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Opti cal Power Mdul ati on CROSS- REFERENCE TO RELATED
APPLI CATI ONS Thi s application clainms the benefit of
W@easo943erity to U S. Provisional Patent AppliRGE/U8007/085397
Ser. No. 60/898,269, filed on Jan. 31, 2007 and U.S.
Provi sional Patent Application Ser. No. , filed on
Cct ober , 2007, titled "Method for Measurenent of
Physi ol ogi cal Pulses Using a Defo bl e Optica
Wavegui de, " al | OptigalcRosver Mf)éllﬁatlﬁ)dfbr por at ed by
reference in their entirety. TECHNI CAL FI ELD Thi s
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pressurcs measured.

Blood pressures can be measured invasively (by penetrating the skin and
measuring inside the blood vessels) or non-invasively. The former is usually restricted to
a hospital setting. The non-invasive auscultatory and oscillometric methods are simpler
and quicker than invasive methods, have less complications, and are less unpleasant and
less painful for the patient. Non-invasive measurement methods are more commonly
used for routine examinations and monitoring.

The auscultatory method typically uses a stethoscope and a sphygmomanometer.
An inflatable cuff is placed around the upper arm at roughly the same vertical height as
the heart and pneumatically connected to a mercury manometer or aneroid gauge. The

mercury manometer measures the height of a column of mercury, giving an absolute cuff
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errors and drift of calibration which affect other
pressure gauges. The cuff is inflated manually by

WO 2peavedl y squeezing a rubber bulb until the PCEHURI0AT/085397
artery is conpletely occluded. Wiile listening with
t he stethoscope over the brachial artery distal to the
pressurized cuff, the examner slowy releases the
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SUMMARY
In some aspects, a vital sign measurement device includes a sensor fixation
device, a sensor frame held by the sensor fixation device, an optical sensing system held
by the sensor frame, and an output unit. The sensor fixation device is adapted to be
placed against an anatomical location of a subject, within which is an artery. The optical
sensing system includes an optical waveguide, an optical source device to supply optical

energy to the optical waveguide, and an optical detector to detect an amount of optical
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energy to the optical wavegui de, and an optica
detector to detect an anount of optical energy exiting
wo b@sopikcal wavegui de. The optical sensing syRCEIS1087/085397
adapted to sense an arterial pulse fromthe
conpression or flexing of at least a portion of the
opti cal wavegui de, which results in reduction of the
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sensor frame can be attached to the cuff at a location that is not coincident with any part
of the bladder. The sensor frame can be held in opposition to the limb by its attachment
to the cuff such that the pressure applied to the limb by the sensor frame is substantially
equal to the pressure applied to the limb by the surrounding cuff when the inflatable
bladder is inflated.
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to the cuff such that the pressure applied to the |linb

by the sensor frame is substantially equal to the
WEe@som3do applied to the |linb by the surroundi POr/osdon7/085397

when the inflatable bladder is inflated.In sone

I mpl ement ati ons, the device can include a sensor pad
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indicative of the optical signal received and the pressure input.

In some implementations, the anatomical location of the subject is an upper arm.
The sensor frame can be configured on the sensor fixation device so that the optical
sensing system is positioned to sense movement due to a pulse of a brachial artery
resulting in the compression or flexing of at least a portion of the compressible optical

waveguide. In some implementations, the vital sign can be at least one of a heart rate, an
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The sensor frame can be configured on the sensor

fixation device so that the optical sensing systemis
wW@omsh)emed to sense novenent due to a pul se oPCHUS2007/085397

brachial artery resulting in the conpression or

flexing of at | east a portion of the conpressible
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TSRS Rk, | 0 0P 9 IS

transpitiicabptwal egugydeto adbtseend ofthanpaea wavepfide |dt:uectaig an amount
ensi t.j.ng a sec¢on d of he 0 cal ,wave U|de
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secapghvead ¢ abthc opped ivavegtade Wi heopdical waveguide is positioned with a

sensor frame and the sensor frame is positioned against an anatomical location of a
subject, within which is an artery. The optical waveguide is positioned to compress or
flex in response to an arterial pulse. The amount of optical energy exiting the second end
of the optical waveguide is detected using an optical detector held by the sensor frame.

The optical detector generates a signal indicative of an amount of optical energy received.
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sensor franme and the sensor frane is positioned

agai nst an anatom cal |ocation of a subject, within
wWaRi08/094330 an artery. The optical wavegui de i s PCT/US2007/085397

positioned to conpress or flex in response to an

arterial pulse. The amount of optical energy exiting

the second end of the optical waveguide is detected
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pow%?%leo(aul%ﬂoﬁ rs]eensglrei'ﬁgl(l:&ies an optical waveguide adapted to be compressed or
flexed in response to an arterial pulse. The compression or flexing of the optical
waveguide results in a reduction in the amount of light transmitted to an end of the
optical waveguide. The arterial pulse waveform being detected from the amount of light

exiting the end of the optical waveguide.
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arterial pulse waveformas a function of the applied
and varied pressure. The optical power nodul ation

W@ 20080943ncl udes an optical wavegui de adapt ed RPOI/D82007/085397
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meagbrteloga t Ca é))\é&int agglgpla% oer?g of ngeng{a]r & %g%)(%? hle amount of
optlw\éﬁgﬂgly@ﬁltlngﬂﬁe geoed aid sfh@opias wate@ideamhampued] valveguide is

downwar d. di spl acenent of a sensor pad based on the

posisinperhtvithin aojsnsas ATamenaglyging the $eﬁ§0rtmé se@ribathe dawawaidhe
dlsp?&tehl%ﬁ'i! ofRY ?&Qbﬂf&d rdQiffis ?rpf e%ﬁ#&%ﬁf)ﬂ Wi ﬁ@mh@ opg%s %'(t:l f1ed

n a sensor rane I nc € Sensor pa
wavicpaitie t fibe elowmwaf dptitas phage oeifihg dfe dphiealsenveguidpadictected using

res lts in_t npressjon or. flexi of the optica
an qgig giarea@r h@*ﬁiyarﬁ% ﬁﬁﬁl@oro‘%a%t T%%?Pt@ﬁg‘?f‘éift@ﬂe?%%stﬂllf‘éeﬁom a
mgn‘ﬁpfn'dﬁ‘ajuvé’\@f’(ﬁgféhld&lefgg A& GG eﬁle%%h&gtea PRk %@'the amount of

detector hel'd by thé sensor frame. The opti cal
dovwaetaed tioplacemet af the stimer péd Isrgeaersteg niaingitinelsigrzed indecatifve of the
r ﬂ% i cal eqer reCQ%lggerhe erated(1 sure g # e al
OPUEHSUREY 51106 %ﬁcan P TR WV?% &P%‘B QPica
enc@ONRUtAeRe #LbAPcidSY the Bp@lal At gadd iV @ed%ed ﬁ‘ﬁreﬂﬁhb&@' the
energy exiting the second end of the optical

do gispleccruné ofthgsansoppabpt i cal

In some aspects, a compliant waveguide for detecting arterial pulses includes a
cladding having a flat surface and defining a lumen and a core disposed within the lumen.
The cladding includes an elastomer having a Shore A hardness of between 25 and 75.
The core also includes an elastomer having a Shore A hardness of between 25 and 75.

The core has a refractive index greater than the refractive index of the cladding.
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energy exiting the second end of the optical waveguide
is reduced in response to the downward di spl acenent of
w0 b@seet3gdr pad. | n sone aspects, a conpliant P/ESNTEBS397
for detecting arterial pulses includes a cladding
having a flat surface and defining a |unen and a core
di sposed mﬁthin the | umen. The cladding i ncl udes an

el gst oner. V|n hard bet

75413 CaPEmePOGormI gl BGSE BOPHBUTAGL ghBr e een
45 MdBral0esscoé cQ?EaW%%rSI%?’e ARRgrdhdss bERGechB0UnRAS, 3n some

refractive index greater than the refractive index of

lmptdmeenéat@ﬁ@hth@wwg@man F@p |c@mm eltguodisg at laest d 0 A0dimvges trg., at

Shor.e; A duro ween 45,and 55 and the
teasf 8 Bo@urRaR e 1 ST Rl lom e b ¥ RER B LRV S RSk,
betvs@ME .4 1RldeNB0icat.| tweert N85 Way €97) 4l thablabéing apakdwe 20f

gui ding at |east 10,000 nodes (e.g at | east 50, 000

refr%wesr} fex fhgtweesird -3%asidelrihica i ksihacen h%9 enst b4bhrdnpawe a
1mp£%@acﬁtohs/ ?he %géatpﬁ \)@%e[g 1:!15 é? atqggt 45 %QCrgﬁle%rs P tl%’&?\?/@en 150

he c can have are
andQﬂd@KmbﬁkMﬁ@n 1.39 and 1.48 (e g bet ween 1.39 and

1.41) me |nple ntati ons, core can ve a
r adlwmﬁm@? m%@%on% PPRYGS la?é‘i‘gé“ ceeag incl U&%ﬁe@?’ﬁt%@ (c.g.a
siloRfHd e%%%n'i@r rﬂf@él@srt&)ler dafl b%‘sgf@ctbﬁr?tloﬁf@l@ g%dlpq,?ﬁmst'ﬁ{ée%f

opti cal wavegui de can include an el ast e.gd.,
polwsilbxsnangolgliagoergolybuideceliblstromdrcondmabensthkeof.ed

pol JrBHRE oG ot BB s B et Brd in the

accd PSS Mg drdRmigl eh@iheHeSripiBR bBlow D@t fERIUEIEHE B R Of
t he |nvent|on are set forth in the acconpanying

advertages og Shcandention viBde epparewrirase thewlesa@ition, drewingseand claims.
obj ects, and advantages of the invention will be
apparent fromthe description, drawi ngs, and cl ai ns.
DESCRI PTI ON OF DPESVJR(I%THDE OR DRAWINGSone
eV|ce

i ation of asur ement

e B3 B She ol R lor Ple il BRR Hisr e SAKRE: of
t NEFIGISt 2K, 3B G d TEagHi @ Wﬁﬁéusdﬂ?gﬂ&ﬁe@ﬁﬁns bPhed tansigm
upper arm and show ng three different |evels of cuff

measHIsSt deviesi pasitipacd on ai vRnar armsypdisbpvngghiss diffesentiipals of

cuffZIp ?§H} Cf%l%tl@e e{)r{e%ﬁl sgfstoﬁ} Wl 388, duri ng deflation of a
UFT detected By a pressdre Sensor pneumatical |y
coUIGedl déicts heelesfdf patopaurdth doflasibiuf 4 anfEdesttyd by a pressure

obt ai ned, pul ses detected_by an optlcal senS|ng syst
SenyQE lpgelglg,atlgalibé FRUpLed toythg shcqraparedto simultancously obtairied pulses

detected by an optical sensing system held by a sensor fixation device.

FIG.. 4 depicts an implementation of a vital sign measurement device having a
sensor fixation device with an inflatable bladder.

FIGS. 5A, 5B, and 5C depict an implementation of an sensor frame containing the
components of an optical sensing system.

FIG. 6 depicts an implementation of the optical sensing system on a flexible an
incompressible waveguide support surface.

FIGS. 7A-7C depict implementations of optical sensing systems.
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FIG 4 depicts an inplenentation of a vital sign

nmeasur enent devi ce having a sensor fixation device
wowak/og34o nf | at abl e bl adder. FIGS. 5A, 5B, andPBGIZUS2007/085397

depict an inplenentation of an sensor franme containing

t he components of an optical sensing system FIG 6

depicts an inplenentation of the optical sensing

sy a exi bl e an inconpressi bl e wavegui de ..

S BOGR: 8 ape bEhRt fas® paHRERER RicBi i eRER s [eghgrioprn the
amdRt bCRInsHRASRI [Nt Systems. FI GS. 8A and 8B depict how a

conpressed waveguide results in a reduction in the

amduet. oA and §Rglepict bew laiflgied Wry@Sidegasuisdn 9 Bediispprin the

ho fl exed eguide results in a reduction in the
amop o OrdnsEige LD 60”1 { ght. 1 GS 10A. 10D are

Cr qgESSI®L-i @M ate otb&Wectdnalli fcle o atffdrém imprRAteatationsSofahe
t he waveguide. FIG 11 depicts the pulsatile Iight
wavegdifleni ssion in a wavegui de subjected to an

2 0 R A P o, e Rl B L g

eépicts a on of an analy
oscilisttp ddotheitionrdune angrtaial poilse vital signs by the

output unit. Like reference.synbols in the various .
dr ﬁﬁnb?sd?mﬁ? i treplpmRRa UoTL ek @agﬁeﬁwﬁwﬁ@aﬁwﬁme one
Ornﬁge%{mvgq%ﬂ %y’%ﬁ&outéutlfhitw tal sign neasurenent device
include’a sen ]

can in or fixation device 102, a sensor

f r drke 0@ chwl sginbglsan tloptaroal dswmsgsngdisyts fligmelearedtsan

out put unit 106. An output fromthe optical sensing

systemin the sensor frame 200 can be used to

deternmi ne the neaDEBAHED &FESCRIREIONI gn, for

exanpl e, hlood pressure of a patient, and cifical .

sy StOIOR AR il a8 Vi MetgRFgent E?Vl%@napéﬁ% s pition
devRE 1098 Raldrehime i@%ﬁm‘%ﬁﬂ% M ofaﬂiéﬁ%érf@ﬁlg%%t!eﬁl?a&g%l AR &Smit 106.

the sensor frame 200 a applies it "agai nst

An aufptidméro dic dpdical Scosing fyséens ubfhe sensdl famei2fhican bl th s
an.artery 118 In.the Fig. .1, for, e le, the .

et SR Bt PGk 14 BBl DRPTPBISS W RG Aatent, and

spedfitdIBNystolib8n® 8RSOlic ieadiesXBP thedoddeprBREid d fAREFatRat.
that the optical sensi ngps stem 104 senses novenent

corfhesgoiod fingtiarodeviceai0Rdwldsl thpsanser figran2@thendsapnley it against
an afnglt%ﬁﬁca% (i)oocajtign 8% @&%?ec@g%,%ﬁhiﬁ I{l%ich is an artery 118. In the Fig. 1, for
example, the anatomical location 112 is an upper arm of a human patient. The sensor
frame 200 can be positioned so that the optical sensing system 104 senses movement
corresponding to an arterial pulse when the sensor frame 200 is placed against the
anatomical location 112 of the subject. In this manner it is possible to detect arterial
pulses with the optical sensing system when the sensor fixation device 102 is exerting a
pressure on the subject’s arm 112 that is at or below systolic pressure, but not detect
arterial pulses when the sensor fixation device 102 is above systolic pressure.
Accordingly, systolic pressure can be determined as the pressure applied to the
anatomical location 112 when the first arterial pulse is detected by the optical sensing
system, as a pressure is reduced from a pressure exceeding systolic pressure.

Alternatively, systolic pressure can be determined to be the last pressure at which an
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anatom cal |ocation 112 of the subject. In this manner

it is possible to detect arterial pulses with the
W@pRIBO346Eensi ng system when the sensor fi xatiPCI/USWDTEBS5397

102 is exerting a pressure on the subject's arm 112

that is at or below systolic pressure, but not detect

arterial pulses when the sensor fixation device 102 is

above systolic .pressure, Accordingly, systolic
arte Ui S SR BeVlEt PSSR ¥ HE LS s dbe pigssure
is ifchQs@N@tagibGate dxeERMALS stblid tp_%i@lﬁre.t Perthdridte, Ad Afal §ilon
pul se is detected by the optical sensing system as a
measpigewnt éevies qap dupesete thaonelativp sleetr ef acoeetiragrieya trolses
ressure. ‘Alternativel systold c..pressure can be
and iR FRBRIHME S Nt et 8 SR S aO X0 B ag f arpsgre of
lessPbbrSsystotic RS QY 68 tlhy%attiﬁﬁt’ Of, aadl ivaNhbROM S teiBntRetermine
the pressure is as the pressure is increased to a

a nysbes of didfeasnt sitdi s woasuEMEtypelyding systeic arledipgelic pressare

; i . . ; .

el O TS PR S SRR bR K

on fAecdutdragnsteddcor e forirechatdeecrsas) Sach 49 xatio ofi paley amplitudes
xerting a pressure of ss than iﬁ%églic pressure on

I
andfo éhepsgepf‘e%ﬁtﬁg PR a4HErT Befice BEFHPHEEY enent s,
d etﬁe'ﬁgﬁ@al%eﬁyﬁ@%gﬁ] é@sérfslﬁgﬁthXﬂ th&} bSte@red to as an optical

measurenents | nc Ic and ‘diastolic pressure
powee asxdniafren trstHodrto dhtectsandjnect ure Boerigxaigeb.e Anaixaspleldptical

ressure.can he determ ned _based on predeterm ned .
senft SRR G Brrlsnfits Sihaticayied PossemoRuRis) Segdeterring in
partiRitlF €0 BIPSC! MdRIcARISRIcal NEvghRRe 19theld® BYL&Ror frame 200, an

wavef orm bet ween arterial pulses. The optical sensing

optisgispeiee 202 pestiydndgo wrpnly apiycabenargy tora Best engl efghaaptical
Qpt.i.c power dul.atiaon thod tq detect and ur.e
war§BbF 22 PR oBR L AT a PR SRl S B on Ry IE G
enefigyakitingl LB, SpFosid cAdo PR opeibal RRNEFUIADZILY. akh Bftput unit 106,
nmet hod, referring in particular to Fig. 5C, includes
for gramppe pcHOWMRAD Eiliilels conpeckRsl @ a5 yj0 £3681VE @rvigmpl forrampiyan
- ' . i ti.aned. t: ' .
o oAU G DS LT SRLY 0L b i
detcatod 246, windreiaahe dgnaddd intdic24@: @fosi dnicamedf light des giotn aoint in

. amgunt of optical energy exiting a second, .opposi
MGt herecat ?I&)&Pltmﬁg@ﬂ}}?%ptﬂ waygg tg%hls rgicd Bthe
optitQ dcEXATRUE. B MR CEReE bni_gnal,l‘ohe 'oﬁ}p%@ﬁ‘r‘ﬁ? SO RS fasure

receive a signal, for exanple an el'ectrical “signal, '
of thia ol tige. dpt bpadal sensignystsystldny acediupan, parespauls &, an arterial

po o 2R Bl Si R B ard CE Sp O SB Rl
wavehii8e 8X2 bf g Sé&ﬁlgs%@@:ﬁg whdhnesilisen @ Retiuetioh REthe REbGA of
wavegui de that is detected by the optical detector

optigal @neigy gritingdhe eptivel warbeyidgnaid accorglingly puedughen injthg amount
of o%ﬁga“:f reﬁér%? r@ce%a%yl e optical detector.

By way of example, a vital sign can include a heart rate, an arterial pulse
waveform, a systolic blood pressure measure, a diastolic blood pressure measure, a mean
arterial blood pressure measure, a pulse pressure measure, and/or a measurement of
arterial compliance. In some implementations, the vital signs can be determined from the

timing of arterial pulses, the amplitude and/or magnitude of arterial pulses, and/or from
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of the vital sign. The optical sensing system 104 is
acted upon, or responds to, an arterial pulse by
waoResei3ed t he conpression or flexing of at | eRGI/USINOT/085397
portion of the optical wavegui de 212 of the sensing
system which results in a reduction to the anount of
optical energy exiting the optical wavegui de and
accor di ngl duction in the anpu f. op
aneBGRIF FEEET s Ty ETpRFUATo B e Gt g SR dy dpermined
fror@ ¥ aipRt Reeied frb@l th bgfbaP hsinBGLitea 194 ReAE! whild By otRd
arterial pulse waveform a SyStolic blood pressure '
Impheszesitations thediitakbsiphs @nmecﬁ@ttﬂpn@dsfmthaéa@pmen camprgtion with

|
oG- AP PRE RS TRERIG e P FEF ADE 8T iale of he

forrhdt cAUTR hicalP LLOEH B dBdtminddfeor itheBdutSiltGB& @ Trd2e the optical
deternmined fromthe timng of arterial pulses, the

senyRgH Sty &0 Aaﬂa%rThﬁa@fﬁﬁﬂ&a%aléfgngn@aéwemengmag &8 takgpdy gy limb
O I

locatf R et R A TRy ok RO 8L STRCL RPN,

digifss om t he opt|cal sensi ng system 104 al one, mhlle in
ot her inplenentations the vital signs can be

Sengggile m that output in conbination w th other

dat,(nr ﬁxgﬁg@dév?&acrag b Qn§; Q@u%@%ﬁ%ﬁt@d W i Qndiposmon a

pneumat i ¢ cuf As exanpl e rmer case,
seanﬁmhmﬁ@D&ra@nﬂhmihetefm@m@dﬂbmomnwbeummkmuumiebeumﬁat112

f the .optical sens n1104 one, The esent
suely freEiHe P sttt Saem LRSI SR Tameayy o dBicet e
arteh@lclﬁﬂdeo MhelsBtdod ik AebrbdtlyiddQban hb il the sbrkér frdife DOPEdjac@hMo an

the wist area, the legs, and the digits. Sensor

anaeimieal |1®@t1@evf @@Jb]m 1 éfémtsmredept&mm@hse@eqn ﬁ:@tl@@prebwra Ayat an
Siti

E],d.‘]lléfﬁékI ensdorpor ?? oP]I'G?Sﬁle? glg?r examg p e SFHSOI‘ ﬁXatIOaI]t e%lcgaclan %g an

adhéPectbandBgeddr Acustife) in cldsBic wﬁ“ta,r hﬁl aiflatdbée @@b)i cal
senS|ng system 104 within the sensor frame 200
detActhonm 18 Fisye 4 a yoperdixatpe dewdp H2 ¢%n>b§ta|ndﬁﬂ%t@bip gwff 120

havﬁ%rbnqﬁ)ﬂlﬂal%lg %laﬁﬁ 99, %r nﬁgj ecgjse%ﬁglnﬁxattlgn ABvice 102 can be an

atom ca Ioca I on
assthiyi dtae intiudeda seff Sonnpflsmgh ifgdmiconessairtkatas catfigared to surround

stabl e sensor fixation. pressure. For exanple, the
or eg@ﬁéf%ﬁn RRRQIT 1B OB S o drlitt) 04 SHBlREs e 1 %fi%b&a élaégeral 22
can %9%551{1&1&1 witldhl tl’f‘é é%l?f fo a?t?glty sBfrofiY &t AERRIIENE UAL JuchAhe
shown 1 n Figure 4, enso fixation device 102 can be

sensmn flbimtﬁdmdlea/meel O(Zus adalyzé@l thapplygressurierté tetlabb shbh adead and

For exa he S or fixation device 102 can
therf comesiarby i RIRoe b st commrl o ng a

f aldrerdiBt £ 6@ty gehdhsdr FixaQet dadcedotor §dérih Mistesently
described systems and methods can be of a type that either completely or partially
encircles the limb, or may be of a type that applies pressure locally as may be
advantageous in certain anatomical locations, including the wrist over the radial artery.
The bladder 122 in such a device 102 can be pneumatically connected to a pump 124 via
a hose 116, as is the case in Figure 4. In some implementations such as that shown in
Figure 4, a pneumatically inflatable cuff can be inflated (e.g., via a pump 124) and
deflated (e.g., via a valve 126) to adjust the pressure applied to a portion of a subject’s
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or encircle an anatom cal |ocation (e.g., alinb) of a

subj ect. The inflatable bladder 122 can be positioned
wawaokiom3she cuff to partially surround or enciPCI/ESA07/085397

linb. As such, the sensor fixation device 102 is

adapted to apply pressure to the Iinb when inflated

and thereby conpress an artery within the |inb.

nerally, a cuff-type sensor fi.xation devi.ce 102 for
bodyad2] i vl BEeBe PSSR o BTG e HERL oA
sucP8s Rfinduddng thRipRiuh1906 69 SRIvaL Bl Bl O, RAEInt@ h¥ inflation and
encircles the Ilﬁ%, or may be of a %ype that applies

deflprierseiithe chidc &l dtherisphenyertatioad et Hefemgonirallgrenan die included as

anat om cal. | ocations, .1 ncludin he wi.st over the .

o P Son e PR AT ahin s ranS S gl gevice
camdichnerizas feeak oy a sanbeakaibntdvive RuPe dFficdit@vaious
hose 116, as is the case in Figure 4. In sone

K

differapt RaveenseafiagnBicstiichedys Eheaensohupiqnraricgpee by sizgd and
oD SHRPELEENLY f LA Gl on D ke it S ey

predeteraiadsirtetyhef the estgeut e Aappdwe th Figs.al per2A-QQ, thke sansor fixation
subj ect' sbody.112. In sone inp]enentatiqgns, a system

devicg 17 G Eﬁ%o%tﬁmeﬁppaﬁuaaerm@ egrsulsst' shhew) s testhe

optltbﬂ“s%%‘illt?gsg{sfbn{ RERAUL Wnsdirimd 860 ?azt si%gén@/‘ﬁg?{lé?né:ﬂt 901’fr%s%or&%mg to

0 con the inflation and def the cuff.
an aptehelrpulseph énebracttialomtsyy Bi8. i Tifel sansoohixenort dofidearan @éso bise

i ncl.uded as a separate controll.er unit to cantrol th
ooy Pt P Ep L grrihto ERphe RRiEH St St Bah seghor Trame
can SSEB motRfc RS ricOF SRl to An QRS Apul dXR QB dPMEE TROsdASor

applied to various different portions of a subject's

fixapor floviTtheansdspsr pofsiticacd omadesdcae at He anklosip Aegchmdses in an
arranged for placenent..at. an anatom cal .l ogatio f
R R S Y e e

adjace er

t heasdhojwaah Fighs 2 A gthd denkdrdBamel2 (nghn DApdSitiohdepra s o the
_fixation device 102 can be positioned on an upper arm
midpaiphoithg senspy Bxatiog devise P2 &5 shpwh it Rig. 809:ia¢ Hie midmgin@f the

sensdY FREMME AR 0LNEs SBIRAR Pfi%sf?‘ﬁ% Sﬁggcﬁﬁcﬂ dﬁs‘?ﬁ%@ IR QPO of the

corresponding to an arteri n the brachia
sensar figatyorild®iccTE (setrshown]. i Riat placentbay oCthec casoafrsime B0, and

adapted for placenment on the wist so that the optical
morg Spegi ifllwé@t FRSING PPFONd 885 drscnsos pad)od ﬁh%%eﬁ%@f?é%i@m pvith

respeff b %%Q%QJGQ&gﬁﬂin Rlect 85 RhpaRtihS Gafadbldifed’ "’I% Eﬁblementations

artery. The sensor fixation device can also '
whepothetsemoe fixaroraddverg 108 .agpliesgiressine tathd anatooniddtlewtion, such as

ul.ses i rtery. e neck, or. any ot her. rt o
shoBe Bikay b Battotibb al s aciiah of b astund Byhe 2bo wihin
the QW Fidafiofridevice 26 & indpa6t tHEBHA LbialRAE 12 §éin€ Aflp1Bentations, a

positioned proximal to the mdpoint of the sensor

pressiseapplaer Qe asteryllyme ketovs Hpwmriaee ¢ff ag anigmicaldoqafien gambe
nonff iifrolhn.o fFo} Qxearnple, although a pressure imparting body placement device 102
can apply a uniform pressure, the pressure transmitted through the layers of tissue can
result in a non-uniform pressure against an artery lying some distance below the surface.
In some implementations, the pressure applied to an artery lying some distance below the
skin by an inflatable cuff can be greatest at the cuff midline and less at the cuff margins.

The location of the sensor frame 200 relative to the sensor fixation device 102 can be
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sensor fixation device 102 (as shown in Figs. 2B and

2C), or distal to the md point of the sensor fixation
waelewsoe43102 (not shown). The pl acenent of the BERES2007/085397

frame 200, and nore specifically the sensing portion

(e.g., a sensor pad) of the sensor frame 200, with

respect to a pressure i nparting device can inpact the

a obt ai ned. . t ons ere .t he sensor
fixcil 15, QP BHC A At 115 oS e do B8 ST o G B Shnds e
impl @EcRtdtRfs, tBUSAsASTARNOYI A the SshsingAsodfon (he tR@§énfsd)10§hd) of
of the sensing portion of the sensing frame 200 wi

the sermeorsfeme)ZOG ¢andtei lowt@tbaxrthﬁemlcﬂmedéﬁ off ﬁwamtff whle tldlattas not

respogmgelp l%alllrl]e ?ncfarlgamg@l g‘rﬁ‘p er1§1 senglcegt ﬁg%e&aﬁ%gg%i h%? of the
cuftt wigeht the bufe @fbshﬁe BRtetNdys@IliNprdsOiire Sk arpy ellowinkRitehise
pressure inmparting body placenent device 102 can apply
deteamipsitipy phihssusielig Bressupewpeedis upidsqctign ehihe raggriglsegugi opens.
t h eln oﬂ}’e‘? i 1%&e£ﬂaﬁ8ﬁke n&as'i‘lo&ﬁséﬁﬁtseﬂsﬂr ﬁaﬁg Eo@‘ 0hd BleTensin
ure a% rtery ahce bel ow
porﬂid”tﬁ(esgu,raf @aeor phdl) csfarre sdn@@d fezn‘ﬁdﬂﬂ@ﬂ ¢ainrt& lotdved pyae gutigal margin

app to an artery lyin me dlstan e bel t he
of ﬂgﬂmﬁfL Biph At it FEpeibT e e holfrioghe Bley il aitorial dprpriotis
cha o dlat Gt B@Qldne%c‘cc@}dlﬁ%@ tﬁU{lﬁlq{I@f&hﬁés of theattQfd hl@@wgtleform

e sensor frane el ative e sensor fixation
at ddlebrohc prckfge eandidef posttibrt aindptidentifieds dnd cStenssiof xterial t o

| ect.ed features of th rteria I
comH AN AR i Srgines <ol he GreFied 0B il Wecikiy ighe
midBRE 1 308f the cOff, aldNBsoSRRSIOG tRAFIdIRE 18D 8RIRFink @ﬁr&e 23 the
can be located at the mdline 134 of the cuff such

cufﬁmaisuretls bslowwstpbs p@ﬁ@r@ eAt @ufﬁ nressured exceqrling @étﬁélﬁtblwd
presgﬁrfef \%tﬁl?t%rl% ogc %??nspagee gl’éllljt 0 t%g g)léo érngf; aSr?aP (?flr t%le Bllg.ff a ljilscussed
abotdrereby all owi ng a precise determ nation of the
systolic pressure when the m dsection of the arterial
sediepme gpaisgieniakony et showpl Brelsyiae rohacluden seradmressure
imphfie 0RO ek A8 ol SO0t HERETLA0 BRI AP sorfpiam?
havmgahe d)ﬂitﬁ:aﬁsi;asltilag spsergi Mhokedohé poasﬁlfre supdrtihpdevied cansbe adapted
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ata

Fig. 2A depicts a sensor fixation device 102 imparting a pressure on the arm
exceeding arterial systolic pressure of the brachial artery sufficient to result in a minimal
arterial opening under the leading edge of the sensor fixation device 102 at systole. The

amount of pressure imparted against the sensor fixation device 102 will pulsate slightly
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above. In sone inplenentations, not shown, the device
can include a second pressure inparting device

W@ epanasd from t he sensor fixation devi ce hol dPE@yUS1967/085397
sensor franme having the optical sensing system The
second pressure inparting device can be adapted to be
pl aced agai nst a second anatonical | ocation of a
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positioning of the sensor franme 200, and therefore t he
sen&ylpg pystem é@éﬁ@r thg sepett %fmlq@w dtvﬁsmhép@nw ptrlseaﬂemgm@

i it Bl sfy kbRl B0 bty PS8l bopyrera

systbhi€peeas®rsuft taethed Qﬂtlﬂe&‘aﬂleﬁ}C@gﬁfénﬁIl880péﬁ§mbhﬁﬁtaﬁ[}oa¢l sﬁ‘ﬁble.
to the m dpoint of the sensor fixation device 102 t
Thejopcillatins ip prestwe impartadergaingighe senser fixgtionglewispd 02 during an

arte%hl\y}ﬁltléqul ldo%vév&? geg?er 11{: érg ht%ge dﬂ?é éﬁ‘&éﬁﬁ)é& a{t tlfaé %@éﬁo(?ﬂmder

2 1 npa t I'ng a essure S cee
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ope ng 118 ex end nearly to the mdpoint of t
1O PR 8F Fie videRiCHgCsire OPESCr g %?é‘é‘?rlqexa"PP%ﬁeVlce

102'1ﬁ‘1p91"r l%“fh@ sbﬁ'&%antaﬁgnﬁ?ﬁls@§ bis thB8m gmoﬂregsh?% y tB8 sensor

device I02 during an arterial pulse pressure "would be
fixatroe Hevieg &Y istdhamased ftonea pazsslr@f:xdép@mg 3ystolasblpddpressure of a

arteri al Si S .over ne .h Iﬁ,oé t he :
sob B Ramer SRRy fi ff bod RSB 7 rsbiiTorn§ bof i pordon of
Fig Ne¥idt8hI18Sdet iUt RS e spRiel S@%l@%%f@%ﬂ AlthtResch s TRIme at
fixation device 102 m dpoint, and therefore the
the gydriogailof a sensor fixation dev1ce 102 as the pressure imparted by the sensor
fixation device is decreased from a pressure exceeding systolic blood pressure of a
subject to a pressure below diastolic blood pressure of a subject. As shown, the optical
sensing system within the sensor frame does not detect any pulses until the imparted
pressure is at or below systolic blood pressure. This can allow for an accurate
determination of systolic blood pressure and the waveform detected by the optical

sensing system can allow for the calculation of other vital signs.
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sensing system 104 in the sensor franme 200 does not
produce a pulsatile signal. Fig. 2C depicts a sensor

WO 200809430 devi ce 102 inparting a pressure bel oRCT/US2007/085397
arterial systolic pressure, such that the entire
artery segment 118 opens nonentarily at systole. The
OSC|IIat|ons in pressure inparted against the sensor
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pressure and the waveform detected by the optica
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i ta .
meablibtyifi ORshlrarlofieR Y b S TRES IR EIRMAT 1R s plpenga in
the BlRBddREashoWhf drafad bk §newthitichRP c@[ﬁiébt&@ t@theibifddat &l @ .g., via the

bl adder 122. The cuff can include a fabric nmateria

hos¢ bHPi gured to surround a linb of a subject. The

i nff}%tc%g{p%ngltégﬁt%% oég%xrll g@rﬁlir%gsgrgﬂeﬂl afl 'beggékagga w1thgl tthg sensor

conpl et enci rcl can apte
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an anatomical location of a patient.
Qutput Unit

As shown in Figs. 4 and 12, the output unit receives signals (e.g., electrical
signals) representative of an amount of optical energy (e.g., light) exiting the second end

of the optical waveguide and thus detected by the optical detector 240. These signals

15



10

15

20

25

30

122 can be inflated to inpart a pressure on the |inb.

The bl adder 122 can be connected to a punp 124 by a
wWhowe/ 094860 The bl adder 122 can al so be attacheRCT/USA07/085397

val ve 126 which can control the deflation of the

bl adder 122. The pressure in the bl adder 122 can be

nmeasur ed mﬁth a pressure transducer 128. The pressure
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sensor
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20 so at the optical “sensi'ng syst'em 104 can
diassdrngecaupll 46 sodwmm gt €rthe oviput 1mhte1 %whﬁ bg peckiaged with the

e Yhe BRoAS Aol S53huh st it
senddRiffantcC6R DES afibliBAhcttidCobthe cBITRSIhbERlor Shih@tBotely located
representatlve of an anount of optical energy (e.g.,

and|ip mmuewammglth B epsicalrgnengsysfen ki %lmleﬁsatanmmélgus d&ires

can ?rard I’Ié]It Léataget e%taee %ctt)%{ﬁail Flgae(ﬂ@t Ca:tléeg?e &G tul%gt l%g thfdigs.p%fyn

deviReme4 | Iﬁld)tﬁéfﬁﬁ{p@éﬂlﬁiﬁalonk hite Ut PLENIUT6 cah@Rngian vathiseden
receive other data. For exanple, as shown in Fig. 4,
mea\ﬁ}lﬁe%n@%& vHRlepy BHSHISI®at a in the form of signals
(e r r
o o paffslehiight AR Ay b T R EH k! SAEG Hoduce
a hubin detecedblosipndhevhontapithl sign medQBerhant getieratnd be tlaoutput unit
amount. of pressure applied tg an anatom cal | ocation
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energy received by an optical detector fromthe
mngmtlcal sen3|ng systemvia wrel ess transni ssion. As

fnrsl gﬁ éO% gan ]gcéﬁ)rgﬁ,%%%lt%e?g iltta %rocess%g steps, calculations,

or estirnatlng functions, some of which are discussed below. The output unit 106 can

include a processor to determine the vital sign from signals from the optical sensing
system with or without other data (e.g., data regarding a pressure applied to an
anatomical location by an inflatable cuff as shown in Fig. 4).
Sensor Frame

As shown in Figs. 5A, 5B, and 5C, an optical sensing system 104 can be
contained within a sensing frame 200 (e.g., a housing). The function of the sensor frame

200 is to maintain pressure against the skin and transmit the mechanical impulse of
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di splay unit 114 to depict one or nore vital signs

(e.g., heart rate, systolic pressure, and diastolic
wWEe@som3e) . As shown in Fig. 4, the output uniRPCIO8200HIBS3I7

be packaged with the display unit 114. In sone

i mpl ement ati ons, not shown, the output unit can be

within the sensor frane, can be in another portion of

the cuff assenbly, or ca ated and in.
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apphdd 10 th& Optidapivaidduide T8 2ryaha@idnsal pddm3al Shegémbt faind 200 can
pul ses to the optical sensing system 104 w t hout
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As shown in Figs. 5A, 5B, and 5C, a sensor pad 232 adapted for placement
against an anatomical location of a subject can be attached to a load spring 234. The
sensor pad 232 can extend out of the sensor frame 200 when in a relaxed state. For
example, the sensor pad 232 can extend out of the sensor frame 200 by at least 0.1 inch
(e.g., between 0.1 and 0.3 inches). As shown, the sensor pad 232 extends out from the
sensor housing 200 by 0.161 inches. The sensor pad 232 can have any shape. The sensor
pad 232 can have a diameter of at least 0.3 inches, for example between 0.3 and 0.8

inches (e.g., about 0.6 inches). In some implementations, for example as shown in Fig.
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inflation of the bladder. The novenent of the sensor
pad 232 can result in the conpression or flexing of

w0 b@sopikcal wavegui de 212. The sensor frane 2BOI/T82907/085397
al so include a |load spring 234 attached to the sensor
pad 232 to counter the force applied to the sensor pad
232 by the anatom cal |ocation of the subject. The
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232 extends out fromthe sensor housing 200 by 161
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optiSt HENBISIOB THe 18 B}qswgfn%xe Eg,wavqgm@éie@g@at%wgﬂ thgwasctul
randef chu r@s@ﬁll%s ange EQhbiflatitt dQRe R;adtsﬁ%%mﬁfd cﬂﬁ& fga?tgres of the
n sone I nplenentations, as shown In C,
senwe fivore 208@nd B3R lenalrmusn@ sy sitame [ 04 exh prpp@c csurrtémgefordéh guch

sensor. _pad 232 tt i or_otherw s
tha B EP DT sF T W aR0aHE s T aror Ry R s g fom
a re@ | gab. MeNRGUnfBerddtatRins HRE s@RbI Gathe Q@m%d@tﬁﬁ(ﬂeﬁﬂhg

. As shown in Fig. 5C, the sensor

systern 104 can be adapted such that an applied pressure of 150 mmHg will displace the
sensor pad by at least 2 mm from the resting state. In some implementations, the load
spring 234 can be adapted to provide a maximum displacement of the sensor pad between
0.5 and 3 millimeters at a maximum pressure (e.g., between 0.8 and 1.5 millimeters at a
maximum pressure). In some implementations, the sensor frame 200 and optical sensing
system 104 can be adapted such that an applied pressure of between 80 and 150 mmHg
(e.g., between 100 and 130 mmHg) can render an upper surface of the sensor pad
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232 can include a pressing portion 238 adapted to
cause the | ocalized conpression of the optica

wao0emu3de 212. The sensor pad 232 can al so bePCT/US2007/085397
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surfhE P G 08h el bl o P e 3 i etone
the Ot lenkbBASURESptRfal WAGRRRSOD. fif 3bMe AP cARBkatifE, 8PIHOGA in
sensing system 104 can provi de countering forces such

Fig 1 ghe wavegpiseiserpost Bstandiaws a s@momregrvelemen gl ceobgeheé
..sensor _pad by at | eas mm from agresti state, |
it AR SonBL i B A T SRk BB St FmbTiesy For
exa@mPRSihRGupptit R Qfentan2 Yewabiaphe dastitd fappord3 Rpd beed
pressure of 150 mmHg wi || di spl ace the sensor pad by,
mergher Ve high meamaergrsuchas ¢ siel speingtvhigh camreggpghe waveguide to

o LSRR L oo ARCL TS50, 00, b A
clentait @82 parDbbadapttd 3o prdviidenet iecrsasatg eontact pradgsarp betsgtin éhe sensor

(e.qg., between 0.8 and 1.5 mi|lineters at a maxi mum .
pad g dic anBial W 4yegBHE 4 HSISEHPADIA TGS R T6¥ MOYFIOR foyfyposition

of nf AR P deRht, $8MIHOGpRUPhERA ata%e@ SuAIBRLEH iRHething
and 150 mrHg

that an applied pressure of between
confaet ressulzetanemn do0Basing ath®0ntmitHght canng tedetica waypgede. In

oSSR P gb o S B SRE L TP b ol ADAE 0 B 34
to abdtRARIE McAhtRBSng tdiRach ?f&wre.pﬁﬂso%%zinﬁﬁ&né}ﬁat%&rth&’ waveguide
flush with the sensor frame 200 when pl aced a&glnst

suppaeswfiae 883 eal bq atexiblerelestropicarchig heargytorhictodie wadicggde is
bongeecy \I)vﬁﬁ ajfpe}z(ib\fé élgstBr%gr adhesive. As shown in Fig. 6, the waveguide support
surface 233 can also support and carry the optical source 202 and/or the optical detector
240. In some implementations, other associated electronic components can be mounted
on the waveguide support surface 233.

The waveguide support structure 235 is non-compliant. In some implementations,

as shown in Fig. 7A the waveguide support structure 235 can support the portion of the
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occl udi ng device providing a pressure to the
anatom cal | ocation exceeding systolic pressure. In

W@ 008/09430 enent ati ons, the upper surface of thRCHES0T/085397
frame 200 can be approximately flush with an inner
surface of the sensor fixation device (e.g., the
inflatable cuff). The sensor frame 200 can aI so

nc.l,u wave |de ortln tures
wareBORF T 2 Do B B SRS ondub ot e bR eaifhuuLr i
1eng¥%3 ARGt RglR the Wa%giii’dlé Bt cad¥ @EHIpERs FIURPRED tBE WACEIH R
to support the waveguide 212 of the optical

suppehdd fn@ldsmsssem pﬁ@ﬂom@;ﬁi ri"sgs Sheanfdoth; elisgpgsicdl édloby derriet how the

con08h of Pt FiReuilR G A RS R HRESh B Y AGGFaLuetn

tranSidftte@Xd ﬁ{édapﬁlcélrt@tdcﬁﬁ 2@0! Iinfhdr emglcheafatibhe a® dvadin Figs. 7B
wavegui de 212. In sone |n‘&§m§nt ations, as shown in

and Fy thegyavieru dauRIGH UECHIEHHBY EN38RPY b DOrAPE of theppseride

spacre%tfw;a 1 t6h%| E)gﬁ%oaiztﬁg 8&9%111&%6 % %éd%&e;t{}ﬁhé yc%@?#ad 232. In

sonﬁumptmtenmﬁﬂ‘oﬁ@@& mbo¢ment @Iﬁﬂiee;;enstdﬂ @ad 0pPodr restlt iarthe flexing of
el ement 237 within the wavegui de support 233 can be a
the Wéﬁ@‘c&’é‘f*‘}% h F& HityF Pt Wﬁ%raerﬁa%@ Uhee dad scapipg A acts
dirc) SRR PRGNS AN FRHIGENE Br L SpnOn AL, i
7C et&ppcp@ ait imgtmemagdrewbere a283ssoapoltonalilyiresies agaprsov iabelized

an i r easi n ssure bet ween the .. pad
L e T VA ey e R L BN
flexthg &%he RASduIRNN A adjaPAS krddiON ks VB AW OBHSAlsaEREs,
wth the optical wavegui de adapted such that said

depichbew i fhgxingefi the wapemida € causwd! ia adedictias imidic amount of
t t| n t | wavegui de. In sone
hgh?{rarfsngg q%i(t %ﬂg a@ a%eggp%%ft return el ement 237 can

WO F]NleVMphbaltsBﬁsdlg)@dteﬁp 104 gitRid4hé SendeiCoad ENcanhiRt as a motion
IncreaSIng contact pressure. In sone |np|enentat|0ns

Se{IRR SRR (- cemetipi s ing sy stamerdoniad Enetesd lopatipahanefion
assRIBEE LA LE I%ﬁaffl Illshfse)g dqpn‘ca A g dy{she?n V&Y &/ Hindtﬁe ke%sor
qbo ﬁ a le e I'n

ed wt exl| ast omer esi ve.
frankd 200 Gn detvet matieg cordspeufipotot ansaﬂehab@l%@h@aﬂhe atrsor fixation
support and. carry the o t| cal nd/or th
devighiy plagedepist ige Ay ogiiag 9 ﬁ@ a{f‘ Bhidan gicfRly a

pres3are gbﬁ&ﬂ@ thd Eéﬁ"s&oﬂyd%Qo‘FBP&&%pﬁe GAUrR& PRUEEER (EBEa

wavegul de support surface 23 he wavegui de support
piezotasistivel type DBSsurs sntmsnr)axarmibieamhangers g pmsure due to an arterial pulse
nt ati ons

i npl e own in. F e
evel GREEIE fopy e i od R lisplPie el PrRAgs A 102
excéé&@@?@f&%r@@u&l ANREREu R pESHIrY E%Bv@yystdh% PPERSRY tHRagkery

g., over substantially al

pr0x1rnal to the occluding device 102 (e.g., an 1nﬂatable cuff) can impart a pulsatile
impact to the anatomical location delivered through the tissue, which causes a pulsatile
pressure increase within the occluding device 102. This effect causes a pulsatile
tensioning of the occluding device 102, which would be detected by a surface pressure
sensor attached to the inside surface of the occluding device 102, even though there is no
cuff contraction because the tissue is essentially "incompressible” and the artery is

continuously occluded in the area underneath the pressure sensor. A signal of an amount
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| engt h). Accordingly, the waveguide 212 can be

conpressed between the wavegui de support 235 and
WEe@soY43d0 porti on 238. Figs. 8A and 8B, di scCusRerUS2007/085397

bel ow, depict how the conpression of the wavegui de 212

can result in a reduction in the anount of |ight

transmtted to the optical detector 240. In other

Ierre tio gs shqwn S nd 7C, th
of ryug arais Supepe St Pagrurel sos R EED Berve ey and the
surf@be frogurneyaitvie RRARES abb AMANRIRPEIHAR ]&Esshﬁsoecause the
wavegui de bei ng acted upon by the sensor pad 232. In

effegigrfgh¢ mpﬁnermftt ¢ bty to el hrtppd ot togfccuthie smelh@dhatp@d effect
232 .C resu i t [ of the i de, 212.
of g 138 FERLDIIRIT et M Boh' ORPSY FRENEEH EHpe ystem

withiRd séfos fidhing aﬁﬂiﬂg/asaﬂ@bﬂ@ﬁ sdnbér samvheailide té fo F@pothse duB tdthe
flexing of the optical waveguide 212. Fig. 7C depicts
tensigpingof therewi 4t high cufl @ressyeprndspeyrit ﬂ@rctqt%ﬁogsénpﬂ@@ duidng
arteﬁg@l{‘%%"s ﬁpﬂe&%?és a%SQe Qg{oﬁlcg)?%sgﬁrngt Q%amx@gy USGH Ié‘ﬁ. ﬁg&l
sengiifig $ylsenmatamu &éﬁsdrrfraame adj moeer sehe@i can mdre g&uraﬂé‘ly iadicate the

9 cussed bel ow, depict how the flexing of the
Systag%@e @Eessure thagp Prr%@metsepwr Frghgraor o RoispPa#fe agqrifA plood

pres@ﬁrelﬂl&@ﬁreh{eﬁpﬁ %é&eﬁqblt @dhtbpa%oﬁ Bﬁr b&%hsﬁﬁfeﬁ%fodr ba%@igle The

opti cal sensing system1l hin the sensor frane 200
Ogta:ah&azstng@stammmgﬁgtwﬁgowgz Meddzlem)i e.g., a notion
n SY.S a te ect callzed notiqgn .
e R RR v SCr art 2pC 16 The Prise B GR fRgiod dan inctude
ﬁealsagrcé 7)) Qﬂﬁ‘o}o@éal\%évlégﬁldé hes seNSP6ptichPIRe 2D 40am s
etect notion corresponding to an arter| al pul se when
discupred gborgn thefqpkla@h semsm&wste@ 1 & gandedwldigni petsor fieme 200 (e g
t, rather t
o nORRERUA Bl SR ReBon HTREHEL il ogiBh D Blech P2 HELS Y
optidal BUsdupled td HRSEpics WwaREeIe 0€2,Buch thapihe 2Pties ichitrgy Se LYynAght
pressure sensor can det ect chan es in pressure aue to
wavgh 2 5§ teve ks fromy rfseé)pé%lﬁoum R0 o Brﬁé%téiﬂﬁ @f tspitiesl wayeguide
t a b I 2
212, 1 AT el AR ] DEDRn bR B AR b S E22020%An optical
detocabb@ve res:;csztemthecnppcﬂmmrgg)extthlg aarotppogltepsamndmlhd éfaht bptical
occl u evi ce 102 an inflatable cuff) can

. f
wavegihg ggﬁ?@a&q@r@tq arﬁi%‘&q ifdicatiyg Og\ﬂlﬁta&ﬂu&h‘i’ﬁl“%‘é LeepRd- In
som@q Elé%{e%gatlto% M&ptfcaﬁdetté&&lﬁo AR SGRYSRBI1G a0 lak%tngh@

pressure increase within the occluding device
exitifigithe efcbed endtealiithe spacapwaseguidee? 2e s isome rrrgploﬁlentamns the

opi§fietitle S0 fee BE it nfotatiRitos 8 G CRLEGLufte peyico

dete@for! d1a ORI @IdMeh1EtavItES MBEI-CRIRN SERRISARdHG d8tebtdr.NO

Optical Waveguide

The optical waveguide 212 can be an optical fiber or any liquid, gel, or solid that
transmits light waves by internal reflection or refraction. An optical waveguide 212 can
include a length of optically clear material, commonly referred to as the “core” 215,
which is surrounded by a material of lower refractive index, commonly referred to as the
“cladding” 217. The core 215 can have a relatively high index of refraction (N), with

respect to the lower index of refraction (N)) of the cladding 217. The difference between
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cuff contraction because the tissue is essentially

"inconpressible” and the artery is continuously
W@ewBMMsd) i n t he area underneath the pressure BENES2007/¢85397

signal of an anpbuntof pressure applied by the

occl uding device (i.e., a cuff bladder pressure

sensor) and the surface pressure sensor wll be

the &nf and ClsA Rt e Bae e R i mPUSTAY Mrte By el the

wavkh@e tRc Qa4 o i RMbh@ip:t han the effect of the
pul satile inpact to the cuff descri bed above. In

contrast, an optical sensing systemw thin a sensor
frame actlng as a notion sensor :aan have little to no
response due to the t®dstéNingNpl the cuff at high
cuff pressures and prevent the detection of notion
r
i ARSI AP0 o RSB0 By Sk o
hghSyfﬁhmrthwcmhrorﬁ thee \semgmdef ﬁéthe imsleacorotgloof skglgoay adhe

C |nd|cate t he oli¢ hlog ressure
cor i BBt Bt o St PR HsR €0 thagn SRR SIS e he
critiREICHALRL(,)PIheR theRb @ K3 hEY H&ﬁ&%ﬁa@l‘%@ﬁedt&i hredBdsdaBé the core and
calibration or establishnment of basel i ne. Opti cal

be I & Nygis Spst dascueiddi. @erAca% O)Pﬂwtlmg@twﬁrﬂpmash 8n
degrleaﬁan(g&ea,rlp{caill tgé li 811n[qrv1?1 es w1ﬁ1(1en g gh%% %&}ar\]fg%ul she lq]z and

can n opt C sourc an o

N, st vefidicdety dikPra@fitn azﬂu@ Qttlhfg@ Ipotteinastithy lig#t Qvﬂl/l’érnaln confined.
di scussed above, the optical sensing system 104 can be

Optiral encegy (£ esdrabhoris rqsaﬁ?emzt)@ optécagywaveguids jEhanghe Hehtgvaye
reacthggt qﬁ%ﬁficefﬂ éénotﬂe Rfé’ Jar%f‘en%g?(the-rcla?e ?Bt a{n(aQile élg&lcgﬁg %%g)zat an
can e opti cal y cou optical wavegui
angkeueds thdnathe ttigcadphgle @BC) efike gytidaamgle (4.) cgmtbevmlbﬁkitélﬂl@) the
travels fromthe optical source 202 into a first end
follgyingiguyii cal wavegui de 212. In sone inpl ementati ons,
an LED can be used as the optical source 202. An
optical detector 240 receives the optical energy
exiting an opposite, decancire®/MN the optica
wavegui de 212 and can generate a signal indicative of
t he amount of |ight received. In sonme inplenentations,
t heaQhdrGRhrabi8t QL AandpBchI SRR ¥ESptRUDS haiphidR!id dhe dubef of
the light exiting the second end of the o tlca
modgs Vlead afcorxcatie. Imansqnmah wipicgrigat the taps’ mCt erajpsite appecitic
1nte?g¥ atttgmd%l%%lgnge FR0ss egse Cl\ﬁref' oe%?c%l ngxgetrg% e Lof clofe %onshlp
ex1s¢sﬁwmbamaharsmall\fhb@ pd¢tardSaatoemdlgicokl pdedtof o optical
cal Wavegui de The optical wavegui de 212 can be an
ﬁbe@ p{q ebgpgl]e ingule fiber, @ﬁ&y (pqeqmegsnygp_qak 1p¢llogepd; dn ppdii-mode fibers, a
f
larg% [h?ﬂ%éq (Sfihﬁ!eh%ﬁ) ‘Qtﬁlé’ 1213?7 Bg\c,ad\}rg{ %{){j}l%l:aztlig Jl&% the la/a%gulde In any
waveguide with circular cross section, the "zero order” mode is formed by light

propagating along the waveguide axis (assuming a perfectly straight waveguide). So-
called "higher order" modes are formed by light that is not launched in the axial direction,
but at some angle to the axis. These modes are guided by the refractive index difference
between the core and cladding and each one will usually have lower intensity than the

zero order mode. When a step index waveguide is flexed at some location, the lower
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include a length of optically clear material, comonly

referred to as the "core" 215, which is surrounded by
wa2espesikal of | ower refractive i ndex, comonlBCT/US2007/085397

referred to as the "cladding” 217. The core 215 can

have a rel atively high index of refraction (N), wth

respect to the lower index of refraction (Ni) of the

cl addi ng 217. Th di fference betweent he core and .
ordefg APRGTG o POt R BE OTARHTGHES DEFis (B P dafiger romain at
or neR&hé Bler(ife) Inoctrd&her M\%X%a Bbﬁ@y ﬂ@&ﬁgﬁ@k dﬂ@ertrﬁ’odeg%l a

relationship: 2 is the NA and
waveaeld@,rqnﬂlpltféb seurg¢ ef l(lg}tt yusf bfaccmpzresgd mdelwdfélghgmvetmt trieat a

nons Z,rerq %‘fenf?g % %’H& ébug ﬁ% gvl%]m tge tnulgﬁflco:ﬁ{l %{}grfg%rte Eﬁgle v}//aev%gulg% or
clseQRé @hedoaetidi igst b lcetlddsiel el hin @spRLfel BigheRBfd¥nodes will
vector to the interface is less than the critica

exishpd wayegayde thatdh iltugangtad by cpllimsteddight soweh and 9onversely a
largf 21%1%8 o eB#@r A kno%%&%ﬂﬁﬁ;h%ﬁ? %%ga%e?lﬂge B tSCIﬁltlIiﬂlnaIeu Hé/sa

divergdnt lightwooaeh 90 degrees and nearly all the I|ght W||
escape within_a short h of wavegui de.
ar eA%theéF%lhfrP?l fagy £ér gﬁt A rpnglghdhe %Pmlé{?i?é)“p?@ﬁfqr xing of
a WQJeg{ﬂ?l@ pkéfgrlgﬁtléﬂ’lﬂ Ilenfo@&aﬂh@ hf:%%@f biaeFmo R h&filllas%@l%ﬁgé'l ess effect
ht) | ost he optical wavegui d %h
on thdﬂ kovmr ther \mwles r Elaa:stw&twhse of the @pﬁaad eytbenme smalﬂ b@fnpmsslons

als t h 215 th
Rl Budud A AERRE dihRidné AiRbRRGe Paadbn Ghrfier ar
excRADN 8y dobfd ntRs DRoCaafipl @ ties ¥ off BRly ffPJe' QVit&Pmodes,
equation: gc = arcsin (NI N2) Another characteristic

theaggticaty oplyi fews! diffeisar opgicalopvyas élianwavegm lape levslsmeldrhﬁrﬁ@éqcted

Whl?fhgo{l@ progi at réat gr (1? )gl(r%ssetr? aJu%nsh%PeC ﬁﬁe C%ha%l:gav e%a etaér}orlimt of

optitdl catep{earb@ thé alﬁtﬁdaﬁﬂét@ctblooﬂth@olﬁwal §e@|sm‘g@}’§&h| dﬁn th¥ bﬁler Rand,
close rel ationship exists between the internal node

if thery wetied 098 crpitedanedasnthe ralpiéikhip bshvecadsiasmation ayt detegted
T
changet easlidtbg dp&ated deyordaly, 1ﬁi80rﬁeﬂynlblemamtamnsathemmtltdieource can

vequi de. ] n any wavegui.de with circul ar cross
Progge # HbRTER CaS %g%}l @Mg?t 18 ﬁﬂ&%’“ﬁ?&fb%‘@g r ngﬁFﬁthan that of

the %Qéﬁl%t iTPghcd gﬂf‘%u}é@\lmy gﬂtﬁﬂefj ﬁlaﬁ)fﬁeswﬁ@e%ﬁmmﬁ the result is that
perfectly stral ght wavegurde). Socal | ed "hi gher order"

the porties ohthe light epitelyt thicgintatdsh amglq: of mos cdcapmyghtedhé¢ claddieg

imn?e)éilia%ely.d 'the Slt)tlca?bvavegulde can also be formed so that it is capable of guiding at

least 10,000 modes (e.g., greater than 50,000 modes). The number of possible modes in a

step index waveguide is given by:
N=V*2

where V is the normalized frequency. The normalized frequency (V) is calculated as

follows:
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but at sone angle to the axis. These nodes are gui ded
by the refractive index difference between the core
warwsoveddi ng and each one will usually have |POEDS2007/085397
intensity than the zero order node. When a step index
wavegui de is flexed at sonme |ocation, the |owerorder
and zero order nodes becone hi gher order nobdes because
they no longer renmain at qr near the centerline. In
order for light to occdﬁ?:¥%‘*%&gher order nodes in a
wavegui de, either the source of |ight nust be
conprised partly of light rays that are at a non-zero
whean g isstht caditseofald sor¢ bfithesipiibdl wavegiide, tNid imumeericabiperture of

N T TN R T e
1igh¥‘§’oq§§ sWaL% a g)&b&&%étﬂ @ LRI, 4Ly NPk s | rbhl'e{éFQ. R Rty
a Co e] inmated 11 g urce, an converse‘fy a | arge

the prodb&rof afantiINgh &fusOsc@T theweds o) ni@wingterd 10 sativipiggdtiteiéa for
that is illumnated by a divergent |ight source. As
50,Q08rmertes s dbp Practieal pangs of B isgk? tghd apprgxigmitely héocordingly, a

' . q . | de '
wanRRIRE REh i ROCORTS ol 3410 bAPERILACS p core radipsof 100
micrephats vehlow &8s 0ei0enddesmntlremindvem radideof astmde4$S midremeters
ensitivyity of the optical systemto small :
to aﬁwﬁP&Qé i%%é‘&a%%o RS AT v 905° dbpHd B
of af REstavahicARhdtéd YG.%f béwak fl5(9!1rﬁf‘10()”rﬁf§ﬁﬁﬁet@t}‘:s).e’{(1?é $1fﬁﬁlnurn size

wavegui de nodes. For exanple, in a case of only five
dependsiin part pisdes the dvéel defocabtion aebyntéicd dy diief Wevegnide (which is in

iRy R vt BB B pirbage Bt e g Eedfiatly applied o
the el @i dN&dd Me RBlWREST FURIHRY dTakd ABvateh) he iRURIpl&hentations,
optical detected by the optical detector of the

the wpveepide cobhayhysafy elespmmeypre Rethothers AHuremeter bethge45 and
0 ' he. rel ati i P
55 Y556, 4 000 560400 (0ASPo bIET LR ADRILOVHEL P P o
cladaiigerefradtBle)indtat @1 INethdasoet radludlolf ¥60-206 AMAdrbmeters. This design
def ormat.i on changes . coul d be detected, Accordin [

ly, in
can PECE ApPeREntrasTimion lopeingphpE Anadibat vavegaric §5dvievien
the B D AR Ron e 2BAcPRE oich aBRREDY 1P ottt Rert he
corsvomprdsiedi ly 36@%t er t han t he wavegui de NA, the result
0 t th

I's that Hﬂﬁ ortigon of. the light emtted a .

or it o G baerticxedinet bRl Pderigronce
betW dERRGFA4RI HaddTipeofOREVGRIcoMRRDHIER Eald BhieQalve1d yiHred

so that it is capable of guiding at | east 10,000 nodes
trangrisgion agplecatiens, fighinis HOT@O0cdntiesne. entitod arvavbgwidof If the
wav%giia%/gsll %agg%g,etgtai Qlte%nafcltree ecltiglq Wil C8use Leh fisement a\ﬁF{I]lppl‘}/ l:ight
that is within the NA of the waveguide, and the loss of light will be minimal. If a
waveguide is not straight but has some curvature, some of the light will undergo total
internal reflection until it reaches a bend, where it arrives at the core/cladding interface at
less than the critical angle (6.) and escapes into the cladding. Similarly, if a waveguide is
compressed, some of the light will undergo total internal reflection until it reaches a

compressed area, where it arrives at the core/cladding interface at less than the critical

angle (8,) and escapes into the cladding. Variable transmission losses due to pulsatile
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where V is the normalized frequency. The normalized

frequency (V) is calculated as follows:V = 2pa-NA/ |,
wWab@se9e40 s the radius of the core of the optiPRel/US2007/085397

wavegui de, NA is nunerical aperture of the wavegui de,

as di scussed above, and | is the wavel ength of |ight.

The nost practical |ight sources have a wavel ength (1)

between 0.7 t 85 mcr. rreters tly the
benfng B EomBr oA HANRUC UL bR g gp e
photYs&ks8PR ElcSoptiRalSRdvieghide bR afd hde@Mtd BhdrterP tROPuINRIAE Force
The practical range of NAis 0.2 to 0.4 approximately.

actipg e hgi waylegyide. wavegui de havi ng an NA of 0.4 woul d

nee 0, have .a._m nj e ra of 10
g EPYRE r b s nB 6" b BRLA el 242 apes e
1ntef‘@ﬂ tefecdn etupticaldbaves QI O MEthET the torealf ltioptaORE JFDie.12.
In some inplenentations, the wavegui de core 215 has a

Howagr.ike ermpiesyi@ags shosvmindiin i oF die(flexgne, apghoneen Fis @B, of
the glﬁ%a?%v{g%&{e trsﬁﬁﬁ% in I Rs 8?%@%3[;%% m&gg&r{ﬂé ﬁ}t@pt@?&%n or

ormati
w%vcffghn oigicaivvhedguide 210 resuitts irdaduietictan hglﬁnwtvbe(suah/ e:glugld @vave
rometer, the nechanlt%al pressure act

263) Fachiag gﬁzdp@éfaceal?ﬁﬂwp% §ONsR L 5&pdﬁhleeg4§%gng)¥ 1'% aﬁélngles less than
the YaY&9 &'ﬁéﬂ@;ec) | As SR5Tn {MLEFRRLARBOMR: cohﬁ? csURBY 09 Hediptican

ave a soft el astoner core WIthSore Dur onret er
waviegtivie &h2,48suditn th & BsduatnoriNA the travsentt@d GBicahehefgyd261, because of
Corres

to, a cor rac de of ,1.46 nd
lost G B Rl GaR Ry g A ShPvET Fab A Ao fhd RS b g ophed
wavebuili®812Q0sulfk ¢4 9 FRfuBfich inkthé ﬁa&%ﬁﬁ@@ogﬂ;@l a{e@gu%q Because of
50- 70% transni ssion | oss in a short |ength of

the mw@gwau@e@/%%m when the flexi ng deformation is

f .0 .d d-2 d/ wh
et edpEon SRR RTRs 2Ll E080Rat i BT B S,

imphencaedtioay, el ptidabwhngualerabrcas inchitlel andstomhdr Gbﬁéb&ﬁlple, the
bet ween core and cl addi ng of 2-4%in common opti cal

coregi%la?d&lerﬁé%déimeﬁlg oy ﬁcwm@lﬁﬁﬂqw heeaf ey ippludppn leé%ttblinéhs
Codvh%nal %Js‘ﬁ@gph&tl 1b91@%xﬁ1%?[ b%fl&hﬁgmgsgﬂl{gtl Iferally not
t he wav t I Nt erna on

I's straight, tota
defowdableca la$%n0:ﬁnaﬁt axeere by nodchanibalicopiptesbion, hCotﬂpaHntl %aveguides
vvlthlnt NA of the vegumlgSe and the | ss of ht
howgY P CHDHahIFAAFC UE 391 pBEiede 1h SOMER. 9 a%sgweea s, such
nﬁﬁﬁnﬁ?&%@&ﬂ%y ALY LE eas? ?'H%fd?fnea ‘B? shiafRbm g&éskloh' RlEY oExamples
total ernal teflection unti reaches a bend
of switehl @clastomesiindsdeapolyhloxawy, eblcfhaadwmn,gmdmoer’cmmdeleaubber In

sore SR Ae S0t b1 6Bl AT A0k, A0, ERGaREE L LA AnE e
clastomer. For example, the optical waveguide can have a cladding 217 composed of
silicone elastomer and a core 215 composed of a second silicone elastomer of different
refractive index. In some implementations, the cladding elastomer can be a material that
does not inhibit the cure of the core material. For example, the cladding elastomer can
have addition cure chemistry and the core elastomer can have platinum cure chemistry.

The cladding 217 can be optically clear or can have a translucent appearance.
The core 215 can be optically clear. In some embodiments, the cladding can have a

refractive index between 1.39 and 1.48 (e.g., between 1.39 and 1.41). In some
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conpressed, sone of the light will undergo total

internal reflection until it reaches a conpressed
W@e@a/0948ere it arrives at the core/cl addi ng | PEBEUSA0E085397

at less than the critical angle (gc) and escapes into

the cl adding. Variable transm ssion | osses due to

pul sati | ebendi ng or conpression can be neasured with

an.opti cal de tor, 240 . 0., .a phot osensar t_the
emigim iy S o Sere a4t DR e v B e d 10 5%
betwdénsiadd ARl f. 4)7)0 Q"h@(élddﬂﬂlg%n hie YONSSW digomBer bhBtweBPMand
in Figs. 8A A, and 9B, an optical wavegui de 212

75 (cguéebvetehéﬁand éﬁh aTher@fr¢ 3t1 tarhagt adpoicaldurenase of bgtween 25
thin the o f t he optical waveguide 212. However,
andwﬁéego%tr 533 g 3@ shown in Fig. 8B, or the flexing,

as Eﬁ@{dﬂcalﬂvé_vleguldQ B12 edn idve aGphibeabf swaviggratides. 2A2shown in
results in a | oss of optical energy because the

Fig clddp thesdadsting? 1% aaybiapg 2 6 cilpecrogssoe aonahshapguineome 2

1mp£e§1§e)lﬁlt§rnz)g% Elllés]‘ag{iiilhé) QQ’{ hal\) %{;ﬁeat,\é%t g\rlzeedg]bsetg gg glgrfalce g%gm@g&lgth

thattche s@rkzadsiilm@ihzﬂﬁe bbndamg hefack ésrsadhbdon biﬁiﬁe opnctal oaleguide 212
gl.e (qg). shown in Figs.8A and, 8B,

to a%@ﬁﬁ’f%%}%fa@ﬁ for f exaple &freéﬁ%le %%Tgltﬂaa%uwzo Sl.lré)@tﬂ thgoptipal

Wa\;e GAE Wi P ogﬁgal LER ferd PQ)?tek&ﬁlgle SHE Ny Wg@éltred bearlng
cause of optical “energy 263." As shown In Figs

surf9¢\7 @ndJeQJBndd:dﬁe af\lvwegmgle (sﬁpnommmiate byh ﬂm@@g&]a%n@ﬂaﬁheswe

T It n a reductionin the tted opti .
Figy 1P Do RS ioBroneRutp s of SRER b HBRYg  Dhaying a fat
widdhi@ watihe alrfadgvegui de 212 can be flexible and/ or
cor%gessn ble. In some inplenentations, the optical

wiladielinz1 2l 7oxfiih¢ epticableaeguislead £ s be fcrrmed évxatm@k@ysion
ore 21 cl a .
prodai, BSPRedPlems 10 s 1 e GRTE A7 e e frged in o
co-cx@siph eddess. Aptsb®aimplichrRhBtieHd) iHd dladdeipd? IMcah B eREuddiih a
are generally not deformable to a significant extent

firstypoease ipaiPedic aonpiarlsgpyriccieishshanp dciigive g ipHew lumen. The

coréqﬁ@eééﬁrthencﬁer}nP ﬁfh’ng @ﬁeelgnféﬁlo? gnesc%(fd%{ ﬁaitngtlll Qlcgre Iheﬁerlal
contrast to g ul such comﬁﬁ

Forwrarepla) dhesktimmipn lpeooea&ctaln)bedsédnrormd(emnymfmlhd clmctmmg @®sd-on

f npl f t abl | ast |
sectsBrlSrPSLRBN 1pSiSut G HARe.In s ST S BStatiPHe T Bgion of he
coré &n?éi’ﬂf?e ﬁl%b@%@& Alat ANRe 10RRAidh $MBe EAF Beadd 3F t"ﬁ@ Gpﬁgh@ source

di ng 7 1nclude a siloxane el astoner.
202ea<faamlheeoptt0hbsoupiel2@alanwap‘egﬂl vwaeegade hilvae alomlhaaddmrtge figxible
osed of astomer and.a,core 215.c0 sed
wor SR o33t oSl AR OEF oot it BL iR TBRRTC
wavieBEiax 212 b HeGBtitIRbGoENGAL i ons, the claddi ng el ast omer
can be a material that

Analvtical Methods

The optical detector 240 of an optical sensing system 104 can generate an
electrical signal 420 indicating the amount of light received. The electrical signal 420
can be a function of time. The electrical optical detector signal 420 is analyzed to
determine a number of vital signs. The output unit 106 can determine the amplitude
and/or magnitude of each arterial pulse to determine one or more vital signs. In some

implementations, the amplitudes and/or magnitudes for a series of arterial pulses can be
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does not inhibit the cure of the core material. For

exanpl e, the cl addi ng el astoner can have addition cure
w@eb@asy and the core el astonmer can have pl aRCTUS007/085397

cure chem stry. The cladding 217 can be optically

clear or can have a translucent appearance. The core

215 can be optically clear. In sone enbodi nents, the

d cladging can. have a refrg tive fndex.beimeen 1.39 apd

ctefmyigd 18 dpfSrnige e armpreal gty fypprmeipleminticions, the time

inteBRAMB&TREH bR @ bk Q&ag&f%@ dedRs £ 36icHRY BetBetb @ hrt@ el bﬂlges and
an

i ndex between 1.43 and 1.50 (e.g., between 1.45 an
used toadeerniieehagrtaeidi figr examentag.al 1Seorcasitateuthe putsetile dight

bet ween 25 and .75 (e.d.,. between.45 and 55).. The core.
tranSFL BT 380G bieckage AT pF R A haBEA ud R
pulse€ Seme et ¥iee headfirénehtd Shch deh@ptrakalio weme@uidiapwtgarding
can have a nunber of configurations. As shown in Fig.
the propsure ppliefl seithcrsgatonmcad fncatien, by, forexappla e pneumatic cuff.

cr - ' [ e} t

o A EELLR ok SRR, b MIEIPLEMRORBATe 1 o

in Fid. dingn ktpati¢regih; inflating dre caéitva passsane aatthesiowemblyidgting than
surface for adhesion of the optical vegui de 212 to

the pitisel bPeefTaBa: pofuabatriieling dherquiharptsiredp Agiipspure at foast

10 (PR 56 diakB1ie PRRALE; &E@dfﬁ@tb&@ﬂtﬁﬁ’é@ﬁﬁﬁ@W@e%ﬁﬁlﬁdﬁ&g by
optical sensing system For exanple, the flat, dene

the bptanal segsiagsydern 10dnaly zbgtte oavafoemwanvbtrrne eeppandre

3 Pl S Bl G SRl BB L P

detPRNRDH B notd Ballavd Mst @ricbind tWdgeRed pRagIENGIS WEAAGR,; the
271. The cladding 217 of the optical wavegui de 212 can

cuffbend disptevingyhearysiekit pud Higstopie preesse. Insogenimplementations, the
w08y s POt R M QO DA BT
waviefRhg e it &t foaRErmiaeystoae dhdigr &dsfolidpreb@rext ruded in a
first process to produce a constant cross-sectional .
shdpeoleriing thg ey oRfarmrermedifeouss tais pravessa Marigys yital
A I T e T D
and Inecau setdridlpremaiee. dmyorot irhflemehtatich sntheanabsbeftheasnahg blood

shapes . shown in Figs. 10A-10D. |In sone . :
Pressys| candriudei 9 ,ng?&@e HERe Pylse gpveiREnGr wepwripg the qypplitudes

of tHBY%qR&cE OF waOcBRhER cbied GRS IRRuSTdchRGoE )élhlterrgﬁﬁf%tgg cuff

the optical source 202, after the optical source
presamet ap pthiahathe prlvegaydfern? adphtude mougnti6danthy higher thaaxhd| e
facilLtatig&Eease

B R RB broE o RS b Rt P55 St
deflQidd &Rthe SO @ BPaying that pressure as the systolic pressure.

Systolic pressure can be determined in a number of ways based on the data
received from the optical sensing system 104 and from data from the sensor fixation
device 102. In some implementations, the systolic pressure can be determined at the cuff
pressure at which the pulse waveform amplitude is significantly lower than the waveform
amplitude of the preceding pulse occurring at lower cuff pressure during inflation of the

cuff. In some implementations, the diastolic pressure can be determined during deflation

of the cuff at the cuff pressure where the pulse waveform is indicative of the pulsatile
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Anal ytical Methods The optical detector 240 of an
optical sensing system 104 can generate an el ectri cal
W@ r@aav43420 i ndi cating the anount of |ight recRCTESR007/085397
The el ectrical signal 420 can be a function of tinme.
The el ectrical optical detector signal 420 is anal yzed
to determ ne a nunber of vital signs. The output unit

.106.can _determ ne the litu and/ a i tude  of
wcti gL TR ARG S BT A0 BRsP  HeORES B ot el pressure
can Bk ABRrminBd SARR: thEBLISERATEbHA Figst ifdI€at&RA th SRSy ABEY Rt fully
magni tudes for a series of arterial pulses can '
closgetatetims dedng hedetdaaondyals. dhéernt mothedy ot wivedpmynanalysis are
sonme. i npl enent.ations,..the tine interval betwee ul ses
BNl T BT L T oaT bl by S sl B ERR APapiSa vy
meaRutiSeHhe dASEIUS SehtdI [HedsafdByéhcFakd medbes ddsefib&XaaRt 8ad then
Fig. 11 denonstrates the pulsatile |ight transm ssion
pressyrizng eyl taé conspidresguicand thessontipgguskygnenitosingdbs on
t rj I .\ '
wariia, HRORAR) ol B dRRiK b ncSireously measured blood
presstputadigp@rdgl) pgk hterigpessuce Afpstirechstied afteridpatse mnpditude
| ocation by, for exanple, a pneumatic cuff_ Bl ood
can &e@iﬂm@ 2§ prefEggaRUse il %ﬁ*ﬁégmﬁaaen&yubﬁ a@ﬂ)ﬁaldﬁwn be

confpdfcd 16 Bhad refer@BcSHAM LA thido AlimQR BalRt ifBlbod pfsflire. In
|nflat|ngt?1ec f to a pressure at | east 10n‘RHg
somigiigipemeantwdions, liee pesd emefernsystmlolagypas bs deermiged durglulsgs

defl at i.n e ff pressure tq a pressure at |east 10
whifyih, B e e B PRS- o Pl GRS Sirhtropie i be
meaRtied RoN@URLAY HRd REQH &eshitdY blob8 pRRbrE BharPRH&lAH c%Y 8 1H8MBline

104; analyzing the waveforns to determ ne one or nore

valyceat ures that correspond to systolic pressure; further
anal yzi ng the .ef or to,determn ne._or . nor
F odn P aE kol BHEAC A AO5h S T2 Mirull PR Tog e,
detcii@idcat Ving sigh®y @at bi madRdo tths pba) degerited techaiqakd. CFardample,
di astolic pressure, In sone inplenmentations, the
the grtperBYI6CaR deierpiag gp datlibricha magnifiiciantlios e wswe gy of one or

rnoxg ed%tlst%lip%ﬁkegfn g Q/?V@ctﬂlfnfl g%?atgtoﬁ'b VY?\é&fng rilg’éleprfenfﬁﬁggs, LS output

etermne systolic an lastolic pr sur e.
unitdl§$enw invtudehrssyatotie praasuravaseidlatonyd D todxderirtimoal gstdl isi pgessure for

rocess, varioqus vital signs can. be determ ned and/ or
a suBise s pory gricn @?wtpée,&a@g%ﬁ? indiragvsiqrgn and a pressure
appREFLRHIHE ﬁ,lb'&!ﬂqvlﬁ@l@@at%é &hdald (erge,sasﬁJrEﬁurel Jbte%%ﬁ'%g an inflatable

| npl emrent ations, the method of measuring bl oo '
cuffgryesgessercsnsorclnudencamplgrzintagionhghaputent wiit K6l @e include a

. veforms b asyring the anpl.itudes of the sequepce
diosfit et tte PR o8 Ha T RG s o Grvesae Gt § et D
upofl Qld@fcfh el AndplitideUnhgiLAE SHA/Br Fay bk Bnd B Brddulrs Bpplicd to the

waveformanplitude is significantly higher than the
subject, which can be detected (e.g., a pressure detected in an inflatable cuff by a pressure
sensor 128). In some implementations, a heart rate calculator 446 can determine a heart
rate from either a determined arterial pulse waveform from the optical signal or from
pressures detected in an inflatable cuff by a pressure sensor 128.
The output unit 106 shown in Fig. 12, also includes a pressure sensor 128
pneumatically connected to a bladder in the cuff, which transmits data regarding the

pressure in the cuff as a function of time to the analog-to-digital converter 435. In some
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wavef orm anplitude of the preceding pul se occurring at

hi gher cuff pressure during deflation of the cuff; and
waele@plogsisng t hat pressure as the systolic presBCF/ES2007/085397

Systolic pressure can be determned in a nunber of

ways based on the data received fromthe optica

sensi ng system 104 and fromdata fromthe sensor
implepaePlAREs e g MAIoa Geteer O dtes e G A unetion of cuff
preRiRS THE Suut Wit ¢b6 §Ha>%vrﬁﬁ|f§%. 10ayRf REIHEERN ih st dodtroller 452,

significantly | ower than the waveform anplitude of the
whiph eeabintrgl thalinfiatioo end difiggioatmeanwef thewuff tpcestsaltke operation of

uring inflation of .the cuff. In. I npl enent.at i. on
the it sPpp fob ReBlapbi® oo by AOR R ATl M B0 e
inflgt@hnl aatlideflat@dn dfhige Ewf basll ohkieteetidricrial pEsSAEIRrWRETSE . he
pul se waveformis indicative of the pul satil eaction of
t he aymberofimplegeattiophbrsic bepredessrbest  Nosrtaeless, it will be
undGREDY e Fids AOGICURE) S e BEBE RS B0erfi HOTAT LR and
scoy dfehy indetson) A ccbrdingly, altias émalengnatibhgrare eithiim the tsb@pe of the
cardiac cycle. Different nethods of waveform anal ysis
follgywegladyspossi bl e. A patient's systolic bl ood pressure
can al so be continuously nonitored by neasuring the
basel i ne systolic pressure by one of the methods
descri bed above and then pressurizing the cuff to a
constant pressure and then continuously nonitoring the
wavef orm The constant pressure can be determ ned by
the previously neasured bl ood pressure reading (e.qg.,
peak arterial pressure). A first neasured arteria
pul se anplitude can then be used as a reference pulse
anpl i tude and subsequent pul se anplitudes can be
conpared to that reference pulse anplitude to estimte
changes in bl ood pressure. In sone inplenmentations,
t he pul se wavef orm nor phol ogy can be determ ned for
pul ses while the cuff is held at the constant
pressure. The pul se wavef or m nor phol ogy can be
measured continuously and used to nonitor bl ood
pressure changes relative to a baseline value. In sone
i npl ement ati ons, such as shown in Fig. 12 the out put
unit 106 can deternmine a vital sign by one or nore of
t he above described techni ques. For exanple, the
out put unit 106 can determ ne an anplitude, a
magni t ude and/or a waveform of one or nore arteria
pul ses in a waveform generator 436. |In sone
i mpl ement ati ons, the output unit 106 can include a
systolic pressure calculator 442 to determ ne a
systolic pressure for a subject based upon a
determ ned anplitude, magnitude and/or waveform and a
pressure
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applied to the subject, which can be detected (e.g., a
pressure detected in an inflatable cuff by a pressure
W@ 208094340 | N sone i npl enment ati ons, the out put REI/USH0B085397
can include a diastolic pressure calculator 444 to
determne a diastolic pressure for a subject based
upon a determ ned anplitude, magnitude and/ or waveform
r applied to the subject, which can be
‘““ﬁnggfﬁﬁﬁﬁiﬁﬁﬁﬁ=a pressure detected in an infl atable
cuff by a pressure sensor 128). In sone
i npl ementati ons, a heart rate cal cul ator 446 can
determ ne a heart rate fromeither a determ ned
L. ar tAevitalsignnewsuigaieat 6¢\ied osmrisie: opt i cal si gnal or
fr MRS FRALi&T déjviéegacdtaﬁ.%dlt@ b? glai:&{ Arﬁ%in%g%)tgarg ltgr}clicgpllo ion of a
pressure sensor . e output u shown i n ki g.
subjket, wathfowhioh idtesteay;pr essure sensor 128 pneumatically

connected to a_ bl adder in the cuff, which transnts
datischraydideisld hethssersep figatign dayiceeuf f as a function
of i ] o1 Qs G g verit : .
cori PRt SRPRa By B ch Bl AR gy b Dovicl
wavagpidt,sa opticafsonree dsviae fosupplyarptiodl anafdy tprdsstend of Teeptical
ounﬁutngnit 106 shown i@aFi .12 aI%o Lnﬁludes an. h
VARGt A OBHE &Fﬁeé‘iof H5SLICGHAD Ao PT OBHER GRetigh &xIting the
secdndf dn@dloif 8Pti@N dadefidd HbpiRANSnQhg §Eers Hddptdddo GO TR arterial
the operation of the device. In Sone inplenentations,
pulseeono thepempuesision bo flesiag of ghlanit e portionadjtusopticabwaveguide
inflation .and.deflation.of. the cuff.based on detec
resul e e iR 06 05 eaPupl B i SrRaRe sond SAESH e
opticAIRl K@BMt&tan@ns have been described. Neverthel ess, it
wi |l be understood that various nodifications can be
macé ONERU S0kt corelfered fegesaivng sieal diylieqtive ghthegwenyat of light

. L V. ' - di .ot her. i i r
iyt QNGRLL Q0 B85 09 Y B0 LPRL B AR o
signBabtdMitDedsSin part dh ¥k r@deived gignaeasur enent devi ce

conprising: a sensor fixation device adapted to be
pl aced agai nst an anatomical |ocation of a subject,
2. Wt i nie%s%&n@ﬂttd%@éé oD Oh b ATRe Baldk @}Yaﬁhﬁ Qevice
sensor fixdtion device, an optical sensing system held
1s a oyff chmpseing on irfflagabie bladder adaptedsioragpphnprogpiectalthe limb when
. swayeguide, an optical source device to supply optica
inflgRd PR ERDY CompEss B8R vHEngR W8hI  wavequi de, | and an
optical detector to detect an anmount of optical energy
exiting the second end of optical waveguide, the
3. optThsalitabgigs imegswgmedcridapt eldinsol eehdurtizar campesingla sensor
pad %{gh?l? glfﬁrsg?go% Er%m%%ﬁ%élﬁ%%@é@g%&%l% lg(% éclte?lgtootile grtlatlor%lac%f lo%lation,

u
wherein movement of the sensor pad results in compression or flexing of the

compressible optical waveguide, and modulating movement of the sensor pad results in

modulating compression or flexing of the optical waveguide.

4. The vital sign measurement device of claim 3, further comprising a load spring

attached to at least a portion of the sensor frame and also supporting the sensor pad, and
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resulting in reduction of the anmount of optical energy

exiting the second end of the optical wavegui de; and
W@roodH9o43wd unit configured to receive a signal PCT/US2007/085397

i ndicative of the amount of |ight exiting the second

end of the optical wavegui de and to generate a neasure

of the vital sign based at least in part on the

ecei ved s vi t al n asur nt devi
conf i T ST R S A R S e AR Gt T OB DT o he
anm%ﬁﬁ&ﬂggﬁﬁéﬁ§f@gﬂ?&nlnf|atab|e bl adder adapted to apply
pressure to the nb when inflated and thereby
conpress the artery within the Iinb. 3. The vital sign

measur.enent devic | ai 1l.or 2, further o
corpE ST EENESp S R PRelinf o uarh b Rl seringisaentcd
to ptcﬁvlwasmtamﬁmb UBpRE¢AER BF tHeGechdde pad BEOREE 815 dn@Gahilfcters at a
wherei n novenent of the sensor pad results in
1nw%@ﬁﬁ¥@@%$ﬁh or flexing of the conpressible optica
wavegui de, and nodul ati ng novenent of the sensor pad
results in nodul ati ng conpression or flexing of the
6. optTtealitaheiyegithdeemént dEhiee vt tlaim 3j gheroidabeca@ngmeision and

device of claim3, further conprising a |oad spring
flexye Oééhf‘eapttca| Wavqgaiderat thepgsitiog e Wxt%@§8ﬁ@%Pf?$%aam a

redifthidR o? 56905 in 18 LB ARNRAT 1RAMexift Eh% Hg4"

counter at |east sonme of the press xerte %galnst
the sensor pad at the anatom cal Iocatlon of a

su 5. The vital sign asu t device of claim
7. 2 el Sen mER e SR RG of SO BHCT ST Bt
sengasm a0t dipr Rk e Ppdd ©fthd ﬁﬁt&ﬁl%l%cd%@l ReérapaRe Qut%uﬁﬁﬁt

mllimeters at a nmaxi num pressure. 6. The vital sign
recmgmrmmlnm\mct@atwﬁ 06 thsi mssurevﬂpeh@d w they énaé@fnwﬂblgsatm
from pm rle esx n nsoofr atn ¢in a uvcvave%l{ enerat %he Vlf[E)lPSl Lg the
X M Cont 4ct™ pr eSSLfr D T R g

signalmdQ%eivdot the of)@éa@klgﬁM@éﬁV&fanHItMre@atd inpgt. t he

optical waveguide. 7. The vital sign nmeasurenent

device of claim1, further conprising a pressure

. SengQr 115951%5{%5&@& tRvidE 8f Qigfﬁll h e\ghér&nttﬂgo@%f %{%ﬁ de

| ocation erei outp uni t’ recei ves press
conipnipts ani dlahit@atn sekectatl ftdmetlm@wwsmpm ofegblyvlokine, polyurethane,

nat.om c I Iocatl n fromthe_pressure sensor, and
pmib%ﬁ%ﬂ %HEWPPSG@ﬁ@FateS the vital sign using
t he signal |nd|cat|ve of the optical signal received
and the pressure input. 8. The vital sign neasurenent
9. devileevitef sigh aicasut¢metteicrica of bleino pt fucther esanvpeguigdewaveguide

support structure comprising a non-compliant surface, the waveguide support structure
supporting a portion of the optical waveguide, wherein the optical sensing system is
adapted to cause a flexural deformation in an unsupported portion of the optical

waveguide in response to an arterial pulse.
10. The vital sign measurement device of claim 1, further comprising a flexible and
incompressible support surface that supports the optical waveguide over substantially all

of its length.
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conprises an el astoner selected fromthe group

consi sting of polysiloxane, polyurethane, polybutadine
WO aBe9434@nd conbi nations thereof. 9. The vitaPCEU§V07/085397

measur enent device of claim1, further conprising a

wavegui de support structure conprising a non-conpliant

surface, the wavegui de support structure supporting a

port.ion of. the optical,K wavegui de erein the. optical, .
1. S a enVéta Y8R BY erggtgﬁilegae pggla%gg,vxghqr?lg%ﬁ, %ﬁtlcapsource device
and 46S QtIARL d @& térhr@ ot H BRI KERBO6E RNy Afeghiag Sgﬁ}drﬁs%kface.

wavegui de in response to an arterial pulse. 10. The

vital sign neasurenment device of claiml, further

conpri si a_flexibl nd i RCO I.pl e support
12. $ 0o B Haf metiiPid @RE= BEERERI SBUBY GobbPE R suppor
retuslBIsSinaatwiabh 3 @hfig@kd iWithil @RgLppoklsurloeand ddbteditg BFpose the
measur enent devi ce of claim 10, wherein the optica
flexingafdle spppEsuEs$- t he optical detector are nounted on
the surface of the wavegui de support surface. 12. The
vital sign neasurenent device of claim 10, further
13. corffieivdiahg g@anguppantntrdetice of elbmmenwhavbinahe bstical sensing system
. configured withjn the support surface and adapted to
18 cqﬁlgﬁygeéi tpﬁi@tem (égg}ca]gm%ﬁalst Ilergreé%ﬁbxfetof WF]F%‘SC%{- arjegla .m.l]lées and the
outphlt it issdcﬁgteﬁ_%@a&éﬁﬁﬁ‘ﬁé‘% pHlRY 'w%?i%ﬁncf&aéaﬁh of theNefi&l oF dfefal
optical sensing systemis configured to detect optica
pulsb.gnal s representative of a series of arterial pulses
and the output unit is adapted to determ ne a pul se
waveform for each of the series of arterial pulses.
14, 14.ThERgtaV §ibR ncaiu@en SR ABVICE BB Blhind € VW& cRfth€ VI Righ is at least
wherein the vital sign is at |east one of a heart '
oncofe dicarhrptarnartcadl pudcsevigiores apsystola toed picksairdg lagiiastolic blood
ressure, a di%§tglic bl ood pressure, ne n.qrterfal
pregitod M5EL gl logd prrsedrend %IE%PYS,SS“%!\% QA" ArYEY FgrpHance
conpliance. 15. A nethod of nmeasuring a vital sign in
a subj ect using the nmeasurenent device of claim1, the
15. rethBgthod mb mespge ol sigsin agulipe uswsdhe BeeswEcraay dewce of
. [ L.cal location of a subject;
dm??@ﬁ%ﬁ@?@?%%®@%§§%§| energy into a first end of the
opti cal positiegingdie micidurdnmnt dpticeadaimso un egtodehblotativg of a
an apount of optical energy exiting a second end of
t hSUBISEY cal
transmitting optical energy into a first end of the optical waveguide with
the optical source;
detecting an amount of optical energy exiting a second end of the optical
waveguide using the optical detector held by the sensor frame, and generating
therefrom a signal indicative of optical energy received; and
generating a measure of the vital sign using the generated signal indicative

of the optical energy exiting the second end of the optical waveguide

16. The method of claim 15, the method further comprising;:
applying a pressure to the anatomical location of the subject with the

sensor fixation device;
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wavegui de using the optical detector held by the
sensor frame, and generating therefroma signa
WO pBossve of optical energy received; and gePEr/EHSINTY085397
a nmeasure of the vital sign using the generated signa
i ndicative of the optical energy exiting the second
end of the optical waveguide 16. The nethod of claim

15, the net.hod further c ri sing: applyi a .pressure
to the AREHBHIEATCPHEAPPITT Brhs HE Wb Ess foncr T e Sensor
sensQfioh Hxatd Srrdpelic@oramy 4@ the pressure applied to

the anatom cal location with the sensor fixation '
devi ce cletarmaiper setsof prisereharagieristies &rmrtaiiplgudscs diiegsthe

of pul se.characteristics,for arterial  pulses .duri.n
ndHed PEMGIRE B i ShgBl Fiobfiat BT Rk btecond
Optdn@ alf tIRNPHGY veickhidg ot &1ehs p&rvitbfainte, @fhetdie tieRlich&@ted
wavegui de over the period of tinme, wherein the )
gereeaapiedf thoagtad sigafis based on the seupyf nudscrrhgmgtenptigsdaring the
ser | -pul se characteristics during the period of
tiﬁ%ﬁﬁﬁgfn e nethod of claim 16, further conprising
obt ai ning a neasured bl ood pressure neasurenent;
obt ai nin n_initial pulse characteristic, at an

17§ nj al\eépetg‘?‘ﬁ%fdélﬁh_l(g f%‘f%‘éé%‘@ﬁ?m%ul se characteristic,
3l Ruthife aHErel biTd ST fsuBfh: | ndi cati ve of the
anmount of optical energy exiting the second end of the
optabtahingar egtualde]sewhemneicnstidyet areiagiat 6chebdrsbdsybsepsotrmilse

measur enent .was optai ned at .a neasurement. ti ne cl pser
charagiepiic, ghg flfbéFqltePﬁ’émf”Hé?ngtaél PPy 1@8@3&& She qrmopst of optical
eneMRKRing thdi§cosmeiPé@de UHaUBREdQvhbReh thethidas®edBlood

based on the neasured bl ood pressure neasurenent, the

presswictrnegsuisnicsewshelitaipedat asmpasurcanat time chsbisiodhe mitiad gimeethan
characteristic., 18. .A neth of nmeasuri a., Subject's
to i S Pha bl St 1o B ART R BRBRHEA U Pl i@iEbug on
the SRAFUEEESHI0Gd pROSIré MM uREMEM ShaRAsA RN thardedtige, agdihast
the anatom cal | ocation of a subject; applying a
subspgRet fylsp charagierstico t he anatoni cal |ocation of a
subject with the sensor fixation device;

18. A method of measuring a subject’s blood pressure using the device of claim 1, the
method comprising:
positioning the measurement device against the anatomical location of a
subject;
applying a varying pressure to the anatomical location of a subject with
the sensor fixation device;
detecting an arterial pulse waveform with the optical sensing system; and
determining a systolic blood pressure and a diastolic blood pressure based
on the detected arterial pulse waveform as a function of the applied and varied

pressure.

19.  An optical motion sensing device comprising:

a sensor frame defining an opening;
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14

15

detecting an arterial pulse waveformw th the optica
sensi ng system and determ ning a systolic bl ood
wWee@som3e and a di astolic bl ood pressure basedP@nUS$1967/085397
detected arterial pulse waveformas a function of the
applied and varied pressure. 19. An optical notion
sensi ng device conprising: a sensor frane defining an
openi ng; a sensor. pad di.sposed in the opening; an
opticaIEE?H§Vﬁ@dQG§?? l%ﬁﬁﬁﬂﬁﬂmgo detect an anount of
NV ementanQfptit Al 8cEns §fstepilapftdith deReNHUmdun@FBmol dfent of the
optical sensing systeémconprising: (a) an optica
wasegor gad pobt séronetame.tthe aptidabsaemg oy stémaampsisiel: t hat

t he novenent the sensor. pad.resul.ts  in.the flexi
or conpr essi n(gjf of atnhoé’%8aét"}'a8'§ Ui PRl Wity thseficor Tme
optical sour gacldgt te nicvesidpPdHthe KnseepadaBail@yn the fRexing or

first end of the optical wavegquide, and (c) an optica
detect or to COPWEISSIAHE CAMSAMICHIVYISEIIERl energy exiting

a second end (8% : %%ro%@%l(‘sg'hrc s?‘gg%*odsﬁlﬁgm%té‘ﬂ Y #ﬁ a first

unit configure erve a cative o

amount of optendalf thengitigyl vexsickuidg, dnde opti cal wavegui de
and to generate a neasure, of the anount of noveneqt of
the sensor pa® frdhaPHexldstestor &yddey s amospt ofgpdcal energy

opt i cal ot I QAjiEnSloBth A5 dFthOdpifch PR cllide] Hid her
conprising a load spring attached to at Teast a

port i on apfoutfhe usit neigurecdivercannc @asigeal suheroive iofi thetaneunt of
sensor pad, and. configqured to counter at |east sone.of

2 PPOsdPE R Earingdre Rl AL vy R R i eficeriC ARRPRiF OB
adapisRet bOmaldriit 3f RSbARPb&d HbmRhafREREY sighalt he

sensor pad at a maxi mum pressure. 2 1. The optica

noti on sensing device of claim 20, wherein the | oad

spri.ng i.s adapted t.o RLOVi a i-mum di spl.acenent, of.
20. Rt b ARG B G S BP0 BT TN Bl

e se S

attaSFRitOdNMe Nt @FDHEdh 0f2he schib@r frA8QhiZAh BHOBINgIRNSENBE pad, and
device of claim 19, wherein the optical wavegui de
configid toseaynggy ableasiseme of 3 @ressure gx¢ricdragamet the sensor pad, and

fuﬁﬁ&%ﬁhﬁ%d RaiRf P %S)frsc‘tbfe%memgﬁ‘é L€ géﬁ@&epad at a maximum

pressure.

21. The optical motion sensing device of claim 20, wherein the load spring is adapted
to provide a maximum displacement of the sensor pad between 0.5 and 3 millimeters at a

maximum pressure.
22. The localized motion sensing device of claim 19, wherein the optical waveguide
comprises an clastomer selected from the group consisting of polysiloxane, polyurethane,

polybutadine rubber, and combinations thereof.

23. The localized motion sensing device of claim 19, wherein the optical waveguide

comprises a numerical aperture of between 0.2 and 0.4.
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pol ybut adi ne rubber, and conbi nati ons thereof. 23. The
| ocali zed notion sensing device of claim19, wherein
w0 b@sopikcal wavegui de conprises a nunerical aPEr/Us2007/085397
of between 0.2 and 0.4.24. The | ocalized notion
sensi ng device of claim19, wherein the optica
wavegui de conprises a core and a cl adding, the core

24. 01 g L TRGob st oG 6T R A bR 0Bt b eeuide
combprid& a édi‘@ afi®@4 Bladdifg, 6t A6iNAYing Arre AR c iR x AR cANU Y £

cl addi ng have a Shore A hardnéss of between 25 and 75.
1.5(R%he Gm&ilmg)haadlmgzzerﬁfmtwmd@eb@w»f@ ta%iane 1 48, bk apre the,

cladgfg, B ot SBE hitEiy R ol R HaEE » SHER A hurBGY BL e gen 25 and

75.support supporting at |east a portion of the optical
wavegui de, wherein the optical sensing systemis
further adapted for the novenent of the sensor pad to
ca fi r I n r
25. ulf‘r% 18‘0al]tzgd({"hlof’}g%l gegl o @ucg %rf glgmgrl]g gﬂftg&gcg)'iﬁé)?g n%Qd \flé\%%ulde
suplpnﬁ stﬁJctu'%G corhpésihge abnzempHMtlsoﬁa@eﬂ&lmegmde s@ppoft supporting
claim 19, rther conpri, a.flexible and
at IGapCOoPRSHYS %ﬁt Prans W?glg@}p e HigtoPS i 56RYRS Pigiem is further
adalﬂ@@l T&Qhe %V@rﬁﬁ{t%? tl%vs%ﬁs& §Q§ E@ékﬁlk@ﬁ h¥x1ﬁhf de%rrﬁattl%n 11 an
| ocal i zed notion sensing device of
unsmp@rmd @61;t10h wif theerpticalmpavicgiidg imresppoitd an gtarahpekenent
which is configured within the support surface for the
opti cal wavegui de and adapted to oppose the flexing of
26. t herRUsRRIzEd MetibAS&singGicvibB®f bR D ZReth 8o sBRNS &dble
device of claim19, wherein the conpression_ and
andfincexinnepsivle supeois pifecsithaisverpuisdee enticehwayrgyideiayar pbstantially
aHqu§111W%contact pressure causes a reduction of 50-70%
fig"total amount of light exiting the optica
wavegui de. 29. A nethod of detecting an anmount of
| ocal i zed, di spl acenent using the | ocalized notion
27. sendicrgcaiewd Betion sEERAcYye Of RGIMBP Hyeth oINS |Ngg: support
t o)
retu{g{)?l che E]‘lmt \I\;\ﬂlg\@/fg bsuc% Egﬁlgcei ng@l{h?%lg S ﬁ@r{aﬁ%ﬁ& fcﬁ‘fttheietgﬂﬁgf ngl;]e%ulde
and edaptedy dppescsthce dledingrd tlaf supp@t epticeal wavegui d e using
an optical detector; andgenerating a neasure of an
anmount of downward displacenent of the sensor pad
28. USifi 1688z 8ERSIiah ShstlodRdce 'o? dia ﬁ§t19vﬁh&glnttﬂ@c&ﬂ[5ﬂe§s%n and
energy exiting the segond end of the optical
flexwepvad gl oiggical waveguide at the position of maximum contact pressure causes a

reduction of 50-70% in the total amount of light exiting the optical waveguide.

29. A method of detecting an amount of localized displacement using the localized
motion sensing device of claim 19, the method comprising:
transmitting optical energy into the first end of the optical waveguide;
detecting the amount of light exiting the second end of the optical

waveguide using an optical detector; and
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30. A conpliant wavegui de for detecting arteria
pul ses conprising: a cladding having a flat surface
wa@rwstefini ng a | unen, the claddi ng conpri si ngP@mnUS2007/085397
el astonmer having a Shore A hardness of between 25 and
75; and a core disposed in the lunmen, the core
conprising an el astoner having a Shore A hardness of
between 25 and 75 and a.refracti i nde reater t
Che T of ARRTRDEE f REERTDP Phanaial e dopigeront ofthe
c ongehgo@ Eﬁd wane el deedfed Gl M 3Rati WG R Bpﬁme&lr%d@mﬁgg the
has a Shore A duroneter of between 45 and 55 and the
corsecdndend ofthsrapticalnewavgeeids. bet ween 30 and 45. 32. The
conpl i ant wavegui de of claim 30, wherein the wavegui de
i s capable of guiding at |east 10,000 nodes. 33. The
30. compbompliantaveeiidtefod Hetebttignar@2ial Miss@omptikiagcor e has
a refractive index between 1.43 and 1.50 and the
cl dddaddinaaying ¢ Batrsaefessand defaingyelumsenths crddiaggomprging an
t I 3 wherein the
elas?o%nerﬁ%%n%%@m zgsha}g@\égs%f{bggg%ﬁl 47% a%dcmerQn er s 35 The
c ongor@dispovast ﬁgt]nledhﬁnaf tlod @er&ﬁprmiﬂ@meehastbimer an;ri@ a Shore A
ses an sto r selected fromthe g
hardigee ReFHF A aﬁgﬂés@ﬂl CREUCA é@%rgé?%ﬁléan tas F%f&%léﬂ}lﬂéx of
the% @@ﬁ% and conbi nations thereof, has a Shore A
ar ss between 30 and 45, has a refractive index
betmeen 1.45 and 1.47, and has a radius of between 150

an croneter ere e cl addi has a_Shor.e
51,319,200 mErONELers: e el b gl adding, bRs, acohone
durdh&leXofRtvean s1and% sad the dle hadBReE Al Harddess vaW e Eghd 45.
has an NA of between 0.35 and 0.4 and is capabl e of

gui ding at |east 50,000 nodes.

32.  The compliant waveguide of claim 30, wherein the waveguide is capable of

guiding at least 10,000 modes.

33. The compliant waveguide of claim 32, wherein the core has a refractive index

between 1.43 and 1.50 and the cladding has a refractive index between 1.39 and 1.48.

34, The compliant waveguide of claim 30, wherein the core has a radius of at least 45
micrometers.
35. The compliant waveguide of claim 30,

wherein the core comprises an elastomer selected from the group consisting of
polysiloxane, polyurethane, polybutadine rubber, and combinations thereof, has a Shore
A hardness between 30 and 45, has a refractive index between 1.45 and 1.47, and has a
radius of between 150 and 200 micrometers;

wherein the cladding has a Shore A durometer of between 45 and 55 and has a

refractive index between 1.39 and 1.41; and

36



WO 2008/094340 PCT/US2007/085397

8 wherein the waveguide has an NA of between 0.35 and 0.4 and is capable of

9 guiding at least 50,000 modes.
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