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WEARABLE COMPUTING DEVICE

CROSS REFERENCE

llic prcscnl ApphcdUou for Patent Is a Continuation of
U.S. patent application Ser No 18/179,272, by von 13adin-

ski et al.. entitled "WEARABLE COMPUTINCr'EVIC'E.**
filed Mar 6. 2023, which is a Continuation of U.S. patent
application Ser. No. 17/519,201, by von Badinski et al,
entitled '*WEARABLE COMPUTING DEVICE," lilcd Nov.
4. 2021, iihich is a Continuation of U.S, patent application
Scr. NO. 17/013,348, by von Badulskt ct al., mitillcd
"WI',Al(AI31.11 ('OMPI I'I'IN(i Dl IVICli," tiled Sep. 4,
2020, which is a Continuation ofU.S. pulmit apphcatton Scr.
No 161224,686, by von liadinski et al, entitled "Wl!AR-
ABLE COMPUTINCi DEVICE.** filed Dec. 18. 2018. which
is a Division of U.S. patent application Ser. No 15/444,217,
by von Badinski et al., entitled "WEARABLE COMPUT-
ING DEVICE." lilcd Fcb. 27, 2017, winch ts a Division of 10

IJ.S. patent application Ser. No. 14/556,062, by von Badin-
ski ct al, cntitlcd '*WEARABLE COMPUTING DEVICE,"
filed Nov. 28, 2014, which clainls the benetit of U.S
Provisional Applicution Scr. No. 621006,835, by von Badul-
ski et al . entitled "WEAI(A131 11('OMPU'I IN(i Dl 19 l(fli,'*

Iilcd Jun. 2. 2014, mid U.S. Provistonal Apphcanon Scr No.
61,'910201. by von 13adinski et al . entitled "IIINGI!I( RIN(i
DEVICE FOR ACTIVITY MONITORINCr'R CiES-
TURAL INPUT." tiled Nov 29, 2013, each ol'inch is
cxprcssly mcorporatcd by rcl'crcncc hcreul.

FIELD OF TECHNOLOGY

line invennon is in lhc Iield of wcdrablc cloctroruc
ilcvtcca. is

BACKGROUND

Wcdrableclcctronlcs Blc dn cnlctghlg lcchllolog)'ith
many applications for the wearer 'I'hey can improve hfe- 40

styles. ease access to technology and help nxmitor activity
within the ivearer's body. I lowever, many current wearable
electronics are bull I and can be intrusive or interfere with
a person's daily life. In this regard, the wearer may not be
comfortable weuruig thc device I'or cxtcnded pcuods of ds

luuc.

SUMlVLttRY OF THE INVENTION

line ulvenlion overcomes the disadvmlluges of lhc puor 0

art by providing a wcarablc computulg dcvtcc (WCD) ul thc
shape ofa Ung 'I'he wearable cotnputing device can be worn
filr extended penods of time and can take many measure-
ments and perform various functions because of its foml
factor and position on the finger of a user. . 1

One aspect ol'hc ihsclosurc provides u wcarablc com-
puting dcvicc, compusulg ml interior wall, an cxleuor wall,
a flcxtblc prultcd circuit board dtsposcxi bclv ccn Ihc ultcuor
wall and the exterior wall: at least one component disposed
on the flexible printed circuit board: and wherein at least one SB

of the interior wall and the exterior wall defines a window
that facilitates at least one of data transmission, battery
Ic'chiilgc. Bnd s(B(US uxhcanon.

In one example, thc window rximpuscs an uitcnlal wul-
dow dclined by thc interior wall. as

In one example. the window comprises an exterior win-
dmv dehned by the exterior wall

,702 B2

In olm cxamplc, Ihc wuldow compnscs a plumfity of
exterior windows detined by the exterior wall.

In onc cxiuuplc, fllc plUIalltv'f cxlcllol'uldows conl-
prises a first exterior ivindmv and a second extenor window,
whcrcin lhc lirst cxlcrior wmdow factlincs battery clrdrgtng
and the second exterior ivindoiv facilities data transmission

In one example. at least one concentrated photoioltaic
cell, an antenna, and at least one I,l:D are accessible via the
v uldov .

Another aspect of thc disclosure provides a wcarablc
computin device, comprising: an internal housing portion
coniigurcd to be disposed near a linger of B user, a flexiblc
printed circuit board arranged around a portion of a circunl-
fbrcnci: of dn nllcllol sill fitcc of lhc Internal ho i la Big, Bl least
one component disposed on the flexible printed circuit
board: and an external housing portion

confic

are to seal the
at least one cwuponent and the printed circuit hoard in an
internal space defined by the interior surface of the internal
housmg.

In one example. the external housing portion comprises a
substimtially transparent cxlemal polnng.

In wle example, the at least one component comprises at
least onc LED configured to cnut at I mist one of vi~ ib1c hghb
infmsred mldiation, and ultraviolet radiation thmugh the
cxlcnml poltulg

In one example, the at least one component cotnprises a
concentrated photovoltaic cell configured to receive concen-
trated light thmugh the transparent external potting

In one example, the Iiexible printed circuit board includes
d pliirahlv of sllflcncr clculcnm conftgUrixl 10 cngBgc wlfll d

correspondin plurality of Iianges disposed on the internal
housmg portion.

Another aspect of the disclosure provides a w:earable
conlpiilhlg device, conlpllsulg: iul cxtcrnal hoUshlg portion,
a tlexible printed circuit board armlnged around a portion of
a circumference of an interior surface of the external hous-
ing; at least one component disposed on the tlextble printed
circuit board: and an inteulal housin portion configured to
scul thc at least onc component and the pnnlcd circuit board
in ml internal space defined by the intenor surface of the
cxlcrnal hoiianlg.

In one example. the internal housing portion conlprises a
substimtially transparent ulternal potnng.

In wle example, the at least one component comprises at
least one LED coniigured to emit at least one ofvisible light.
infmsred radiation, and ultraviolet radiation through the inter-
nal potting.

In onc cxitnlplc, thc Bl h ast Onc coulponcnl conlprlscs d

concentrated photovoltaic cell configured to receive concen-
trated hght fluough Ihc transparent tnlcmal potung.

In one example, the Iiexible printed circuit board includes
d pliirahlv of sllflcncr clculcnm conftgUrixl 10 cngBgc wlfll d

corresponding plurality of flanges disposed on the external
housmg portion.

Another aspect of the disclosure provides a systenl, conl-
prising a wearable computing device, including a housin
and a photovoltaic element disposed at least partially within
the housing; and a base assembly, the base assembly includ-
uig a conccnlralcd hghl source directed at lhc pholovollmc
element.

In onc cxdnlplc, lhc v;eiil'dblc conlpinulg dcvtcc ulclUdcs
dl hxlst onc ictroils clcnlcnl disposixl wilful lhc hoUsulg, dnd
wherein the base assembly includes at least one nlagnetic
element disposed therein
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Iu Ouc cxaulphu lhc cola:culrdlcd light 50Urcc ls BITBugcd

circumferentially amund the 0 earable computing device
when the wcarablc computing device is cngagcxl wtlh thc
base assembly.

Iu ouc cxanlplc, lhc coucculrJlcd 11 hl solircc conlprlscs
at least one ofa laser diode and a light emitting diode fl I iD)

In one example. a housing of the WCD defines an opeuin
through which the WCI) is configured to receive concen-
trated figtt.

I itIu Ouc Cxanlplc, the bBsc Bssculbly compnses;ul Optical
element for focusing concentrated light emitted from the
collccull'd lcd light soilrcc.

In One example, the optical element comprises a lens and
is sclccted from thc group couslsllug Ol conc lvc convex
piano-concave. piano-convex

In one example, the WCD comprises at least one trans-
parent potting configured to allow concentrated light to pass
theretllroug.

In one example, lhc WCD is nng-Shaped and thc base Itt

assembly compnses at least one post configured to enga ed
with a linger space ol Ihc WCD.

In One example, the photovoltaic cell comprises a plural-
ity of photovoltaic cells.

Another aspect of the disclosure provides an enclosure for
a wearable computing device, the enclosure comprising a
base defining a receptacle for receivin ~ the wearable com-
puting: a ltd conligurcd to cngagc with lhc base lo substan-
tially enclose Ihc 0 carablc compululg device, Ihc lid lutvulg
an optical element configured to direct incident electronlag- 10

netic radiation to photovoltaic cell disposed on the wearable
computin device to allow char ing thereof

In one example, the lid includes a phuality of vent holes
that prevent overheating 0 ithln the enclosure.

In one example, the optical clement compnses a lens. 15

In onc cxmnplc, the lens has a focal lmlgdl and whcrmn
a dishmce bclwcen a cmtlral portion of lhc lens and thc
photovoltaic cell is greater than or less than the focal Iettgth

Another aspect of the disclosure provides a timepiece
system, comprising. a timepiece having a substantially pfa- dc

nar under surface; and a timepiece computing device
adhered lo thc planar under surface, Ihc hmcptccc comput-
ing dei icc being substantially cyhndncal iuld compnsulg a
procc9901, il ltlctnoty, Bud Bl IcJ51 ouc sensor.

Another aspect of the disclosure provides a wearable
computin device system. conlprising a v earable conlput-
in device; ml attachment frame coupled to the weamble
computing device; and an optical element removably
coupled Io Ihc Btlaclunmtl liame, whermn lhc optical clc-
utcul ls coufigUrcd to ilirccl clcctroulJgucllc IildlBI1011 10 II 0

pholovohatc cell disposed on a surface of thc wixUJblc
computin device to allow for charging of the wearable
computin device

In one example, the attachment frame is removably
coupled to the 11 earable computing device. . 5

In onc example, Ihc atlacluncnl Irimlc engages with an
inward-I'acing surface ol'hc wearable compuung device.

Another aspect of lhc disclosure provides B method of
identifying an authorized user of a wearable computing
device. comprising; illuminatinu a portion of a skin surface 50

of the user: imaging the portion of the skin sulfiace of the
user to genemste at least one first ima e: genemting a
rcfcrmlcc capillary map corresponding lo Ihc user based al
least in part on thc Bt IOJsl ouc lnldgc.

In onc example, the mclhod lurlhcr includes rolaling thc ss
wearable computing device during the illuminating and
liliaglilg steps.

In onc cxamplc, lhc method further ulcludcs imaging Ihc
portion of the skin surface of the user to enerate at least one
socond uuagc: and companng Ihc Bl least onc second uua c
to the reference capillary map in order to authenticate the
1.1 Scr.

Another aspect of the disclosure provides a method of
navi sting. comprising: gesturing In a first direction while
wearing a v;earable computing device: comparulg the hrst
direction to a predetemlined direction in a predetermined set
of directions, providing fccdback based ou the comparison
of the first direction of the predetermined direction.

In onc example, the gcslurc compnscs poulung a linger
and the hrst direction coinprises a first heading

Auolhcl Ilspcct ol Ihc il19c1091110 provides d ulclhod ol
regulating temperature, comprising measuring a skin tenl-
perature of a user via a first temperature sensor; measurin
ail ambieilt temperahire via a second temperature sensor;
comparin the skin temperature to a predetermined thresh-
old temperature: mid adlusting thc ambient Imnpcralurc
based In part on the comparison

In onc example, measuring Ihc skin tcmpcralurc com-
prises measuring the skin temperature via a first teinperature
sensor disposed at an imvard facing surface of a w:earable
computing device

In one example, measuring the ambient temperatlue com-
prises measuring the ambient temperature via a second
tculpcllihlrc scllsol disposixl Bt illl UUIOBrd IBclug sUrldcc ol
lhc wcdlllblc conlpUtiug dcvicc.

Another aspect of the disclosure provides a nlethod fbr
controlhng appliances, comprising; identifymg a position of
a first appliance in a room; gesturing a first gesture in a
direction of the first appliance; identifying the direction of
the first direction via a tvearable computing device; issuing
a controlling conuuand Io the lirst apphancc based ul part on
thc tdcntilicd dirccuon of thc gesture

Auolhcl Ilspcct ol Ihc il19c1091110 provides d ulclhod ol
generating an alert, comprisin authenticating a first tvearer
of a first weamsble compming device as a first authenticated
user, transmitting first biometric data associated 0 ith the
first wearer: associating the first biometric data with a hrst
profile associated with Ihc first wearer ol Ihc lirsl wcarablc
computing device, comparing the first biomelnc data wilh 9

group prolilc compnsing aggregated biomclric data from 9

plunslity Of distinct tvearers of a plunslity of distinct tvear-
able cmuputing devices; and genensting an alert if the hrst
biometric data falls outside of a predetermined tlueshold set
by the aggregated biometric data.

In onc cxamplc, lhc biometnc data compnscs al least onc
of heart rale; ECCI prolilc, blood sugar, mtd blood pressure.

Iu Ouc cxaulplc, lhc pltlldlilv'l distinct wear'0'rs Slulrc J
comnlon trait. resulting in their aggregation into the gmup
piohle

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

Auolhcl Ilspcct ol Ihc il19c1091110 provides d ulclhod ol
dclcrnunc a samphng rale of a wearablc compuuug dcvicc.
compnsing. dclcmuning an activity lcvcl ol' wwircr of 9

wearable computing device based at least in pari on data
from at least One sensor disposed onboard the w:earable
computin device; comparing the activity level to a prede-
termined activity tlueshold; and increasing a first sensor
sampling rate il Ihc;mlivtty lcvcl is above a prcdclcrnuncd
activity llucshold.

In onc cxamplc, Ihc method further includes dccrwtstng
the hrst sensor sampling rare if the activity level is belotv a
predetermined activity threshold
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In onc example, thc prcdctcnnincd acuvity tlucshold
comprises an acceleration measurement.

l3l(II:I'lig('l(IPI'ION Ol'I'I ill l)I(AWIN(ig

The imention description below refers to the accompa-
n)'lllg dl'av'lllgs, Ol whiCh.

FIG. 1A Is a pcrspcctivc view ol a WCD illustratulg an
exterior window in accordance with some embodiments;

ill(i ll3 is a perspective view of the W('D of lil(i. IA Ic

illustrating an intenor window in accordance with some
embodiments:

FI(b 1C is a perspective view of an alternative WCD
design ol'hc rulg of FIG. 1A ul accordance with some
cmbodimcnts. Ii

ill(i 2 is an abstract functional diagram illustnlting
example components within the (VCD in accordance v ith
some embodiments;

FI(b 3A is a view of an exterior window of a WCD with
example components exposed in accordance with some 20

cmbodimcnts.
FIG. 3B ls a view of an intcnor window of a WCD with

example components exposed in accordance with some
embodiments:

ill(i 3('s a view of the exterior windows of an alterna-
tive WCD with example components exposed in accordmlce
with some embodiments:

FIG. 4 is an exploded view ol'a WCD Illu stra tulg a beucry
and a flcxiblc circuit wluch are conligurcd to lit ulsidc thc
housing of the W('D in accordance with some embodiments, lc

ill(i 5 is a perspective view of the flexible circuit of ill(i
4 in accordance with some embodiments;

FI(b 6 is an exploded viev of a WCD with an alternative
charging mechanism in accordance with some embodi-
OICllts, li

FIG. 7 is a pcrspccuvc view of an altcmauvc design of a
WCD m accordance with some cmboduncnts;

ill(i 8 is an exploded view of the W('D of lil(i. 7
illustrating another alternative charging mechanism in
accordance with some embodiments: 30

FI(b 9A is a perspective view of a charging device for the
Illlg statloli ill accol'dallcc with solnc cnlbodlnlcnm.

FIG. 9B Is an abstract diagram illustratm a partial
structure of thc chargulg station of FIG. 9A in accorduncc
with scale cmbodlmellts; 3

ill(i it) is an example screenshot illustrating a user
interface of a mobile application coupled to the WCD and
displayin fitness monitoring readings in accordance with
some embodiments,

FIG. 11 ls an cxtunplc scrccnshot Illustraung a user c

intcrfacc of a mobile applicauon coupled to Ihc WCD and
displaying sensor readings (e.g . for calibration purposes) in
accordance lvith some embodinlents:

FI(b 12A is a perspective view of a wearable computin
device (WCD) according to one or more aspects of the . I
illsclosnlc,

FIG. 12B is a side view ol'a WCD according to onc or
morc aspects of the ihsclosurc:

ill(i 12('s a front view of the V'CD according to one or
more aspects of the disclosure. S I I

FI(b 12D is a cross section of the WCD along the line
A-A of FICi. 12CI

FIG. 12E is a pcrspcctivc vmw ol'hc internal housuig
without cxtculal pottlllg,

FIG. 12F is a pcrspcctivc view of thc mtcrnal housing si
with a portion of the external potting renloved and shov ing
one or more components and printed circuit board (P('l3),

Flfi 13 is a cross scxuon of a WCD according to another
aspect of the disclosure;

Flfi 14A is a cross section ol' WCD accordulg to
another aspect of the disclosure:

Flfi 14B is a pcrspcctn c view of thc PCB and snfli:ncr
element of Ill(r. 14A;

FICi 14C is a perspective view of the PCB and stiflener
element of Ill(i. 14A;

FICi 14D shows a cross section of the WCD at a point in
time when thc PCB is being inserted ulto the Internal space
and puor to the application of pottin:

Flfi 14E is a cross section of thc WCD of after a pouing
nmterial has been applied subsequent to the WCD of ill(i
14D:

ill(i ISA depicts a perspective view of a WCI) according
to another aspect of the disclosure:

ill(i 15I3 is a side view of the W('D of I'l(i 15A;
FICi 16A is an exploded view of a housing and a PCB of

a WCD according to onc or morc aspects of thc disclosure.
FICi 16B is a cross section of Flfi. 16A along line B-B:
Flfi 16C is a perspective view of thc WCD with pouing

nmterial;
Flfi 17A dc)acts a cross ace(ion ol' WCD employing

clmrging by concentrated li ht source according to one or
morc aspects of thc disclosure;

ill(i 17ll depicts a cross section of a WCI) cnnploying
char iirg by concentrated licit source according to another
aspect of the disclosure:

FICi 17C is a perspective view of a base assembly and
WCD 700 accordulg to onc or more aspects of the disclo-
sure,

Flfi 17D depicts a perspective view of ultcmal compo-
nents of the base assembly 75(l and W('D 7(l(l according, to
another aspect of the disclosure:

ill(ich 17li-I'epict other ( PV configurations according
to one or more aspects of the disclosure,

ill(i 17(i is perspective vielv of a WCD and base assenl-
bly v ith a lx3 CPV

alrangcnlcllt,
FICi 18A depicts a cmss section of a WCD 800 employ-

ulg charging by concentrated light source according to
another ol thc disclosure,

ill(i 18ll depicts a cross section of a WCI) cnnploying
clmrging by concentrated light source according to another
of the discloslue:

FICi 19A depicts a cross section of a WCD employin
charging by conccntratcd hght source accordulg to another
of thc ihsclosure:

Flfi 19B dc)acts a cross ace(ion ol' WCD employing
clmrging by concentrated light source according to another
of the disclosure:

FICi 19C depicts a schematic diagram ofmagnets that can
be used ul a WCD and/or base assembly according to one or
morc aspects of thc disclosure;

Flfi 19D depicts a schcmatm diagram ol'magnets that can
bc used in a WCD and/or base assembly accordulg to onc or
more aspects of the disclosure;

ill(i 19li is a perspective view of a W('D and a base
assembly according to one or more aspects of the disclosure:

FICi 20A is a cross section of a WCD engaged with a hase
assembly 1050 according to onc or morc aspects of thc
disclosure,

Flfi 20B is a pcrspcctnc view of a PCB 1040b with a
('PV l(33(lb and ferrous element l(32(lb configuration
according to one or more aspects of the disclosure;
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FIG. 20C Is a pcrspcctivc view of a PCB with a CPV
103llc and ferrnus element 10200 configuration according to
one or more aspects of the disclosure:

lil(i 20D is a perspective view of a mannet and u
concentrated huht source 10704 according to one or more
aspects of the disclosure;

FIG. 21A is u schmnalic view of J WCD showm com-
ponents used for Identifying lhc wcarcr of lhc WCD,

lil(ig 2ll3-('re perspective vieivs of a skin surface
accordin to one or more aspects of the disclosure: in

lil(i 22A is a perspective view of a user employing I(G(i
monitoring according to one or more aspects of the disclo-
sure;

FIG. 22B is a view of a human with an clcclric pathway
though his body uccording lo onc or nulrc aspects ol'hc ls
disclosure;

lil(i 22( is a perspective vieiv ofa )VGI) that can eniploy
I i('(i namitoring according to one aspect of the disclosure,

FIG, 23A is a perspective view of the hand of 0 user in
various positions employing the navigational thunires of the 20

WCD;
FIG. 23B is a tlow chart depicting u method of providing

feedback to a user according to one or niore aspects of the
disclosure;

lil(i 24A is a schematic diagnsin of a system 1400 for
controlling an environment of a user according to one or
more aspects of the disclosure;

FIG. 24B ls a side view ol'a WCD showmg onc or morc
tcmpcralurcs smisors accorduig lo one or morc aspects of thc
disclosure;

lil(i 24('s a system diagram of a systein for controlling
home appliances according to one or more aspects of the
disclosure;

FIG, 24D is a floil chart depicting a method ofcontrollin
home appliances accorduig lo one or morc aspects ol'hc ls
illsclosulc,

FIG. 25 is a perspective view ol'hc luuid of n user
employin a iwo-factor authentication technique according
to one or more aspects of the disclosure;

FIG, 26Ais a schematic view of a charging uppurarus for sc
charging the (VCD according to one or more aspects of the
illsclosulc,

FIG. 26B shows a WCD uicluduig an RF unlcunu and
chJrglllg circuitry,

lil(i 26( is a block diagnsm of the charging apparatus
accordin to one aspect of the disclosure;

FIG, 26D is a pictorial diagram showing of the WCD
according to one or more aspects of the disclosure:

FIG. 27A is a pictonal diagram and FIG. 27B is a block
diagrtun of a WCD employing flush storugc uccording to onc 0

or morc aspects ol'hc disclosure,
lil(i 28A Is a schematic diagnsm of one or more W('Ds

performing pmximity fiinctions according to one or niore
aspects of the disclosure;

FIG, 28B is a schematic diagram of one or more WC:Ds . 1

pcrfiirnllllg proxlnlllv fuilcllons Jccordlng Io onc or nlorc
aspects ol lhc disclosure,

FIG. 29A is a flow chart depicting a method of imualing
gesture input according to one or more aspects of the
disclosure; ail

FIG, 29B is a chart showing acceleration vs. time as
measured by the accelerometer of the WCD;

FIG. 30 Is a perspective view of a WCD 2000 employing
a react function,

FIG. 31A is a pcrspccuvc view of a WCD ulcluding;ui ss
l,liD indicator according to one or more aspects of the
disclosure;

FICiS. 31B and 31C arc cross sections along lute C-C of
a WCD employing an LED indicator according to one or
morc aspects of thc disclosure;

FICi 32 is flow chart dcpictuig a method ol'onumuu-
cuting with a near tield communication (Nli( ) device
according to one or more aspects nf the disclosure;

FICi 33A depicts a perspective view of a WCD assembly
accordin to one or more aspects of the disclosure;

FICiS. 33B-D depict exploded vieil s of the WCD assem-
bly of FIG. 33A:

FICi 33E depicts a cross sectional view ol'he WCD
assembly almlg A-A;

ill(iS. 34A-Il depict a W('I) assembly according to one or
more aspects of the disclosure;

FICi 35A depicts an enclosure or case for storing a WCD
accordin to one or more aspects of the disclosure;

FICi 35B is a cross scwuomil view of lhc asscmbhxl
cnclosurc ol'IG. 35A along thc linc B-B:

ill(i 35('epicts a cmss sectional vielv of the assembled
enclosure of lil(i 35I3 alon line A-A;

FICi 36 depicts an enclosure including air vents accordin
to one or more aspects of the disclosure,

FICi 37 depicts a method of sizing a finger according to
onc 01 nlorc aspccls of lhc disclosllrc,

FICi 38 is a pictorial diagram showing a plumfity of
iniage perspectives of a user's hand:

ill(i 39 depicts a sizing 1001 for sizing the finger of a user;
FICi 40 depicts a sizing tool for sizing the

finger
of

user
accordin to an alternate exmnple;

FICi 41 depicts yet another alternate example of a sizin
tool lbr sizing thc linger of a user:

FICi 42 depicts a method ofmonitoring activity accorihng
to one or more aspects of the disclosure;

ill(i 43 depicts a method of determining whether a user
is wearing gloves according to one or more aspects of the
disclosure;

FICi 44 depicts a method of securing data onboard the
WCD according lo one or morc aspixts of thc disclosure)

FICi 45A is a umcpiccc system accorduig lo onc or morc
aspects of the disclosure:

ill(i 45I3 is a bottom vieiv of the I'GI);
ill(i 46 depicts a W('D with a pair of l.l(D indicators

disposed at an inward-facing portion of the WCD;
FICi 47A is a system for generating and managing alerts

according lo onc or nlorc aspccm ol lhc dlsclostllc,
FICi 47B dcxitcts u block process diagram for generating

slid managillg alerls accordiii to one or more aspects of the
disclosure;

ill(i 47G is a flow chart depicting a method for generating
and managing elena according to one or more aspects of the
disclosure;

FICi 48A is a method for variable sampling;mcorduig lo
ouc or morc aspects of thc disclosure, FIGS. 48B and 48c arc
graphs depicting one or more aspects of the sample method
of I l(i 48A; and

ill(i 49 is a diagnsmmatic representation of a machine in
the example fomt of a computer system is ithin wluch a set
of instructions, for causing the machine to perform any one
or morc of lhc methodologies discussed hcrcui, may bc
cxcclllcd.

DETAILED DESCRIPTION

Thc present disclosure descnbcs a wearablc computing
dcvicc (WCD) thai enables a wcarublc litness momtor(s)/
computer(s) lvhich is suitable for prolonged usage ivith
accurate results 'lite VV( D can be in the form of a ring that
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can bc worn on thc finger of' Iumian (or animal) user.
A)though the W('D of the present disclosure i ~ depicted as
a ring that can be worn on the finger of a user, other shapes,
design~, and form factors can be utiiizcd for the WCI). I'or
example. the WCD can be in the fiimi of a wrist Iusnd,
bracelet. necklace, earring, or any other type of weambie
Bcccsso+s In this 1'cgBrd, 1'cfbrcnccs 111 thc finger 01 a user in
the present appiication can bc considered to apply 10 other
portions of a human body depending, on the form of the
Vv'('D, such as wrist, neck. ear. etc 1 I 1

'Ihe term "coupled" as used herein nieans connected
directly to or connected through one or more intervenin
components or circuits. Any of the signals provided over
various buses dcscnbcd hcrcin may bc umc-muiupicxcd
with Other 91gnB)s Biul provldcil ovcl onc ol 01010 ciinunon is
buses Additionaiiy. the interconnection between circuit eie-
nteiits 01'oftwai e bkicks m lv be shoumi;19 buses iil's siilaic
signai lines (tach of the buses may aitemativeiv be a singie
signal line. and each of the single signal lines may aiterna-
tiveiy be buses. and a sing)a line or bus midst represent any 10

onc ol Inure of B nlyilad of phvslcai 111 iogicBI nu:chanlsins
for conununicauou (c.g., a Bc(work) bciv ccn componmits.
'I'he present embodiments are not to be construed as limited
to specific examples described hemin but rather to include
within their scope aii enibodinients defined by the appended
c)Bhus,

FI(fi IA is a perspective view of 100 of a WCD 110
illustrating an cxtcrior window 120 ui uccordancc with some
cmbodimcnts, aud FIG. 1B is a pcrspcctivc view 102 of thc
Vv'('D If I) of iil(i IA iiiustrating an interior window 13(l so

As previously mentioned, it is recognized in the present
disclosure that conventional wearable fitness monitors such
as clip-on devices, v ristbands, or watch-type monitors stili
ofien suffer from inaccumscy mainly because they lack
colistant Bnd cons190:nl wBVS 10 read fuuu thc body areas is
they anu to monitor. It cau also bc an extra burden for thc
person to rmnmnbcr and wear such convcntionai fitncss
monitors each time the person perfiorm exercises in order to
create an accurate history tracking the exercise activities

Accordingly, the present embodiments of the WCD 110 so
can function as fitness monitors/computer which is suitable
for prolonged usage so as to crca1c accura10 results. In
addition or as an aitcrnativc to fiuicss momtoring, as will bc
discussed ui morc dctaii bciow, thc WCD 110 can liuiction
as a remote input device through. for example, gesture
recognition. In some embodiments, the Vv'('D I I(l can fur-
ther function as a sleep monitor, a heart mote sensor, a cardiac
monitor a body temperature detector. or the like. It is noted
that. for those cmboihmcnm winch can function as a cardiac
monitor (C.g. that mcasurcs cicctrocardiogrmn (EKG)), 11 0

nia)'c ncccsuiiy 10 cstabiish 9 cioscd ioop (c, loi thc
electrical measurement of I IK(i) across the heart As such. in
some of those embodiments, a separate conductive pad can
be coupled to the WCD 110 so that a user can pinch the pad
with fin ers on an opposite hand. . 1

Specificaiiy. ui some embodiments of thc present discio-
surc. thc WCD 110 can bc worn by the user (c.g., on a linger)
for litness, physics) activity, bioiogicai data monitoring as
well as for gestural input or other suitable purposes. As
shoivn in I'I()S IA and 1)3, the )V('D Il(l can include the so

exterior v indow 120 on its exterior wail for input/output
data trmismission and reception. battery recharge, or status
indication. Thc WCD 110 can a)so inciudc thc uitcuor
windovs 130 ou its interior wall for venous monitoring or
scnsuig activiucs. Thc form factor of thc WCD 110 a)iowa ss
it to be worn for prolonged hours with constant and consis-
tent contact with the skin ares. thereby creating a niore

rciiabic and cxtcndcd recording (c.g., as compared to afore-
mentioned conventional fitne~s monitors) of the user's fit-
ness activity, physical exercise. as well as health information
such as heart rates and body temperature More inipienien-
tation detaigs regarding the WCD 110 are discussed beioiv.

FICi IC is a perspective vieii of an alternative design of
thc WCD 110 of FIG. 1A in acmirdancc with some embodi-
ments A» shown ui FIG. IC, thc WCD 112 uiciudcs 9

second exterior windoiv 124 in addition to a first exterior
windov 122 I'he two exterior ivindows 122 and 124 can
include spacing between the nvo wmdows 122 and 324 so
that the mechanical strength of the housing stnicture of the
WCD IIZ may be stron er than tint of the WCD 110. which
is shown to inciudc onc sing)a cxtcnor window 120. Further.
ui some cmboduuents. radio antennas (c.g., Biuctooth) or
other sensitive circuitry can be positioned in the second
exterior window )24 away from the first exterior ivindow
)22 so that quality of reception may be improved

FICi Z is an abstract fiinctionai diagram 200 iiiustratin
example components within the WCD (e ., WCD 110) in
accordance with some cmbodnncnts. As shown in dia ram
200. thc WCD 110 cnn uiciudc a processor module 210. 9

piunsiity of sensor modules 22(l. a status indicator module
230, a power genenstion and management moduie 240, a
comniunication module 25(l, a memory 260. and niisceiia-
ncous modules Z70 (e.g.. a reai-time clock (RTC) crystal
osciiiator as illustrated in FICi. 2). The WCD 110 can also
uiciudc u battery 280 moduic the(provides cicctricai power
for thc WCD 110. In some embodiments, thc baucry 280 can
be of a iithium-poiymer type or a zinc-polymer type It is
noted that modules illustrated in diagram 2(l(l are fiir pur-
poses of facilitating a better understanding of the present
embodiments: other suitable modules may be included in the
WCD 110 and are not shoimi for simplicity As used herein.
thc 1crnl conlponcn19 1s considered 10 gciu:Iaiiv inc)age
any of thc moduics depicted and/or described in FIG. 2, as
wc)i as any other moduics dcscnbcxf hcrmn.

It is noted that the aforementioned modules are intended
for purposes of enabiing, the present embodiments. rather
than iimitin . As such, a person of ordinary skill in the art
v iii understand that the present disclosure covers apparent
aitcmativcs, modilications, and cquivaicnts (c.g . combiiung
or scparanng the moduics) made to the tccimiqucs dcscubixi
hcrcin. For cxampic, m some embodnucuts, n portion of thc
comniunication module 250 (e g., the l3)uetooth ( hip as
shown in i!i(i. 2) can be combined into the processor module
210 For another example. one or more modules herein can
be combined into one to foun a system-on-the-chip (SOC).

Thc processor moduic 210 cmi have cncnc chamctcrts-
tics simiiur to gcncmi purpose processors or may bc appii-
catiou specific intcgratcd cirmntry that provulcs aritiunc1ic
and contmi functions to the W('D I I 0 lite processor can be
any type of processor. such as a processor nianufactured by
AMtei. Freescaie. Nordic Semiconductor, Intei!iu, AMDg
or an ARM a'ype processor. The processor module 210 can
uiciudc 9 dcihcatcd cache memory (uot shown I'or sunpiic-
ity). Thc processor moduic 210 is coup)est to aii modules
220-270 in thc WCD 110. mthcr dircctiy or indircctiy, lor
data and control signai transmission.

I'he memory 260 may include any suitabie t)pe of storage
device including. for example. ROM, such as Mask ROM.
PROM. EPROM, EEPROM; NVRAM, such as Flash
memory, Early stage Ispv!RAM, such as nvSRAM, FcRAIvf,
MRAM, or PRAM, or any other type, such as, CBRAM.
SONGS, RRAM, Racetrack memory. NRAM, Miiiipcdc
meniory, or f.l(i. Other types of data memory can be
employed as such are available in the form factor desired
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In addition to stonng imtrucltons wluch cmi be executed
by the processor module 211). the metnory 260 can also store
data generated fmm the processor module 210. It ts noted
that the memory 260 can be an abstract representation of a
generic storage environment. According to some embodi-
ments, the memory 260 may be comprised of one or more
dctital Itlcniorv'hips or tuodLtlcs. hl siinti: cnibiiduncnls. Lhc

memory 260 can fuucuou as a lcmporury storage (c.g., Ibr
fimnvare update~. and/or for avoiding accidental malfunc-
tions (such as so-called "bricking")). lit

In accordance with one or niore embodiments. the sensor
modules 220 can Include venous sub-modules for the WCD
110 to perform difi'erent monitoring or sensing activities. A
iicw 302 of thc inlcnor wuidow (c.g., wmdow 130) of a
WCD (c.g., WCD 110) with cxtunplc components cxposcd is
is shoivn in I'l(i 3B As shown in the exaniple of Itl(i 3B,
the sensor modules 221) can uiclude a temperature sensor
320a, a red light emittmg diode (I.I ID) 32(l/t, a light sensor
3200. and an infra-red LED 320d. Among the sensors in the
sensor modules 220, those sensors (e.g.. sensors 3200-320d) zo

wluch are directly rclalcd to biologicdl sign monilormg can
be conligurcd Bnd postuoncd ui a way lhdl Is close lo lhc skin
(e .. facing the interior window 130 of the W(:D llfi)
Although not shown m ltl(i. 3I3 for simplicity, the sensor
modules 220 can further include sensors that are not directly
related to biological sign monitorin: some examples of
these sensors include accelerometers. gyroscopes. vibration,
sensors (c.g., B magnclomclcr or a di iiul compass), or other
sUILablc sensors (c.g., Ior gcslttic tccii nttton). Thc ULB nc-
tometer can measure the strength andior direction of a 30

prevailing, magnetic field. In this regard. the magnetometer
can be used during global positioning and/or navigation. In
particular, the magnetometer can be used to measure a
directional headin when the W('D is in motion and can
supplcmcnt position data whore lhc WCD Is oiil OI ciittltnii- ls
nicaLion range. In ouc or more cmbuduncnls. Ihc accclcr-
omclcrs in lhc sensor modules 220 can dclccl movcmcnts In
multiple (e.g . 3) dimensions or axes. 'I'he accelerometer can
measure force of acceleration of the W( D and can measure
gestures performed by a user while wearing the WCD. In do

other examples. the accelerometer can detect acceleration of
the user wlulc wcaruig lhc WCD. Tlus can pcrnul Irackulg
of acuvtty level. such as steps takmi or munbcr of taps swum
ui B Pool.

'flic temperature sensor can be any type of sensor that
detects temperature, such as a themtistor, Pl'C, N'I'C, etc In
another example, the temperature sensor can use IR h ht
emitted from an object to calculate a surface temperanire of
the obmcl ui a matuicr clear lo those uf urduiary atoll ui thc
Bit. 0

Together, thc processor module 210 mid lhc sensor mod-
ules 2211 can enable the W( D 1 if) to perform nutltiple
functions including, for exatnple. pedotneter, sleep momtor
(e.g., which monitors sleep quality). heart rate sensor. pulse
oximetry. skin (and in select embodiments. ambient) tern- . I
pcralurc. In adihtton, some cmboihmcnls of lhc WCD 110
can further Iiutcuon as a gcsuirc input dcvtcc. In particular,
the prcscnt mnbodunmtls recognize llml thc WCD 110 can
detect hnger motions or gestures which niay be difiicult for
conventional fitness sensors to detect. such as a tap, a snap, so

a knock on the table, and the hke. In some embodiments, the
LVCD 110 can utilize the accelerometer to measure the
actn Ily lovel (c.g., ami movcmcnl) tn conguiclton with thc
mensurcd heart rute lo dctcnuuic il thc user Is walkutg
honzontally. ruunuig, swinuntng, or climbing slutrs. Other ss
activities can be identihed by the WCI) 110 may include
biking or sleeping.

In some embodiments. the WCD 110 cau also be pro-
grammed to leam particular estures or physical exercise
from the user using. filr example, a tmlining Inode. I'or
exaniple, the user can insmtct (e g, using a computer or a
mobile device of the user) the WCD 110 to enter the trainin
mode and perform the gesture or physical exercise; the
WCD 110 can rixord thc rcaduigs I'rom lhc sensor modules
220. rccogtttzc paucrns lhcrcfrom, aud store the result ui, lor
exaniple the memory 2611, so that such gesture or exercise
can be recognized by the VICI) 110 after the training 'I he
WCI) 110 can be configured (e g., via a mobile application
running on a mobile device of the user) so that the reco-
nized gestures can perfomi hutctions designated by the user.
Bite)i ds chckw swipes. Unlocks, or nlcdtd plBvi:I conlrols. hl
ouc cmbodimcnl, thc WCD 110 can utcludc near Iield
comniunication (NltC) chips so that certam functions (e.g,
unlocking a smart phone) can be performed when the WCI)
I lfi touches upon or otherwise be detected by anotherNl'('evice

In some embodiments, the unloctong function of the
WCD 110 can also unlock a user device (e.g.. a phone) via
thc conuuunicalion module 250 (c.g., Bluctooth) by lhc
WCD 110 transmiltuig a proper unlock wide.

Moreover, the W( D 110 can function as a key orecontml
device for keyless access to home. automobile, or other
suitable user authentication processes 1he W( D 110 can
also be integrated with games and arne consoles so that it
can function as an input device to those games and consoles.
In some cmbodtmcnls. tlm WCD 110 can bc adapted I'or usc
ul nltxhcdl atid ionic health nlontlotlttg, UI's a llansporla-
tion safety device (e g, that broadcasts emergency messlges
to relevant authorities) Additional examples of sensorsi
functionalities of the W('D 110 can Include an inertial
measurement unit (IMLI) (e, for more complex gesture
reco nition. a near-infrared (NIR) spectrometer (e.g.. for
mcasunng light absorption and dcrivuig blood glucose/
blood alcoho(ICO2 content). a Galvanic stun rcsponsc sen-
sor (c.g., Ior mcasunng sweat/ncrvousucss), au clcctrocdr-
diogram (I I('(I or EK(i), and so filrth

In some embodiment~, the processor module 2lfl can
determine (e.g.. based on identihed physical activities. rou-
tine pattern, and/or time) a frequency at which one or more
smisors in the scnsur modules 220 should opcralc. Bccdusc
Il Is Iccogntzcd ul lhc ptcscnl dtsclosUrc lhdl lhc heart talc
of a humun being typically docs nol vary loo widely (c.g..
beyond a certain percentage of ivliat has been previously
measured). in some embodiments, the W('D I if) can auto-
matically adjust the sensor modules 220 (e.g.. to slow down)
so as to save poiver. More specitically, some embodiments
of thc WCD 110 can include a phase-locked loop or logic lo
prcihct lhc pulse width by dctcnnu»n lower and upper
ranges In wluch lhe heart rate is prcdicuxl to bc, thus only
powering up the sensor modules 221) at the tinie of the
predicted heartbeats ltor One example. if the LVCI) 110
determines that the user is at sleep (e ., based on the heart
rate. the body temperature, together v ith the movements
dcliwtcd by lhc accclcromctcr and/or lhc vtbrauon dclcctor).
thc WCD 110 can slow down its heart rate dctcclton frc-
qUcttcv (c.g., trout I nti:dsittcnlctil pcr si:cond to I uicasitti:-
ment per 10 seconds) and skip the measurentent of several
heartbeats because it is unlikely that the heart mate will
change drastically during that period. Conversely. if the
WCD 110 determines that the user is performing a ifigt
uilcnsity physmdl cxerctsc, lhc WCD 110 can utcrcasc lhc
frcstucncy of monitoring and reixirdutg ol'he sensor mod-
ules 220.

In accordance with one or more embodiments, the WCI)
I lfi also includes various modules coupled to the processor
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module 210 I'or. by way of cxamplc but not limitation,
input/output data transmission. battery rechnr e. or status
indication. A view 300 of thc exterior wuidov fc.g., window
(20) of a WGI) fe g., W('D I l0) ivith exmnple components
cxposcd is shown ui FIG. 3A. As shown ui Ihc example of
lil(i. 3A, the modules configured to face the exterior win-
dow 120 of the WCD 110 can include parts thorn the status
indicator module 230. the power generation and manage-
ment module 240, and the communication module 250.

I it
Specilically. ouc embodiment ol'hc WCD 110 uicludcs

the status indicator module 230 coupled to the processor
module 210 to indicate vauous suituses. In some embodi-
ments. the status indicator module 230 includes a hght
cnuuuig diode /LED) 330, such as shown ui FIG. 3A. Thc
I,ED 330 can be a single red/greeniblue (R(il3) I ED In
other embodiments, the status indicator module 230 can
include other suitable types of indicator devices including,
for example, a single color LED, an electrophoretic ink (or
'*e-mk") display. a persistent display, or Ihc like. In nccor- zo

dance v ith some embodiments, the WCD 110 cnn utilize the
indicator module 230 (c.g.. via thc RGB LED 330 through
the exterior ivindow 120) to visually communicate with the
user. I'or example, a red color can be displayed (e g, for n
predetermined penod of time) by the I.I il) 330 that the WGI)
110 needs to be recharged. and a green color cmt be
displayed to indicate that the WCD 110 is lhlly charged For
another cxamplc. a blue color cmi be displayed when thc
commumcatiou module 250 is in usc. In iiiic iir iiiorc
embodiments, the user can progmin a htness goal fe.g. n in
tar et heart rate) to the WGI) 1 if) so that, for example. n

green color can be displayed when the heart mate is below the
target. a yellow color can be displayed when the mr et Is
reached, mtd a red color can be displayed when the heart mote

is aboi c a ccrtaui pcrcmitagc of thc set target. Some embodi- ii
ments of Ihc WCD 110 include Ihc cunmiunicution module
250 I'or wirclcss datn Iransnussion. Particularly, in some
embodiments, the communication module 250 includes one
Bluetooth chip and a Bluetooth antenna 350. such as shown
in FIG, 3A. One or more embodiments of the (VCD 110 also Jo
provides the capability of storing activity logs fe.g.. in the
memory 260). Morc specifically. Iiuiess acuvities, cxcrcisc
lnstoucs, as well as rccordcd biological signs such as heart
rate and body temperature, can be storixt onbo;ud ui thc
memory 260 of the VV('D I (0. I iach data entry in the activity
logs can be time-stamped using, for example. an onboard
real-time clock (e.g., which may be included in miscelffi-
neous modules 270). For pov er caving and other purposes,
the actn ity log can bc downloaded fc.g., via the conumuu-
cation module 250) when rcttucstcd by the user. In other o

cmbodimcnts, thc activity log can bc pushed fc.g., via cmml
or other suitable means) by the W('D I (0 to a user device
at a time designated by the user ln some einbodiments, the
memory 260 can store up to a full vveek worth of activity
lo s. . s

lhc WCD 110 can uicludc thc power gcncration and
management module 240 for rimharging dic battery 280 and
for providuig clcctucal power Io various modules 210-270
in the W( D 110 Particularly. in some mnbodiments, the
pmver generation and managenient module 240 includes one sn

or more concentmted photovoltaic (CPV) cells 340, such as
shown in F Ifi. 3A. The CPV cells 340 can be highefficiency
tandmu solar cells aud can bc attached on thc llexible printed
ciiciiit fc.g., circuit 415,515). Because I)le siiiJ11 loilll fJctor
of thc cmbodimmits ol'he WCD 110, CPV cells 340, which si
can absorb more hght energy from a w ider spectnun of hght
than the traditional solar cells. are used In some embodi-

ments. nuiltiplc fe.g.. 3) CPV cells 340 can bc conligurcd in
senes to pmvide sufficient voltage and/or current fiir charg-
ing the battery 280

According to some eiubodiments. the W('D can include
one or more sensing or imngin devices that can be any type
of device capable of detecting electromagnetic mdiation.
such as visible hglu, IR. NIR. UV. ctc. In ouc exmuplc, Ihc
dcvicc is mi imaging des ice. such as a CMOS or CCD
camera

According to some embodiments. the WGD 110 can be
placed or docked into a charging station for recharging. A

perspective view 900 of an example charging station 910 for
the WCD 110 is shown in FILI. 9A. The charging station 910
can have concentrated light source cirmunfcrmitially around
thc WCD 110 so that Ihc user docs not have to be conccmixl
with whether the W( D I I 0 is facing the right direction fiir
clmrging. Some embodiments of the charging station 910
cnn include a light distribution means that takes a single light
source and distributes the light all around. An abstract
diag un illustrating a partial stnicture of the light distribu-
tion means inside thc charguig device of FIG. 9A is shown
ui FIG. 9B. It is no(cd that. even with Ihe charging ala(ion
910, for some embodiments. regular outdoor sunlight or
other ambient light source can still function as a secondary
source of ener y so that the ( PV cells 340 on the VV('D (10
can extend the operational time pmvided by the battery 280.

Additionally or alternatively, energy source attached to
thc power gcncralion and managemmit module 240 can bc
passivix lor cxillllphv siilllc clllbodiitlcilm provides I)1JI J
clip with a cmicentrator lens can be attached to the IVGI) (10
in a way such that the poiver generation and management
module 240 can char e the battery 280 usmg natural sun-
)i/It. In an alternative embodiment, emstonefs) (e.g.. sap-
phire. diamond. or other suitable materials) in the shape of
a dome or with lbcetcd protrusion cun bc conligurcd Io
conccntratcimagnil'y light cncrgy wlulc also scrvuig as a
dccoliltlvc lcxiuflc.

In smne alternative eiubodiments. the power generation
and management module 240 can include electmniagnetic
induction charging coil so that a WCD fe.g., ring 610) can
be charged usin an inductive charger. Flfi 6 shovvs an
cxplodcd view 600 of such alternative embodiment of WCD
with thc uiductivc cluirging mechanism uicludutg thc charg-
uig coil 640, as mell as bat(cry 680, housing 612, and
rigid-flex P('BA 615. I loivever, it is noted that there inay be
a need to manufacture the inductive charging coil 640 in
diffierent sizes that correspond to ihfferent ring sizes. Further.
it is noted that the efficiency of the electmmagnetic induc-
tion clmrguig mechanism may be adversely alii:cled by Ihc
adopuon of a metallic hou smg. Addi u one 1ly or a 1 terna uvcly.
Io avoid lllilltlplc sized coils itiolllltcd Io Illc edge ol Itic llllg.
the coil can be placed on the inner or outer sides of the ring
by positioning the coil beneath a ivindow in the nietal
liouslii of tire ilitg.

In order to achieve optimal power management of the
WCD, onc or morc of Ihc components can bc schmted Io
nunimizc power usage. For cxamplc, a processor, memory.
or uny other component can bc sclectcd based on ranxl
power usage In one example, it may be desirable to select
components that draw current on the order of micmamps in
order to extend the battery life of the WCD and to allovv the
WCD to perform health/activity monitoring functions
bctwimn clmrging sessions.

In still some other alternatiic mnboduncnts, Ihc power
gcncration and management module 240 cnn uicludc Ihcr-
moelectric generator fl'I:(i) modules so that a W('D (e.g,
WGI) 7 I 0 8 I 0) can be char ed by the duference between the

Petitioner Samsung Ex-1370, 0074



15
US 11,874,702 B2

16
body tmnpcraturc and thc mubicnt tempcmuirc. FIG. 7 19 II

perspective view 700 of such altenmtive design. and FIC). 8
is an exploded view 800 ol'hc WCD 710 ol'IG. 7 Also
shoivn in Iil(iS 7 and 8 is an alternative design of the
h01191ng lor thc WCD whore thc ring lnchldcs an oil(et 1111g

812a, an inner ring 812/I, and insuhstors 814rr and 814/I
However, it is noted that utilizing TECis for char in the
battery may be less than ideal since the difference benveen
body temperature and ambient temperature might not be

111

great enough to fully charge the bauery, and that m many
occasions fe.g., during sleep), the temperature difference
ncmded for TEG to gcncrdtc clcctncity may quickly disap-
pear fe 8, . since the W('D 710, 8 1 () may be covered inside
the comforter).

'lie battery can be any type ofbattery, such as a recharge-
able battery. The battery can be a thin, flexible lithium
ceramic chemistry battery. In another exmnple, the battery
can be a circular formed lithium polymer or lithimn ion
baucry. Thc battery can provide power to any of thc ciinl- 10

ponents described above. In one example, the battery can be
9 lithium cell uitcgrated directly with thc flcxiblc PCB
described above Other implementations can integrated the
battery directly onto the housing to reduce the volume of
space taken up by battery packaging.

The WCD can also include one or more polymer or piezo
actuators for providing appropriate haptic or physical feed-
back;md alerts to a user while the user is w cann die ring.
Thc piezo actuator cmi also provide audible fi:cdback to a
user.

As previously mentioned, the (V('D 110 can be used v ith
a software application (e g, a mobile phone application for
the Apple iOS or the Cioogle Android OS) which can run on
the user's computing device (e.g.. a mobile device such as
9 snuirt phone). Specilicdlly. (hc software apphcaIion can ic
facilitate thc mobile dcvicc ol Ihc user Io couple to thc WCD
110 /C.g.. via thc communicauon module 250) for data
communication. such as dow:nloading activity logs, chang-
ing configuration and preferences, training the WCD. 'I he
software application can also generate a user interface do

showing the results or readings from the health and fitness
tracking pcrfonncd by the WCD 110. FIG. 10 Is an example
scrccnshot illustratui such user intcrfdcc 1000 displayuig
litncss monitonng rcixlings in accordiuice with some
embodiments d

Iiurther. the WCD 110 can be used for gesture input. and
the software application can facilitate the user to customize
gesture input and control. FIC). 11 is an example screenshot
illustrating such user interface 1100 displayuig sensor read-
ings /c.g.. for calibratiou purposes) m accordance v,1th some O

cmbodimcnts. In onc or morc cmboduucnta. die WCD 110
can also be used directly with other Bluetooth enabled
devices such as electmnic locks or keyless car entry In other
examples, the WCD 110 can alco control other devices via
a smartphone and other Wirelecs LAN enabled devices such . 1

d9 honlC Butonlatlon SyS(eius.
FIG. 3C Is a view 304 ol'wo extenor wuidows of an

altcnrdtn c WCD /0 g., WCD 112 of FIG. 3C) with example
components exposed in accordance with some embodi-
ments I'he components 33(), 340. and 35(l shown in la i(i 3C ao

function similarly to those components described in FICi.
3A. However, some components (e.g.. antenna 350) can be
p091(lonixi to lace 9 dlflcrcnt cxtc1101 window'hBB thc
cxtcrior window the rest ol'hc components lice. Tins nuiy
incrcasc thc mcchm»cdl strength of thc housmg structure of ac

the ring, and'or may reduce signal interference among the
components.

FICi 4 is an cxplodcxl vice 400 showing mi cxcmplary
WCD 410 (e.g.. WCD 110) illustrating a battery 480 and a
flcxiblc circuit 415 which arc conligured to lit inaulc a

housing 412 of the W( D 410. It is recognized by the present
disclosure that a hummi being's linger can mime ui various
ditferent sizes and so should the W('D 410 In order to
reduce the cost of manufacturing different sizes of printed
circuits, in some embodiments. the modules 21()-270 fof
FICi. 2) are formed on a flexible or ngid-flex punted circuit
/FPC) board. Bn cxample500 of which is shown as FPC 515
in FICi. 5. In particular, one or more embodiments provide
that thc FPC 515 and the baucry 480 are not spccilic to a nng
size, and that the same circuitry and/or battery can fit a
nnlltluldc of sizes.

According to some embodiments, the WCI) 410 pmvides
a desirable form factor for a user to wear It for a prolonged
period of time I'he edges and the slmpe of the W( D 410 can
be configured in a cvay that is comfortable and ergonomic:
for example, thc linislmd parts of the mnboduncnts arc to bc
free from burrs and slmrp ed es. The material which fonna
thc housing portion of thc WCD 410 cdu uicludc mrxhcal
grade metallic alloys that reduce the likelihood of allergic
reactions. Examples of the housuig matcnal Include stain-
less atrscl. tungsten carbide. titanium alloy, silver, platinum
or gold

In the examples shoivn in lil(i. 4. the I)-shape of the ring
housm 412 allows for the flexible PCB 415 to be inserted
into the edge of the WCD 410. The windows (e.g., windows
120. 130) on the cvalls of the WCD 410 can align with the
operating cirmiitry to allow, lor cxmnplc, battery charguig.
Bluctooth connection, mid user fi:cdback LED/micro display
on the outer ivall, and biological feedback sensors (e.g,
pulse oximetry, temperature sensor) on the inner wall. In one
or more embodiments, the VICI) 41() can be conipletely
sealed using potting epoxy. The sealing epoxy can be
transparent to allow light to pass through for the CPVs and
smisors In some cmbodimcnta, thc WCD 410 cdu bc pourxl
with two diflcrcnt compounds. In thcsc emboduucnta, thc
body of the (VCD 410 can be filled with clear material, and
the edge of the V'CD 41() can be filled with an opaque
nmterial so that different colors can be incorporated fe g., as
a decorative element). It is noted that sealing the assembly
usia potting epoxy can also bnn the additional benefit of
making thc WCD 410 completely or almost completely
waterproofas wcfl as uicrcasuig thc structural ngidity ol thc
WCD 41()

I. Internal Housuig/External Pouing

FICi 12A is a pcrspcctnc vww and FIG. 12B ia a aide
view ofa W('D 1200 according, to one or more aspects of the
disclosure I'he W( D 1200 can be In the shape of a ring and
can be v orn on any of the tive fin ers /including the thumb)
of (typically) a human user. In this regard, the WCD 1200
can define an uitenor diameter d1 aud cxtcnor diameter d2.
Thc interior diamctcr d1 can bc dcliucd Bs the distance
bctwrmn opposing pouits on Ihc intcnor surlacc of the ruig.
with the interior surface bein the portion of the WCI)
facing the finger of a user v bile the device is worn by the
user. The interior surface of the WCD can generally define
a fin er space for receiving the finger of the user. The
cxtcrior rhrunctcr d2 can bc dclincd as thc diameter bc(ween
opposing polllm on thc cxtciloi 9uildcc of thc ling. wifll thc
cxtcrior surface being thc portion ol'hc WCD opposed to
the interior surface and facing, aivay fmm the finger of the
user
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llic uitcrior ihmuctcr d1 and cxtcuor diamctcr d2 can bc
any size to accotmnodate any finger size. In one example. dZ
is dctcrmincd by d1 plus a tluckncss of any components
andhor tlexible circuit hoards disposed within the WCD
Additionally, although depicted as bourg circular. thc linger
space of the W('D 12(30 can be any shape, such as ovular,
elliptical. or the like. to accommodate users with atypical
finger profiles. In these examples. the dimensions of the
interior and/or exterior diameter may be measured accordin

i it
to other vauablcs. such as length, width, ma)or diameter,
minor diameter. etc. By way of non-limiting example, the
WCD interior diameter d1 (thc diameter gcncrally defining
the rin size) can be in an approxiinate mange of 12 mm to
24 mm so as to acminunodatc linger sizes rangmg Ibom a

small child to a larger adult, and on any acceptable tinger,
including the thumb. The exterior diameter d2 can also be
any reasonable size or shape, and can dehne an approximate
range of between 18 mm and 30 mm. I ikewise. the thick-
Ilcss bctwcill dimnctcrs d1 and d2 cim vury widely. but cBll ho

typically reside in an approximate range of I.fi mm to 3 urn(.
Thc width WR of thc WCD along the direction ol'inger
extension (finger longituduial direction) is widely vauable,
and can be selected, in part to accommodate internal and
external components In a non-liiniting exainple. the width
)VR is in a range of approximately 3 mm to 8 nmi.

The WCD 1200 can include an overall housin ~ 1210 that
includes an uitcma1 housing 1212 and dn cxtcrnal potting or
cncapsulant 1214. Together, thc uitcmal housuig 1212 and
external potting IZ14 combine to forin the overall forni sa

factor of the W('D 120(3, in addition to providing a lxiusing
fiir one or more electronic components stored witlun the
housing 1210 of the WCD 1200. as ivill be described in
greater detad belov,

llic intcmal housui 1212 can bc fonucd of any ma(CUBI, is
SUC11 as B liollcolldUCtlvC illa(CIlJI, a CiilldilctivC lilatcllBI, ii

li:rrous matcnal and/or B nonferrous mcud, composite 111J(c-

rial (e g. carbon-fiber and/or glass fiber composite) a dielec-
tric material. or a combmation of any of the above In one
example. the material of the inner housin ~ 1212 is conduc- do

tive and nonferrou~, such as aluminum. titanium. or stainless
steel. In other exmuplcs, thc uitcrnal housmg cun bc formed
of a polymer. such as plasuc. Thc external pottmg 1214 can
be fonncd of any matcnal, solul or gelatinous, tlmt can
pmvide resistance to shock and,'or vibnstion and can prevent
moisture anChor debns from entering the housing 1210 of the
)VCD 1200, such as silicone, epoxy, polyester resin or any
other polymer

In one exmuplc, thc cxtcrual pouing 1214 can be truus-
parmit. In this regard, thc trdnsparmit cxtcmal pouing can o

allow elcctromugnctic rmhatiors such us visible, IR, or UV
li ht sources fmm inside the housing, 1210 to pass through
the external potting 1214 without the need of a window or
discontinuity in the external pottin 1214 and without
chan@a the optical properties of the msdiation, In the same . s

icui. clcxuomd nctic rxliauon sources, such as visible. IR,
or UV hght. cxtcmal to the housuig can pass through thc
cxtcnud pouuig 1214 mid cau bc dctccicd by, sensed by, or
fall incident upon mternal coinponents of the W('D 120(3

without the need for a window or discontimiity in the sa

housing and without changing the optical properties of the
radiation. In another example, the external pottin ~ 1214 can
be tinted. Thc unt can bc cosmetic and cun prevent tile
internal components ol'hc WCD to bc visible by thc user.
In tlus regard. dcpcnduig ou thc unt, optmdl properties of ss
li ht passing therethough may be slightly changed. I'or
example. certain colors of the light can be filtered and can

rcsuh in dccrcascd power trmisnussiou. Thc above descrip-
tion regarding external potting 1214 can be applied to any of
the pottmgs described below.

I'he internal lxiusing 12 IZ can define a window 1216 In
one example, the internal housing is formed of a material
that completely or partially prevents light (or other electro-
tlliigllC(1C Iddlatioll) friilll pilSSlllg tllroilgll tile llltcrlldl 11OUS-

uig 1212. In tlus regard, thc intcmal housing 1212 can dctinc
the window 1216 to alloiv for such radiation to pass through
the housing 1212 As shov n, the window 1216 can be
generally elliptical-shaped, but can be any other suitable
shape according to other examples, such as rectangular.
circular. ovular. etc. Since the windo~ 116 is defined by the
uitcnml housing 1212, thc window 1216 can face thc linger
of thc user wlule thc user is wcarui thc WCD 1200, wluch
can pmvide many advantageous features and iniplementa-
tions, as will be described in greater detail below.

lil(i 12('s a front view of the W('D and lhi(i 12D is a
cross section of the WCD 1200 along the line A-A of FICi.
12C As shoivn, the internal housing 121Z can have a
gcncrally U-shaped uitcrnal surlhcc 1212a to acconunodatc
otic or Illolc llltcltlal colllpollcllm dlld cdll dcflllc a pdir ol
tlanges 12126 and 1212i 'the external pottmg 1214 can
extend between the flanges 12126 and 1212c of the internal
housing to provide an internal space 122(3 to accoinmodate
one or more components. By virtue of the external pottin
1214, the internal space 1220 defined by the internal surface
1212a and thc cxtcmal potting 1214 cun bc hcrmctically
sculcd, thereby prcvcnung debus, dust, momturc. or any
other unwanted fluids or inaterials fmm mteracting with the
internal components of the Vi'('D IZ(NI Although not
depicted, the internal components can reside within the
internal space IZZO, and the external potting IZ14 can be
disposed immediately atop the components to provide the
si al.

Flfi 12E is a perspective view of thc internal housing
1212 without cxtcrnal pot tuig 1214. As shown, thc uitcmal
surface 1212a defines a generally U-shaped surface for
receiving the components.

FICi IZF is a perspective view of the interrml housin
1212 with a portion of the external potting 1214 removed
and showing onc or morc components 1230 mid puntixl
circuit bourd (PCB) 1240. Thc components aud PCB can bc
constructed as flcx circuits, tlmrcby allowing thc compo-
nents 1230 and PCII 124(l to be geometrically configured
within the ring shaped internal space 122(3 'I'he P('13 1240
can be any type of flexible material clear to those of skill.
such as polyimide, PEEK, etc. Additionally, the PCB could
bc ugid-flcx whcrcby panels of RF4 arc minncctcd together
with a flcxiblc substrate.

As showrs the PCB 1240 and the components 1230 cmi bc
disposed within the internal space 12Z(3 generally defined by
the internal surface 1220a and the tlanges 12206-h The P( 33

1240 can define one or more folding regions 1242 that allow
the PCB IZ40 to confomt to the circumference and/or
pcrunctcr ol the intcmal surface 1212a. The PCB 1240 cdn
ex(cud around at least a portion. or up to an mitirc circum-
fcrmicc. ol'hc uitcnuil surface 1212a ln one cxamplc, thc
size of the internal diameter dl of the WCD can determine
the portion of the internal surface 1212a around which the
PCB IZ40 extends. Illustratively. for a larger ring size and
a larger internal diameter d1. the PCB 1240 can extend only
a portion (an arc) of thc overall circumfi:rcucc. while lor
Slllillli:r Illlg S1LCS ii grCii(Cr pot(loll (Brc) Of tllC CirCUltlf:i-
cncc can bc cmploycd to accommodate PCB 1240 and thc
internal components 1230. I he adjacent portions of P('l3 can
foun an arc angle therebetv cen by virnie of the folding
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regions disposed thcrebctwccn. allowing liir Ihc PCB to bc
conform to the internal surface 121Za.

II I:xternal I lousuig/Internal Potting

FI(k 13 is a cmss section of a WCD 1300 nccordin to
another aspect ol'hc disclosure and illustrauvc embodi-
ments. In Uns exumplc, thc WCD 1300 mcludcs a housing
1310 that includes an external housing 1312 and an intenial
pottin or encapsulant 1314 'I'he external housing 1312 Ic

includes an mternal surface 1312d tlmt has a generally
(xshaped cross section but alternate cross section shapes,
such shapes with an external notch or roove. The external
housuig includes flungcs 13126-c that cxtcnd uiward each
other, beyond portiom ol'hc intermil surface 1312d, to is
detine a partially enclosed internal space 1320 In an
assembled state, the WCD 13(N) can include a battery 1330,
a P( l3 1340, and components 135t). which can be at least
partially or completely disposed within the partially
enclosed internal space 1320 The internal potting 1314 c'Ill 20

cxtcnd bctwcmi Ihc I?dngcs 1312b-i dnd can seal thc par-
tiafly cncloscd intcmal space 1320. Thc components can bc
encapsulated by the internal potting 1314. 'I he PCI3 1340
and components 1350 can extend along an inner circumfer-
ence of the internal surface 1312u

Illustratively, the external housing 1312 can be formed of
the same materials as the internal housing 1212 descnbed
aboic. Sixl Ihc internal potting 1314 can be formol of thc
same ma ten ala as Ihc external pouuig 1214 described nbovc.
As also described above. the internal potting 1314 can be ic
transparent and the external housing 1312 can dehne one or
ilioi'e ivmdiiws;iccorrllllg to olla oi'Iliirc aspects of tllc
disclosure.

FI(k 14A is a cross section of a WCD accordin to
another aspect of the disclosure mid illustrutive emboduncut. Ss

In tlus exmuplc, Ihc WCD 1400 uicludcs a housuig 1410,
internal surface 1412a, an internal or ex(cruel housmg 1412,
an internal or external potting 1414, an internal space 1420,
a battery 1430, a flexible circuit 1440. and one or niore
components 1450. This example is similar to the examples dc

described above with respect to FR)S. 12 and 13. except the
addition of a stifli:ncr clmncnt 1442 and Ihc flanges 1412b-c
cxtcnd further into thc space 1420 toward onc;uiothcr such
that thc fiangcs 14126-c overlap with Ihe stifli:ner elemmit
1442. d

lil(i 14)3 is a perspective view of the PCl3 and stiffener
element of FICi 14A As shown in FIG. 14B. Ihe stiffener
element 1442 extends beyond an ovemsll width w of the PCB
1440 mid extends wnlcr than a distance be(waco flangcs
14126-r. Thc stifli:ner clement is dtsposcsl bctv cen folding o

regions 1444. The PCB 1440 can uicludc onc or morc
stitfener elements 1442 attached thereto. and the elenients
1442 can be disposed periodically fin separated intervals)
alon a length 1 of the PCB 1440. As shown in FRi. 14C,
the stifi'ener element 1442 can be disposed underneath the . s

flcxiblc circuit 1440, c.g., on a face of Ihc flcxiblc circuit
1440 opposed Io thc face on w luch the components 1450 arc
disposed. mid can be permanently or smni-pcnnnncntly
attached thereto 'I he stitTener element cmi be impleniented
in any ofthe conhgurations described. and in particular, v ith sc

either the internal housing/external pottin arrangement or
the external housing/internal potting arrangement.

11&c stifl'cner clement 1442 can be formed ol any ma tens l,
such as polytunnlc or thin FR4, dcpmnluig on cons(ruction
of thc PCB 1440. In particular, thc mdtcnal ol thc suffmicr ss
can be chosen to be niore or less flexible than the PCl3 1440
In one example. the stiffener elenient 1442 can be a poly-

anudc stifii:ncr disposed one back surface of a flcxiblc PCB.
In another example, the stiffener element 1442 can be FR4
and can bc substantially flush with rcspcct to thc flanges
14126-rs In this regard, the stitfener element can extend
substtmtiully thc distmicc bctw ccn flun cs 14126-r aml mdy
not dcfonu upon inseruon into Ihc space 1420. Thc sufli:ncr
clement can include surface features disposed on mi cd c
thereof, v ith the edge facing one of the flanges (412/i-r 'I he
surface features can include a sawtooth profile fe.g, inter-
sectin strai ht lines at acute angles). or any other type of
feature capable of providing an interference fit between
flmigcs 14126-r.

Fifi 14D shows a cross section ol'hc WCD at a pouit in
time duruig assembly/manulbcture when Ihc PCB 1440 is
bemg inserted into the internal space 1420 and prior to the
application of potting 1414. As shown, the stiffener 1442
contacts the flanges 14126-c of the housing 1410 by virtue
of the width w of the stifiener element 144Z. Upon an
application of I'orcc. Ihc PCB 1440 and stifli:ncr 1442
assembly can bc uiscrtcd into thc uitcrnal space 1420. In tins
regard, Ihc stiflencr clmncnt has a prcdctcnnincd Ilcxibility
tint allows for a certain amount of flexion, as shown in I'l(i
14D. 'lite fleximi allmvs for the flexible circuit 1440 to be
inserted within the internal space 1420 and can prevent the
flexible circuit 1440 from being removed or from acciden-
tallv falllllg oul Clice lllscrtcxl. Ili tilts rcgdrd, Ulc flcxiblc
circuit 1440 is held in place witlmi thc space 1420 by virtue
of thc width of thc stiflbner clement 1442 mid the distance
between the flanges 14126-rs Once inserted, the potting
1414 can be applied free of the concern of improper posi-
tionin of the flexible circuit 1440

FICi 14E is a cross section of the WCD of after a pottin
material 1414 has been applied subsequent to the VVCD of
FIG. 14D.

III. Inner/Outer Bands

Fifi 15A dcpicis a pcrspectivc view of a WCD 1500
according to anoUicr aspect of the ihsclosurc. In Ilus
exon(pie, the %V('D includes a housing 1510 that includes an
internal housing 1512 and an external housmg 1514 'I he
internal lxiusing 1512 can be similar to the internal housing
described above with respect to internal housing 121Z, and
the external housing can be similar to the external housin
dcscribcd above wiUi respect to external housing 1312. Thc
uitcnml housing 1512 can include onc or morc wuidows
1516 that csn allow electromagnetic radiation (e g. visible
and near-visible light) to pass therethrough. allow:ing it to
fall incident upon components disposed within the housing
1510 and allowing EM radiation sources fe g. visible light.
RF. IR, etc.) within the housing to exit the housing.

Fifi 15B is mi cxplodcd view ol'hc WCD 1500. As
shown. thc WCD can include internal housing and cxtcmal
housing 1512 and 1514 'I'he Vi'('D can fiirther uiclude a
P('l3 1540 and components 1550. Once the housings 1512-
1514 are assembled and the P('ll 1540 and coinponents
1550 are assembled within space defined betv een the hous-
ings 1512-414. potting layers 1502 and 1504 can be applied
to seal Ihc WCD at botll sides Ulcrcof to cllsiii'c a sccill'c'edl.

IV. Inner/Outer Bands with U Shaped Window

Fifi 16A is an exploded i sew of a housing 1610 and d

PCB of u WCD accorduig to onc or morc aspects of Ihc
disclosure. Tire WCD 1600 comprises a housing 1610 wifli
an integral inner wall and outer wall 1612 and 1614 'I he
housing can be made of any matenal, such as any material
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dcscnbcd above with respect to lhc uucmal/cxtcmal housulg
stmctures. In this example, the inner and outer walls 1612,
1614 each define a window ul ihe shape cutav ay portions
1616. The cutawuy portions are bounded on tlucc sides by
the walls 1612 and 1614 and unbounded at the other side
thereof I'he cutaway portions 1616 can be aligned with one
another to ensure transmission of msdiation into/out of the
housing 1610. The space 1620 between the inner and outer
walls 1612.1614 can receive a PCB 1640. bottely, compo-
Ilcluw ctc. Ill

FIG. 16B is a cross section of FIG. 16A ulong linc B-B.
As shown, the inner and outer lvalls 1612.1614 are directly
connected by a tloor 1618 '!'he space 1620 is defined by the
space between the inner and outer walls 1612.1614 ond the
floor 1618. is

FIG, 16C is a perspective view of the WCD with pottin
malcnal 1630. As dcscribcd above, thc PCB, baucry, and
components cun bc dwposed witlun ihe space. Once dis-
posed therein, a potting 1630 can be provided atop the
components and within the cutmvay portion 1616 'I he lc
potting 1630 can be transparent to allolv I'or tmnsmission of
light tluough the cutaway portions 1616.

V. ('barging by ('oncentmsted I ight gource

According to one aspect of the disclosure, the WCD can
be charged by an external concentrated if+I source, e
laser lighu laser diode, ctc. Iu Ibis re ord, lhc pholovoltmc
device descnbcd above can include a conccnlrulcd photo-
voltaic element i('PV) that is constructed and arrangof to sc

receive concentrated light from the concentrated hght
source. e g., laser light from a laser diode, light front a hght
emitting diode (LED), etc, and convertin the received
concentrated light into an electric current. The photovoltaic
device can also gencralc power from nonconccntraled Ii hl ls
sources, such as oflice llghtulg and ambient sunlight. Thc
clcctnc current can bc used Io charge onc or more battcucs
stored lvithin the housing of the W( D

IIIG 17A depicts a cross section of a WCD employing
charging by concentrated light source according to one or so
more aspects of the disclosure. In tlfis example, the WCD
1700 cml ulcludc a housing malarial 1710. Thc WCD c;ul
llichulc a PCB 1720 and a conccluldlcd photovoltaic cell
1730. The WCD can bc posilionixl adlacmlt u base assmnbly
or base station 1750 'I'he base assenibly 1750 can be
connected to an external power source 1765 and can have
internal circuitry 1760 to power one or more concentrated
light sources 1770, e.g., one or more laser diodes ond/or one
or morc LEDs. disposcxf wit)un thc base assembly 1750. In
tins exmuplc, thc concentrated hghl source 1770 composes o

onc or more laser diodes.
'lhe base assembly 1750 can dehne a first opening 1752

at one portion thereof to allow the concentrated light 1780
to exit the housing of the base assembly I 750. As shown in
the diagram of FICi. 17A, the concentrated li ht 1780 is . I
generated by Ihc concmurauxl light source 1770 mid exile
the housmg of the base assembly 1750 viu u lira( opening
1752. The mmccntratcd light 1780 then enters ulto thc WCD
by a second opening 1712 in the housing of the WCD 1700
where it can fall upon the CPV 1730 Once the concentrated sc

laser light falls upon the CPV 1730. the CPV 1730 can
convert the incident concentmsted light into a current that can
be uscxl lo directly power onc or more components willun
lhc WC D iuul/or con bc Us ixl lo clulrgc onc or lucio rcchtirgc-
ablc bauenes onboard Ihc WCD. as

'lhe concentmsted light source 1770. as described above,
can be any type of light source that is armsnged to generate

concentrated light, such as an LED or a laser diode. Thc
concentrated light can be any type of concentrated and/or
coherent electromagnetic msdiatlon. such as laser light and/or
I ED light. 'I'he concentrated light can have any desired
intensity or lvavelength, according to the characteristics of
the CPV 1730.

In onc cxamplc, lhc source 1770 can bc a 200 mW laser
diode that produces rcd or grccn laser light. This can
generate approximately 80 mW ior typically less) of power
in the WCD where the ('PV 1730 includes a plurality of
gmups of plmtovoltaics configured in series or in parallel
v ith one another. Each group of photovoltoics can include
one or more CPV cells. In another example, the CPV can
ulcludc a single group ol'holovollaics.

Thc base assembly 1750 descnbixl above can include
additional components that can interact with the WCD 1700
lior example, the base assembly can include one or niore
allterlnas that can conlmunicate according to one or niore
v ireless protocols, such as 3Ci. 4Ci. WiFi. Bluetoothg, NFC.
or the like. for direct or indirect wired or wireless conunu-
nicalion with Ihc WCD or mobile dcvicc. Iu addluon to Ihc
charging methods above. thc base assembly can employ
lllductlvc charglflg tcchnilfucs.

ill(i 17B depicts a cross section of a WCI) cnnploying
clmrging by concentrated light source according to another
aspect of the disclosure. In tlus example, the concentrated
fiptt source 1770 comprises an LED. Further. the hase
assembly composes ml optical clement 1790 positionixl
ad)scent to thc concentrated hght source I 770 I'or I)musing
the I.ED light onto the ( PV inside the W('D 'I'he optical
element 1790 can be any type of optical element, such as a
lens I'he lens can be forined 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.
thc optical element 1790 includes a piano-concave, with Ihc
concave portion facing tlm conccnlrutcd li Ju source 1770.
In thc cxmnplc whcrc the source 1770 ls an LED, lhc LED
emits light in many directions. 'I'he optical elenient 1790 can
focus the emitted l,)ID BPI to focus as nluch of the I.lil)
fiptt as possible onto the CPV of the WCD. The optical
element 1790 can be disposed at least partially or completely
willun lhc lirsl openmg I'752. In some unplcmcntauona, Ihc
optical clement may nol be ncccssury duc to LEDs wldl
substtmtiully focused light.

ill(i 17('s a perspective vielv of a hase asseinbly 1750
and W('D 1700 according to one or more aspects of the
disclosure. As shown, the WC'D 1700 is in the shape ofa rin
and the base assembly 1750 includes o post 1754 for
rccciving Ihc nng. Thc post 1754 can be cylindrical mid can
bc sized Bnd shaped according to an ultcmal diameter ol'hc
WCD in order I'or Ulc WCD Io bc rcccivcd ou 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. lvhen the WCD 1700 is stored on the post. the second
opening 1712 can be aligned v ith the hrst opening 1752 to
cnsurc ulignmenl uf thc CPV and thc coucmltratcd hghl
source Thc base assmnbly can receive/Irausmu power Bnd/
or data via cxlcmal ulput/output 1795, which can bc a DC
power input, a Ugll input collilcction or any other acceptable
connectmn/form factor

FICi 17D depicts a perspective view of internal compo-
nents of the base assembly 1750 and WCD 1700 accordin
to allolhcl tlspccl of lhc disclosure In this figurc, Ihc
rcspcctivc housings of thc base assembly aud WCD have
biuu omiluxl, thereby showmg a plurality of conccnlrauxl
light sources 1770. Optical elements 1790, and a plurality of
('PVs 1730 disposed on mounting substrates 1775 on a P('l3
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In tlus cxamplc. the WCD cmi include a plurahty of CPVs
and the base assembly can include a plurality of sources
'I'his allows fiir a greater current to be generated during
charging and for faster charging times of the W('D 'I he
('PVs and concentrated light sources can correspondin ly be
disposed in a line, with a constant or variable pitch between
rcspcctivc clemmits. Iu tlus regard, Ihc optical clement can
hichulc coIrcspondulg concavutcswuh thc sana: pitch

III(ig )7)1-li depicts other CPV configurations according
to one or more aspects of the disclosure As shown in lil(i Io

)7E, the ('PVS 1730 can be arranged in a I x4 array. wlule
Flfi. 17F depicts the CPVs arranged in a Zx2 array In
addition to the examples shown in the above figures, the
WCD cmi include auy number ol'PVs accorduig to any
nunlbct ol gconlctnc configuldiions. ti

III(i )7(i is perspective view: of a )V( I) and base assent-
bly with a I x) ('PV arrangement As shown. the WCD can
include a Ix3 array of ('PVS and the base assembly can
include a corresponding lx3 array of concentrmed hght
sources. As indicated by the arrow, a user can then romte the 20

WCD on tlm base assembly in order to ulign thc respective
Iirst and second openings, as well as thc CPV and concen-
trated light sources

III(i I OA depicts a cross section of a W('D I 800 employ-
ing charging, by concentntted light source )870 according to
another aspect of the disclosure. In this example. the WCD
includes an internal/external housing portion 1810 and an
internal/ex)cruel pouing portion 1820, us dcscribcd nbovc.
In this regard, thc base assembly 1850 includes a lirst
opening 1852. but is free of a second opening on the WCD Io
'I'he concentrated light 188() passes through the transparent
pottin portion and falls incident upon the CPV cell )830 In
this example. the source can be a laser diode.

FI(b 18B depicts a cmss section of a WCD employin
charguig by conccntratcd hght source according to another Ii
of the disclosure. Iu this example, thc concentrated light
source 1870 utcludcs onc or morc LEDs and the base
includes one or more optical eleinents )890 tiir focusmg the
concentrated light )880. I'he I,EI)s may be of ditferent
wavelen ths to provide pov er to two or more junctions in so
the triple junction CPV cell.

FI( 1 19A depicts a cross ace)ion of a WCD 1900 employ-
ing cltarging by minccntratcd light source 1970 uccorduig to
another of thc disclosure. In tlus cxamplc, the WCD;uid/or
the base assembly )950 can einploy one or more magnetic
andior ferrous materials to ensure alignment between the
concentrated light source and the ('PV cell. Such alignment
can improve charging efficiency of the WCD.

11&c base assmnbly includes a Iirst opcmng 1952 and thc
WCD includes a second opening 1912 to allow for conccn- o

tratcd light to full uicidmit 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 cmi charge the WCD Ibom an exterior of the WCD,
rather than an internal charging method as identified above. 11

11&c WCD cau uicludc a li:rrous or other suitable (c g.
li:rromagnctici ma(coal 1920, such as steel, disposed witlun
the housuig 1910. Iu Ous cxamplc, the ferrous ma)coal is
disposed in a space defined between an internal housing and
an extental housing 'I he fermus material can surround the so
('PV.

The base assembly can include corresponding magnets
1960 tluit can cause an auracnvc force bctwccn thc WCD
and the base assembly into an optimal conli urauon lbr
charguig. Thc ma nets cmi bc disposed witlun Ihc base si
assembly and can surround the concentnsted liglu source
'I'he ma nets 1960 can be forined of a rare earth matenal,

such as neodymium or any other acceptable matcnal Ihat
provides a requisite ma@tetic field strength.

Flfi 19B depwts a cross section ol' WCD 1900b
employing charging by concentrated light source 1980b
according to iuiothcr of thc disclosure. Thc CPV 1930b of
the WCD 1900 is charged fmm an intenor portion, such as
by a base assembly 1950b with a post 1954b. Similarly, the
WCI) can include a ferrous material )920/I disposed ivithin
the housin 1910b and the base assembly 1950b can include
a magnet 1960b.

FICi 19C'epicts a schematic diagram of magnets 1920r.
1960C that can bc used ui a WCD and/or base assembly.
including a CPV )930d and concentntted hght source 193()d,
according to onc or more aspects of thc dwclosurc. As
shown, the magnets and,'or fermus/ferromagnetic niaterials
can be axially polarized, with each having a respective north
pole and south pole In this regard, the WCI) can have
axmlly polarized maytets 1920C with a south pole S facin
toward thc base assembly. Sixl thc base assembly can have
axmlly polarized magnets 1960C 11 ith a north pole N facin
toward thc WCD. Thc aurac tive force bc(ween thc north and
south poles can ensure alignment of the ('PV )93f)c of the
WCI) and the simrce 197()c base.

lil(i )9D depicts a schematic diagnsm of ntagnets that can
be used in a WCD and/or base assembly according to one or
more aspects of the disclosure. In this example, the base
assembly includes axially polarized mugnct 1960d, with a
north pole N facing toward the WCD. Thc WCD can include
ferrous steel )920d, with an attractive fiirce between the
ferrous steel and the north pole of the base assembly nmgnet

lil(i )9)! is a perspective view of a W('D and a base
assembly according to one or more aspects of the disclosure.
As shown. the WC D 1900e can be received by a post 1954e
of a base assembly 1950e. Thc respective magnets 1960e
and/or fcrmus matenals 1920e are shown ui phmitom to
illustrate their posiiioning with rcspcct to thc WCD aml base
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 engaged with
a base assembly 2050 according to one or more aspects of
thc dlsclosuic. In this cxaniplc, thc nlagncm 2060 can
surround thc concentrated light source 2070, and the WCD
can Include a lcrrous steel 2020, CPV 2022, and baucry
2024 disposed within an internal/external potting 20)4 of
the W('D 'I'he ferrous steel 2020 can be disposed on a face
of the PCB 2040 and cmi be encapsulated by the internal/
external potting 2014. The base assembly can include one or
morc optical clcmcnts 2090 for focusing thc conccntratixl
light 2080.

Flfi 20B is a pcrspcctnc view of a PCB 2040b with a
('PV 2030b and ferrous element 2020b configuration
according to one or more aspects of the disclosure In this
example. the fermus element 2020b comprises a steel rin
that can surround a CPV 2030b and can be disposed on the
PCB 2040b.

Flfi 20C is a perspcotivc vice ol' PCB 2040c with a
CPV 2030c iuid li:rrous clmucnt 2020c conliguration accord-
ing to one or more aspects of the disclosure In this example,
the ferrous element 2020C composes a pluntlity of rectan-
gular bars disposed on the PCB. In this way. the ferrous
element 2020C can be coated to be refiowed onto the PCB.

Flfi 20D is a pcrspcouvc vice ol'a magnet 2060d mid a
concentrated hght source 2070d according to onc or morc
aspects of thc disclosuI'C. As shown, thc nlagnct 20601/ can
include a ring that can extend amund a circumference of the
concentrated light source 2070d. 'I he magnetic ring can be
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attractcxl lo Ihc li:rrous stccl rurg and/or Ihc rimlangular
ferrous steel examples set forth in 2t)A-('bove

In some examples, the W('D can be adapted to uniquely
identify the wearer of the W(:D using, for example brontet-
ric features unique to the user.

FI(k 21A is a schematic view of a WCD 2100 showin
components used for rdcnufyurg Ihc weurcr of thc WCD As
shown. the WCD 2100 can include onc or more urfrarrxl
illuminatiim sources 2110 and an infrared CMOS imaging
device 2120. 1he finger 2190 can extend through the finger ic
space of the WCI) and the IR source 211(l can illuminate 0
portion of the skin of the finger 2190. The IR CMOS
imaging device 2120 can receive light that has been reflected
from the skui surface and produce an rmugc of Ihc skui of thc
linger 2190. As shown, the IR source 2110 and thc mui ing is
device 2120 are positioned near the interior surface of the
Vv'('I), e g, . the surface facing the skin of the finuer 'I he IR
illumination can pass through a window provided on the
interior housing or can pass through a transparent pottin
material. 20

During the unaging process. thc WCD 2100 cnn bc
rotated about an axis passing Iiuough thc cmitcr of thc linger
space and along the longitudinal direction of the finger In
this regard. the imager 2120 can capture a larger sv ath of the
skin surface than rf the W('D 2100 rvere held stationary v ith
respect to the linger during the imagin ~ process.

At the time of first use, or any time thereafter. the user can
gcncrale a rcfercncc capillary map rn order lo tdcnlrly
lnmsclf/hcrsell's thc au(boozed user of die WCD. As
described above, the user can rotate the WCD around the sc

finger to capture image data of an analyzed section of 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 data of Ihc caprllancs can bc usixl Io cncralc a is
rcfcrmicc capillary map ol'hc wcarcr, winch cun bc stored
in the memory, such as flash memory or EEPROM, of thc
Vv'('I ).

When the same user puts the V'('D on hi ~ or her finger
after eneration of the reference capillary map. the WCD so
can capture image data of the wearer's skin surface that can
be compared Io Ihc rcfi:rcncc capillary map stored in thc
memory. In Ibis regard, Ihc user need not rotale Ihc device
around Ihc linger Instead, thc WCD can compare a subset of
the athered image data to a cormsponding subset of refer-
ence capillary map If there a rnatch, within a predeterntine
error tolerance, the WCD can uniquely identify the wearer as
an authorized user of the WCD and as the unique individual
who gcncra ted thc rcfcrcnce capillary mup. Once mithowzol,
tire wcaI'cr call 11Bvi: Bcccss io ci:rnsrll Iilllctlrills, IcJIurcs, 0

datit. Cr Otllcr coil(ctrl Illa( is riot orllcrw isc uvailublc witlx)ut
authorization. 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 gathered
data does not match the reference capillary map, then the . s

user may be prcvmitcd from accessing ccrtuui Icaturcs on thc
WCD.

Iflustratrvcly, thc comparison process bc(ween sensed
capillaries and some or all of the capillary map can be
implemented using basic pattern recognition algoritluns sc

(processes) instantiated rn the electronics of the WC'D. Such
processes can rely on edge detection and similar tecluuques
(ital Slloiilil bC Clwsr to tllosc Of Skill 111 IllC Bit Slid Call bC

sourccd from venous conuncrcial vendors of bromctnc
rcmognilion software. Ss

In another example. the illumination can include NIR
illuminatiim and can project radiation into the skin of the

linger. Tlic rcflccted NIR illumination can thmr bc analyzrxl
to detemiine one or more characteristics of the blood, such
as blood alcohol levels. blood glucose levels, and blood
oxygenation levels In this regard. the (V(:D analyzes the
reflected radiation to identify wavelengths that were
absorbed from the projected radiation by the blood of the
user. Trmluuqucs arxl proccsscd used rn conjunction wrdi
conuncrcially avmlablc venous oxuucters (Ibr cxamplc) can
be eniployed to undertake certain readings

Iil(i 22A is a perspective view of a user employing I I(:(i
monitoring according to one or more aspects of the disclo-
sure In this example, the user can wear the WCD Z200 011

a first finger 2Z10 of tirst hand 2220, and can touch a second
linger 2230 of a second lumd 2240 to an extcnor surface of
thc WCD 2200. This cnn provide an electric pa(lovey 2250
through the body, as shown in I'l(i 2211, allowing for the
transmissimi ofelectrical current between distant portions of
the body

FICi 22C is a perspective view of a WCD that can employ
ECCi monitoring according to one aspect of the disclosure.
In tlus cxiuuplc, Ihe WCD 2200 uicludcs mi intcmal/cxtcmal
housmg 2250 with a conductnc pad 2260. The ixinducuvc
pad 2260 can be electrically isolated from the external/
internal lmusing 2250 of the Vv'('I), thereby providing dis-
tinct and isolated electrical contacts on the Vv'('D 'I he
InternaVextemal housin 2250 can be in electrical conunu-
nication with the first hnger 2210 of the first hand, while the
conductive pad 2260 cmi be ui clcctncal commurucatron
with thc second linger 2230 of thc second hand. In tins
regard, an electrical path 2250 is formed through the respec-
tive hands 2220, 2240 and through the rest of the user's
body, particularly throu h the chest. In this regard, the W(:I)
can take various electrical measurements of the user, such as
ECCi. The ECO measurement can include measurements of
thc venous wavclomis, such as P-U wuvclbnus Thc WCD
can store such ECG data ui a mmnory mid/or can commu-
nicate Ihc data Io a wirclessly conncctcd mobile device. In
another example, the WCD can employ electrically isolated
internal and external housin s, such as those described
above. In this regard. the conductive pad may not be utilized.
and the user can wear the WCD on a first finger and apply
thc srmond linger anywhcrc on thc cxtcrnal housing.

Thc WCD can also scrvc as a monitor for those who arc
mobility impaired or who arc prone Io falls, such as disabhxl
persons and/or retired persons. I he accelerometer onboard
the W('D detect a fall of the user vra a sudden change in
acceleration data. The WCD, in conjunction v ith a mobile
device and/or one or more base stations positioned around
thc home ol Ihc user, can dctcmunc Ihc position of Ihc user
witlun thc house. For cxmnplc, the mobile dcvrcc csn
employ CIPS capabilities, and crthcr thc mobile dcvicc or Ihc
base stations can use CiPS in combination with Wil'i signal
strengths to determine the location of the user within the
house. The WCD can then issue an alert. either directly or
indirectly (via the mobile device or base station) to a third
purty that a fall hrw occurred. Thc alert can bc a phone call.
text message, c-mail, or any olhcr type of conunumcarron.
Thc tlurd party can Uicn take appropriate mcasurcs Io aid Ihc
fallen user

I'he )V('D can also monitor heart mate and/or tenipemsture,
in addition to the other monitored characteristics described
above. If any of the monitored charactenstics is abnormal.
c g., measured paramctcrs outside of a prcdclcrnunixl
threshold riurgc, an alert c;m bc sent to a third party. In some
examples, the tlurd party can bea medical lmalth profes-
sional, such as a doctor, nurse. caretaker, etc It is noted that,
for those embodiments ivhich can function as a cardiac
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monitor (e.g. that mcasurcs clcctrocardtogrmn (EK(i)), II

can be necessary to establish a closed loop (e.g., for the
electrical measurement of I IK(i) across the heart As such. in
some of those embodiments, a sepanste conductive pad or
other skin-contacting stntcture/probe can be coupled to the
)VCD so that a user can pinch the pad with fin ers on an
opposite hand.

Sutcc Ihc WCD has Ihc form Ihctor of u ring, Ihc WCD Is
designed to be worn over long periods of time by a user v ith
little to no discomfort Or utterference In this regard, the In
0(('D can monitor the above-described, monitored charac-
teristics over long penods of time (e.g. Iveeks. months. etc ),
and detenuine trends in the data. For example. the WCD can
ntcilsUIc hodlt IBIO over B long pct100 ol Innc Bnd dctct1uulc
d UniqUc I'csaulg hw1rt I'dtc Ior a Uscn II Ihc user s hctirt riltc Is
deviates from the resting heart rate, the W('D can be
arranged to issue an alert to a third party In one specihc
example. the WCI) can use appmpriate processes to analyze
both the trends of monitored characteristic~, as well as
current accelerometer data ht this way. if 0 person*s heart Io
rate dcviatcs from u rcsung heart rate, but Ihe acceleromctcr
indicates that Ihc user Is cxcrctstng and/or cngagutg In
streintous activity tlmt provides an equivalent workout, then
the W( D may not issue an alert in this circumstance.

IIICI 23A is a perspective vieiv of the hand of a user in
various positions employing the navigational fhautres of the
)VCD. As described above, the WC'D can conmtunicate with
a mobile dcvicc though onc or morc wtrclcss conunumca-
tton protocols. The mobile device cmt include a processor
and a memory and can execute a map application/process sn

that can provide turn-by-turn walking or driving directions
to the user based on the user's (IPS location. A portion of
those directions can include information regarding heading,
distance to travel at that heading, waypoints. Bnd the direc-
tion ofncxl turn By way ol Ihc wirelcss communication, thc Is
mobile des Icc can commutucatc onc or more Of pieces of
information rclaung Io diriwuons, such as Ihc heuding Once
the heading is received the W('D, the W(:D can give
feedback to the user regarding the actual heading measured
by the onboard magnetometer and the heading set forth in do

the direction information. In one example. the feedback can
bc hap)re or physical fbcdback providixf by One or alone
actuators, such us the Bctuators 620 descmbixl ubovc.

FIG. 23A depicts B user's hand In vuuous postuons of
navigatinn. each hand including a W('D worn thereon In
this example, 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., pout)a a rut linger, In Ihc dtrccuon ol Ihe correct
hcadutg. tlm WCD 2300 can give li:cdback lo Ihc User 0

indicating the correct heading. Thc feedback can include. Ihr
example. an I lil) indicator 2310 showing a green visible
li ht. In the example 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 . I
the handing of Ihc user. Such I'ccdback can mcludc illunu-
nat ton of an LED utdicator showing (c.g.) a rcd visible hght.
Similarly. hmtd 2340 Is gesturing ut direction 2345, which Is
to the right of the correct/appropriate direction 1he W(:I)
can pmvide (e.g ) a blue indicator intiirming, the user to sn

chan e heading.
FI(k 23B is a flow chart Z300B depictin 0 method of

providing fhcdback Io a user according Io onc or morc
aspects of thc disclosure AI block 2310B. u user can
establish a communication link bcnvccn u WCD and a ss
mobile device. At block 232013, the user can generate or
request a set of directions at the mobile device, including

ullornldttottidiitii ICgatdlng hCadlng. dlstBOCC to IldvCI Bt that
heading, and the directinn of next turn At block 233013, the
mobile device can transmit at least one of the information
itents/datum regarding headin, distance to travel at that
headm . and the direction of next turn. At 2340B. the WCD
can take a measurement of heading by measuring a headin
associated with an cxplmit gesture by Ihc user*a linger
donning thc ung. Such gcsturc cun include poutttng in d

pmposed heading of travel At block 235013. the Vs'( D can
compare the measured or proposed heading to the correct
heading provided by the mobile device At 236013, the W(:I)
can provide feedback to the user based on the comparison at
2350B. e.g., if the user is gesturing in the correct direction.
a grccn LED indicator may appear. In other cxamplcs, II'Ihc
gcsturc Is in a direction tlmt does not corrcspond with Ihc
correct direction. a (e.g ) blue or red indicator can appear In
one specific example, indicatnrs representing left and right
course alterations can be difihrent so a user can easily
discern a correct direction of travel

FICi 24A is a schematic diagram of a system 2400 for
controlhng Iul cnvlronnu:nt of B Usct'ccot'dulg 10 Onc ol
morc aspects Of Ihc disclosure. As shown, the WCD can bc
connected, v;ired or wirelessly. to one or more appliances in
the home of a user I'he system 2400 can include a W(:I)
2410, a thernxistat 2421). a wireless access point (e u.. Wil i

router) Z430, and a mobile device 2440. The WCD can be
v irelessly connected (e.g., link 2415) to both the themtostat
and Ihc mobile dcvwc by any type of wtrelcss communica-
tion protocol, such as Bluetooth. The access pout) cmt bc
wirelessly connected tn the thermostat and the mobile device
by uny type of wireless comnnutication protocO. such as
Wil i. It is noted that a ivide range ofcomntercially available
appliances. thermostats, lighting controllers. home control-
lers, and the lil e. can interface 0 ith the WCD using WiFi or
another conventional/propriclary conmtuntcdlton protocol.
as dcscribixl further below.

Thc WCD 2410 cmt Include one or morc Imnpcraturc
sensors In one example. the Vi('I) can include at least one
internal facing temperature sensor Z410a and an at least one
outv ard facin temperature sensor 2410b, as shov n at FICi.
24B The inward facing temperature sensor 2410a can be
near thc skut of a user when the user Is wcaung the ung, and
coul thcrclorc nliilsUIc Iho skin IcnlpcrBIIU'0 ol Ihc user. Thc
outward facutg Icmpcraturc sensors 2410b can bc dtsposixl
away from the finger of the user, and can therefore be
arranged to measure an ambient temperature of the room in
v hich the user currently resides with sufficient thenual
isolation fmm the user's lmnd and his/her body heat. In
purttcular, In order Io ensure accurutc ambient Icmpcraturc
mcasurcmcnts, the WCD c;m mnploy B combination of
multiple hght sensors 2410c and outward lacutg Imnpcra lure
sensors 2410b. In this regard. the temperature sensor 2410b
associated with the li ht sensor 2410i that receives the Inost
fiptt 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 cxiuuplc, Ihc WCD can employ multiple outwardly
facing tcmpcraturc sensors 2410b mtd compare Ihc Icmpcrd-
IUIO VBIUcs 01 erich Io Ihc UIU Brd Idcnlg sensor 2410a. Thc
W(:I) can then select the most accumste temperature value
from the outward facing, sensors

Based on the measured skin temperature and measured
ambient temperature, the )VCD can automatically adjust the
thcmtostat 2420 Io alter Ihc ambient Icmpcraturc of Ihc
room. In tlus regard, If a user's skin Icmpcrdture is too lu h.
thc WCD can utstruct thc thermostat 2420 Io lower Ihc
ambient temperature Similarly. if the user's skin tempera-
ture is too cold, the W('D can instntct the thermostat 2420
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to rmsc thc tcmpcrature. Thc WCD 2410 can uistruct thc
themtostat (mid/or on HVAC controller) directly. e.g, vio a
direct wirclcss luck 2415, or uidircctly, c.g., via onc or morc
of the mobile device 2440 and the access point 2430 'I he
WCD con also use hmtonc tcmpcrature datu Ui develop trend
temperature data

In another example, the WCD can be part of o system
2400( for controlling home appliances 'I'he systeni 2400C
can include a WCD 2410C. one or more home appliances

111
2420C, and mi access pouit 2430C. Such home appliances
2420C can include. for example, a television. lights, speak-
ers. microwave. range. stove. oven, ctc. Each of thc homo
appliances can include an anteruia that allows the respective
home appliances to comnnmicatc wirclcssly witll otic ol
more access points 2430('n one example, the appliances
can include a ScenSor DWI000 chip provided by Deco-
Vv'ave. In this way. the locations of the appliances in the
room can be determined to an accuracy of approximately 10
cm. Thc location ol'thc WCD 2410C can ulso be dctcnnuuxk zo

using the above-referenced chip. or by using signal strengtlis
of onc or morc berne stauons.

I levin established the position of one or more home
appliances and the user in a roon&, the user can make o

gesture to control such horne appliances 2420C. I'or
example. the user can point at the TV (wlfile wearin the
(VCD) in order to turn it on/off. Knowing the position of the
user and thc position of thc TV. lhc direction ol thc esture
and the type of gesture can indicate wliat action to take on
which device I'he accelerometer and/or magnetometer on in
the Vv'('D 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
controlluig home appliances according lo onc or morc ii
aspects ol'hc disclosure. At block 2410D, thc locations of
ollC Or iiiorC IiolllC dppllB11CCS ill B rooiti Bill/Ol 110USC Cilll bC
ascertainergdetermined As described above, the appliances
can include a pmcessor configured to identify location
within a room At block 2420D, the location of the WCD is do

determined. At block 2430D, the user can make a gesture
toward a home apphancc to exert control over thc homo
appliance. Such gesture can include a snap, a pout(, ctc. At
block 2440D, the acccleromctcr ond,'or magnctomctcr on thc
Vv'('D can be used to create a vector to the object to control
At block 2450D, a ivireless packet can bet sent tn a wireless
access point to control the respective appliance. The access
point can then issue the command to the respecrive oppli-
dllCC.

FIG. 25 is a perspective view ol'hc luuid of n user o

cmployuig a two-factor authcnucouon lcv:luuquc accorduig
to one or more aspects of the disclosure

As shown. the user 2500 is wearing a W('D 25 I 0 and is
approoclung a locked door 2520 with an access node 2530
associated therewith. The access node 2530 con be a wire- .1
less Bcccss trode of B coiivcllliolial or cUstolii ilirBIlgclllcllt,
and can conununicatc wirclcssly accorduig 10 any type of
wireless protocol, such as WiFi or Bluctooth. As thc user
apprnaches the door 2520, the W( D 25lfl can initiate o
communication link. e g., Bluetooth or Wit ii, with the access an

node 2530. In this way, the W(:D and the access node can
en a e in one or more handshaking or query procedures to
verify the WCD. For example, thc access node 2530 can
dctcmt a MAC address, IP address, or other alphanumcnc
identilicr associated with the WCD mid compare it to u list ai
of authnrized users Such nenvork-based communication
pmcessev should also be clear to those of skill.

Once thc MAC address or other ulcnulicr is vcnlicd, thc
user can engage in a pre-defined gesture 2550 to complete
the authenticatimt procedure 'I he gesture Z550 can be any
type of hand and/or finger nun(ion that can be performed by
the user. In this regard, the accelemmeter or magnetometer
can detect the gesture 2550 perfiirmed by the user and
provide tllc gcs(UIc lllloniiatioii to tile occc'a~ iiodc. H (lie
provided gcsttllc'lllorlllatloli corrcapoilds willi oil BUtlio-
rized gesture stored at or accessible by the access node then
the user may be granted authorization and the door can be
unlocked I'he authorized gesture can be a general autho-
rized esture for all users. or can be a specific gesture
authorized only for the particular MAC address.

In addition to a door. thc method above can bc used to
goin access to other fbdturcs. such as unlockuig a mobile
phone, unlocking a car dnor. starting a car I'he mithentica-
tion technique above is advantageous in that it can eliminate
extraneous authentication devices, such as key fobs fora car,
a door. keypads for entry control, etc.. Bnd can provide a
secure two-factor authentication technique to avoid
unwanted access. Morc gcncrally auy typo of kcylcss entry
system (C.g. o kcypad. cord-reader, keyless lock, ctc.l cim bc
equipped v'ith appropriate communication interfaces (Rl(
IR, etc 1 to cmnmunicate ivith the W('D and operate based
on o gesture and/or proximity of the user using the tech-
niques described above. The WCD can also be employed
generally in tlus manner to activate or deactivate a residen-
tial or conuncrciol alarm system-subsututing, for cxamplc.
for o kcy fob used for tlus purpose.

lrl(i 26A is a schematic view of a clmrging apparatus fbr
clmrging the WCD according, to one or more aspects of the
disclosure As shov n. a mobile device 26 1 0 can be received
v ithin a case 2620. The mobile device 2610 can be electri-
cally connected to the case 2620 via a port 26100 on the
mobile dcvicc 2610 mid o coiuiector 2620ir ou the case 2620.
As shown ui phantom. the case 2620 can include on inte-
grated bat(cry 2630 witlun the case that cmi charge thc
mobile device via the connector or can charge a WCI), as
will be described in greater detail below.

The integrated battery can be connected to an anteium
2640 disposed on or witlun the case 2620 that can emit an
RF signal. as shown in tlm block diagram in Flfi. 26C. Thc
RF signal can have o power of less thmi 500 mW aml o

frimucncy of 13.56 MHz. Thc RF signal can bc mniucd in all
directions around the case such that it can be received by a
WCI) in pmximity to the case

FICi Z6B shov,s a WCD 2650 including an RF anteium
2660 and clmrging circuitry 2670. The RF antenna Z640 can
bc disposed witlun tlm housing 2680 and can reccivc thc RF
signal cmiued by thc case 2620 and couvert it to a current
that can be used to charge thc WCD battery (not shownj.
'I'his can advantageously allow the user to charge the WCI)
without remnving the Vr('D from the linger. As shown in
Flfi. 26D. the charging can occur whenever the WCD is in
close proximity to the case, such as when a user talking on
thc phone or merely handling the phone. In another implc-
mcutauon, lhc case can utihze uiducuve charging to char c
thc WCD. In tlus regard. the case can include an uiduction
coil subjected to a predetermined current to pmduce a
ntog/tettc field A corresponding induction coil within the
housm of the WCD can be subjected to the magnetic field
to produce a current that can charge the onboard battery in
accordance with known clcctromagnctic pruiciplcs.

Flfi 27A is o pictonol diagrrun mid FIG. 27B ia a blocl,
doigrimi ol o WCD employing flash storage accorduig to onc
or mnre aspects of the disclosure As described above, the
WCI) 2700 can include a hnusing 2710, an antenna 272(l,
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and an micgratcd circuit (IC) 2'730 uicluduig u flash memory
2740. 1be IC and the flash meinory can be disposed ivithin
the housing, 2710 'I'he flash nlenlory 2740 can be powered
by a battery Z750 and connected to the I('730, which can
be implemented as a system-on-a-chip (SoC) IC 2760. The
IC can include Bluetooth Low Energy (BLE) capability to
allow for conmiurucauon with anolher dcvicc. Thc flush
memory can be used io store data, or can bc uscxI ui any of
the authentication techniques described above 'I he WCI)
can transmit data stored on the flash inemory to another 10

device 2780 via the l3I,I: connection, or can receive data and
store the data on the flash memory.

FI(fi 28A is a schematic diagram of one or more WC:Ds
pCrfbrnllllg proxlulllv fuilC11011S JCCordlug Iil i111C ilr 11101C

aspects of the disclosure. Thc WCD can dc(Oct a strength of ii
an RI 'ignal received by its antenim, and calculate a distance
to the source of the RI'ignai using a Received Signal
Strength Indicator (RSSI) In one exainple. the Rli signal can
be from a mobile device, an access point, or another W('D.
The use of RSSI can have many applications in proximity zo

dctcouon. For cxrunplc, thc WCD can bc placed on a child
and cnn bc connected to mobile device held by a parent If
the WCD travels a predetermined distance from the niobile
device. the WCI) can issue an alert to the nxlbile device,
thereby alerting the parent that the child has wandered too
for. In another example, the parent can wear a first WCD and
the child can wear a second WCD. The first WCD can alert
the parent tlrat a cluld has wandered too far.

A single user cun wear a lirst WCD 2800 on a lirst linger
on a hrst hand and a second W('D 28111 nn a second finger 10

on a secnnd lmnd In this regard, the user can measure the
relative distance benveen the first and second fingers using
an RSSI via o wireless hnk 2830 between the WCDs 2800,
2810, such as a BLE connection. This can be used to
mensurc an approxunaic dimension of an object held in both li
Ilaluls or lo cstiulaic B Olid-air Iucasurculcllt.

In some cxnmplcs. a first user can wear u lirst WCD 2800
and a second user can wear a second WCI) 2810. 'I'he RSSI
can be collected over a period nf time and the processor can
analyze the data to develop trends or statistics. For example, ao

the RSSI data can indicate that the first and second users
ilare spell( il ccrtalll Buloiiui ol lilac logcthcl Bud cau scrvc
as a rclaiionslup moiutor.

lite WCD cmi also dcicct when ihc first user and scramd
user are holding hands lii(i 28B is a scheinatic diagram of s
one or more W('Ds 2800, 2810 perforining proximity func-
tions according to one or more aspects of the disclosure.
Similar to the ECCi monitoring tecluuques described above,
a circuit cmi bc lbnncd when thc users hold hands 2840
(with thc rcspcctivc hmlds wearuig ihc WCDs). Thc circuit o

can bc used io transmit data and/or cliwiricul unpulscs
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 ond. in combination with the amount of time
spent to ether. monitor the relationship of the two users. In . 1

addition, thc WCD can colhoi data rcgarduig conunumca-
tion bc(ween thc users, c.g., c-mail, social melba. ctc. Based
on all ol'hc above factors, thc WCD cun develop a rela-
tionship score benveen respective (VCI ) users. with a higher
relationship score indicatmg more and more frequent inter- an

Bc(gills.
FI(fi 29A is a flow chart depicting a method of initiatin

gcsiurc lnplii according to otic ol 111010 Bspocm ol thc
disclosure. The WCD can bc used 10 perlilnu onc or morc
comnumds, or to ulsiruct another device, such as a mobile ai
device. to perform one or more commands. Such commands
can include, initiate sleep state of Vr'( I). initiate sleep niode

or dcl'suit mode of WCD. powcnng oll7on ol'hc WCD,
turning otVoff an I Ifl) light nf the W('I). powering on/off of
a nmbiie device, placing a phone call on the mobile device,
etc I'he user can establish one or more custom gestures to
initiate any of the conuuands above. For example, the user
can select a command to be customized from a munber of
conunanda. Once sclccicd. ihc user can pcrfonn a custom
gcsiurc 10 be associated with ihui conunand. In some
exonlples, the user can perform the custom gesture nniltiple
times tn ailnw the W(II) to better identify the gesture and to
develop ermr tolerances for registering the gesture

At block 2910. the user can perform a first gesture. In this
example. the user can perform a fin er snap. At block 2920.
WCD can register thc gesture, 1 is ihc accclcromctcr and,'or
thc magnctomctcr. Ai block 2930, the accelcromcicr can
send an internipt signal to the processor. At block 2940, the
pmcessor can wake from a sleep or defmdt systein state At
block 2950, the pmcessor can monitor the accelerometer filr
a second esture, at which point the user can perfonu a
second esture. If the second gesture matches a gesture in
thc gcsiurc commmid database, then thc WCD can perl'onu
thc associated conuuand. II'not. thc WCD can rctum to ihc
sleep state

ill(i 29B is a chart 2900B showing an exemplary gnlph
of acceleration vs time as measured by the accelemnleter of
the WCD. As shown at peak 2910B. the gesture can only be
registered if it reaches a predetermined accelemtion thresh-
old. If thc gcsturc pcrlonncd ai 2910 meets ihc threshold, 11

can pmciicd to block 2930 where the interrupt procedure is
performed

Ill(i 30 is a perspective vieiv of a W('I) 3000 cnnploying
an illustrative reset fiinction and associated pmcedure/pm-
cess As shown. the WCD 3000 can be removed fbom the
fin er of the user in order to initiate a system reset of the
WCD. In onc cxamplc. thc system reset can be uutiaicd by
spinniug about a rotation axis R ut a prcdctcnuuicd sperM.
Thc prcdetcrmincd spccxI cml bc any value, and ui onc
exonlple is a rntational velocity. Upon performing the reset
pmcedure at the predetemlined speed, opemltion nf the WCI)
3000 can be interrupted and the onboard components of the
3000 can power off, and revert to factory default settings.
Additionally, a series of moicmcnm can nuiiaic a rest, such
as putting thc nng on a table and turnulg 11 over several
tlulcs.

ill(i 3IA is a perspective vieiv of a W('D uicluding an
I ED indicator according 10 one or more aspects of the
disclosure. As shown, the WCD 3100 can include an inter-
nal/external housin 3112 ond an internal/external pottin
3114. Thc WCD can uicludc an LED 3120 thai can bc visible
through thc in(cowl/cxiemal potting 3114.

FlfiS. 31B and 31C arc cross sections along lute C-C of
a W('I) employing an l.ill) indicator according to nne or
more aspects of the disclosure As described above. the
WCD 3100 can have an internal and/or external potting 3114
that can be transparent. Tins ollovi s heft sources within the
housmg 10 pass tluough tlm potting without changing, or
with muumal Change to. thc opticul properties of the hghi.
In this way, a hghi source 3120. such as nn LED, can bc
disposed on the PCl3 3140 and can be powered at least
partially by battery 3130 'I'he I Ill) can be encapsulated by
the pottin 3112 and can project light thmugh the pottin
311Z. As shown in FILI. 31B, the LED 3120 can include a
vertical LED, while 31C depicts a nght angle LED. Thc
vertical LED can pro lect Ii hi along dirccuon L1, wlulc ihc
nght angle LED can proyoct light along dirccuou L2. When
light is projected along l,2, the light can travel around a
circumference of the hnger of the user Note that. according
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to aspects ol'hc ihsclosurc, the pouuig can be gmierully
adapted in is hole or in part to condition, filter or moth fy the
wavelengths aud/or protimuon quahues ol hght by lor
example. embedding leusmatic coniponents, applymg light-
difiusivc additives. light attenuatin (ilier ma1enals. ctc

13IO 32 is tlow chart depicting a method 3200 of cons-
municating with a near field comnnuiication (NFCI device
accordin to one or more aspects of the disclosure.

In some examples. the WCD can enable or disable NFC
1 I 1

or change thc fuucuonahty of a NFC dcvicc. For ex;unplc,
the WCD cmi itself engage in NFC with another computin
ilcvlcc. or tile WCD call bc collilcc1cd via ivlrclcss 1111k lo ii

computin device that engages in Nli('ith a ditferent
computuig device. In ccrtaui existing NFC dcviccs, NFC
will coiinect a(id begin transmitting data as sooii as it is
queried. In the present example, NFC is enabled or be in
transmitting data exclusively upon performing of a pre-
determined gesture. However, a variety of other transmis-
sion proccascs can bc nuplcmentcd liir cxamplc a pcrioihc io
clurp or handshake request by the WCD for conumuucation
w ith appropriate devices.

At block 321(), a NI'('apable device is provided. 'I he
device can bc miy type of device, such us a lupfop. tablet,
mobile dcvicc, or dcdtcatcdi NFC dcvicc.

At block 3220, the WCI) initiates a connection with the
Nli('evice. 'I'he connection can be a direct connection viu
NF(L or mi indirection connection via an intermediate
device. At this point, no data has yet been transmitted
between the WCD and the NFC device.

At block 3230, u user performs a predctcmuncd esture
that is rcgistcred by thc WCD. Thc csuirc c;ui bc any type
of gesture. such as a point. a snap. waving the hand, etc

At block 3240, data transniission begins betv een the NI'C
device and the WCD is

In other examples, the user can perform another esture to
cease NFC communication. The gesture can be the same
gesture as dcscribcd above or a difi'crent gesture. Addition-
ally, thc user cau rcmove the ring to disable the NFC. Upon
donning the ring the user will be pminpted by the application ao

on the mobile device to re-authenticate by entering a PIN,
whereby the proper PIN results in re-enabling the NliC
functionality.

In yet another example, the WCD device employing NFC
can bc conligurcd ou thc lly to map to dilli:rent data eels a

stored thcrmm. For example, the WCD dcvicc employing
Nli('an employ iLsta thereon to make purchases. e g.,
account information, data to access a building. e g., a key
fiib. and data thereon to board public transportation. e g.,
smart card, metro card, etc. A user can perform a predeter- so

mined difi'erent gesture for each of the above data sets to
access tlm data. Once acccsscd, the WCD dcvicc employing
NFC can miuutc a link with another computm dcvicc to
initiate a transaction, to open a door, or to board public
transportation, etc . 1

VI. Optical Elcmcnt and Auachmmit Frame

13IO 33A depicts a perspective vieiv of a W('D assenibly
3300 according to one or more aspects of the disclosure, so

while FICIS 33B-D depict exploded views of the WCD
assembly and 33E depicts a cross sectional view of the WCD
assembly along A-A. In tlus cxtunplc, thc WCD assmnbly
3300 includes a WCD 3310. an auaclunmii frame 3320. and
an optical clcmcnt 3330. The WCD 3310 c;ui bc any of thc ss
Vi('D examples described above or belov in the present
application

Thc attachment frmnc 3320 is rcleasably attached to thc
WCI) 3310. 'I'he optical element 3330 is itself releasably
attachable to the attachment frame 3320 In this regard, the
attachment frame 3320 provides an attachnient interface
between the WCD 3310 and the optical element 3330.
thereby allotting the optical element 3330 to be at a fixed
position ui space sstth rcspcct to thc WCD 3310 or any
portion thcrcof. The auaclunmu Ibmnc 3320 can be madeol'ny

niaterial, such as a metal. polymer, etc. Any type of
polymer can be used, such as thermosetting plastics, ther-
moplastics, Pl(l E, polycarbonate, polyethylene. I.l)PI( or
any other type of plastic.

The attachment frame can be sized and shaped to fit alon
thc curved surlace of thc WCD. For cxamplc, thc auacluucnt
frumc can have a curved undersurl'acc to allow a llush lit
with the curved surface of the Vi'('I) 'llie attachment frame
cun have any shape, size. or radius of curvature depending
on the size and shape of the W('D

The attaclunent frame 3320 includes a first retaining a
portion 332Z and a pair of second retaining portions 3324.
Thc lirst rctaiiung portion 3322 dcliues a conical recess
3322ii conligured io recco c the optical clmncnt 3330, and
pmvides a generally unoccluded pathway for light to pass
through the optical element and onto the W('D Although
depicted as defining a conical or fuistoconical shape, the
recess 33ZZO can be any other shape depending on the shape
of the optical element 3330. Each of the second retainin
portions 3324 includes a rcspimuvc locking fimturc 3324a.
Thc rcspcctivc locking features 3324 mid a extend from thc
second it retaining portion 3324 toward one another such
dmt a distance beuveen the respective locking features is
greater than a distance betiveen the remaining poruons of the
second retaining portions. As shown in FICI. 33E, the
lockiiig features en age with an inward-facing surface 3350
of thc WCD to misurc a scmirc Iit. In ouc exmuplc, thc
uiward-facuig surlace of thc WCD muy itself have one or
morc fcaturcs 3360 to engage with thc locking I'caturcs of
the second retaining portions Such one or more WCI)
features can include pmjected surfaces, recesses, or any
other type a feature to allosi for engagement with the
a11'Ichllleilt fi'ante.

Thc optical clement 3330 cmi bc made of any ma(coal
capable of modilying. c.g.. Ibcusin, incident electromag-
netic radiation, such as visible hghu ultraviolet hght, infra-
red light, or any other type of electromagnetic 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
of glass, quartz, diamond. zirconium, or any other ma(coal
capable of I'ocusing light. More gcncrally. thc opucal cle-
ment 3330 is fomied with a general outward appcarancc
siniulative of a faceted jev el with an appropriate tint or
coloration (including clear'white) 'Ihe term "jewel" can
also be used in the alternative to describe the optical element
3330 herein.

Thc WCD can include CPV cell 3312 tlrat cmi be disposixl
directly undcnieath thc attachment frmuc 3320 and optical
clement 3330 when assmublcd. In other examples. thc CPV
cun be positioned within the housing and can receive elec-
tromagnetic radiation via a transparent potting niaterial. In
this regard. incident light striking the optical element 3330
can be fociised on to the CPV cell to alloii for charging of
thc intcmal bat(cry of tlm WCD. Thc optical elcmcnt 3330
provides an increased clmrging cllicicncy when compared to
thc CPV exclusively receiving tunbicnt light, mace thc
ambient light is colfecteiL'gathered fmm a wider field. and
then focused onto the ('PV by the optical element 333tl In
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onc cxamplc. a Ibcul length of the optical clmncnt 3330 is
difi'erent than a distance between the optical element and the
CPV. For cxiunplc, thc focal length can bc greater than or
less than the dmtaucc bctwix:n the optical clement and thc
('PV 'Ibis can be advantageous in various aspects of the
disclosure so as to avoid the light from focusing at a focal
point directly on the CPV, which could cause damage to the
( 'PV itselfby over concentrating the light at that single point
of the overall CPV surface.

FIGS. 34A-B depict a WCD assembly 3400 according to iii

onc or more aspects oi'hc disclosure. In this cxamplc. thc
attachment frame 3420 does not extend to an inv ard-facing
surface of the W('I) 3410. but is instead form entirely on the
outside-facing surface of the WCD. In some examples. the
attacluuent frame 3420 can be semi-permanently or pemin-
nently afiixed to the outw ard-facing surface of the WCD and
can have a plurality of rctaiiung portions (mounting prongs)
3422 that at least partially define a rcccss 3422a Ibr receiv-
ing the optical element As shown in lii(i. 34I3, the optical
element 3430 is releasably attached to the attachment frame zo

3420. This configuration can be particularly desirable, as it
exhibits ornamental similarities to a traditional en agement
ring v.bile still having the increased functionality of the
WCD. Note that while uot shown, thc mounting prongs can
include small hook ends that spruigably rctuui the optical
element 3430 when attached, but that can release the optical
element based upon a prying motion. A customized grasping
tool (not shown) can also be employed to remove (and
attach) the optical element in this example.

Vll Iinclosure/Packaging

FI(t. 35A depicts an enclosure or case 3500 for storing a
)VCD according to one or more aspects of the disclosure. As
shown. thc mtclosurc 3500 uicludcs a lid 3510 and a base is
3520. Tlm lid 3510 und base 3520 can cngagc via a rcccsscd
portion 3522 founcd ui thc base 3520 io provide a subst;ui-
tially sealed interior environment

'lite lid 3510 can be cuboidal in external dimensions, or
dehne any other type of geometric shape that allows sufii- so
cient internal volume to contain the WCD. For example a
custom design shape (polyhedral, etc.) can be mnployml. In
this exalllplc, thc top portion 3510 is substuntially cuboidal
as shown, includui rounded cdgcs rather than vcrticcs Thc
lid can be substantially tmsnsparent to allnw viewing of the
Vi('D while enclosed thereui, and can be made of any type
ofmaterial. such as a polymer, glass. etc. The lid can also be
mounted v ith pins on a hinge.

llic base 3520 can be cuboidal, or any other type of
gcxuuctric shape. In dim example, the botunn portion is o

substantially cuboidal, uicluihng rounded cdgcs rather tluin
vertices as shnwn 1'he bottoin portion can be made of any
material and can be transparent or opaque

The base 3520 can define a receptacle 3524 for receivin
the WCD 3505. The receptacle 3524 can be sized nnd shaped . a

to rcccive the WCD 3505 and in this example is scmicylui-
ilrlcill. c.g . a portloll oi a cvllllilcl; Tile Iaillus oi tile
scmicylutder cau be slightly larger than a radius of thc WCD
in order tn accnmmodate the VVCD securely 'I he receptacle
can lined with a soft material to allow for a soft. safe an

material to receive the WCD, such as a silicone. thermo-
plastic, fabric, felt, or other material.

FIG. 35B is a cross sectional view of thc usscmblcd
cnclosurc 3500 shown above along the line B-B. As shown,
when assembled. thc WCD 3505 Iits scmurely widen thc as
receptacle 35Z4 'I he interior of the lid 3510 can be sized and
shaped to conform to the shape of the VVCD such tlmt the

WCD is completely surrounded mid enclosed by thc lid
3510, v.bile in other examples. the lid 3510 can be sized and
slmpcd to allow lor airspace 3514 bc(ween the lid surface
and thc WCD.

lil(i 35('s a cross section of the enclosure alono line
A-A As shnv;n, the lid 351(3 can include an integral optical
element 351Z. The optical element 3512 can be a lens or any
other device to modify, e.g. focus. light that passes there-
through In tlus example, the optical element 3512 can be
disposed st a prcdctcrnuncd distance aw uy from onc or morc
CPV cells 3507 disposed on the WCD 3505. Tins distance
d can be measured froin the center of the optical element to
the ('PV cells 3507. and the optical element can itself have
a focal length f. In one example. the distance d can be greater
than the focal length f. such that the optical element focuses
figtt at a point above the WCD in the enclosure. In this
regard, the light will not Ibcus directly ou thc CPV cells
disposed at thc surface of thc WCD, thereby avoiihng
overheating nr damage tn the ('PV cells In other examples,
the distance d can be less than the fiscal length, which can
also prevent light from focusing at a surface of the W('D.

FICi 36 depicts an enclosure 3600 including air vents
3650 according to one or more aspects of the disclosure. In
tlus criunple, the enclosure 3600 includes a plurality of vent
holes 3650. Tire vent holes c;m be arranged ou onc or morc
faces nf the lid. lite vent holes 3650 can prevent overheating
within the enclnsure during chartpng of the W('D by allow-
ing for circulation of convective air current During ship-
ping, the vent holes 3650 can be covered by an adhesive
and/or adherin (peel-ofi) polymer sheet of conventional
arrangcmcnt to prcvcnt debns or moisture from ca(cong thc
cncloaurc. Thc enclosure can uicludc u lid 3610, base 3620.
receptacle 3624. and optical element 3612 as in the
exon)plea set forth above.

VIII. Sizing

lil(i 37 depicts a method 3700 of sizing a finger accord-
ing to nne or more aspects nf the disclosure At block 371(l,
the hand ofa user can be provided The hand can be held still
in mid-air or alternatively can be restin on a surface.

At block 3720, a lira( inuigc is tukmt of the user*a hand
from a lira( pcrspectivc. Thc unagc cau be taken by miy type
of imagmg apparatus. such as a CCD or CMOS camera. a
digital camera, a cameos assnciated ivith a mobile phone,
etc 1 he first image can be stored in a memory.

At block 3730. a second image is taken of the user's hand
at a second perspective. In this regard, the second perspec-
tive is diilcrcnt Irom thc first perspccuve so as to provalc a
distinct view in the second image of thc user's hmid. Block
3730 csn bc rcpcatcd any number of umcs. For cxamplc, a
tlurd image can be taken of the user's lmnd at a third
perspective In this regard, the third perspective is ditTerent
from both the first and second perspectives so as to provide
a distinct view in the third image of the user*a hand. and so
Oil.

At block 3740, a size of the user's finger can bc dcuvixl
from thc plurality of images taken above In some exmuplca,
as few as uvo images may be required, while in other
scenarios, mnre than three ima es may be required. depend-
ing on n number of circumstances including image quality.
selected perspectives, etc. The size can be derived from the
plurality of images by any iuunbcr of uxlmiques, such as
stitching thc plurality oi'mages togcthcr to generate a 3D
typography of thc fingers. time using photogrmnmetry algo-
rithnis to identif) features on the fingers to determine the
appropuate ring size liurthermore, the touch screen of the
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smart phone can bc used Io measure Ihc hurilucss ol'issue
by measuring the fiiotprint/impression the hngers make
while pre~sing a finger against the touch screen of a niobile
phone

FI(k 38 is a pictorial diagram showin ~ a plurality of
image perspectives of a user's hand 3802. As shown, per-
spccuica 3810, 3820, and 3830, as well as thc ofter pcr-
spccui ca. produce corresponduig images (ui a strip) 3812,
3822, and 3832 'I he images can be used to derive a sne of
the user's finger according to the methods described above Io

Iil(i 39 depicts a sizing tool for sizing the tinger of a user
As shov n, the tool 2900 can include a plurality of finger
holes 3910-3950. The tool 3900 can be made of any mate-
rial. such as plastic, metal, or cardboard.

FI( L 40 depicts a sizuig tool lor sizing thc finger ol a user is
accordin to an alternate example As shown. the tool 4000
can include a plurality of finger holes 4010-4050 1he tool
4000 can be made of any material, such as plastic. metal. or
cardboard.

FI(k 41 depicts yet another alternate example of a sizin zo

tool for sizing the linger ol' user. As shown, Ihc tool 4100
can uiclude a plurality of linger holes 4110-4150. Thc tool
4100 can be made of any material, such as plastic. metal. or
cardboard. 'I he thickness of the card reflects the thickness of
the rin to ensure proper fit Additionally, the sizing tool is
designed such that it can be easily mailed to the user with a
standard mad service such as k(SPS.

Any of the tools 3900, 4000, or 4100 can bc provided to
a user prior Io purchase ol'thc ring ui order to oh(am accurate
sizing infiirmation prior to purchase 'I'he tools include so

holes. as shown above, that can come in a plurality of
predetermined linger sizes to allow a user to match his or her
finger size with the tool The best match. e... closest size
that ensures a comfortable fit, can be identified usin the
tools. Ahemanvcly, thc tools can be provided at retail is
locatioin lo size Ihc linger ol Ihc user on site prior Io
purclrdse. Morc generally, a variety of other sizuig tech-
niques. such as those employed by conventional jewelers
can be employed according to further aspects of the disclo-
sure. ao

In another embodiment, a packaging or enclosure of the
WCD c;m uicludc a sizuig diagram or uitcrlhce nnbodicd
Iiicrclll Io allow 0 iisi:r to size 0 lillgcr ilurlllg Illi: pilrcllBsc
process.

Iil(i 42 depicts a niethod 4200 of monitoring. activity
accordin to one or more aspects of the disclosure.

At block 4210, a user can don or place the WCD onto the
finger to secure it in the v eanng position.

At block 4220, a user can perform miy number of duily
dC(lit(1CS, Sill:11 BS itilllllllg Oil a ISCdihlllll, Willkllig. CSCii:1S- 0

uig, Iypmg, ctc.
At block 4230, the WCI), contempormieous with block

3220, can use one or more sensors to sense the activities of
the user. For example. the sensors can detect location, speed,
acceleration. orientation. heart rate. etc. . s

At block 4240, Ihc WCD, or another computin device,
can gcncratean entry in an activity lo at Ihc conclusion of
a dctecuxl activity II Ihc activity detected by Ihc sensors has
a profile that has not yet been identified, the IVCD can
pmmpt theuserto identify theactivity Iiorexample, theuser so

can identify profiles such as "Run in Central Park," "Typ-
in," "Run on Treadmill.** etc. The WCD can associate the
identity provided by Ihc user with Ihc activity prolilc idcn-
tilicd by thc smisors and store Ihc idmitiliml acnvity in thc
WCD memory, or any other memory. Later. il'ie user ss
performs the same activity and the 9'CI) detects the activity
pmfile as being similar to a saved activity, the WCI) can

ulmitify Ihe acnvity wlnlc the user is performing Ihc activity
and save the activity in the activity log I tach of the activities
performed can be saved in the overall activity log and can be
stored in a menmry on the W('D. or other device, for later
v I ev mg.

FICi 43 depicts a method 4300 of determining whether a
user is wearing gloves according Io onc or more aspcc(s ol
thc disclosure. AI block 4310, a user is provxlcd wlnlc
wearing the W( D. where such user may or niay not be
wearing oloves

At block 4320, one or more light sensors on hoard the
WCD can detect surrounding ambient hsht. Such light
sensors could include. for example. a CPV or other light
snisitivc elcmcnt.

At block 4330, one or morc additionnl mcasurcmcnts
nnybe made. Such additional measurements can include. fiir
exon(pie, an ambient temperature measurement and or a
pmximity measurement, e.g, detecting proximity of an
object to the WCD via reflected electromagnetic radiation in
the form of IR light.

At block 4340, a mensurcd ambient Icmpcrature and
ambmnt light measurcmcnts arc comparixl Io prcdctcrnunixl
threshnlds. If the ambient tempensture nieasurement is
above a certain predetermined temperature threshold and the
ambient light measureiuent is below a certain threshold. it
can be determined that the user is wearing a glove over the
WCD.

At block 4350, a mcasurcd proximity and ambient hght
illcasilrcillcltts illc coillpillixl Io rcspi:ctlvi: pri:ili:IcrllllIli:il
threshnlds. If the proximity measurement is below a certain
distance threshold (e g,. determines an item is in close
pmximity to the V'CD) and the ambient light measurement
is belov, tltreshold. it can determined that the user Is wearin
a glove over the WCD. In any of the above examples. an
uitcnsity of LED indicators ol'hc WCD can be adjustixl
according Io a dctcctcd ambinit light usuig an appmpnatc
algontlun or process that compares thc nmbicnt light Io a
scale and adjusts a desired driving current/voltage for the
I I IDs according to a predetermined fiirmula (e g a propor-
tional adjustment usin an adjustment coeflicient) or scale
(e . a lookup table). For example, where there is abundant
ambmnt light (e.g., dc(ected ambwnt light above a prcdc-
tcnnincd Ilucshold), Ihc intcnsi(y ol the LED inihcators can
bc uicrcascd. In the same way, where there is liulc mnbicnt
light (detected ambient li ht below a predetermined thresh-
old), the intensity of the I,ED indicators can be decreased

In one example, the WCD can detect v bather it is
removed and or installed on the fin er of the user. In this
regard, as mcntioncd above, the WCD can have inward-
facing light sensors, CPV. or Imnpcraturc sensors. When a
user mstalls a ring on lns linger Ihc mmisurc of ambient hght
nny decrease or the temperature may increase. Such
clnnges in ambient light anoyor temperature can be detected
by one or more sensors onboard the WCD and a detemti-
nation can be made that the user has removed and or
uistallcd thc ruig on lns linger.

FICi 44 depicts a method 4400 ol'ccurlllg ilB(d ollbodrd
thc WCD according to onc or morc aspints ol'Ihc disclosure.
At blnck 4410, a user may don the W('D on the linger At
block 4420, a user may execute an application on a mobile
device. or other computin device, that can be previously
associated and authenticated with the WCD. At block 4430.
thc user can cuter an autlxinzation code into the apphcation
running on Ihc mobile device, such as a PIN wide. At block
4440 thc mobile device may transmit thc mithorization code
to the W('D by any iueans of communication, such as,
wired, wireless, illuetooth. Nli(L etc At block 4450. the user
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wearing the WCD can now be 0 aui authcnucatcd and
associated with the WCD and can be grmited access to
certain functions and/or data ~ forage ol thc WCD. At block
4460 a user may rmnovc thc WCD. At block 4470 thc WCD
can detect that it is removed such as bio detectinn (including
e g., biometric identification) techniques described above
with respect to inward facing sensor chan es. temperature
chan es. or heart rate decreasing to zero. At block 4480, the
authorization code previously stored on the WCD can be
autonuitically dclctcd upon dctcction ol removal 10 avoid iii

unauthorized access to such uiformation by a subscqumit
wearer nr other querying party I'urther or alternatively,
additinnal information can be mttomatically deleted upon
removal of the WCD, for example any data and or instruc-
tions stored on the onboard memory of the WCD such as is
personal infomtation. banking information. minfidential
ilifiiitllatioil, Or 0111CI'ClisitivC data.

IX. Timepiece System
20

FIG. 45A is a tuncpiccc system 4500 acmirding to onc or
Iiiolc ilspccm of 1110 disclostll'cx As sliowii. Ilic tillli.piccc
system 4500 can include a conventional timepiece 4510 and
a timepiece computing device ( I'('D) 4520 'I'he'I'('I) can be
any shape, and in this example is in the shape of a cylinder
The radius can be significantly greater than a height of the
TCD to provide the shape of a puck. The TCD can have one
or morc structural mid/or fimctional components, and can bc
similar to thc WCD dcscnbixl above sstth rcspcct 10 hard-
ware features. components. sensors, etc Although depicted sn

as cylindrical. the 'I ('D can have any slmpe depending on the
shape ofthe conventional timepiece. Iior exaniple, where the
timepiece i)as a rectangular or square face. the TCD can
similarly have a rectangular or square pnifile.

A top surf'acc 4520a ol'hc TCD can uicludc a prcssure is
scnsitu c adhesive (PSA) layer 4522 to allow lbr adhesion of
the TCD to thc under surface of the iimcpiccc 4510. Thc
'I'('D 4520 can lmve a msdius Or circumference that does not
exceed radius or circumference Of the face of the conven-
tional timepiece so as not to be seenwhena user is wearin 40

the timepiece system 4500. The TCD can enhance the
corn cntional tuncpiccc with many of thc lcaturcs dcscnbcd
aboic with respect to the WCD such as, hcurt rate sensing,
tcmpcraturc scnsin pcdomclcr, activity scnsui, esture
sensing and control. ivithout 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 battery 4540. any printed circuit board
4550 with onc or more mimponcnm at1uchcd thereto (not
Sftossn) SU011 BS tliotioii ~ctlsolS, poWCI lllBiiiigCIllC111 cll- 0

cuitry. clrarging circuitry. ctc As with the WCD, thc printed
circuit board of the I'CI) can be overmnlded 4560. 'I he
overmold can be tmsnsparent Or substantially tmsnsparent to
allow electromagnetic radiation to pass tfwough to be inci-
dent upon one or more components of the T('D. . 1

As shown, thc TCD can include a hatt pipe 4524 nround
the peruncter thcrrxif. Thc light pipe 4524 can be subst;ui-
tially muuilar ui shape and can bc formixl m part by thc
overmold of the I'('D. The hght pipe can be constmcted
fmm a conventional tmsnsparent or translucent moldable sn

material (e.g. acrylic. polycarbonate. etc.). and can be
arran ed to focus ambient light onto a CPV disposed
onboard thc TCD for additional chiuging capabihty. Thc
optical arrangcmcnt/gcomc try of thc light pipe can bc unp1c-
mentcd using sloll in thc art to aclucvc 1hc dcsircd uptical ss
characteristics In another example, excess heat generated by
the I'( D or excess body heat emitted from the skin of the

user can bc convcttcxf to electrical energy via a thcrmoclcc-
tnc (1E(i) mndule. such as a Peltier module. disposed
onboard the I'GD

I'he I'('D can also include any mnnber of ('PV cells,
either on a top surface or bottom surface. to allow for
char ing. For example. a CPV cell can be placed on the
undcrsidc ol'hc TCD to allow for docking with a charun,'ockingstation.

lil(i 46 depicts a W('D 4600 ivith a pair of I,I ID indica-
tors 461(1-4620 disposed at an inward-facing portion Of the
WGI). As shnwn. the WGD 460(l can include a pair of
transparent re iona 4640-3650 mid an opaque region 4630.
The LEDs 4610-3620 can be positioned under the transpar-
ent regions 4640-3650 to allow light Iyom thc LEDs to exit
thc WCD. In one example, the LEDs 4610-3620 can crcatc
a subtle ditfuse glow to the skin to pmvide a desirable visual
etfect tn user ln another example. a user feedback I,EI) can
be placed at an inward facing surface and a second can be
placed at an outward facing surface of the WCD. Dependin
on the circiuustances, one of the LEDs may be disabled to
save battery life. For cxmnplc, LEDs that are facing away
froili B USCr C.g. IBClllg ilov:Il Or BWBy Irolll USCI S llllC Ol

sight, may be disabled As described above. the W('D can
deternnne its orientation based on onboard sensors, such as
the niagnetometer, accelemmeter. GPS. etc

FICi 47A is a system for generating and managing alerts
accordin to one or more aspects of the disclosure. As
shown. thc system can mcludc a WCD 4710A. one or morc
networks 4720A, and onc or more scrvcr computers 4730A
according tn nne or more aspects of the disclosure 'I he
WGI) 4710A can communicate directly and/or indirectly
with the server 4730A via the nenvnrk 4720A In this regard,
data enerated and/or stored at the WCD 4710A can be
transmitted to the server 4730A and vice versa. In one
example, suCh data can uicludc biomctnc data pcrtaimng to
a user wcanng thc WCD that is dctectcd mid stored by thc
WCD.

lil(i 47l3 depicts a block process diagram for generating
a(id managiiig alerts accordiii to one or more aspects of the
disclosure and FIG. 47('s a flow chart depicting a method
for generating and managing alerts according to one or more
aspects of thc disclosure.

At block 4710C, and as shown at process block 4'710B.
thc user is authcntmatcd with respect to the WCD. In tins
regard, a single user can be associated ivith a single WCI)
and can be associated ivith a predetermine identifier. such as
an alphanumeric number. If the user is not authenticated or
the authentication process is not conclusive. the WCD may
uivitc thc user to retry authentication at block 4'715C unul
tile ilsi:r is silcccsslUllv'iltllclltlcatcd Ill sortie cxalllplcs. Ilic
WCD may timeout ihc authentication process. lock thc
WGI), nr place the W('D in safe mode in the event of too
nmny unsuccessful mtthentication attempts as a security
measure.

The user can be authenticated according to any of the
authentication methods dcscribcd in the prcscnt applica1ion.
such as via a uiuquc capillary map, a unique ECG prolilc.
etc

If the user is authenticated, biometric data can be trans-
nutted to the server at block 4720(''he captured bionietric
data 4720B can be transmitted to the server via netv'ork
4720A, 47222B

Once rcwcivcxf at the seri cr, thc biomctnc data can bc
aggrcgatcd. Sottcxi, catcgorizcd. or prolihxl at block 4730C
and as shown at process block 4730B. In this regard, a
pmhle (correspondin to the alphanumeric identifier) may
be created at a database at the server that stores data for a
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particular user. The prolilc can store ironsmitlcd btomctnc
data. as v ell as other ihta, such as user gender. bemht,
weight, age. family history, disease intiirmation. location,
etc

In some example~, identifying information may be
removed from the data and/or not transmitted to allow for
anonymily and/or to comply with regulations rc arding
transmission ofmedical dole Thc transmitted biomelnc data
can be normalized in order to contply with predeternuned
data requirements tn order to be added to the profile In one tn

example. a minimum amount of data may be required in
order to be considered viable for association with the profile.
The biometnc data of a single profile can be oggregsted, or
in other examples muluplc prolilcs can be aggregated simul-
littlix)IIS)v. is

Aggregation of the user's biometric data into a single
pmfile alloivs for the pmhle to be iisualized or analyzed
accordin Io any number of ntethods I or example. a time-
line can be created showing biometric data over o period of
time. The data can also be synthesized or onolyzed to Io
CBICUIBIC IICIIII ilola, Or Ot)ICI IIIBIIICIIIBIICB) ICBIUICS.

Although only onc WCD is dcyttctcd, it ts contcmplutcd
that a plurality of W('Ds can exist, with each W('D corre-
sponding to a distinct user (and distinct alphamimeric iden-
tifier) and therefore resulting ui a plurality ofdistinct profiles
at the server. Accordingly, each of the distinct users/WCDs
may be authenticated separately according to the methods
dcscnbcd hcrmn.

At block 4740C, once the imtttsnuucx! Ilala hns been
associated with the user profile, the updated pnitile can be in
correlated ivith one or more other profiles stored at the server
as shown as process block 474013 'I'he profiles may be
correlated accordin to any number of correLstion standards,
such as correlating users with similar traits such as age,
gender, location, profi:asion, or by ony other dale stored al is
the scrvcr. In some examples, onc or murc of the Irails can
be used to make such a correlation. Thc btometric datn from
the one or mnre users that are correLsted with one another
can be combined to fiirm a gmup prohle 'Ilie ornup profile
can be the

aggregation,

average. range. or sum of individual do

protiles that form the gmup prohle. For example. for a
particular group prolilc, a rmigc oi rcsluig heart can bc
generated by taking Ihc maximum and mimmum values of
resting heart from the individual prolilcs. hi other cx unplcs,
an average (and standard deviation or standard deviation of d

the mean) can be generated for each tmsit, such as avemsge
restin heart rate, ovemsge active heart rate, overage blood
pressure. avera e blood sugar. avemsge skin temperarure,
ECG prolilcs. Bs tscll as miy other fwilurcs capable of bourg
dctculed by thc WCD as descnbcd above. o

At block 4750C, transmitted biomctric duta can bc com-
pared to the established values fmm the grnup profile In tlus
way, if a user's heart rate deviates by a predeternuned
threshold (such as by predetermined magnitude or standard
deviation), on alert can be generated at process block 4750 B.. 1

Thc companson process cau occur oi die server after truus-
mtssion of the btomclnc dale. In anolhcr cx;unplc, thc group
profile data can be Ironsnutlcd lo the WCD Ibr tamipartson
at the VICI). 1'his advantageously allows the comparison to
be made where the WCI) cannot establish a nemvork link an

The group profile can be updated on a continuous basis or a
predetermined time interval or at each transmission of
btomelnc dalu.

At block 4760C, the a)crt ts Iransnuucd lo thc WCD and
displayed lo thc user al process block 4760B. The alert can as
indicate that the user*a biometric data has deviated from the
pmfile roup and niay advise the user to seek medical

attention. In another example, Ihc scrvcr can directly conuicl
a medical health professinnal In the example where block
4750('ccurs at the Vi('I), transmission of alert information
from the server may not be nccessaty.

The alert at the WCD can be any type of audio or visual
indicator. such as an LED, haptic feedback. audible a)ann.
clc Thc indicator may also uivtle thc user lo rest, make dn
appoinuucnl with a mcdtcnl health profi asional, rcconuncnd
a particular medication, or su gest certain physical activities
tint may health conditinn that caused the alert

As shown in Fl(i 4713, the authentication 4711)13, aggre-
gation 4730B. and correlation 4740B can occur at server
4730A, which can include a process. memory, and any other
fcaturcs ol a general purpose computer. The authentication
4710B, aggregation 4730B, mid correlation 4740B cdn
access a database stored at the memory. where profiles,
gmup profiles, and binmetric data can be stored.

lil(i 48A is a methnd fiir variable sampling according, to
one or more aspects of the disclosure. As descnbed above.
the processor module of the WCD can determine (e.g., based
ou idculilicd physical actu ilies, routine paltcm, ond/or lime)
d frcqUctlcv III ivlllch otic or ttiort: si:itsors ttt lhc actlsot
modules should opemste

At block 4810A, one or more sensors of the W('D may
take one or more measurements. Iior example, the )VCI) can
detect temperature. heat( rate, acceleration, as described
above.

At block 4820A, Ihc WCD cmi calculate au activity lc el
of a user. For extunplc, Ihc WCD can compare to o number
of stored activity pmhles (as described above) stored by the
ilier, ot'oti ci1tupal'e tile sctlsol'c,'lstlrcllletlts to scllsot'hreshnld

values correspondin to ditferent activities. such
as sittm . running, sleeping etc. In one example, the WCD
detect acceleration values over time to genemte an activity
lcvcl for a particular lime pcnod

At block 4830A, thc WCD may iximparc thc ulcnutiixl
activity lcvcl lo a prcdclcrminc activity tlucshold value. In
one example, the WCD may categorize the detected activity
as either a high level activity or a low level activity I ligh
level activities can include nmning, sit imming, bil ing etc..
v bile lov: level activities may include sitting, standing still.
or slccping.

At block 4840A, Ihc WCD can scl a Iirst smnplc rale Ior
high level activities and at block 4850A, the WCD can sel
a second sample rate for low level activities 'I he first sample
mate can be a shnrter rime interval than the second sample
rate. resulting in more data being detected ond generated
dunng a set amount of time v.bile the user ts active. This

allness

s for increased pow cr cilictcncy oi'hc WCD wlule also
provliltttg IIIC BIIVtttltagC Of gi:tli:rotttl tltori: ilBIB WIICII d

user is morc active, thereby provtduig added btometnc data
for later analysis.

In another example, the sample rate can be scaled accord-
ing to activity level. For example, the sample mote can be
scaled to be directly proportional to heart rate. This results
ui a shorter lime inlcri al for sampltn (morc Ibcqucnl dain
gulhcr) for running thon for walking.

A» activity level changes, Ihc method above can bc
repeated a plurality of titnes at certain intervals in order to
quick or abntpt activity changes

FICisk 48B and 48C are ~aphs depicting one or more
aspects of the sample method of FILI. 48A. As shown in FIG.
48B. Ilm WCD may delcnninc a user ts cngoguig ui a lugh
lcvcl activity by dcliutuig accclcraltou values thai are above
d prixii:ICI111111eii lhrCSllolil VB)UC. Itt 1111S I'CgBIII, o Sllorli:I
time interval (mnre frequent data gathenng) can be set As
shown in lil(i 48C, the user is engaging in a low: level
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actn ily since Ihc acceleration values arc below a predeter-
mined threshold A longer sample rate (lems frequent data
gatherin ) can be set in this instance

IIIG 49 a diagrammatic representation ofa machine in the
example form of a computer system 4900 within wlfich a set
of instruction~, for causing the machine to perfomi any one
or more of the mcthodologics discussed hercui, nuiy bc
cxecutcd. Spccilicdlly, FII L 49 shmvs a diagranunauc rcqt-
resentation of a machine in the exaniple tiirm of a computer
system v ithin ivhich instructions (e.g . software or prograni la
code) for causing the nmchine to perform any one or niore
of the methodologies discussed herein may be execured In
alternative embodiments. the machine opemtes as a stand-
alone dci icc or may be connected (c.g., nclworked) 10 other
niachhlcm In d nctworkixi dcplo)'Blent, thc BIBchuic BIB)'s
operate in the capacity of a server niachine or a client
machine in a server-client network em ironnient, or as a peer
machine in a peer-to-peer (or distributed) network envinm-
ment.

The machine may bee server computer. a client computer, Io
a personal computer (PC). a tablet PC, a sct-top box (STB),
a personal digital assistant (PDA), a cellular lclcphonc, a
smartphone. a web appliance, a network router, switch or
bridge, or any machine capable of executing instmctions
(sequential or otheiwtse) that specify actions to be taken by
that machine. Further, while only a single machine is illus-
trated. the tenn "machine" shall also be taken ro include any
collccnon of machuies llrdt Individually or louilly execute
instructioim lo perform any onc or murc ol Ihc methodolo-
gies discussed herein

'lhe example computer systeni includes a processor (e g.,
a central processing unit (CPU), a graphics processing unit
(GPIJ), a digital signal processor (DSP), one or more
application specific integrated circuits (ASICs), one or more
radio-frcqucncy uilcgralcd circuits (RFICs). Or any comb&- Is
nanon of Ihcsc), d uidul nlcnlorv, dnd d non-vol Bnh: Iuctuoiy,
w luch are conligurcd to ninunuiucalc with each olhcr viu a
bus I'he computer system niay further include graphics
display unit (e g. a plasma display panel (PDP), a liquid
crystal display (LCD), a projector, or a cathode ray tube do

(CRT)). The computer system may also include alphami-
menc input device (c.. a keyboard), a cursor control device
(c.g.. a nloilsc, d IIBckbdll, a Jovsnck, a nuiuon sensor,
touch scrccn. or other pointing instrument), a slora c uml, a
signal generation device (e o . a speaker), and a network
interface device. which also are configured to conununicate
via the bus.

The storage umt includes a non-transitory machine-read-
able mcdnim on which is ~ lorcd inslruciioim cmbodymg any
onc or morc of thc mcthodologics or Iiuictions descnbcd o

hcrcui. Tlm inslructioim may also reside, nnnplclcly or al
least partially, within the main memory or within the pro-
cessor (e.g., within a pmcessor's cache menxiry) during
execution thereofby the computer system. the main memory
and the processor also constituting machine-readable media.. 1

Thc instructions may bc transmtttcxl or rcxcived uvcr a
network i is lhc network uilcrl'acc device.

While maclunc-rcadablc medium is shown in an example
embodiment to be a single medium, the tenn "maclune-
readable medium" should be taken to include a single sa

medium or multiple media (e.g., a centralized or distributed
database, or associated caches and servers) able to store
hisnucnons. Thc Icrui nlachulc-Icdddbli: nlcduun shiill
also bc taken to include any medium duu is capable of
stonng mstrucnons for cxccuuon by lhe machine and llml ss
cause the machine to perform any one or more of the
methodologies disclosed herein. I'he term "machine-read-

able medium** includes. bul not bc hmitcd to. dam reposi-
tories m the form of solid-state memories, optical niedia,
ntagnetic media, or other non-transitory machine readable
medium.

X. Conclusion

It should be clear that the W('D and 'I ('D arrangenients
described accordin to various aspects of the disclosure
provide a lfighly versatile and useful item of wearable
ckctrorucs that Is comfortable mid convnucnt lo wnir,
convcnicntly clmrged. mid wc ithcrprool'or all-purpose and
all-condition w miring. Venous options for style and appear-
ance can be implemented. as ivell as a variety Of storage
options Ibe functions and structure of the device lend
themselves to both a ring version and a v

rist-worn

version.
All versions are designed fiir long-life with minimal main-
tenance, and arc adaptable to intcropcratc with a vancty of
nclworkcd devices includmg computers, smarlphoncs, home
controllers, security systems, and virtually miy other device
capable Of communicating over a wireless link-including
another W('I) or 'I'( D

The foregoing has been a detailed description of illustm-
tive embodiments of the invention Various modifications
and additions can be made without dcparluig from the spinl
and scope ol llus invcnnon. Features of each ol lhc various
cmboduncnts dcscnbnl above may bc combined with li:d-
tures of other described embodiments as appropnate in order
to provide a multiplicity of feature combinations in associ-
ated neiv embodiments. Furthermore. while the foregoin
describes a niuuber of separate embodiments of the appa-
ratus and method of the prcscnt invniuon, what has been
dcscribcd herein is merely illustrative ol'hc apphcauon of
thc pnnciplcs of the prcsnil uivenlion. For cxamplc, as usixl
herein various directional and orientational terms such as
"vertical", "horizontal", "up". "down'L "bottom", "top",
"side'*, "front'*, "rear", "left'*, "right**. and the like, are used
only as relative conventions and not as absolute orientations
with rcspixt lo a lixed coordinatesyslem, such as thc acting
direction of gravity. Note also. us used herein Ihc terms
'*process** aiugor "processor" should be takni broadly lo
include a variety of electmnic hardware and/Or softivare
based hinctions and components Moreover. a depicted
process or processor can be combined is ith other processes
and/or processors or divided into various sub-processes or
processors. Such sub-processes and/or sub-processors can
bc variously combined according lo embodiments herein.
Likcwisc. il is expressly conlnnplalcd Ihal any funclion.
pmcess, application, andior processor here herein can be
iniplemented using electronic hardkvare, software consisting
of a non-transitory computer-readable medium of progmsm
instructions. or a combination of hardware and software.
Also. Ivhile a variety of visible and near-visible radiation
sources arc descnbcd as LEDs, it Is expressly contcmplanxl
that ollmr types of sources cmi be employed accorduig lo
aspects of the disclosur~for example plasnia disclmr e
sources and bioluminescent sources. as ivell as sources that
are based upon developing tecluiolo ies. Electromc circuits
and RF components can similarly be based on alternate
and/or developing tecluiologies Accordingly, this descrip-
tion is meant to bc taken only by way ol'xamplc, and nul
to othcrwisc lunil thc scope of Ibis uivcnnon.

Wlrdt is claimed is.
I A linger-worn wearable nng device, compri~ ing.
an cxtcnui1 housulg coniponcnl ilcfnuig Bn outcr cociun-

ferential surface of the finger-ivorn wearable ring
device;
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ml ultcmal housing component coupled Io Ihc cxtcuml

housing, component. the internal housing component
defining an inner circumferential surface of the finger-
wom lveansble ring device. wherein the internal hous-
ing component composes a substantially transparent
material that enables light to pass throu h the internal
housing componcul,

a prmtcd circuit board disposed within a cavity dcfincd by
Ihe extenlal housing conlponent and the internal hous-
ing component, wherein the printed circuit board is lc
configured to conform to arc lvithin the cavity;

one or more light-emitting components electrically
coupled with the printed circuit board, the one or more
light-cnutun nlmponcnm conligurcd Io cnnl li ht
tllrough Ihc substantially Imnsfmrcnt maternal of thc
internal housmg component into a tissue of a user;

one or more light-receiving components electrically
coupled with the printed circuit board, the one or nlore
light-receiving components configured to receive,
through the substantially transparent material of the 20

intcnml housing nlmponcnt, Ihc li ht Irunsmittcd by
thc onc or morc light-nnilnng componcnls,

one or more processors configured to process data that is
based at least in part on the light received by the one or
more light-receiving components; and

a conununicotion module communicatively coupled with
the one or more processors, the communication module
conligurcd Io transmit Ihc data proccssnl by Ihc onc or
nloic ploccssoi's.

2 f'he finger-worn wearable ring device of clainl 1, lc
Vi'herein the substantially transparent nlaterial i ~ contigured
to filter or modify one or more wavelengths of the light that
passes tftlough the internal housing component.

3. The finger-worn v earable ring device of claim 1,
w hcrcin the substauiinlly tr ulsparcnt ma Icosi is conligurcd is
to alter onc or more opuca 1 propcrncs of thc light Ilmt passes
through Ihc internal housillg conlponcnL

4 f'he finger-worn wearable ring device of clainl 3,
wherein the substantially transparent material is contigured
to alter the one or more optical properties of light that posses so
through the internal housing component based at least in part
the onc or morc opncal propcrtics, onc or morc additiolml
optical properties of Ihc hght, or both.

5. Thc finger-worn wcarsblc nng dcvmc ol'lmm 1,
wherein Ihe substantially transparent material comprises o
clear matenal that enables the light to pass through the
internal housin component.

6. The tinger-worn v earable ring device of claim 1,
whcrcin Ihc substanunlly transparent material comprises a
tultcd material that nlablcs the light Io pass Iluough thc o

inicnlal housing colnponcill.
7 f'he finger-worn wearable ring device of clainl 1,

wherein the internal housing component is molded to the
external housin component.

g. The tinger-worn v earable ring device of claim 1, .1
whcrcin filc intcrrml housing componcni is coupled to thc
punted circuit board such first Ihc subsiantiully Iranspurnlt

material contacm and col crs Ihc onc or more light-cnntltng
components and the one or more li ht-receiving compo-
ncnm.

9 l'he finger-worn lvearable nng device of claim 1,

whcrcin Ihc onc or nlol'c light-cnnulllg conlponcnls conl-
prise a first light-emitting component configured to emit
fixit associated with a first wavelength. and a second
light-emitting component conti ured to emit hght associated
v ith a second lvavelength different from the first wave-
lcnglh.

10. The finger-lvom wearable rin device of claim 9.
whcrcin thc lira t w avclcngth is associated with visible hghL
and wherein the second lvavelength is associated lvith
infrared light.

ll. 1'he finger-worn lvearable ring device of claim I,
v herein the one or more light-emittin components com-
prise a hrst light-emitting component positioned w:ithin the
fin er-worn wearable rin device at a first msdial position.
and o second light cmittmg componnll posilioncd willun Ihc
fin er-worn lvearable ring device at a second radial position
difi'creat from thc first radial position.

12. 'Ihe finger-worn lvearable ring device of claim 1,

further composing:
a pnwer management module disposed withul the cavity

bciwiicn thc ulncr circumfercnual surface and thc outcr
circumferential surface. the power nlanagenlent Inod-
ule confiptred to wirelessly tmsnsfer energy from an
external energy source to a battery of the finger-worn
v earable ring device through the inner circumferential
surface, thc outcr clrcumlbrcnuul surlhcc, or both.

13. The fin er-wont wearable ring device of claim 12.
whcrcin Ihc power managnncnt module compnscs ml induc-
tive clmrging component conti ured to tnlnsfer energy front
thc cxtcmal energy source Io the buucry via ml ulducuvc
clmrging process

14. The linger-lvom wearable rin device of claim 1.
wherein one of the internal housing component or the
external housin component further defines a first side wall
and a second side wall that extend between thc ullcmal
housm component and the external housing component.

15. Thc lingeriwom wearable nug device of claun 14.
wherein the first side wall. the second side lvall. or both. are
substtmtially perpendmular to the umcr circumli:rcnual sur-
face, the outer circumfermltial surface, or both.

16. The finger-lvom wearable rin device of claim 1.
furtlmr cofnprlshlg:

o cur~ed battery electrically coupled with the one or more
light-cmittulg components, Ihc ouc or more hght-re-
ceiving components, the one or more processors. and
Ihc conunonicalion nlodulc.

17. The fin er-wont wearable ring device of claim 16.
whcrcin Ihc curved battery composes an arc that approxi-
nmtes an arc of the cavity

r r r
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