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adapted to be placed against an anatomical location of a subject, within which is an
artery. The optical sensing system includes an optical source, an optical refractor, and an
optical detector, all of which are held by the sensor fixation device and move with

30 movement of the sensor fixation device. The optical sensing system is positioned with
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configured so that the optical sensing system is positionable to sense movement due to a
pulse of one or more arteries in the ankle,

In some implementations, optical refractor can be a compressible waveguide

25 and/or a flexible waveguide. In some implementations, the optical refractor can be a
diffuser.

In some implementations, the optical source and the optical refractor can be
configured to produce a speckle pattern output. The optical detector can be positioned to
detect a portion of the speckle pattern output and generate therefrom a signal indicative of

30 optical energy received within the detected portion of the speckle pattern output. In some

implementations, the optical sensor can include a spatial optical occluder component that
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In some implementations, the vital sign measurement device can include a
pressure imparting device adapted to be placed against a second anatomical location of a
subject proximal to the anatomical location of the sensor fixation device to allow for

25 arterial pulse detection by the optical sensing system at a position distal to and separated
from the pressure imparting device.

In some implementations, the optical sensing system and the output unit can be
adapted to sense a pulse amplitude of the arterial pulse from the movement, bending, or
compression of at least one portion of the optical sensing system relative to other portions

30 of the optical sensing system, which can result in a change in the optical signal received

by the optical detector. In some implementations, the optical sensing system can be
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sensed movement from the optical sensing system. The measured blood pressure
measurement can be obtained at a measurement time closer to the initial time than to the
subsequent time..
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received within the detected portion of the speckle pattern.
In some implementations, the sensor fixation device can be an inflatable cuff. In
25 some implementations, the vital sign measurement device can include pressure sensor to
detect a pressure applied to the anatomical location. In some implementations, the output
unit can receive, from a pressure sensor, a pressure input indicative of the pressure

applied to the anatomical location and generate a vital sign using the input from the

optical sensing system and the pressure input.
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an opt i caspesklgpatierp pwigulc d@r bramphe thepdiffussr caooelode moéquaaﬂwbnc raezvhlte

speckl e pﬁ%&g@@rggsegﬁmkﬁe(gggohﬁﬁmggyﬁ%g%kqm he@%5tqm“”ﬁgﬂ?ed to

nmeasur enen I'ncludea spati optlca cr

prevent t h;ﬁioamiglmabard&tvebthmugﬁ B pontioa ©€ theidiffusar @il athickficst hEbctwccn
15speckl e atter For exanple, the spatial optical occluder
can be a SWRFWS @ cture havi ng an optical aperture forned

thergjn. In S ORB o RMPRBIRh@BLoMRNGe oblie] SRfréCdiivice @it RAe SRSHtRAVBURR
opti cal ener gy.receivi &g portion having a snmaller surface area than

the area ®id a8 RErSydtiquEagimperiertions that refrmss angptiepl signal pradered by thed
portion 05‘&Qﬁmﬁﬁﬁqﬁgﬁdﬁﬁﬁhg&Qdaé &e, | ess than 100 20ti mes an area

of an average speck e ‘spec e pattern. In sone

i npl enment at i onlg, somkemglsmentatiohspihe vitdrsigyf medserempriclelise patmelud\e cemtible
bet ween 1 L , ‘e f ck ckle
pattern ot SRpubERpbl o e b B AUGLABCSRAGK! el peih HEC 5
cohersent bpeghit psteeum oetput. rFos mﬂlaﬂie@pﬁﬂiﬁl@pu@m scchideecanie adﬂd;ckd@,t ect or

can incl ude ural i t tic det.ection regi ons, each optical
det ecti on F‘@Eﬁ ‘8%‘: PVAtRt lci‘lc?pg@bré Qf@egﬂief"d%l energy fromthe speckle

pattern from angbihednpleiheftatishil @@bﬁﬁban egh&&sca%a&m cpiedllehéopat t ern
output. In sone inplenentations, e optical detector can be a CCD or

CMOS det efeg@jving portion having g smgher spip e@ﬁ%ﬂﬁb@t the arga of the spackigIPaliegn can
be at |eagj; Lﬂn@opéxaﬁ]plfhe@rfetdefe%feﬁ Epoﬁf%n%ﬂl‘f%rsgééklagﬁéltt@ﬁ AR YBE 18 Blan 200

systolic bIood pressure, diastolic ssure, a nmean
30ar 2r i afimpd meqowfé@saym@ge spepkik 9bthp rsmwr;@tteranam smeanpéanicatations, the

conpl i aNCHatected portion of the speckle pattern can be between 1 and 25 times the area of an
average speckle of the speckle pattern output.
In some implementations, optical source includes a coherent light source.
In some implementations, the optical detector can include a plurality of optical
25 detection regions, each optical detection region adapted to receive optical energy from the
speckle pattern from a plurality of detected regions of the speckle pattern output. In some
implementations, the optical detector can be a CCD or CMOS detector.
In some implementations, the vital sign can be at least one of a heart rate, an
arterial pulse waveform, a systolic blood pressure, a diastolic blood pressure, a mean

30 arterial blood pressure, a pulse pressure, and an arterial compliance.



In sone inplenmentations, the vital sign neasurenent device can
i ncl ude a spri hgoattimplkedntatomst the sgdtsign mpaustriemantafevich earoptludad spring

sensi ng syst to . counter.a force fromthe arterial pulse and fo

"ot ur n t netspi) oo R ReRrishay Bt SRRt st E s Free Fomhe
arteri al MrﬁeFulh@arﬁqmtumhmmalaém ysfefo h iidial Sla@ L RERS WHeHE Nt
device can jinclude a sensor 5pad held by the sensor fixation device
adj acent P#s¢-Hg samaiBpieRantationshe wial sigdraasirement devieheandagladsra 5B can
resuld in V. B ' i { QI

the opt | ORI FheM b TSI ion AR, @GRk lo U en BEAALLP e Rlont VG AEn of
patt er n othepensor pad can r¢splt sorelativerpilozensent atompnession,ne boptingefl postems ofig

. : . i tud f th i al
oSt oSSR S0 BUASEDAL W Sh R e oL

portion of thelngpiicdablcaenation, thy epibcal seakiag isy@erh candicdaptpdtotscades of

the optical sensing system. which can result | .series of chapges
in the dePWss SEPIHEAISH ﬂ?f?@@&@@kﬁ@ YETER Y DeIgg. 2. ORISR oF &

i mpl @rent ahiétRAs portibe 0Pk bpadal KRR E Bkt fdl AV GEBthBEH B b the @t
detect optical signals representative of a series of arterial pul ses
and the oBRUSGE SYSETE velHeh ¢38 Teyl e & dorics of eftaseeh ip éhecpgicd poriignof Biem f or
each of t L tierd.al « ﬁwﬁ% a

nmet hod of %@g@&ﬁgegtp@f tlgﬁ&gél gﬁﬁ%}ﬁé@ﬁ@&%j%%?pt%glnél nc %gtgﬁlp ggﬁ ng a
sensor fi setfigoreddedétess ongeul sigralarspresentaive ofh sérs af iageriad bulacssandjtiect |
generatin ck ar, Sing. tical souj vice held b
t he senso&n?ll’txaft icééhg%g‘@ﬁ’%:"g,tgééé@é‘@?? %g‘flgcg"é’%“’ﬁg"“é"nfg{)%t%ﬁ8gﬁ‘°3%f%°58? 8&°rh%l d
by tie sepsless fixati on device, a portion of the 20speckle pattern

out put and gengrating therefroma signal indicative of optical energy
received at th& QBEERER %@F?‘Pﬂ,ﬁﬁﬁfﬁﬂsgﬁgg §ﬁi§§l§}gé‘”b%ts‘fbé‘?cﬁ, I ifehidet ect ed

portion oplating a SEREKiEtIBAUERE agaMBNG ddgtobiical RENEIHSST alsAbjedt, @nb@fihgh

pul se, and generating a nmeasure of the vital sign using the_ gener at ed
si gnal i neReEklE PoiterppSIBREY erficaksercg e vieekald by thgrscnsaelixptioa deder. por t i on
of "the spaGkfiePRieShibpties\dBieSBFeld BPURTERLARKART doliBE a pbiiRh Bt can
be at |east one of a heart rate, an arterial pul se waveform a

syst#l i c krcokld ppitass sutpet and gdireaatingltharefdro o digpalasdioatye ofoptizahenargyer i al
bl ood pre [ | se. pr ur, n n.arteri Liance.

" some | ot ubiten o R e oR R e PRACP R Bl Bleo R B RA N i eperbls
det ect i ngpatenuctaesingin eswinkd @tanansridl pulsptand @kneeatnpGymdasire of thd vityl t he
optical detect.or durin n arterial 30pulse. In sone. inplenentations,
the gener SEF bbb beErread Sgrl infcafke SUARSf opgh rravRG P dere g

i ndi cati vgorgibn biBe §RNRERGaAGNEMENt Ccan include taking the time

derivative of the input indicative of the sensed novenent.
25 In some implementations, the vital sign can be at least one of a heart rate, an

arterial pulse waveform, a systolic blood pressure, a diastolic blood pressure, a mean
arterial blood pressure, a pulse pressure, and an arterial compliance.

In some implementations, the measure of the vital sign can include detecting a
number of oscillations in optical energy received by the optical detector during an arterial

30 pulse. In some implementations, the generation of the measure of the vital sign using the



In sone aspects, a vital sign neasurenent device includes a sensor
fixation vhpuiiodicatiwe of el seaded srvsinanf cay stche taking tha timotpunativedf the The
sensor fixatj.on. dteViq??hi s bHadapted to be placed agai nst an anatom cal

| ocati on Blpugamglﬁ%fv& evﬁe?sﬁ:?W e is an artery. The optical sensing

system i ncl udem safhe@ppdcBad visdd 8igh ncagurethérit dsHEe indldesad ket Fikation
detector. At Ieast,o&g of the optical source, the diffuser, and the
opti cal deFvace: 8 ontice PHnGHYY SteRb ARG YRR ¢ irB‘?]Sﬁ‘(‘}éinfE‘é“%h‘éFV&Géi)t ed to

nove 4 N I &HRRASE bE Pladdl RhhS dndhatBiiAEIERIRIIFY QubiSctaithif ¥hichq9sn Of the
ot her conponents of the optical sensing system "The optical source

10and t heaithiry.f Teregptigilecrsons sygigmdacludes pn ogiesd seurep e difuscrpandtanropticathe
optical d ory . | it tact . rti , e
pattorn ot it” Al BRS h B Ralies B0 uBRishd 8 el BB L8
opti cal ebethgyensocfxatied dewithami ddagted et ractead r@pporsc omarmdrtdriabpigpacktiec

pattern. The. output .yni enerates a neasure of the vital sign using
Phe. gener BBl G af UL Sombaons OB PEar. srangy N ebe T DRePURALRNRSL he
det eqf ed @ thé @iffuedr atd@nFipeel kepidadidersBeckddgdiermdethaiobticadlietodisr ior nor e
enbodi ments _of the invention are set forth in the acconpanyin

. yi ng
dr awi ngs BeffionRe tagdedect ¢ pettion obde sppcklomiiem patputanddo gensrae therelignya

advant age B VoW i ] Lptgion,
G i nge. S T e 5 e R i P S psbled

i mpl ement paticon Bfe aukmat viit génewitegra mesaerg oé thevitaldesr wsang thomnestedyignap B,
and 2C depi . i i, ) V] Ii,Pa%,nt
devi ce po{s?]fj%%%%etaagf o§ﬂ§%ﬁﬁ%&%€§&g§}m&/9§§é§ Cfsqﬁ%ﬁv%?crﬁléJ ohﬂorn eogt%rkip er eﬁﬁ%{ﬁgvel S
of cuff pressufle detdigtof uee dranae embbdimestg of dleiitvepti@ssasa.forth inthe FI G 3
depicts an inplenmentati on of a vital sign sur.enent devi ce, having a
sensor fi X&PTBHVRERSEE &P f‘#t&ﬁdf’sr?f‘%‘t“:ft??%”-gﬁsg‘&ﬁ PLUressONIRS!s: Ajepi ct s a
series of aguuhtags ofidid ifgentich hall boibpafentfrmfthe ARERR0RAIRYings, RHE SBIMEL
sensor pneumatically coupled to the cuff conpared to simultaneously

obt ai ned pul ses detected by an optical sensing systemheld by a

sensor fixation device. DESCRITOMOFIRAWINGHEC depi ct an
i npl ement ati on an optical sensor. housi ng,containing the conponents
of an opti cal di CPFQIC &pplementation gft Y‘g%ﬂgn@ﬁﬁs%?fﬂe”égf’ﬂ%epi ct an

i npl gyrent at i onprefs, aA, PB!EnE 2 REREMTiICNS Usiphdné&Ritoal b 8 vid18ighomponent s
of an optical sensing system
measurement device positioned on an upper arm, and showing three different levels of
cuff pressure relative to arterial systolic pressure.
FIG. 3 depicts an implementation of a vital sign measurement device having a
sensor fixation device with an inflatable bladder.

25 FIG. 4 depicts a series of pulses during deflation of a cuff detected by a pressure
sensor pneumatically coupled to the cuff compared to simultancously obtained pulses
detected by an optical sensing system held by a sensor fixation device.

FIGS. 5A, 5B, and 5C depict an implementation of an optical sensor housing

containing the components of an optical sensing system,



FIGS. 7A and 7B depict a speckle pattern produced by an opti cal
sour ce devi ce IFhGE.udh, 68, aml @pUepialan soplementatich @ an@pacal sesor Holbie®. 8A

and 8B depict. a eckl e ttern produced by an optical source device
[ ncl udi ngeaFiRe HEo g dnar e FREES T FiGs. oA, 9B, and
9C depi ct i npl EIENYALLETE d@ 1c£ah®e&§é b&RIm FRASdcaBy M SHEM bdidudvize a
spatial optical occluder. GS. 10A,.  10B, and 10% depi ct

i mpl ement Beluding a&fOPfleéS@fS?fi ‘E%ila‘g@ﬁ@“ﬁ@ syst em 10i ncl udi ng an opti cal
detecfor wth gy Waghl tSE d@f)lcpe{)§ﬂe91§!3 p&%?ﬁﬁoﬁ@&gﬁa?ghg §oal SRR dedite

11B, and 11C depict speckle patterns” prod y~var ous

i rrpl ement aciudmg d@fOpVFcﬂmurngtdartbﬁ%rr errent devi ce. FIG. 12
depicts an ele i b 0 et ect or
Feceiving a poribitor B3 BpRe st a bty 8o Eaiia R o

pul se. 1551c§5dmg]a3;pdtwbpm¢ala¢cludffpl errent ation of an optical detector

having a plur fic tection regi.ons each producing

el ect i cal o1 ghit 16A, U, wiflac Sapict implypeliions s ey pensing stem

i mpl @ent ﬂﬂ:lu@ﬁfg aafophm detcétbewRINh pRRalILY b lcalREiBASIScpRag t o determ ne
one or nore vital si by the output unit. Like reference synbols in

the various drEfiSngs 1H§ and BG dopict pcekls mescrnoppicsd PEPATESCRI PTI ON
As shown | léﬂl&tdﬁ'ovnsﬂf%'tatl%%n?ﬁe%hr&ﬁé’rﬁ%ﬁ@m device can include a

sensor fixation device an optical sensing system 104, and an
out put unit 108IG.AG depicfsun ctectival sgnabprohect! bsemspmgtl égtsrttm@@dngan be

used to dﬁ‘gr%l%ﬂ’lﬁ’fc ggtgﬁ%lmﬁace d§f éar"i‘a%éna"f‘ﬁuls' gn. The sensor

fixation flevice I NS Afat omi cal |ocation of a
subj ect 25112, FI\G tlBId@pMﬂlaﬁhmpl%mﬂtaﬁdiﬂ ﬁram oi;ih&al déteeoohdvirgal ple@hisiofg
system 104 ¢ osi tioned to,sens corresponding to an

arterial PRI de\ﬁﬁé‘ D {9§P1S & oqucing %H‘CB g 102 is placed agai nst

t he anat om cal Figx: a4 A OnE) find h&§éﬂi’¢t%ﬁle&%&an&ﬂ%f@&td&“@%nt%ﬁ ?i
system 104 can incl ude an optical source 202, an optical ract or

212, 214, mgthodsged frideisrmins qrer Mo Wil sienbsothe gripu#niinhi ch can be
hel d by the SeNRO e tlied @y RBoLGY HESakOs FRFNFOMEicHe [iRe clements.

20 DETAILED DESCRIPTION
As shown in fig. 1, a vital sign measurement device can include a sensor fixation
device 102, an optical sensing system 104, and an output unit 106. An output from the
optical sensing system 104 can be used to determine the measurement of a vital sign.
The sensor fixation device 102 can be placed against an anatomical location of a subject
25 112, within which is an artery 118. The optical sensing system 104 can be positioned to
sense movement corresponding to an arterial pulse when the sensor fixation device 102 is
placed against the anatomical location of the subject 112. The optical sensing system 104
can include an optical source 202, an optical refractor 212, 214, or 216 and an optical
detector 240, all of which can be held by the sensor fixation device 102 and move with

30 movement of the sensor fixation device 102. An output unit 106 can receive input from
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30nmovenent of the sensor fixation device 102. An output unit 106 can
recei ve i thpwptial sensinghgstaptlD4 tat sembicatiye s§mbenmehd dortdspdndirg th diagadadl ve

of novenent, cor,responding to an art.eri.al | se. and can generate a
measur e oPUSF YR BEGHC @ PES RO LUl et RO R ER oY Bte an
arterial pisk&n dricoigl il FoH FBAGveneE!) BbliEng, 6F conm@IRERE BF et od | east
one portion of the optical, sensing systemrelative to other portions
of the opP9an okthpepticl sayisg systenpplative teathen Rortions oh Bispptical sensivg
optical sianal WHEGGe¥Ad ibdhahB& OBt Rxepl e, a
vital si gnygcar’l incl ude a _heaa_ t ?g%e@ﬁgﬂggﬁﬁgg%gﬁedga‘lt%eeoﬂvf_\gélef orérzﬁP a
systol i ¢ bl oodFpreasmsplees visel diga stoincludd b berit ereegsartesial pulseemavetmnes i al
bl ood pre h.e, pr dlor a neasurenment of arterial
conp i anc S olBaB S & BRI o rels PEASLIAE o Prg Ui e b
det er m neprefsuanutdier 4 inmdsngneht @fdrteridladomplibies In dohe: iamppnidntationgead/ or
10nmegni tude of arterial pulses, or fromarterial pulse waveforns. In
some | ol SRR P Bing fain BF el ben gbed Hora B ATGRR put
received fnapiiidb 6f Sidrial fillscs ERFHIY aBtil ?Mé@é’ve@dr@@ﬁh@{omﬁ&n@%&ﬁbﬁé}ﬂ
with other data (e.g., data regarding the pressure within a pneumatic
cuf f). Foteaualfigns can he diprmingd Taneripul renived fionhihg opticah seasing sysiem

det erm ne : r 1 I i : tem
104 al one?oé{lagss}{e?nirgl? C%#I;)(lgﬁog nﬁ%@%ﬁ}i@?a@(@@}d%}g@g‘&?ﬁ%ﬁa? %Félg x&ﬁ?’gﬁ% evi ce
102 can bpneamptis tufiic tRor examtdg tie s oinipdéntensatidng edicart vite cam bopietconined
sensing s ] L QL. @& jon tk of . j ac an anat om cal

| ocati on %ﬁ&gﬁgség%écgcc%fg%%ﬂcﬁgp h@cﬁi?n@n@%ﬁsﬁcﬁ?&é&ﬁrg ng system 104
can det ecBeanr B Béviqgul se. The sensor fixation device 102 can hold

the optical sepsing system 104 jacent to an 20anat pm c | ocat.i on
of 2 Subj ect * 113 S EH Gt o oSS R HORE PO SO ELE TOF SR an
adj ust abl g sRReNendihX QfsicdN] (I RSkt thEEIFREATRIL & ard HHRAtHADS Wcatidkettd ON
devi ce 102 can_be an adhesi ve bandage or a cu ( an elastic

C / ff (e.g., |
cuf f or afitbisst | &% sush ehattheoptical sensiggsystem | &heam detachasarterigkpulsen dbe
fixation e, SAR e b1l '
i nfl at abl %%%‘?rngég&izz. % Api e 12%3%%%%%%&?%?@ gaffRa
conn&ct edatatpmaicy Upqationdf 28 pjest bl Jwsa@raieBrminpgd saune fixapbrepressuet dranan
t he sensor .fi ion vi:ce 102 ¢ I ressure.to, an t om cal
| ocat i on Syulttl eSS orgssred iy S, BieiRR A By e A0S0 ST
cuff can headhofilabadagecorg. cuffi(e ., an plasgy L2y aandlatdid @iffdi{ &ng , via a

by 115 b PGB IR SRR o BeP B R BBl
i mpar t i ngingigMble®ldddedl 222 ITht Bidadralb @2 Hchnaschap ceshebRE () peaHEN

proximal to the placenment of the sensor fixation device 102,
25 via a hose 116. In some implementations, the sensor fixation device 102 can apply a

pressure to an anatomical location of a subject 112. For example, 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 body 112. In some
implementations, the device can include a pressure imparting device (e.g, an inflatable

30 cuff) adapted for placement proximal to the placement of the sensor fixation device 102,

which holds the optical sensor system 104.
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whi ch holds the optical sensor system 104. The sensor fixation

devi ce 102 canTltreseasmpﬁ'w:mbdev&ayObmﬂbemppbéd1ﬂaﬁylbpmcﬁ oBa htihet’s bodysone
i npl ementati ons, the sensor, fixat devi.ce 102 js SI ed and_ arranged
for place FeginplsAeaREp BT e P PRSI e 5‘}?5165528%@ 38867 Q8] acent

to a pr ed%&&rnﬁanﬂacan%a@ﬁlycaméatﬁfn dfRQuisitdlisatly adjaceah@Wpréditdringted 2A,
2B, and 2 t he sensor fixation device 5102 can be positioned on an

upper ar nif{ap dliofihe subjiecst Asshompignyizs 34, RBs andiC, dhs scasr Tizating degice
tem 10
The. B ohi 4 bR PSR A My A0 SRRODG sillodrq w4 B B 0BT |1

art ensor fixati can
adapt ed f emsipg a:cﬂeem& 4 com seise mmsmnmnbmndmgm aparteual puiens thegarmhsﬂ em
104 can senseﬂ@v ment ¢ 1g{res ndi n n artderl ngglé .
radial ar P&y CSEROP FH AR SR | ?f}n S0y 2AERLF CT}’ée‘B8’§ %‘?’Sfﬂﬁéd

on a | eg dDthetthc optihl dehsingiystoan 104 cﬁﬁ'fs@ﬁb rr;wb@aﬁ: cbﬂcs@ﬁmﬁﬁ ® df)artetifie
neck, or any other part of_the body ?rte wﬂ& pul se can be
det ect ed. Pulse in theyadialas{gey. Thesegor Zﬂlo ‘”CSHQ BiipRed onslg ng
syst am 104 £an tthenPRYb Hét@&%dlswl%hrm&ry%Qhé Rk rﬂr@ﬁpbt%r 1% ke RIS or
fixation device 102 (as shown in fi : m d point of the
sensor f|Wh?fpéﬁaﬂ@ﬁléélsqw@dbt%ﬁém in f| gs ZB and 2C), or 15di st al
to the md poi S i ). The
pl acement of tiﬁées@fwtnl1@2@?&1’12%@@#@%@%& Sg&%rﬂ%O%Séﬁebézglgég

fixati on peuwioped pOinca o ihnmadpmmﬂwétkbamsomﬁkmmeﬁwce m0Z@sshown in fig.

i npl ement a4 ons, _a.pr.e a r ow e
surt ace ot bl e rBa B EER hE ARk fon B B2 105 i obond W Breo PR 8RR e
al t hgugh @sﬁbﬁyh@hﬁb@ﬁiﬁmﬁ‘tkﬁﬁ\éhm ﬁiaibnczﬁmcamm §hoBsHoRInd.OTHE flaRSRYl 6F,

t he press nsmtted thr gtg ge 20I f t| ue can result in
a non- uni Pmlij"? é%’élﬁgéy%%}’éllﬂ‘gt” 17 tBg teaper WP%&) Ogian et e festy
the surfaggainéd I‘ﬁgﬂﬁe APl RER BT GHs] SSuPchﬁ)pHéc?t%%Hraﬁel?f %ﬁh%%glomh@n
artery Iylnfq some di stance below the skin by an inflatable cuff can
be gr eat estiage ok ancangignticaljoghtioiecag bg npeysifonm. tFos cxamyle. mithepighs botike

| ocati on C r

{1 xat i on feciE: 984402 AERRAY o ST Rcithe) B Blosfe kihehfifeARRARE e
25setoect edyéreaf tisses ca)ﬁresdhienanmgmnﬁbmppﬂeswre dgamstﬂmruery[ib/mgmumm i o ns
the optical,  sens m 104 can b

curt Bucn TR Ty B¢ R o i e b S et B AP Bk e vt e
arterial @ag,mnie diseghes bElo® thy skid BRdn pdkfablefouffiien Béigkatehiantht beffc uf f
pressure e Cﬁeeds {se ystol i c ressure H@lereby al |l owing a precise

et or m nali O 81 [huat RS PR Jhe Sagnets e et dgeet Mo 04 he
arterial SeEVERS the BR&RSr fixation device 102 can be fixed to optimize the sensitivity to

25 selected features of the arterial pulse. In some implementations, the optical sensor

system 104 can be located at the midline of the cuff such that it 1 not responsive to
pulsatile enlargement of the arterial segment under the proximal part of the cuff when the
cuff pressure exceeds systolic pressure, thereby allowing a precise determination of the
systolic pressure when the midsection of the arterial segment opens.

30 In other implementations, the optical sensor system 104 can be located near the

distal margin of the cuff such that it is responsive specifically to the pulsatile arterial
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30l n other inplenentations, the optical sensor system 104 can be
| ocat ed ndamensibe chiingtadt thah faghatioro fAdchelinglf, fthesurdduetfhattires of the antesb puise ve

speci ficall o th Isatile arterjal.l12 djnensi changes at that
boat i on WAL e TR oot L iR ot be AR, SERRES g iseen
wavef or m a§mgliaagd @l hére AlsE:S aMérees 3hn Be Ghtdchadl MAFhIAIMRRING AN tHR&kin at the
identified, and effects of arterial conpliance in nore distal
arteries BuHingof Hhercath ey alsodisialite theyraidling opgury daingisysiolg whem el i ne
of the Cubfess@nd 1RloSOyStoRt Alesduft. LA ik il !

when the Iétf?%‘u Spr egsu_ e | sﬁ%sé_l ow sygt |+S<'§‘E}§’F %@gﬁﬂgs’%ﬂt&[‘%%’&gﬁgﬁﬁr es
exceedi ngtheytenliogcibitivns aygrlugitedrie thetpheximnk aved of thoedT, k$ distueses shoec. In
limted t I Al e > cuff di scussed above..ln sone
ol enrent SRR BED B Lm0 £ B KR EEEoF R BB R
body fi xati¢tvdee Rsepeatd BBnsepragsatednibrioing deyiceskpred (o bpsladedngaidasi ce

adapted to be, pl aced ai,nst_.a second anatom cal locatiaon of _ a
subj ect pFe&W‘h&fa ‘{nﬂ)‘c‘flﬁ‘gcaﬂﬁ%?%”rﬁ“@ﬁt l?rBt‘,‘giaﬁ?er]%fmaEq{%‘C%l f2BPR GPP RPTon

devi ¢ 10Bxitndleliow1 026 Molvabt AteriBlihIR MRS bihe Qﬂti&ah&n@iﬁ% kFstdm at a
sensing systemat a position distal to and separated fromthe

pressure PR dise taeyd parafeg drasy hinpressure Heragingsdayice: Fairipmplegthgevi ce
can be anpi @u&%ﬁﬂﬁhﬁngﬁfﬁ&i@%g A-{/besa%rlﬁﬂétEB?é Emf‘fnas%hﬁgrﬁglgﬁ@ngﬁtiéﬂéelr&ﬁ sure

i mparting device an ' fixation device 10 e inflatable
cuffs. Fi pressare dapitogsicuics embtbe bodydaration dended HE 20 e inflatabtei quffs.a
pressure on thg , edi riari.al.Systolic pressure of the

b achial art er et P ESSRGNaBoh By LOMRRANLE BERERY O vilah g
unders t hecteadlhgatetdeysolic presiseodhe bfackial drefy ddfidies td2ulain sSyiBliaile.

The anount of . pressure i ri.ed ainst the _sensor fi i on device
105 wi 1 ek iening aer GF Frine s itk B sebsty SReunmpenice OiP Bevsiple: The
| eadi ng eg@eurd UF hreesupdinipaFted dcdinsPilk S&hsoMNPxaRibh G&ved 102RANIPIBaRGHLHIE, at
the positioning of the optical sensing system 104, and therefore’the

200pt i cal dustadhsyytesiokepmsioat fedeading cdge Guiinganaristipuise Nodrigrall . A
pul satil e,sd : 1Al e i e

ot cal  sopiEeou QY Bhoiidtidg oo icalsolifil ARt ICRMhrckdhe 1O
m dp@&i nt ofticehsensiagpsystent 1 (addconotdeaduce a pORatilh signalf Ajpuldaglelsignat,ed at

(e, o 1 5 SEOCED T AL G B P SRR g

arterial pysticol proxipiab®3hy @idpsint bf thh s¢nsbhfxativh devied 10apem A islibGated at

extends ntel\'l%rnlligpgigt of the sensor fixation device 102.

Fig. 2B depicts a sensor fixation device 102 imparting a pressure slightly

25 exceeding arterial systolic pressure, such that the arterial opening 118 extends nearly to
the midpoint of the sensor fixation device 102 at systole. The oscillation in pressure
imparted against the sensor fixation device 102 during an arterial pulse pressure would be
much [arger than in the case of fig. 2A, as the arterial expansion occurs over nearly half
of the segment located within the sensor fixation device. Nevertheless, no arterial

30 opening occurs at the sensor fixation device 102 midpoint, and therefore the optical
sensing system 104 does not produce a pulsatile signal.
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the m dpoint of the sensor fixation device 102 at systole. The
oscillation i nFigr%(’sdcpieIs hmortfvchtialgdé\risal(IZrimps@ingarprefsi;urabd:lmw adewdlce
102 durin n arterial ress re wWo n.in
the case. Srtyiegressie AyePliniRe PGS S6S siatnl s RS houRhdEly ¢ s

hal f of t iThe sRUNKIGHs Ihpeabad intpdriai Bodile tReBRRF fikitibatdetle UGV {iGRg an
Nevert hel ess, no arterl al 30openi ng occurs at the sensor, fixation

devi ce 10ZteHakpelsnwill befycr gl Braamlitileq The adenal gpriingat diedpeation gader
does 10t PeQUHER séhsPidls§atih |cBused BB Bbtical sensmg sﬂtegn t I@?i@@ph ﬁﬁl§atﬁe §§£‘§t or
fixation device 102 inp artlp? a pressure below art systoli
pressure, suchFighhdeni¢teornipiptancyiation pf @wﬁ@rﬁxammadm@rﬂwnﬁhemna@n ly
at systol t sensor
fixaron Bubh@edRs e il R PR B AR SIRUIE LA M 0o
anpl i t udeinflitableanffdi2d @hn bq:mjapwg tcabc Wfa@pd:cbaramﬂdothe upste ernbofMesubjuci oal

sensing s causes the opti | stemto register a

pul sati | eXlz ﬁ;gpp i B gersae g ?pﬂﬁ@l E?ncgetqcﬁﬂ—? lﬁFﬁlf’iﬁ’W@P%&":é‘éLW
fixatg on lFEUd:diﬁpoh@ﬂs ome oB GRS Snsinf ¥ Ptdr® M)A HeDablaBeDRitRN ah Bhlicdl abl e
cuff 120 having an infl atabl e bl adder 122. The infl|atable cuif 120

can be adsspeadiongng0tlosaipdet the ikamidreint hief thercnfidi0 a ThenfEEi0 s
al I ow t hejepkk a8bk a%ﬁnéeaﬁfaséye% £ %%4 ve@cr%to% otheffabie fulng e RELsSERich LAM

the brachial arter he conponerit's he optical Sensing system

104 can bbe pgd kta@@ure\mft ¢ithl 2rareymdiad gnb g%ms@mh ollsicnff 120 0at brwtappedat
th t th f hook
and Foop FSBEE oy §5eBent B iider t8R0RE oGk pRaGAD0R BEAME 000

whi cle canTh)@bla&Ed lﬂbcesﬂxemoen&cted t@ubﬁmﬁzm by atiogt 146/ Mbblafidea 1321b4rect .

The cuff c e, W appe r das he. hl der
155 i1 atisges SlehipE AR 128 kil taf i ks Bactar it R laddier 24 3%,
be connecpebutdinahdblaqied 222 & b2 nivas@ed Vh a PhRsibt adelancet 228.cpme al so be
attached to a valve 126_which can control the deflation of the

bl adder 1DISSSUsEANSAYCEE {a8can qe fagated iy thg dladderpashawROT PR Bepreymaticallya

pressure tdAstHRahe g{ggder'[@@(eog Q§§g{e@loggg% ducer 128 can be | ocated
in the bladder, as shown, or can pneunatical ly connected to the

bl adefer 122 ( eT@? top pprion I@éﬁ&dls@pmsa)ressmméses gpsqon pisersonfixatiog device
depicts p I vi.ce 1

i nparted E@Zslﬁﬁ)aﬁg@w g%%% e%%? lceé?rliagpﬁﬁedgzl% ELy h%%feé rgsgm%% e@e Sﬁp gosr sure by
the sens oﬁxaftnonaibwoe] 1@ ide@edsO from a:t&essm&echeﬂmgmyﬂolp:rlﬁmimesseoemadl ng

tolic bl f bj di ast.ol
b1 004 pr eSLiib By R et SR Wid bR R anes ¢ ReOoanties of
pul ses defigrad ﬁiﬂqﬂdl%ﬁﬂét’@ﬁmﬁéﬁ fr6rath SRS AINSnsEESHySiin 104 atdhe inli@pdThtdpai Nt

of a 25sensor E?l xation deyice 102 as_the pressure inparted by the
sens&r fi Seasrdpaten fdevicell§? as the pressure imparted by the sensor fixation device 102 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 104
does not detect any pulses until the imparted pressure is at or below systolic blood
pressure. In some implementations, this can allow for an accurate determination of
30 systolic blood pressure.
Output Unit
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decreased froma pressure exceedi ng systolic blood pressure of a

subj ect to a pPessat mobahos temheoipticallskmorg sgystemslt@iﬁiecaofbearasmnﬁed:tria As
shown, th ti,cal SN S oes not de t an

ot ¢ hedefipt Stes P8 B REA R0 BB CP b E e BB S Be

I n sone i siptiEodMifsil10$8an ddﬁhéctﬁ@ﬂ:sﬁﬂré @mﬁﬁnfer are @ecmpaztyededﬁ:benm Aation
of 305ystollc bl o sure. ut  Uni Det ect ed novenent s
fromthe SpPwiaft! 33&& 60 féa?#)l {53 b BAF106 the s e PR MUY e

WI ress 108@&@&5&%@%@@()0 6 belift andtRer$BRR N JTRALTBIMHs AU Dr c&Sbes hown
nfig. 3, electrical wres 108 can connect a pressure transducer 128

to a di sprexpteleldcated andiin cammsipigatien wih therpgclnensingtiysiami 194 viagrirdysscan
be part o p sor
housi ng Z%f)ﬁsgﬁsgﬁh ein?%n%rrlugﬁjh%ﬂmﬁ thlg%’(l)1 Eﬂtgp%%dq%nglgg%ﬁ ?‘ItaﬁgE can
be renot ehry:aduuumm&}dnawmtc]css tcmsmissipg.ain mmcvi&rnplmtehanom ﬂmaiptlsee BEising

out put . unf B DGR ERSmL e Nl 0F o BE B rER 5V 3 BT e

tranggm sstoQdh. ouhﬁlt ﬁmtmaoa ViR MERRIE Rirs@MSion! h‘ﬁe Ehﬁﬁﬁt 196Reh Bemysiisshem 104
can transmt data regardi ng the apount of received by a optical
det ect or ROFFSAOC Sefepupe Ehwtallw ﬁ??rasxﬁp?lérfreestht: pRifrah§casipg pystenn H04

out put - Uniyfth bPGitEAR oBRFBAE SH BnRIAPRARAatS, Qse§h%{3vﬁ‘n§‘ 13‘1gt D&hdilt blLﬁLllt uRlgn

fromsignals fromthe optical sensing system1l or wt

ot her dat ganipcludmadismipy e)rﬁbemcathpdrtsl sigs I8 mmlmmemrgatlons thmeitmampmt
unit can [nGluyde zﬂ‘hﬁérﬁp — 90%8[:&& hﬁrl? cgéc?a!blosél 1 whh E?

i mpl emrent at’i ons, e ou ut UIt can|n e an rmsys em

pr odigce amhaﬂummaﬂegmermﬂ ley the gutpht unftencets a/precwterﬁmmd cttifeniaa §or eamlpte,
generated by he Qutput ynit. meets a. determ.ned criteria,

dxanpre.  Ereebitwit SR he et Bl ST PR BlRE g M e S o
alarmto adtegiéd vtalsigf istduddidceofUgirietcedined talge.s TBOowtBut it 06 €arOfer@rm
predet er m ned ra?g%té The out ut UIZI tgglOG can perform a nunber. of data

processi nfNemnesy PEQFESST RSy RE GSHERHREH EPIERTS, Sogisad wifch
whi ch ar e;digaeussEea1He! ow. 20th| cal Sensing System The

optical sensing system 104 can include an optical source 202, an

opt i &al rQMgﬂrMSﬁm , or 216 and an optical detector 240, all

of which can W th
by tféal%?sﬁﬁiyé 4 chi i%%&fgg Qn ﬂﬁrnggﬁoé&cl%o? cﬁ?@

novement of the sensor eV|ce i ons,
the opti cadfrasten%lmglzk)osﬂmm ophnal detectas24, A bf whichembmlg:lc%)sghst em

gg s g CI’ a? egeon%\ﬁ!)r%ﬁ(aﬁo ngévrll& l%)& lql]ogg w?th Er'\rgjov%r?len e sell‘ls%? %lleltlzo%ddeg}?:}e '18{'

In some implementations, the optical sensing system 104 can act as a motion sensing

25 system (.., a motion sensing system adapted to detect localized motion associated with
an arterial pulse). The optical sensing system 104 can detect motion corresponding to an
arterial pulse when the sensor fixation device is placed against the anatomical location of
the subject. As shown in figs. 5A, 5B, 5C, 6A, 6B, and 6C, an optical sensing system
104 can be contained within an optical sensor housing 200.

30 In some implementations, the optical sensing system 104 can include an optical
source 202 optically coupled to an optical refractor 212, 214, or 216, such that light
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an arterial pulse). The optical sensing system 104 can detect notion
cor r espondavey ttageldromatheeptiedl squutcsfé)thhdw dphiealsefreamr 22, 241) @Irﬁldeifhce is

pl aced agalns t he a t|on of .t in
P gs. sa- onil o3 RIRH & BnereRF i S Sl e J3eRF 04 can
be cont ai ﬂﬂﬂemﬁtzhldnsaﬂﬁmtﬁﬂle wed&ahe bisties] $9grc202. 301 n some

i npl enent ations, the oFtlcaI sen5|n%mf ten1104 can include an
optical sour ceMFgPcippicmspiationsyihsoptica &itaptopean hean oplital yaveguide2i2, a

214, OF 24fffusc9ah, diiHorhHBNurty NHRS LSRG 1] bOHOIRErRL Ao dU T
202 to the optical refractor 212, 214, or 216. The oFtlca source 202

can be a @@M@n@mbendlg&tor%mp@eﬁorf ofrtheseiivpl refractordlas 214, ar kdrgan alter the
i npl enment I

somne inplg& #@?bgﬁgkﬁfﬁgﬂgz ?gécﬁgggﬁaéﬁﬁ?g@gﬁ% e aEH%%?}%gﬁbuéﬂhw
wavegui dediZfiRer 2&4,51i|réffaa:seg oﬂ‘ Mthcamrfbr 2 I, thas chusiigrihaaeointpfodtiesl | ons
216, or anothe cti Ve The or
conpr ass: iFre e Ttetie PRp ool cslpSor PAETR o dihes, ik Ple thone
pat hid akemobsmapbf mabﬁmv gﬁlreel;ii)ztd% aeadptibg deREQHIAD driDA2 @R Tegdlt in
wavegui de 212, throu the diffuser 214, or refracting off of the

mrror 21ehangete t‘t?aﬁﬁ%quﬁboﬁ%é‘c%lr?ﬁﬂﬁi’ (c8-» light) re%ﬂl\'@dwrtbf*yoqt@algdctccmr&ﬁ@)
recei ved ByrHhes 0Rtdifofihg ﬁﬁtc@lﬁﬁgﬁ-ﬁ 1r2‘uﬂg al?iﬁur%%%retc@iv@@ &1 en'ef%?eéﬁ'l Striaf NE

10novenent of the optlca source 202 or the op tIC detector 240 or
242 can rpwed ¢anjbg chracterarsds ‘@hlt:heanalrmxsm tocffetwpime@antabngr gher aargple, the

light) r e&rﬁtﬂ#ﬁajc Mnd }tlﬁ Oé%h'b‘&%Ltc%@k@&%?%ho%%ﬁhn%ﬁ%e P BRIk il Bé‘g t he

changes i n the anoun recerv tcal an arterral puls
can e chaﬁamﬁmmhzed whi ch can be used to deternlne a vital sign.

For exanple, t anplitude of ul can d ne . 1t he
waver o m shapeliop AP REplstieSiaftasn B eBleshde Gk Al a7 245 bl so Prfiede

i mpl enent pﬁdtmsactdr raecgpt((:ﬁane@atlﬁea Deviddle@REtor, 2 a@ANOR QC&nﬁleh{eﬁltb@d e
phot odet ect or, ge Coupl ed Device) detector,

CMOS
( Conpl eme e ﬁ%ﬁpm@@p@éc cséﬁ@t%% &R BRg m&%@f@@ﬁ%&ons ithe %11%1 sensing
i npl enment atiaNH04 daf enPRiciondbr HERSIPRLAISHALSBED 214% ¥ F&%&h&ﬁﬁ’{e 0GR 0:ak

nore optical detectors 240 or 242 For exanple, in sone
20i n@l enmemplernemaiiony, asseriesedf opticad geteetats car eashtrenciveatica gudigy wdweiive by

optical eggr, gﬁca;l]féf{a%E 592 93{4 o@?i @pfn' sggllte é C?%%l%ﬁt%géngglgoptﬁﬁlﬁd ée%g)r 345

In some inp Ions,’an “opfi Ca can
pluralit ycszmdpdle chihradi@t @ciphoai detegfionnsgiohso Foe xeamylle , CACICEh O OBMOS

(SRR MW IR e NE TR T NN
regi ons Ofec&iodd BFa SO OOl Eerdt® dQtttidHegions or can be configured to output a
25 signal indicating the total amount of optical energy received by the CCD or CMOS
detector.

In some implementations, such as those discussed below, the optical source 202
and the optical refractor 212, 214, or 216 are arranged to produce a speckle pattern. In
some implementations, the compression and/or bending of a compressible or flexible

30 optical waveguide can result in a change in the total amount of light exiting the optical
waveguide or a change 1n a speckle pattern.
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25signal indicating the total anpunt of optical energy received by
the CCD or CMOSgsleiteSBosC, 6A, 6B, and@&wﬁamlmménﬁlaamdnstop@'uaihemr

t hose di sgussed t.he.o 02 and.th tical .

Fof r act or TORBES 955 odthe e FRUASE ikt S ) Sl e riP i TR paticebr
In sone i ppkarmntiag 200 as shove, Qﬁﬁﬁéﬁ@&ﬂn@cﬁ paildAnn speng?3gat@tha to the
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in the tof@FoTREdRt: PFRIGAYICRLYS PR EPYRETAtPE AN, dil o5 altié oBfica

change i nd&@eSHELHR 202 1ah&Wires 108 from thé: diRal Rfdctor B40. Awsod 6B, and 6C
show exanpl es of m ni aturized optical sensor housings that can be

pl aced aganmgneradtmbj theepticabiensprhousien( can elsp ingludgufdiional Tiemenss i cal

sensof y%hggl QQral 1c§1kb§\’:‘fé‘lgiéi}§'(é‘g fh 1iofe %le%ggit&ggi thé o @Jai ng 234

att ached ens rce an op | cal
ref ract or révh@tor 2]]24214;ror21(6andathe)pptnaahdiet&xtt&ﬂé@bnﬁ@%ﬁ)dqnctémm ﬁ@ﬁd Wres

108 fromthe optical detector 240. ome, i tions,. fh

Soti car st i ERL 6 Bl Rpiind 2B b AR eh SRR G 1 e
as asspat inghesqplel, @Bdut Qqﬁdhmemngm 8f fetwébn, 1. Rafdl 02 ieh& (@pghbsita)7 ingicvpen
the optical refractor or 216 and the optical detector 240

or 242, a%n%ﬁyictl‘fl%sdofh"t’f’"f:ﬁlo%@dq)ﬁl%‘@ﬁ%(cr%‘fﬁp@ ft @EhShs, the sensor
housing 200 capg by ia figh 3 saf 5@66wa19d (?caarb@ns%rgadl@zmlaﬁédf

about 1 inch), a length of bet ween 1. Z.2 inc (e.g out’
1.7 inc hesl)acermm@a&ﬂmsm@w&mccjﬂomme%msme@t @n@e@ﬁ@hﬁﬁmgxm@ 234,

about 0. 6 nghe GE)P% 32 8%‘?2%‘5 ?g%r’\ﬁ&‘ t‘q@%ﬂdcglsscns%p‘hm?s g Rpwilfin Qﬁclaﬁgd

6C, a sensor nment agal nst® an anatom ca
| ocatd on stﬁteaFeudDgiaeqate tescizer padmhmnl eXtendaouspf the@p@&4 senbtrehomeing @00 pad
200. when in

232 can extend of, the,optic S ar usin

ol axed TbtarrOLseh G anbreet A BERRGReH5D i o R e enre 322 o
the opti CaltertBPEOfroM MSicAgr B@&k@atmtbyl eBdtinthed. TRERN{R pad 23 D&IMREN
0.1 and 0.3 inches). As shown, the sensor pad 232 extends_out from

the sensofIyhaRS: ngiesemsopPady Paen harafediametaeolas rash. hiaghesshr expmmay e
any shapepelh& 68 9§c90 SWeQé% %Buth)a{’,‘/ ﬁlcﬁ"esfj' ﬁ@@ﬁn@ rlmﬁlfenﬁﬁtah&ﬁsfor 0.3

i nches, for exanpl e between

'3 and 0.8 i nches gdg about " 0.
i nches) . mnsvdm%s shaph enBatosl, thersensof md 223@ec>aahp hféa0é toltbewpring 21’311 Qy a6C,
t he senso 62@% E (g ﬁ 5 236
that all o&gl or eaq%ac aﬁ%{)% E fo#@tél&c}gono ﬂie&gnég %&c))‘?na ! ‘3‘%% I'n
sone i npl enEahaitatams, asakovehmviig. 66, the gensGiGadtZi2 caelsomn pm:din&B@pean
have an inc%ined upper surface.
surtace.
The sensor pad 232 can be attached to or otherwise positioned to cause the
25 relative movement of the optical source 202, the optical refractor 212, 214, or 216, any
spatial optical occluder 222 if used, the optical detector 240, or a combination thereof.
As shown in fig. 6C, the sensor pad 232 can include a pressing portion 238 adapted to
cause the bending, compression, or movement of an optical waveguide 212, In some
embodiments, such as shown in fig. 5C, the spring 234 can be attached to an optical
30 source 202, such that the modulation of the spring 234 causes the movement of the

optical source 202 while the optical refractor 214 remains stationary. The spring 234 can
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The sensor pad 232 can be attached to or otherw se positioned to
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optical ré% &é‘i&r2é§2'fhﬂqu&10alépurﬁé°2 %‘"ﬂi’dﬁoYlﬁ%‘théf?N leghy. Waﬁz/@ngllseurce
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214, or 216. The optical source 202 can pI’OVI de coherent I'ight. The
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260, so-c ecause the optica e ‘appearance o

speckl es @fRal wategeidt at2,fai cbﬂfuker 214)pirmabr wnh sd%ﬁuce eu;mnt‘abmnsalhé(@gxldsc al
refractor ,can .be. opti cal e 2 ser,,214, a. mrror. . with
Lo T ool iR T e 1 U5 oG B ek G o016 B S
anot her r pitfcat240/ eThRBERIckioh caPRakY Datdl vhOdtnHth the ERGSKHS cﬁﬁ‘b&l&ﬁzﬁe@ 60.
The refraction can cause spatial variations in the transnitted
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backgr oungheeficd 2@ tan TdFIRardEHKstic 8l RlomOShape and size, determined by the

refractive characteristics of the optical refractor 212, 214, or 216. The optical waves 218

(only a few of which are illustrated) illuminating the optical refractor 212, 214, or 216

can constructively interfere to form a speckle paﬁem 260 of a series of speckles 262. The
30 relative movement, bending, or compression of the optical refractor 212, 214, or 216

relative to the optical source 202 alters the path taken by the optical waves 218 traveling
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speckl es 262. The 30rel ative novene nmpr.essi on of the

optical r &b HhYomsycasespcanseom tcbtota;tei@t@uggthﬁéoegllghteaﬁgegégpueet}? ce 202

al ters th8 tRat Rrhaben ot 2 ber &%&tﬁ% ofF‘@thﬁ§m%¥<§ 2t16%élri311ehﬁ91 relafiy@ygh the
opti cal ractor 212 or 210 or refracting of the refractor 310,

t hus causpwgtdnhbygpetimu@ pwﬂwédﬁemwrehgn@éﬁl of e speekhppasternas an
optical r ;ﬁ[ i cal
source 20 ,aﬁlg elgéhegajn%un? tﬂgérlr?a%gb'(c%itq@%i?qﬁtaﬁ S%f%c\n&ﬁ&ﬁq@ngrg?lfﬁ% sone
cases, caspcsklemattan 264 wnebc obbdrirall By mbmitdringathe dhla@ﬁs i ﬂtameioumg)fﬂlghtaug h
the Soptigal, refractor 21 & 210 or, refractin f.of the mrror 216
can remalﬁ‘ 8{ 8??1\9 '59“’(:605?"15% 4nthe dB’;?“%)ﬁr‘P@at W@ecg fgrg lafiyG mOysmente g

port ion, selﬂmg,&af}mlﬁéssiohealsp@@é@rﬁnmttern changes in the anount of
optical energy ( light) in_a detected c[)ortlon 264 if the _speckle

pattern 260 caﬁh%?%wm c.By 26h 571 B imiee bercetrighinpetbe pertipn af Bifount
of 1ight td?mttt@pe@ete?,s&aﬂ 2005 v, o Be FbceivéPhy thtldp n&tr@ét@étoroz‘cto%@éé@r

speed of relative nmovenent, 10bendi ng, or conpre55|on can
det er ni neBestricting therpastioeoktbe ggclde patiasn 26@regeivedlpya opsigal Cb?éectqr A eah by

be- ecoi vaqiiEieR Rl b iR, FREERGAREE RS Oa S oA pRRFC 1O
port ion o'épatthle)papaatmlcbledqmd&ﬁ esuch &60bloedey smﬂtubeyheazmgmncmabaldpéram or 240
o, 08, "alisEneirin B n hof r D crchesRaRoRs oo e e g BF 5ting

structur ezhzmmg)rams ot drCapticaierctidr 240, On¥BSle iMFle@bMatids Ghe d@ced%cﬂ hol e
aperture), can fgom ti oned between the gptical ,refractaor 212, 4,

or 216 anBorAn %%‘t oithe sneskle pettm 3othoan b regtigied %t%traeattoatlpdﬁetecw%‘io
detected pgjitd mma@floﬁtcat &fr A%%thleg Rab ik 'ﬂle2a§9d &%da%ed @%&1&& phtReh by

using an optical detector 240 having a snaller optical ener
r eceRdvi ng26l ekhetaptipal tdniectar 240 W4B{@d@ebdlt@p@di{lteépﬁaﬂ petical o@Rgier 22Phe

opti cal dg%gcéagﬁag%ﬁa%e&)&ggc%gﬁ odhcp p@lgyl bRES R ﬁ&ﬁ t%%ﬁ&tlr haP?lte g@!al

occl uder use can acent to't
212 or 21deteaoredOwr 842 by rd:daeremh)ght cﬁaht sj;etlée}tmthtﬂé(prddeteﬁﬁtﬁed)dﬂtwted

receives light fr ckles within deter ortlon
PRI e o AN A e e il Sl ()
optical rednaet,de spttttﬁg 5P@6 bptetadictédiar zaptah@a:t RARkAedife spAal mdatany

i nternedi ate spatl al tical 25o0ccluder used, will determ ne the size

of tPBe de@@&deauqﬁém tepryine thepigst ofthradgiscird Rosipnsisd and ef ihaprasupecr 60

speckle pattern 260.

The optical source 202 can be a coherent light source, for example a [aser.

The optical refractor can be an optical waveguide 212, a diffuser 214, or a mirror
having surface imperfections 216, or another refractive material capable of forming a

30 speckle pattern 260. In some implementations, a device can use a combination of
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The optical source 202 can be a coherent |ight source, for exanple a
| aser. Thewhhﬂé&mﬂbndﬁﬁﬁaﬁwpﬁutahnbmsaﬁmnpﬁm@hlmmmﬂk@u#d@g@d@21zﬁm1

di ffuser rr.0 ac |nperfect|ons 216, or

anot her §¥P%gq?%ld%glgvfavfs fgqgt%ldgﬁgf ﬁorm ng a 30speckl e pattern
260. In sone |A§b9mmt~awg@m 2lacsiewd gfoptiall ﬂb&ﬁoraangmbidn@éu&rsom that
mul tipl e and/ or Lffereg gnlca elenenﬁ For exanp ;5 an optlcal
wavegui detronsmifsdig byass Y int i:}ﬁ? e e Atipas I@W"c‘&’ nfnfaigEs fhen 14,
An opf i Cabﬂt%l’@%@ ofRle éiic%n%ltﬁﬁn&m@(}%‘bf fuelpehit Wi r@‘ﬂ&mh'aﬂﬁﬂ%gtotﬂel
or solid that transmts |ight waves i nterna ref ection or

refract i omterng refeavsion. nﬁr@ﬁ@nplax4@@@%&%@6%@2@3&1%%@@@@@12 can
transmt g [Egﬁfwélﬁ’?’e‘i@tﬁélythggl inl Pﬁ‘ cBBﬁ’gddﬁ 5@9@9@% %n‘r?ll{cefi%l A EM%?'

refraction. wav e ude an
optical maidex nﬁdcﬁmttoh (nel Hltsuwled)gnch]l wdvepndes 16§ liglﬁﬁsr las.ttoinw}ﬁemj thg light
surrounded al. wi.th | ower. i ndex. of refr such
opt1 ol gt roros s Rty ge e Bef Weinu MRt N gn b bl o Bt e
reaches t hgild Mermacatibahude (0.} &a be\sslchaice ﬂ:?/@ﬁesfoﬂ&wﬁg cditgibg. | ess than
the critical toangle (O ). The critical angle (0.) can be cal cul ated

by the follow ng equation. O = arcsin (nt/nh) In sone

i npl ementations, the SyEdOEdhng material with a lower refractive

i ndex can be 15air. In sone |nplenentat|ons wavegui des can al so be
in the formof a hollowtube with a highly reflective inner surface.

The i nner, %HC%&%?CD& PaiBSs %lshﬁ‘ﬁlﬁ'n ﬁ%:nal with_p lobBr d‘%%a“’e mdcx canb

i mpl ement at'l ons, suc as t’ A an tica
wavegi deai2 1k snmsm;aletrfmtatmﬂsewaedgurdesﬁ bm(}ﬂsodne mfthecfptm ofd hcvlhmembaﬂ:&h
within the, c f the opti v.e UId 212. As e.o |cal

wivegui dot SEhieREigF R MBS sty findin IS AR have 115 1 s
altered, resulting in changes in a resulting speckle pattern. In sone
i mpl enent at i onky, sobdeémefiricaationsasielyas thet hbandafigh & Azantl 78 ibbyrical

waveguide. In s | epent ati.on t he.opti.cal egui.de 212 c

B Conpr es PERAT2 GuRgb e mrernel TfTigipt GLGca aRvEh AL DU TuA e She

conpr i sedogcal Rhveaside 2€2. MRS Bk ioplical Watedlidef23 @Smo s R BES, MY bathTr cach

scatters light in sone manner, such as any semt ransparent | i qui ds

gel s or light wave 115 is altered, resulting in changes in & resulting specklc pattern, In some
implementations, the optical waveguide 212 can be a flexible waveguide. In some

implementations, the optical waveguide 212 can be a compressible waveguide.

A diffuser 214 can be any device comprised of refractive material that diffuses,
spreads out, or scatters light in some manner, such as any semitransparent liquids, gels, or
25 solids; airborne particles; or and skin or other tissue. For example, a diffuser 214 can
include polyoxymethylene (POM) (c.g., Delrin® acctal resin), white fluoropolymer (e.g.,
Teflon® fluoropolymer), Polyamide (PA) (Nylon®), or ground or grayed glass. In some
implementations, the diffuser material can have low optical absorption at the laser
wavelength, and can have refractive propertics that produce sufficient light scattering

30 over a short path length to insure that a speckle pattern is generated on the surface
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25solids; airborne particles; or and skin or other tissue. For
exanpl e, apmbisitd ths daser2tith gatablespéatbesizsaing oxforotityyHos mean(iPOWe diffugpr can

Delrin(r).acctal .reskn whi te. Il uQr.opsl r ., Tef.l.on(r
¥ uor opol s A ris6F ShR s lal dorDHAR® hobR festiiniving 4 BB dipgeen
sone i npl enembhahd 0nEn (¢.HebawEdnuBLind®E aimh)abuch alt tRtitOWieRity ¢adot

absorption at the |aser wavel ength, and c ave_refractjve..
propert i eevecrmlmawa@elé the it iside it Suﬁf?@wlygﬁa? toesifespthe grswistte Hghtnor t

path 4 engs&aﬁ%g&%&wo%ﬁak@e@@aglskﬁtep@%@rn is generated on the
surface 20 opposite the laser with suitabl e speckle size and

uni formty Forlnsgmepmplemeniationss sughas thebshowndn fae 84 Jpd$Bea diffuser 214

| "2, e et . oee ’
Dot voon o9 RaRE cpid sk QAR AL By IR g 2L PR Bon or
the opti chghtiwavenwithiy thesdiffoter canelrd gpuskid by vasitieas envcfiaetivesidex svithén ot

sufficientl.y thick.to effect the requisite |i atteri.ng needed
Lo bt ot ottt g St B g hSRH sRidefing Ll he RRGRG TR i e
suchi@s t hats gheydiffuser fihih. caBR tadei88iondfthd fdhs @aved ke AH6Sdidatsing
refraction of |ight waves within the body of the diffuser 214. The

ref ract i oficoptieal Fiaves g raffectiferendy withip dacediffusen 2hb resyliivgdn phpnges m
vari ati ong dsiiibeEfRkkipdRerhPgex Wi thin the diffuser 214 which result
in random photon scattering. As the diffuser 214 is noved, the 10
areas of the dinfsomsémplgiceiation gudh asiskowreinfzast 96 and0G. Hee aptighitelanent s
are al so ppv, j . Is 1 i f

i i tneRdy oDy Sul RS, deb Ebakb gk PheL et
patt & n 2f6ult in light whvessmpactingiicampotietionsto reflichatakffshovangliesn Thegs. 9C

d 10C, t ti t. al ] i th f .
per { oot 1AL DS AT TR PP RGO e AES A1 Fist rdroola B8 gptes
li ght wavgsitetdPsIc tThagelhie: moRaiches thOmsrdr@ 16 &f tegslet @tthdlbfticalr ®oice 202

angles. The reflection of light off of the mirror with inperfections
216 al so ¥aweplBEgsrls ipghapgeyinthe apticabrattem?0960. The rel ative novement

of the mrror @glfme @mbl’eﬁiéﬁtﬁﬁoﬁs?th% Qﬁar@d‘fléﬁs@i@'siz@%klfﬁﬁnl?e%f iduar |y

results in changes to the optical pattern 260. In sone
i npl @rent sneckdas262 dan be kentepdicdr Fetdxemplezthe ahptadierisbie sizo ind muber dial

20speckl e I EQr. - : I i St
size and ?\1& %@rﬁ%’?d?% Vi Egla C(grgreocl:lﬁ?(evgﬁé@gp Jcl:cgl}\w%)geegg gdrg\? rlgﬁ%‘g%é %tlﬁalan
optical wdnmgur eel 2fr2ctivavhargetenmticsiulr tiai dastetdespecbd] 25efeataes.i Umstrated in
characterjstjcgs f.ar_the_ desired ec 125 featyres. lLllustrated in
flo 11a Bed Rmedie Phu Sikne iR ChFrens S I Fiose head RsBefhose
beam i s passgd diffiron@ptichl fibek ent fi@ i AC@bpetiklb pittern Withfrélgtivellidw, Rrge
speckl e pattern with relatively few_ |arge. i ]
25 speckles 262 is shown, which is formed from an optical waveguide 212 having a small
diameter and small index of refraction gradient. In contrast, the speckle pattern 260
shown in fig. 11B with relatively many, small speckles 262 is formed with an optical
waveguide 212 that permits much more optical interference because of a larger diameter

and larger index of refraction gradient, resulting in a speckle pattern 260 with relatively

30 many, small speckles 262.
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25speckl es 262 is shown, which is formed froman optical wavegui de
212 having a s&mﬁhﬂgjﬁ@ﬂﬂ@ﬁsamﬂgﬁﬁaﬂbnbﬁdqmddkpmmﬁnaémRmmcgbﬁﬂﬁﬁmg.

ol att vel s e R ver i 2T 650y B Prufrds e S bt Bare

wavegui dejndicdtet h@tsd@@fmetrﬁagﬁ;mu@mre optical interference because of
a larger dianeter and | arger index of refraction_ gradi ent resul ting

in a speckl e phrsoBcAmplsmeations, b averoen peadntirgof Besamp ledypestigneaf 2062
Simlarl Ysp ebiig at%el'xgb Fchh Héaaglya 1 193hicRRs ﬁgr &a?@%ﬁ&t@weﬁ?ﬁf} &dM 0460

formed by pass ng coherent |1 ght throug ser 214. The bar in
t he uppernmqrgtsb si de of the figure indicates the size of the
magni fication

at i t he. average..speckl e
size of the sa%"fsm l%(t)ortth'3r g gemo sﬁlétg%]ngm a tceOFn r?%IBn(??{he%gtl | east
10 m cr onsougdeciind ébxeonicsl, reattoread, 23, mﬁi6b@@bmlﬁmue@by properly sizing the
Sensi tivi to the relatiyv errent e , or co t he
oo ol o et Fod it s Uppitione! Be atics Dl n SR S2a2 LoRx pls,

opti fg zediRYpREDBSEL Y .ﬂozaﬂmanszhﬁeﬂ@ﬁlﬁ%m R%J’tfbkl%cl%@é} 2206 fsbxi Tige t he
separation of the optical reffactor , or 216, 10the opti cal

det ect or szt@ptcdamh%m%éﬁ G40 &F vieed Wgelapien todhe wysrage apeckicsizgde s ooptinsize
used. Thethg%[}-n?)ﬁ{:u%g opﬁﬁ(t,tﬁﬁfangﬁﬁhga@ctﬂ&l%hﬁﬁ%ﬂt Ifllc egéfét()%r?flé Réhich

average speckre slize so as to op Imze e anp | uct uat 1 ons
in the el ewtespalto dmmﬁulﬁwnmﬁéie@mqkmaﬁdmt%@tthﬂt 1sm0$ed\bmrdhtwe

correspond to the %g Oal’tCE)I[%pmg%%% ?ﬁa@@@ G5l SaRaki 202 Og %ﬂ)aEhC Spiical)

caused by PRI vE eren corrpreSS|
refrect or scditg, 20214k, th@bptib&ﬁdetdch:e zaobf 24d. Fbbsoumipte bg@&mggm afpbmlre pfa cal

detector 24Q or r Si Zi a re o spati al
optical offef 1@4&@?“’%2’2“{‘8@"32? n‘g’t”ef)trﬂ“ijl" S5 e M ﬂﬂgﬁ’r" lg?sé L Ileég?‘aguch
as | ess t B phcpitBt PRhE QRkkiehatid® 260086k |8d Qﬁf)fb?{n@ seiAbl i Sl p@a@&sm to
enpl oyi ng suj tabl e signal procesmugghto th i.me-varying opti caF

det ect or Batisirvarying opticrbdaestionpatnui dheime Aarivativaef the Bired sigishcasd
measured 10, ldiQWafiok @lcgl%l%élpgf aoJltaﬁmgﬁ tal soﬁ‘l%g[ﬂ leﬁl@nlﬁf?&ﬁ the ORHC&I

i npl enentations, the optical 20energy rece|V|ng portion of
optigml deteegt 1@031@49 perion af the optised detegtod40enn alse havehiosmallaearag than gfe

the pr Odugr%g of @ggﬁolduce%ae%gcﬁgle pa%tgrn 260.
In some implementations, the detected portion 264 of the speckle pattern 260 can
be less than one hundred times the average speckle size, for example, between 1 and 25
times the average speckle size. In some implementations, the optical detector 240 can
25 receive up to an average of 50 speckles, for example between 1 and 5 speckles. For
example, a pin hole aperture having a 125 micron diameter can be used to restrict the
detected portion 264 of the speckle pattern 260 received by a optical detector 240 or 242,
Analvtical Methods
The optical detector 240 or 242 of an optical sensing system 104 can gencrate an
30 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
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In sone inplenentations, the detected portion 264 of the speckle
pattern 26&emrmne the rite 9§ mpthdatiand’ thmspdeldelpatierme2b et exammmde digs paddpliats

size, for exanpl bet wee an 5 tines,the average ckl e size.
n e | B ST far e SRR 420 fetns boTiRnldiBn B ARROBRRERBNET |
an avler agecceivedBy Srp@jﬁl k:bbé?e,tecfdiiﬁ4@k§ﬁ1‘4:2|. efxstzmbwﬁ&nﬁg lgnmeamsmﬁ@fﬂiggt ForcI
exanple, a pin hole aperture having a.125 mcron diareter can he use
to restri ECWHEDYIE optieRd dpfgsien «i9 copasciats. nEheyseillpion %EPF’éCrYrP?QB@CM

receiyed bByerdy RBEiV&Aly HELESaPlctAd 220 024482 coaNRIpkhdrIR) ulREsRRE Ss the

The optical detector 240 or 242 of an optical sensirng system 104 can
gener at e &vesoef e amowet of imgrimwhirhe dharsricastiorniangsecenrs ththe apmbergint

recei ved. I Sy - | .4 1] t] . The
el ectri can%l%??es%: gﬁp(r?lél?ggcvtv%llrug@l% rI{%cFe eﬁ%‘%ﬂ'fllsa gtg(?ltg‘lf] 5‘2@5{”% gg”oj(%t {édrq}r%’lh fe the
rate of noduived bytheobtitahdetsgecidleor @3d2.t Archai2@eristieaharex @nalreng fithe 12

depicts a_possihle el ectrical signal 420 indicating the nodulation in
o anount MRS PRaER e i et PEaenl set R sPRal B o
242. 1As S hveimbvbingnt, BehdiraDer RMPEEioN bf the @Pfical Siedevad tiyoptiagl opti cal
detector 240 can_oscil|late, The oscillation frequency of optical
Sener gy r ESBFPEABBIPORHErREIS B4 oferidlat gt oTShpareunp ablighh ropecq bybral | y
under st 0ogd,@3] §dd&tdrP48 BE aRplith BEaRR WMenRhddd AR ahtEHaBLIBO A be
characteristic change occurs in the number or brightness of speckles
W t hi n t hdetprsokst er mi ned detected portion, e.g., 264, which is
received by th s (o) , . I I St c.change
occurring in tﬁesgﬁjtﬁrlr%gircn%ﬁ {agﬁsg l%cﬁg%gg%?%ﬁéé%@f%g?%glﬁg(g@ g%r? tr“gaPI y
scal ed t odeteqioreXi®rhn saryhaeaohem retponserte tiat pogitioning efrénflightwencdhe ne¢jativar

ront tor  np nepiclsaBrocRl, ARG SRR bhendf b e e ERb Heolisald by
the opti cattedetBotcan oZ4ilhte dUdat MATEvietade emand O lightaghivicd de @f th@felative

arterial pulse can be determned. In sonme inplenentations, the
aver age afousmenspf thegniicyl spuass g thyontical isfestdal 15 detector 240 can

vary over tinerj @ne8aBRARA kNS lBW&ﬁ%&[bB(%fi&fontiﬁ'ﬁlelahﬂﬂht ofQight €
relative to the optical refractor 212, 214, or 216 and the amount of
| i ghto r ectsceimed ¢np berfdtemstdut ef theleaceivedsignal O lnnswmegmplomeatationshbigh t hat

average aﬁ]é)ﬂl[uc}écf‘tn li%eg Qerln e{l?oc‘t?é f;i’l?e?e St gngsohﬁﬁm&)fé%}liaﬁgnﬂi:ég gﬁd;/%)r B@v the

optical sou an he optical refractor. In“some 1 npfe I ons,
this | ow fre@gueneariavians iatthecrmaunt dezhanweintd bf ad opgks] RGcwc eanviedfilcanl be

filtered out .of the receive i,gnal .. Jn .i mpl,ement at i ons, .hi gh
fr equency s scieteLfiSRi g5t ke 24y o 300 Bror B e heanift s8 ons,
hi gh and/ ebml thnddts. ERUSRRYmYRideAati NS the Filteify SMBeISiEntad boprforaeEby ed
by an optical  detector can be filtered out of the signal from an
opti &l dat ertical wamtoray profiter 482.0r to determining a vital sign from

the data. In SPREiiTRLETERDS Bld RRSmirdeltBe éﬂnfgﬁtﬁ&é DA/ R mabhfuRicgeah can be
performed by 25an optical waveformprefilter 432.
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 determined to
determine one or more vital signs. For example, to determine the amplitude and/or
30 magnitude of an arterial pulse from the oscillations of the amount of light received by the
optical detector 240, a differentiating electrical circuit can be applied to an optical
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The output unit 106 can determ ne the anplitude and/or magnitude of
each art ed¢taﬂt0qﬂﬁlpwtnubt0dﬁotmcma signalrpeopsrtionst to itsitingd desivaping, dEAt. sSBnse
inplenentations. .the a |tude and t far |es of
arterial ?u JELVEYK Sigh Erl]ig:e mcrea ed Aon%drtec{rrgtgEll!~1 nflg “gncy Cont%nto s (fptllcal
si gns. Fodeteot@fabéomcat Qgﬁt&t\elﬁdl E@rdﬂ@ﬁhcﬁlﬁhbltﬁdld&: cﬂmdnldoranaloamas;tdakﬂe of
an arterial pulse fromthe oscillations of  the anount_ of ht

recei ved Bfteithebaspertetal palse (opigsroadins toa erdipe el ¢ipi fag i r i cal
circyt C@l{hri?.@er@ﬂmllly%ﬂhibﬁ aPResQit irfetdase, #loel OF a2iiise iBdtbast nB HIRAUCE
a signal proportional to its tine derivative, dE/dt. This

ti me- der i Quiesoqet psrighbeforedhe sipre pEhe Bextmulse o ph PRSHICHBCTEdSE CRTF eagsthey
content o i

proporti oé%fcgf o‘fiﬁt]e Zﬁglt 1%% &Itﬁéulft !'f? %ﬁh&o ZI%egggglé \Mgb%g)tvtgzbreﬁg’ Bach
arterial pmhlsress(sudrﬂlaistbc)smhckig paitera 26Bmd e etes; yiod Iapdulnmn rath millfmcamﬂ e,
5character, I exhibif,a pressure rea

o easur o Heks waTar e G phd ool 8 oy METRROT By Bimn BHRE Bl G
the mext pUbBehe Pl viRive StPs HsihQenhe aseboGrtd begit 3@ dedlideDAd thabresans ce
202 to nove or the optical refra fg&lor 212, 214, or 216 to nove, bend,
or conpr c4¥rEEnan WS%%@OWRP DEPYEERie b Ofgtk AsaTgBodwfpg the
modul at i ogyetiRE Baifdrh kudhnﬁe&%%datau&hﬁt&h%ase%ﬁérmee rﬁmlﬁﬁmamseqﬁssgﬁ@se
to zero at the tine of maxi num pul se pressurenlg Owhere 't he

pul se wavanddesyegsasitazaig wham thejagterad pulkse hes weed lg{lé df@@’;sl Fixampls of pe
pressure £ occur,
again mdgﬁgc%}e%%&t g@g@%ﬁ%@%?f %Igar/ rﬁ:% %}H&:I Y@Kg hlfb%t/wo&r%hr ate

i ncr easesthafef@r stattat naxi thanmpeisdo pmsmum thendiedreasedages, then inereasenhen
the arterial

et or bt B REHDARGRANTE uht oo tfiPishtd of BrHi RIS ahe PR ™
de/ dt wi | kmpiftudd@melodsea ﬁ:ﬁﬁpproatmampprop&ﬁanal ACthe afkinin apeﬁabélpmﬂem

t hen decrease to zero hen 1 ncr.eas nd finall
oo, ol TaARi Fiew i hiS Brbfg oy B b (i Prash e UL Baded

anpl i t udeyga r&@ﬁor@ﬁlp%e&ke"eﬁh sRBRI@ FiREibPEnd 1B RACAtheoNal to the
maxi mum speckl e pattern nodul ation rate, which in turn can be

cal ctll ated fromthe maxi nrum val ue of dE/ dt, based on the relationship

bet ween a si nusmd |vative i.e.: 20 dE&/dt =
d/dt [sin(o)t)] = 2&%%1)5 %@%&n(&\mose rrum anplitude is

proportional to the maxi mum nodul ation rate during the arterial puI se

cycle, or co. 25The si dE/dt can _be anal yzed wi.th. a rea
St T um Ahiep IR g G 6 HPBTEGTe & 6 e SR Bl P

det er m neakdip) PR G bF gQuency during the arterial pul se cycl e The
maxi mum frequency, coll., occurs at the maximum of dE/dt, and in the

same2ivay scal eEhexignel dBgt ganibsanalpmdi wighercalrtime preghemnngpear faeh as a

frequency T IRY tound B f;

frequenci g Ql S?%aggecg&rldﬁgg% lﬁér)('iet , see)é g%glaﬁo r otrF‘ntEur gOrmn'g n}tlfa aor¥er1alh

fr equencyp‘-ﬂw?w fihe amxbeuru $requency, Mmas, occurs at the maximum of dE/dt, and in the
same way scales with the pulse amplitude. The highest dominant frequency, @max can be
used for analysis or, if a range of frequencies is present, the first, second, or other

30 moment of the frequency spectrum can be used.
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Zer 04Cr 0SfdifPcan®dMl@rediost dkeghal BoRokd RN tdcr QM@ 0ed42e ITha oyt ke .

The two counts averaged together, can be proportional to the

anmpl i tude bgrepeaigd %%&F’d’ecre%s&glrﬁtﬁtaé?W “ﬁ‘b“'\ﬁgﬁ’éﬁ%ﬂ? At ot Bt AR t h
the arterigl c?élé %ﬁclucﬁﬂ@t&dﬁ@&%s@né@ﬁn&%kﬁ&n Qﬁco?fe%ﬂtté Qﬁbadrtehgl the
arterial pulse anplitude. An algorithmcan be applied to

zer o- cr osBilegy Fhetteochaits, preregaddegatiies can he pepottienalio tmua@nhatde of teai ns
Al zero PELEENCINRELS SRIGRARR iR RINENGRAAL Ak ek Bkt 2
relatively B can occur Between the ena of "Ore arterr al

pul s& andalkdnbe mp@homa‘l td the ariexxdl pulmeamﬁhmdad adn vigbythehman be epiiliedeo then

occur at the maximum pul se re re the pressure s ri sing
ond " begi neSoBoE BB reRRR ks 15t o BERRG S bERe b ar o
nonent ar i kéte episodes. In &Qidhct SPArfAaI ek, ANBlatil 41§ Idhigentahe éin/odburcan be
passed throug]izl i nt egr cjrcujt and |r[(}te grated over the tine

at | n
fromits PW@%‘JB&@@ ofeng apfei qmuw and-the gpsst pighs Bext onepp gelptiviely shorter
corr espongge teh §d26r hahé miMfuth (st s@t ! WidrdtheDrdssifte siopd SdinS A

determ ned by separately neasuring a tine-averaged val ue of™ dE/ d?
det e?ari netovdsersase; indelpal the meomwsz@amte et b 7980 memertply. The resul ting

| ntegration caf) e RLRRAGANA) mb Giohd AL B%ﬁa%se(ﬁfthlton WAL

oscill atory novenent, can al ro or
arteri al pt:dustemdurpégratadieverm time ﬁbmgtsatse alnbmfzeltohmnf 1tmstund®rzematThz:e of

a subject!.s position oyer ) fle er| |eId result
o opor ¢ ot Pogespnascp et ROR gL A ARh GG 38 dber

period. 3 Era%ﬂﬁeﬁéﬁﬂh@@'ﬁﬁfe%%@@ed @mesdIQMt Itcﬂdefté:rﬁﬁne VR it déiane. ﬂa@l
10C, a pIurallty of optical detection regions 244 can be used. These

opti &l detddsiuras o pergi dhe rooulling Hregsalionsan be Bropariopy e thamplitude péFhez42
that contghfisfeYaRbryTholhRff, 8iEtheREd:€ 8in A& b RMiSRBIARS arterial

pulse amplitude. This integration of the first derivative of a subject’s position over a

L8

specified time period can yield a result proportional to the change in position during the
specified time period.
30 In some implementation, as shown in figs. 10A, 10B, and 10C, a plurality of

optical detection regions 244 can be used. These optical detection regions 244 can be
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244. For exanple, optical detector 242 can be a CCD (Charge- Coupl ed
Devi ce) opa opCoatpicsntont 4y thativentains @uundeSdidissticietical detagtiorisgions
Each opti tect| egi 4 | e eive a
restrict egﬁpo}g)? feﬁanrh l?,'])g?@%élg%:tér %fa ‘t%grb ?%%gj‘ Eg%gée g&@ﬁ%dﬁg%ﬂcgg 81ghown
in figs 10MOS@RmmAetertCMdisi-0Ogida-Jeimicaaklndtyr) déicapt. i Baah opliida ddtédion
regi ons 244, Orl't% can obtr%i n aata t hat. nore rel'abl.g/ represents t%
relative HSPMAHEEROGFORIBURH (QQnlyfechiyP & &S EMRDHER Lo
i mpl eyrent gire@iple,tal Bhdwal PULesfI0AM @B, Rhaned] Uyingh paRAIitG 3F otRbESdcabn

regi ons 244 can each be AC coupied and fed info a zero- crossing
det ect or . TCEi9as fbena Gap abtais] dptnihat morg relisblyaspresealsibe febptvp amplindes ol gt

optical 1Qdet g€ 1.1;311 tr%}sg‘glje %g%fliﬂs. zfsomqmlﬁn{egﬁa]tig?fﬁfﬁy o%tpuit oflad- 13,

can be conpare e en each arterra se'or at the end of
each bl ooplupligssfinpéicatelaotiamegivne3/ed @n eachdet AT noupdcdmnid dtd infsa 2ohe

hi ghest si_gnal al it The .qual i t an el ectrical ..signal ..420 can
N Snehs GuuBafte fidtes) the Fagri St 490 B BR R b B 4if AN ot

signad . Fadtetivamdiens 24Heassh@ed, forcahmpicgindig. 42 Qabt borhperedataiesid ofount
may be cons'hdere to have the Ogigh t signal 15quality. The different
zer o- cr osECRGIIERIRESC Po3t teend of eaqhhlogs Rressiig meaghIpaent Sy e feteymiipy s et

~of differgpichdigd t%'hi%hé&t sl ALY, D8e E}Nﬁﬂﬁﬁﬁﬁ dlQkriRBE BnAUd @ EdnHsoldl Se
to produce a nore reliable estimate of the pulse anplitude. In
some i npl eatermiead yrfistectinga auesIASSING eonnafoslcaghasignal, K capppledhe

det ect or s_¢ e i J Bt 1 J.Gill £ ure
e at . TnaCflef 3Rl O Elhehdy i BRIt RhiCGH, Kehd FFET e
det ettt or squadity. BEhechffgrenteroatrossing conuts &fr cechodf the difieicat daeckase(cni salvset he
end of each.hl ood. pressure neasurenent. cycl e t.0 determ ne which has
The hi ghedhUilrSReIRRED e o BT HePRRtor B Sk A e Pied ol

val ue of ctiAlE estiny ofte poilsarfislitedt. t 0 have the hi ghest signal

quality. The plurality of different values of dE/ dt corresponding to
the different é’P@Et“B‘g@mGBW‘%PSs@B%W“b#mHiaﬁ’jr)‘g‘?‘lgﬁf’g%fcé@{eé‘?‘ _5 g‘éﬁ Yo
be 25aver pgafipfeano 8 amterafibid dfcul W MBasufe dH/QJUGE daTdRt: Qali sy drlp R
estimate of til?ue pul se anpli tude. In some inplenmentations, a CCD

( Chattye- Ceipsiseandmep he) dideremiviers ciotoipibe sempaed at the end of each arterial pulse
opt cal 4o Barar 20t SRl B e F e ol S T P on
244. A t ypighst si@EDqozlit 0BMEBanipleetht one with thedwgheswaltuebf dEldti.omapbxel s,
and thos ecén@id%r%Q%J iRe 9 ﬁgﬁ"esg ai;igrilatl alllality. The plurality of different values of dE/dt
corresponding to the different detectors (or a subset of different detectors) can also be
25 averaged for each arterial pulse to produce a more reliable estimate of the pulse
amplitude.
In some implementations, a CCD (Charge-Coupled Device) or CMOS
(Complementary Metal-Oxide-Semiconductor) detector can be used as either a single
optical detector 240 or as a plurality of optical detection regions 244. A typical CCD or
30 CMOS detector can have over 1 million pixels, and those in consumer grade digital
cameras may have up to 8 million or more pixels in a 1-2 cm rectangular sensor, Each
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cameras nmay have up to 8 mllion or nore pixels ina 1-2 cm
r ect angul pwxels engsparateiSoasidresgableadensing rese’pamw Bingticadidrespralft epi@hsi ng
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and fig. 13 depicts.a 1x4 [ ay er ,
digital si gnalelonpf’f’glgé@gféﬂlﬁn%é g‘eﬁg ﬂ'gg&@norg%%ﬁg%m@ftﬂg Wg%gaar at e
20$Ii gital lmhﬂw Sf edther lnE&ﬁi’l’laK&ilﬂ‘;}i aihblmeﬂmumblﬂaaﬁoﬁsaﬂpmm &bﬂexaﬁple
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to dBY dt ) digialontoues420n Eagledigtaliosput 84 @rsontaindnioamating qsistb@mpéﬁlaﬂon
deter m ne fhe, njg?eé AU AL U R rngiroh 84 8@@@@{&1{% d—ﬁﬁéﬂn% oPul se.
nts can

The N neasure e average eac arteri I'se to produce
a nore rebbsabled bgsathmltlealdbtetﬂml lpglbs é4farlﬁddltdugieh81§mnll pu:fce&shlg apallyse
anplitude_enve t| ons i ng a CMVOS

ool bl e EuRES ke 2y S oS P RO B 3 B Bu o i R o,
as a pl ur gleidepéctidn rdglbas had Se)mbeamecawere&g:ﬁn@mﬁd ma:{mﬂenﬁ@dlﬂﬁnoamateuﬁring
30l evel can_ be S%t and defl ned as a r@qreshol d" ﬁ |nd| Vi dual

det e® or Sachrerial puisenEhe N meppwamenis Fandeaneirgedior earh gzl eulse i
100- 2000 piolB& dABbre3815ANMDstilBte o? BRI pifie bhPLIRBECAIIRDF the pulse amplitude

envelope.

In implementations using a CCD or CMOS optical detector 240 or 242 (cither as a
single optical detector or as a plurality of detectors), an average optical detector output
30 level can be set and defined as a “threshold”. The individual detector signals can be

measured sufficiently often (typically 100-2000 times per second) to resolve the speckle
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pattern nodul ation. The actual data rate can be dependent on the
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anal yze th %lales{rFégﬁwﬁlE T LG cmfr% c%Hﬁﬁs‘aééchS&&%wrs 240 or 244.
Various di gi

“toprocessi g anal'ysi s nethods can be applied
to determ ne tlmesonndmpbmcmatmrataehgltai mglha]uqirqngs,soxb(dﬂsmoan tha wsed edhnatyze

Fast Four er Tr sforns FET orr and .t hreshol d
cr053|ngst§P ﬁP@P?gf plfgék%g J%B 2$P&%nmung1 Lalysis,
? ls: gnal p@:@eé@ﬁAgaﬁawSzméthbds chatbe applivd tﬁdéf&&irﬂh \1}% ﬂleﬁtuﬁlﬁlhﬁoﬂi)rhtéshﬁiclulding,
0] omnng al go 15<w> = | G cq)cho ere wis the angul ar
f r equencyPut @@&M@n tonEash bowaier gﬁaé’éfoF‘ﬂ%r&)FérﬁoF‘““{C(’%l?ﬂmsr and HEW#EI‘? zed to
a val ue ofrodsin e disitatletcer s syuduie wel I known convol ution: Qw)
= g(t).exp(-jw)dtf, Omhereig(t) is'the tine varying signal, or

optl cal det ect@rFFJLﬁnglslsB sign ﬁ@@bwwzedjordetﬁ:gn@a@mwanf@nmpy puthse,
t he val ueggf, ﬁﬂflg ise and fall in proportion to the signal dE dt
descri bed earfler erefore a value of <w>,, can indicate the

maxi pum nodul ati on 4@t e b-Gibyed given arterial pulse cycle, and can
be scal ed and used to generate a pul se anplitude envel ope for use in
det er m ni wherkeheis shesinghliacfreqlicast, G(®kis tiengbwer spectrum, and J(@)dw is normalized

to a value of 1.

G(w) is determined by the well known convolution:

G(w)= [J g(Orexp(ot)dt]’,
20 where g(t) is the time varying signal, or optical detector output E in this case.
During each arterial pulse, the value of <> can rise and fall in proportion to the signal
dE/dt described earlier. Therefore a value of <w> ., can indicate the maximum
modulation rate within a given arterial pulse cycle, and can be scaled and used to
generate a pulse amplitude envelope for use in determining the systolic, diastolic, and
25 mean arterial pressures.
In some implementations, an autocorrelation method can be used in order to
determine the pulse amplitudes and pulse amplitude envelope. In autocorrelation, the

signal can be self-correlated according to the relationship:

<G(1)> = [ g(t)-g(t-)dt,
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25mean arterial pressures. In sonme inplenmentations, an _
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al gorithm can be applied to_this envelope to determ ne the systolic,

di astl i coanhfireerdegigpcimprsianless mepbe andrtkesgily rrgssure pa glyp recofded so as
Ll erment RdIBAor kR LOABILGGE G RH1hAE MGHAHRL BiRR ARl

20detector output can be tallied ach arterial pulse during a
tine inteehaa is Whdmt instepl efgscitlatiqorengmitidefin awalihg. eAr algbrith@tcandesppliadi | y
decreased, f a.level v yStokl G. pressu [ rterial

pul se is E.btélgnrgP YeléPestgrd ?%131%8? th%rsy éé[cr(?liwa\ lagtﬁ’ﬁé’ S [Sg’aér{:{ﬁ%é%gé g%‘%le%plr tgjsru I o]

t he tinme i nterlnabmeanglefrentagachthp utwerédhmgzenm-of thesl aeppbaopticddan be

measur ed d recorded., For, ch pul se,, the caunt .(or. ave e of the
T o B G i b lig® R oo s GEEs gyl PG &
pul se) caprebiird RGANKRILIAAL! 11065 6 dilyRIcBe8del ErorPdlleddl 2Bo RS ystolic

pressure where the arterial pulse is absent. A series of arterial pulses can be detected

during the time interval, and for each pulse the zero-crossing count can be measured and
recorded. For each pulse, the count (or average of the two counts corresponding to the
25 rise and fall of the arterial pulse) can be recorded, and the cuff pressure can also be
recorded so as to allow for the creation of an envelope of pulse amplitudes in which the
ordinate of the chart is the zero-crossing count instead of oscillation amplitude in mmHg.
An algorithm can be applied to this envelope to determine the systolic, diastolic, pulse

and/or mean arterial pressures.
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of afltif abitterhogchs duripg Fifetiiipadwsedan amgmpingaty detepangpilpeuthmdbdsi ng

syst em 10dajcd1R6ethD86ntMbiltlin OF Bsthe Ahdurk BE4rtiERt RltRariRial §lBse8 hOifo dgt Akt
noi se and to the nodul ati on of the speckle pattern. I'n sone

i mpl enent teiophien] sensmg dysem 404, dogsihes viithethea artifast eeddted fodbeelccircal opise
25pr essur f r whi ch a predeterm ned

char act er&f@gﬁeﬁpgﬁﬁgﬁ&ﬁgﬁf@gﬁgﬁﬁg@@peckl e pattern occurs, based on
a correspondi nip saing amplehentbatiats, thakstolt psestunecandrtcalchlated amswofic

ST E SR I W T I
basel i ne fe3pstkRAREMGccRY, astdRhRSHESHORBIAS dIpBHRIAL that calculates the
contribution of artifact from the arterial pulses acting against the optical sensing system
104, and other artifact.
In some implementations, a baseline measurement of blood pressure measurement
30 is determined (the “Baseline”) and subsequent blood pressure measurements are

estimated based upon a continuous monitoring of a vital sign. For example, the baseline
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30is determ ned (the "Baseline") and subseguent bl ood pressure,.
measur enehiead pressugstcpdine en bebirnedppingdheshitiva ndssamriindcs of mecriss of

vital si ggulséé%taﬁﬁe%ﬁ;ﬂg:n?easﬁr&%e&%?ﬁt}'d@m% oﬂh@?é?o-@#o‘%%ﬁ%&ﬁm{ sQfhegan be

obtai ned using the rélative pulse anplitudes o eries of pul ses
obt ai ned bovamd wswgeriherohe diticdl daocta240 reepluhty-ofoptisil dejedwumegions

descri bed n si.ng. ei one optical detecto 40,. a.
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CMOS s ensedn ther ogyadjishedto b peessga koel Wikkaknown @¢ virae of 04d breasurdrhennobe
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measur enefalpt)@?l%mfo LR %Ma&wpﬁﬁﬂﬁ é@%e%f{?rﬁaf%gmaﬁw? P1thd (g he
" Ref er encgrdNaPpit1bdifiBplitudAaf b RRadkddRddnBhudRbly $8d BotRpdréddansRirife
measured continuously and conpared to the réference anplitude. Any

subsequentmplifide Ampiubsuent s amphde merrrcrent thet &iffers dipm the reference
reference, gl hd &éﬂ%e%‘s‘éﬂb P@g&%ﬁgaméﬂmg&nﬂms ! 't@t‘\zep;g%ésm%o&aﬁe

quantitatively measure pressure thanges relative to t
baseld ne. piessutehibgngasbddiivesnthe tabedinaeimibd’ conbodinmat, phquuethod e piimary
conti nuous_or i

periodic monitoring .of. bl gg) ressure changes relative
Lo a BasePtRecUS erinugy Sarodiciulasing f Pignl pgiy’ Phadi ety 86
pr eﬁ sure Be@bing mﬁ]tltn@ame hﬁplﬁmgmulfdn@,etde Byge(lih}élblbodi Fﬁtﬁqﬂ@d ﬂea’ﬁ&ieh&ldscan
sSucC as the_ auscu at o nme . SO | e ntatl ons, a ul se
wavef or m Fﬁ)ﬁieﬁ 1‘3"&3}’3’(5’5]%;%B@“%&Wﬁoﬁ%d“g&sf%g‘ﬁwqw@ﬁ@dt i rrg varyi ng
val ue of dE/ dty, séhe iﬂBfeHﬁﬁﬂa@% %’{ml&d"@a@%rﬁﬁn&@ﬂ@lﬁgf FArGRMcRemined by

represented by the curve of versus time over the course of an
art efd al PaisyaEng Metisraearyios velue pledR/ el heanpgrphndogyenf sheudsesyavgioratcan nay

be used. B bl BSROL A Eb TSRl ReAND LAl Alr D0R: DS

detection system npl enent ati ons, suc shown 1 n
14A, 14B, AHemativeG; the hieneoatypug ze2Barostingl 06 ngnbaetdroritheehmshald-atossngyn

by one or__nore of. b escri.bed techni ques. For exanple, the
out put unfa{elfﬁéq%?aagg(g%ﬁgg dgr%cg%ﬁyisrteﬁlde, a magni tude and/or a
wavef orm of onig somelilpmanttdisaduchud sosvniifl figs. Wanei4B,mnd eneytat outpdt36.
the output unit 106 c%? %Hclude a systolic
|

In sone inpl enentations,
pres&re b Bl datsraiet Bl D RiOR 8105 g BoVE (BRI PENFBFS
subj ect bpgedaMpRNtha ofPheHH MEEaR BREINiHIS afiRatdd W dReriarRALGbr a
waveform and a pressure applied to the subject, which can be detected
(e.g., a waveform of one or more arterial pulses in a waveform generator 436. In some
implementations, the output unit 106 can include a systolic pressure waveform detector to
- determine a systolic pressure for a subject based upon a determined amplitude, magnitude
25 and/or waveform and a pressure applied to the subject, which can be detected (e.g., 2
pressure detected in an inflatable cuff by a pressure sensor). In some implementations,
the output unit 106 can inciude a diastolic pressure calculator to determine a diastolic
pressure for a subject based upon a determined amplitude, magnitude and/or waveform
and a pressure applied to the subject, which can be detected (e.g., a pressure detected in
30 an inflatable cuff by a pressure sensor 128). In some implementation, a heart rate

calculator 446 can determine a heart rate from either a determined arterial pulse
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pressure detected in an inflatable cuff by a pressure sensor%. In
some i npl warsiet fremdhe emisalgignsler finm pressysescigtecied an aiaflatable g5 by iac
pressure ] .ast gl.i j.ect
Pased upot s Hufud (28 HoRleTnpfafndlBnt ffvll GCItat Hotieatalie]
pressure appt ireohgtdetettoed 34 bjhenhtcan wimuohthetanctbatatie! pdicedttdceddy tha
pressure detected in 30an.inflatable cuff by a press ensor 128).
T ome | R BRI R 104 Rebonch © e ile 61 B AR Rt FED B 6%
hear ts r at genkéraiZ8 id dvefc iplieicatatibie theaful @ faatb tiidSdetectia 8] afovides i t he
optical sigpal or. frompressures detected in an inflatable cuff by a
pressure SERSHRYOLOE SNTAQSHASG Rpreiie H2asach ey OB SeRFr PRk 430 icteranes & an
i nclude ayRudss WaRteht Wil pulblRlREERE b?%ﬁ} inﬂéﬁbfc*'bu?@?es@ﬁl% YERof &L each
arterial pulse detected by the optical sensing system 104 corresponds
to a pul se detlespud ibyleamntaidrsatush peshomfin fige d4(Gr cthe sutpeinwgrl0§2sn | n
sone i npl .at 1 o .t he, 1.1m e 4 Dr-ovi de

data ot POALCRRChdc, BRG] SLIRLHRYRTE L pe RE ARG
genertat or fot 3&chdptiesl micrreorarepian 64 mm wansofstanformi geherpiotssiBs. detomat ed

by an inflatable cuff, pressur nsor 128, In so

o onent SRl SRR 1PECH e re et RO SR,
det er m nethad phdy bf sdlitudesRegHitutebe ardinet vadve forme VEROW iRe@irmOddehparatdior €
arteri al Eulses 10f or. each optical detection region 244 in a series

of wavef of i Gerneieaihs ketignepticpidelestien regiome AthE3tREHISC Sighls BRIYP Ouni t
106 can i pelddehdophRYedcRidERERaL 3t AR AP A hprmbaral ity of

&cftn
anpl i tudes, nmagnitudes, and/or waveforns. Theﬁwavgaform conpar ator 438
can %el ecmagidpendior woptipumbasedortheidets frosyihepiurality of eptisebipécctibe

signal s fFeg[B‘nE W1 oy S%E?T@Emkﬁﬁﬁﬁghgﬁh E’eeéaFc%[aitog%B gl ?&&mh%ra eart
ot herwi se Conputé a sing anplituade, magni tude, “and/ or “waver orm
based on tamefralakahdrrengldrweayefarmalan theofavofarincampaiatoe d38 fromrtkgomiesl
244, | n sane.inmplenentation .heart e | cul at or 446

det er m ne BTGB PRT FErROIPS Giesfiinar ML ARSI FHOR Tne

wavef or m conpaa ati@berbIdmpleMdhtatiehsDRtd Bh dedcabed. évefth€l8spik @EBLE €S
detected in an inflatable cuff by a %ressure sensor (128. A nunber of

i mpl #nent ¥deBYRodrba rensmMisefipiiegn bravds PHbpWlsparfing {ip thaypirit and
20under st gode bk iehbdy %ceaqmglﬁei%%_léﬁéata%nmg _%viﬁ‘ﬁrhh@%ﬁo depacting

fromthe spirit and scope of the invention. Accordingly, er
i mpl enent ftllowing cgi@swi t hin the scope of the following clains. daimns

32



51. A vital sign neasurenent device corflanims ng: a sensor fixation
device (102) adapted to be placed against an anatom cal |ocation of a
subject (112), within which is an artery (118); an optical sensing

system (1Q4) 1, A vitfl QRITh&dsHenRAt §decRmprRitzee (202), an opti cal
refractor (212), and 10an optical detector (242), all of which are

hel d by the sensomn sehsca-fixation dedod Cid2) whanted to beplaogt agaaist e psatogical
systemis adapted.to.sense V conespondi ng to rterial pulse
when the sensor fil%ﬂ{lP%ﬂ %Ié'\%)%cg@sp‘f@@%ﬁﬂahﬁsﬁgtm?ﬁ&qé tom cal

| ocation of the suhjopfital saiiehglRtlm @psy cal sensing system (104)
sensing an arterial pulse over a change in an optical signal received

by the optical detectocomarginganeptipaltsouiset(2@hatn ppidesl vefsactarr(@id) prd
opti cal nsi ng system_(104 | N~ t_ndicative.of. noxement
3 B PP els? 829 L PE R o4F 181 MR Rl e

corresponding to an ar £er S S,
i nput, a measure of theoMidedike,SAlgein20characterized in that the
optical refractor is an optical waveguide (212), and in that the

optical sensing systemthorphiqab sensing eyfien ipadagioddy sgergpmavernet corre-
o acerent SBRLISt e SREAM Gy PGS BRIk S I gon 4o
25bendi ng, conpressi onplased aganestreetanafontita lagptibn af theaukjgest ael (212)
result- the optical sensing system (104) sensing an arterial pulse over a
change in an optical signal received by the optical detector; and
an output unit that receives, from the optical sensing system (104), an in-
put indicative of movement corresponding to an arterial pulse and that
generates, using the input, a measure of the vital sign;
20 characterized in that
the optical refractor is an optical waveguide (212), and in that
the optical sensing system comprises a sensor pad (232) adapted for
placement against the anatomical location of the subject,
the sensor pad (232) having a pressing portion (238) adapted to cause a
25 bending, compression, or movement of the optical waveguide (212) result-

ing in a change in an optical signal received by the optical detector.

2. The vital sign measurement device of claim 1, wherein the sensor fixation
device is an inflatable cuff (120).
30
3. The vital sign measurement device of claim 1 or 2, further comprising a
pressure sensor to detect a pressure applied to the anatomical location,
wherein the output unit receives, from the pressure sensor, a pressure input

indicative of the pressure applied to the anatomical location, wherein the
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system and the pressure input.

ing in a change in an optical signal received by the optical
detector. 2. 4The i tal fi. n_nmeasur enent. devi ce fﬁl clai({‘nl wherein.
the sensor fixati fe ydat PSRN CEY Gh PO the BI5Es _1n%61a§1:1s,. reim
vital sigp measur emeiticaEvhrulle iftahpedkiie olflediblet her conprising a
pressure sensor to detect a pressure applied to the anatom cal

| ocation, wherein the output unit receives, fromthe pressure sensor,

a pressure input iRdi i.ve of the pressure a jed to,.the anatom cal
ocat on, wher el n ke ELGEE mRr e G TP RO ke et uphe GG R 5
si gn neasurenent dgybgtecadisoiae aafl th@%;)ﬁézﬁ_c‘r@ﬁ*adl@t lead diiguitdd €o Eprocdiiche
optical waveguide is conpressible or flexible. 5. The vital sign

nmeasur enent devi c&pesklegppbtenf OWtp. pr ecedi ng cl ai ms, wherein the
opti cal urce and the optical refractor are configured to produce a
speckl e pattern output. 6. The vital sign measurenent device of one
of the precedi ng dhaivitel sighekaduferidie dofte 6BonedsitBE pretedise flang, mbaeth
to detect a portion of the speckle pattern_output and generate

t herefrom a si gnalths eRiicehestedonis nopitioned toodrischy nosleen okire wpedkigpatisen

det ected portion %Ltgg,lh%n& %%?&Jtaﬁee@l%fetﬁ%ﬁ{' 2045 tindilativENe M#vtti(%h eRb3Y re-

measur enent devi ce one 0 precedi ng clains, wherein the

optical sensor f urctived withimth detsctad ppaionalf theppieddé pattarh odpnt. conponent
that prevents the optical detector fromreceiving a portion of the
speckl e déttern output. 8. The vital sign neasurenent device of one

of the preceding qihgiitel sihBleSivferhdlft dORELE 6N TURE hrREcHRRITRRINSE Whifkin
optical energy receiving portion having a snaller surface area than
t he speckl e patt ethe eritiggLisensosturthie carhprides ¢ gpatisteepsigeleoashider egthpencof

ortion i & Tess. t ik Profneie QPO S 08 4B iR oS R PRGOSt sl
si gn neasurenent g@ewdr@ufput.Cl aim 1, wherein the optical source
20
8. The vital sign measurement device of one of the preceding claims, wherein
the optical detector comprises an optical energy receiving portion having a

smaller surface area than the speckle pattern output.
25 . The vital sign measurement device of claim 8, wherein the surface area of
the optical energy receiving portion is less than 100 times an average

speckle size.

10.  The vital sign measurement device of claim 1, wherein the optical source

30 (202) is a coherent light source.

11.  The vital sign measurement device of one of the preceding claims, wherein

the vital sign is at least one of a heart rate, an arterial pulse waveform, a
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pressure, a pulse pressure, and an arterial compliance.

30(202) is a coherent | ight source. 11. The vital sign neasurenent
devi ce of one cedln cl ai s, . wher vi.t al. nis at
east one of 12 hedit Vil SELR SRy deNiFad HalbfoMHesn thY eist 824 o
pul se pregsur e aro@lsz?ris aftdcBbd & a SRR (2BAY By a%gerz%)whtaﬁtuowmr a back
measur enment devi ce claim1l1, wherein the sensor pad 5(232)

attached to a sprﬁn@ﬁvﬁBmwﬁ@WOthﬁﬁgerp@E@WZIhat alloms for a back
and forth notion of the sensor pad (232). 13. The vital sign

measur enent devi ce of one of the preceding clains, wherein the
optical sensiiBg sykeitl SgffRhdgihad dteﬂcéief@fetofqﬁé preakdifg GRS wherein
represen- 1lOtative of a series of arterial pulses and the output uni t
i s adapted to det &€ OpticakseasipgIsyEemds cprfigrdbio daleak optical Isignsle ressent
arterial 9”' S€S. tative of a series of arterial pulses and the output unit is adapted to deter-

mine a pulse waveform for each of the series of arterial pulses.
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