WO 2012/ 099537PCT/ SG2012/ 000005 1 Optical Measurenent Device And A Met hod
For An Optical Measurenent TECHNI CAL FlI ELD The present invention

rel at es bwoadiz9zz7a refl ect ance-based opti cal neasur emeotr/sdevizomeotand to a
met hod for a refl ectance-based optical neasurenent. BACKGROUND Opti cal
nonitoring of physiological characteristics utilizes the detection of |ight
15 transmtted through a |l ocation of a user being neasured.

Phot opl et hysnography (PPG is an opti cAl measurement techni gue used to
detect bl ood vol unme changes in the mcrovascul ar bed of |iving tissue,
typically by detectlng light transmtted through the _ear |obe or fingertip.
As arterial [Optigal d\ﬂgaemremente%wﬂqé nd AcMethoshfes Am Qpticabl une of

t he bl ood vessel s or characteri st,gcs of the bl ood itself nodify the optical
properties of the capillary bed tgnal is used to neasure
saturation of peripheral oxygen (Sp02), which is an estimation of the |evel
of oxygen saturation in a fluid, such as blood. The PPG signal can al so be
usec® to measure bl ood pressure. A device such as a pul se oxi neter provides
for measeECHNICADFaIgQed optical 25 pulsatile signals emtted by the changes
in the volume of blood flow ng through a user. The pul se oxineter typically
has a pair of small light emtting diodes (LEDs) facing a photodi ode/

phot odet ect Otpe \Méslanamt,éﬁtrbw 1SS bRl ©f a rbfeciRe: b%st@@daét.cém@ééuveraem
fingertip or an earlobe, positioned there bet ween. l um nate the

tissue g@Viee a@mramshoﬁma\@ﬂ?ctam based \oRbe MasUrERIefreas ur es smal |
variyg@tions in light intensity associated with changes in 30 perfusion in a
catchnment volune. An oxinmeter in such a configuration is typically called a
transmttance-type oxinmeter. The light fromthe LEDs passes through the

ti ssue patKGROeiNgSt ed by the photodiode. One LED is red, with wavel ength
of approxi mately 660 nanoneters (nm, and the other is infrared, with a
wavel ength of approximtely 905 910 or 940 nm Absorption at these

wavel engt hs dopfi&li Sneni@hh '&%Hy%ﬁéld@ﬂ:"a\"’%ﬁé‘ra@f%?%ogm&gk NhéNgbtedBh of light
2012/ 099537PCT/ SG2012/ 000005 i ts deoxygenated form Therefore, the ratio
of bxyhEaRgMited Fhr?lég"d%dﬁ@h@?@b? &BEMbeiag ”I%SB@F’C ([Thoteplethyssaeararhy @RQ) isf t he
absor pt @nogfcal NRedstrerAdd téﬁhh@ueduté&% detedt IB&d M @liiAe Obhdrifds! irBhthet O

infrared_ |ight absorption of | sati ng conponents at the neasuring site.

5For t r B¥fSeNascyatked ef&éme%ﬁwﬁ éfpéca"hb){: d?tpcmg gt tﬂemsmlgect {reuch the epr lebe ded
to funcgj m{geﬁw rmréde\‘.apﬁu@anhﬁé gfter fharcabilSrytfaat Otingds irthd vBlusfe &Sthé‘bl%ti& eld

agai nst anbi ent |ight been recogni'sed that having a cuff or a

hol der / mss'Stcyﬁherapteyst&ﬁfqﬁﬂtee@o@ ftyslfernodityitee patiGabprogertien of H@rctapdtaryttmi
usefg s ROAYGH Q§ndrBe UL T8 Heaslifd %aﬁﬁétloﬁeofuﬁétﬁiﬁbfa?Wx?gérP (§p(§‘§)erwh|&\091ah he

ot her hand, apart fromtransmttance-type oxineters, there al so exist

ref | ect astiratiop né th levek efraxygemsatueatipe i arfis. tsy?haae%met ethe PPResignabsannd

t he phog@glbgq,geaﬁ,smggslp@btogg fadBresi de of the translucent part of the
user's body. Light fromthe EEDS are reflected fromthe portion to be

nmeasured and detected by the photodi ode. For refl ectance-type oxineters,

ambi ent | i ght Acadyidee sorp Iagnéf;stﬁs%nbxm@érobrdviaee%wrﬁ@ééuﬂﬁg 'ér@rthéBefoﬁﬁédlon by
the 15 photodjode. Thus, reflectance-type oxineters typically sti

r 0qd  oPHSa(R $igbRls sMitsiclay the changes Ip tis,Veleme of blogy flgwingdhiesgh artsesnthe  ght
frominpged Sfuh{é@br%ﬁl&lly fhL 8 bs |sh%mlghtré?m%5%1clo%@~°(LEf5 i%cﬂ@é ﬂ%todlode/

undesirable t hernmoreé, for certain
refl ect amtedqt%@r mtthrﬁatrem%uqﬂnt patiof $1e psersdhedh, uspally a fingertip 3 an earlobe

positioned there between. The LEDs illuminate the tissue (e.g. skin) of the user and the

- photodetector measures small variations in light intensity associated with changes in
30 perfusion in a catchment volume. An oximeter in such a configuration is typically called a
transmittance-type oximeter. The light from the LEDs passes through the tissue and is
detected by the photodiode. One LED is red, with wavelength of approximately 660
nanometers (nm), and the other is infrared, with a wavelength of approximately 905, 910 or

940 nm. Absorption at these wavelengths differs significantly between oxyhemoglobin and



20t hose in patch form a shield is still required on the base of the

oxi meter to provide the anbient |ight shielding. Further to the
above, thgoi201aPd37s have recogni sed that a typical oxi rersc2@mosesati vely
conplicated design considerations centering on how to incorporate a power
source 25such that the oxinmeter can function as a standal one device. This
may del ay devel opnent and i ncrease production costs for oxineters.

In addition, for oximeters, anbient |ight can interfere with readings in

t he f orits déoxygbnated foroi. s€herBiore, dhamaticeof exybemnglobingtiotdesuyirenaaglebimsan beom

bi I'irubj 0, - GNte . ] i d_direct
sunl { gheiey B8 ron WECYAA3SF e astbrlcdrn 22 FAETARFEL 1o, | ETRE rAllof Ve

i nt r odulight tninfrSedigbtzdbsarplion of pulsatirgsdponentsat ke measuDogsdeponent s of bot h
ared (RED) and an infra-red (IR) PPG signal. The Red PPG signal is

obt ai ned when a red LED of e.g. about 660nmis reflected off the skin of a
user? The | R PRGraisgrittdncedypshbximetats,wihenff an holdel EDtypivatly proyideddotfunstiegnet i ¢

. b 4 f | act t he in. :
oS oob o o8 B Tt BB uhe P oL il aPoRPlon WBes,
l'i ght I i bees fecognisesl thatoravirigea GUrs3 m%r&lipayr:cjcalle en@mﬁsragfimhldﬁegjtaﬁon ]E)Rgégga
signal s , [ NdUr : c ation o :
Typi ai Py SR B8R breadl el Ty B Bt ETLERE O 0 O b et
PPG signal 5 is a signal obtained by a photodetector when both the IR and
Red, | EDs d : [ I - - f i Ot = hy-pOi :
subtTacti on P hE et napebiaan) fom et e, RN 1hkThiso; gt
carri edreflectan¢dstype exximetersh&ror heftestance dypei exicheteys tthe likReandtse phatodipdeh
processi gl G ibRlafR dide BPHR" trarRRRLNY Mof%g'utsgll'%ﬁ&ﬁp rﬂ@‘hi HGh! e L‘gfosp{rg
si gnal s Can al so Be t1Tnme consum ng. | as al'sSo been recogni sed Dy thé
i nvent oreflectad frofrhthegipoicn tortecmesasured ey detektted: byethe tphptadiddey Forrgfiectance-

dditi Lot et ad o . .
i 1 er e SRS, ShiEFt torf 85 bp S GG Heidtih dedlrici b affehionhy tne
Thusy i phatodiode fThukerefloctance-tyhe raxingeterst typiaallyestitl requireaa cofftar gaholderddiprtenent

device BRYdITINIAENG BLinSCENblRt ASHIIIRRT itbrrd BB RifieBleal 6t ABAVRAIETL €5

There al'so exi sts noi'se cance nd sysiem't hat
seek t oThiddnayds uridebieatde toomesesf t he above probl ens. SUMVARY 20 In
accordance wth an aspect of the present invention, there is provided a
refl ect ance- based opti cal neasurenent device conprising an illum nation and

det ecti on asskEutieymornfiorgeertath typeo ot miiectanghitype mxanatersf wittoupclis, snchofas a
usesy [ O MBS UL RIEAl A0l HCLfiClealiNey BHURY bl Aind SLRSLER BB SALd
; prin nenb

surface portion of dser  as a si'gna g er-conrigared

f or coupinbiegt light shieldimgel ess configuration to a personal nobile processing
devi ce; a neasurenent surface configured to allow access to said

measur enent surface by the surface portion of the user; wherein said access

i's provided biurthee topghé ahbvelethe Gevelnkirsihakielrdendnésesl thath typieal dxreetetuhbace
port ! on b fiSoHfatd dBl PUSHEABES chenfy 8 HBR T8 IrReolayS HdcgeF shael” 1!

directions i I'hg erern sald couplimg ne
30ars angach that theamdémeter che furetiec taech stagdalong detibee Tres swayadelaypbevetopment

process Erching?e\é'sg %roduction costs for oximeters.

In addition, for oximeters, ambient light can interfere with readings in the form of
ambient noise. For example, ambient light such as those from bilirubin lamps, fluorescent
30 ~ light, infrared heating lamps and direct sunlight etc. can affect the accuracy of SpO2
readings. As a brief introduction, SpO2 calculation is based on the AC and DC components
of both a red (RED) and an infra-red (IR) PPG signal. The Red PPG signal is obtained when
a red LED of e.g. about 660nm is reflected off the skin of a user. The IR PPG signal is
obtained when an IR LED emitting electromagnetic waves of e.g. about 940nm is reflected
35  off the skin of a user.



The single plane may be on a sane plane as said neasurenment surface. WO
2012/ 099537PCT/ SG2012/ 000005 4 The device may further conprise a
pressur e WOLOM9953¢onfi gured to detect an anmount of pre®CHSE26RMHP088 t o t he
illum nation and detection assenbly by said surface portion of the user. 5
The device may further conprise a housing structure for housing the

i 1lumnation and detection assenbly and wherein the housing structure
provides structural rigidity to the dedice. 10The cabl el ess configuration
may conprise a coupling neans of the coupling nenber in a formof a

uni ver sal SerTﬁéreQF? v&angﬁg re%ﬂlhgoimb’ier?t(hgﬁt' |PtePfQFénceTr}6ﬁ1 e PHt s@ﬁ)ﬁlsbg trde

phot opl et hysnogr ap | um nation and det éction

assenbl feading chﬁﬁﬁrCPféB PG éwnla‘sgqann@tan @¢<wg'ee| Brie in lueppffecis thengalelation afED or
bot h. 502, Wgaﬂhﬂa #ﬁe ea ﬁém.heeraa%b.&%fw i §9t%led' ﬁﬁ.eamstén@pp@i s.am user

may be rTom the defected signal from both red LED and
i nf rea- risda si@pal ogtained by a'PhétOdé@ﬁ?f &F@ﬁtbQib\ﬁh%éRmﬁ R%éﬁpénarastumd Off

access Oﬁ'i’ d%ée?l LAE R ?éW%ln@?%élﬁ’t ﬁfb%@tﬁﬁl' 6?9h9§mbfé‘?lt signal from the RE§ aH&rlﬁ onal

nobile p SI ng device e one selected froma group consisting 25o0f a

nmobi | e BRGngignals ssmaltnpﬁcmé awener sthrivs keegi fegpanised §y dhe inveplars thatfysh| e
misi ¢ p r%\‘,gészlr%ﬁlsttg@ ﬂlg W@P%ﬁsrur? ﬁ? NGHIRAEcHRHuAidn AR IFRG S|gr[|1als canl dlso be

accordance w aspect o he”present Invention, ere 1's provided
a net hotime @pnswrmm |lhasaaleebenngecoanitaddy thennyentosntbat thetﬁ‘?@%@ﬁ@%ﬁ"@ﬂ)mﬁb’l si ng

al | gy ngyA0r uife %‘aalﬁawaﬁ*rmt reiativERC Borlictett HuBatROGitdufly, & g.@auser

f or measur ene gl n the surface portion oyht he user 1s allowed access
to sai ddlffef@ﬁmlﬁfm%rﬁ)?thsfgf Ra@énfrar@maaqi/pr ampiest PBesign@lsa si ngl e pl ane;
outputting light to sal d surface portion of the user for neasurenent,
detecting the output ht reflected fromsaid surface portion of the user
as a signal; Eauspln Yith the plaveoiere myBiS|neAchior 88 iaRyCal asastrament dewise el ess

configu ek BNsidrdss! i Jedd ond & Ghd GHovd BdBlentsO TfhaPe RE6 2R
mobi | e %f%*&%@"s".dﬁ‘ggt B 8R! e Qo3 T, Alodl BSPlarisD Tt WER o
15 need for a noise cancellation method and system that seek to address at Ieast one of the

above problems.

SUMMARY
20
In accordance with an aspect of the present invention, there is provided a
reflectance-based optical measurement device comprising an illumination and detection
assembly configured to output light to a surface portion of a user for measurement and to
detect the output light reflected from said surface portion of the user as a signal; a coupling
25 member configured for coupling in a cableless configuration to a personal mobile processing
device; a measurement surface configured to allow access to said measurement surface by
the surface portion of the user; wherein said access is provided by the optical device being
holderless such that the surface portion of the user is allowed access to said measurement
~ surface from all directions in a single plane; and further wherein said coupling member is
30 arranged to transmit the detected signal to the personal mobile processing device.

The single plane may be on a same plane as said measurement surface.

The device being holderless may allow an unshielded configuration whereby ambient

35 light noise is transmitted with said detected signal.



The step of detecting the output |light nmay be perforned in an unshiel ded
configuration whereby anbient light noise is transmtted in the

transm t tWOQOBY9PS3Ri t h sai d detected signal. 5 POE/SGRONOA00RY
further conprise detecting an anmount of pressure applied by said surface
portion of the user. The step of outputting Iight may conprise

using a red light emtting diode (LED), an 10infra-red LED or both.

The nmethod may further conprise derivifig saturation of peripheral oxygen
(SP0O2) information of the user fromthe detected signal fromboth the red
LED and the ipf r(?évfc@deFQunﬂé_ comprise, a | fleSSif@ 438G By WEdrfigarat REbeREPaRt Of
the present invention, there is provided a conputer 'readabl e data storage
medi um heelintg ok prasedret arpliedrto db%&@na%Uen%@grétie@@ssmbwuw isalg surface

pr ocessEg bR ofthe ke @ nethod for a reflectance-based optical neasurenent,
t he net orH conprising allow ng access to a neasurenent surface by a surface
port3on of a 20 user for neasurenent wherein the surface portion of the
user is all oygd jaGeehn ?&?r%"f"cgm?ﬁ?éé'h%?ﬁﬁ stttdrB 46 KdRMgahé jikhiRbh@Ra i n a
singl e pl ane; out puttlx Ight to said surface portion of the user for
measur edetnct,iordéss;emblhgng heheseinpthe haquging stectwe treavides stractie! Sigiditice H8rtion
of the Pé\%e as a signal; coupling to a personal nobile processing device in
a cableless ' configuration; and transmitting the detected signal to the
personal nobile 25processi ng device. The conputer readabl e data
storage nedi i : BRri l 1 e

det ?adélti ng thzn%ﬁ%mpﬁ%% %rﬁlpﬁrianﬂggﬂﬁgnshi 3?@%3@'@99@%%’5%?%@2 y ant%}(rent

| i ght niviastermof auaiversat sesial byus (UHB)mPoPs 3 I0RIRGOBt ep with sai d detected
signal. 30 The conputer readabl e data storage nmedium wherein the
met hod may conprise using a red |ight enittincc_:‘; di ode (LED), an infra-red
LED or bot h, Theisighal eayebe aphetgplgthysmagraphy (RPG) sigmal.

2012/ 099537PCT/ SG2012/ 000005 6 The conputer readabl e data storage mnmedi um
wherein the nethod may further conprise deriving saturation of peripheral
oxytfen ( SP02Yhe rilfugtimation candodletegtionyassentalo mayheorgriiseca éad diphhamittind foget h
the red i BH, d LED. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS
Exanpl e(Lﬁoﬂ?mh?gd (L)?btoﬂg[)ﬁhventi on will be better understood and readily
apparent to one of ordinary skill in the art fromthe following witten
descri ption, ; n } ng t i tdus;

dr awi ngs, inS%{%ﬁ?‘ c&?ﬁg%llp gét?ﬁlg*( uegt¢ t£q§°gﬁ%fr°ﬁi %ﬂ;ﬁ%r%%?e@ée%? gtc‘iﬁg%a%l? a
phot opl e yherdeteetptt sigpricdions peihdhe redHii [y and the inka-def LEPust rati on of an

al tey nating current (AC) pul se waveform of a PPG

The measurement device may function as an accessory to the personal mobile

processing device.

The personal mobile processing device may be one selected from a group consisting
25  of a mobile phone, a smartphone, a personal digital assistant (PDA), a mobile music player,

a tablet computer, a netbook and a laptop.

In accordance with another aspect of the present invention, there is provided a

method for a reflectance-based optical measurement, the method comprising allowing

30 " access to a measurement surface by a surface portion of a user for measurement wherein
the surface portion of the user is allowed access to said measurement surface from all
directions in a single plane; outputting light to said surface portion of the user for
measurement, detecting the output light reflected from said surface portion of the user as a
signal; coupling to a personal mobile processing device in a cableless configuration; and

35 transmitting the detected signal to the personal mobile processing device.



si gnal . Figure 3(a) is a schematic illustration of an optical

measur enment device in an exanple enbodi nent. 20 Figure 3(b) shows

schemat i C&PDI291221998%pl oded vi ew of the optical measureneRCTHEICH00005

Figure 3(c) is a diagramillustrating optical transm ssion characteristics
of optical 25filtering in an exanpl e enbodi nent. Figure 4 is a
schematic diagramillustrating an optical neasurenent device being coupled
to a personal nobile processing device®in an exanpl e enbodi ment. 30Fi gures
5(a) to (c) are schematic graphical representations of a Vraw signal, a Vac

signal and aTN@gﬂeai&nalete;aﬁ?g%éia&bm ;ighéapqa@xegpb@ﬁ&rméediim unshielded

Figure 6 is a schenmatic I tration o | me waveformfor collecting data

f r om i neorfigutatian avhesebyl amgbient lightmcisatif dransmitied iaxthentraaseitting piepriwith sai
2012/ 099 ggtlgg:g{gﬁQZOlZ/ 000005 7 Figure 7 is a schematic bl ock diagram
illustrating crrcuitry for obtaining information for Sp02 cal culation in an

exanpl e enbodi nent. Figure 8 is a schenmatic graphical
illustration | - ' | | i
e t1i ng di o (LEi e frdlen SomBhed abicbitig ATLRELAY of s sPriechl 2 )

i s a schwfaseiportionsf the weele di agram for toggling on/off of an infra-red (IR
LED and a red (Red) LED in an exanpl e enbodi nent. 10Figure 9(b) is an
alternative schematic timng wave diagramfor toggling on/off of an IR LED

and a Red LEphd Giedbf QURTRING IRRPAAY ®BRprise using a relidigh€erhiirdy dibde ALELS)2BA
schemat i cal qlag Il Tustrating signals acquired at an analog to digital
con¥er t gfraired BRDOX BAYE e enbodi ment. 15

The method may further comprise deriving saturation of peripheral oxygen (SPO2)
information of the user from the detected signal from both the red LED and the infra-red
LED.

15
In accordance with another aspect of the present invention, there is provided a

computer readable data storage medium having stored thereon computer code means for
instructing a processor to execute a method for a reflectance-based optical measurement,
the method comprising allowing access to a measurement surface by a surface portion of a
20 user for measurement wherein the surface portion of the user is allowed access to said
measurement surface from all directions in a single plane; outputting light to said surface
portion of the user for measurement, detecting the output light reflected from said surface
portion of the user as a signal; coupling to a personal mobile processing device in a
cableless configuration; and transmitting the detected signal to the personal mobile

25  processing device.

The computer readable data storage medium, wherein the method may comprise
performing the step of detecting the output light in an unshielded configuration whereby
~ ambient light noise is transmitted in the transmitting step with said detected signal.
30
The computer readable data storage medium, wherein the method may comprise
using a red light emitting diode (LED), an infra-red LED or both, in the step of outputting
light.



Figure 10(b) is a graph schematically illustrating alternating current (AC
signals acquired at an analog to digital converter in an exanple

enbodi merWvoO 2012/099537 Figure 11(a) is a graph schenat iP€RISIGROR2/0DeYOS r at | ng
filtered DC signals in an exanple 20 enbodi nent. Figure 11(b) is a
graph schematically illustrating filtered AC signals in an exanple

enbodi nent. 25Figure 12(a) is a graph schematically illustrating filtered
DC signals for an anbient PPG signal i® an exanpl e enbodi nent.

Fi gure 12(b)The campuigsHeadatiendata stargge Imedvmamhetein ithe epetiodanay dwahes f or
an anbi rB%%e?fv%PaéFaitLthicﬁﬂofeﬁf%m%Pal RN ?F‘UZ)_ inforrhatii &f the (Rbr F8mPie

enl ar ge ersion o ure 11(a). Figure 1 (béﬁl s an enl arged version of
Fi gur e dete@pd sep#fepm bothApeyed IER and Medpfieeed/r@i on of Figure 12(a). WD
2012/ 099537PCT/ SG2012/ 000005 8 Figure 14(b) is an enlarged version of
Figure 12(b). Figure 15 is a schematic graph illustrating PPG
sigrlal s obtained for a plurality of 5cycles in an exanpl e enbodi nent.

Figure éﬁléﬁﬁsﬁﬁﬁﬁéh%ﬁ BRAWINGgStrating an exenplary process for

optical nonitoring physi ol ogi cal characteristics of a user in an exanple
enbodi ment. 10Figure 17(a) is a schematic flow diagramillustrating a

f1nger det eckl o QfibsdimeRts?Br WS TIBROGA B8 etter understbbd 'y Iddpy | S 2
schematic flow diagramillustrating an anbient |1 ght detection process in
an exan@prarentiodineesi ordingry skill in iy gt fremi the) ollewinghwittan desdriphioni kigwah

LI st r gt dyagn e bhﬁhsnam Méﬁgﬁ%m ﬂﬂg_q‘?f% $Sinlwhi@h exanpl e embodi ment.
Figure 19 1s 'a schematic flow diagramillustrating a force optim sation
process in an 20 exanpl e enbodi nent.

Figure 1 illustrates a graphical representation of a photoplethysmograph (PPG)

signal.

15 Figure 2 is an illustration of an alternating current (AC) pulse waveform of a PPG
signal.

Figure 3(a) is a schematic illustration of an optical measurement device in an
example embodiment. |
20
Figure 3(b) shows schematically an exploded view of the optical measurement
device.

Figure 3(c) is a diagram illustrating optical transmission characteristics of optical

25 filtering in an example embodiment.

Figure 4 is a schematic diagram illustrating an optical measurement device being
coupled to a personal mobile processing device in an example embodiment.

30 Figures 5(a) to (c) are schematic graphical representations of a Vraw signal, a Vac
signal and a Vppg signal respectively in an example embodiment.

Figure 6 is a schematic illustration of a time waveform for collecting data from infra-
red and red light illumination in an example embodiment.
35



Figure 20 is a schematic flow diagramillustrating a data collection
process in an exanple enbodi nent. 25Figure 21 is a schematic flow di agram
i1l ustratWagordepisiati on of physi ol ogi cal characteri sti @STHG2G208@051 n an

exanpl e enbodi nment . Figure 22 is an illustration of a cross-section
of a blood vessel when a | ow external pressure is applied. 30 WO
2012/ 099537PCT/ SG2012/ 000005 9 Figure 24 is a graphical illustration of the

anplitude of a neasured PPG signal in €Gonparison with an amount of appli ed
ext ernal preEigure’ isra gchematie b@Pk diegeam Hlasteatine sircyjtng & W@'“'WI'&EF\%O@&(

and (b) sﬂbg cgfa[]@ﬂ@ﬁ in(‘aneeg@ﬁ{yi@gn%&mehﬂ lustrations of an optical measur errent

devi ce an exarrp e enbod Figure 26 is a block diagram
schematically illustrating an errbodl ment of a conputer/server system
sui tabl e forgjynRl gneatddhgnailc F‘g?‘é’dﬁﬂa?ﬂl@@?ﬁ@n”&”&utp&ioobtamed at ahl fgﬁwrd@te%?or
schematically~illustrates a graphical conparison of neasur ed

vol tlgedéingza igbtenitingmdiods d/ELD)ifiag Fﬁqwﬁﬁé"s%ﬁ%ﬁm@éempoé'mph of an
appl i ed amount of pressure over tine in an exanpl e enbodi nment. 15F|gures
28(a) and (b%‘ schematically illustrate a graphical user interface ((1

a feedback uhigure ${akisigpsahamatie figindomave giagramdfar togglinden/aié aken ifrarie &I.B)u ce
in an e 8(c) schematically illustrates
a graphF%lg}%gggrrggl ntdgq'?'iDcma examp&erﬁb%%gﬁck 20unit for indicating

whet her a user shoul d adj ust the anount of pressure to provide nore, |ess

or fye sanme ﬁl@gw @ ﬁpalﬁmg%cﬁ%% fiRiG-wave diagraf @Hfo@ﬁhr%%r‘%ff oPahC)

are schematic gra representations show ng a correl ation between a PPG
wavef or iR bR agd a [ﬂﬂ"b?fé%@m%e PmbadMeRhnpl e enbodi ment. 25
Figures 30(a) and (b) schematically illustrate a feedback unit/personal

nobi | e processing device coupled to an optical measurenent device
configured ihigare dXakisapearanh sehematically Huslfptiogasignals appdigdnainan asalpg dar es

31(a) aggitd Rbnrer FEAEERIN fle 8BaMARAL Vi ew il lustrations of using an opti cal

15
Figure 10(b) is a graph schematically illustrating alternating current (AC) signals

acquired at an analog to digital converter in an example embodiment.

Figure 11(a) is a graph schematically illustrating fiitered DC signals in an example

20 embodiment.

Figure 11(b) is a graph schematically illustrating filtered AC signals in an example

embodiment.

25 Figure 12(a) is a graph schematically illustrating filtered DC signals for an ambient

PPG signal in an example embodiment.
Figure 12(b) is a graph schematically illustrating filtered AC signals for an ambient
PPG signal in an example embodiment.
30
Figure 13(a) is an enlarged version of Figure 11(a).

Figure 13(b) is an enlarged version of Figure 11(b).

35 Figure 14(a) is an enlarged version of Figure 12(a).



measurenent device to interact with a surface portion of a user for
measurenment in an exanpl e enbodi nent. WD 2012/ 099537PCT/ SG2012/ 000005 10
Fi gure 32wbom/®essematic flow chart illustrating a net hedrsG2oeasewnsng a
PPG signal on an optical neasurenment device coupled to a feedback unit and
usi ng feedback froma pressure detection assenbly in an exanpl e enbodi nent.
5Figure 33 shows a sinplified exenplary representative circuit diagramfor
i npl enenting a piezo-based sensing dev8ce in an exanpl e enbodi nent

Figure 34 is a schematic flowhart for illustrating a nethod for a

refl ectance- t.Lcal k. anpl e enbodi nent. 10
Fi gure 35 sh%ag'%ﬁo dgéﬁgﬂgfwe%gggfgﬁu%?ﬁg to digital converter when
two LEDs toggle and when both LEDs are switched off in an exanple
enbodi nent. 4 | . - . . '
descri bed he%gF'lr%Eﬁ:#Lg%c?ﬁgﬂaﬁa&ﬁ\{f"é%ia“” a%%@%@ﬁg%\%nggqgﬂér%}%mddt hat
can 5obt aiclesan phekappletemydingerdphy ( PPG signal froma user. The
measurenents in the exanple enbodi nents are non-invasive optical
physi ol ogi cal 20 measurenents. In an exanple inplenentation, a
r ef | ect ance- bigered 18ps i & &chemeatzuflomehart diestratimgcam exemplany ipdestss Hat opticalt i ons
as_an_ AGGARSALYe bRy oiBHER NAlacttABl st BLREERSUNLARY ERpodiR per sONal mobile
processing devic an Dé a nobi e phone, 'snartphone, personal digital 25
assistant (PDA), nobile nusic player, tablet, netbook or |aptop, although
thig, list isg St - y . Lon, ssory
i's irjoot meant F'@g}eaﬁ@?# sﬂ%}c\égnn’%%{%ﬁ%r 5§ g@ 'Itl)drSﬂF ﬁﬁ?iflgﬂépéﬁé%tﬁg pé%&ggﬁg?ﬁ
nobi | e ¢raopds embgdident.ce. | n exanpl e i npl enentations, the optical
measurenent device is preferably smaller than a pal msized object for
portability. 30 The neasurenent device conprises a coupling nenber
t hat can prokigde @d6ibplis reg sbemaienflow diagrasu illesteatingdav iamebiend light dedectional
nobi | e Ssi i.ce dn. abl el ess configuration. In the description,
cabl el e@?g‘?{s 'ﬁgﬁ%ﬁ(gﬁ%lei ﬁ%‘%@gﬁe@' connection that is without the use of wires
or tables extending fromthe personal nobile processing device to the
optical 35 ng r n | ce. P 2 .
h the exanpl Bot En At iR fo e att|panie S rRiey s brdcese out. a
hol der amexdmple embodinfent.i . e. the measurenent device is hol derless, for
engagi ng a surface portion, such as a finger tip of a user, for
nmeasurenment. A neasurenent surface is provided

Figure 19 is a schematic flow diagram illustrating a force optimisation process in an

20 example embodiment.

Figure 20 is a schematic flow diagram illustrating a data collection process in an

example embodiment.

25 Figure 21 is a schematic flow diagram illustrating computation of physiological

characteristics of a user in an example embodiment.

Figure 22 is an illustration of a cross-section of a blood vessel when a low external
pressure is applied.
30
Figure 23 is an illustration of the cross-section of the blood vessel when a high

external pressure is applied.



5 for the neasurenent device such that the user can access the nmeasurenent
surface using the surface portion for neasurenent. Wth the nmeasurenent
devi ce bevaAgorRaes| ess, the surface portion of the usePCETRG20ICHO85t he
measurenent surface fromall directions in a single plane. The single plane
may be on a sane plane as the nmeasurenment surface. 10In the exanple

i npl enentation, the neasurenent device is used for illumnating a surface
portion of the user and detecting refl®cted |ight fromthe surface portion.
The neasur enEigurelddiic @, graehied) itisiatonsf te 2Aveldddarpl/a meamsysed PEG signaldhect ed
light i Eér%%’?s‘oho\nitﬁ %na&%mrofd&ydli‘ég’%xftéiﬁaleprgssar_g%p@rs?ﬂ@aéf 288 thhsmural
processing device, to carry out further processing, e.g. for renoval of

anbi ent pteisglre. i nt erference for Sp02 val ues determnation. It 15 WIIl be
appreci ated that sone extent of ambient light interference can be allowed
in the light detection at the nmeasurenent device given that the nmeasurenment
devite does higuresr 8%(adicanshi| arengctientatic gxranded | vew  itustratipnss of j an toptcal
exanmpl e j.aplL SARAE fvicdNn aﬁ@?aﬂﬁ?@%r‘r‘i ntdevice is not processor-intensive,
e.g. may Aot require a processor, and can therefore function w thout a

dedi cated power supply such as a battery. Thus, the neasurenent device can
be 20manuf ackyire 360 9% AL Littam SEBbMaficails OMBATAMg! Sn CORBEAMEANTr a
devi ces. I'n the exanple™ I npl ementati on, the ﬂeasurement evice is
in a subsrhputer/sarver sysiatesuiabigiordmpemantiag ao gxavele empoditeei-t ype oxi meters.
The, reasur ement surface of the neasurenent device is also preferably
non-adhesi ve to reduce the |ikelihood of 25i nconveni ence to users.

Bef or e pr oceBigureg2t schaspaticaly illysteates pi gsaphieatwompariptre ok atghapmehmeasyred nay
be benef jci.al 1.0 [ eIy ggg,m f i : LOrges 1
and 2 a‘r’%ﬁbrgoo\jiadzgét%6i%iog§rls§ﬁ1%|2§gr8? cgﬁﬁp%n%n? r%}tﬁc%fs%ga sliegna J.Jlmlgiogure 1
i |1 ust r pregsura oyertpphe inan exa@pmissenbedimgnt. of a phot opl et hysnogr aph ( PPGQ

signal 100, which can generally be divided into two conponents: an AC
conponent 102 due to the absorption of light in pulsatile arterial blood

vol 1ive 106; Bigdres 28G)canth tnesshemetically ilistialeya nephigss osei intaifase dliedl By
- pul i terial . o e b i 3 108,
nnd b1 steadback @it B el t8o0dif 1o BEORERCHRARIBRENE BBE: ¥ proskinine L

Fi gur e émbedimentAC conponent 102 is superinposed onto a | arge quasi-DC
conponent 104 that relates to the tissues and to the average bl ood vol une.
This DC conponent 104 varies slowy due to respiration, vasonotor activity
and vasoconsFiguret 25(clsehematicay titustrates b prapbicakises iterface (@Y1 afaderpback

anmplj fi j : : b

et G P Preictiwh e K8 SRR it reliiodof BRRATES pifheife ees

char act entheg same apfounhip aprBampleembedimantef orm 102 have been descri bed and
are illustrated in Figure 2, where the appearance of the pul se wavef orm was
10 defined as two phases: a first anacrotic phase 112 being the rising edge
of the pul seFigared 29(a)etooier atsasehematic graphicat represerdatianst showing pioggeldtige of

t he pul J L Si-Ard d 2 g & stole, while

t he sec%eﬁ\ge%#hggg q@%veﬁgﬁgg&e%%gb@eg&ro glréahr?(?% \j\%g{reﬁﬁg‘%@gﬁg 116 fromthe
perdsphery. A dicrotic notch 118 is usually seen in the second catacrotic
phase 114 of. L.e 140 e i apt er| ; af he
fol |l ow ng delflgllﬁ'rf%'gd§(§](§gXﬂrnﬁpgq}o#ﬂe%%tgggﬁgg@%ﬁel Ebgeﬁg?j%( 'gaglt/tp ﬁ'ésog?:lcg{r%g%yi ng
dr awi ngsrocédisingafievicenesuplesh tal ancapticplampasuemeainvienice sonfigursd ag lamdscape
illust r@rién?é?ioﬁrﬂgaﬁgﬁarp le 08{ drgm tation, specific enbodiments and

i npl ementati ons consistent w § principles of the present invention. These
i npl ementations are described in sufficient detail to enable 20 those
skiJled int r iLce 1\, L an, . [k eadi Shel od
thel® ot her i raERldl P pffseBiaE Bk B lshralion. f (R B Eh S

and/ or reedmrementi daviceofo infaraciugitie Bestirface poatjorbefl awser figrnt measuremeat tni agy from
the sco f nt invention. The follow ng detail ed description is,

t her ef Oe?%m Ieo%rnﬁ%é%@gﬁ{gonstrued inalimted sense. Additionally, the

vari ous enbodi ments as descri bed may be inplenented in the form of

25sof tware runni ng on a general purpose conputer, in the formof a
speci al i zed hardware, or



conbi nati on of software and hardware. The terns "coupl ed" or
"connected" as used in this description are intended to cover both directly
connect edwonR0RdgBet ed t hr ough one or nore internedi at e PEERGS)12(90008S S

300t herw se st at ed. The description herein may be, in certain
portions, explicitly or inplicitly described as al gorithnms and/or

functional operations that operate on data within a conputer nenory or an

el ectronic circuit. These al gorithnic Wescriptions and/or functional
oper ati ons aFgursdals § sgmmalig floy ehadsiBusitating @adnethod ioé measwingad PHS signal

pr ocessj Soff o .de [Pt 4} ; ;

D012/ 0oBE 3R B5aS BN S "SR, PRsedBackiit ppd using feedback from a
sel f - coptsisstredietastion asrembly inaanegrampiseinnedimgnty desired result. The

al gorithm c steps can include physical manipul ati ons of physi cal
quantities, such as electrical, nmagnetic or optical signals capable of

bei g st or edFigureanddri shows, a revnplifiedr @demelenbi ieetesenigtiyrir eitbuitagibgramerfali se
mani pul : o ; ; [ ] d ot herw se, and
woul d orﬁﬁd‘?%g?'iﬁl"? ab%'%°p§%¥3%"?'?§%?ﬁ%"’?@f oﬁﬂ%%@%@%ﬁn skilled in the
art will appreciate that throughout the present specification, discussions
utilizing te : v ANE NG bonrt WY reth LMLAL B9 e

' epl aci ng RS 2F i ASchSRARHQttr BRI meind P el dpoe bggg
ref er t opticat measureieplio @pexermple@Embgdimentnst ruct i ng processor/ conput er
sysjgm or simlar electronic circuit/device/conponent, that

mani pul at es/ processes and transforns data represented as physical

quantiti es wFighfen3d showsdwy @ Bignaldormeal amanaleg tectigitgheenvertas Whenywo LEDs

[ epr esepiyil v i UARLEBYARL Lhilchd WiriDhR ekdifplS KHfiRBInn Ot her i nf or mati on
storage, “transm ssion or display devices etc. The description al so

di scl oses rel evant device/ apparatus for performng the steps of the

descri bed net hods. Such apparatus nay be specifically constructed for the
pur poses of the nethods, or may conprise a general purpose

contut ePEFTANCER NESCRIRKIN devi ce sel ectively activated or reconfigured by
a conputer programstored in a storage nenber. The algorithns and di spl ays
described herein are not inherently related to any particular 20 conputer
or ot her appafbke asample emnbagidents descliber dtereje ren firoyide povptickivneasyrera@ii nes
may be . . . ) ' ) o
Const r uLEYEs b RERRCARE A sty o o G e PP o Rl FRl 26, ThET e
may be ohessurenientsn imdidiet iesamplet embodimenits t ar¢ tneatinvasived @ptieal pphysivledieal

i mphd ci gl &ﬁg%ﬁﬁé a conputer 25 program in that it would be clear that

t he steps of the nethods described herein nmay be put into effect by
conputer code. It will be appreciated that a large variety of progranm ng

| anguages and;.codi n. 10 ) in%]@g ;
description hlgr%?ﬁ?g%%eg&zﬁﬁé@%é&négm@%g%ﬁg% géé;bgjmgﬁ?&gpp I ‘é%fmeté@?’s? v'rclgt

| i mi t edcarobapipvided that dlngtionpas apkcddssorydnd reasenatmoblils processingdemicen(Thel ows
W t hout &9&?&%&{;@&&8@%&4@ é%ﬁ&ecm bErhe mdbYié& 'BroRE.: rﬁQrtpl'iQne, Eﬁﬁglh&éft@re’
one or re of e steps of the conmputer pro raml? applica Fe may be

per 25or nassistantp@DaY)| globde dusic slayereriablel, Ingtbadkictr laptopmalibeughpthisg fistnisi riot
appl i cahg | &Pa@i RBSRS gﬁ‘ sé‘:?}’ a ?mgﬁ,%e %Sé’é%%hﬁs T edht tSNireCPMBYh SR
readabl e nedi um’may i nclude storage devices such as magnetic or optical

di sks, werkingg aii genctions oohethest peragral dendbies Boeassingbldevicer Imt exdnaplé ng

‘é“otlg ) gg@gié%ﬁ%{ltﬁé&agg@; é;%g‘,ggé-%lasmﬁ’rgmﬂ? Be O R bitferatl) SnEREPHA a phfh-sized
object for portability.
30
The measurement device comprises a coupling member that can provide coupling
between the measurement device to the personal mobile processing device in a cableless
configuration. In the description, cableless is taken to include a connection that is without the
use of wires or cables extending from the personal mobile processing device to the optical

35 measurement device.



14 readabl e nmedi um may even include a wired nedium such as exenplified in
the Internet system or wreless nmediumsuch as exenplified in bluetooth

t echnol ogyoO 2t@9eBMput er program when | oaded and execut @6TEG2812800002b] e
reader effectively results in an apparatus that can inplenment the steps of
t he descri bed nmethods. 5 The exanpl e enbodi nents may al so be

i npl emented as hardware nodules. A nodule is a functional hardware unit

desi gned for use with other conponents!lor nodul es. For exanple, a nodul e
may be inplemented using digital or discrete electronic conponents, or it
can forma pop janeof lehfehttoRC e Ricasilerfiht eSiE Ns A oBed RhibGEAT On
Specific 10 Ilrntth%g?atn?a E‘?cm ?RSI . A Berson (Le F? Sap% e art

under st beiden draclin he ceff airfp|the marermntsiewﬁ lalf@dﬂeﬂéss nfpr @nﬁaa"e@j aaguréece

conbi na t 50kl s, A heaSiienihpoRtReSIBRAIMEENT S,
sat ur at %’%rﬁg%guﬁﬁr%%%@ afﬁtggyéen ! %E or mat P‘on 1 FI a ugeérmlﬂ)g

der i 5vabfoe the mepsleementedeving: sueh thatghe upert Qﬁm@ﬁceéshtffer r@ﬁamemeat susi@ce BBINANd an
NP A T difee FBRIAYEr mdbshiieiPSAith Bhd AikadEeRicht dbliEe bBING ndiddHiks, M8 Used
herein I's neant be interpreted in a broad sense and is fot Timte

vi si bl esurfagntpqmryof tneeuqeerqan 'adcgsn theameaswamest sufrcsaliomrall ditkstionsuin Bs not
limtedg ht rays
and i nf rlF@eggb r{e ?1% b.g%g&%gnaybébhla%a g réené%lgﬁ |r§ééasrus e&%hrééeg
illustration of an optical neasurenent device in an exanpl e enbodi nent.

Figlye 3(b) shang &SREIEEHH fetheriatidh, WEQQ%SMERMH&I@ P%s@&tfbrcuﬂ%ase%%”e”t

devi ce. 25The optical neasurenent device ect ance- evi ce
in the swiaepl eortiohoflithe ruser Bhd dglectingl refiectsdrlight fiomidhe surfado pediepr iToes an
illumn C he
expl ode@g\%lgg\?vﬁllg ﬂt %é%%r Ee’é@ ; ?Epgﬁgég%ﬁgﬂgg%ﬁgghgk F%/qq%e@%%rntd?IOB

casi ng ®0anether de\b@sefowsg n@esmsorﬁhe'n@lmp gmew&@ew@@m caes oat further

t 3
reasur eoupestit, eE Torrthhoval FEmSIEARIERL iiterindd o shel il.ce Msmrtatench
nor 15 | i whitbedrnreediaied that gomgextent of Ambient light nﬁerfemn@m@arufeq allaweshin dke ighl| v
302. Th etQ&HnCa%'théT'g?e%Eﬁéﬁféfﬁi dg‘@é!é &geﬁ‘%ﬁﬂfmé WiuRit 4 ﬁée %o&QHgﬂ ?H’&Gldaﬁnber

en a

316 that can provi coupl i e neasurenent eV| ce _
per sonashietdingifer jghb eeflestiony T@esu indhe exarnple kmplementation, HRdvgAsUrement gigpice| ess

B

( USB) pwithoubia deigicaidl pawer sopplE Suth as @deaitenn Thhe tbpm@(smuemerhdﬁw(:e yart hepl e
r Qdi ment, the |ight
sour ce @TE”@?HFG%%EJE?Q%W%" %?%Tjgﬂeht&?g sur ar%é port| on of a user for

nmeasurenent, e.g. a portion of living tissue of the user placed at the
measur enent st el 0 ‘?ﬁé" & f ted
fromthe portllnotﬁe O}Qﬁ'\?'e |Q-E‘>iq[ i ss%%rnop%t ﬁgg%ugér%én % tgg'g:aegc}]b?%hélﬁl A
i nf or nadéformatie fore, |dsgoppaged de tpateh-lype . ox@retersal heemeasuigmentt %tdfaﬁeapftthe

couplin ?g‘ﬂp p. opR i %g%s g C n

exanpl e'q or @%r?%r\lkgrgsce%é?n \‘e{gﬂp h6n-BER htg é%gj\r%l ?e(enlg&él ment ,

opt 25onaintgnveaiepeetasugess.det ect i on assenbly 318 may be provided in the
optical neasurenent device 300. The pressure detection assenbly 318 can be
configured to detect and transmt to a personal nobile processing device
(not shown) aBefareopreceeding teegwee fullysescrize byme exantplepembodimentsu#éenay bet he
measur e [ urement. The pressure

i nform |otﬁc'g§t\ré hb%f|€ggs§q8§ h@ﬂgoﬂeﬁlt{wiﬁﬁb imted to, to detect whether
a body part has been placed on the nmeasur enent devi ce and/ or whet her the

57w, BB Sl SIS RO RS SRS e,

obtal ned. nmeasure can addi
i nt egr afigdreni illusiogte$ @adraphical representation of a photoplethysmograph (PPG) signal 100,

which can generally be divided into two components: an AC component 102 due to the

absorption of light in pulsatile arterial blood volume 106; and a DC component 104 caused

by the absorption produced by non-pulsatile arterial blood — i.e. venous blood and capillary
35 blood 108, and tissue absorption 110.



20filters e.g. 320 to mnimze the disturbance fromanbient light. In the
exanpl e enbodi nent, an edge filter with optical transm ssion

char act erwet20 4928 be used. Figure 3(c) is a diPagmRaeroi2lopegssrati ng
optical transm ssion characteristics of optical filtering in an exanple
enbodi nent. In this exanpl e enbodi nent, wavel engths of |ight below 25
about 600nmis filtered out and prevented fromreaching the |ight detectors
e.g. 314. This can be effective as thd2wavel engths of interest are that of
e.g. about 600nm and about 940 nmonly. Alternatively, filters which target
specific Waveuhewgwés 10%thik AET &Mhpdrht 162 Us ellipefifhoSdBts a [drgd JudsibEch,
e.g. when used I conbination, allow transm ssion of |ight from about

600- 700¢ampanedt 484 (hatosiRtan oA Hegveseandstaitheapvespaaitlans yoluesi hiys DEi | t er
uni Ch 3Ldrbndfit 188 VESS <diig fael @Nfeshlr AB2ALEmE(P -LAABNIhG WBsbiondfiftthy

al one. “Figure 4 1s a schematic diagramillustrating an optica
measur ewaves. ddith suitabimelselrenic fitripoand: amplifipationo hath theG eompenest 402 gndevi ce
in an | tdr&ab § iﬁﬁp@é SgVdegs 400 functions
substaﬁ??gph@oﬁﬁgﬂ??ggﬁ%FS&?ﬁgeﬁégsurgﬁgﬁtyﬁeV|ceVB%go described with
reference to Figures 3(a) and (b). The optical neasurenent device 400 WO
2012/ 099537P gﬁ?@- g ' ian i n
turn conpr i_s?s%%gn .ﬁéﬁ]p%?g%ﬁséﬁgr@eﬂhggf?gnﬁgg@ é%lﬁqﬁ%zma%#ég\w%ﬁg?l y, a
pr essurdesgabedt andareailiustiatadyindrigyie &s whew thgrappeaianse ngth@mws%wamgm Wae
i1 ' t LG 4 ' :

photbaeraned o8 to bRk, a HsARa G et POBEG BRGRE dle SNE puice, anpi 2

| i ght stagpo@ categrotis phase rfd4shairagrthet fatliegi edgeafthe Ppulseowhhe ditgdipbase d 12He

per sonal oy i I ' 1R, S GRS 2R aDe

Por Doty bnBEERE] Qe W e Soliherhals ) 18 enkSnE MAIRIE Rt ol

A pr ocerglectignaoldl feom 1the greripheryopf\i dienotiersgtnly e it uawally cseenoio the ssepndded
for 10b i HAatE Qi ; i t processi ng nodul e 416 can
be provi %55%§ak§§3&§%2g§ﬁﬁ%%ﬁ"$ﬁ?&&*Sgﬁﬁﬁgwﬁﬂéggﬁical measur enment devi ce
40015 In use, after establishing a physical connection of the

illum nation ot M 1 t i ssi ng
devi ce 414, gﬂ%ﬂ%?@*gﬁﬁﬁ8%‘?‘2%*%%%*‘2%%“2@ﬁbﬁ%ﬁ?ﬁ?{ﬁﬁ%ﬁgﬁéﬂﬁimc,.m
devi ce dre@ingan TégrtaferementignsgdrascPmnanying diawings: shom Pyoway of justeatioprandrmoat o

St hencpunf 81 fntdhoh peBfit AR, ofts FGERERfiths Edpcfiort bty plintples o
requi r etbetriesentiivedtian. cdhess ingplementationsi arecdenstbedin puffioprisdetainto enable
autpentical ispfled ;ﬂ*?ﬁb faroR & tHe ifvientitd, larElle it 38 b &5 %B&éjrsfot&atthggghfé I ons

or elimnation of the above process 1s possible depending on the 20personal
nobi | e impteresntations deay e utilizad and that strugjural chaegesxangiresubstitytionsPpfovasions |

cormuni gatkqa ,h§¥ %gqh%ﬁg)?b&gt%a“ gV 6rﬁ%e%§¥§%%§)?ﬂ@§%sent invention. The

Recei ver/ Transmtter RT) protocol” fromthe onnector of the
i Phonedoli@ying ndgtaitsd dasciiptior isctitereforajamat ¢w ey c@nsiryed decriidiitelr sensehe MCU

418 to WAy . : P j t; [
conpri sé%ﬁb%gyggggfsahé?s ﬁrenggglrm eé‘lrﬁ% a%o Sgt es }61% y%ﬁﬂggﬁg%g ('Fg{]/ gg@n i°§
sulesdi vaofledre ninoing g generahpirposgTpernBitay i theyfoss offa shecialized kardwarg OR)
DC2( Reg%?md'pﬁa%ﬁ%@ﬂ“’l’%ggd HBRf)ar@nd FS (Force Sensor). This data is 30

obt ain ina ormat  and is then converted to back to voltage (V).
It will be appreciated that variations of the datal/payload is possible

depending o 8 appd I Q¥ A of A I force
sensi ng por ?ll— %J#%ﬁ% c}o&;ﬁ%ﬁcpﬁ 8@%‘&5&{@3 %%9?@2“@55?”'\6@@ 4/inRhabfto Ldr
2012/ 09813 HrestySCa0ERIedi0on 06nnected through one or more intermediate means, unless

30 otherwise stated.

The description herein may be, in certain portions, explicitly or implicitly described as
algorithms and/or functional operations that operate on data within a computer memory or an
electronic circuit. These algorithmic descriptions and/or functional operations are usually

35 used by those skilled in the information/data processing arts for efficient description. An



17 Wth reference to Figure 1, DClL and DC2 provide information for the DC
conponent 104 of a PPG waveform thus enabling calculation for saturation
of peri phEPaR12009FHEN, or Sp02. PPGL and PP& est abl i sh RETREGRUAI000PE

wavef orm and provide information for the AC conponent 102 of the PPG
waveform Optionally, FS sets out to Sprovide information of the amunt of
pressure applied to the illum nation and detection assenbly 404. An exanpl e
of the data decoding format is show id3Table 1 below. linme (nms) D ata from

Devi ce alpgithpHsgenedly (reigling fpaiselfiqonsisteptsequaney of Stepselradipgto @gesired (V)
PPGL result. The algorithmic steps can include physical manipulations of physical quantities, such
as electrical, magnetic or optical signals capable of being stored, transmitted, transferred,

combined, compared, and otherwise manipulated.

Further, unless specifically stated otherwise, and would ordinarily be apparent from
the following, a person skilled in the art will appreciate that throughout the present

” « ” «

specification, discussions utilizing terms such as “scanning”, “calculating”, “determining”,
“replacing”, “generating”, “initializing”, “outputting”, and the like, refer to action and processes
10  of a instructing processor/computer system, or similar electronic circuit/device/component,
that manipulates/processes and transforms data represented as physical quantities within
the described system into other data similarly represented as physical quantities within the

system or other information storage, transmission or display devices etc.

15 The description also discloses relevant device/apparatus for performing the steps of
the described methods. Such apparatus may be specifically constructed for the purposes of
the methods, or may comprise a general purpose computer/processor or other device
selectively activated or reconfigured by a computer program stored in a storage member.
The algorithms and displays described herein are not inherently related to any particular

20 computer or other apparatus. It is understood that general purpose devices/machines may
be used in accordance with the teachings herein. Alternatively, the construction of a
specialized device/apparatus to perform the method steps may be desired.

In addition, it is submitted that the description also implicitly covers a computer
25  program, in that it would be clear that the steps of the methods described herein may be put
into effect by computer code. It will be appreciated that a large variety of programming
languages and coding can be used to implement the teachings of the description herein.
Moreover, the computer program if applicable is not limited to any particular control flow and
can use different control flows without departing from the scope of the invention.
30
Furthermore, one or more of the steps of the computer program if applicable may be
performed in parallel and/or sequentially. Such a computer program if applicable may be
stored on any computer readable medium. The computer readable medium may include
storage devices such as magnetic or optical disks, memory chips, or other storage devices
35 suitable for interfacing with a suitable reader/general purpose computer. The computer
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readable medium may even include a wired medium such as exemplified in the Internet

system, or wireless medium such as exemplified in bluetooth technology. The computer
program when loaded and executed on a suitable reader effectively results in an apparatus

that can implement the steps of the described methods.

The example embodiments may also be implemented as hardware modules. A

module is a functional hardware unit designed for use with other components or modules.

For example, a module may be implemented using digital or discrete electronic components,

or it can form a portion of an entire electronic circuit such as an Application Specific

10 Integrated Circuit (ASIC). A person skilled in the art will understand that the example
embodiments can also be implemented as a combination of hardware and software

modules.

In some example embodiments, saturation of peripheral oxygen (SPO2) information
15 of a user is derivable from detected output light information from both a red LED and an
infra-red LED. Further, in the description herein, the term “light” as used herein is meant to
be interpreted in a broad sense and is not limited to visible light only. The term “light” as
used herein can include, but is not limited to, X-ray light rays, visible light rays, ultraviolet
light rays and infra-red light rays.

20
Figure 3(a) is a schematic illustration of an optical measurement device in an
example embodiment. Figure 3(b) shows schematically an exploded view of the optical
measurement device.
25 The optical measurement device 300 is a reflectance-based device in the example

embodiment. The optical measurement device 300 comprises an illumination and detection
assembly 302 encased in a housing 304. In the exploded view in Figure 3(b), the housing
304 is shown divided into a top casing 306 and a base casing 308. The top casing 306
comprises a measurement surface 310, shown schematically with dotted lines. The
30 measurement site/surface 310 is coupled to a light source 312 and one or more light
detectors e.g. 314 of the illumination and detection assembly 302. The optical measurement
device 300 further comprises a coupling member 316 that can provide coupling between the
measurement device 300 to a personal mobile processing device/feedback unit (not shown)
in a cableless configuration. The coupling member 316 may be in the form of an interface
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port such as a universal serial bus (USB) port or the 30 pin connection used in the Apple®

iPhone® (Apple Computer, Inc., Cupertino, CA) etc.

In the example embodiment, the light source 312 can propagate light through a
5 surface portion of a user for measurement, e.g. a portion of living tissue of the user placed at
the measurement site. The light detectors e.g. 314 can detect light reflected from the portion
of living tissue of the user. The detected light information at the light detectors e.g. 314 can
be transmitted via the coupling member 316 to a personal mobile processing device (not

shown), for example, for further processing.

10

In the example embodiment, optionally, a pressure detection assembly 318 may be
provided in the optical measurement device 300. The pressure detection assembly 318 can
be configured to detect and transmit to a personal mobile processing device (not shown) an
amount of pressure applied by a body part of a user to the measurement device 300 during
15  optical measurement. The pressure information can be used, for example but not limited to,
to detect whether a body part has been placed on the measurement device and/or whether

the pressure exerted by a body part is sufficient for accurate readings to be obtained.

The optical measurement device 300 can additiohally be integrated with optical
20 filters e.g. 320 to minimize the disturbance from ambient light. In the example embodiment,

‘an edge filter with optical transmission characteristics can be used.

Figure 3(c) is a diagram illustrating optical transmission characteristics of optical

filtering in an example embodiment. In this example embodiment, wavelengths of light below

25 about 600nm is filtered out and prevented from reaching the light detectors e.g. 314. This
can be effective as the wavelengths of interest are that of e.g. about 600nm and about 940

nm only. Alternatively, filters which target specific wavelengths of interest can be used. For
example, filters which, e.g. when used in combination, allow transmission of light from about
600-700nm, and about 900-1000nm can be used. Alternatively, a single filter which allow

30 transmission of light from about 600-1000nm can be used alone.

Figure 4 is a schematic diagram illustrating an optical measurement device 400
being coupled to a personal mobile processing device in an example embodiment. The
optical measurement device 400 functions substantially identical to the measurement device

35 300 described with reference to Figures 3(a) and (b). The optical measurement device 400
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comprises a sensing portion 402 that in turn comprises an illumination and detection

assembly 404 and optionally, a pressure detection assembly or pressure/force sensing
portion 406. The illumination and detection assembly 404 comprises one or more
photodetectors e.g. 408, a red LED light source 410 and an infra-red LED light source 412.
5 The measurement device 400 is shown coupled to the personal mobile processing device
414 which can be, for example but not limited to, an Apple® iPhone® (Apple Computer, Inc.,

Cupertino, CA).

A processing module 416 of the optical measurement device 400 is exploded for
10 better illustration. The functions of the processing module 416 can be provided by hardware

and/or firmware of the optical measurement device 400.

In use, after establishing a physical connection of the illumination and detection

assembly 404 with the personal mobile processing device 414, a microcontroller unit (MCU)

15 418 in the optical measurement device 400 can extract information for authentication
purposes prior to sending of data to the personal mobile processing device 414. This
authentication process may be specific to the iPhone®, as Apple® requires that any device
using the 30 pin connector purchase an authentication token from Apple®. It will be
appreciated that variations or elimination of the above process is possible depending on the

20 personal mobile processing device 414.

With the example of an iPhone®, communication is enabled via the Universal
Asynchronous Receiver/Transmitter (UART) protocol from the 30 pin connector of the
iPhone®. Strings of data are sent to UART every 8 milliseconds from the MCU 418 to the

25 iPhone®.

In the example embodiment, the data is comprised of 2 bytes of header and 10

bytes of payload. The payload is sub-divided into 5 parts, each comprising 2 bytes of data,

i.e. DC1(IR), DC2(Red), PPG1 (IR), PPG2 (Red) and FS (Force Sensor). This data is

30 obtained in a HEX file format and is then converted to back to voltage (V). It will be
appreciated that variations of the data/payload is possible depending on the desired
application, for example, whether or not the force sensing portion 406 is included in the

device 400.
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With reference to Figure 1, DC1 and DC2 provide information for the DC

component 104 of a PPG waveform, thus enabling calculation for saturation of peripheral
oxygen, or SpO,. PPG1 and PPG2 establish an actual PPG waveform and provide
information for the AC component 102 of the PPG waveform. Optionally, FS sets out to
provide information of the amount of pressure applied to the illumination and detection

assembly 404. An example of the data decoding format is show in Table 1 below.

Time X DC1 DC2 |PPG1|PPG2| FS 9104 pC2 | PPG1t |PPG2] FS
(ms) Data from Device (Hex) | (Hex) | (Hex} [Hex) [ (Hex) | V) | ) | v) | v) | v)

0 FOE20A01023A01FO0350086E | 0701 | 023A | 01F0 | 0350 | O55E |2.8906(0.9188/0.79986| 1.3671|2.2150

8 FOE20AQ1023A02AB03470560 | 0701 | 023A | D2A8 | 0347 | 056D [2.8905/0.9189( 1.0962| 1.3526(2.2392

16 FOE20A01023A031802B7057A | 0701 | 023A | 0318 | 02B7 | O57A |2.8905/0.9189(1.2768| 1.1204|2.2602

24 FOE20A01023A0314026D0584 | 0701 | O23A | 0314 | 026D | 0584 |2.8905/0.9189|1.2703(1.0011[2.2763

32 | FOE20A01023A028E02D0058C | 0701 | 023A | G29E | 0200 | 058C |2.8905/0.9189(1.0801|1.1607)2.2892

40 FOE20A01023A01E3035505981 | 0701 | 023A | 01E3 | 0355 | 0591 |2.8905(/0.9189|0.7787)1.3751/2.2973

48 FOE20A01023A012D03400592 | 0701 | 023A | 012D | 0340 | 0592 |2.8805/0.9189|0.4852| 1.3413|2.2089

FOE20A01023A00C402AE0581 | 0701 | 023A | 00C4 | 02AE | 0591 |2.8905|0.9189|0.3160] 1.1058]|2.2973

FOE20A01023A00D0026E068D | 0701 | 023A | 00DO | 026E | 058D |2.8905|0.9189|0.3353{1.0027|2.2908

FOE20A01023A014D02DBO585 | 0701 | 023A | 014D | 02DB | 0585 |2.8805/0.9188/0.5368]1.1785(2.2779

FOE20A01023A0209035A0578 | 0701 | 023A | 0208 | 035A | 057B }12.8805/0.9189(0.8399|1.3832|2.2618

FOE20A01023A02BC0338056E | 0701 | 023A | 02BC | 0338 | 056E |2.8905(0.9189(1.1285( 1.3284|2.2408

888N RS

FOE20A01023A031F02AS5085F | 0701 | 023A | 031F | 02A5 | OB5F |2.8905|0.9189(1.2881]|1.0914]2.2167

104 | FOE20A01023A030B0270064E | 0701 | 023A | 0308 | 0270 | O54E [2.8905/0.9189(1.2558| 1.0060(2.1893

112 | FOE20A01023A028802E5063B | 0701 | 023A | 0288 | 02E5 | 0538 |2.8905(0.9189(1.0447| 1 1846|2.1586

120 | FOE20A01023A01F00350055E | 0701 | 023A | 01C9 | 0356E | 0526 |2.8905|0.9188(0.7367|1.38086(2.1248

Table 1: Data Decoding Format

Turning to Figure 4, in the example embodiment, the LEDs 410, 412 illuminate a

user's part or surface portion for measurement. A raw PPG signal is detected at the

photodetector 408.

A raw PPG signal includes DC and AC components, both of which contain
information for waveform analysis. Signal conditioning is therefore performed to obtain the
information for further processing at the personal mobile processing device 414. An

exemplary signal conditioning process is described below.

To determine the DC component of the PPG signal, a raw signal 420 obtained from
the photodetector 408 is digitized at an Analog-to-Digital converter (ADC1) 422. The
digitized signal is passed on to both a infra-red buffer (IR) 424 and a red buffer (Red) 426
accordingly, which can each store up to 100 samples before sending coliated data to a

processor 428.
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Using the raw samples, a baseline DC component can be determined by the

processor 428. At the processor 428, the digital values for Vsub (IR) and Vsub (RED) (i.e.
the DC components) are calculated. The Vsub signals are subsequently converted by a
digital-to-analog converter (DAC) 430 to provide resultant digital Vsub signals 432.

The determined DC component (Vsub) 432 is then subtracted from the raw signal,
Vraw (at numeral 420) to obtain Vac 432. The new raw signal, Vac 432, then undergoes a
second stage amplification at a second stage amplifier 436 to obtain Vppg 438, where the

signal to noise ratio is improved as compared with Vraw 420.

The resolution of the new raw signal Vppg 438 is enhanced substantially when
digitized at an Analog-to-Digital converter ADC2 440.

Figures 5(a) to (c) are schematic graphical representations of a Vraw signal, a Vac
signal and a Vppg signal respectively in an example embodiment. A determined DC
component Vsub is subtracted from a raw signal Vraw to obtain a Vac signal. The new raw
signal Vac then undergoes a second stage amplification at a second stage amplifier to
obtain a Vppg signal, where the signal to noise ratio is improved as compared with the Vraw

signal from Figure 5(a).

Figure 6 is a schematic illustration of a time waveform for collecting data from infra-
red and red light illumination in an example embodiment. Reference is made to components
of Figure 4. An MCU clock 600 of the MCU 418 is set to toggle at a predetermined interval to
accommodate retrieving results from both LED(IR) 412 and LED(RED) 410 during a
respective first interval 602 and second interval 604. In the example embodiment, the
interval 606 is set to 4 milliseconds. The data collection sequence is then repeated in the
third interval 608 and fourth interval 610 etc. Before each toggle between the two LEDs 410,
412, data from ADC1 422 and ADC2 440 are taken and sent to the UART to the personal
mobile processing device 414, for example, for further processing.

Therefore, in the above described example embodiment, an illumination and
detection assembly and preferably, a pressure detection assembly, may be integrated as a
single, compact optical measurement device surrounded by a housing for portable use.
Thus, the housing can provide structural rigidity as compared to e.g. conventional plaster-
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type devices. The optical measurement device is substantially non-deformable and can

comprise a substantially non-adhesive measurement surface.

The optical measurement device can be provided without a holder or clip or cuff, i.e.
5 the measurement device is holderless. Further, a measurement surface can be provided for
the measurement device such that a user can access the measurement surface using a
surface portion, such as a finger tip of the user, for measurement. With the measurement
device being holderless, the surface portion of the user can access the measurement
surface from all directions in a single plane. The single plane may be on a same plane as the

10 measurement surface.

Furthermore, detected light information can be transmitted to another device, for

e.g. the feedback unit/personal mobile processing device, to carry out further processing.
Thus, the measurement device is not processor-intensive, e.g. may not require a processor,

15 and can therefore function without a dedicated power supply such as a battery. Thus, the
measurement device can be manufactured to be relatively small as compared to

conventional devices.

It is appreciated that the detected light information or Vppg signal transmitted to the

20 personal mobile processing device has a substantial extent of ambient light interference.
Therefore, ambient light or noise cancellation is performed at the personal mobile processing
device. The description below relating to ambient noise cancellation for SPO2 calculations

can be implemented through software and/or hardware modules. The hardware modules can
comprise electronic circuitry or dedicated application chips such as an ASIC chip. A

25 graphical user interface (GUI) may be provided, such as an "app" or software application on
a smartphone, to be run on the personal mobile processing device to implement and display

the ambient noise cancellation.
To determine SpO2 values, for example, a proprietary lookup table is typically
30 provided by manufacturers. A calculated ratio R is used for referring to the lookup table to

determine SpO2 values.

R is defined as,
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AG,
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R = 7,
DG

where AC, DC refer to alternating current and direct current values respectively. The
conditions IR and R refer to conditions whereby infra-red light and red light are used
respectively. It is noted that ambient light noise is usually subtracted or removed in the R

5 calculations.

In example embodiments, there can be provided a method and system for noise
cancellation, e.g. for SpO2 measurements. In one example embodiment, AC and DC values
are respectively obtained for a Red PPG signal measurement, an IR PPG signal

10 measurement and an ambient PPG signal measurement (where both the red and IR LEDs
are turned off). The maximum and minimum values of the PPG signal measurements are
determined. A SpO2 value based on a ratio R value calculated using the determined

maximum and minimum values can then be determined.

15 Advantageously, in the example embodiment, a signal reconstruction of true Red
and/or IR PPG signals to remove ambient signal interference can be avoided. The inventors
have recognised that by identifying and utilising only significant information for SpO2
calculation, an efficient and accurate calculation can be carried out. The inventors have
'recognized that by using only the maximum and minimum values of the respective red, IR

20 and ambient signal pulses, the calculation of SpO2 can be carried out. For example, a
maximum of the true Red PPG signal (devoid of ambient noise) can simply be obtained by
subtracting the obtained maximum value of the Red PPG signal, obtained when the Red
LED is turned on, with the obtained maximum value of the ambient PPG signal, i.e. when
none of the LEDs is turned on.

25

In other words, instead of reconstructing a true Red PPG signal (devoid of ambient

signal) and a true IR PPG signal (devoid of ambient signal), advantageously, reconstruction

~ is avoided in example embodiments, and only the maximum and minimum values of 3 PPG
signals are obtained for analysis to obtain SpO2 value. This can minimise processing and

30 consume less power.

A feedback unit/personal processing device can be provided for removal of ambient

noise signal from an optical measurement in an example embodiment. The device can
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comprise a coupling member e.g. for coupling to an optical measurement device. The

coupling member can receive a first signal waveform obtained based on detecting light
based on a first light illumination, a second signal waveform obtained based on detecting
light based on a second light illumination, and a third signal waveform obtained based on
5 detecting ambient light. The device can also comprise a processor module that can obtain
respective maximum and minimum values of at least two of the first, second and third signal
waveforms; and the processor can derive signal values of the first and second signal
waveforms with the removal of ambient noise by using the maximum and minimum values of
at least two of the first, second and third signal waveforms.
10
Figures 4, 5 and 6 can relate to one or more example implementations/applications
of e.g. the optical measurement device 300. Figures 7 to 21 can provide further example
implementations/applications of the optical measurement device. It will be appreciated by a
person skilled in the art that the methods or algorithms etc. described may have steps or

15 components which may be used in combination or in place of each other.

Figure 7 is a schematic block diagram illustrating circuitry for obtaining information
for SpO2 calculation in an example embodiment. The circuitry is provided in an optical
measurement device that is external a personal mobile processing device. At block 704, the

20 photodetector (compare 408 Figure 4) coupled to a transimpedance amplifier is arranged to
detect light information. These components are coupled a high-pass filter module 706 that is
in turn coupled to a voltage follower module 708. The voltage follower module 708 is coupled
to a non-inverting amplifier module 710 that is in turn coupled to a non-inverting summing
amplifier module 712. An output of the non-inverting summing amplifier module 712 is

25 coupled to ADC2 of a MCU 714 (compare 440, 418 Figure 4). Further, an output of block
704 is coupled to ADC1 of the MCU 714 (compare 422, 418 Figure 4).

Figure 8 is a schematic graphical illustration of output obtained at a light detector

(compare 704 of Figure 7) during a light emitting diode (LED) firing sequence in an example

30 embodiment. During an Ambient (Am) or OFF condition 802, both the IR and RED LEDs are
turned off, and an ambient PPG signal 804 can be obtained. During a toggling sequence

806, the IR and RED LEDs are alternatingly turned on. The MCU can then perform time
based de-multiplexing to extract the respective IR and RED PPG signals. An example of de-
multiplexed signals can be observed in Figure 11(b). The IR PPG signals (in bold) and Red

35 PPG signals (dotted) can be obtained. Another example of de-multiplexed signals can be
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toggling on/off of an IR LED and a Red LED in an example embodiment. Figure 9(b) is a
modification of Figure 9(a) to allow an ambient PPG signal to be obtained. Figure 9(b) also
illustrates a toggling sequence within sequence 806 of Figure 8. There is a relatively brief
period At 902 between each toggling, e.g. about 100us, when both the Red and IR LEDs are

10 turned off. Each LED is turned on for about 2.9ms e.g. numeral 904, which makes each
toggling cycle to be about 6ms. This can improve the IR and Red PPG signals accuracy.
The brief period At 902 allows a time break between switching from a Red and IR signal
condition (or vice versa). This may be useful to a single path system whereby detection of
the red and IR signals are performed using the same circuitry. The brief period At 902

15 introduced can ensure that each detected Red and IR light information displays its own
behavior. The inventors have recognised that if there is no break e.g. provided by period At
902, the light signal of the previously switched on LED may still be present in the processing
path. That is, using the brief period can reduce “crosstalk” issues.

20 In some example embodiments, the intensity of each IR and Red LED is further
tuned such that the output at the photodetector shows a response of between 2V-2.5V (at
ADCH1). That is, the inventors have recognized that the effects of ambient light signals can be
reduced as much as possible by tuning the intensities of the IR and Red LEDs to be
maximized as long as the photodetector has not reached saturation. In the example

25 embodiment, the saturation voltage is based on the Vcc used and is about 3.3V.

Thus, the inventors have recognized that ambient light interference can be
minimized as compared to the IR and Red signals detected. Thus, in the example
embodiment, detection of the ambient signal can be conducted in its own ambient detection

30 period before or after the toggling sequence of the IR and Red light sources.

Returning to Figure 7, the output from block 704 is transmitted to the high-pass fiiter
module 706 and in turn to the voltage follower module 708 to remove the DC component
from the PPG signal. The remaining AC component is amplified by the non-inverting

35 amplifier module 710 to maximize the peak-to-peak amplitude of the PPG signal. In an



18 Usi ng the raw sanpl es, a baseline DC conponent can be determ ned
by the processor 428. At the processor 428, the digital values for Vsub
(I'R) and Weub12i@¥EDy (i.e. the DC conmponents) are cal cul CESG2TRH00/8%1b
signals are subsequently converted by a digital-to-anal og converter (DAC
430 to provide resultant digital Vsub signals 432. The determ ned
DC conmponent (Vsub) 432 is then subtracted fromthe raw signal, Vraw (at
numeral 420) to obtain Vac 432. The né® raw signal, Vac 432, then undergoes
a seconexampig emboagiment, dae iAéhcempenest isoarapifiedde abepl 0-8i3df willzg gain ebakeut Vppg
438, whed gqthecsi is b Q yhShid mg ik T 420.
The resf)q ﬁ??'@ﬁsbfﬂ? eafttr?gvevfl '?%rsvﬁé"?'gh%?”*\"/g"ﬂéﬁ@g”@ 7Z*%I{ance éggg\sg{%ﬁ?yaWy
when di gampanedt tettheiACAHgNabguchotha the signakessiiatesabopBte arkiary Rgvalee. 5(a) to
(c) are schematic graphical representations of a Vraw signal, a Vac 15
signal and a Vppg signal respectively in an exanpl e enbodi ment. A

det & mi ned DAgsepoirehiguiss ibAPE 1sprevides thed DEr pertian oh e mgaavreyrsignal @ndbt ai n
a Vac sj I r aw: i dergoes a second stage

anpl i fi%g??gﬂovl%%e{ﬂg)gg nd'ﬁgg@é gq\r%%li"%?g@ntgg obtain a Vppg signal, where
the signal to noise ratio is inproved as conpared with the Vraw signal from

Figure 5(a). @2 ‘e aHl " : Wory! | i
wavef orm f or %g[frlee1(9t(?) nlaa éfg%H @I‘%Iﬁ“?‘%{% I@%E?%E‘(ﬁgdr éﬁﬁ?@‘ﬂ?ﬁ W@gﬁlglr?g{] \lt’éor{ng?i n an
exanpl e(cempargi ARG of Riduse éhirean sxaraple embosimginéhe y-axfs iiiytarespof mi aptu

accomi e B K 8 e B s 1808 836 Rttt GHaHE BB RRT sl ©
duri ng ERSareetopest orvduriigrtbe togaling vaauate &edFigesn Bl Numesal Hi04ctwwsithe t he
exanpl esi@rﬁ\&?é’%ﬁﬂ%wﬁé}?mﬁrﬁé‘d 4AY |§Q§dls§art%ﬁthr&e9_ &t Bl &%;t?ﬁgggn@ﬂ@m ga&a

col I ect sequence is then repeated I e third interv _ ourth
i nt er valFigsn® 8ptAs sBafbrtbe @mtitudgf| the Isianalseebtained dwang Hms tagging sequengeat a
from A s Moke are taken and sent to the UART to t he personal
nobi | e[%r%o(f sﬁﬁ&s@ew cdgésgf)i'df, for exanple, for further processing. 30
TheY¥efore, in the above descri bed exanpl e enbodi nent, an illum nation and
detection as y e f d ! Vi v be
i nt egrated azﬁgﬁpsei }]%(Pg,nsoéo%gﬁﬁllldoégtaﬁ%ggﬂ%snégéglrseﬁétﬁﬁeg%i%’Z%Eﬂf??égn dal by a
housi ngedngertgrdcombare ARRE2 offhigure T)He ancxempte @abodiment. dbe yraxiscisum tHrmsicgi di ty
as conbaleylife G.oiie 16 ALFAL LPRE! NFhaS! Fios SRR AOSIRAL RATH HZREFLARO00S
19 type devi ces. Ke optical neasurenent device Is substantially

non- def & kieb$ ereatwineshon during thectogglingseaaanteaBis) (figureihBNumeeal HOAS shewent
surfac T, [«C t | r Qi ' ; er or
ol 5 Grne At el CAbo TR KOS B IFEERDE Grt Mink ot AU e L+ Bhifor 80
measur effigwe §uThadB signalstare showi st sptid lingseattdd 8 @nd teeRed signals aseshownat a
user cap; ] r X i f per t,i. 0 u as a
finger NG EERST (hBE JPARAL WREne Wl AR Parkdy, Bviea b AR o o dg 2 g
hol der | diferencen betaugen dbe Redr anchiR detected AGC evignadmisanateted ashtOxvd®s @ gaie ref
surfaceagorup%ﬂh%sq%%ggéa §B§idla9. a single plane. The single plane may be on a
sanme plane as the nmeasur enent surface. Furt hernore, detected

| i g@® information can be transmtted to another device, for e.g. the

f eedback uni tf}r@ﬁ‘?ﬁﬁbiti&‘?@ét’eﬁs RN tﬁee‘{hclt%o 4Q 1GRARG YorP YrhileUtheNREq
processi ng. Thus, the nmeasurenment device Is nof processor-iIntensive, e.g
may notcandiion refees {or woers snly thel Red ndEl: isrtutriedrast. dihe IRuanst/orghe \WRedhennditigns

dedi cat - u t V S SHAT ORIy HGE can
be nanu%gc'[?%\r{%éecfgpglgm%lg l)\a/azlfj?/g(gira-flgta{ss %\%pgrthge%r???r%vgntl oﬁgI%%ggi ces.
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cal cul a dlngﬁ'gR%éér?gbr{éﬂi'eﬁ%)lléeE%e&n?@?%%rough sof tware and/ or hardware nodul es.
The hardware nodul es can conprise electronic circuitry or dedicated
application | S : ' - J..C ' . (au)
may be provi églIélﬁ)ﬁwseugﬁr%g?s%%lr&@%&nﬁ?ﬁs&?@wﬁ?@@éﬁgﬁ%ﬁz ?%ﬁ]seégnﬂ‘gtt %ér@ﬁ‘fcaglrt]one,
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t he anbi ent noi se cancel | ati on.



To determ ne Sp02 val ues, for exanple, a proprietary |ookup table is
typically 30provided by manufacturers. A calculated ratio Ris used for

ref erri ngvoa012099336okup table to determ ne Sp02 val ues. PRTIS&2¢i2f00e0e8 as,

WD 2012/ 099537PCT/ SG2012/ 000005 20 AC, DC, ACIR DcR where AC, DC refer to
alternating current and direct current values respectively. The conditions
IR and R refer to condi ti ons wher eby infra red light and red Iight are used
respectively. i s noted that anbi ent?4 ght noi se i s usually subtracted or

r enovedbeé aequeorm Figuses 10(a} arshe) that the AC an %(awﬁp@nem%efo#\ﬁ&ﬂdsandtlﬁe" RGcan
be provy; ngﬁ&ls %rérﬁfréu?%érr\ﬁm%x%r%e éﬁab.enppp@ Qemehhe%fo?@ th& -cBntrib@iorSeRe

nmeasur enent s. one exanpl e enbodi ment, AC DC val'ues are resg ctively
obt ai neampient Bpﬁé‘dgﬂap@ |§$Sg$19n"f'¢?@é§QmE?f6ﬁtW'théhe PP@tF’P’G'%‘lﬁrﬁ%ﬁ RED ordBtfP@nent

and an Q%@W’R@P&rﬁ'pme %%%Sﬁea&c&messoé%émmnr erfrhaarréi inRekdrhslear €
turned o

e nmaxi mum and ni ni mum val ues of i gnal’ measur enent s
are ijet@ﬂhﬂﬁ@@ntSAﬂ&)&ﬁQ/ﬁWﬂ‘éﬂ%‘Q@e'ﬂte@ﬁ't)a cpRthe tLF@e?aioué '@é‘?'ctﬁ‘?htpé‘éi/'%r fR§ t he

det er m ggd. E‘tﬁ rBligk %WQH"& H@%cfé?ﬂr\/d'ltgﬁé‘ ag%ogﬁblﬁr Pith& A -saturating the

15Advant ageous Y, e exanp di nent, ignal reconstruction of

true Resigeaisl/ tie lmensrtaecam gmpatrctllsdrtayntbeé\/'%HbT%rurmggﬁ%n epsire thatrhotit Bedan be
avoi dedn g srgﬁxsr{rﬁﬁ"&m@ A@@%ah ~°r§£’cht Qﬁfan@vtuaeq&rér fs)gnmaﬁtrwh.ghéﬂ fh&hNg

onIy S| gni rmati on é'(pp cal cul atlon an efficieéent
accur at/émb@r\t:a!gaalséranéraﬁteséoée\?m r @¥amplend amAmkiest siopahat A%@bgﬁwa%ﬂ t hat

by 51 ng SQ”B&htﬂr% wjrﬁsgergha@qt Rbgh s dr@ée%ry B sbg dbB8PE¢ ok ¥BoveEthisl iR 20

and anbient si cal cul ation Sp02 can be carried out. For

exanpl edeséflh%d@fl"ﬁ,rrﬂv@fat@%@ m@@@%HbM%thd:rwfeOéeUb@@'t&" ters 621 basiess) can
sinmply eﬁ P @hﬂﬁ&' tat @@&é@ﬁrﬂfrwn ‘iu&ﬁl b E%dnmébrﬁrt{ﬁ eI stdps dfgd PPG

si gnal , tar ned when the ED 1S turned on he obt al ned maxi num
val ue oq!eqcnbechmﬂ dvatratgaingneyaletall bedow Wit Figyene7(BY the LEDs is turned on.
25 In other words, instead of reconstructing a true Red PPG signal
(devoi d of anbient si gnal[% and a true IR PPG signal (devoid of anbient

si gthal ), advaPesegerutiieyLED Siag seauance@s iflusteatesl ieioune &xXheslata ebtalerd mint s,

and onl xDb*r%ngt&egdﬂJea@wpr&@és%wr%gaba% A ahd i cOPpBALts 3F theQRt REAGHdT OF

analysis to o n Sp02 val ue I's can mnimse processing and 30 consume
| ess pofvabient conditions.

The signals shown in Figures 10(a) and (b) can undergo further digital signal
20 processing steps. The modules for such processing may not be all shown in Figure 7. In the
‘example embodiment, the DC data is passed through a low pass filter (e.g. filtering >0.8 Hz)
and the AC data can be passed through a band pass filter (e.g. filtering <0.5 Hz and >30 Hz)
(not shown in Figure 7).

25 Figure 11(a) is a graph illustrating filtered DC signals in an example embodiment.
The y-axis is in terms of mV and the x-axis is in terms of ms. The graph shows filtered DC
signals of when the Red and IR LEDs are turned on during the toggling sequence 806
(Figure 8). The IR signals are shown with solid lines at 1102 and the Red signals are shown
with dotted lines at 1104.

30

Figure 11(b) is a graph illustrating filtered AC signals in an example embodiment.
The y-axis is in terms of mV and the x-axis is in terms of ms. The graph shows filtered AC
signals of when the Red and IR LEDs are turned on during the toggling sequence 806
(Figure 8). The IR signals are shown with solid lines at 1106 and the Red signals are shown

35  with dotted lines at 1108.



WO 2012/ 099537PCT/ SG2012/ 000005 21 conprise a coupling nmenber e.g. for
coupling to an optical neasurenent device. The coupling nenber can receive
a first swonai2omssef orm obt ai ned based on detecting |iglktrsazedoomon first
light illum nation, a second signal waveform obtai ned based on detecting

i ght based on a second light illumnation, and a third signal waveform
obt ai ned based on 5 detecting anbient light. The device can al so conpri se
a processor nodul e that can obtain re®dective maxi nrum and m ni num val ues of
at least two of the first, second and third signal waveforns; and the
processor can.. i sLgn o) P R iRk havgf or s
with the remr;'\:/'gﬁrreoﬁ%?n'%i%eﬁ% p%gllhgtgé:tg@ fﬂtéféﬁgé?ﬁzénﬁgs% Hé&%ﬁ]bge@l ni m‘Lj'ﬁ\H@a' ues
of at |amexample eafbodimeertt.i Tret y-axie iindeamslof mVrandshe xedxisia e fesmeof mksO The

Fi gures_ 4 nd .

ol crmesieRt SoRRS esFR o Pl 1282 WAen the PREERERTRS: are tumed oft during thg,

Fi g esOFFtcond@tiorc80P (figawe 8 furt her exanpl e i npl enent ati ons/ applications of
the optical neasurenent device. It will be appreciated by a person skilled
in the art that the nethods or algorithnms etc. described nmay have steps or
15conponent s Fibureh 2¢)yis laegrapte diustratingrfiterest AC sigmalsi far ph aowiert PESE bigoaltier .
Figure 7 15 I ck_dl ag: ] rat. i fCUi: bt-al ni ng
i nf or maT1 Sﬁaﬁ%é%gl%gg%ea t'(t:t%a)f'?)g%l%?'hqg?ﬁh Aeégﬁn%l%tdetﬁgéaxkﬁﬁﬁ {&\f'ﬁé%if'%cbrﬁ ry is
pr ovi degraph shows fitéred IACheigsals 4 38 whee the Retl laat IRIEDe anertained qfedwingdhe

nobj | e J: I t block 704, the 20 photodetector (conpare 408
Fi gJ[ere @fpgﬁ%{@g@%&'ﬁ?g isi npedance anplifier is arranged to detect |ight
i nformati on. These conponents are coupled a high-pass filter nodule 706

h i i X f . . 08..
Fol | ower moduTam BB ) e e sl qr At R o ey S BB, o,
i's in tandthewopksmbrdmgadataand timerfon thgses onarimmun ang mifimeim paiots|age WeRtifieth

out put of il rtj . i 1fi 7 S nled to
ADCo o %8 T F 4t R ey AT WA B B By Vg el SRR
70415 s usingpdmdpaak deixclionfechhiguedtU 714 (conpare 422, 418 Figure 4).

Figure 8 is a schematic graphical illustration of output obtained at a

| i ght detector (conpare 704 of Figure 7) during a light emtting diode

(LED) firing Kegureecti{a) israraenlargadplesi®@OokRigodi tip), .fotsingngn arspesiiic exeriod Am)

or OFF conditiqn,8 t : r r f

anbi entbegw%ei#*gﬂé? Q@ﬁq@é%dbéeg gﬁﬁgﬁﬁgﬁrﬁ%a%%%@l \Pﬁgs@@qlwg%c%g 138% t he
| R and &idiheRed sigralscdre showib with Idptted imescatdd04.The MCU can then performti ne
based de-nultiplexing to extract the respective IR and RED PPG signals. An

exdnpl e of de-nultiplexed signals can be observed in Figure 11(b). The IR
PPG si gnal s (Figureol3d) iareh Etdargé8ReSian ghhigere( titib), ddgusirgnome specdic medod

Anot h f - i i . . -
20151 oSN SRLr el o Bp U HEAG Sl TR SE A5 seihuvitspicines 284308 e
ar e r eparesthatRed, sigraihane shban withedattediihes et 1&808eTbe maxinoumpdind gatahat t1 and

i ndi vi dyal ipts.  Figu a), . exe i L0 ng. wav

o agr aniorty RRBH gRInRor oo RoaRe B PR RlhsRe TR 1312 HEpBENERE TS | o
an =l t emimirhu ot Hetaedt tZistidentifigd asiR2, qR2aeamummeralti8d4l i ng on/ of f of an IR
LED and a Red LED in an exanpl e enbodi nent. Figure 9(b) is a nodification

of Figure 9(a) to allow an anbi ent PPG signal to be obtained. Figure 9(b)
al so il ustr eRigweal 4(@a)igl amgnlagegdeareesomiof Rigures d3(a¢ fieaisBigcorod dpegific edod Ther e

is arelatively i [ {. 902 between each toggling, e.g. about
100ps, ﬁ%bt"ﬁ% ﬂﬁtkﬁﬁﬁergﬁgx?&ﬂgﬂ%m are 10 turned off. Each LED is turned
on for about 2.9ns e.g. nuneral 904, which nakes each toggling cycle to be

aboyt 6ms. Thi.s c i.mprove the IR and Red PPG signals a r - rief
porttha At 907 Sire LR e aRe e el Cule Lol s BE 4 s befied

si gnal tweaaweer t1ao t§ of theifilteredeXG aignall Mhe nraximioe pose Hata dtd1 and thareadgraified
system wher e det gct i of. the red d Sianal s arg,perfornmed using the
sane cif% {t%acc?@ngixﬁngp "H@W%pﬂf‘t g%ﬁ al %5'3 i"%tnﬁgﬂﬁﬂj%se 2‘can ensure that each
detected Red and IR light information displays its own behavior. The

i nventors have recognised that if there is no break e.g. provided by period
At 902, the light signal of the previously switched on LED nay still be
present in the processing path. That is, using the brief period can reduce
"crosstal k" issues. 20l n sone exanpl e enbodi nents, the intensity of each IR
and Red LED is further tuned such that the output at the photodetector
shows a response of between 2V-2.5V (at ADCl). That is, the inventors have
recogni zed that the effects of ambient |ight signals can be reduced as mnuch
as possible by tuning the intensities of the IR and Red LEDs to be
maxi m zed as |ong as the photodetector has not reached saturation. In the



25enbodi nent, the saturation voltage is based on the Vcc used and is about
3. 3. Thus, the inventors have recogni zed that anbient |ight

i nterfer NOROLANIBE M ni m zed as conpared to the | R andPRESG0IGHA085
detected. Thus, in the exanple enbodi nent, detection of the anbient signal
can be conducted in its own anbi ent detection 30period before or after the
toggli ng sequence of the IR and Red |ight sources. Returning to
Figure 7, the output fromblock 704 i & ransnitted to the high-pass filter
modul e 706 an shaulg enneted that theInotagiens suctbaet! niBdid are7aditiasy netatiors fale DC
conponegt, ik : ' : IWH [ nep oI by
he non P Py B nol . B e o a0 AL . SR, L B

anpl i t ueenditfontand aPFNBiEgteanditipn. an WO 2012/ 099537PCT/ SG2012/ 000005 23
exanpl e enbodi nent, the AC conponent is anplified to about 0-3.3V with a
gain of about 10-40 tines. Thereafter, a non-inverting summng anplifier
712 5 nt r oducel with berappraciatgd that b ap ddrahsityationh e.gA@iti igdididualupitetedetecterie

si gnal i bout_ .t he 1 v.alqu 3 N i g ADC1
o1 ovi oo (SR BRRVRY il 3 CcRitohs AR R 1id Amin 30" plrfecll ik g
por t i oncafditions, atepaalks @nd fiogakd may in theory qucyuatdhe gamyp points | pthen words, t1,

Ll ustrati : ; _ A
ADCL of B B ied o SaRRUbS Eisitingl B abus elbbAs in WTURREL oldhitloe: J
and 10 bérausge sxisingies path isertiizedf anpeak\gampled daow HieolR conditign (paanet be

obt g ne I et ' I
seqﬁdencgmgggﬁ%@?gurﬁggég. H&ﬁ%gf&f%'ﬁnsﬁ%\%g&‘t ﬁ@erg:%%a g&gkgttf%rlgﬁéegcfl I\a,ﬁ)eer?kt he
Red andandtroggis exget' U2 rdad t3f timgar If rrgmpiieg @FPnca babis i f IRSHRed( #dyAmbiegit.  As
shown, : I Lt ' ; i ' ' nce
206, ( Fi GUFLCE P UAE sdhels Var Sl iPCATLERUpIE by R pl i id o h

i |1 ust rtheiragpeatives sighals RaBoand Arbignt) aégaatdll og and tdi may anly berangrsasplg ebnpar e
ADC2 of ¢ Ei [ = ' : 2% S hSyrd nv
and t no o Sdef cfler; oGS L STRP O 0P B, lNGr f6. 219 B e Sarh Bl ey, T

t helRedthgmarticRlar Eelof spmplegcan dedejedigdifion thesatcolggonsnifdesiigdence 806 (Fi gure
8). Nuneral 1008 shows 20 the AC signals when the Red and IR LEDs are
turned off during the OFF condition 802 (Figure 8). The IR signals are
shown with solni thel ipresentiit desdribednexarple Rendbedigenlss asr thesh ke tagglingdend ed

¥ , Lif: cat S 2 h
i 11 or oRRREACRREEER & b SR ccs o B PO R MR ARt dhr) B4 o Rghs iy,
i .e. a babblaipedabthetsatr® timerss theals aped ¢ ppaks/antkigoughs. As such, indiMidual fgnals

o _ . ; _

corth 1 59 1%.3 8hd arich Bk el Stonplgts ahd ERARCAeptiflolf e leo, |

Red conbk extendeditoea 3 phass sequedce, re-g&ilGuroadition ah femth sgdonds, Thaendition ervion i f

the bri @EE s%ﬁjo sPﬁ& LRdieAt coqr%?ti[oh%nifglcjlé’ggéilmdé.he respective condition, Red or
st r g

IR is el'evant given e longer preceding 30 anount of tine when one
of the LEDs is turned on. The ambient condition refers to when none of the

condi 11 ons. . Suin tfle e End Plleds%r 34} A5 14647 sbB. 0B A IS B o BB 005
24 Me sealeuldted by efollewnd:0(a) and (b) that the AC and DC conponents of the

Red and IR PPG signals are |arger than those of the anbient PPG signal.
Therefore, the contribution of the anbient PPG signal is |ess significant

conpar GQ?,MBP t heZed®tri bysion of the RED or l%’BE(’%ii gnal s. This can

provi de f'or a"nore mgcurate Sp02 cal cuf.at#@n. = - i/f2 exanpl e
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5 enbodi nents, the LED illum nation intensity can be tuned to a |evel that
provi des for detected signals that provide as high a detected vol tage as
possi bl e, W@i20199533at urati ng t he signals. The intensityPCaSGRE120000035 ol | ed
by the MCU. The tuning can ensure that both Red and IR signals transmtted
to ADCL can reach an anplitude |evel significantly higher than Anbient
signals transmtted to ADClL. For exanple, if an Anbient signal at ADCl is
about 10 0.5V, both Red and IR signal¥d at ADCL can preferably be set at
about 2where RBGeveDCahissthe DGiualue iohene giele iof thesiR biE@being tvdies eredwing thel ow
with Fi i -tkher : i

det ot o Saisaupi (s BTy hgiene 3t 3t SRp R} AuBRTHE S bETtme
descr i bsamanice. ianlaveragatoéthe valyasrie baisgmbtained dov LE measpgments)y ASk + P¥Rased
on the Tl | e j - ' i t hged at
ADCL 2t BT e B e I e e R B e

| R, Red(Figite BiiPent Dfands thedds valmpof ong srsle ok evirked kERibgingdyrnedea)duiing ( b)

can und I | gHat @y Sd OacPr o; i or
o BBl st e oy ok, KNGLOEAE H5.h6 8] ond Mol Rk

enbodi neRlP beingdumed watduring theatoggle searengsBb (Figure 8k PGadatds thecavgragei P€er i ng

>0.8 Hz e ; " igh-t:er .

i tert g MeambienPsgatiy il BOaR i O ERrBNGR IO o) B P20E: ¢
gr aph i huroberr eft ¢yslgs ftakanefos @npigsis i apdahGaviam irthe 2uefege AGriyellienafrthe amM¥ent- axi s
iIs jp t InS\ditiSn Iafo t - Yo

fi Iitd;r eﬁéﬁ ds%iftegna gﬂrﬂ?gt \%%e%Ftﬁ)r?gﬁ&i'ggn gga (Frlg@lEeE%L T;Fr%eg%ﬂﬁsnggla%b%url n?;m? he

t oggl i ngherefotbridPssaE tureguPl. Bherefpiiey durngjcglsalations, dhe aiRrvalia eansglsi eHtl i nes
at 1102 [ ; ith dotted |ines at 1104. 30

Fi gure i@@)&‘#&s"e?gr“’%ﬁ%{]ﬁ ?ﬁ@%’?ﬁﬁ%mﬁ tered AC signals in an exanple
enbodi nent. The y-axis is in terns of nV and the x-axis is in terns of ns.
The graph sh i & é}ﬁ@ ; ; | aal r ned
on during thgfﬁeo%ﬁtﬁrs Qaev(%quﬁé():e 8C()jéth?{:}h\géﬁt}§% “g@@ﬁgm%%qs":ggﬁtnngés?%ggg?s?hgm

wi t36 soamplitudene isias follo@s:and t he Red signals are shown 35with dotted |ines
at 1108. WD 2012/ 099537PCT/ SG2012/ 000005 25 Figure 12(a) is a
graph ill ustr?‘ﬁieng filtered DC signals for an anbient PPG signal in an
exanpl e énitbdirent. The y-axis is in terms of nV and the x-axis is in terns
of nms. The graph shows filtered DC signals 1202 when the Red and IR LEDs
are turned off during the 50FF condition 802 (Figure 8). Fi gure
12(b) is a graph illustrating filtered AC signals for an anbi ent PPG signal
in A ey e enbodi nent. The y-axis is in terns of nV and the x-axis is in
ternms of ns. The graph shows filtered AC signals 1204 when the Red and IR
LEDs arejturned off during the 100FF condition 802 (Figure 8). From
Fi gures 1%Fb) and "¥2¢b), the”nmaxi num and nini mum points for each cycle, and
the corrképandEnd4dat.a, and k4.pe for those maxi num and ni ni mum points are
identified, see tz.“l—&ﬁd—w"—d—tz—. wi |l be appreciated that the maxi mum and

m ni mum Yahwes=c fbemabt‘ai ded 15usi ng any peak detection techni ques.
Figure 13(a) is an enlarged version of Figure 11(a), focusing on a specific
per2d between t1 to t3 of the filtered DC signal. The IR signals are shown

with solid J]ines at 1302 and the_Red signal]s are shown wi th dotted |ines at
1304. 26hefe}°fe, usmﬂita%%erfﬁmame"taﬁe é"ﬁ?@(‘@%‘ﬂ 0V IR i g Y t'ﬁ%‘br’fth

f [ i fi i.od bet tl to t3 of the filt d AC sj | .
o R B Chans SR et oY i et Sk o Faaf 03
h ith _dott | i t 1308, I j,nt 1l t3
dent 1 17180 L ereacie By A P Tan e RBE R neE L fuliohets o
respectively. The
30



25m ni nrum point data at t2 is identified as IR2, R2. See nuneral 1314.
Figure 14(a) is an enlarged version of Figure 12(a) focusing on a specific
peri od bewoeer/dssto t3 of the filtered DC signal. 30F garscidi2mpodos an

enl arged version of Figure 12(b), focusing on a specific period between t1l
to t3 of the filtered AC signal. The maxi num point data at t1 and t3 are
identified as Al, A3 accordingly. The mninmum point data at t2 is
identified as A2. WD 2012/ 099537PCT/ %2012/ 000005 26 It should be

not ed t hat tgeggtgbko such as t1, ;; ’"vx/neriq trary notations for

signifying t timtgs and are not the "rleferred to for an IR
condi ti ¥ =) Red-condit| ofCand an Arftsienyl “congi TTom.| 5f%wi || be
appreci ated {hat 7 an ) deal situati on .g. Wth individual photodetectors

and signal paths for all 3 conditions (IR Red and Anbient), and perfectly
noi se free co s and tro occur at the
same points. ((y(mdharc, rds tl, t2 and §:aC@+Hag) ame when referring to

t he vari us ondi tions. prhe presept _exanpl es, berayge a single path is
utilized, *a peak sanpl ed dur'ffig the IR dbndi ti,on capnot “b& 10

si mul t aneouslly neasured/for the R conditlfon. As su , there are m nor
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(IR R and Anbbgnt), e.g. at t1, t2 and t3, may only be one sanple off from

each ot her. he timngs are too far off of each other (e.g. 2 or nore
sanpl esRapa#H—"}St he particul ar set of sanples can be rejected fromthe
cal cul ations it "esired. In the presently described exanple

enbodi nents, as ™ here are toggling and anbi ent phases (e.g. 806 and 802 of
Figwe 8), the anbient signal peaks and troughs cannot be obtained at the

same tinme as the R a eaks and trou .Su i vi dya i gngl s
30 Tor 1R R S anoMEnebobn deseBid siaHIF ophRemetl careinirantaindLdnd
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condi ti B8N rW%VS g CEB inéd Based on the res Y& PREMYE SPAQYENT YSS
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waveform. The ratio R can be determined based on using the DC and AC values of the first
and second waveforms and the average values obtained from the third signal waveform; and

wherein the ratio R is usable for referencing a lookup table.

15 With the ratio R, SpO2 or the saturation of hemoglobin with oxygen (in blood) can
be determined. That is, in some examples, the ratio R can be used to refer to a proprietary
lookup table provided by a manufacturer to determine the corresponding SpO2 value. The
lookup table can be stored in a database that is in turn loaded onto the personal mobile
processing device and the lookup operation is automated.

20

In example embodiments, optionally, it is possible to determine the quality of the
signals so as to inform the user on the accuracy of, for example, a SpO2 measurement.

The quality of a signal can be measured by a propagation error which takes in

25 account the deviation of the 6 parameters used in the calculation of R. i.e.

R = f(4C,,AC,,AC,,,DC,,DC,,DC,,)

am? ir?
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The inventors have recognised that, indirectly, deviation oR reflects the confidence
level of the computation result of R. The calculated propagation error may be displayed on a
screen of a personal mobile processing device to inform the user of the potential accuracy of
the SpO2 measurement.

Alternatively, instead of the calculated propagation error, a representative

_ description of the propagation error may be displayed. For example, for a propagation error

of more than e.g. 30% of the mean of the calculated R, the user may be informed that the
measured SpO2 is highly inaccurate and may be advised to retake the readings at a more
suitable location. As another example, for a deduced propagation error of less than e.g.

10%, the user may be informed that the measured SpO2 is relatively accurate.

The equations below illustrate the algorithm for determining the accuracy.

R=f(AC,,AC,, AC

ir 2

DC,,DC,,DC,,)

am 2 ir?

0'2_ R 0'2 +ﬂo'2 +6_Ro-2 + oR 02 + OR 0_2 + OR 0_2
R oA q, AG, A C;. AG A C‘; B AC,, oD Clr th a DC; e aDC DG

am

Further, each parameter has individual deviation as follows,

DCir = DCavg,ir + GDC,, ACir = ACavg,ir + o-A(.',.,
DC, = DC,,, +op AC, = AC,,, +0 4
D Cam = D Cavg,am + O-DCM,, ACam = ACavg,am + O-A( e

Hence, the average value of R

Cjavg,r2 - AC'avg,am2 D C‘avg,ir2 -D C'avg,am2
Ravg = 2 7 | X 3 3
DC -DC AC —AC

avg,r avg.am avg.ir avg.am

-/R2 2 (R1+R3) ACR+ACA", =R2 2 DCA".AmME z;i3
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one cycle of the IR LED being turned on during the toggle sequence 806

(Fi gure 8y020t209987i s t he nunber of sanpling points w tRCH/SGREI2{000005 t 3
time frane, i.e. an average of the values is being obtained (for DC
measurenents); ACIR + ACAmis the AC value of one cycle of the IR LED being
turned on during the toggle sequence 806 5 (Figure 8); DCR + DCm is the
DC val ue of one cycle of the Red LED b¥ ng turned on during the toggle
sequence 806 (Figure 8); ACR + ACM is the AC value of one cycle of the Red
LED being turned on during the toggle sequence 806 (Figure 8); DCavg, Amis
t he average DC val ug of the.anbient signal detected during the OFF
condition 802 (Figur . 9 ' +the_nugiéféf_oj_aycl es taken for analysis
and ACavg, Am is the |au€lage- AC vahtie @Che-ahjent’ 10 s|gnal detected
during the OFF condijtion 802 ,(Figure 8). The,gain is set o be the sane
wherb both LEDs are tlyrned OR«c.Therefqre, dufPiong cal cul atipns, the gain

val ue cancel s out and therefoge can?bgmet aspany aebitrary val ue.

The i nvengorsg haveyrflecogni‘sed t hat" 't he ref®ati onsShi'p between light intensity
(1) and 15anpl % ude |( ACg, as 4@ J ons (AC 0 AACG K [aﬁ)(vw\lqgnce, 'signal =

| signal +amamL. A|Z=— " | gn ghal VA 2A2 signal
+ani am 25 Therefore,| using the | nFeVﬂs'it ?@g"anppi"'ﬁ» e rel ati onshi p above,
where Amis substitLte[(iD@ith_%AZ yg(pém amgct heyBs2ighp | +amis
respectively substi tjut e Vol T Fuge—values over an icycle
of the respectively |DC or(iC.cat Phlati)o3Chs.omAbe. 58t of | equati ons above.
30 WD 2012/ 099537PCT/ S&012/ 000005 Typically,

Therefore, it can be derived that
R=R, toy
15
In another example embodiment, the ratio R can be determined using averages of
maximum and minimum values. In the example embodiment, each Red and IR PPG signal
are paired on a per cycle basis. A subtraction is carried out using an average ambient signal
value. The average ambient signal value can be obtained before or after obtaining the Red
20 and IR PPG signals.

Figure 15(a) is a schematic graph illustrating PPG AC signals obtained for a

plurality of cycles in an example embodiment. Figure 15(b) is a schematic graph illustrating

PPG DC signals obtained for a plurality of cycles in an example embodiment. As illustrated

25 as an example, there are 11 cycles shown in Figures 15(a) and (b). The Red PPG AC
signals over the cycles are shown at numeral 1502, the IR PPG AC signals over the cycles

are shown at numeral 1504, and the ambient PPG AC signals are shown at numeral 1506.

In Figures 15(a) and (b), 11 cycles of IR and RED PPG signals and 5 cycles of ambient PPG
signals are shown. This is because the period for obtaining the ambient PPG signals i.e. the

30 ambient phase, is shorter than the toggling phase. It will be appreciated that any number of
cycles for each of the signals (Red, IR or ambient) may be used. The Red PPG DC signals

over the cycles are shown at numeral 1508, the IR PPG DC signals over the cycles are
shown at numeral 1510, and the ambient PPG DC signals are shown at numeral 1512. The
ambient PPG DC and AC signals are used to obtain an average ambient signal value

35 avgDC,, and avgAC,, respectively. In the example embodiment implementing a single path



AC, DC, = mDC', 5 Thus, in the above described exanple

enbodi nent, direct-current (DC) and alternating-current (AC) values of a
first (e.§o20edpP9538econd (e.g. IR) and third (e.g. anbi @T)ISGC301GH0005

wavef ornms can be obtai ned based on the respective nmaxi rum and m ni num

val ues. The DC and AC values of the third signal waveform can be average
val ues obtai ned over a 10 plurality of cycles and based on the maxi mnum and
m ni mum val ues of the third signal wavform The ratio R can be determ ned
based osystem.rifeambient sarwpling(cemnase 882) istreriprned afierdpeleredhel tegolieg ehage. and
the ave’f'ﬁ&@fo\’@'tﬁgsﬁfnﬁ’&éﬁ' diGifhid SRSt h'Pngmersdﬂﬁthﬁ& (HYaNé?fe%éEn fing swm%a%n the
ratio i's usab ref'erenci ng a | 6oku Wth the ratio R, Sp02
or the shawelignegncysieshwithiicoRed aad IR éwg@ne(@m t"!ﬂugbd}‘e!t@fﬁ et neeessaiiliied.
That i sgjighBq P/l fx@npl es, the ratio R can be used to refer to a
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20 R, = "
: n

Thus, for the above described example embodiment, direct-current (DC) and
alternating-current (AC) values of at least two of the first (e.g. red), second (e.g. IR) and third

(e.g. ambient) signal waveforms can be obtained based on the respective maximum and

25 minimum values obtained in one/each cycle. The DC and AC values of the third signal
waveform are average values obtained over a plurality of cycles e.g. 11 cycles described
above. A ratio R for each cycle (e.g. Ry, R, etc.) can be obtained based on using the DC and

AC values of the first and the second signal waveforms and the average values obtained

from the third signal waveform. An average R value (e.g. Ra,g) can be obtained based on

30  using the ratio R for a plurality of cycles (e.g. Ry, R; etc.); and wherein the R value (€.g. Rayg)

is usable for referencing a lookup table.

For the calculation of signal quality, the following equation is used.

35 ZI:(RI - Ravg)2

n
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Therefore, in the above example embodiments for obtaining R, only significant
information for SpO2 determination is extracted. This can advantageously reduce circuitry

cost, optimise space and minimise power consumption.

Figure 16 is a schematic flowchart illustrating an exemplary process for optical
monitoring of physiological characteristics of a user in an example embodiment. The
example embodiment uses an optical measurement device comprising the optional pressure
detection assembly (compare 318 of Figure 3). The illumination and detection assembly of
the measurement device comprises a Red LED and an IR LED. The optical measurement
device is coupled to a personal mobile processing device.

At step 1602, finger detection is carried out. At step 1604, ambient light detection is
carried out. It is appreciated that both the finger detection and ambient light detection can be
carried out simultaneously. At step 1606, the light intensity of the LEDs is set. At step 1608,
a force optimisation process is carried out whereby, for example, the user is advised to
increase/decrease the force exerted on the pressure detection assembly to optimise reading
accuracy. At step 1610, data collection is carried out. At step 1612, computation of
physiological characteristics of the user is carried out at the personal mobile processing

device.

Figure 17(a) is a schematic flow diagram illustrating a finger detection process in an
example embodiment. This process may be carried out in step 1602 of Figure 16. At step
1702, both the Red and IR LEDs are switched off. At step 1704, it is determined whether the
force detected at the pressure detection assembly is more than a pre-stress reading (i.e.
without a load) and whether ADC1 of the MCU of the measurement device (compare 418 of
Figure 4) is not saturated. If both the conditions of step 1704 are not met, at step 1706, the
personal mobile processing device is configured to alert the user to place the surface portion
for measurement, such as a finger, on the measurement device. If both the conditions of

step 1704 are met, at step 1708, the finger detection process ends.

Figure 17(b) is a schematic flow diagram illustrating an ambient light detection
process in an example embodiment. This process may be carried out in step 1604 of Figure
16. At step 1710, both the Red and IR LEDs are switched off. At step 1712, it is determined

DC

+ AC r= AC avg,r aAC. DC 0O, = DC avg, + o0 - Dc.", AC am= AC a"g, a",



Hence, the average value of R ACagv ,r = 11] DCg ,r 2 2 - - ACavg ,am X DC
a,g2 - DCavg,an2 ) - ACavg " 1 Ravg 2 avg ,am AC avg 2 WO
2012/ 099530RUR/BE3012/ 000005 30 PCT/SG2012/000005
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whether ADC1 of the MCU of the measurement device (compare 418 of Figure 4) reads a

value of e.g. more than about 1.5V. If the reading is more than the exemplary value of 1.5V
at step 1712, at step 1714, the personal mobile processing device is configured to alert the
user to relocate to another location for the optical measurement as the ambient light

5 interference is determined to be too high. If the reading is less than the exemplary value of
1.5V at step 1712, at step 1716, the ambient light detection process ends.

Figure 18 is a schematic flow diagram illustrating a light intensity setting process in
an example embodiment. This process may be carried out in step 1606 of Figure 16. At step
10 1802, a LED toggle similar to that shown in Figure 9(b) is performed. At step 1804, the light
data detected at step 1802 undergoes a gain process. The gain may be selected from, for
example, ten times, twenty times or thirty times etc. In the example embodiment, a gain of
ten times is selected. At step 1806, it is determined whether ADC1 of the MCU of the
measurement device (compare 418 of Figure 4) reads a value of e.g. about 2.5V. The LEDs
15 intensity is adjusted until the reading reaches 2.5V. This can ensure that the contribution of
the ambient light is not substantially more than the contribution of the LEDs, when measured
by the detector. In this example embodiment, because the ambient light cannot exceed 1.5V,
and each LED is adjusted to resuit in a measurement of about 2.5V, the ambient light does
not exceed more than about 60% of the light detected by the detector, when each LED is
20 switched on. At step 1808, it is determined whether ADC2 of the MCU of the measurement
device reaches saturation, e.g. at about 3.3V. If ADC2 has reached saturation, at step 1810,

the LEDs intensity is lowered until ADC2 is no longer saturated at step 1812.

If ADC2 has not reached saturation at step 1808, at step 1814, it is determined
25  whether the maximum and minimum data points have a difference of more than e.g. about
300mV. If the difference at step 1814 is not more than e.g. about 300mV, at step 1816, the
gain can be increased. At step 1818, it is determined whether the gain is thirty times. If the
gain is thirty times, the LED intensity is set and the setting process is ended at step 1820. If
the gain is not yet thirty times at step 1818, the process loops back to step 1814.
30
Figure 19 is a schematic flow diagram illustrating a force optimisation process in an
example embodiment. This process may be carried out in step 1608 of Figure 16. Reference
is also made to the description of Figures 27, 28(a) to (c). A graphical user interface (GUI) is
shown on a personal mobile processing device to a user. At step 1902, a force bar is
35 provided on the GUI. The user is informed to increase pressure on the measurement surface
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15 are collected over a shorter period than the time taken for the LED IR and Red PPG signals.

At step 2006, the data collection process is ended.

Figure 35 shows how a signal forms at an analog to digital converter (compare
ADC1 422 of Figure 4) when two LEDs toggle and when both LEDs are switched off in an
20 example embodiment. During toggling, the signal detected at a photodetector PD is shown in
part (ii) of Figure 35. The square wave 3502 is the detected signal which reflects the
sampled points based on the toggling timing sequence. At each sampled point of Red (R,
R,....R,) and IR (IR;, IR,,.....IR,), analog to digital conversion ADC is executed and the
values captured by a microcontrolier MCU. Data is separated or de-multiplexed in the MCU
25 and can be processed as separated Red and IR PPG signals, as shown in part (ii) of Figure
35. Over a larger time frame, a PPG signal comprising Red and IR are formed, as shown in
part (i) of Figure 35. When both LEDs are switched off, only 1 signal (Ambient) is present
and thus the ADC captured values are not separated. This signal at part (i) passes through
the signal conditioning and produces a signal substantially similar to Figure 10(b).
30
Figure 21 is a schematic flow diagram illustrating computation of physiological
characteristics of a user in an example embodiment. This process may be carried out in step
1612 of Figure 16. The computation is carried out at a personal mobile processing device. At
step 2102, physiological characteristics such as heart rate, respiratory rate and SpO2 of the
35 user can be computed. At step 2104, a health index may be computed based on the



system the anbient sanpling (conpare 802) is perfornmed after/before the
toggl i ng phase. Therefore, the Anbient signals shown in Figures 15(a) and
(b) have Woenz9p37shi fted to show ali gned cycl es wi th PRE/SRae1280e05 R
signals, even though they are not necessarily aligned in real time. 5 A

plurality of R values are obtained as follows: R=R ., . i (AC,12 -
avgAC2) x(DC, 12 - avgDCanR) 1RR,,.1ll 1(DC, 12 -avgDCan, 2) (ACl, 12 -avgACa. 2)
--> Cyclel 10 1R=R 2=(AC23%- avgA Cam2 ) x (DCr 2 2 -

avgDC2) computatien af siep 2192 Thig gmtabe 2 hartashowing the usesqayhediinstatup. At stepcycl e
2 11 (466, lon(rR¥y bé corA¥@BEAThiehaY e shEWA! R dh ifiidration tihe
avgDCan’ % a?n Ac\eéro"i‘\égﬁgﬁ?%@af&\g; be2 cg NGRGAThigay beshBWh! 4R 4h illétration tdthe
user to inform the user on the accuracy of the computations. At step 2108, the computation

of physiological characteristics is ended.

In example embodiments wherein the optical measurement device comprises the
optional pressure assembly, a personal mobile processing device coupled in cableless
configuration to the optical measurement device can be configured to detect and display an
amount of pressure applied by a body part of a user to the device during the optical

10 measurement. When the user applies an appropriate amount of pressure to the optical
measurement device, the resulting signal-to-noise ratio of the detected optical measurement
signal can be increased, and a more accurate measurement signal can be obtained from the
user. An optimal pressure can be determined in real-time at the personal mobile processing
device by analyzing the detected optical measurement signal from the optical measurement

15 device and correlating a high signal-to-noise ratio portion of the signal with a corresponding
applied pressure. The user can then be provided real-time feedback by the personal mobile
processing device indicating whether the amount of pressure being applied by the user
should be increased, decreased or maintained at the same level. Thus, the personal mobile
processing device coupled to the optical measurement device can therefore provide an

20 optimum pressure determination customized for each individual user, thereby obtaining a

resulting optimum measurement signal for each user.

As described, the acquisition of a physiological signal representing a change in the

volume of an organ in the body through the use of optical measurement is known as a

25  photoplethysmograph (PPG). Obtaining optical PPG signals may be related to application of
external pressure on the body surface which is being measured. The pressure is related to

obtaining a good quality PPG signal with a high signal to noise ratio.

However, the externally-applied pressure cannot be too large or too small, or the

30 quality of the detected PPG signal will be low. For example, as illustrated in a cross section
of a blood vessel 2200 in Figure 22, in the event of an insufficient exertion of external force

as compared to internal arterial pressure at a measurement site 2202, the internal pressure

is too low to obtain a proper measurement, and low PPG signals are obtained. On the
contrary, as illustrated in Figure 23, the application of too much external force causes the

35 blood vessel 2300 to be occluded at the measurement site 2302 where the pressure is
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25 However, the optimum pressure may not only be a result of a state of zero transmural

pressure, but may also result from the effects of absorption and scattering paths of light as
light travels in and out of a portion of tissue of a user being measured. For example, where
the pressure is too low, a light source may not be able to penetrate the tissue surrounding
the blood vessel which is being measured. Therefore, light may not travel in and out of the

30 finger effectively enough for a good PPG signal to be detected. Where the pressure is too
high, light may be absorbed or scattered such that the amount of light detected is insufficient
to obtain a good PPG signal.

In one exemplary embodiment, the personal mobile processing device may provide
35 feedback to the user indicating whether the user is applying insufficient pressure, too much
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15 are collected over a shorter period than the time taken for the LED IR
and Red PPG signals. At step 2006, the data collection process is ended.
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enbodi ment illustrated in Figure 28(c), the feedback unit 2806 may generate

and display a GQJ with a nore sinplified indication of whether the user
shoul d adjust the anobunt of pressure to provide nore, |ess or the sane
anount. There may be any 30 nunber of ways to provide this type of GUI. For
exanpl e, synbols or shapes - perhaps even color-coded in a traffic-1Iight
colored display - may be displayed to tell the user to adjust the anpunt of
force being applied. Simlarly, the GU may sinply display words telling
the user to "Apply More Pressure, "Apply Less Pressure,” or "Apply the Sane
Amount of Pressure.” In Figure 28(c), a highlighted box 2822 may be pl aced
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unit 2806 anal yzes and conpares the neasured PPG signal and correspondi ng
appl i ed pVvO81Y98S37n real -tinme in order to determ ne a PamEE2012/08¢905 1 ed
pressure which provides the highest anplitude of PPG signal - usually a
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such a universal serial bus (USB) port or the 30 pin connection used in the
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Pr €55 Ur onéwing @ﬂ)r)é-c}elﬂétﬁuned applied force profile 2708 with respect to time, as shown in the
applied pressure graph 2704. The basic fundamental behind this analysis is to identify when
the PPG signal 2706 begins to display a PPG waveform (point 2710) and when the PPG
signal finally dies off (point 2712), as these points are indirectly associated with the highest
and lowest point of the blood pressure. In addition, with this analysis, the external pressure
35 needed to achieve zero transmural pressure can be determined. When zero transmural



15 enabl es the optical neasurenent device to obtain an optinum PPG si gnal
with a high signal to noise ratio. The signal to noise ratio is augnented
in an optwoab12#i9%ssal . The optical neasurenment devi ce pr @CTHE0R2H00085 PPG
signal to be acquired at a zero transnmural pressure that is unique to each
user using the device. 20The resulting optinmal PPG signal provides a highly
accurate neasurenent of various physiol ogi cal paraneters detected by

phot opl et hysm)_graghy, such as a saturd3d on |evel of oxygén in blood. In
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profile respect to tinme, as shown in the applied pressure graph
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graph 2 6 In Figure 27, as the anount of applied pressure follows the
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this op |me essure IS rmned, a subsequen measur enment
calibration (83204). Once this optimum pressure is determined, a subsequent measurement

period begins, during which the user is asked, via the feedback unit, to apply pressure within

35 an optimum range above and below the optimum pressure (S3208). As previously



period begins, during which the user is asked, via the feedback unit, to
apply pressure within 35 an optinum range above and bel ow t he opti num
pressure W83208p9s3As previously WO 2012/ 099537PCT/ SG0PLIEGR0RHNIS
described with regard to Figure 28(a), the amount of pressure being applied
by the user may be displayed in a graph 2818 on the display 2814 so that
the user can see the ampunt of pressure being applied in real-tine. The
graph 2818 al so be displayed usind4 he pressure status bar 2820. If the
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25 storage devices for storing data and executable instructions at a

| ocati on separate fromthe conputer platform 2601. The conputer interacts
with a diwpl2a12/@888 t o out put data and ot her infornati oRCTHGA1IHENI005 as wel |
as to request additional instructions and input fromthe user. The display
2608 may therefore further act as an i nput device 2604 for interacting with
a user. 30 It will be appreciated by a person skilled in the art
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computer platform may further be connected to network resources 2606 which connect to

20 the Internet or other components of a local public or private network. The network resources
2606 may provide instructions and data to the computer platform from a remote location on a
network 2607. The connections to the network resources 2606 may be via wireless
protocols, such as the 802.11 standards, Bluetooth® or cellular protocols, or via physical
transmission media, such as cables or fiber optics. The network resources may include

25 storage devices for storing data and executable instructions at a location separate from the
computer platform 2601. The computer interacts with a display 2608 to output data and
other information to a user, as well as to request additional instructions and input from the
user. The display 2608 may therefore further act as an input device 2604 for interacting with
a user.

30

It will be appreciated by a person skilled in the art that other variations and/or

modifications may be made to the specific embodiments without departing from the spirit or
scope of the invention as broadly described. The present embodiments are, therefore, to be
considered in all respects to be illustrative and not restrictive.
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6. The device as clainmed in any one of clains 1 to 5, wherein said
cabl el ess configuration conprises a coupling neans of the coupling nenber
in a forwoRor/gmver sal serial bus (USB) port or a 30- BPCH/SGR912/0000MD

2012/ 099537PCT/ SG2012/ 000005 47 7. The device as clainmed in any one
of claimse 1 to 6, wherein the signal is a photopl ethysnography (PPG
signal . 8. The device as clainmed in any one of clains 1 to 7, wherein the
i1lum nation 5and detection assenbly rises a red light emtting diode
(LED), @hAIMBra-red LED or both. 9. The device as claimed in claim
8, wherein saturation of peripheral oxygen (Sp02) information of the user
is derivable fromthe detected signal fromboth the red LED and the
infra-red LED. 10A reflectancet@sed ppticgbmeasurgment @ﬁwwqmpramr one of clains 1

to 9, wherei thlﬁ]ﬁnr%@ﬁ‘é’hﬁr&é t.eﬁggge%we&ﬁﬂggfb% Bougt GRS A akeﬁgﬁﬁ

personal nobile processing vice as I'n any
one of ef auw fsnr mawemmbamwwectﬁm sutpst |lQEBrﬁ@ftﬂCtQ§i fmrb@e@ssuﬁ@cq@on@e i s
one sel ?ﬁh ggoup con3| sting of a nobile phone, a smartphone, a
per sona |g| ta as |stant (PDA), a nobile nusic player, a tablet conputer,
a net book and caupliagtrogmber configured for cRURAGHB @ gablelessreonfigeration:to & aersanal

opti cal miSBRS b o@??srﬂ diie- met hod 20conpri si ng, all owi ng access to a
measur enent sur aceg%y a' surface portion of a user for nmeasurenent wherein

the surface pdnedsgrengnt sndaceseanfigdred|tp @lipw ageessdo saisl mapgHramanisusiasa by
suri@cethfersqlwa@é borﬂbﬁ S%E%ér in a single plane; outputting light to said
th

surface portion o e user for neasurenent, 25detecting the output |ight
refl ected frwhereli ehid actessds pividedrbydhe pn@cmgevlcgbe'agﬁogieaess guaipthiahiget o a

per sonak, FRRIdoRidA it B et % ARWel Sckdssto 3R RéfstFerfi@ftisuBNES oA Xl dtB&ions

in a single plane; and
further wherein said coupling member is arranged to transmit the detected signal to
15 the personal mobile processing device.

2. The device as claimed in claim 1, wherein said single plane is on a same

plane as said measurement surface.

20 3. The device as claimed in claims 1 or 2, wherein the device being holderless
allows an unshielded configuration whereby ambient light noise is transmitted with said
detected signal.

4, The device as claimed in any one of claims 1 to 3, further comprising a
25 pressure assembly configured to detect an amount of pressure applied to the illumination
and detection assembly by said surface portion of the user.

5. The device as claimed in any one of claims 1 to 4, further comprising a
housing structure for housing the illumination and detection assembly and wherein the
30 housing structure provides structural rigidity to the device.

6. The device as claimed in any one of claims 1 to 5, wherein said cableless
configuration comprises a coupling means of the coupling member in a form of a universal
serial bus (USB) port or a 30-pin port.
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transmtting the detected signal to the personal nobile processing device.
13. The nmethod as clainmed in claim 12, wherein the step of detecting the
out put 30WD@ht2/498s3per f ormed in an unshi el ded confi gur at iPEH/SERE2ODBYOANTDI ent
light noise is transmtted in the transmtting step with said detected

si gnal . 14. The method as clainmed in clains 12 or 13, further
conprising detecting an anount of pressure applied by said surface portion
of the user. WD 2012/099537PCT/ SG20147000005 48 15. The met hod as

claimed in ahy onéhefevirgiagrlameddn aay oRgeaf glaimshletos.ewhereirotieptignal igal i ght
conpri Sﬁ%tbﬁétﬁgsrﬁoérggh)} IPP8) fJH4lting diode (LED), an infra-red LED or both.
met’ho '

16. The as clai'med 1’'n claim 15, further conprising deriving
saturation of 5peripheral oxygen (SP02) information of the user fromthe

detected siggal f?g@g@ﬂw ab ihed il- B, BRE of RRirhd#! 87, Seher&R-the illumination 17-

A conput er readabl ata storage nedi um having stored thereon conputer code
mearfs f @nd detsetionassembll compeisessared light seittingdigderfiBl)dan ifraged LED or both.

refl ectance-based optical 10nmeasurenent, the nethod conpri sing,

all owi ng access to a neasurenent surface by a surface portion of a user for
measur ement §her el e drwce @sfe@imedontdlaim &f wherein gaturatian of psrielerakexgent o
said ne ] f v i i | | ¥ ting
Tont e domah G L Bphedle o AP Selebicd S BrPoqRThe B PR he
out put andythe infeg-redditdd from sai d surface portion of the user as a signal;
couﬁ ing to a personal nobile processing device in a cablel ess
configuration; and transmtting the detected signal to the personal nobile
processi ng d&¥i ceThe device as ¢lgimephia Wr@ﬁ@tcélclaﬂ@%lgé%ﬁ?ewba&eﬁ‘ thegreasurereentum as

cl ai medyd fieeiAttBnd 4s aWHRE&IsBry to the personal mobile processing device.

11. The device as claimed in any one of claims 1 to 10, wherein the personal

15 mobile processing device is one selected from a group consisting of a mobile phone, a

smartphone, a personal digital assistant (PDA), a mobile music player, a tablet computer, a
netbook and a laptop.

12. A method for a reflectance-based optica'l measurement, the method
20 comprising,
allowing access to a measurement surface by a surface portion of a user for
measurement wherein the surface portion of the user is allowed access to said
measurement surface from all directions in a single plane;
outputting light to said surface portion of the user for measurement,
25 detecting the output light reflected from said surface portion of the user as a signal,
coupling to a personal mobile processing device in a cableless configuration; and
transmitting the detected signal to the personal mobile processing device.

13. The method as claimed in claim 12, wherein the step of detecting the output
30  light is performed in an unshielded configuration whereby ambient light noise is transmitted
in the transmitting step with said detected signal.

14. The method as claimed in claims 12 or 13, further comprising detecting an
amount of pressure applied by said surface portion of the user.
35



20 the nethod conprises performng the step of detecting the output |ight
I n an unshi el ded configuration whereby anbient light noise is transmtted
in the treo2m2wP33g step with said detected signal. PCT/SG2@12/006085
conput er readable data storage nmediumas clained in clains 17 or 18,
25wherein the nethod conprises using a red light emtting diode (LED), an
infra-red LED or both, in the step of outputting |ight. 20. The
conput er readabl e data storage nedi um48s claimed in claim19, wherein the
met hod furthé$. coifpe imatkodias iclaimed §nany aneé ¢h climp dRitphik arhessdyy dles stegref2)

I nf or maj Of : -Tes | bat h LED
and t hez)lrltﬁptltlgé p@ﬁ%@@lgﬂéé‘-‘sr uditP T HEEMREAS Hodt AEB), & MaBRL RED: dofif!
16. The method as claimed in claim 15, further comprising deriving saturation of
5 peripheral oxygen (SPO2) information of the user from the detected signal from both the red
LED and the infra-red LED.

17. A computer readable data storage medium having stored thereon computer
code means for instructing a processor to execute a method for a reflectance-based optical
10 measurement, the method comprising,
allowing access to a measurement surface by a surface portion of a user for
measurement wherein the surface portion of the user is allowed access to said
measurement surface from all directions in a single plane;
outputting light to said surface portion of the user for measurement,
15 detecting the output light reflected from said surface portion of the user as a signal,
coupling to a personal mobile processing device in a cableless configuration; and
transmitting the detected signal to the personal mobile processing device.

18. The computer readable data storage medium as claimed in claim 17, wherein
20 the method comprises performing the step of detecting the output light in an unshielded
configuration whereby ambient light noise is transmitted in the transmitting step with said

detected signal.

19. The computer readable data storage medium as claimed in claims 17 or 18,
25 wherein the method comprises using a red light emitting diode (LED), an infra-red LED or

both, in the step of outputting light.

20. The computer readable data storage medium as claimed in claim 19, wherein
the method further comprises deriving saturation of peripheral oxygen (SPO2) information of
30 the user from the detected signal from both the red LED and the infra-red LED.



