgrdicd circuitry tha& provnles aritlunet&c
and control I'unct&ons &o thc WCD 110. Thc processor can be
any type of processor, such as a processor manure&urcxi by
AMtel, Iireescale, Nordic Semiconductor. Intel'IIS AMD'R',
or an ARM)6 type processor. 'I'he processor module 210 can

do include a dedicated cache memory (not shown for simplic-
ity). The processor module 210 is coupled to all modules
220-270 ul thcWCD 110. ci&hcr d&rcctly or &nd&rcc&ly. Ibr
data m&d control signal uansmission.

Thc memory 260 may include any suitable t)I&c of stora c
device mcluding, for example. ROM, such as Mask ROM,
PIK)M, EPIK)M. IIEPI(OM; NVRAM, such as I'lash
memory; Eariy stage NVRAM„such as nvSRAM, FeRAM,
MRAM. or PRAM, or any other type, such as. CBRAM,
SONGS, RRAM, Raccudck memory. NRAM, Milhpede

o memory. or FJG. O&hcr types Ol'ata memory can be
employed as such arc dva&labia in thc form I'actor dcs&rcxi.

In addition to storing instructions which can be executed
by the processor module 210. the memory 26U can also store
data generated from the processor module 210. It is noted

s. that the memory 260 can be an abstract representation of a
gC&&CIIC StolilgC ellvlrolllnC&ln ACcoldlllg &0 Soll&C clnbodl-
mcnts. the memory 260 may be composed of Onc or morc
actual memory clups or modules In some embodiments, thc
men&Cry 260 can function as a temporary storage (e g, fbr

to firnuvare updates, anoyor Ii&r avoiding acc&dental malfunc-
tions (such as so-called "brickin ")).

In accordance lvith one or more embodiments, the sensor
modules 220 can uicludc var&ous sub-modules for theWCD
110 to perl'orm dilii:ren& momtoring or scns&ng activ&t&es. A

si v&ew 302 ol'he interior wuldow (c g., window 130) of a
WCD (e g., W('I) I IU) ivith example components exposed
is shown in ill(i 3I3 As shoivn in the exaniple of I'Ki 3I3,
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the sensor modules 220 csn ulclude s tcmperaturescnsor
320u, a red light emittmg diode (I.ED) 320h, a light sensor
320c. and an infnl-red I Ill) 320&/. Among the sensors in the
sensor modules 220. those sensors (e o.. sensors 320B-320aq
which are directly related to biological siful monitoring can
be configured and positioned in a way that is close to the skin
(e.g., fac&ng thc &ntenor w&ndow 130 of Ihe WCD 110).
Although &x&1 shown &n FIG. 3B for snnplicity, thc sensor
nlodules 220 can further mclude sensors that are not directly
related &0 biolog&cal s&gn monitoring; some examples of
these sensors include accelemmeters, gynlscnpes. vibration,
sensors (e.g „a ma netometer or a digital compass), or other
suitable sensors (e.g.. for gesture recognition). The magne-
tometer can measure the strength and/or d&rect&on of a

pre& a&lulg magnet&c Iield. In tlus regard. thc ma ne&omcter
can be used during global positioning and/or navigation. In
particular, the nlagnetonleter can be used to measure a
directional heading when the W( D is in nxition and can
supplenlent position data where the WCD is out of conunu-
nication range. In one or more embodiment~. the Bcceler-
omctcrs ul Ihc sensor modules 220 csn detect movements &n

multiple (e.g . 3) d&mens&ons or axes. Thc accelerometer can
nleasure force of acceleration of the W( I) and can measure
estures perfilrnled by a user while wearing the V'CD. In

other exanlples. the accelerometer can detect acceleration of
the user ivhile wearin the WCD. This can permit tracking
ofactivity level. such as steps taken or number of laps swum
in s pool.

11&c tempera&urc sensor can be any type ol sensor Ihat
detects temperature, such as a thermistor, PIC, N'I'C, etc In
another ex&unPI. the temperature sensor can use IR lmht
emitted from an object to calculate a surface temperature of
the object in a manner clear to those of ordinary skill in the
B&t.

Togcthcr, the processor module 210 mid Ihc sensor mod-
ules 220 can enable thc WCD 110 to pcrfi&ml mult&pie
funcnons including, for example. pcdomcter, sleep morulor
(e a., which monitors sleep quality), heart rate sensor. pulse
oxinletry, skin (and in select embodi&nents„ambient) tenl-
perature. In addition„some embodiments of the WCD 110
can further hnlction as a gesture input device. In particular,
the prcscnt mnboduncnts recognize ilia& Ihc WCD 110 can
dcicct linger mot&ons or gcsnircs wluch may be d&fiicul! for
corn cnuo&rsl lin&css sensors Io dctcct, such as a Iap, a snap,
a knock on the table, and the like In some e&nbodiments, the
VV('D 110 can util&ze the accelenlmeter tn measure the
activity level (e.g., ann movement) in conjunction with the
measured heart rate to determine if the user is walking
honzontally, runnu&g, swinun&ng, or climbulg a&mrs. Other
acus &ties can be idcnnfied by the WCD 110 may ulclude
b&king or sleep&ng.

In some embod&ments, the )VCI) 110 can also be pro-
ranlmed to learn particular gestures or physical exercise

from the user using, for example. a training mode. For
example, the user can instruct (e.g.. using a computer or a
mobile dev&cc of the user) the WCD 110 to enter thc trauung
ulodc sud pcrforul thc gcslulc ol phvs&cBI cxcrcisc: thc
WCD 110 can rimord thc readulgs from thc sensor modules
220. recoan&ze patterns therefrom, and store the result in. for
example the memory 260. so that such gesture or exercise
can be recognized by the WCD 110 afier the training The
)VCD 110 can be configured (e.g., via a mobile application
running on a mob&lc dcv&cc of Ihe user) so that Ihc rccog-
n&z&xl gestures can pcrfonn functions des&gna&ed by thc user,
such as cl&cks, sw &pes, unlocks, or med&s player con&rois. In
one embodiment, the W('D 110 can include near field
comnnmicat&on (NI'C) ch&ps so that certain functions (e g.,

unlockulg a smart phone) can bc performed when thc WCD
110 touches upon or otherwise be detected by anotherNl'('evice

In some embodiment~, the unlocking function of the
WCI) 110 can also unlock a user device (e g, a phone) via
the conununication module 250 (e.g.„Bluetooth) by the
WCD 110 transmittin a proper unlock code.

Moreover, thc WCD 110 can I'unct&ones a kcy or a control
dcvicc for kcylcss ncccss Io home, automobile, or other
suitable user authentication processes 1he W('D 110 can

&a also be mtegrated with antes and game consoles so that it
can fiulction as an input device to those games and consoles
In some embodiment~, the WCD 110 can be adapted for use
in medical and home health nlonitoring, or as a tmsnsporta-
t&on safety dev&cc (c.g., tha&broadcasts emcrgmlcy messages
to rclcvant authonncs). Addinonal examples of scnsiils/
functionalities of the W('I) 110 can include an inertial
measurement unit (IMU) (e g, for nlore complex gesture
recognition, a near-infrared (NII() spectronleter (e o.. fbr
measuring light absorption and derivin blood glucose/

zo blood alcohoi/CO2 content). a Cialvanic skin response sen-
sor (e.g., Ihr mcasunng sweat/ncrvousncss), an clcctrocar-
d&ogram (ECG or EKG), Bmd so Ihrth.

In some embodiments. the processor module 210 can
determine (e.g, based on identihed phys&cal activ&ties, mu-
tine patteni. and/or time) a frequency at which one or more
sensors in the sensor nuldules 220 should operate. Because
it is recognized in the present disclosure that the heart mate

of ii hi&alan bchlg lvp&call)'hics uot varv 100 w&dell'c.g..
beyond a ccrtaul pcrccntagc of what has bccn previously

ic measured). in some embodiments, the W('D 110 can auto-
mat&cally adjust the sensor nlodules 220 (e g . to slow dowii)
so as to save power. More specihcally, some embodiments
of the WCD 110 can include a phase-loci ed loop or logic to
predict the pulse width by determining lov er and upper

ls ranges &n winch thc heart rate is prod&ctcx( to bc, thus only
powcnng up thc sensor modules 220 at the nmc ol'he
prcdictcd heartbeats. For onc example. &f thc WCD 110
determines that the user is at sleep (e g, based on the heart
mate, the body temperature, together with the movements

so detected by the accelerometer and/or the vibmst&on detector),
the WCD 110 can slow down its heart rate detection fbe-
qucucv (c.g., fion& I met&su&calcu& pcr second 10 I &ncasulc-
mcnt pcr 10 almonds) and slop thc measuremcnt of several
heartbeats because &t is unlikely tha& thc heart ra&e will
change drastically during that period ('onversely. if the
WCI) IIU detemiines that the user is performing a high
intens&ty physical exercise, the )VCD 110 can increase the
frequency of monitoring and recording of the sensor mod-
ules 220.

o In imcordancc with onc or morc cmboihmcnts, thcWCD
110 also includes various modules coupled Io thc processor
nxldule 210 for, by way of example but not limitation,
input/output data transmission, battery recharge, or status
indication. A viev: 300 of the exterior w&ndov (e., window

&s 120) of a WCD (e.g., WCD 110) w&th example components
exposed &s shown in FIG. 3A. As shown ul thc example of
FIG. 3A, thc modules conligurcd to face thc cxtenor win-
dow 120 of Ihc WCD 110 can include parts I'rom thc staius
indicator module 23U, the poiver generation and manage-

ic ment module 240, and the communicat&on module 250
Specificall. one embodinlent of the WCD 110 includes

the status indicator module 230 coupled to the processor
module 210 to uxhca&e venous statuses. In some embodi-
menls, thc status in&ice&or module 230 u&cludcs a light

ss enutt&ng d&ode (LED) 330, such as shown &n FIG. 3A. The
I lil) 330 can be a single rerggreen/blue (I(GI3) I.EI) In
other embodiments. the status indicator module 230 can

Petitioner Samsung Ex-1363, 0072



13
US 10,139,859 B2

14
include other su&table types ol'&d&ca&or dev&ccs including,
for example. a single color I.iil), an electrophoretic ink (or
*'e-ink") display. a peri&stent display, or the like. In accor-
dance with some embodiments, the YV('D 110 can utilize the
indicator module 230 fe.g.. via the R(.IB LED 330 tluough
the exterior window 130) to visually communicate with the
user. For example, a rcd color can be displayed /c.g., fbr a
predetcrmuu:d pcnod of time) by thc LED 330 that thc WCD
110 needs to be recharged, and a green color can be
displayed to indicate that the )VGD I I I) is fully charged I'r
another example. a blue color can be displayed when the
contnuu&icat&on module 250 is in use. In one or more
entbodiments. the user can program a fitness goal fe.g.. a
target heart rate) to thc WCD 110 so that, fbr example. a

greco colo& can bc d&splayed when the heart rate &s below thc
tar et. a yellow color can be displayed when the target &s

reached. and a red color can be displayed when the heart rate
is above a certain percentage of the set target Some embndi-
ments of the EVCD 110 include the conununication module
250 for wireless data tmnsmission. Particularly, in some
cmbodimcnts. thc commu&ucat&on module 250 includes oue
Bluctooth ch&p and a Bluctooth anton&n& 350, such as shown
in FIG 3A. One or more embodiments of the 9&('D 110 also
pmvides the capability of storu&g activity logs fe.g . in the
n&emory 260) More specifically, fitness activities, exercise
histories, as well as recorded biological signs such as heart
rate and body temperature. can be stored onbonrd in the
memory 260 of thc WCD 110. Each data entry m the act&vity
logs can bc time-stamped using, for example. an onboard
real-time clock (e 8, &vhich may be included in miscella-
neous n&odules 270) I'or power saving and other purposes,
the activity log can be downloaded (e g., via the comnnuu-
cation module 250) when requested by the user. In other
embodiments, the activity log can be pushed (e.g., via email
or other suitable means) by thc WCD 110 to a user dev&ce
at a tm&e des&gus&cd by the user. In some embodiments, the
memory 260 cau store up to a full neck worth of act&v&ty

k&gs

1he V&GI) 110 can include the power generation and
management module 240 for recharging the battery 280 and
for providing electrical power to various modules 210-270
in thc WCD 110. Particularly. u& some cmbodnnents, thc
power generation and managcmcnt module 240 includes onc
or morc conccntratcd photovoltaic /CPV) cells 340, such as
sho&vn in I'IG 3A The GPV cells 340 can be high-etf&ciency
tanden& solar cells and can be attached on the flexible printed
circuit (e.g „circuit 415. 515). Because the small form factor
of the embodiments of the W('D 110. CPV cells 340, which
cm& absorb more hght m&argy Irom a w ider spec&nun of hght
than thc tradit&onal solar cells, arc used. In some mnbod&-
ments. multiple /c.g., 3) CPV cells 340 can be configured &n

series to pn&vide sutf&cient voltage and/or current for charg-
ing the battery 280

According to some embodiment~, the WCD cnn include
one or more sensing or imaging devices that cnn be any type
of dc&ice capable of dctccung clectromag&mt&c rad&ation,
such as vis&blc l&ght, IR. NIR, UV, ctc. In one ex unplc, thc
dcvicc &s m& uuarfing dev&cc, such as a CMDS or CCD
can&era.

Accordin to son&e embodiments, the 9&('D 110 can be
placed or docked into a charging station for recharging. A
perspective vieiv 900 of an example charging station 910 for
thc WCD 110 &s shown u& FIG. 9A. The chargu&g stat&on 910
cm& have conceu&ra&cd hght source circ&unli:rcntially around
thc WCD 110 so that the user docs nut have to bc conccmcd
with whether the W('D 110 is facing the right direction fi&r

charging Some en&bodiments of the charging station 910

can include a hght d&su &buuon means that tnkcs a su&gle 1&ght

source and distributes the li ht all around An abstract
diagram fllustmtting a partial structure of the light distribu-
tion means inside the charging device of l&I(i 9A is shown
in FILI. 9B. It is noted that. even with the chargmg station
910. for some embodintents. regular outdoor sunli ht or
other ambwnt 1&ght source can st&11 I'unct&on as a secondary
source oi cncrgy so that the CP'v cells 340 ou thc WCD 110
can extend the operational time provided by the battery 28(l

&n Additinnally or alternatively. energy source attached to
the power generation and management module 240 can be
passive, for example, some embodiments provides that a
clip with a concentrator lens can be attached to the WCD 110
iu a vvay such that thc power generauon aud management
module 240 can charge thc baucry 280 us&ng natural sun-
light In an alternative embodiment. gemstonefs) fe g., sap-
phire, diamond, nr other suitable materials) &n the shape of
a dome nr with faceted protrusion can be configured to
concentrate/magnify light ener y ivhile also serving as a

zn decorat&ve feature.
In some altcmatne embodunents, thc power gcncrat&on

and n&anagcn&cnt n&odulc 240 can n&elude elect&on&ague&&c

induction charging coil so that a W('I) fe 0 . ring 610) can
be charged using an inductive charger I'l(i 6 shows an
exploded vieiv 600 of such alternative en&lx&din&ent of W('I )
with the inductive char ing mechanism including the charg-
ing coil 640. as &veil as battery 680„housing 612, and
ngul-tbcx PCBA 615. Howe& cr, &t &s no&cd that &herc mav bc
a need to manulbcture thc u&ducuve charg&ng coil 640 in

&o ditferent sizes that correspond to different ring sizes I'u&ther,

it is noted that the efficiency of the electromagnetic induc-
tion charging mechanism may be adversely atfected by the
adopt&on of a metallic lu&using. Addit&onally or alternatively,
to avoid multiple sized coils ntounted to the edge of the ring,

&i the coil can be placed on the uu&cr or outer s&dcs ol'hc nng
by positioning the coil beneath a w&ndow &n the metal
housu&g of the nng.

In nrder to achieve optimal power management of the
WGD, one or more of the components can be selected to

so m&nim&ze po~er usage. For example. a processor. memory,
or any other component can be selected based on rated
power usage. In onc example, it may be des&rablc to select
components that draw currm&t on thc order of micmtm&ps in
order to cxtcnd the baucry 1&1'c of thc WCD aud to allow thc
WGI) to pertbrm health/activity monitoring functions
between chaig&ng sess&ons

In still some other alternative embodiments, the power
generation and management ntodule 240 can include ther-
moelccnnc gcncrator i FEG) modules so &bat a WCD /c.g.,

o WCD 710, 810) can bc chargcxl by the d&flbrcnce be&warn&

the body tcmpcrature and the ambim&t tempcraturc. FIG. 7 &s

a perspective vie&v 7UU of such alternative design. and I&I(i

8 &s an explnded view 800 of the W('I) 71U of I'I(i 7 Also
shown &n FICIS. 7 and 8 is an alternative design of the

&s housu&g for the WCD where the ring includes an outer ring
812a, an uu&cr nng 812b. and insulators 814n tmd 814b.
Howcvcr, it is noted that ut&hzu&g TECis fi&r cl&argu&g thc
battery may bc less than ideal since tlm ihifbreucc bctwccn
body temperature and ambient te&npemtture might not be

in great ennugh to fully char e the battery. and that in many
occas&ons (e.g.. during sleep). the temperature difierence
needed for TEG to generate electric&ty may quickly disap-
pear (c.g., s&ncc the WCD 710. 810 may bc covered insula
thc con&lotto&).

si Thc battery can beany type ofbauery, such as a recharge-
able battery 11&e battery can be a thin. flexible lithium
ceramic chemistry battery. In another example, the battery
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can be a circular formed litlmun polymer or lilluum ion
battery. 'I'he battery can provide power to any of the cnnl-
ponents described above In one example, the battery can be
a lithium cell integrated directly tvith the flexible PCB
described above Other implementations can integrated the
battery directly onto the housing to reduce the volume of
space taken up by battery packaging.

lite WCD can also include onc or morc polymer or piezo
actuators for providmg appropriate haptic or physical feed-
back and alerts to a user while the user is wearing the ring.
'I'he piezo actuator can also provide audible feedback to a
user.

As previously mentioned, the WCD 110 can be used v. ith
software applicution fe g., a mobile phone application for

the Apple IOS or Ihe Googlc Android OS) v;hich cml run on
the user's conlputmg device fe.g . a inobile device such as
a smart phone) Specifically. the software application can
facilitate the mobile device of the user to couple to the WCI)
110 fe.g.. via the conununication module 250) for data
communication. such as dov nloading activity logs, chang-
ing conliguration mid preferences, traimng thc WCD. The
Softwttlt: BpphCBIloll I:Bll IIISO gt:lltxaIC B USCI 111ICHIII:C

shotvin the results or readings froin the health and titness
tracking performed by the W( D 110 FI(i 10 is an example
screenshot illustrating such user interface 1000 displaying
fitness nu&nitoring readings in accordance with some
enlbodiments.

Further. Ihc WCD 110 cml be used for gesture ulput, and
IhC Softw III t: BppllCBIloll Call faC1111BIC Ihc. IISI:I lo CllSIOIUISC

gesture input and control. Ill(i 11 is an example screenshot
illustrating such user interface 1100 displaying, sensor read-
ings fe.g . for calibration purposes) in accordance with some
embodiments. In one or more embodiment~, the W('D 110
can also be used directly with other Bluetooth enabled
devices such as electronic locks or keyless car entry. In other
cxtunples, thc WCD 110 can also cuntml otlmr devwcs via
a smartplx&nc mid other Wireless LAN enabled devices such
as home autonlation systems.

FI(i 3( is a view 304 of nvo exterior windows of an
alternative WCD fe.g.„WCD 112 of Fifrh 3C) lvith example
conlponents exposed in accordance with some embodi-
ments. The components 330, 340. and 350 shown m FIG 3C
function sunilarly to those components dcscrnbcd in FIG.
3A. Howe& cr, some components (c.g., antenna 350) can bc
positioned to face a ditferent exterior windov than the
exterior window the rest of the components face. 'I his may
increase the mechanical strength of the housing stmcntre of
the ring, and/or may reduce si nal interference among the
colnponcnm.

FIG. 4 is an exploded view 400 showulg an exemplary
WCD 410 fe.g., WCD 110) illustratm a baucry 480 and a
flexible circuit 415 which are configured to tit inside a
housing 412 of the W('D 410. it is recognized by the present
disclosure that a human being's finger can come in various
difi'erent sizes and so should the WCD 410. In order to
Itxhtcc Ihc ci&st of IUIIIIUfitcIUIlllg tlllit:rclu stzt:s t&f plliln:il
circuits. ul some mnbodimcnts, thc modules 210-270 fof
FIG. 2) arc formed on a flcxiblc or n ud-flex pnntu! circuit
flip( ) board. an exmnple 500 ofwhich is slxo un as FP('15
in ill(i. 5. In particular, one or more embodiments pmvide
that the FPC 515 and the battery 480 are not specific to a ring
size, and that the same circuitry and/or battery can fit a
nullllIUtlc t&l sizes.

According Io some embodiments, the WCD 410 provides
a desirable fi&nn lictor for a user to wear II lbr a prolonged
period of time The edges and the shape of the W('D 410 can
be configured in a way that is comfortable and eramxcauc,

16
for cxamplc, thc limshcd parts of thc mnboduncnts arc Io bc
free fmm burrs and sharp edges 'I'he material which forms
the housing portion of the Vi( D 410 can include medical
grade nletallic alloys that reduce the likelihood of allergic
reactions. Examples of the lu&using material include stain-
less steel. tungsten carbide. titanium alloy, silver. platinum
or gold

In the cxamplcs shown ul FIG. 4, thc L)-shape of thc nng
housmg 412 allo&vs for the flexible P('13 415 to be inserted

IB into the edge of the Vv'CD 41U. I'he windows fe.g . windotvs
120, 130) on the walls of the W('D 410 can aligul with the
operating circuitry to allow, for example. battery char htg,
Bluetooth connection. and user feedback LED/micro display
on Ihc outcr wall, Bnd biological feedback sensors fe.g..
pulse oximetry, Icmpcrature sensor) on the iruwr wall. In onc
or more embodiments, the VICD 410 can be completely
sealed using potting epoxy. The sealing epoxy can be
transparent to allow light to pass thmugh for the ( PVs and
sensors. In some embodiments. the WCD 410 can be potted

lo v ith tvvo different compounds. In these embodiments. the
body of the WCD 410 can bc lillcd with clear matcnal, and
the cdgc of the WCD 410 can bc filltxl with an opaque
material so that different colors can be incorporated fe g., as
a decorative element) It is noted that sealing the assembly
usiag potting epoxy can also bnng the additional benefit of
making the WCD 410 completely or almost completely
waterproof as well as increasing the structural rigidity of the
WCD 410.

I Intcmal Housing/External Potung
lc ill(i 12A is a perspective view and ill(i. 1213 Is a side

view of a W('I) 1200 according to one or nlore aspects of the
disclosure 'I'he )V('D 1200 can be In the shape of a ring and
cml be worn on any of the five fingers /including the thumb)
of (typically) a human user. In this regard, the WCD 1200

li can define an intenor ditunctcr d, and cxtcnor diameter di.
The interior diameter d„can be delincd as thc distance
bctwtmn opposing pouus on Ihc intcnor surface of thc rulg,
with the interior surface beiim the portion of the W('D
faciag the finger of a user v bile the device is wool by the

st& user. The interior surface of the WCD can generally define
a finger space for receiving the finger of the user. The
ex) crior dituuetcr ds cnn bc tlefincd as thc diameter bctw ccn
opposing points Un Ulecxterior surf'acc of the nng, with thc
cxtcrior surface being Ihc portion ol'hc WCD opposed Io
the interior surface and facing atvay fmm the finger of the
user.

The interior diameter d, and extenor diameter d. can be
any size to accommodate any finger size. In one example, dc
is detcmlintxl by d, plus a Ihickncss of any componenls

o and/or flcxible circuit boards disposed witlun flm WCD.
Additionally, although tlcpicttxl as being circular, thc linger
space of the W('D 12UU can be any shape. such as ovular,
elliptical, or the like, to accommodate users with at)picaf
finger profiles. In these examples, the dimensions of the

&s interior and/or exterior diameter may be measured according
to other vanablcs, such as length, width, ma)or diameter.
minor diamctcr. ctc. By way of non-luniting cxtmlple, thc
WCD intcnor dituncscr d, 1 the ditunctcr gmicrally deliiung
the ring size) can be in an approximate range of 12 min to

ic 24 mm so as to accommodate tinger sizes winging from a
small child to a larger adult„and on any acceptable finger,
including the thumb. The exterior diameter d, can also be
any rcasonablc size or shape, and can define mi approxinune
range of bctwccn 18 mm anil 30 mm. Likewise, thc tluck-

si ness bctwcmn diameters d, and d, can vary widely, but cml
typically reside in an approximate range of I 5 nun to 3 inm
1'he width )VR of the VV('D along the direction of finger
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extension (linger longituduial dirimtionj is widely vsnablc,
and cmi be selected, in part to accominodate internal and
external components In a non-limiting example, the width
VVR is in a range of approximately 3 nun to 0 mm.

The WCD 1200 can include an ovemll housing 1210 that
includes an internal housing 1212 and an external potting or
cncapsulan( 1214. Together, (hc uitcmal housuig 1212 and
ex(cruel pottuig 1214 combine (o form the overall fi&mi

factor of the W('D 1200, in addition to providing a housiag
fol'lla or nlol'c elec(i'oilic coinpoilcilis stol'cd wllhlil thc
housing 1210 of the W('I) 1200. as will be described in
greater detad belov .

The internal housing 1212 can be ii&nned of any matenal,
such as a nonconductive ma(erial. a conductive matcnal, a
li:rrous matcnal und/or a nonferrous mclal, composite mate-
rial (e g. carbon-fiber and/or glass fiber coinposite) a diehx-
tric material. or a combmation of any of the above In one
example. Ihe mateual of the inner housing 1212 is conduc-
tive and nonferrous, such as aluminum, titanium. or stainless
steel. In other examples, the internal housing can be formed
ol'a polymer, such as plasuc. The cxtculal poum 1214 can
be Ionncd of any matcnal, solnl or gelatinous, tlin( can
pmvide resistance to shock and/or vibration and can prevent
nloisture and'or debris from entering the housing 1210 of the
VICI) 1200, such as silicone, epoxy, polyester resin or any
other polymer

In one example„ the external potting 1214 can be tmns-
parmli. In (his regard, thc tmnsparmlt extcmsl potling can
allow electromagnetic raihation, such ds visible, IR, or UV
li ht sources fmm inside the housing 1210 to pass tlirough
the external potting 1214 without the need of a window or
discontinuity m the external potting, 1214 and without
changing the optical properties of the radiation. In the same
vein, electromagnetic radiation sources. such as visible. IR,
or UV light. ex(cmal (o thc housm can pass (hrough the
cxtcrnal pouing 1214 and cau be detcctml by, sensed by, or
fall uiciden( upon in(crnal components of (he WCD 1200
without the need fi&r a window or discontimiity in the
housing and without changing the optical properties of the
radiation. In another example. the external pottiiig 1214 can
be tinted. The tint can be cosmetic and can prevent the
intenial components ol'hcWCD (o be visible by thc user.
In tlus regard. depending on (hc unt, optical properties of
ligh( passing tlmrcthough may bc sli htly chmigixh For
example. certain colors of the light can be filtered and can
result in decreased power transmission 'I'he above descrip-
tion regarding external potting 1214 can be applied to any of
the pottin s described below.

lhc ui(emal housuig 1212 can delinc d &lindow 1216. In
one example, tlm in(crnal hmisuig is fouucd OI' ma(coal
tha( complc(ely or partially prcvcnm hgh( (or o(her clcctro-
nlagnetic radiation) from passing tiuough the internal hmis-
ing 1212 In this regard, the internal housing 1212 can define
the window 1216 to allow for such radiation to pass tiuou h
the housing 1212 As shown, the window 1216 can be
gcncrally cllipucal-shaped, but ctm bc any o(hcr suitable
shdpc Iiccordlllg (0 otllcr cxBlllplcs, sucll Bs rcclBII ilhlr,
circular. ovular, e(c. Since the window 116 is dc(incd by thc
internal housin 1212, the window 1216 can face the finger
of the user v bile the user is wearing the WCD 1200, which
can provide many advantageous features and implementa-
tions. as will be described in greater detail below.

FIG. 12C is a Ikon( view of thc WCD Imd FIG. 12D is a
cross sec(ion of the WCD 1200 dloll tile litle A-A of FIG.
12C. As shown, thc internal housing 1212 can have a
enemlly U-shaped internal surface 1212d to accomniodate

one or more mternal components and can define a pair of

flmiges 1212b imd 1212c. The ex(crnal poling 1214 csn
extend between the flanges 1212b and 1212c of the internal
housuig to provide an intenial space 1220 to acconunodmc
one or more conlponents l)y virtue of the external potting,
1214, thc intcmal space 1220 de(incd by thc uitcmal surface
1212u and the external pottin 1214 can be hermetically
sealed, thereby preventing debris, dust, moisture. or any
other unwanted fluids oi'llaterials fmm mteracting with the
internal components of the WCD 1200 Although not

I I I

iICplCtCd, RIC ill(CIllal Colllpollcllm ctlll rcsldC wltllill fllC

internal space 1220, and the external pottin 1214 can be
disposed inunixhatcly atop (hc components (o pmvidc thc
seal.

FIG 12E is a perspcciivc view of the internal housulg
1212 without external potting 1214. As shown, the internal
surface 1Z12O defines a generally U-shaped surface for
receiving the components.

FICi. 12F is a perspective view of the internal housin
&(I 1212 with a portion of Ihc cxteurdl po(ting 1214 rmuovcd

and showing one or more coniponents 1230 and printed
circuit boanl /PCB3 1240. Thc components aud PCB can be
cmistnicted as tiex circuitg thereby allowmg the compo-
nents 1230 and PCI) IZ40 to be geometrically configured
within the ring shaped intenlal space 1220 'I'he P( l3 1240
can be any type of flexible material clear to those of skill,
such as polyimide, PEEK. etc. Additionally. the PCB could
bc rigid-flcx whcrcby panels of RF4 urc connected (ogethcr
with a flexiblc subs(rate.

Ic As shown, the PCI3 1240 and the components 1230 can be
disposed within the internal space 1220 generally defined by
the internal surface 1220u and the flanges 12206-c The P( l3

1240 can define one or more folding regions 1242 that allow
the PCB 1240 to confi&rm to the circumference and/or

&I pcrimcter ol'thc intcmal surface 1212c. Thc PCB 1240 cml
ex(cud around Bt least B poruon, or up to Bn cutirc circum-
fi:rance. Of the uitcnuil suribcc 1212c In onc example, (hc
size of the internal diameter d, of the WCI) can determine
the portion of the internal surface 1212C around which the

dc PCB 1240 extends. Illustratively. for a larger ring size and
a larger internal diameter do the PCB 1240 can extend only
a portion fiin Brc) of thc overall circiunfi:rance, wlule Ibr
Sillilllcr Illlg SILCS B gledtcl pot(loll /drcj Of fl&C CIIClllllfbl-
micc cau be cmploycd (o accommodate PCB 1240 Imd thc
internal coinponents 1230. I'he adjacent portions of P('l3 can
foun mi arc angle therebetween by virnie of the folding,
re iona disposed therebetlveen, allotting for the PCB to be
conform to the internal surface 1212d.

H Extcmal Housutg/In(emal Potung
o Flfi 13 is a cross sccnon of a WCD 1300 according (o

another aspect of (hc disclosure und illustrative embodi-
ments In this example. the Vi('I) 1300 includes a housing
1310 that includes an external housing 1312 and an internal
potting or encapsulant 1314. The external housin 1312

» includes an internal surface 1312a that has a generally
C-shaped cross secnon bu( ahcrnatc cross section shapes.
such shapes with im exicmal no(ch or groove. Thc cx(emal
housing ulcludcs fldngcs 1312b-c thut extend towtird each
other, beyond portions of the internal surface 1312a, to

ic dehne a partially enclosed internal space 1320. In an
assembled state, the WCD 1300 can include a battery 1330,
a PCB 1340, and components 1350, which can be at least
par(lail)'lr CillllplC(CIV ihspoSCd w i(i&Ill fln: paltlallv
enclosed ui(cruel spncc 1320. Thc intcmul pouulg 1314 cml

si ex(cud bc(wi&cn (he flangcs 1312b-c and can seal the par-
tially enclosed internal space 1320 'I'he components can be
encapsulated by the internal pottiim 1314 The PCI3 1340
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and components 1350 can cxtcnd along rm uulcr crrcumfi:r-
ence of the internal surface 1312a

Illustratively, the external housing 1312 can be formed of
the same matenals as the internal housing 1212 descnbed
above, and the internal potting 1314 can be lilnned of the
same matennls as the external pottirlg 1214 described above.
As also dcscnbcd above, thc internal porting 1314 can be
transparent and thc external housui 1312 can define one or
nlore windows according to one or more aspects of the
disclosure

FI(i 14A is a cross section of a W('D according to
another aspect of the disclosure and illustrative embodiment.
In tlfis example„ the WCD 1400 includes a housing 1410,
in&en&el surface 1412&r, an &nrcrnal or cxrcrmil housmg 1412,
an intcnuil or external pouing 1414, an uitcmal space 1420,
a battery 1430, a flexible circuit 1440. and one or nlore
components 145U. 'I'his example is similar to the exanlples
described above w&th respect to I'1(iS 12 and 13, except the
addition of a stifl'ener element 1442 and the flanges 1412b-c
extend further into the space 1420 toivard one another such
thar the flangcs 1412b-c overlap w&th thc stifli:ner clement
1442.

FI(i 1413 is a perspective view of the PCI3 and stifl'ener
element of I'l(i 14A As shown in 11(i. 14I3, the stifl'ener
element 1442 extends beyond an overall width w of the PC'll
1440 and extends v ider than a distance between flanges
1412b-c. The stifl'ener element is disposed between folding
regions 1444. The PCB 1440 can ulcluilc onc or morc
stifii:ncr elements 1442 attached lhcrclo, rmd rhe elmncnts
1442 can be disposed periodically (in separated intervals)
along a length I of the P('13 1440. As shown in 11Ci. 14C,
the stiffener element 1442 can be disposed underneath the
flexible circuit 1440. e.g.. on a lice of the flexible c&rcuit
1440 opposed to the face on which the components 1450 are
d&sposcd. mid can bc permanently or semi-pcmiancntly
attached thereto. The st&lfi:ncr element can be implmncntcd
in nny off&c conligurnt&ons dcscnbcd, anil ui Iver&rcular, with
either the intenlal housing/external potting arrangenle&lt or
the external housing/internal potting arrangement

The stiffener element 1442 can be formed ofany matenal,
such as polyamide or thin FR4, dependin on construcrion
of rhc PCB 1440. In part&euler, rhe ma&coal ol rhc sr&ffmler
can bc chosen to bc more or less flex&blc than thc PCB 1440.
In one example. thc st&lfi:ner clcmcru 1442 can bc a poly-
amide stifl'ener disposed on a back surface nf a flexible PC'll.
in another exanlple, the stiffener element 1442 can be 1&R4

and can be substantially flush with respect to the flanges
1412b-ix In this regard. the stiflener element cnn extend
substantially rhc ihstauce bctwccn flangcs 1412b-c a&xi may
noi dcfonn upon insert&on into thc space 1420. The st&flencr
clmuent cml include surface features d&sposcd on ml edge
thereof with the edge facing one of the flanges 1412b c. 1 he
surface features can include a smvtooth profile (e g, inter-
secting straight lines nt acute an les), or any other type of
feature capable of providing an interference fir between
flangcs 1412b-c.

FIG. 14D shows a cross section of thc WCD at a point &n

umc duruig assembly/mm&ufacture when thc PCB 1440 &s

being inserted into the internal space 1420 and prior to the
application of potting 1414. As shown, the stilfener 1442
contacts the flan es 1412b-c of the housing 1410 by virtue
of the width iv of the stiffener element 1442. Upon nn
applmat&on of force, thc PCB 1440 anil stdli:ncr 1442
assembly can bc &mertcd u&to thc &ntcmal space 1420. In tlus
regard, the stilfi:ner element has a prmlctcrmuicil flexrbil&ty
that alln&vs for a certain amount of flexion. as six&v n in lrl(i.
14D 1he flexion allows for the flexible circuit 1440 to be

inserted within the uiremal space 1420 aud can prevent thc
tlexrble circuit 1440 fmm bein renloved or from acciden-
tally falling out once inserted. In th&s regard, the flexible
c&rcuit 1440 is held in place withal the space 3420 by virtue
of the ividth of the stiffener element 1442 and the distance
between the flanges 1412b-c. Once inserted, the pottin
1414 can bc applied free of the concern ol'npropcr posi-
t&on&ng ol'he flcxiblc circuit 1440.

1&l(i 14I. is a cross section of the W('D of after a potting
in material 1414 has been applied subsequent to the W( D of

lrl(i 14D
III. Inner/Outer Bands
FICi 15A depicts a perspective view of n WCD 1500

according ro miother aspect of thc ihsclosurc. In tlus
ex&unpin, thc WCD includes a hous&ng 1510 thar includes an
internal hnusing 1512 and an external housmg 1514 'lhe
internal housing 151Z can be similar to the internal housing,
described abnve with respect to a&ternal housing 1212, and
the external housing can be similar to the external housin

ln described above &lith respect to external housin 1312. The
in&en&el housulg 1512 can uicludc onc or morc wuidows
1516 &liar can allow clccrromagncric radiauou (e.g. v&sible
and &lear-visible light) to pass therethrough. allowing it to
fall inc&dent upon components disposed within the housing
1510 and allowing I IM radiation snurces (e g visible light,
RF. IR, etc.) &vithin the housing to exit the housing.

FICi 15B is an exploded view of the WCD 1500. As
shown, the WCD can uicluile internal housing and cxremal
housing 1512 mid 1514. The WCD can further uicludc a

lo P('13 1340 mid components 155U. Once the housings 1512-
1514 are assembled and the P('ll 1540 and components
1550 are assembled within space dehned between the hous-
in s 151Z-414. pottin layers 1502 nnd 1504 can be applied
to seal the WCD at both sides thereof to ensure a secure seal.

ls Ilfi Inner/Outer Bmids with U Shaped Wu&dow
FICi 16A is an exploded i icw of a hous&ng 1610 and s

PCB of a WCD accordulg to onc or morc aspects of rhc
disclosure 'lhe W('I) 16UU conlprises a housing 1610 ivith
an integral inner wali and outer wall 1612 and 1614 1'he

so housuig can be made of any material, such as any material
described above ivith respect to the internal/external housing
structures. In rlus cxamplc. ihe umcr and outcr walls 1612.
1614 each delinc a window ui thc slrspe cutaway portions
1616. Thc cutaway portions arc bounded ou three sides by
the v ills 1612 and 1614 and unbounded at the other side
thereof. I'he cuts&vay portions 1616 can be aligned with one
another to ensure transnlission of radiation into/out of the
hous&n 1610. The space 1620 betv,een the inner and outer
walls 1612,1614 can receive a PCB 1640, baucry, compo-

O ncnts, ctc.
FICi 16B is a cross six uon ol'IG. 16A along lure B-B.

As shown, the inner mid outer &veils 1612,1614 are directly
cmlnected by a floor 1610 The space 1620 &s defined by the
space bet&veen the inner nnd outer walls 1612.1614 and the

&s floor 1610.
FICi 16C &s a perspccrivc view of the WCD w&rh pottulg

material 1630. As described above, thc PCB, bancry, and
components csn be disposixl with&n thc space. Once dis-
posed therein. a pottin 1630 can be provided atop the

ro components and within the cutaway port&on 1616 'lhe
potting 1630 can be transparent to allow for transmission of
I&girt throu' the cutawav porno&ls 1616

V. Cluuging by Concmitrarcd Light Source
Accordulg to onc aspect of thc d&sclosure, the WCD cml

ss bc charged by an extcnuil conccntrstcd 1&ght source. c.g.,
laser light, laser diode. etc In this regard, the photovoltaic
device described above can include a concentnlted photo-
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i ollaic clemmit (CPVj that is constructcxl and arrmigcd to
receive concentrated light from the concentrated hght
source. e g., laser light front a laser diode. light from a hght
emitting diode (I,I:D). etc, and converting the received
concentrated light into an electric current. The photovoltaic
device can also generate power from nonconcentrated light
sources. such as ollice lighting and ambient sunli ht. The
clccsnc current can be used lo clmrgc one or more battencs
stored within the housing of the W( I)

FIG 17A depicts a cross section of a ViCD employing
charging by concentmsted light source according to one or
more aspects of the disclosure. In this example. the (VCD
1700 can include a housing material 1710. The (VCD can
include a PCB 1720 and a concentrated photovoltaic cell
1730. The WCD can be positionixl ad)scent a base assmnbly
or base station 1750 'I'he base assembly 1750 can be
connected to an external pov:er source 1765 and can have
internal circuitry 1760 to power one or more concentrated
light sources 1770, e.g., one or more laser diodes and/or one
or more LEDs. disposed within the base assembly 1750. In
tins example, the conccntralcd light source 1770 composes
orle or illolc laser diodes.

1'he base assenibly 1750 can define a first opening 1752
at one portion thereof to allow the concentrated light 1780
to exit the housmg of the base assembly 1750. As shown in
the diagram of FICi. 17A. the concentrated li ht 1780 ls
genemsted by the concentrated light source 1770 and exits
the housing of thc base assembly 1750 via a Iirsl opening
1752. The conccntralcd light 1780 then enters uito the WCD
by a second opening 1712 in the housing of the W('D 1700
where it can fall upon the ('PV 1730 Once the concentrated
laser light falls upon the ('PV 1730. the ('PV 1730 can
convert the incident concentmsted light into a current that can
be used to directly power one or more components within
tire WCD iliid/or cari bc Usixl to charge'tic or Ilioic rccliiirgc-
ablc bancries onboard lhc WCD.

lite concentrated light source 1770. as descnbcxl above,
cmi be any type of light source that is armsnged to genemste
concentrated light. such as an I,i i)) or a laser diode 1 he
concentrated light can be any type of concentrated and/or
coherent electromagnetic radiation, such as laser li ht and/or
LED light. Thc concentrated light can have any desired
iniensily or wavelength, accorduig lo lhe rharaclerislics of
die CPV 1730

In one example, the source 1770 can be a 200 mW laser
diode that produces red or green laser light 'I'his can
enerate appmxunately 80 mW (or typically less) of power

in the WCD where the CPV 1730 includes a plurality of
groups of photovollaics conligurcd in scrics or in parallel
with onc another. Each group of pholovollmcs can uiclude
one or morc CPV coils. In another cximiple. thc CPV can
include a single group of photovoltaics

1'he base assembly 1750 described above can include
additional components that can intemsct with the VVGD 1700.
For exaniple. the base assembly can include one or more
anicnnas that can communicate accorduig lo one or morc
wireless protocols, such as 3fi, 4G. WiFi. Bluetooth a, NFC,
or lhc like. Ibr direct or indirect wired or v,irelcss commu-
nication with the W('I) or mobile device ln addition to the
charging methods above. the base assembly can entploy
inductive charging techniques

FIG. 17B depicts a cmss section of a W('D employing
cluirguig by conccnlralcd hght source according lo another
aspect of lln: disclosure. In this extunplc, lhc concmilratcd
light source 1770 composes mi LED. Further, the base
assembly comprises an optical element 1791) positioned
adjacent to the conceiltrated light source 1770 Ior fiicusiilg

thc LED hght onto lhc CPV uisidc the WCD Thc optical
element 1790 can be any type of optical elenient, such as a
lens. 'I'he lens can be formed of any matenal, such as glass,
plastic, etc., and can be any type of lens, such as concave,
convex, piano-concave. piano-convex„etc. In this example,
the optical element 1790 includes a piano-concave, with the
concave portion lacing lhe concentrated light source 1770.
In the example where thc source 1770 is an LED, the LED
emits light in many directions. 'I'he optical element 1790 can

lo focus the emitted I,I:D light to focus as much of the l,lil)
light as possible onto the ('PV of the W('D The optical
element 1790 can be disposed at least partially or completely
within the first openin 1752. In some implementations, the
optical clcmcnl may nol be ncccssary duc to LEDs with
substantially focused hghl.

lil(i 17(.'s a perspective vieiv of a base assembly 1750
and W('D 170U according to one or niore aspects of the
disclosure As shown, the Vv'( I) 1700 is in the shape of a ring,
and the base assembly 1750 includes a post 1754 for

io receiving the ring. The post 1754 can be cylindrical and can
bc sized and shaped accorduig to an internal diameter of lhc
WCD in order for thc WCD lo be reccivcd on an cxtcmal
surface of the post 'I'he first opening 1752 of the base
assembly 1750 is formed on a portion of the post 1754 such
that, when the V/GI) 1700 is stored on the post. the second
opening 1712 can be aligned vvith the hrst opening 1752 to
ensure alignment of the CPV and the concentrated light
source The base assembly c;m receive/transmit power tmd/
or data via cxlcmal input/output 1795. which can be a DC

io power input, a IISI3 input connection or any other acceptable
connection/form factor

lii(i 17)) depicts a perspective view of internal compo-
nents of the base assembly 1750 and WCD 1700 accordin
to another aspect of the disclosure In this figure. the

is rcspcctivc housuigs oi'he base assembly and WCD have
bimn omitted, thereby showing a plurality of conccntratcxI
light sources 1770, opucal clemmits 1790, and a plurality of
('PVs 1730 disposed on mounting substrates 1775 on a P( l3

In this example, the WCI) can include a plurality of ('PVs
so and the base assembly can include a plurality of sources.

This allovvs fiir a greater current to be generated during
charging and for I'aster charging tunes of thc WCD. Thc
CPVs and conccnlralcd hght sources can corrcsponduigly bc
disposed in a lute, with a constant or venable pitch bets ceo
respective elements In this regard, the optical element can
include corresponding concavities with the same pitch

FIGS. 17E-F depicts other CPV configumsttons accordin
to one or more aspects of the ihsclosure. As shown in FILI.
17E, thc CPVs 1730 can be arranged ui a Ix4 array, wlulc

o FIG. 17F depicts the CPVs arranged ui a 2x2 array. In
addition lo thc examples shown in the above ligurcs, lhc
WCD can include any mimber of ('PVs according to any
munber of geometric configurations

FICi 17(i is perspective view of a WCD and base assem-
i. bly with a lx3 CPV arrangement. As shown, the WCD can

include a lx3 array ol'PVs and thc base assembly can
include a corresponding Ix3 array ol conccntralcd light
sources. As indicated by lhc arrow, a user can then rotate thc
WGI) on the base assembly in order to align the respective

io first and second opening~. as ivell as the ('PV and concen-
trated li ht sources.

FICi. 18A depicts a cross section of a WCD 1800 employ-
ing charging by conccntralcd light source 1870 according lo
another aspect of lhe disclosure. In tlus cxamplc, thcWCD

ss includes an uilcrnal/ex(aural housing poruon 1810 and an
internal/external pottin portion 182U, as described above
In this regard, the base assenibly L850 includes a first
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opcnmg 1852, bui is frcc of a siwond opciung on thc WCD.
The concentrated ligrht 1880 passes tluough the transparent
potnng portion aud I'alla uicidcni upon Ihe CPV cell 1830 In
this example the source can be a laser diode.

FIG. 18B depicts a cross section of a WCD employing
charging by concentrated light source according to another
of the disclosure. In this example. the concentrated licit
source 1870 includes one or more I,IIDs and the base
includes one or more optical elements 1890 for focusin the
conccniratcd light 1880. Thc LEDs may be of difli:rent
wavelengths to provide power to Iwo or more junctions in
the triple junction CPV cell.

FI(i 19A depicts a cross section of a WCD 1900 employ-
ing charguig by concentrated light source 1970 accordui to
another of the disclosure In this example, the WCD and/or
the base assembly 1950 can employ one or more ma netic
andior terrous nlaterials to ensure aliyuuent betiveen the
concentrated light source and the CPV cell. Such ali nrnent
can improve charguig cfliciency of Ihe WCD.

The base assembly Includes a first opening 1952 and the
WCD uicludcs a second opening 1912 to allow lbr concen-
trated light to fall incident upon the CPV 1930 In tlus
example, the second opening is formed on an external
housing portion of the W( D In this arrangement. the base
assembly can charge the WCD ibom an exterior of the WCD,
rather than an internal charging method as identified above.

llic WCD cau include a fi:rmus or other suitable (c g.
li:rromagnctic) matcnal 1920, such as steel, disposed witlun
the housing, 191U. In this example, the ferrous matenal is
disposed in a space defined between an internal housiag and
an external housing 'I he ferrous nmterial can surround the
CPV.

The base assembly can include corresponding magnets
1960 tluii can cause an auractive force between thc WCD
and thc base assembly into an opiimal conliguranon for
cluirguig. The magnets crm bc disposxxl witlun thc base
assembly and can surround the concentnsted light source.
'I'he niaunets 1960 can be formed of a rare eatth matenal,
such as neodymium or any other acceptable marerial that
provides a requisite magnetic field strength.

FIG. 19B depicts a cross sccuon of a WCD 1900b
muployuig charung by concentrated h ht source 1980b
according to another ol'he disclosure. Thc CPV 1930b of
the WCI) 1900 is charged from an interior portion. such as
by a base assembly 1950b with a post 1954b. Similarly. the
)VCD can include a ferrous material 1920b disposed within
the housing 1910b and the base assembly 1950b can include
a nuignct 1960b.

FIG. 19C depicts a schematic diagram ol'ma nets 1920c,
1960c that can be used ui a WCD and/or base assembly,
including a CPV 193 0d and concentrated light source 1930d,
accordiim to one or niore aspects of the disclosure As
shown, the magnets and/or ferrous/ferromagnetic mntenals
can be axially poLarized, v ith each having n respective north
pole mid south pole. Iu ibis regard, thc WCD can lrnvc
axmlly polarizixl magnets 1920c with a soufli pole S facing
toward thc base assembly. and thc base assembly can lrnvc
axially polarized magnets 1960c with a north pole N facing
toivard the Vi'('D 'I'he attmctive force between the north and
south poles can ensure alignment of the CPV 1930c of the
)VCD and the source 1970c base.

FIG. 1919D depicts a schematic diagrmn ol'magnets )liat
cmi bc used in u WCD and/or base assemblv according to
one or more aspects ol'he disclosure. In this example. the
base assembly includes axially polarized magnet 1960d,
with a north pole N facing toward the WCD 'lite W('I) can

include ferrous stccl 1920d, w ith an attractive force bctw ceo
the ferrous steel and the north pole of the hase assembly
mayiet

lil(i 19E is a perspective view of a W('D and a hase
assembly according to one or more aspects of the disclosure.
As shown. the WCD 1900e can be received by a post 1954e
of a base assembly 1950e. Thc respective magnets 1960e
and/or fcrmus maicnals 1920e are shown ui phtmtom io
illustmte their positioning with respect to the W('I) and base

io assembly devices and the ( PV 1930e as well as the con-
centrated light source 1970e.

FICi 20A is a cross section of a WCD 2000 enga ed with
a base assembiy 2050 according to one or more aspects of
thc disclosure. In tlus example, ihc magnets 2060 can
surround thc concentrated light source 2070, and the WCD
can mclude a femins steel 2020. ('PV 2022, and battery
2U24 disposed v,ithin an internaliexternal potting 2014 of
the W('D 'I'he ferrous steel 2U20 can be disposed on a face
of the PCB Z040 and can be encapsulated by the internal/

zo external potting 2014. The base assembly can include one or
more optical clcments 2090 for focusing thc concentrates)
light 2080.

lii(i 20l) is a perspective view of a P('l3 20406 with a
('PV 2U30b and ferrous element 202Ub configuration
according to one or more aspects of the disclosure ln this
example. the ferrous elenient 2020b comprises a steel ring
that can surround a CPV 2030b and can be dispo~ed on the
PCB 2040b

FICi 20C is a perspimiive view ol' PCB 2040c with a
io ('PV 2030c and ferrous elenient 2U20c configuration accord-

ing to one or more aspects of the disclosure In this example,
the ferrous element 2020i composes a plurality of rectan-
gular bars disposed on the PCB. In this way. the ferrous
element 2020c can be coated to be reflowed onto the PCB.

is FICi 20D is a perspimuvc view ol'a magnet 2060d mid a
concentrated light source 2070d according io onc or more
aspects oi the disclosure. As shown, thc magnet 2060d cmi
include a ring that cmi extend amund a circuniference of the
cmicentrated light source 2U70d. 'I he mayietic ring can be

so attracted to the ferrous steel ring and/or the rectangular
ferrous steel examples set forth in 20A-C above

In some examples. the WCD cmi bc adapicx) to uniquely
identify thc wcarcr ol'thc WCD using, lbr example biomei-
nc fcanlics lllliqllc Io Illa user;

lil(i 21A is a schematic view of a W('D 2100 shoiving,
components used for identifyiim the wearer of the W( D As
shown. the WCD 2100 can include one or more infmsred
illumination sources 2110 and an infrared CMOS imagin
dcvicc 2120. Thc linger 2190 can extend tluough thc linger

o space ol thc WCD mid thc IR source 2110 cau illuminate a
portion ol'he skui ol'he linger 2190 Thc IR ClvIOS
intaging device 212U can receive li ht that has been reflected
from the skin surface and produce an image of the skin of the
finger 2190. As shown, the IR source 2110 and the imaging

s. device Z120 are positioned near the interior surface of the
WCD, c.g.. thc surfncc lbcuig tlm skui of thc linger. Thc IR
illumination can pass tluuugh a wuidow provided on thc
interior housing or cnn pass Iluough a Iransparcni poituig
material

io l)uring the imaging process, the W('D 2100 can be
mtated about an axis passing througrhthe center of the finger
space and aiong the longitudinal direction of the finger. In
tlus regard, the unagcr 2120 cmi capture a larger swath of Ihe
stun surface than if Ihc WCD 2100 werc held stationary wifli

ss respect to tire lillger dillsiig Illc 111laglllg proccsw
At the time of first use. or any tinie thereafter, the user can

generate a reference capillary map in order to identify
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hmiscll'/hcrsell's thc authonzcd user of die WCD. As
described above, the user can rotate the WCD around the
finger n& capture in&age data of an analyzed sectioit ot skin
2192 and on or more capillaries 2194 of the user currently
wearing the WCD. The image data can correspond to an
overall analyzed section of the skin 2196 of the wearer The
image tlute of Ihc cap&llanos can be usxxl Io gcncratc a
rel'crcncc capillary map ol'hc wearer, wluch can bc sturcd
in the memory, such as flash memory or ill:PROM, of the
91CI).

When the same user puts the WCD on his or her finger
after genemstion of the reference capillary map, the )VCD
can capnire image data of the wearer's skin surfiace that can
bc compared Io Ihc rcfi:rcnce capillary map sIorctl in thc
memory. In flus regard, Ihe user need not rotaIC Ihc device
around the finger Instead. the NV('D can compare a subset of
the athered image data to a corresponding subset of refer-
ence capiflary map. If there a match, within a predeterntine
error tolerance. the WCD can uniquely identif) the wearer as
an authorized user of the W('D and as the unique individual
who generated the rcfcrencc capillary map. Once mithouzol,
thc wt:Bier catt hBvc Bct:css io cciuiin Iiiuctlous, fcalures,
data. or other content that is not othe&wise available v ithout
mithorization. In another example. the identification can be
a step in a transaction or other type of authorization. such as
an electronic payment, bank transaction, etc. If the gsthered
data does not match the reference capillary map. then the
user may be prcvmitcd from acccssuig ccrtaui fmtturcs on thc
WCD.

Illustratively, the comparison process between sensed
capillaries and some or all of the capillary map can be
implemented using basic pattern recognition algoritluns
(processes) instantiated in the electronics of the )VCD. Such
processes can rely on edge detection and similar tecluuques
thtil shoiili! bt: elixir to thost: of skill lu Ihc Bit Burl cB11 bc
sourcml from various conunercml vendors of biomctric
rcmognilion software.

In another example. the illumination can include NIR
illumination and can project radiation into the skin of the
finger. The reflected NIR illumination can then be analyzed
to detemtine one or more characteristics of the blood. such
Bs blood alcohol lcvcls, blood glucose lcvcls, and blood
oxygcruition lcvcls. In Ihts regard, thc WCD mialyzcs thc
rcflcctcx( red&anon to identify wavelengths Iha! werc
absorbed from the projected radiation by the blood of the
user. 'Iechniques and pn&cessed used in conjunction v ith
commercially available venous oximeters (ii&r example) can
be employed to undertake certain readin. s.

FIG. 22A is a perspective view of a user employing ECG
moiutoruig according Io one or more aspecIs of Ihe disclo-
sure. In tlus cxtunplc, thc user can wear die WCD 2200 on
a first fin er 2210 of tirst hand 2220, and can touch a second
finger 2230 of a second hand 2240 to an exterior surface of
the )VCD 2200 This can provide an electric pathway 2250
tluough the body. as sho~n in FICi. ZZB. alloiving for the
uansmission of clcctncal current between dial ant por! iona of
die body.

FIG. 22C is a persptxuvc view of a WCD that can mnploy
I:('(i nionitoring according to one aspect of the disclosure.
in this exaniple, the W('D 2200 includes an internal/external
housing 2250 with a conductive pad 2260. The conductive
pad 2260 can be electncally isolated from the external/
internal housing 2250 ol'hc WCD. thereby provuling dis-
unct Bnd isolated electrical conuicts on the WCD. The
internal/external housing 2250 can bc in clcctncal conunu-
nication tvith the first finger 2210 of the first hand, v bile the
conductive pad 2260 can be in electrical communication
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with thc second linger 2230 of Ihe second hand. In tlus
regmd, mi electrical path 225U is formed through the respec-
tive hands 22ZU, 224U and through the rest of the user*a

body, particularly throu h the chest. In this regard, the WCI)
cmi take various electrical measurements of the user, such as
ECCi. The ECCi measurement can include measurements of
the venous wavelhmis. siwh as P-U wavclbnus ThcWCD
can store such ECG data ui a mmnory and/or can commu-
nicate the data to a wirelessly connected mobile device In

in another example. the W(1) can employ electrically isolated
internal and extenial housinas, such as those described
above. In this regard. the conductive pad may not be utilized,
and the user can wear the )VCD on a first finger and apply
thc stmond finger anywhere on thc cxtcrnal housuig.

Thc WCD can also scrvc Bs a monitor for those who arc
mobility impaired or who are prone to falls. such as disabled
persons and/or retired persons. I he accelerometer onboard
the W('D detect a fall of the user via a sudden change in
acceleration data. The WCD, in conjunction with a mobile

io device and/or one or more base stations positioned around
the home of Ihc user. can dcicmunc Ihc position of Ihe user
within thc house. For cxmnple, the mobile device cmi
employ (iPS capabilities. and either the niobile device or the
base stations can use (iPS in combination with Wilii signai
strengths to determine the location of the user within the
house. The WCD can then issue an alert„either directly on
indirectly (1 ia the nu&bile device or base station) to a third
party that a fall has occurred. Thc alert can bc a phone call.
text nlcssagc, c-uiall, or Biiv other I)'pt: of conliuunicBI&tin.

io 'I'he third party can then take appropriate nieasures to aid the
fallen user

'I'he W('D can also monitor heart mate and/or teniperature,
in addition to the other monitored chamctenstics described
above If any of the nu&nitored characteristics is abnormal,

&s c g., measured paramclcrs outside of a prcdctcrnuncxi
tlucshold range, an alert c;m be sent to a third party. In some
examples, thc tlurd party can be a medical health profes-
sional, such as a doctor. mirac, caretaker, etc It is noted that,
for those embodiments tvhich can function as a cardiac

so monitor (e.g.. that measures electrocardiogram (EKCijj, it
can be necessary to establish a closed loop (e.g., for the
clcctncal men surcmcnt ofEKG 1 across Ihc lmart. As such, in
some of those embodiments. a separate conductive pad or
oIhcr skin-contactuig structure/probe can bc coupled to thc
WCD so that a user cmi pinch the pad with hngers on an
opposite hand

Since the WCD has the fomt factor of a ring, the WCD is
designed to be worn over long periods of time by a user with
little Io uo tlisctlnlfort or liltl:Ili:rciictx hl this Icgaitl, dlc

o WCD cmi monitor Ihc above-dcscnbed, monitored charac-
tcns1&ca over lung periods ol tune (eg. w tmks, months, ctc 1,

and determine trends in the data I'or exaniple, the W('D can
measure heart mate over a long period of time and determine
a unique restin heart rate for a user. If the user'3 heart mate

» deviotes from the resting heart rate. the WCD can be
arranged Io issue an alert Io a flurd party. In onc spec&lie
cxiunplc, thc WCD cmi usc appropnatc proccsscs Io aimlyzc
boIh Ihc Ircnds ol monitored charactensucs, as well as
current accelerometer data. In this way. if a person's heart

to mate deviates front a resting heart rate, but the accelemmeter
indicates that the user is exercising and/or en aging in
strenuous activity that provides an equivalent workout. then
the WCD may not issue mi alen in this circumstance.

Flfi 23A is a persptmuvc vww of the hand of a user in
ss various posilions employing Ihc nawgational features of Ihc

WCD. As described above, the WC I ) can communicate ivith
a nx&bile device though one or more wireless conmiunica-
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uon protocols. The mobile device can include a processor
and a ntemory and can execute a map application/process
that can provide turn-by-turn walking or driving directions
to the user based on the user's (ipg location. A pottion of
those directions can include intiirmation regarding hendin,
distance to travel at that heading. waypoints. and the direc-
tion ol next turn By way of Ihc wireless communication, the
mobile des ice can commuiucatc one or more of pieces of
information relating to directions. such gs the heading Once
the heading is received the WCI), the W(:I) can give
feedback to the user regarding the actual heading measured
by the onboard magnetometer and the heading set forth in
the direction information. In one example, the feedback can
bc hapuc or physical fi:cdback providix! by one or morc
acxualors, such as the actuators 620 described above

l1(i 23A depicts a user's hand in various positions of
navigation. each hand including a W('D worn thereon In
this exantple, the heading provided by the nxibile device is
the heading 2335. which represents the direction in front of
the hand position 2330. In this regard. if the user gestures,
c.g., pouits a ruig linger, in Ihc direction of tlm correct
headuig. tlm WCD 2300 can give fi:edback Io the user
indicating the correct heading. 1'he feedback can include. fiir
example, an I ED indicator 2310 showing a green visible
light. In the exantple of hand position 2320. the tinger is
gesturing in a direction to the left of the correct course 2325.
In this way. the WCD 2300 can provide feedback to correct
the heading of tlm user. Such I'ccdback cim mclude illumi-
nation of an LED uidicator showing (e g ) a rcd visible light.
Similarly. hand 2340 is gestming in direction 2345. wluch is
to the right of the correct/appropriate direction 'I'he W(:I)
can pmvide (e g ) a blue indicator intiirming, the user to
change headin .

FIG. 23B is a tlov chart 2300B depicting n method of
providuig fi:edback Io a user according Io onc or more
aspects of the disclosure AI block 2310B. a user can
establish a communication link bciwccn a WCD and a
ntobile device. At block 2320B, the user can generate or
request a set of directions at the mobile device, including
information/data re arding heading, distance to rmvel at that
heading. and the direction of next turn. At block 2330B. the
iliobllc ih:tice call Ildilsllllt at least olio of Itic lllfoilllatioll
items/datum re arding headuig, disiance to Imvel at that
hcaduig. and thc dirixuon of next Ium. AI 2340B, the WCD
can take a measurement of heading by measuring a heading
associated with an explicit gesture by the user's finger
donning the rin . Such esture can include pointing in a
proposed heading of travel At block 2350B, the WCD can
compare Ihc mcasurcd or proposed hrudmg Io Ihe correct
headuig prox idcd by Ilm mobile device. AI 2360B, Ihe WCD
cmi prox idc feedback to thc user based on the companson at
2350I3. e g., if the user is gesturing in the correct direction,
a green I.l:D indicator may appear In other examples, if the
gesture is in a direction that does not correspond wirh the
correct direction„a (e.g ) blue or red indicator can appear In
onc spcxilic cxamplc, uidicators represenung lcfi and nght
course aherations can bc dilli:rent so a user can easily
disccm a correct dircclion of travel.

l1(i 24A is a schematic diagram of a system 2400 for
controlling an envimnntent of a user according to one or
more aspects of the disclosure. As shown. the WCD can be
connected. wired or wirelessly. to one or more appliances in
thc home of a user. The system 2400 cmi uiclude a WCD
2410, a thermostat 2420, a wireless access point (e.g.. WiFi
router) 2430, and a mobile device 2440. 11ic WCD can be
wireiessly connected (e g.. link 2415) to both the thermostat
and the mobile device by any type of wireless ciiiIlilllliiica-

tron protocol, such as Bluetooth Thc access pout( can bc
v irelessly connected to the thermostat and the mobile device
by any type nf v,ireiess con)munication pmtocol. such as
Wii'i It is noted that a wide ranee ofcommercially available
appliances. thermostats, lighting controllers. home control-
lers, and the like, can interface is ith the WCD usmg WiFi or
another convmitional/propnclary conmiunicalion protocul,
as dcscnbml further below.

I'he W(.'I) 2410 can include one or niore teniperature
In sensors In one example, the Vr('D can include at least one

internal facing temperature sensor 2410a and an at least one
outward facing temperature sensor 2410b. as shov n at FILI.
24B The inward facing tempemsture sensor 2410a can be
near thc skin of a user when Ihe user is wcanng the nng, and
can thcrcfiirc measure Ihc skin Iemperauirc ol'hc user. Thc
outv ard facing temperature sensors 2410b can be disposed
away from the finger of the user, and can therefore be
arranged to ineasure an ambient temperature of the niom in
v hich the user currently resides with sutftcient thermal

)o isolation from the user*s lmnd and his/her body heat. In
particular, in order to ensure accurate ambient Icmpcrature
memuremcnts, thc WCD c;m mnploy a combination of
nniltiple light sensors 2410i and outward facing teniperature
sensors 2410b. In this regard. Ihe temperature sensor 2410b
associated with the light sensor 24 I(ti that receives the most
light can be the most accurate. as it is most likely that this
sensor is furthest from the tinger or palm of the user. In
another example, thc WCD can employ muhiplc outwardly
facing tcmperaturc sensors 2410b mid compare Ihe Icmpcm-

so ture values of each to the inv ard facing sensor 2410a 'lhe
W(:I) can then select the most accurate tenipemture value
from the ounvard facing sensors.

Based on the measured skin temperature and measured
ambient temperature, the )VCD can mitomatically adjust the

is themiostat 2420 Io aber ihe ambient Icmpcrature ol Ihe
room. In tlus regard, if a user's skin tcmperaturc is too lugh,
the WCD can tnstrucx thc thermostat 2420 Io lower Ihe
ambient tentpemture Similarly. if the user's skm tempem-
ture is too cold. the WCI) can instnict the thermostat 2420

so to raise the temperature. The WCD 2410 can instruct the
themiostat (and/or an HVA(: controller) directly. e.g., via a
direct w irclcss hnk 2415. or uidircxtly, c.g., via onc or morc
of Ihc mobile dcvicc 2440;md thc access pouit 2430. Thc
WCD can also usc lustonc temperature data to dcvclop trend
temperature data.

In miother example, the W('D can be part of a system
2400C for controlling home appliances. The system 2400C
cmi include a W('D 2410C. one or more home appliances
2420C, and an access point 2430C. Such home appliances

o 2420C can include, I'or cxtunple, a television, hghts. speak-
ers. nucrowave, range. stove. os mt, etc. Each of Ihe home
applimices can include an antenna that allows the respective
honte appliances to coninninicate wirelessly with one or
more access poims 2430(1 In one example. the appliances

s. can include a ScenSor D)VI000 chip provided by Deca-
Wavc. In tlus way. thc locations ol'hc appluinccs ui thc
room can bc detcnnined Io an accuracy of approximately 10
cm. Thc locauon of thc WCD 2410C can also bc dctcnnined.
using the abnve-referenced chip, or by using signai strengths

io of mie or more hase stations.
Having established the position of one or more home

appliances and the user in a room. the user can make a
gcsturc Io control sigh home apphanccs 2420C. For
example, Ihe user can pout( at Ihc TV (while wcanng Ihe

ss WCD) in order Io turn it on/olt: Knowutg thc position of Ihe
user and the position of the I'V. the direction of the gesture
and the type of gesture can indicate what action to take on
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wluch dei icc. The acccleromcter aniL'or magnctometcr on
the Vv'( I) can be used to create a vector to the object to
control, and a wireless packet can bet sent to a wireless
access point to control the respective appliance

FIG. 24D is a flow chart depicting a method 2400D of
controllin home appliances according to one or more
aspects of tlu: disclosure. At block 2410D, Ihc locations of
OIIC Or nlorC holllc dppllBIICCS ill B loolll alul/Ol hOUSC Cilll bC
ascertainerkdetermined As described above. the appliances
cml include a pmcessor configured to identify location
within a mom At block 2420I&, the kication of the W('D is
determined. At block 2430D. the user can make a gesture
toward a home apphance to exert control over the home
dpphancc. Such gesture can uiclude a snap, a poult, etc. AI
block 2440D. the accclerometcr imd/or magnctometcr on thc
VV('I) can be used to create a vector to the object to control.
At block 2450D, a wireless packet can bet sent to a wireless
access point to control the respective appliance 'I'he access
point can then issue the command to the respecrive appli-
BIICC.

FIG. 25 is a perspective view of thc hand of a user
employing a two-factor auflmntication Icmluuque accordulg
to one or more aspects of the disckisure

As shown. the user 25UO is wearing a W('I) 2510 and is
approaching a locked door 2520 with an access node 2530
associated therewith. The access node 2530 can be a wire-
less access node of a conventional or custom arrangement,
dill Call Coilllllullu atc Witch:SSIY BCcordlllg IO BIIV Iy'pC Of
wireless protocol, such as WiFi or Bluetooth. As thc user
approaches the door 2520, the VV( I& 251() can initiate a
communication link. e 8, 13luetooth or Wil ii, with the access
node 253U. In this way, the VV('I& and the access node can
engage in one or more handshaking or query procedures to
verify the WCD. For example, the access node 2530 can
detixt a MAC address, IP address, or other alphanumeric
idcntilicr associated with thcWCD mid compare it to a list
ol'u(bonded users. Such network-based conununication
pmcesses should also be clear to those of skill.

Once the MAC address or other identifier is verified, the
user can engage in a pre-defined esture 2550 ro complete
the authentication procedure. The esture 2550 can be any
type ol'lmnd and/or linger motion 01st can bc perfomied by
Ihc Uscl. hl fllls regard, Illc Bccclclonlcu:I ol UIB nctolllcu:r
can dctcct the gesture 2550 perlilnned by thc user and
pmvide the esture infornlation to the access node If the
pmvided aesture infornlation corresponds with an autlxi-
rized gesture stored at or accessible by the access node. then
the user may be gmnted authorization and the door can be
unlocked. Thc authonzed gesture can bc a general autho-
rizixl gesture Rir all users, or can bc a speciiic gesture
authorized only for thc particular MAC address.

In addition to a door, the method above can be use to gain
access to other features. such as unlocking a inobile phone,
unlocking a car door, starting a car. The authenricarion
tecluiique above is advanta eous in that it can eliminate
cxtrallcoUs ilUfllcnni ahull ih:vices, slick ils kcv fobs for B cilr,

door, kcypads lbr entry control, ctc.. and cml pro&ale B

scenic two-liictol'ulllcllncatlon u:chluqUc to Bvoul
unwanted access More generally any type of keyless entry
systenl (e.g a keypad, card-reader, keyless lock, etc.) can be
equipped with appropriate comnnmication interfaces (RF,
IR. etc.) to comnnulicate with the WCD and operate based
oil 11 gcsIUrc Bnd/or pl'oxllultv ol Illc Uscl uslllg Ihc Icch-
iuques described above. Thc WCD can also bc employed
generally in flus manner to activate or deactivate a rcsidml-
tial or conlmercial alarm system substituting. fbr example,
for a key fob used for this purpose

FICi 26A is B schematic view of a clrdrging apparatus lbr
charging the WCD according to one or more aspects of the
disclosure. As shown, B mobile device 2610 can bc rccctvcxl
v ithin a case 2620 'I'he nlobile device 2610 can be electri-
cally conncctcd Io Ihe case 2620 via a port 2610a on thc
nxibile device 2610 and a connector 262UU on the case 2620
As shovvn in phantom. the case 2620 can include an inte-
grated battery 2630 within the case that can charge the
mobile device via the connector or can charge a WCD, as

iil
will bc descnbcd in ~cater dc(ail below.

The integrated battery can be connected to an antenna
2640 disposed on or w itlun Ihc case 2620 that can emit an
Rli signal, as shown in the block diagram in I'l(i 26(L The
RF signal can have a power of less thmi 500 mW and a

frequency of 13 56 Mi lz lhe 13I'ignal can be emitted in all
directions around the case such that it can be received by a
WCD ill pmxinlity to the case

FICi. 26B shov,s a W('D 2650 includin an RF antenna
2660 mid charging circuitry 2670. Thc RF mitcnna 2640 can
be disposed v, ithin the housing 2680 and can receive the RF
slgnid cllultol by Ihe case 2620 and collvcll lt Io B cUIzclll
that cml be used to cllar e the W('D battery (not shown)
This can advantageously allow the user to charge the W('I)
without removing the VICI) from the finger As shown in
FICi. 26D. the charging can occur whenever the WCD is in
close proximity to the case, such as when a user talking on
tllC pllollC Or UICICI&'dlldllllg IhC pllollc Ill BllolhCI ullph:-
mcntalion, Ihc case cml utihze ulducnve charging Io char c

sc the WCD. In this regard. the case can include an induction
coil subjected to a predetermined current to produce a
mag/Ietic field A correspondiim induction coil within the
housin of the WCD can be subjected to the nm netic field
to pmduce a current that can charge the onboard battery in

ls accordance with know clcctromagneuc principles.
FICi 27A is B pictonal diagriun aud FIG. 27B is a block

dulgram ol'B WCD employing flash storage accordulg to one
or more aspects of the disclosure As descnbed above, the
WCD 2700 can include a housulg 2710, an antenna 2720,

do and an integrated circuit (IC) 2730 including a flash memory
2740. The IC and the flash memory can be disposed within
thc housuig 2710. Thc flash memory 2740 cdu be powered
by a battery 2750 and conncctcxl to the IC 2730, wluch can
bc implcmcnted Bs B system-on-d-chip (SoC) IC 2760. Thc
I('an include 13luetooth l,olv I inergy (131,11) capability to
allow fbr conununication lvith another device. 'I'he flash
memory can be used to store data„or can be used in any of
the authentication tecluiiques described above. The WCD
can trdnsnut data storixl on thc flash memory to another

o dcvicc 2780 via thc BLE conmmtiou. or can rcccive dani and
store the data on thc tlash memory.

lil(i 28A is a schematic diagranl of one or more W('Ds
performing pmxinlity functions according to one or more
aspects of the disclosure. The WCD can detect a strength of

11 an RF si nal received by its antenna„and calculate a distance
to flm source of thc RF signal using a Rccmvcd Signal
Striaigth Indicator (RSSI). In one cxiunple, thc RF signai can
bc from a mobile device.;m access point, or another WCD.
'I'he use of RSSI can have many applications m proximity

ic detection For example, the VICI) can be placed on a child
and can be connected to mobile device held by a parent. If
the WCD travels a predetemlined distance from the mobile
dcvicc. thc WCD can issue an alert Io the mobile device,
thereby Blcrtuig the permit Ihdt thc child has wandcrcxl too

ss far. In another cxamplc. Ihe parent can wears iirst WCD and
the child can lvear a second Vv'( I). 'Ihe hrst W( D can alert
the parent that a child has wandered too far
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A single user can wear a lirst WCD 2800 on a lirst tinger
on a first hand and a second WCD 2810 on a second finger
on a sixond hund. In Ilus regard, Ihe user can measure the
relative distance between the first and second fingers using
Bn RSSI via a wireless hnk 2830 bc(ween Ihc WCDs 2800,
2810, such as a l3I,II connection This can be BSCI to
measure an approximate dunension of an object held in both
hands or to estinlate a nlid-air nieasurement.

In some examples. a first user can wear B first (VCD 2800
and a second user can wear a second WCD 2810. The RSSI
can be collected over a period of time and the processor can
analyze the datu to develop trends or staustms. For example,
the RSSI data can indicate that the first and second users
have spent B ccrtaul Binoiillt ol tine Io cthci alai can scrvc
as a relationship monitor

The WCD can also detect v.hen the first user and second
user are holding hands l&I(i 28B is a scheinatic diagram of
one or more )VCDS 2800. 2810 peril&rming proximity func-
uons accordulg to one or more aspects of die d&sclosurc.
Simihlr to the ECCi monitoring techniques described above,
a circuu can be Ibnncd when thc users hold hands 2840
/with the respective hands wearing the W( l)s) 1'he circuit
cmi be used to transniit data and/or electrical inipulses
betiveen the respective W('Ds via the circuit 'I he W('l)s can
collect data regarding the length of time that the users are
holding hands and, in combination with the amount of time
spent Iogcthcr, monitor Ihc relationship of Ihc two users. In
addition, Ihc WCD can colhmt data rcgardulg conuminica-
tion between the users, e 8, e-mail, social media. etc Based
on all of the above factors, the W('I) can develop a rela-
tionship score between respective W('I) users. with a lfigher
relationship score indicating more and more frequent inter-
actions.

FIG. 29A is a fiow chart depicting a method of imuating
gesture input accorduig to onc or morc aspects of the
disclosure. The WCD can bc used Io pcrfoml onc or more
commands, or to instruct another device, such as a nioblle
device. to perform one or more commands. Such commands
can include. initiate sleep state of WCD. initiate sleep mode
or default mode of WCD, powering off/on of the WCD,
turning on/oil'an LED hght of thc WCD, powering on/ofi'of
B mobile dei icc. plac&ng a phone cail on thc mobile device,
ctc. The user can cstabhsh one or more custom gestures to
initiate any of the conimands above I or example, the user
can select a command to be customived fn&m a number of
commands. Once selected, the user can perfoml a custom
esture to be associated v ith that command. In some

cxiunples, Ihc user can pcrfonn Ihe cuslom gesture multiple
umes Io allow thc WCD Io bcttcr ulcnufy the gcsturc and to
develop error tolcrances lor rcgistcrulg Ihe gesture.

At block 29(0. the user can perform a first gesture In tlus
example, the user can perfi&rm a finger snap At block 2920,
WCD can register the esture. via the accelerometer and/or
the magnetometer. At block 2930. the accelerometer can
amid;m ultcrrupt signal to thc processor. At block 2940, thc
processor cml wake from a slccp or default system state AI
block 2950. the processor can monitur Ihc acccleromctcr for
a second gesture, at which point the user can perfornl a
second esture If the second gesture matches a gesture in
the gesture conuuand database. then the WCD can perfoml
the associated command. If not, the WCD can rerum to the
slccp stale.

FIG. 29B is a chart 2900B showulg an exemplary graph
ol'accclcrauon vs t&me as measured by thc accelcromctcr of
the Vi'('D As shoivn at peak 2910ll, the gesture can only be
registered if it reaches a predetermined acceleration thresh-

old. Il'hc gesture perl'onncd at 2910 mccts the tlucshold, &t

can pmceed to block Z931) ivhere the interrupt procedure is
perfornled.

ill(i 30 is a perspective vieiv of a W('I) 3000 employing,
an illustrative reset function and associated procedure/pro-
cess. As shown. the WCD 3000 can be removed from the
linger ol Ihc user ul order Io initiate a system reset of Ihc
WCD. In onc example. thc system react can bc uuuated by
spimling about a rotation axis R at a predeterniined speed

Io 1'he predetermined speed can be any value, and in one
exanlple is a rotational velocity. Ilpon perfi&rnlmg the reset
procedure at the predetermined speed. operation of the WCD
3000 can be intermpted and the onboard components of the
3000 can power ofi: and revert io I'actory dcfmilt scuulgs.

I Addltlollallv, ii sc11cs of nio& ca&curn 1 Bn lintlatc a rest, such
as putting the ring on a table and turning it over seven&l
times

lii(i 3(A is a perspective vieiv of a W('I& including an
LED indicator according to one or more aspects of the

lo disclosure. As shown, the )VCD 3100 can include an inter-
nal/external housing 3112 and an internal/cxtemal pouulg
3114. Thc WCD c m ulclude an LED 3120 that can be v&sible

through the internal/extenlal pottin 3114
ill(iS. 3 ill and 31('re cross sections along line ('-( of

a W('I) employing an I.lil) indicator according to one or
more aspects of the disclosure. As described above. the
WCD 3100 can have an internal and/or external potting 3114
that can bc transparent. Tlus allows liJu sources witlun thc
housing Io pass tluough the potting without changing, or

io v ith nlinimal change to. Ihe optical properties of the light
In this v &y. a light source 3120. such as an I.III&, can be
disposed on the PCI) 3(40 and can be powered at least
partially by battery 3130. The LED can be encapsulated by
the potting 311Z and can project fiptt thmuJt the pottin

&i 3112. As shown in FIG. 31B, Ihc LED 3120 can ulcludc B

vertical LED, while 31C depicts a nght angle LED. The
vertical LED can pro Ice( light along dirccuon L1, wlule Ihc
right angle I,lit) can pmject light along direction I 2 When
light is projected along IZ, the hght can travel around a

so circumference of the finger of the user. Note that. according
to aspects of the disclosure„ the potting can be generally
aihiptcd ul whole or in part to condiuon, liltcr or modify thc
wavelengths anopor pro&ection quuht&cs ol'ight by Ibr
cxiunplc, cmbcxtding lensmatic components. applyulg light-
ditfusive additives, ligiit attemiatin filter nlaterials. etc.

lii(i 32 is tiow chart depictin a niethod 320() of com-
municating with a near field conumuucatlon (NFC) device
according to one or nlore aspects of the disclosure.

In some examples, thc WCD can cnuble or disable NFC
o or change Ihc liulctionality ol'a NFC device. For example,

the WCD can itself engage in NFC with miothcr computulg
device, or the )V('D can be connected via wireless link to a
cmnputing device that en a es in Nli('ith a ditferent
computing device. In certain existing NFC device~, NFC

» will connect and be in transmitting data as soon as it is
qucncd. In thc present example, NFC is enabled or begin
transm&tting data cxclusivcly upon pcrfi&nn&ng ol' prc-
dctcrnuncd gesture. However. a vancty of other Iransnus-
sion processes can be implemented for example a periodic

io clurp or handsl&ake request by the W('I) fi&r comniunication
v ith appropriate devices.

At block 3210, a NFC capable device is provided. The
dcvicc can bc any type of device, such as a laptop, tablet,
mobile device, or dcd&ca(cd NFC device.

si At block 3220, thc WCD initiates a connection with Ihc
Nli('evice. 'I'he connection can be a direct connection via
Nli(L or an indirection connection via an mtermediate
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dcvicc. Al tins point, no data has yet boon Iransmilted
betiveen the W(:I) and the Ni'('evice

At block 3230, a user performs a predeteunined gesture
that is reaistered by the W('I) I'he oesture can be any type
of gesture. such as a point. a snap. waving the hand, erc

At block 3240„data tmnsmission be ins between the NFC
device and the WCD.

In other cxlunpl as, l1m user can perliiun another gcslurc lo
cease Nli('ommunication. 1he gesulre can be the same
esture as described above or a different gesture Addition-

ally, the user can remove the ring to disable the NI'(1 I)pun
donning the ring the user will be prompted by the applicarion
on the mobile device to re-authenticate by entering a PIN,
whereby thc proper PIN results m rc-cnablm lhe NFC
IuiiClliiiidlitv.

In yet another exanlple, the W('I ) device employing NI'(:
can be configured on the fly to map to ditTerent data sets
stored thereon. Iior exaniple, the W('I) device employing
NFC can employ data thereon to make purchases. e.g.,
account information. data to access a building. e.g.. a key
fob. mid data thcrixnt Io board pubic transportation. C.g.,
smart card. metro card. ctc. A user can perform a predcter-
niined ditTerent gesture for each of the above data sets to
access the data. Once accessed. the W('D device employiug
Nli('an initiate a link with another computing device to
initiate a transaction, to open a door, or to board public
transportation. etc.

VII. Optical Elcmcnt and Atlacluncnl Frimie
FIG. 33A depicts a pcrspectivc vmw OI'a WCD assmnbly

3300 accordin to one or more aspects of the disclosure,
while I'I(iS 33I3-D depict exploded views of the W(:I)
assembly and 33I: depicts a cross sectional viev of the W(:I)
assentbly along A-A. In this example, the )VCD assembly
3300 includes a WCD 3310. an attaclmtent frame 3320. and
an opucal clcmcnt 3330. Thc WCD 3310 cim bc any of the
WCD examples dcscribix! above or below m lhe present
apphcanon.

1'he attachnlent frmne 332(3 is releasably attached to the
Vi(:I) 3310 lite optical elenient 3330 is itself releasably
attachable to the attachment frame 3320. In this regard, the
attaclunent frame 3320 provides an attaclmtenr interface
bclwcmi lhc WCD 3310 and thc upticdl element 3330,
thereby allowin the optmdl elcmcnl 3330 to be at a tixed
position in space with respect lo thc WCD 3310 or any
portion thereof 'I'he attachment frmne 3320 can be ntade of
any material. such as a metal, polymer. etc Any type of
polymer can be used, such as thermosetting plasrics, ther-
moplastics, PETE„polycarbonate. polyethylene. LDPE. or
dliv olllcr I)'pc of pldsllc.

lite auacluuent frame cau be sized lmd shaped to Iit along
thc curl cd surlacc of Ihc WCD. For example. Ihe auacluueul
franie can have a curved undersurface to allow a flush ht
with the curved surface of the )VCI) 'I'he attaclunent frame
can have any shape. size, or mdius of curvature depending
on the size and shape of the WCD.

llic attachment frame 3320 uicludes a Iirsl rclmnutg a
portion 3322 and a pair ol'econd rclaming portions 3324.
Thc Iirsl retaining portion 3322 dclines a comcal recess
3322ii configured to receive the optical element 3330. and
pmvides a generally unoccluded patluvay for light to pass
through the optical element and onto the WCD. Although
depicted as defining a conical or I'rustoconical shape. the
recess 3322a cau bc any other shape dcpenduig on the shape
ol'hc optical clmncnt 3330. Each ol'hc scmond rclmning
portions 3324 includes a rcspectivc lockuig fi:aturc 3324a.
'I'he respective locking features 3324 and a extend fnim the
second it retaining portion 3324 toward one another such

that a distaiwc between lhc respective lockuig li:aturcs is
greater than a distance between the remainin portions of the
second retaining pouions. As shown in FICI 33E, Ihe
locking features engage ivilb an ulward-facmg surface 335(l
of thc WCD lo ensure d secure Iit. In ouc example, thc
inward-facing surface of the Vi(:I) may itself have one or
more features 3360 to engage with the locking features of
the second retaining, portions Such one or more WCI)
features can include projected surfaces„recesses, or any

I it other type a fi:dlurc lo allow for engagement with Ihe
alt'Ichlllcllt frsnlc.

Thc optical clement 3330 cmi bc made of any matcual
capable of modifying. e g. focusing. incident electromag-
netic radiation, such as visible lighk ultraviolet bght, infra-
red light, or any other type of electronlagnetic radiation In

some examples. the optical element 3330 can be constructed
from a polymer. such as any of the polymers identified
above In another example, the optical element can be made

zli Of glass, Sullrlz, diailiolxl. zlrcoliililil, Or ail)'lllCI illdlcltdl
capable of focusing light. More genemlly. the optical ele-
ment 3330 is fonucd with a general outward appearance
siimilative of a faceted jev el with an appropuate tint or
coloration (including clear/white) 'the tenn "jewel" can
also be used in the alternative to describe the optical element
3330 herein.

The WCD can include ( 'PV cell 3312 that can be disposed
directly underneath thc auaclunenl frame 3320 and optical
clement 3330 when assembled. In other examples, thc CPV

ic can be positioned ivithin the housing and can receive elec-
tromagnetic radiation via a transparent potting material. In
tlus regard, incident light striking the optical elenieot 333(l
cmt be focused on to the ('PV cell to allov for char in of
the internal battery of the VVCD. The optical element 3330

ii provnlcs an increased charguig cflicicncy when compared Io
the CPV exclusively rcccivuig lunbienl light, uncs Ihe
ambimil light is collected/galhcrcd from a wxler Iield. and
then focused onto the (:PV by the optical elenlent 3330 In
one example, a focal length of the optical element 3330 is

do difl'erent than a distance beuveen the optical element and the
CPV For example, the focal length can be rester than or
less than the distance bclwccn thc optical clement and thc
CPV Tlus can be adi;mlagcous in vauous aspects of thc
disclosure so as to avoid thc light from focusing at a liicdl
point directly on the ('PV. which could cause damage to the
( PV itselfby over concentrating the light at tllat single point
of the overail CPV surface.

FICiS. 34A-B depict a WCD assembly 3400 according to
ouc or morc aspects of Ihc disclosure. In llus example, Ihe

o attachment frame3420 docs ixil extend to au inward-facuig
surface of the WCD 3410. bul is instead fomi enurcly on Ihe
outside-facing surface of the W('D In some examples. the
attachment frame 3420 can be semi-permanently or perma-
nently afiixed to the outward-facin surface ofthe WCD and

i. can have a plurality of retaining pottions (mountin pron s)
3422 that at least parlmlly delinc a recess 3422a for recciv-
iug thc optical elmnmtl. As shown in FICi. 34B. thc optical
clement 3430 is relcasdbly attached to thc attachment frame
3420 this configuration can be particularly desimble, as it

ii! exhibits ornamental similarities to a traditional engagement
ring v bile still having the increased filnctionality of the
WCD. Note that while not shown„ the mountin prongs can
include small hook cods springably rctaui Ihc optical cle-
meul 3430 when attacltcd, bul thai can rclcasc Ihc optical

si elcmcnl based upon a prying motion. A customized gmspuig
tool (not shown) can also be employed to remove (and
attach) the optical element in this example
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VI. Enclosure/Packaging
l1Ci 35A depicts an encklsure or case 3500 fnr storing a

VV('I) accordin to one or niore aspects of the disclnsure. As
sholvn. the enclosure 3500 includes a lid 3510 and a base
3520. The lid 3510 and base 3520 can en a e via n recessed
portion 3522 formed in the base 3520 to provide n substnn-
tlsll)'calixl hi(coot cllvlroluucut.

lite lid 3510 can bc cuboldal ui external dimensions, or
dehne any other type of geonletric shape that allows sutfi-
cient internal volume to contain the W('I) llor example a
custom design shape (polyhednll, etc.) can be employed. In
this example„ the top portion 3510 is substantially cuboidal
as shown„ including rounded ed es rather than vertices The
lid can be substautlnlly transparent to allow vlcv,uig of thc
WCD wlulc mlcloscd Ihermn, and csn bc made of mly type
of material. such as a polymer. glass. etc. 'I'he lid can also be
mounted with pins on a hinge

'(lie base 3520 can be cuboidal. or any other type of
eometric shape. In this example. the bottom portion ls

substantially cuboidal, includin rounded edges rather than
iertices as shown The bouom portion can be made of any
ma(anal snd cau bc transparent or opaque.

1'he base 3520 can dehne a receptacle 3524 for receiving
the WCI) 3505 1'he receptacle 3524 can be sized and shaped
to receive the W('D 3505 and in this example is senucylin-
dricnl, e.g.. a portion of a cylinder. The mdius of the
semicylinder can be sli htly larger than a radius of the WCD
in order to acconunodate thc WCD securely. The receptacle
can lined with a sol't matenal Io allow filr a soft. safe
material tn receive the W('I), such as a silicone. thernxl-
plastic. fabric, felt, or other nlaterial.

l1Ci 35B is a cross sectional view of the assembled
enclosure 3500 shown above along the line B-B. As shown,
when assembled. the WCD 3505 fits securely within the
rcocptaclc 3524. Thc uitenor of thc hd 3510 can be sized and
sltapcd Io conform to thc shape of the WCD such tllat the
WCD is completely sutroundixi mid enclosed by the lid
3510, while in nther exaniples, the lid 3310 can be sized and
shaped to allow for airspace 3514 between the lid surface
and the WCD.

FI(f. 35C is n cross section of the enclosure along hne
A-A. As shown, thc lid 3510 can uicludc an uiiegral optical
clcmcnt 3512. Thc optical clcmcnt 3512 can bc a lens or any
other dei ice Io modil'y, c g. focus, lighl thai passes thcrc-
through In this example, the optical eleinent 3512 can be
disposed at a predeterniined distance away fnnnl one or nmre
CPV cells 3507 disposed on the WCD 3505. Tlfis dismnce
d can be measured fmm the center of the optical elemenr to
thc CPV cdls 3507, aud the optical clement can itself have
a focal lmigth f Iu oue example, Ihe dis(ance d can be grcatcr
than ihe focal length I', such thai thc optical clement I'ocuscs
light at a pomt above the W('D in the enclnsure. In tlus
regard, the light will not focus directly on the ('PV cells
disposed at the surface of the WCD, thereby avoiding
overheating or damage to the CPV cells. In other examples,
Ihc dlsiailcc 0 csn bc less Ihtul Ihc focal lcng(11, which can
also prcvcni light from focusing ai a surface of the WCD

FI( k 36 dc7ucts un enclosure 3600 includuig mr vents
3650 accnrding to one or more aspects of the disclnsure. In
this example, the enclosure 3600 includes a plurality of vent
holes 3650. The vent holes can be arranged on one or more
faces of the lid. The vent hole~ 3650 can prevent overheating
w i(fun Ihc enclosure during clrsrging ol (he WCD by allow-
ing for circulauou ol'onvective air current. Durmg ship-
ping, thc vent holes 3650 can be covcrcd by an adhesive
and/or adhering fpeel-ofi) polymer sheet nf cmlventional
arrangement to prevent debris or moisture from entering the

36
mlclosurc. Thc enclosure c;m uicludc a lnl 3610, base 3620.
receptacle 3624. mid optical element 3612 as in the
exanlples set fnrth above.

Vl I Sizing
FICi. 37 depicts a method 3700 of sizing a finger accord-

in to one or more aspects of the disclosure. At blocl 3710,
the hand ol'a user can bc provided. Thc hand csn bc held sufi
iu nud-air or altemnuvcly cml bc rcsuug on a surface.

At block 3720, a first image is taken of the user's hand
Io from a first perspective I'he image can be taken by any type

of tntagtng apparanls, such as a ( ('D or (:MOS camera, a
digital camera. a camera associated with a mobile phone,
etc The first image can be stored in a memory.

At block 3730. a second unage is takmi ol'hc user's hand
ai a second perspcctivc. In this regard, thc second pcrspcc-
tive is different from the first perspective so as to provide a
distinct view in the second image of the user's hand Block
3730 can be repeated any number of tin)ex. Ilor example. a
third image can be taken of the user's hand at a third

lo perspectii e. In this re lrd, the third perspective is difibrent
from both thc lira( mid second pcrspiouves so as Io provule
a disiulct view ln the tlnrd unage of the user's hand. mid so
on

At block 3740, a size of the user's finger can be derived
from the plumllity of images taken above In some examples,
as felv as two images may be required, v bile in other
scenarios. more than three images may be required. depend-
iug on a number ol'ircumsimlces including uuage qualny.
selcctcd perspectives, cic. The size can bc dcuved from thc

lo plunllity of images by any number of techniques, such as
stitching the plurality of images together to generate a 3I)
typography of the fingers. then usiilg photograiunletry algo-
rithms to identify features on the fingers to determine the
appmpriate ring size. Furtheunore, the touch screen of the

li smart phone can be used Io measure thc hardness of tissue
by measuring Ihe footpruii/impression thc lingers mahe
while pressing a linger ngmnsi Ihc touch scrccn ol' mobile
photic.

lif(i 38 is a pictorial diagmm showmg a plurality of
so ima e perspectives of a user's hand 3802 As shown. per-

spectives 3810. 3820, and 3830, as v ell as the other per-
spectives. produce oorrcsponduig unagcs fin a stnp) 3812.
3822, and 3832. 11lc images can bc used Io dcnvc a size of
thc user's finger accorduig Io thc methods dcscnbcd above.

ill(i 39 depicts a sizing tool for sizmg the finger of a user
As shov n, the tool 29UU can include a plurality of finger
holes 3910-3950. The tool 3900 can be made of any mate-
rial. such as piastic, metal, or cardboard.

FICi 40 depicts a sizing tool for sizing the finger ol'a user
o according Io an el(emote example. As shown. thc tool 4000

can ulcludc a plurality of linger holes 4010-4050. Thc tool
4000 can be made of any material. such as plastic, metal, or
cardboard

FICi 41 depicts yet another alternate example of a sizing
s. tool for sizing the finger of a user. As shown, the tool 4100

can include a plurahty of linger holes 4110-4150. The tool
4100 can be made of any material, such as plastic, metal, or
cardboard. Thc thickness of the card reficcts thc tlucloiess of
the ring to ensure proper fit Additionally, the sizmg tool is

io designed such that it can be easily mailed to the user ivith a
standard mail service such as USPS.

Any of the tools 3900. 4000, or 4100 can be provided to
a user pnor Io purchase ol Ihe ring in order Io obtain accurale
sizing uifonuatlon pnor to purchase Thc tools include

si holes, as shown aboie. Ihst can come in a plurahty of
predetermined finger sizes to allow a user to match his or her
finger size with the tool 1 he hest match, e g, closest size
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tha& ensures a comfortnble Iit, can be nlenuticd using thc
tools Alternat&vely, the tools can be provided at retail
locations to size the finger of the user on site prior to
purchase iotore generally, a variety of other sizing tech-
niques. such as those employed by conventional jewelers
can be employed according to further aspects of the disclo-
sulc.

In duo&her cnlbixhnlcnt, B pdckBgulg Ol cuclosulc ol Ihc
VICI) can Include a sizing d&agram or interface embodied
therein tn allow a user to s&ze a finger during the purchase
pmcess

FI(f. 42 depicts a method 4200 of monitoring activity
according to one or more aspects of the disclosure.

At block 4210, u user can don or place thc WCD onto thc
fhlgcl 10 sccurl: lt ul thc wed&Big poslnon.

At block 4220, a user can perform any munber nf daily
activities, such as nuln&ng on a treadmill, walking. exerc&s-

hlg, typing, ctc
At block 4230, the WCD, contemporaneous with block

3220, can use one or more sensors to sense the activities of
thc user. For cxtunple, thc sensors can dctecl locanon. spccxh
dcccici'ation, orlon&a&lou, hodr& id&co ctc.

At block 4240, the W('I), or another computing device,
cml aenemtte an entry in an activity k&g at the conclusion of
a detected activity If the activity detected by the sensors has
a profile that has not yet been identified, the W('D can
prompt the user to identify the activity. For example, the user
can &denufy prolilcs such as "Run in Central Park," *'Typ-

ing," "Run on Trcadm&11." ctc. The WCD can associate thc
identity pnlvided by the user with the activity pmtile iden-
tified by the sensors and store the identified activity in the
VV('D memory, or any other memory I.ster. if the user
perfbrnls the same activity and the WCD detects the acrivity
profile as being simiLar to a saved activity, the W('D can
iden&if'y the acus&ty wlule Ihc user is pcrfomung Ihc acuvuy
and sai c Ihc acuwty ul thc activity log. Each 01 thc acln u&cs

performoxl can bc saved &n I 1m overall a co vit 7 log and can be
stored in a memory on the W('I), or other device, for later
vie&vin

FI(f. 43 depicts a method 4300 of determining whether a
user is wearing gloves accnrding to one or more aspects of
the disclosure. At block 4310, a user &s provnled while
wcarmg the WCD. where such user mdy or may not bc
w'cluing gloves.

At block 4320, one or more light sensnrs nn lxlard the
VV('D can detect surrounding ambient light Such lmht
sensors could include. for example, n CPV or other light
seas&tlvc cicnlc&ln

At block 4330, onc or more add&t&onal mcasuremcnts
maybe made. Such ad&it&one l measurements can include, for
cxtunple, an amb&cnt tmnperaturc medsurcmcnt mid or a
pmximity measuren&ent. e g, detecting prnximitv nf an
object to the WCI) via reflected electromagnetic radiat&nn in
the form of IR fik&&&t.

At block 4340. a measured ambient temperonire and
dmb&cnt hght mes suremcnts arecompared Io predetcrmuled
Iiucsholds. If Ihc amb&cnt tcmpcrature mcasurcanen! is
dboi c a certain predetcnnu&ed tempera&urc tlu cshold and thc
ambient light measurement &s belo&v a certain threshold. it
can be determined that the user is &rearing a glove over the
)VCD.

At block 4350. a measured proximity and ambient light
mcasurcmmlts arc compared Io respccuvc prcdclerm&ncd
fiucsholds. If Ihc proxun&ty measurcmem &s belov, a ccrtmn
d&siancc tlueshold (c.g., dcternuncs an &&em &s in close
pmximity tn the W('I)) and the ambient light measurement
is below threshold. it can determined that the user is v earing

a glove over the WCD. In any of thc above examples, an
intens&ty of LED indicators of the WCD can be adjusted
according Io a detcctcd ambient light usu&g an appmpnaie
algnritlun nr prncess that compares the an&bient light to a
scale and tuljusts a desired drn ing current/voltage for thc
I Ill)s according to a predetermined formula (e g a propor-
tional adjustment usin an adjustment coefiicient) or scale
(e g a lookup table) i&or example. where there is abundant
ambient light (e.g., detected anlbient light above a prede-

10 tcnmucd Ilueshold), Ihc in&mls&ty ol thc LED &nihcators can
be increased. In the same way, where there is little ambient
1&ght (dctcctcd ambient 1&ght below a prixlctcmlincd thresh-
old), the intensity of the i,lil) indicators can be decreased

In onc example, Ihe WCD can dc&cct whether i»s
remnved and or installed on the finger of the user. In this
regard, as mentioned above. the WCD coon have imvard-
facing light sensnrs, CPV, or temperature sensors When a
user Installs a ring on his finger the measure of ambient light

10 may diurcasc or thc Imuperaturc muy ulcrcasc. Such
changes in ambient light and/or tempemture can be detected
by ouc or morc sensors onboard thc WCD and a dctcnni-
nation can be made that the user has ren&oved and or
installed the ring on his finger.

l&I(i 44 depicts a method 4400 of securing data onboard
the WCD accordin to one or more aspects of the d&sclosure.
At block 4410. a user nlay don the WCD on the tinger. At
block 4420, a user may cxccute an appl&cat&on On a mobile
dcv&ce, or other computing dcv&ce, that cnn bc previously

&o assnciated and authenticated &vith the W('I). At block 443(),
the user can enter an m&thorization code into the application
nulning on the mobile device, such as a PIN code At block
4440 the mobile device nlny transmit the authorization code
to the WCD by any means of conununication, such as,

li w&rcd, w&rcless, Bluctooth, NFC, ctc. At block 4450, thc user
wearing Ihc WCD can now bc uga&n au&hant&catcd and
dssoc&Btcd with Ihc WCD dnd cdn bc grBntcil Bccc'ss 10

certain h&nctions and'or data storage of the W('I) At bk&ck
446(l a user may remove the VICI). At block 4470 the W('I)

do can detect that it is removed such as b&o detection (including
e ., biometric identification) techniques described above
wilh respccl lo unvdrd laculg sensor clrdngcs, tcmperaturc
ch&ulgcs, or hciut Idle dccrcdsulg to zero. At block 4400, Ihc
authonzat&on code previously stored on Ihc WCD can bc
autnmatically deleted upon detect&on of ren&oval to avoid
unauthorized access to such infnrmat&on by a subsequent
v carer or other querying party Further or alternatively,
additional information can be automatically deleted upon
removal ol'hc WCD. for cxmnple uny dnta aud or ulstruc-

o t&ons storcxl on thc onboard memory ol'he WCD such as
pc&annal a&foun&I&ion, banknlg a&fora&at&on, confnlcnlial
informatinn. or other sensitive data

VIII 'I'imepiece System
Flfi 45A is a timepiece system 4500 according to one or

&s more aspects of the disclosure. As shown. the timepiece
system 4500 cdn ulcludc a corn ent&ouul tuncp&ccc 4510 and
a tunopuuc computulg device (TCD) 4520 Thc TCD ca+bc
any slrdpc. and &n Ilus cxtunple &s in Ihe shape of a cyluldcr.
'I'he radius can be significantly greater than a height of the

io 'I'CI) tn prnvide the shape of a puck 'I he 'I'CI) can have one
or more st&ac&ural and/or functional components, and can be
similar to the W('D described above with respect to hard-
ware li:aturcs. componcn&s. sensors, ctc. Although dcp&c&oxf

as cylindrical, the TCD c;m luive any shupc dcpcnding on Ihe
Si sl&apc of the conventional timepiece. For example, where Ihe

timepiece has a rectan ular or square face, the I'('D can
sinsilally have a rectanaular or square pmfile
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A Iop surl'acc 4520U ol'hc TCD Lim uicludc a prcssure

sensitive adhes&ve (Pg A) layer 4522 to allow for adhesion of
the 'I'('I) to the under surface of the timepiece 4510. 'the
'I'('I) 4520 can 1&ave a madius or circumference that does not
exceed radius or c&rcumference of the face of the conven-
tional tiniepiece so as not to be seen when a user is wearing
thc un&L)uccc system 4500. The TCD can enhance the
corn ant&onal timep&ccc w&th many ol'he features descnbcd
above with respect to the W('I) such as. heart rate sensing,
temperature sensmg pedometer, activity sensing, gesture
sensing and control. &vithout having to alter the look of the
conventional timepiece.

FIG, 45B is a bottom view of the TCD. As shown, the
TCD can include a baucry 4540. any pnntcd circuit board
4550»&th onc or morc componenm at&ached thereto (no&

slio&vn) st&eh;ls &&lot&oil sensors, pi1%'cl'1&a&1aaci&IL'Irt cli'-

cuitry. charcing circuitry. etc As with the WCI), the printed
circuit board of the I'CI) can be ovennolded 4560. 'the
overnn&ld can be tmunsparent or substantially transparent to
allow electromagnet&c radiation to pass tlnough to be inc&-

dent upon onc or morc components of Q&e TCD.
As shown, the TCD can include a hgh& pipe 4524 around

the perimeter thereof '11&e hghtpipe 4524 can be substan-
tially anmilar &n shape and can be fi&rmed in part by the
ovennold of the T('I) 'I he lightpipe can be cionstn&cted front
a conventional transparent or translucent moldable ma&coal
(e.. acrylic. polycarbonate, etc), and can be arranged to
focus iunbient l&ght on&o a CPV ihsposcd onboard Ihc TCD
for addi&ional chargu&g cdpab&lity. The opt&cal armn cmcnt/
geometry of the light pipe can be implemented using skill in
the art to achieve the desired optical characteristics. In
another example, excess heat generated by the I'('D or
excess body heat em&tted from the skin of the user can be
converted to electncal energ) via a thermoelectric (TECI)
module. such Bs a Pelt&cr module. &hsposcd onboard the
TCD.

11&c TCD can ulso uiclude any number ol'PV cells,
either on a top surface or bottom surface. to allow fi&r

charging I&or exan&pie. a ('PV cell can be placed on the
underside of the TCD to allow for docking with B charg&ng/
docking stat&on.

FIG. 46 dep&cts u WCD 4600 w&Q& a pair ol'LED indica-
tors 4610-4620 d&sposcd at an inward-I'acing portion of thc
WCD. As shown, thc WCD 4600 can include a pair of
transparent re iona 4640-365(l and an opaque region 4630.
'I'he I I il)s 4610-3620 can be positioned under the transpar-
ent regions 4640-3650 to allow light from the LEDs to exit
the WCD. In one example. the LEDs 4610-3620 can create
a subtle dill'usc glow to thc skin to provide a desirable visual
cfii:Lx Io user. In another example, a user fi:edback LED can
bC pli&CCd Bt ill& u&wB&d fBC&llg SU&faCC illlil &I SCCL&lxl Ca&1 bC

placed at an outward facing surface of the Vv'('I) Depending
on the circmnstances. one of the I,Ill&s may be disabled to
save battery life. For example. LEDs that are facing away
from a user e.g, facing dov n or away thorn user's line of
sight. may be d&sabled. As dcscribcd above. Ihe WCD can
dc&ernnnc &ts owcnta&&on bascxt on onboard sensors. such as
the magnctomctcr, acccleromctcr. GPS, cir..

11(i 47A is a systeni for generating and managing alerts
accordin to one or n&ore aspects of the disclosure As
shown. the system can Include a WCD 4710A. one or more
networks 4720&%, and one or more server computers 4730A
according to onc or more aspects of thc d&sclosurc. The
WCD 4710A can conunun&cate directly and/or mdirootly
w i&h the server 4730A v&a thc network 4720A. In tlus regard,
data generated and/or stored at the W('D 4710A can be
transmitted to the server 4730A and vice versa In one

cxiunplc, such data can u&cludc biomctnc data pcrtainuig to
a user wearing the W( I) that is detected and stored by the
WC I )

Iil(i 4711 depicts a block process diagrani for genemating,
and managing alerts according to one or more aspects of the
disclosure and FIG. 47C is a fio&i chart depictin a method
fi&r genera&ing and managing alerts according to onc or more
aspcc&s of Ihc disclosure.

At block 4710(L and as shown at process block 47ltfil,
&c the user is authenticated with respect to the W('I&. In this

regard, a single user can be associated &vith a single W('I)
and can be associated with a predetermine identifier. such as
an alphanumeric number. If the user &s not authenticated or
thc au&lmnt&cat&on process is not conclus&vc, thc WCD may
inv&te Ihc user Io rc&ry au&hen&ication ut block 4715C un&&l

the user is successfully miihenticated In some examples, the
WCI) may timeout the authentication process. lock the
WCI), or place the Vv'(1& in safe n&ode in the event of too
many unsuccessful authentication attempts as a security

&o measure.
Thc user can bc au&hen&&ca&ed accorihng Io imy of Ihc

au&bent&cat&on methods descr&bcd in thc present apphcdt&on,
such as via a unique capillary n&ap. a unique I I('(i profile,
etc

If the user is authenticated. biometnc data can be trans-
m&tted to the server at block 4720C. The captured biometric
data 4720B can be transniitted to the server via network
4720A, 47222B

Once rccc&VVVI at thc scr&cr, the b&omc&nc dani can bc
&o aggregated, sorted, categorized. or profiled at block4730('nd

as shown at process block 4730B In this regard, a
pmhle (correspondin to the alphanumeric identifie) &nay

be created at a database at the server that stores data for a
particular user. The profile can store transmitted biometric

3& ilalm ils well Bs o&lier ildtd. SUch Bs User gclldcr. he&ght,
wc&gilt, Bgih fdlllilv his&orv, dlsi asc lllforllliltlo&1, locdt&L111,

e&c

In some examples. identifying information may be
removed fmm the data anth'or not transniitted to allo&v ti&r

do anonymity and/or to comply with rem&IB&iona regarding
transmission ofmedical data. The tmansmitted biometric data
can bc normal&SLVI ui order to comply wi&h prcdc&ernunod
da&a rcquircmcn&s ui order Io be added Io thc prolilc. In onc
CxillllplC, &1 lit&Ill&1&U&11 d&I&OU&1& Ol da&B lllav bc &CBU&&Ld &11

order to be considered viable for assoc&ation w&th the pn&file
'I'he biometric data of a sin le profile can be aggregated, or
in other examples nn&ltiple profiles can be aggregated sinnd-
I'Ii&C&1USIV.

Aggregat&on of Ihc user*a biomctnc data u&to a su&glc
o prolilc allows lor Ihc prolile Io bc v&suahzcd or iu&alyzcxI

according to any number of methods. For cxamplc, a time-
line can be created showing bion&etric data over a period of
time 1'he data can also be synthesized or analyzed to
calculate trend data, or other mathematical features.

&1 Although only one WCD is depicted. it is contemplated
that a plural&ty of WCDs can exist, w&th each WCD corrc-
spond&ng to a d&stuict user (and disunct alplrdnumcnc iikn-
t&lier) and Ihercforc resultu&g &n a plural&ty ol'd&stinct proiilcs
at the server Accordingly, each of the d&st&nct users/W('l)s

io may be authenticated separately according to the methods
described herein.

At block 4740C. once the transmitted data has been
assoc&a&cd wi&h the user profile. the upda&cd prolilc can be
correla&ed wi&h one or morc other proliles stored at thc server

si as shown as process block 4740B. Thc profiles may be
correlated according to any mu&&her of correlation standards,
such as correlating users &vith similar trna&ts such as age,
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gcndcr, location, profi:&sion, or by any o&her daIa sIorcd ah

the server. In some examples, one or more of the trairs can
be used to make such a correlation. The b&ometric data from
the one or more users that are correhsted with one annther
can be combined to form a group profile. The group prolilc
cm& be the aggregation. average. mhnge. or sum of individual
profiles that form the group profile. For example. for a
particular an&up profile. a mange of resting, heart can be
genemsted by taking the maximum and minimum values of
resting Iho&r& from thc &nd&v&dual prolilcs. In other cx unples,
an average (and standard deviation or standard deviation of
Ihc 11&cii&1) et&hi bc gc&&crau:0 for o&ch lrd&1, SUcl& iis B& CI&igc

resting heart mate. average active heart rate, average blnod
pressure. average blood sugar, average sion temperature,
I:('(i profiles. as well as any other features capable of being
detected by the WCD as described above.

At block 475(K'. transn&itted biometric data can be con&-

pared to the established values from the group profile. In tlus
way, &f a user's hear& ra&c dcvmtes by a predehcrmuied
tlueshold (such as by predetermined magnitude or smndard
deviauon). an alert can bc gcncratcd a& process block 4750B.
'I'he comparison pmcess can occur at the server after trans-
n&ission of the biometric data In another example, the gmup
profile data can be transn»tted to the WCD tihr comparison
at the )VCD. This advantageously allows the comparison to
be made where the WCD emu&at establish a network link.
Thc group prolilc cun be updated 011 d co&11&ii&ii&Us bBsis 01 &I

prcdciernnncd tune u&tcrval or a& each Irm&snuss&on of
biometric data

At block 4760(', the alert &s transmitted to the W('I) and
displayed to the user at process block 4760)3 11&e alert can
indicate tl&nt the user*a biometric data has deviated from the
profile group and may advise the user to seek medical
ah&enuon. In anohlmr cxamplc, thc server can d&rcctly contact
a medical health proli:ss&onal. In ihe example where block
4750C occurs at thc WCD, Uanshnissiohh of alar& mfihnnation
fmm the server may not be necessary

1'he alert at the W('I) can be any type of audio or v&sual
indicator„such as an LED, haptic feedback. audible alarm,
etc. The indicator may also invite the user to rest. make an
dppomuncnt w &th a mcd&cal health profess&onal, rcconuncnd
d perl&euler medication, or suggcs& certain physical ac&&v I! &es

Iha& may heal&h cond&tion &liat caused Ihe alar&.
As shoivn in I'l(i 47)3, the authenticatinn 4710)3, aggre-

gation 4750)3. and correlation 474(83 can nccur at server
4730A, ivhich can include a process, memory, and any other
features of a general purpose computer. The authentication
4710B. aggrcgat&on 4750B, and correlauon 4740B can
access a database stored at &he memory, whcrc pro(iles,
group proliles. and b&omctnc data can be stored.

FIG 48A &s a method for variable sampling according to
one or more aspects of the disclosure. As described abnve,
the processor module of the WCD can determine (e.g., based
on identified physical act&vhties, routine pattern. Bnd/or time)
d IrcqUc&lcv'&1 Bi&&eh 0&ic or &1&0&c sc&lsihrs &11 1110 so&iso&

11100Uhu Sho&ilil opera&0
At block 4810A, onc or more sensors ol'&e WCD may

take one or more measuren&cuts I or example, the WCI) can
detect temperature. heart mate, acceleration, as descnbed
above.

At block 4820A, the WCD can calculate an activity level
ol'a user. For cxamplc, thc WCD can compare to a number
ol'tored ac&iv&ty pro lilcs (as descnbcd above) stored by the
Use&; or cd&1 coiiipdrc tile schiso& 11&cdsU&011&CI&m 10 sciisor
threshold values corresponding to different activities. such
as sitting. runn&ng, sleeping etc In one example, the WCD

dc&oct accclcrauon values over &inn: to gm&crate mi ac&iv&&y

level fnr a particular time period
At blnck 4830A, the WCI) may compare the identified

act&vity level tn a predetermine activity threshold value In
one example. the WCD nhay categorize the detected activity
as either a high level activity or a lov level activity. HIP&
lcvcl activincs can include nuunng, sw&nunu&g, b&kui c&c.,

wh&lc low lcvcl activ&ncs may u&cludc s&11&ng, s&anduig soll,
or sleeping

&n At blnck 4840A, the V&'('D can set a first sample rate tihr

high level activities and at block 4850A, the W('D can set
a second sample rate for lo&v level activit&es. The first sample
rate can be a shorter tinhe interval than the secnnd sample
rale, rcsul&uig &n more da&a being dc&CO&Ox) and genera&cd
durmg a scl amount ol time wh&lc Ihc user &s iwl&vc. 11&&s

allows fnr increased power effhcicncy of the W('I) while also
providmg the advantaae of enerating n&ore data when a
user is more active, thereby prnvidin added biometric data
for later analysis.

Ic In another example, the sample rate can be scaled accord-
ing ho activity lcvcl. For example. the snmple ra&c can be
scaled to bc d&rcc&ly proportiorial to hear& rate. This results
in a shnrter time interval tihr samphng (n&ore frequent data
gather) fnr nu&ning than for v alkin

As activity le&el chm&ges, the method above can be
repented a plurality of times at certa&n intervals in order to
quicl or abrupt activity changes

FICiS. 48B and 48C arc graphs dcp&ch&ng onc or morc
aspects ol'&hc sample mmhod of FIG. 48A. As shown ui FIG.

hc 48)3, the W('D may detenuine a user is engaging in a high
level activity by detectin accelerat&on values that are above
a predetermined threshold value. In this regard, a shorter
time intehs al (more frequent dsata gathenng) can be set. As
shown in FICi. 48C, the user is engaging in a low level

hs act&vihy since thc accclcranon values arc below a prcdcier-
nuncd threshold. A lunger siunple rute (less I'rcqucn& dais
gahhcnng) can bc set in &his ihhstahhcc.

l&I(i 49 a diagmhmmatic representation of a machine in the
exanhple form nf a computer system 4900 w&thin which a set

dn of instructions, for causing the niachine to perform any one
or more of the methodologies discussed herein. may be
cxccutcd. Specfiically. FIG. 49 shows a d&agriunmauc rcp-
rcschln&1&0&1 ol &I Ilhacliiiic &11 tile cash&&pic for&11 of a coiiipUICI
system witlun whiCh uislruciions (e.g., sofiware or pro riun
code) fihr causing the machine to perform any one or more
of the methodologies discussed herein may be executed In
altemati&e embodiments, the machine operates as a stand-
alone device or may be connected (e.g., netv orl ed) to other
iiiiichl&lcm Iii d iictwihrlcd ilcploviiiciit, &lie 1&&Boih&&he htiav

B opcralc u& thc capacity ol a scrvcr machu&c or a client
maclunc ui a schx cr clicn& nc&work cnv&ronmenh, or as a peer
machine in a peer-to-peer (or distributed) network envimn-
il&C&it.

The machine may be a server computer, a client computer,
&s a personal computer (PC). a tablet PC, a set-top box (STB),

a personal dig&tal assistant (PDA), a cellular helcphonc, a
smartphonc, a wcb applim&cc. a network router, sw&&ch or
bndgc, or any machuic capable of cxecut&ng u&struc&iona
(sequential or otherwise) that specify act&ons to be taken by

ic that machine Further. &vhile only a single machine is illus-
trated. the term "machine" shall also be taken to include any
collection of machines that individually or )ointly execute
inshnictions &o perform any onc or morc of Ihc methodolo-
g&es discuss&xi here&n.

ss Thc example compu&cr system includes a processor (c.g.,
B central pi'occssliig 1&i'iit (( FI/), B graphics proccssU&g I!&1&t

((IPIJ), a digital signal pmcessor (l)SP). one or more
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dpphcauon spec&lic Integrated circuits (ASICs), one or morc
radio-frequency integrated circuits (Rl&l(:s). Or any comb&-
nation of these), a main memorv, and a non-volatile mentory,
which are contigured to comn&unicate with each other via a
bus. The computer system may further include graphics
dispLay unit (e.g.. a pLasma display panel (PDP), o liquid
crystal display (LCD), a projector, or a cathode ray tube
(CRT)). Thc computer system may also uiclude alpham&-
n&eric input device (e.g . a keyboard), a cursor control dev&ce

(en., a mouse. a trackball, a joystick. a &notion sensor, a
touch screen. or other pointing instnunent), a storage unit, a
signai generation device (e.g. a speaker). and o network
interface device. winch also are configured to conunun&cate
t&d ll&C bUB

llic storage urn& includes a non-Irans&lory maclunc-read-
able mediun& on which is stored instn&ctions embodying any
one or n&ore of the methodologies or functions descnbed
herein 'I'he instruct&ons niay also reside, coinpletely or at
least partially, within the main memory or within the pro-
cessor (e.g., with&n o processor's cache memory) during
cxccuuon lhcreofby thc computer system, Ihe mam memory
dnd lhc processor illso cons&&naulg Il&dcllhlc-readable nltxha.
'I'he instn&ctions may be transmitted or received over a
net&vork via the network interface device.

While machine-readable medium is shown in an example
enibodiment to be o single medium, the tern& "mach&ne-
readable medium" should be tel en to include a single
medium or muluplc media (c.g.. a ccnlraiiziai or distributed
dalobdsc, 01 assoc&&I&cd ci&chc's Bnd scrvc&s) &Ibh: Io stoic
instructions 1he term "niachine-readable medium" shall
also be taken to include any medium that i ~ capable of
storing instnict&ons for execution by the machine and that
cause the machine to perform any one or more of the
methodologies disclosed herein. The term "machine-read-
able mini&urn" Includes, but nol be lun&led Io. data repos&-
tor&t:s h& lht: fonu ol solul-BL'Ilc nic'ni&1&&cs, opto:Bl nltxha,
magnetic nuxlia, or other non-trans&tory maclune readable
n&edium.

IX ( onclus&on
It should be clear that the WCD and TCD arrangements

described according to various aspects of the disclosure
provide a lughiy vcrsatilc and useful &&em of wcarablc
clcclronics that &s comfortable and convenient 10 wear,
corn cnienlly clrdrgixk and weathcrpmof fhr all-purpose and
all-condition wearing. Various options for style and appear-
ance can be implemented, as well as a variety of storage
options. The functions and structure of the device lend
themselves to both a ring version and o wrist-wont version.
All 1 crslons inc dcslg&lcd fo& 10&lg-1&fc' &lh nnn&n&BI &11&u&1-

tcn;mce, dnd are adaptable to uiteropcratc w&th a variety of
networkcd devices includ&ng compuiers, smartphoncs. home
controllers. security systen&s, and virtually any other dev&ce
capable of communicating over a wireless link including
another WCD or TCD.

The fore oin has been a detailed description of illus&m-
ute mubodimcnts ol'hc invent&on. Various mod&lieut&ons
dnd Bdd&tioi&s cau bc made w&thou& depdnmg lrom Ihe sp&ril

dnd scope of tlus Invent&ou Features of each of lhe venous
embodiments described above may be combined &vith fea-
tures of other described enibodunents as appropriate in order
to provide a multiplicity of feature combinations in associ-
ated new embodiments. Furthermore. &vhile the foregoing
descnbcs a number of separate embod&ments of thc appa-
ratus dnd method of lhc present invemion, what has been
descnbcd hcrcin is mcrcly illustmiive of die applmanon of
the principles of the present im ention. I&or example. as used
herein various directional and orientational terms such as

"vertical**, "honzontal", '*up". "down", **bonom", "Iop".
"side*', "front*', "rear", "left'*, "right**, and the like, are used
only as rclat&vc convent&oi&s dnd nol as absolute owen&a&iona

v ith respect to a fixed coordinate system, such as the acting,
d&rection of gravity. Note also. as used herc&n thc terms
"process" and/or "pmcessor" should be taken broadly to
include a variety of electronic hardv are and/or soflware
based functions and con&ponents Moreover. a depicted
process or processor can be conibined»ith other processes

li&
and/or processors or d&vided into venous sub-processes or
processors. Such sub-processes ond/or sub-processors can
bc variously combined according to embod&ments herein.
I &kev ise, it is expressly contemplated that any function,
proc& ss Bpphca lion, dnd/or processor herc here&n can be
iniplen&ented using electronic hardware, software consisting
of a imn-transitory computer-readable medium of program
instmctions, or a combination of hardware and software
Also, while a variety of visible and near-v&sible nadiation

10 sources are described as LEDs„ it is expressly contemplated
that other types of sources can be employed according to
aspects of the disclosure fi&r example plasma discharge
sources dnd bit&IUUU&lt:sct:&ll soU&ccs, Bs well Bs soU&ccs lhdl
arc based upon dcvclop&ng lixlmologms. Electroruc c&rcuils
and Rl& components can similarly be based icn alternate
and/or developing technologies Accordingly, th&s descrip-
tion is meant to be taken only by way of example, and not
to othe&wise limit the scope of this invent&on.

Is

&o What is cLaimed is
I A svstenl, conlp»'s&ilg;
a wearable ring computing device. the ring computing,

device including o Imusing, the housing having an
interior bounding nieinber and an exterior boundin
member, thc uilcnor bound&ng member and thc exterior
bounding member bcmg conligured for bc&ng coupICSI
together to R&nn d waterproof cdv&ly thcrc bctwccn,

a curved battery positioned within the cavity. the curved
battery having an arc approximating a corresponding

do arc of the ring housing;
a sensor module. the sensor module positioned within the

cavity mid proximate thc bancry. thc sensor module
con&pi&sing onc 0& nlorc st:Boors, tile ouc 0& n&0&c

Beast&rs conlplls»lg 0&10 or &&lore ol B pcdonicicn Bn

acceleroineter, a gyroscope. a heart rate sensor, a pulse
oximeter, a sleep monitor. an internal measurement
unit. a thermometer, a Dalvanic skin response sensor,
and an electrocardiogram„ the one or more sensors
bcuig coniigured to sense a change &n a cond&tion ol'

O wearer of lhc ung,
a flex&blc pruilcd circuit board pos&t&oned w&dun Ihe

cavity proximate one or both of the curved battery and
the sensor module, the flexible pnnted c&rcuit board
portion coltlprlshig:

&1 a processor. the processor conti ured for determining
onc or more ol' number of stops taken, a quahty of
slcca&, a hcarl rotc. blood prcssure, and body Icm-
pcrdture ol'a user of thc ring compul&ng dcv&ce, and

a memory, associated v ith the processor for storing,
So data: and

a semiconducting light element disposed at least par-
tially within the housin .

2 Thc system Uf cloun L further compnsu&g a chargu&g
assembly, wherein thc scmiconducung light clmncnl ol'he

ss ring comprises a phoiovollaic element, aud whcrcui Ihe
char ing assembly includes a concentrated light source ti&r

directing light toward the photovolta&c element.
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3. The system of claun 2, wherein the concentrated hghl
source comprises one or more of a laser diode and a imht
emitting diode (I.ill)i

4 'I he system of claim 3. wherein one or more of the
exterior or interior bounding memberc of the housing
includes an opening for providing accecs to the photovoltaic
clmuent by the conccntralcd light source Ul'he clxirging
d9St:nlblv.

5 'I'he system of claim 4. wherein the ring further includes
at least one fermus element disposed within time or more of
the exterior or interior bounding members of the lxlusing,
and wherein the charging acsembly includes at least one
magnetic element disposed on a housing thereof. both the
li:rrous clement and Ihe magnetic elcmcnl bemg configured
for coupling thc nng to the chargulg assmnbly.

6 'I he system of claim 5, wherein one or more of the ring
and the char in assembly comprises an optical element for
filcusing concentrated light emitted fnlm the concentrated
light source

7. The system of claim 6, wherein the optical element
comprises a lens and is sclccted fmm thc group consisting of
concai c, convex, piano-concave, piano-convex.

8 'I'he system of claim 2. wherein the ring further includes
at least one ferrous eletuent disposed within the interior
bounditm member of the housing, and wherein the clmrging
assembly includes Bt least one magnetic element disposed
therein, both the ferrous element and the magnetic element
being configured for couplulg Ihe rulg lo Ihc clmr ing
assembly.

9 'Ihe system of clatnl 2, wherein the housing of the ring
bounds an opening and the char ino assembly comprises at
least one post configured for being fitted through the open-
in of the rin „wherein the concentrated light source Is
positioned in the post.

10. The systmu of'laim 2. whcrcin Ihe smntconducling
light clcmcnt compnscs a hghl cmiuul ihode.

11. A wearable nng computing device
the ring conlputtng device comprising:
a housing,. the housing having an interior bolulding menl-

ber and an exterior bounding member. the interior
bounding member and the exterior bounding member
beulg configurixl for bculg coupled logclhcr lo form a
tc dicrproof'avity lhcrc between,

a mined battery posittoncdf within Ihe cavity,
a sensor module. the sensor module positioned within the

cavity. the sensor nlodule comprising one or nlore
sensors. the one or more censorc being configured to
sense a clmnge In a condition of a Ivearer of the ring and
for producing scnscd data thereby, and

a flcxiblc prlnlixf clrcUII boaril piislllolli:il wlflull lhc
cai tty proxunalc onc or both of thc curved battery and
the sensor nlodule. the flexible printed circuit hoard
poitiotl Cotnptlslilg'

memory. for storing the sensed data:
a processor. coupled to the memory. the processor

configured for acccssulg the sensed data fbom thc
Incinopj, alii for pi:I looming clue 01 lnorc iiniilv9cs on
lhc scllsi:il tbitB, tintl

a semiconducting light element disposed at least par-
tially within the housing

12. The wearable ring computitlg device of claim 11,
wherein the interior boundmg member of the Imusing
includes ml opening, the opening being posiuoned proxt-

46
mate thc semiconducting light element, wherein flm opclung
is at least partially bounded by an attaclunent mechanism
conftgurcxi for remoi ably coupling the ring to au atuicluuenl
frame, the attachment frame conlprising a concentrated light
source for dircclulg light toward Ihc semiconducting light
element.

13. The wearable ring conlputing device of claim 11,
v herein the semiconducting liaht elenlent conlprises a light
emittulg diode.

ui
14. A ring compuung device, composing.
Bn interior boundin member. the interior bolulding mem-

ber being celincd by a plmlar surface mcmbcr having 9

pair of opposed circumferential portions, the opposed
circumfi:rcntial portiorm being raised above 9 first por-
tion of the planar surface member:

a curved rechargeable battery. the rechargeable battery
being configured for beina wirelessly recharged:

B sensor module conlprisin one or more sensors to
10 produce sensed condition data:

a flexible printed circuit board positioned proximate a first
portion of'he plmlar surf'acc of thc tntcnor boundulg
menlber benveen the ncised circumferential portions,
thc flcxiblc circuit board portion composing:
a processor. the processor conhgured for performing

one or more analyses on the scnscd condition dani Io

produce results data:
a memory. associated with the pmcessor for storing the

produced results data; and
a conununication module. the conununlcatlon module

comprising onc or more of' Bluctooth, a WIFI, and
B RF transmitter. the transmitter for transmitting the
produced results dale; and

an extenor bounding member. the exterior bounding mem-
ber for being coupled to lhc interior bouuduig member ul 9

manner to produce a waterproof cavity thereby
15. The ring computing device of claim 14. further

comprising a semiconductin light element disposed at least

do partially v, ithin the housing.
16. Thc 11llg ctinlpUung dcvlcc of cldtnl 15, whcli:ln flli:

semiconducting fiptt element comprises one or more of a
photovoltaic clement. a laser diode. and 9 light cnuuulg
diode

17. Thc 11llg ctinlpUung dcvlcc of cldtnl 16, whcli:ln flli:

interior bounding member compnses an opening, and the
opening is positioned proximate the semiconducting light
element.

18. The rin computing device of claim 14, wherein the
Otic 01 lnolc scllsors of Ihi: 9cnsor inodUli: i:Olnprlsi: Onc ol
more of a pedometer, an accelerometer. a yroccope, a heart
Idle scilsol; 9 pUlsi: oxllni:lcr. il 9li:cp ulotlltor, Bn lnlcnlal
measurement unit, a themlonleter. a Cialvanic skin responce
si:llsor, tilltl tin clcclrticdrdlogrdnl.

ss
19. The ring conlputing device of clatnl 14, wherein the

sensor module comprises one or more biological sensors
configured for sensing one or more biolo ical conditions.

20. The ring computing device of claun 14, wherein the
nng uicludes a near field conununications fNCF) chip, andsc
thc NFC ts configurmi for etrdblulg thc nng to bc used to
make a comtnercial tmnsaction.

9 9 9
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