1 Optical Measurenment Device And A Method For An Optical Measurenent

TECHNI CAL FI ELD The present invention relates broadly to a

refl ectance-based optical neasurenent device and to a nmethod for a

refl ectance-based optical neasurement. BACKGROUND Optical nonitoring of
physi ol ogi cal characteristics utilizes the detection of light 15
transmtted through a | ocation of a user being neasured.

Phot opl et hysnography (PPG is an optical 1measurenent techni que used to
detect bl ood vol unme changes in the mcrovascul ar bed of |iving tissue,
typically by detecting light transnmtted through the ear |obe or fingertip.
As arterial pulQpticabMeasareientBRViter AneA MEthbEEFor Al Bhtigaume of

t he bl ood vessels or characteristics of the blood itself nodify the opti cal
properties of the capillary bed. 2Measatensiental 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
used o nmeasure bl ood pressure. A device such as a pul se oxi neter provides
for nmeasuy,l a optical 25 pulsatile signals emtted by the changes
in the vo %‘ﬂ'ﬂ"‘m?@ﬁ’ 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 ector,_with a trans]ucent part of the user's body, usually a
Fingertip or e BSBHCNVeRn PRiRtIbIRdYcoLA Fellsgience rasedpptical FarsHEReet he
tissue (ede¥iceSHridng adhethbfod aqbfidbishcelifasBl opisit hRab@eni@pasur es snal |
variations in light intensity associated wth changes in 30 perfusion in a
catchifent vol une. An oximeter in such a confi guration is typically called a
transmttance-type oxinmeter. The light fromthe LEDs passes through the
tissue ayﬁgf(ﬁég ed by the photodiode. One LED is red, with wavel ength
of appro nanoneters (nm, and the other is infrared, with a
wavel engt h of approximately 905, 910 or 940 nm Absorption at these

wavel engths differs, siqgnificantly between oxyhenmpglobin and 2 its )
deoxygenat ed f dPRHCAY PR of tﬂW}és‘Pﬁgical gharg Vﬁ%‘ﬂ%g?@'ﬁ?ﬁ the) deteptiph Sfolighbbi n
can b catanshittezidthfdiimd Reatich bfoa abert tiend hasiret OPHatopidiRyshishragh (Prig)as ed
light, i.e. the ratio of red Ilight to infrared |ight absorption of .

pul sat i ngf't SHiGAe MsasHtemant Fﬁ?hg'ﬂi‘? nﬁseézrtt& dgtest '?q?%s‘fﬂ"frf' ng@nggpein the
oxi met er smiceovasédlardsedrddlidag tissuel Wypicar) I!JWdélé@ﬁHgd%ﬂt frénsniféd thAsLgPIthéBAH lble aS
a holder faqr the photodiod nd al.so as a shield against anbjent light. It
has been 9@5’86“'?3@6 Agpgel W&\?ﬁﬂ@s SPieithe CBP"'WW@FGQP%QP? 5 the yplume of the, Plgpd o
a fixed ordsests at ciaracibristite opdietbiedd it riGEfy the Betbal pRpefa SEIHRTRPIary THdS
may b ungﬁ%;éabl e to acrzer. 100n t he other hand, agart flom o

transt¥ t tandes (IR & URed &9 measi satyratign oof; RarPhekal SXYIRTE ESRGHe WhIGHHIS: 87 s
For ref| esttiaration of e le¥eI gt toRygan $deratiGhin afididl BecHBebREHO dmhe! PBGdfyriAN chme
same side_ of the translucent part of the user's body. Light fromthe LEDs
are ref | U3R0° Hp °trH%aSb'Ber€|P8‘£p'Ee(§S‘H§' neasured and detected by the

phot odi ode. For refl ectance-type oxineters, anbient |ight can be a
significant facr{%gé in a‘ggchurac% o‘ I ight det ect | or% by the 15 phot odi ode.
Thus, reflect arfce® et ARtBRYISEy BRIRRISTYPOVIAR? TPRRfASHrag @npnerd getical
hol dexs/ cl piysdtite slgmals emitkiai 8] tHe RBaf@RiiNHe Ahe BF blobd AbwingQAroLGh @ dseF.i Mhe
with reflected.l |%h& f_raﬂrr}]t he LED?. T|’]I_S g%g be undesjrable to a user.
Fur t her mo?'€5° POMEEEAREATY 0§D aLAEP FE‘P'@QW 'E'_—”BWeéi!-%%?)efﬁg'"watqﬂ%ﬂd'iqei’ps,
such as 2fHdietedtsr, pith GhtramiuBenBpaiiottd iiserstiody, uR@My befhgeRipt fearhasgorrf
the oxineter.to Rrowd?wthe o . .
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



anbi ent |ight shielding. Further to the above, the inventors have
recogni sed that a typical oxinmeter has relatively conplicated design

consi derations centering on how to incorporate a power source 25 such that
t he oxinmeter can function as a standal one device. This may del ay

devel opment and increase production costs for oxineters. In
addition, for oxineters, anbient light can interfere with readings in the
form of anbi ent noise. For exanple, anbient |ight such as those from
bilirubin lanps, fluorescent 30 I|ight, i2nfrared heating | anps and direct

sunl i ght i3 @eo%@gnéfbﬁlﬂ’@ﬁn?.t Teerestyf t@éyfatgcﬁ osmﬁmen%\:@wuirgm dewxyberhoglebin can b; )
I nt roducti on, o) C cul at i | ase t . onponent Q t
2red"  RESFCUAISAPT s tatpet Yo PsasBRsTLpEfhe o5 Ad REdreSpeRe) e el Of ref
obt ai ned Vl?lgﬂo ffafsll lighDasorstich of paRulindésnparienty fftheaicasuririgisitehe skin of a

user. The PPG signal is obtained when an IR LED em tting el ectromagnetic
waves of e.g. about 940nmis reflected 350ff the skin of a user. 3

Therefgre, w t hgyt raRsmhe-9P® ioRiMetérsg Btcuffriretididdras egpidallg iprévidedPRGunction
signals, a true reading of Red or IR PP% si gnal s c_alranot ,b%? a uitr,eg. Trrlﬂ S
in turn aPfi@afly asma helder igrdpe photpdiogsn q*?giaéaﬁ plyeldagain c’i’“%&?l Jigfh & has
i . e. anbi gakn RRegnikEd Mt Ravifla cdifbba ABBESElp thikcall dfdttes Sfiked Grightativalof the
obt ai ned by a_phot odet ect or when both E’he IFiPand Red LEDs are turned off.
Typi cal | y P28 Bi8-4sgEes P?{Y fepmgesyemsal ADisIisx PeHRdes B 12 AdSEhbi ent si gnal
fromthe Red and IR PPG signals is carried out. However, it has been

recogni sed by the inventors that surh processi n%;é’s typi cal l
rop “YER

J ¢ 5 y EOV\BII' .
consuAPng. Di gi Of thee CBRSthane, apRriofrompiaRsyiian Inggief” thefR also exist

consuni ng refldctdms-tydeSexirerrs. R aenédattelypé RRimdwieN e EEDSaindt the Hatotiode
processi ng may 10further

typically requir ditional and rel atjvel
conpl i cat ERFIGRIPR the sArPe Eﬁdﬁggiﬂﬁ V?Xsé‘:"‘@ﬂt Ha'gpﬁ Lk Z’PB}‘IQ'}'QIHSW *ht?r"%@ﬁ,are
Infrared a&fbicRid RS RNborfibittcSbd RtaBured and deteclédiBy thephutediodd. FoheefRioRinee-
there exists a need for_ an_optical neasuyr errﬁgct devi ce and @]ttgogec{;haé Bgegk
Lo addr esdPRONEaErs, RGN igihtcanths A SiBRBEAT factornacEuacy gf fht detection by
for aj;poi $hoeaee! TR, @éﬂemnhwimmwmptdaw sHPRIquire sasldr &ss haldet/els to

one of the above problens. SUMVARY 20 . ILn accordance wi.th an a ct
of “the pr SEoife FhiOEIRGI SRt REAST Ul BN JRG e P CPietie iaft dibrd the LEES.
nMeasur emernthisiady b€ ufdeEREbIeitd'd vaBr. i | | um nation and detection assenbly

configured to output light to a surface portion of a user for neasurenent

and to detect the output light reflected fromsaid surface portion of the
user as a si gnalFyrtAemitid! fon Bertal® typREls refidtfiricauymdotideterd wWithoutaclips, such as

reasuPBneORRPERLEh (T POt It SURFIHRPCRrELE DEresal Mo REbeE R Ao Ihfc

by the surdnasénthghttshiii®f. 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 neasurenment surface fromall directions in a

single plane; amngrhér {ohe MivectHe mlbslokONMd RECHRBREhdt - BRRal aRigriert as
transmt the detected signal to the personal nobile processi %g%dew ce. The

singl e pl dRlatival) careniisated design consieraiensicaniering PCRIRPrRl-R, power Source

25 such that the oximeter can function as a standalone device. This may delay development

and increase production 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. -



4 The device may further conprise a pressure assenbly configured to

detect an anount of pressure applied to the illum nation and detection
assenbly by said surface portion of the user. 5 The device may.
further conprise a housing structure for housing the illum nation and’

detection assenbly and wherein the housing structure provides structural
rigidity to the device 10The cabl el ess configuration may conprise a
coupling neans of the coupling nmenmber inga formof a universal serial bus
(USB) port or a 30-pin port. The signal nmay be a photoplethysnography (PPG
signal. 15The illum nation and detection assenbly may conprise a red |ight
em tting di ode TheESpre, avithpuifresrovieg antkrend lighidoterference fromghe iF44 Bignalsfa true
peri pher ) gat ' he
et cor od \SPYT eI IRe KERAR oo e spARrba Tyl B UBEafigy MG Lo d 2
measur emespO2elppallyreythird REG signalsi caamiignd £667 ys elfainkd. Tus sohignt RBGI signal

Processi ng fiekhContained by a prddfeREP YRh dBDIE RTAESRaI REOIHL GBI

one s grou 28RSt I'ng one, a smartphone,
per sonal 'mpguailal anaes—thet fhnpoiftFRiyA)cintssubtsattion Qfﬂlls& empleayeagpaldrmmeelaect gntprR er,

a net bOOkP Jl?ﬁ’s{ Egmed out. HowdV ?Cff%raga&%ﬂ dr’@!#&#hn?éb%?%e fvahRtot: e at?ﬁ@h

present ereis I’OVI a retlectance-
opti cal mwaseasmgaattypm;aﬂe pmehomwm ity re¢drstriictipn3d Fe sigoalsccan also be
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t he surface por he user access 0 sal
surf awe fiudherahipicily eequienadditioral sindg retatiyelyneomplicatas miultgpath gtitcuity, <=d.da

surface paklieRlsiglal bifh P& iffardB aRdbP IRBlent BEESEAARY. the output 11 ght

reflecte surtace 'por he "user "as” a signal; coupling to a
personal nobile processing device in a cabl el ess conflguratlon and

35transmtt|ng e
devi ce. HIET&' lg\? ?qqefsé tecl}teP Eﬁgﬁe out pu ﬁ%gh aefnﬁ)éa% e per g\r"ﬁ%d
in an unsdmcemmlbdctbaﬁ seykrtatatblreswrmm oan‘mfélm abd:\ghproh@nzse Theret 2lsp siistst 2d

int I“hes t r:@c—ﬂe%”?o‘ tai ﬂbgseséﬁﬁe“gtfon rﬁé’tkgd %ﬁﬁ %%@91 ﬁﬁiaggé‘ek to address at least 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.



5 The nethod may further conprise detecting an anmount of pressure
applied by said surface portion of the user. The step of
outputting light may conprise using a red light emtting diode (LED), an
10i nfra-red LED or both. The met hod may further conprise deriving
saturation of peripheral oxygen (SP02) information of the user fromthe
detected signal fromboth the red LED and the infra-red LED. 15 I n
accordance with another aspect of the present invention, there is provided
a conputer readable data storage medi um havi ng stored thereon conmputer code
means for instructing a processor to execute a nethod for a

refl ect ance- based optical neasurenent, the nethod conpri si

1g al l.owi n
access to a medder denier may: fusber ISPMRIsE & RIGSSYSr BFSHTBY oqn rﬁ%é?va%gd an

Measur ement, AL ifledsife %Pblfe%% Y fLMihalbn tdhA &BELIONS aslenNE By i@ Sarfhce
sai d nmeasurenent surface fromall directions in a single plane; outputting

i ght to sartignsithedse portion of the user for neasurement, detecting the
outputclight reflected fromsaid surface portion of the user as a signal;
coupling to a personal nobile processing device in a cablel ess

confi guration; Taedevicarmay uftheicammsisa & ausing stugiva for fovsiag fer ILynRAtioRARg e

25pr ocessijagH&y ia%@embly and whBRirf (P Hb&ding eftalee pfidesSHAICARS AGIEYD the
wherein the nmethod nmay conprise performng the step of detecting the output

light in &svigéshi el ded configurati on whereby anbient |ight noise is
transmtted in the transmtting step with said detected signal. 30
The conputer readabl e data storage nmedi um wherein the nethod maP/ conpri se
usi ngl1@ red |i Jine cakielass sgniigusationmapyomprise; Si6ouplipg mepppobiherouRling memger

step of oy | 5% Uriigbal sefial DO (QSBPYSEEr 4 88gad@t dat a st orage medi um
wherein t?\i&?}%‘%@% rra‘??% urt her cc()nprB?gESe deriving saturation of peripheral

oxygen (SP02) information of the user fromthe detected signal from both

the red LED antherggr;ap%g-gg%Hega,et@mqggp@qsﬁ@) BGha@lN OF THE DRAW NGS

Exanpl e enbodi nents of t invention will bé better understood and readily
apparent to one of ordinary skill in the art fromthe following witten

descrijption, byrhwaMurhPafibn 81& HettiON 2ése@BN thiy CORPHES & AR WgHt fenbiflifg diode
drawi ngs, in which: Figure 1 illustrates a graphical representation of a
phot opl et Iﬁ&@ﬁbgﬁé’ﬁfﬁ"@ﬂ%@%ﬁ%l . 15Figure 2 is an illustration of an
alternating current (AC) pul se waveform of a PPG

Saturation of peripheral oxygen (SpO2) information of the user may be derivable
from the detected signal from both the red LED and the infra-red LED.
20
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
50 " access fo 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
schematically an expl oded view of the optical measurenent device.

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 i an exanple enbodi ment. 30Fi gures
5(a) to (c) are schematic graphical representations of a Vraw signal, a Vac
signal and a Vppg signal respectively in an exanpl e enbodi nent.

Figure 6 is a Suhetteniof deteaing dhe onitst Hghti maywae epeformedr ic@inl aoshiglgedat a
frominfr ' L ' | d ' cwithl <5

Fi gur e 7 Gernguih WSy ihoiphe e AGieL iF ool TR, TreRAd SRb il eaid
i nf or mat i detedted si@p@2 cal cul ation in an exanple enbodiment. Figure 8 is a
schemast Ic graphical illustration of output obtained at a |ight detector
5during a light emtting diode (LED) firing sequence in an exanple

embodi ment . Fi The eefod) may fuithec hematisecdeteatinggamareud efgrrassure applisgighy sejd

on/ of f of mfégkﬁﬁhr"?&ﬁ(%@ LED and a red (Red) LED in an exanple
. I'g b) I

enbodi nent ure I's an alternative schematic timng wave di agram
for toggling on/off of an IR LED and a Red LED in an exanpl e enbodi nent .
Figure 10(a) is a graph schematically illustrating si gnal s acquired_ at an
anal og to di gi The stepy eutpaiting lighimey sapPdse Heibdianredtlight emitting diode (LED), an

10  infra-red LED or both.

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 ptane; 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.



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

exanpl e enbodi nent . Figure 11(a) is a graph schematically
illustrating filtered DC signals in an exanple 20 enbodi nent. Fi gure
11(b) is a graph schematically illustrating filtered AC signals in an
exanpl e enbodi nent. 25Figure 12(a) is a graph schematically illustrating

filtered DC signals for an anbient PPG signal in an exanpl e enbodi nent.
Figure 12(b) is a graph schematically illgustrating filtered AC signals for

anI anbi Snt PPGrhRé gc%mthdtér mﬁma;méta €oi2Qdi medium, 3&1&?&%&% Adfred hﬁyflfmrthex('j
enl arged version of Figyre.. . ur ) an_enl arge
ver si on ofCrRPUH %e%'i"(goga.ﬂ“@@ﬁ* éﬁpsﬂaﬁﬁf@)owvge%ﬁsghghwgcg@ai}@.)l Q}ﬁ'ﬁ gyer %%ée
12(a). 8détesletRighd( fomibdtiiRe #6d BEDMdBE Mfrate@LEDL gure 12(b).

Figure 15 is a schematic graph illustrating PPG signals obtained for a

plurality of 5 cycles in an exanple enbodi nent. Figure 16 is a
schemajic flowhart illustrating an exenplary process for optical

moni toring _of physiological characterjstics of a user in an exanple
embodi rrengmﬁﬁﬁ B'ﬁﬂ@%ofsni‘e%ﬂ%ﬁh? flow diagramillustrating a
finger detection process in an exanple enbodi nent. Figure 17(b) is a

schematic flow diagramillustrating an anbient |ight detection process. in
an exanpl e enbBYRMEI: embsdiments Ofﬁgﬁumée'lt!?ﬂ will, becheltgl: F’&gefrﬁmdd?%‘g;rrﬁﬁﬁ”l'y

i 'l ustrat hpga@nt ke bNbRINFrY SkHah tthe ArthF 1R 8 follRwaTy AHNAER Ide st BY Way
Figure 19 I1s a schematic flow diagramillustrating ﬁ Lorce optim sation
proced® i Af @XAMRIeOpkANE iR ABAMNFYAN With the drawings, inwhich:

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. V
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
illustrating conmputation of physiological characteristics of a user in an

exanpl e enbodi nment . Figure 22 is an illustration of a cross-section
of a bl ood vessel when a | ow external pressure is applied. 30 9 Figure 24
is a graphical illustration of the anplitude of a neasured PPG signal in

conpari son with an amount of applied external pressure in a state of zero

transnural pr e?@HFee? a schemaﬂ: g ﬁﬁlaéan? Fuﬁpéji:nélarc@frf f&%@%% SRAOTRA

view illustrati nso an op |ca urement dévice 1n an exa

enbodi men$pO2 catculatlorFlngﬁ!ir@(aB'@la gmbodimeok di agram schematically illustrating
an enbodi ment of a conputer/server system suitable for inplenenting an
exanpl e enbodi nent. 10 Figure 27 schematically illustrates a

gr aphi cal conpbigiesof ik schgmatit godphinah dlusisationodft eujeutotbtaingdPat @i light deteetor

time ih c C f - i f sure over
time i R ERd folk A IERG <PRIGTER A SR OB enod AR EF )
illustrate a graphi cal user interface (GJ) of a feedback unit |n coupling
relationship t eV i ﬁrgcfgm

Fi gure 28(c) s'ca; ?Lfgﬁaéchgﬁ%&' iff ('}sta\}éi. dé!raggﬁﬁf T?’BH |!r)11t‘?efra ac {%&J?IF)

a feedbackEL’Z(aadlatreﬁ(Red)rklﬁﬂtlatanr‘ig(amm{ﬁmbOChmaefer shoul d adj ust the anount of
pressure to provide nore, |less or the same anount in an exanpl e enbodi nent.

Figures 29(a) to (c) are schematic graphical representations show ng a
correltti on beFigerert(h) BRO slterdtve mpMatmmtiraianWaye dimgramufoetagglinghoatieh be

enbodi Mente | l%i?anda Re @@E{ﬁeg%ﬁ%sy ng ySschematically illustrate a

f eedback unrt7 per sona VI ce coupled to an optical
measur enent device configured in a | andscape orientation in an exanple

enbodi ment . 3OEP W 28PN Bgr ?;5]{1 %@meﬂfcgnfﬁlt]&?ﬁhb siGRR 985 Hred! &% analog to

illustrations usi ng” an
digital converter in an example embodiment.

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 filtered 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
measurenent in an exanple enbodinent. 10 Figure 32 is a schematic flow
chart illustrating a nethod of measuring a PPG signal on an optical

measur enent device coupled to a feedback unit and using feedback froma
pressure detection assenbly in an exanpl e enbodi nent. 5Figure 33 shows a
sinplified exenplary representative circuit diagramfor inplenenting a

pi ezo- based sensing device in an exanpl e enbodi nent Figure 34 is a
schematic flowhart for illustrating a mgthod for a reflectance-based
optical neasurenent in an exanpl e enbodi ment. 10 Fi gure 35 shows how
a signal forns_at an analog to digital nver when two LEDs toggle and
when bot h LEDsFiguee 44{b} speceniaraed ﬂeréﬁnéligf%'lme%%%odi ment. 15 DETAI LED
DESCRI PTI ON The exanpl e enbodi ments descri bed herein can provide an
optical neasurenent device and method that. ca btain a, . .

phot opl et hysmofiadfhy o (ippcgehematig) 9raph flugtrating, Ep%h%lg?@%&&%f% j Rlualily of
exanpl £ ephasl ifRntexaiph &MbodiMeasi ve optical physiol ogi cal 20 measurenents.
In an exanple inplenentation, a reflectance-based optical nmeasurenent

devi ce can be provided that functions as an accessory to a personal nobile
processing devigRyre TBeisPEI SKPEMatitIBWCRark lRBESHM Gndexdnsftargaprob@ss farodptical
phone, smartphone, personal digital 25 %\%m st ant #PDA), q?%bl | e .musi c

pl ayer, t B9nEering@iphysiriogical fantersties Al Yser it 2R erampeiemgedimenthausti ve by
any neans. In such a function, the accessory is not neant to affect the

mai n wor ki ngs or functions of the personal nobile processing.device. |In
exanph@ i npl enElauR i1 6@ is 2 rehesprticdiow diagram Wrsirting & finger fietegm Bo583S,In an
smal | er t Badin@leRMbBdih&Rd obj ect for portability. 30 The

measur enent devi ce conprises a coupling nenber that can provide coupling
bet ween the neasurenent device to the personal nobile processing device in
a cabl el ess CORfgugaIr@(B)OR- al thkMatic TG HRbHM ilueaBli®] @ASambichBkight Hétection

i nclude a connection that-is without the use of wires or cabl es extending
from t he PEICESHENanBEMRle pMPedE€hg device to the optical 35 measurement
devicgs 11 In the exanple inplenentation, the neasurenent device is
provi ded without a holder or clip or cuff, i.e. the nmeasurenent device |s
hol derl ess, fofig@dgiing 5&”%’@?‘]‘%@‘@” Qiaorang fllusating adolt infengity setfing process, Ky |
for measupgERAhplcAmBRfHEMTENt 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 bei ng hol derless, the surface portion of the user can access the
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 ementation, the neasurenent device is used for illumnating a surface
portion of the user and detecting reflecged Iight fromthe surface portion.
The measur ement; devi ' r ' €. ted
ant it or mat PSR 57 5 f el Hiafth BB SoRGIalor 8 TAERISE PPOSsBRITh

pr ocessi neproparisor, witho asaamqurduaf dpplied eaxtginal crressung, in ea giaté f zesprdraabmyfal
anbient 1] h%rinterference for Sp02 values determnation. It 15 will be
appreciat% *tH{8t some extent of ambient light interference can be all owed
in the light detection at the neasurenent device given that the nmeasurenent
devi ce does not. Vi e} di L-gh . | i :
exanplese i mpl eré'ﬁp';e? i %érjf,g) tSaE'g *Pgaés}gr‘Ié&n]lr?mdtlge%/)fd(’:agaléﬁqﬁ%?q%‘f%%ﬁé?oro rﬂ iénr{]g’ﬁtsl?a\lle,
€. g. nay mehsurementdevicepn ac esaople earnpdwaentt herefore function without a

dedi cated power supply such as a battery. Thus, the neasurenent device can
be 20manufactured to be relatively small as conpared to conventi onal

devi ces. |n theigerea?pl & iamblockediagtanorschematicatiysilivgrating devémbodimenh o a
substanti al | v .non- - oxi meters. The
neasureneﬁ?"%ﬁ?%%@gggpagﬁggthLﬂ%&?&%ﬁgﬁgﬁfgﬁg&%ﬁgggéﬁgpkﬁaﬁ?eferably

non- arthesi ve to reduce the |ikelihood of 25inconveni ence to users.

Bef ore proceeding,.t . ' . j ' y
be. benet 1 ci al F0 T PRiPT el iRICS 2 bratiEe B RERlort Y & ket hEmesburk)
and 2 ar evgitage iofl@PPG sigriabiolsr tires ¢n chreespongenentosa gfaph ¢1RG sppiied] ameurgwfe 1
i gnal 100 RO D EPEFRF IR ", Do tvo componente: an AC
conponent i02 due to the absorption of light in pulsatile arterial blood

vol u 106; an t > t j

non- B]Tﬁ satile %g@g?&ﬁ%ﬂ?ﬁ;@ﬂ_scﬁ?@gﬁ%ﬁi@&gﬁ%ﬁeﬁ?r@ﬁﬁﬂg:%%ﬂﬁg%%ggmﬁogyios’
and ti ssufeedlslr yiii oncdikling ré@tionship to ahnofticglumeagyretient dadce dnponexamle 2
IS superiﬂﬁgésaeﬁq ﬁt”to a | arge quasi-DC conponent 104 that relates to the
tissues a 0"fhe aver age bl ood volune. This DC conponent 104 varies
slowy due to respiration, vasonotor activity and vasoconstrictor 5waves.
Wth suitable t i i t-en ifi i.Qn ent
102 and DG corgdir SRoF et Eab iflisARles A BiaphleaPhned hueftiie (G0 of 2 fCHBRR
anal y®i s unit for indicatng whetherf & usartshobidradistst thesameunt of prelssurPRGpARIdeUhere, less

wavef or mc;rQﬁ? Q%ﬁg apu%@t iq%w?ﬂ‘?% %’“,Q@"%gg"' lustrated in Figure 2, where the

appear ance o e wave efined as two phases: a first
anacrotic phase 112 being the rising edge of the pulse, and a second

catacrotic phas i J Lol f [ SE. ‘EE% Lr e
112 is primr ?’%'gu%%ﬁzc rntggctmgﬁlggfgégi?eﬁ g‘\%ﬁ??ée%%ge@g{éonds hp aséeLdlé})térlregjmaﬁ

r epr esentttaeeasa FIPS wavkfomvand an bpgied pnessulsinfangnanpde gmbpdgiment,. A dicrotic
notch, 118 is usually seen in the second catacrotic phase 114 of subjects

wi th ‘heal thy conmpliant arteries. 15 In the follow ng detailed
descri ption, rEgecend@apidnd (B seenaticaliyhdiustraienpafegdbacid uaitipatronalTinobile

af orenent j gned. accoppanyi i NQS .S f. 11 I by
ey of 1iMPCarg- SRR 1 2K DR RRomeRY aBlicd cptiEhiel 1B, BdRBe, )
pri nci pl ewientativhén an esenple empbedinkeah. These i npl enentations are described in
sufficient detail to enable

30 Figures 31(a) and (b) are schematic expanded view illustrations of using an optical
measurement device to interact with a surface portion of a user for measurement in an

example embodiment.



20 those skilled in the art to practice the invention, and it is to be
under stood that other inplenentations may be utilized and that structural
changes and/or substitutions of various el enents nmay be nade without
departing fromthe scope of the present invention. The follow ng detail ed
description is, therefore, not to be construed in a limted sense.

Addi tionally, the various enbodi nents as described may be inplenented in
the formof 25software running on a general purpose conputer, in the form
of a specialized hardware, or conbi nati onpof software and hardware.

The terms "coupigfle 30Mis aGRABRELE ow dRar AIREtratihgt & hfetiRB6R heddupiRg ar RPG igatied
to cover both directly connected or caonnected éhrﬁﬂ%h one or ggﬁ

i nt er nedi &N@Mmertits! MeapwemenhdeYied GPupled foypdgedback unit afgeusing, Ef‘%ﬁom a
herei n maydi@yrd dets@ich@isSerBlytih SR exarfipiBlentdokinyer®r i nplicitly described as
al gorithns and/or functional operations that operate on data within a
conputer nenory or an electronic circuit. These algorithm c descriptions
and/ org functi onydur@P8sakh&WRs AT Sinhtied | sxePiHE9d répredditaives iirblie ddibgrat efor
informati on/data processing arts for efficient description. An 13

al gor i t hmimelegenticha pipzedaged pensing devies)ip 3E@H§ﬁ"§{e&wb‘§’éa%tnce of steps

| eading to a desired result. The algorithmc steps can include physical

mani pul ati ons of physical quantities, such as electrical, magnetic or
optical signal Sigpaiie asscheaalig flowshart foriiusirating adnethed fo7s3 Eeflestpnce-based
conbi ned, oﬁﬁég?ﬁ{e%gureﬁ%t LS Winsle BRBbAHeAE €d. 5 Further, unless
specifically stated otherw se, and would ordinarily be apparent fromthe
followWfng, a person skilled in the art will appreciate that throughout the
present speci fipggiird 885 sheWS AtkY 2 kil frink ia bR GnbIBg 16 digitélftoRgertey CRREH B LEDs
"cal cul ating", "determ ning", "replacing", "generating", "initializing",
"out put t i teggle angiwherbethlEDs e switehedftinan SxAmpiR embediventio  of a

i nstructing processor/conmputer system or simlar electronic

circuit/devi cel/ conponent, - that mani pul at es/ processes and transforns data
represented as physical quantities within the described systeminto other
data gim ipgtAaLEePDESerIPt] Physical quantities within the system or

ot her 1nformation storage, transm ssion or display devices etc. 15The
description al so discloses relevant device/apparatus for performng the

steps of the degppidigampPERBEGmeRisCibsRRRR Rbfdf ERY pRRidBRALhpticaPhledsurement
constructed for the gurg_%ses of the nethods, or mayéqggggrg se a general

pur pose cERYEE and mretoet et can oblaiiea PheipPlethysaogrrhy glongkirer aoyser. The
reconfi gupethslenferfOMRULRY SppleNRmbadiREnisn afe SHEK-MUSsIVE Hiftical TdHsiclogical
al gorithns and displays described herein are not inherently related to any
parti @@l ameaguremiibut er or other apparatus. It is understood that general
pur pose devi ces/ machi nes may be used in accordance with the teachings
herein. Alternatively, the construction of a specialized device/apparatus
to perform the Me@RoRxaNRSIMpgNeptatigasy retectanceRased qpiical; mepsuremat fevee

L ol R LIENS |81 dil d6cBOMRY fo # pBREAMRELIR prod¥sempAdvick MThdIaL
it would (bégﬁgfaedgér‘hﬁat?b?%gbﬁs@%pa% én:‘ chéé%?ryét hogs descri Be?m Soag e
e

| ] s of t ] herein may be put
into ef f e®ersopamapiln procestiag deviceigan e azmpbilsc Paens smﬁ&ftphan?,awegﬁoriﬁiﬂ'%
of progr angiit@nt ASARIRSHIRNGLSIE IR C RIBIREntBESk lof 1AgTHY, eamdlgh MRist IRAGHINAYS
of the description herein. Mreover, the conputer programif applicable is
not | i ni t @dhaustivepy gay meansaln sisha onctianeiheszressaty isseotdneant te ﬁ&eqidfﬁﬁ @ol

flows witQhoukinglePar t fuRBidrsOndit NRe SGRAGNA! HBSid NpRIELGRy dBvice. In  example
Furthernore, onhe or nore of the steps of the conputer programif applicable
may be peimplementationgdha optical megsyreraendayiceds | Refembbh smaliintian & PHHEEe

if appli C%BJ %t@pr%r%ilﬁst(.ored on any conputer readable nedium The conputer
r eadabl e. msgi um hay | ncl ude storage devices such as magnetic or optical

di sks30menory chi ps, or other storage devices 35suitable for interfacing

Wi th a suitabl e mhgagleld fhGH Heviel (BRPRsELTRBLSINg hBRLECIBHES 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
technol ogy. The conput er program when | oaded and executed on a suitable
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 nodul es. A nodule is a functional hardware unit
designed for use with other conponents gy nodul es. For exanple, a nodule
may be inplenented using digital or discrete electronic conponents, or it
can forma portion of an entire electronic circuit such as an Application
Specific 10 | nhetpeatxapB rmpiemeiaBpc) theamesasdiemesk idevieel i$ rprevidedcamithast] &
under st and_ t hat e_ex Ie I I

combi nat 1S aPSRERE T S B RARS IRy FRUcR F holRrbd B BRI friace
saturati qasortirin sach paarfmgemqgfemusgesploz)naaaﬁr@mmt ifomeasuremenbsurisee is Browded
deri vabl om det ect e

ot o edOLEB R P B fych diline Db G aiBis IHE O Rerfef il A6 2
herein i sthmrface @obmmfnt mepsmbm&nt rWah itheo b asenesenh deavites baipp hqtdﬂrbed the

vi si bl e I I [ I [«S4NOt
limted t pngCIn gfhﬁ'e Jemcablag:r&%? ﬁ% H%? gl‘r"'gﬁlseﬁ{ : raw%ﬁe#d@recﬁ%sr !’Q)S/as]
and infr asnngalel pIamghThe.r sipgle p]HD\e may be on E|sgmeepI@(eaas ihe me@uf%wmsgrface
illustration of an optical neasurenent device in an exanpl e enbodi nent.

Fi gure 3(b) shows schematically an expl oded view of the optical measurenent
devi c® 25The opinithalexamplelimpiesmntation) te Gegsuremant dfvicecs ased forallwdingting se
in the exanple e di IS an
1 ut nat SBRCRRRTHRL ah it yost SodiaieBlng"RASUES TR sy WP st QB Fhe
expl oded wmeesuremeft dpvice, BEiby ,metaiméaknauacqgs@mtnassrsitmﬂm dﬁtmtﬁbwht mfermaatioop

casing 306 and. a casin 8 t a r
nmeas u?ema ¢ @ (ﬂp?ragg\ﬁgemf’a ?s vxﬁgsc%rlna ll'ﬁg?% a}orag?ﬁg’%%gt ted | tozgérr?'f’ﬁ'te f%%her
measur eneprocessirg, eug. ffacrenivel ofsaroloiend leght lrttelaeren@ior SotRcalEEdeienminztiono

nore 43 I fofeg% F&higef fl sBhd Blork %?g@glegm@ﬁﬂatgﬁer@n& Qﬁﬁggn&wﬁ%ﬁgﬁr@

302. er conprises a cou
316 t hat @aactmnoan thie nueams pleinrent devioe given Hbatrtbammmertﬂ device dsea) npbp@wde

per sonal aﬁ% ﬂmS fﬁ,r ,pggﬁgf'eggond% rdg)e'é‘ g{gp&}ﬁéieqﬁ]ﬂpe l heloﬁhﬂémﬁ Adlirdm &R BIcESS

sed

confi gur ouplng nme ormo an I nterface
15 port sucrhnta:roeeasnr -intarsive, say inddy bokrgquBB)a porcessar, Bhe c30 tbewafgrfh@@thon
used in th ( ,
In the exaﬁ%@g r%{)(%%téndéﬁwt%uém&i h%% 1T u%gﬁeﬁ%ggiﬁ%ﬁ%eg%%taﬁr ough
a 5 s f amenplactureshtodfe ralatigsdy siell aﬂeamua@dénnpn\@ngonadp‘ﬂmﬂ on of living
ti ssue of the user placed at the neasurenent site. The light detectors e.qg.
314 can detect light reflected fromthe portion of living tissue of the
user. The det echettielaxgmpld infrdementation, she teastregient dexiescison subgtardially peim be
transmtt o) t a oINSy
devi ce (nggroyrh% I?gr oérjsolé qubgtd‘?eyg?t(ﬁ(érﬁetgﬁ%zﬂ{sés#‘ﬁgm%@%npg I)fnn&te he
exanpl e emeestinement dfgyiqeonal Ialyp areferablyumendhghesive ote aedwneblthe 3lilgelinegd bef
provi ged ln%'g\m;“ éltc?ﬁé [geasurement device 300. The pressure detection
asse can & 'Tont igured to detect and transmt to a personal nobile
processing devi ce (not shown) an anount of pressure applied by a body part
of a user to th ' 0 ' ' halh€
bt easure | nf or neFIEs RESSAS (ERIHrE fup estbe 3ome kel ERbofRRTA Rl ol
whet her abémdigiaptr hricfip sebeibe qohrposednts wf & PGreigsalr enent devi ce and/ or
whet her the pressure exerted by a body part is sufficient for accurate
readi ngs to be obtai ned.

30 Figures 1 and 2 are provided to briefly describe components of a PPG signal.

Figure 1 illustrates a graphical 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.



The optical nmeasurenent device 300 can additionally be integrated with
optical 20filters e.g. 320 to mnim ze the disturbance fromanbient |ight.
In the exanpl e enbodi nent, an edge filter with optical transm ssion
characteristics can be used. Figure 3(c) is a diagramillustrating
optical transm ssion characteristics of optical filtering in an exanple
enbodi nent. In this exanple 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 the wawel engths of interest are that of
e.g. about 600nm and about 940 nmonly. Alternatively, filters which target

speci fic wavel engths of, interest can b sed. For_ exa filters whi
e.g. when used Ih F&ﬁ%l%aWI%ﬁ% SPTBANG S SHRFINeROSe nt‘Pﬂ Of?dﬂ’igébﬁldﬁs"g&

600- 700nrrborag&1@#@om %Qré'l@l@@rtm tﬁértisb@edlﬁﬂd to Ahé elvBrigeVEIbdd v@llﬁﬁé“gh%sf og er
which allow 30 transm ssion of lig from about 600- 1000nm can be used

al one. Fi §oPRONENtS104 Rigsslewly f&lﬂ%&? ARSRITAHOR Yasomplerafctiyfly iand) varesenstestent

devi ces 40Qa06d. Neyith WRAISIE el tranid SIS AMPANdTBRIDIIRaB6® ARHS tHEOAD 6hpRnbMt A2 and
exanpl e enbodi nent. The optical neasurenent device 400 functions

subst ant i B4 ?’m%ﬁﬂl E%Ca(’bbet??ﬁfaﬁ%sfa?%ﬁﬁu%vi"éﬁ“@5’9366'Vﬁr§scr| bed with
reference to Figures 3(a) and (b). The optical measurenment device 400 16
conprises a sensing portion 402 that in turn conprises an illumnnation and

det ection assenthWy significant chptactsmalias, of 1&g PESs Mo PHiEE S¥RYEiRMa e MAVg Rien

pressur e/ jescsiBed @RS lanilNGFte®h Fibre I hehdrb lth%pf{t%akéﬁbe&ﬂ@hé’ 1186 WaRBfoRh SR Y
404 conprises one or nore photodetectors e gb a red LED |ight source

410 MY afiefinedras.tvacphaees: (g ik anasiptichase 112 being the Heing efen of Hepuse. 208 3 s

shown Coueé&@hdt@téda@ndoﬂm@nm B@ihQ'tﬁe H’él & 4B d@vm@e 4%evmspbh§s%n1ﬁe.s
for exanpl e but not Iimted one( r{ﬂf Appl e nput er, 1Inc.

Cuper t i noPrimayly concerned with AyfdPiscwE Sf%‘em' ghapeg! rePrPéeaEtd'%%w e and wave
measur enepdneifnsC 164 fem theCysipend hoencil&ilaeﬁdt&{ 1I1bl igsistiahy 98en Thend ea@dddons

of the processing nodul e 416 can be provid }/ har dwar e "and/ or firmare of
the opti cﬁ@ta?@ﬁ%g?%ﬁ?eﬁl“ fsybieets 264, helithy °°mp|!aﬁ #d¥iesaf t er establ i shing a

physi gal connection of the illum nation and detection assenbly 404 with the
personal nobile processing device 414, a mcrocontroller unit (MCU) 15 418

in the optical Iehelrlawind dataled deswipticnrretarencecyilli be BaRae die pecompanying

aut hent i CatawifysP UrreOstfenintiohed Sccvfitén nfifig QhraviAgSshov b @vawfsm%udmmd Rot
pr ocessi n(b;y deV| ce 414. Thi s authentication process may bé specific to the

Phone( r ) BY Way &b Iniation. serpficerebadiaents ApddaplemenialoRs COMSIS Wi PInsIRS-Slor

purchase @ srebafNhvedBbh OTHeSK GRplefMaAiBRs @fd Hesdribediih Isume.eapaé@ﬂltatee.abrehat
variations or elimnation of the above process is p055| ependlhﬂ% on the

20per $onalhorp 5led n dbe 1 iy piRslice dng javention, and Mgt 1o ﬁé"@'ﬁ%ﬁﬁ?ﬂde

Phone(r) , infffmbrtbticHs! rﬁ%l b8 B £l thbfstiurbNén4RgEalanddy BEHYHARNRHS of various
Recei ver/Tr ansmitter JART rotocol fromthe 30 pin connector of the

i Phone( r)ee@paxsngwgvcne El‘ét’%"‘ﬁ uk departing URP?T*“@V%G%GSOHF?IR’%\?@BH&@”F%mTﬂ%
MCU 418t piiéhifg28etalfétP ¥a8eription is, therefore, not to be construed in a limited sense.
Additionally, the various embodiments as described may be implemented in the form of

25  software running on a general purpose computer, in the form of a specialized hardware, or

combination of software and hardware.

The terms "coupled” or "connected” as used in this description are intended to cover
both directly connected or connected 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 aris for efficient description. An



In the exanpl e enbodi ment, the data is conprised of 2 bytes of header and
10 bytes of payload. The payload is sub-divided into 5 parts, each
conprising 2 bytes of data, i.e. DCI(IR), DC2(Red), PPGlL (IR), PP& (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 wll be appreciated that

vari ations of the data/payload is possible depending on the desired
application, for exanple, whether or notsthe force sensing portion 406 is

i ncl uded J . ' 4 ; ANrY : i

provi de iér{l Jﬁﬂﬁgt'??\éh?%py ?%gthgé%c%vr?%gﬁéﬁétls%@tzgﬁ&gcjélg%we \S/i %r t(?ﬁfjhse@%d
enabl i ng resulc Thatalgsmithiroic stepsnaatin@dudeophysiel pasivalations gephysisal @pmbtiesopagh and
PP&2 est ahl | . 9V | r |
componenetid5PA, fgblidle CEIAIENSORASCRRPIoF Hefig Bl Bhfillod Martfir ™

i nf or mat icemhiried hempangdnancbthpmisssmeripapiedi ed to the il lumination and

det ectsi on assenbly 404. An exanple of the data decoding format is show in

Table™1 below. Tine (na) Devi Data immte DCL (Hex) 0C2 (Hex) PPGlL (Hex)
PP& ( Hex) 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 te 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 paraliel 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



FS (Hex) DCL (V) 002 (V) PPGL (V) PP& (V) FS (V) 0
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14
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 sffectively 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
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
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.

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.

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
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 pertion 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 exampie 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 bersonal mobile processing device 414, a microcontrolier 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 wili 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, BC1 and DC2 provide information for the DC

component 104 of a PPG waveform, thus enabling calcuiation for saturation of peripheral
oxygen, or Sp0O,. 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 DC1 | DC2 |PPG1 |[PPG2| FS | DC1 | DGz |PPG1|PPG2] FS

() Data from Device (Hex) | (Hex) | (Hex) [ (Hex) | (Hex) | ) | V) | (V) | 1) | ()

0 FOE20A01023A01FO0350065E | 0701 | 023A | 01F0 | 0350 | OB5E 12.8905/0.9189(0.7956] 1.3671]2.21580

8 FOE20AD1023A02ZAB0347056D | 0701 | 023A | D2AB | 0347 | 056D |2.8005/|0.9189] 1.0962] 1.3526(2.2392

16 FOE20A01023A031802R7057TA | 0701 | 023A | 0318 | 02B7 | O57A |2.8905|0.9189(1.2768| 1.1204{2.2602

24 FOE20A01023A0314028D0584 | 0701 | 023A | 0314 | D26D | 0584 |2.8805|0.9186(1.2703} 1.0011]2.2763

FOE2CGA01023A028E02D0058C | 0701 | 023A | O29E | 0200 | 058C 1 2.8905{0.9189 1.0801} 1.1807)2.2892
FOE20AG1023A01E303550551 | 0701 | 023A | 01E3 | 0355 | 0591 |2.8905/0.9189(0.7787}1.3751{2.2973

FOE20A01623A012D03400592 | 0701 | 023A | 012D | 0340 | 0682 |2 8905/0.9188{0.4852| 1.3413]2.2989

FOE20A01023A00C402AE0591 | 0701 | 023A | 00C4 | O2AE | 0581 |2.8805]0.9189/0.3160 1.1059_:;2.29?’3
FOE20A01023A00DDOZ6E058D | 0701 | 023A | 00DO | 026F | 058D |2 8906{0.9189]0.3353] 1.0027{2.2908

FOE20AQ1023A014D02DB0O585S | 0701 | 023A | 14D | 02D8 | 0585 |2.8805[0.9188[0.5368] 1.1785{2.2779

FOEZ20AQ1023A02008035A0678 | 0701 | 023A | 0209 | 035A | 057B |2.8505(C.9189)0.8399( 1.3832|2.2618

FOE20A01023A02BC0O338056E | 0701 | 023A | 628C | 0338 | O56E |2.89G5(0.9189| 1.1285 1.32842.2408

BB BNIRIBBBR

FDE20A01023AD31FD2A5065F | 0701 | 023A | O31F | O2AS5 | O55F |2.8905[0.918%9|1.2801]1.0914[2.2167

104 | FOE20A01023A030B0270054E | 0701 | 023A | 0308 | 0270 | OB4E |2.8905;0.9189}1.2558( 1.0080{2.1693

112 | FOE20ADT023A028802ES50638 | 0701 | 023A | 0288 | 02ES | 0538 |2.8805]0.9189/1.0447]1.1946|2.1586

120 | FOEZDADT023A01F00350055E | 0701 [ 023A | 0109 | D35E | 0526 |2.8905|0.9188[0.7367] 1.3896/2.1248

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 {o 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 collated 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, 2 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 holderiess, the surface portion of the user can access the measurement
surface from ali 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 io 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 Sp02 values, for example, a proprietary jookup table is typically
30 provided by manufacturers. A calculated ratio R is used for referring to the lookup table to

determine Sp0O2 values.

R is defined as,
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R =

where AC, DC refer to aiternating 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 calcuiations.

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 calcuiation 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
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.

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 exampie
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

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 procéssing device. At block 704, the
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
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

~ 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
PPG signals {dotted) can be obtained. Another example of de-multiplexed signals can be



0701 023A 03013 0270 054E 28905 0.9189 1.2558 1.0060 2.1893 112
FOE20A01023A028802E50533 0701 023A 0288 02E5 053B 2.8905 0.9189 1.0447

1. 1946

10

15

20

25

30

35

22
provided whereby individual sampled points are represented, rather than the complete

waveforms formed by the individual points.

Figure 9(a) is an exemplary schematic timing wave diagram for toggling on/off of an
IR LED and a Red LED. Figure 9(b) is an alternative schematic timing wave diagram for
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
ilustrates 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
turned off. Each LED is turned on for about 2.9ms e.g. numerai 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 802
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
002, 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.

In some example embodiménts, 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

ADC1). 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
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

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 filter
module 708 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
amplifier module 710 to maximize the peak-to-peak amplitude of the PPG signal. In an
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sending col I at egs datdid Rigdrdy ORBET Pro*hd&s the DC portion of the measured signal and
ADC2 provides the AC portion of the measured signal.

Figure 10(a) is a graph illustrating signals acguired at an analog to digital converter
{compare ADC1 of Figure 7) in an example embodiment. The y-axis is in terms of mV and
10 the x-axis is in terms of ms. Numeral 1002 shows the signais obtained when the Red and IR
LEDs are turned on during the toggling sequence 806 (Figure 8). Numeral 1004 shows the
signals obtained when the Red and IR LEDs are turned off during the OFF condition 802
(Figure 8). As shown, the amplitude of the signals obtained during the toggling sequence
806 (Figure 8) is notated as x'.
15
Figure 10(b) is a graph illustrating AC signals acquired at an analog to digital
converier (compare ADC2 of Figure 7) in an example embodiment. The y-axis is in terms of
mV and the x-axis is in terms of ms. Numeral 1006 shows the AC signals when the Red and
IR LEDs are turned on during the toggling sequence 806 (Figure 8). Numeral 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 solid lines at 1010 and the Red signals are shown
with dotted lines at 1012. With the amplification provided in Figure 7, as shown, the
difference between the Red and IR detected AC signails is notated as 10x', i.e. a gain of
about 10 times has been provided.
25
The IR condition refers to when only the IR LED is turned on, while the Red
condition refers to when only the Red LED is turned on. The IR andfor the Red conditions
are illustrated in Figures 9(a) and 9(b). That is, even if the brief time period At 902 is
included, the respective condition, Red or IR, is still relevant given the longer preceding
30  amount of time when one of the LEDs is turned on. The ambient condition refers to when
none of the LEDs are turned on, and the signal is obtained due to the ambient light
conditions. See numeral 802 of Figure 8.

With the AC and DC signai portions, the inventors have recognised that significant
35 information can be further extracted for SpO2 calculation. Using the circuit of Figure 7, it can
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predeterm ned interval to a retriev re r

15 ah@ | BAvEOh B30 20 IR sng o8 Ak ekt PRISTHPY Be' S5, abpbont 203 shates Tob i

i _”][ Ie'r val @gécnb% atngfﬂh.%l?aﬁlﬂ:s@ nfhd adiaibelow witte Flgi]i;]eei 8.ah a@biion, SthSretcahG)e;l]ste%s

m | liseconds. e data call ection seqguence is then,r a the thir
"t er val GUSNAREHEUH DAL ARieEd AmER0 WG SopER e h i Fghof e BRBRCERPE AEF
two LEDs 48cribddanddRistatet (bR detd? BelonavithDGguré4G(®r e taken and sent to
the UART to the personal nobile processing device 414, for exanple, for

further processing. 30 Therefore, in the above described exanple

enbodigent, an igaksdroRahé QEDanﬂwgi@é@@hc@ Bs ARSEatet)in Fglre Beter adtayobtained at
pressure det ecti on_asse

measur eme DR LRD QaPPBGﬁd’é%Feﬁgecgteqéﬁ%%ﬂE 4@.3“3319@ 3 nﬁ{?@& C@ﬁ%gt%ﬁﬁt A

housi Ng CamWER\Cof&itishs uctural rigidity as conpared to e.g. conventional
pl aster- 19 type devices. The optical neasurenent device is substantially
non- def or mabl e and can conprise a substantially non-adhesive neasurenent

surface. The Opmneaé.gﬁm@%ubﬁﬁantF.g@.«escm(g)aan@e(bprcamLdeiérgm furtnet cﬂgm'stbﬂal or
clip or cuff, i.e. 5 the neasurenent device is hol

e acuPBTERFOGSFING SlePe AT BORNIED FIGHCh BTooERaNS R A A AL SRV JLF BRI TR e o
user can aK&epR drivbdRafUMRTED dalis bassdusiclgha iswrpba@ﬁumerg filteringUl8 Big) a
o Ser 1 A TS bR T5pont 8 e e IS R IR 2
surface f r(,q)(g'ﬂs%,],vnm ;:igg.tel Pns in a single plane. The single plane may be on a
sanme plane as the 10 neasurenent surface.
25 Figure 11(a) is a graph illustrating filtered DC signals in an exampie embodiment.
The y-axis is in terms of mV and the x-axis is in terms of ms. The graph shows filttered 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 iliustrating 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 signais are shown

35  with dotted lines at 1108.



Furthernore, detected light information can be transmtted to another
device, for e.g. the feedback unit/personal nobile processing device, to
carry out further processing. Thus, the measurenent device is not
processor-intensive, e.g. may not require a processor, 15 and can therefore
function w thout a dedicated power supply such as a battery. Thus, the
nmeasur enent devi ce can be manufactured to be relatively small as conpared
to conventional devices. It is appreciabgd that the detected |ight
information or Vppg signal transmtted to the 20 personal nobile processing
device has a substantial extent of anmbient |ight interference. Therefore,
anbi ent |ight digureil2e)inacenhaitiisrating fijeret dyreignals fenan gebigsh BPGrgignal &
processi ng dakldieemblanidRe ShoRLLR0ISHR keHs &Iy A thoxARRIER 1oRRL $Pms. The

cancel | at’ion al cul'at’ions can be | npl enmented rough software
and/ or haraptasowsoiiiieress DCTHgnala i 20k weemifruRed apd AR d& ks are durapd offrdiing the

circuitry gﬁﬂ ication chips such as an ASIC chip. A 25
graph:‘r’calor_fﬁce;r ||r(1)1?'gér0%g€@9% [) may be provided, such as an "app" or

software application on a smartphone, to be run on the personal nobile

processi ng devig } SR t 1 i i ion.
To determ ne Sp@r%gﬁttgg% g%éghe@g&n'bﬁg,é W'gé%’? OIJE)tF@iS fﬁg'?ffa'lt %ﬂ%ﬁ’g’%tnggr’?e%‘gﬁé' P
t ypi cal | yan3®@nmplé emtodimentTineacaas isrin teroscef|roVilaad dle x-axisds R tesme sbast bhe

referrin ' I . ' i

20 AC. DA AREEAL obig J2OELRERIEREP A IRILETSS o el a0 e
curr aot \QFffueenditesn@2t(Figere/8). The conditions IR and R refer to conditions
whereby infra-red light and red |ight are used respectively. It is noted
that anbient |light noise is usually subtracted or renoved in the R

5cal cul ati ons. From Figures i 1éxaansl 2(bhitbelimaxipyn andenininown peintp fej earhcygle,
t hod noi >0l leat.d . .
MEt hod anfl She Eg&gﬁgﬁ?lﬂak‘é&aﬁﬁﬁé t6Hth&&% mBxifhuni 9hd m%ugp%ﬁfg{g%%ﬁﬂﬁé@

one exanpl € enbodi _ ' val ues are respectivel or a
Red PPG siegrihlandiddiwidl ierappreginteRttbibesingraiumi an MHBTRAHesH0 Rerohiapednt

PPG Slngnqjsﬁﬁﬁﬁéﬁqﬁggﬁcﬁ%@%ﬁm@ﬂééq the red and IR LEDs are turned off). The

maxi mim an e PPG signal neasurenents are determned. A
5p02 val ue based on a ratio R value cal cul ated using the determ ned maxi num

S ™ AT Ry R, DRy SR, R a8 o o ke enaep
between t, to t of the filtered DC signal. The IR signals are shown with solid lines at 1302
and-the Red signals are shown with dotted lines at 1304. |

20
Figure 13(b) is an enlarged version of Figure 11(b), focusing on a specific period
between t, to t; of the filtered AC signal. The IR signais are shown with solid lines at 1306
and the Red signals are shown with dotted lines at 1308. The maximum point data at t1 and
t3 are identified as IR1, R1, IR3, R3.accordingty. See numerals 1310, 1312 respectively. The

25  minimum point data at 12 is identified as IR2, R2. See numeral 1314.

Figure 14(a) is an enlarged version of Figure 12(a) focusing on a specific period
between t1 to t3 of the filtered DC signal.

30 Figure 14(b) is an enlarged version of Figure 12(b), focusing on a specific period
between 11 to t3 of the filtered AC signal. The maximum point data at i1 and t3 are identified
as A1, A3 accordingly. The minimum point data at t2 is identified as A2.



and/or IR PPG signals to renove anbi ent signal interference can be avoi ded.
The i nventors have recognised that by identifying and utilising only
significant information for Sp02 cal culation, an efficient and accurate

cal cul ation can be carried out. The inventors have recogni zed that by using
only the maxi num and m ni num val ues of the respective red, IR 20 and

anbi ent signal pul ses, the cal culation of Sp02 can be carried out. For
exanpl e, a maxi mum of the true Red PPG signal (devoid of anbient noise) can
sinmply be obtai ned by subtracting the obgmi ned maxi mrum val ue of the Red PPG

signal, obtaineg sMdaR bd@ofRckhbElRel r%téﬁdn@&dmﬁrbs Wi th tBhee @m@maibtmbrrum
val ue of t he _anbi ent PPG si naI i is turned

i . none _of n
25 signifyieg thepe Jigtings ard,atecnagl tB? 5?@@0‘1’1’%% [ﬁf?”?‘i%t"af"f AldRrEqndbes; §|F8‘?Fal
(devoi d okorditireatd 1 Ambleht ashdiitiont rue | R PPG si gnal (devoid of anbi ent
signal ), advantageously, reconstruction is avoided in exanple enbodi nents,
and only the maxi mum and m ni num val ues of 3 PPG signals are obtained for

anal ys{s to obt &Imn RO prediated tﬁéiuﬁ afhaﬁeéﬂ SHuBliGe epg QGifts MdVHLAN BhSBdsteBRrTe
| ess power. nprise a coupli r. coupling to an ggtlca

measur enmeARd cﬁ&n%é’atmn@rc@hﬁl P‘Plﬁj‘tf?é'ﬁb@? Bﬁﬁ' ?‘%Eé’l%e'ﬁ) f #nds PREREflyanoiRRE O r m
obt ai ned E&&ﬁﬂ)n@nalﬂsé%tdrﬂ&rddg%hé%ﬁ AtboPPoseur iaf e dan@ Boints! MBS W8S, 13,

second si wavef or m obt ai ned based on detecting_ |ight based on a second
light ill 'F*Fhﬁ 8re therkame when (ﬂef§f’t§|‘ﬁép tﬂ%\)’éf'?ﬂsrﬁmtk&’i"ﬁe'& the DEREESH examples,

det ect i ngpakHiseNs Jiddkipat e WMEdC e %Bk AafiplsP ADfiAS Theé IRT SSHRIMDA cartdy |t
that can obtain respective maxi num and m ni nrum val ues of at | east two of

the fi9 st Simidanepysineasyred farithe & CW@I"oﬁﬁsﬁucﬁntﬂefen%’eﬂF'ﬁ%g'gﬁFenéaﬁ”UB?"PK/e

signal vahi@sropbh! 89, i1, otardNe, IRERNGK Sraimy Péladfﬁé%ﬁ% ) th Ré]fah@rmﬁ&bnpf
anbi ent noi se by using the maxi num and._ m ni rum val ues of ast two of

the firstcondiiongd-eafnesAMple Rerggeaditigayibcap he. expgeted that the IPPQ‘&ﬁ aad froughs,afy 6
can rel at fhel @sEtBIVE G ﬁarsquam ﬂmbmlt)e taaﬁl ENSARP hia§ Bnlyosts ofd s&nple drhe

optical neasurement device gur es o 21 can provide further exanple

i npl ement BPMgrRchagihar Hipe BW@Q@fa'? mp f?@tqffc%eaﬁwﬁtﬁréﬁﬁn? o SQre éamp!ewna\ﬂ).be
appr egs at fgh fuiUIRLEE N saRtpidd @ B veldtfeddifdm tHeadaldUMtions tilesisecdr al gorit hns

etc. described may have steps or 15 conponents which may be used in
conmbi nation or in place of each other. Figure 7 is a schematic

bl ock diagrami |q ysd rpﬁ‘ééé’:‘lﬂy Cdés@ﬁ!béd )éx&ﬁﬁleoéh@oﬂh%td nééﬁtlﬁ@é' Qr'é ftd?jglu%’%d
calculation in an exanple e e circuitry is provid

optical nEBSENERRARES o9 8 @%@02 %f Figyre Bhdhe ambiant gjang! Pﬁab? ?féﬂ B?%@Pﬂat
device. Ape Bb@%ﬁﬂm §é?fﬁ‘e tirfh aRhRd Rcmidqpegﬁraké %ﬁdﬂ%@ﬁ@s‘lﬁg sEth] ulrﬁcﬁwdam%@ﬂalsed

toatrannge ance anp fier is arranged to etect %’g i nf OI'ITB.tIOI’l
These2@onfs nl%@nara@mﬁp@@it@srarg [asansiruciact apd Apalyes serarain: 1His AR als n

coupl ed t'ge @xitAbié@fCa BPnasdBEq mgl €g./F8contitRn\t for 85 s&&Irde VR lcoRBitleh &n 618
is coupled to a non-inverting . anplifier module 710 that is in turn coupl ed

to a non- ﬁﬁw?@‘?‘{ﬂdﬁ@”g@mﬁ'%Ca?ﬂﬂ"?"\‘?"éforﬁééﬁ?@d‘PlZ An out put of the
non-inverting summng anplifier nodule 712 is 25 coupled to ADC2 of a MCU
714 (conpare 440, 418 Figure 4 Further, an out 704 |s coupl ed
{0 ADCL of the Wiy the infpeeaion e Figuras A3@).g A0 4)4<a) nd 148 B PR gan ey
schenﬁglccgeggﬁuq§hhéhmy@ﬁgatlon of output obtained at a |light detector
(compare 704 of Figure 7) during a light emtting diode (LED) firing
sequence in an exanple 30 enbodi nent. During an Anbient (An) or OFF

condi tion 802, botthb}_LR and RED LEDs are turned off, and an anbient PPG
si gnal 80#Ce 4R he =0 féd> B@iring a toggl ing, seq&@hd§ﬂ806m2the | R and RED
LEDs are altematingly iurned on. The MCU can then pefformtine based

de-mul tiplexing to gxtract the respective IR and RED PPG signals. An

exanpl e otmﬁeaqylelgﬁéé%ﬂ.sagmals can bgcobser vedWniBi guge 11(b). The IR
PPG signals (in bol d)™and Red 35PPG S|gnafs (60tted¥ can be obt ai ned.

Anot her exanple of de-multiplexed signals can be 22 prOV|ded wher eby

i ndi vi dual sanpl ed E@ngﬁre represented, ratherzibﬁﬁAlhe gérplete

wavef or s E?Lged by ﬁawgn yybgyal poi nt s.
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Figure 9(a) is an exenplary schematic tim ng wave di agram for toggling
on/off of an 5 IR LED and a Red LED. Figure 9(b) is an alternative
schematic timng wave diagramfor toggling on/off of an IR LED and a Red
LED in an exanple enbodinent. Figure 9(b) is a nodification of Figure 9(a)

to all ow an anbi ent PPG signal to be obtained. Figure 9(b) also illustrates
a toggling sequence wthin sequence 806 of Figure 8. There is a relatively
brief period At 902 between each toggling, about 100ps, when both the

Red and |&+§§% RS0 KURDBE fhile oFBAEc f—n@ot Fhe 0190 bl B duripg e

numer a es each t oggl fo be
| rrpr ove tthegle Reamt:Re&ﬂJGF(’FlGU@ Ynak.s isdbe @ﬂﬂ‘@?r 0 Fti'ﬂg @pintrowitivg thet 199 8 tine ows

atinme br t i ( Vi ce
versay. Thatie s, 4 2Veall bF HeAIlEITbanTREIAG (7 06 HBbuEARAL), At SAGin e
red and |iRthg §Galaiueasfeonserytieratatle IR LRG heing wanes! o dingtthg todtiresénuieste 886 od
At 90 ] e
nf or at | B BB PREER SRR eBbr B by tEbEREIed D BBig inklid gurng,
if there the imglblsealkere:egﬁOESp(ﬁgwedéﬁ Ayr peiGods Ane 802valuef bhgyleycleiofjthe Red
the previ t h.
That 1 o e BB frnBU A Aok 8B Sebliincaadd BRI ol Psdy AL PETHRIE 5
exanpl e e\rdhtnjoh’ehet wbehbsngmlsmeqte}d otiringhthie ORFamtdkted 80E0Figurd 8);tiharisttheed
such that t ck@®r s
VD, S (R Bites Bk BRAGSSHATACL 3010 R 3462000 a8k T BFbiny
of an®i ersignal gletectsdydaring thenObe wedﬂ%c&ﬂas(quth)asTmo@%n 4 eetolp Io_mthengamhe
intensiti :
phot odet e@?eo'fg?t r]'E\Erllioét:{ar@’ggtc 333 ﬁrréfta{%ﬁdd?ﬁé c%cé%ﬁg@%%ﬂltée)Bglgqg%%%nﬁglrs‘ﬁutt he
sat ur at i oand/tbetefaye cap bbsetbak any arhranc@lused and i s about 3. 3V.
Thus, the inventors have recogni zed that anbient light interference can be
m nimzed as conpared to the IR and Red signals detected. Thus, in the
exarrpl e enbodi nBr invertoeschaverreodgrises thabiherrelatipgshin betweehdighbintinsitedl) endi t s
iod before or after the toggling sequence of the
IR an %%Pﬂ&%§628§$%§@8ﬁ§ Returning to Figure 7, the output from
bl ock 704 is transnltted to the high-pass filter nmodule 706 and in turn to
the voltage fe®l l48wer nodule 708 to renove the DC conponent fromthe PPG
signal. The rengﬁplng AC conponent is anplified by the non-inverting
35anpllf|e{ modi*e 710 to maxi m ze the peak-to-peak anplitude of the PPG
signal. In an 23 exanple enbodi nent, the AC conponent is anplified to
about 0-3.3V with a gain of about 10-40 tinmes. Thereafter, a non-inverting
summi g aredeti er 712 introduces an arbitrary DC conponent -to the AC signa
such that the S|gnal oscillates about the arbitrary DC value. 5As seen in
Figure 7, hp@1 pro Visgheen t he™ Dbmportlon of the nmeasured signal and ADC2
provi des t AC porgieon of _thgeneasured signal. Figure 10(a) is a
graph illus Pﬁtlng SPYHEl s achTred at an analog to digital converter
(compare ARCL of _Fi e 7) JnAan exanpl e enbodi nent. The y-axis is in terns
of mv and 1%¥he x¥axXF&*Ts in ferms of nms. Nuneral 1002 shows the signals
obt ai yirrd when the Red and IR LEDs are turned on during the toggling
sequence 806 (Figure 8). Nunmeral 1004 shows the signals obtained when the
Red and |Thdrbidre, alsigttté ieshsitl to Bmpiitige rditidathipCabade titdte 842 i§ BuigikiRedvith As

shown, the anplltude of the S|gnals obt ai ned during the toggling sequence
806 (Fi QUD{J%) | andehet£d as x'respertively substithitedUtith He($guaks o agéraph values
|IIustrat|ng At signal s ‘cquired at an analog to digital converter (conpare
ADC2 of Foyguiae i) of theenesgaciingly ©@CeortAl cateulttionBfeony trexset of equaticbeabs/eof v
and the x-axis is in ternms of ms. Nuneral 1006 shows the AC signals when
the Red and IR LEDs are turned on during the toggling sequence 806 (Figure
8). Nsoreral 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 solid lines at 1010 and the Red signals are shown with dotted
lines at 1012. Wth the anplification provided in Figure 7, as shown, the
di fference between the Red and IR detected AC signals is notated as 10x1,
i.e. a gain of about 10 tinmes has been provided.




25 The IR condition refers to when only the IR LED is turned on,
while the Red condition refers to when only the Red LED is turned on. The
IR and/or the Red conditions are illustrated in Figures 9(a) and 9(b). That
is, even if the brief time period At 902 is included, the respective
condition, Red or IR is still relevant given the |onger preceding 30
anount of tinme when one of the LEDs is turned on. The anbient condition
refers to when none of the LEDs are turned on, and the signal is obtained
due to the anbient |ight conditions. See2&uneral 802 of Figure 8. 24 be

seen from Fi gu ( (D) that the A onents of the Red
and | R PPG si gna @gr’f?%a ger than those of 2&”%’ PPG si gnal .
Ther ef or e, DG.tve | contrbut i~ m Afetshe anbi@ent P”P@Urral“ s4Cess significant
conpared with flhe c6wtribition of the RED | R*PPG sifgnal s. This can

provi de for a re accurate Sp02 cal cul ati on. That is, in exanple 5

enbodi nents, the LED illum nation intensity can be tuned to a level that
provides for deysyped. s, als that provi de’ [@(Am ghicg,) et ect ed vol tage as
possi bl e i, t ho ?‘qsaiura Iing ‘t:;he Si gnaI% The_intensity gan be controlled
by the *Thej| tunijng car eRstrre t hat ot ) Redignd IR sidii&ls transmtted
to ADCl can redch an anpli/tude | evel si gnl \i cantly higher than Anbi ent
signals transmtted to ADC1. For exanple, if an Anmbient signal at ADCL is
about 10 0.5V, both Red and IR signals at ADCL can preferably be set at
about 2V qwpiggye. This is described and illustrated in nore detail bel ow
with Figure 18. '4} addition, there can be steps taken to ensure that
detect ed Anbi ent ‘T¥ght signals are not too high. Exenplary steps are
descri bed mand=i rated in nore detail belowwth Figure 17(b). 15Based
on the LED firing ®%equence as illustrated in Figure 8, the data obtained at
ADC1 and ADC2 caf‘be processed to select the AC and DC conponents of the

| R, Reg and Anbient conditions. The signals shown in Figures 10(a) and (b)

can undergo further dl%!lta| signal . 20 processing steps. . The rmdulsa for
such processi ng TheS: Kothe,@abave dasstiped expmpler @mpodiment, dirgstgygeat (DC) and

embodi men CHvaaeseicth iRt RUSINed), lse¥orRp@sy. fIR) bed tHire. (8.g. bilbient) ng
>0. 8 Hz) Tghgﬁ?ﬁ%d&rﬁgg% )(S:\ééri be as'se@?h?o)uég a band ?ass fil t(erg Rx,e;
a

filteringsianabwaele[ms G,agdo%i)taw%tba%?ﬂ)wfteﬂe flive "ﬁx'm%@lﬁ"adf"@"rilféé{?

graph ill gkt bpg Ab VellgdsCst tREHHHAMGH a5 wialefdfin %éﬁ'ﬁ@'a@e@@'@%ld& ertalﬂ'é"tEovér@“ s
isinterns of nV a the x-axis is in terns of

filted@d Btyr@itagr@éwgcls* EWHe*PPﬁeHeOFRé'EP By L@sﬂﬁﬁ@umﬂﬂas &h t%ﬁhwb sigral

toggl i ng SRIERRACTIRDRILOIR 84K Be Bbtermhingd bBssd &M abing M DENHNAQIvRIties oF tHé firsnes
at 1102 and the Red signals are shown with dot;{gﬂgl i ne

t .1
Fi gure 11@BY speord V@V&mmsandém aYarAgE Yalyesohiam wgtha?@aq ’%ﬂ(ﬂwéX%fHBT‘ea“d
enbodi MeN{yheldiSthé raNd R it Bsddle toPFétEredting ¥ 166Kdpltaige X-axis is in terms of ns.
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 selid |lnewuﬁ«.tthé3r9tﬁa Rnégbh%r@@@sﬁﬂu%ﬁh%f%é&o@ﬁb@%%hﬁ@d&n@ﬁi 6166d) édres
at 1108. 25 iqure 12(a) |sa%@<phlllustrat|n filtered

signals f &8 d&ﬁermdeﬁhatpﬁ@ﬁomxwecﬁn 249 Recihb® YER it referda a prapfictarys
in ternms @okOY tadk prdVRicd BY<h mdrtfddiurbeio @et&imin® thel BEtreb] Tp@ﬁdaln §15pER Yallid_eTtRd

DC signal s 1202 when the Red and IR LEDs are turned off during the 50FF
condi t i on 'w@iEp (ahig¢AB 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 — ffAr A 40 e v e



Figure 12(b) is a graph illustrating filtered AC signals for an anbient PPG
signal in an exanple enbodinent. The y-axis is in terns of nV and the
x-axis is in ternms of ms. The graph shows filtered AC signals 1204 when the
Red and IR LEDs are turned off during the 100FF condition 802 (Figure 8).
From Fi gures 11(b) and 12(b), the maxi mum and m ni nrum points for each
cycle, and the corresponding data and tjnme for those maxi nrum and m ni num
points are identified, see t1l and t3. It will be appreciated that the
maxi mum and m ni mum val ues can be obtai ned 15usi ng any peak detection
]E echni ques.  The in_v]?i_ﬁbguﬁaﬁl_e]rgé@)méea thdt, ﬁhﬂlrédftggde\?labﬁi @F]El _refffecEj tee rcenﬂde(méi
ocusi ng, 0 speci fic.peri tween t1l to t3 of the filtere sj gnal .
The 1RSSR S EaneiaR tardihode 1 o dptopagation o v dsgresl & ar o
shown Wi $drectobt &gersbngsndtile baRéssid®device to infolhgivg @sek 3 the poteraial 8lupsgast
ver si on @%&5*%%&@ 11§b), focusing on a specific period between t1 to t3 of
the 11t PYHEME " he | R signals are shown with solid lines at 1306
and the Red signals are shown with dotted lines at 1308. The nmaxi num poi nt
data at t1 and, ;3 are identifie Rl, Rl, 1IR3, R3 accordin%%%é See

[ s IRl , . .
nuneral s 1310, A %’T%t“ﬁeéfsp@é‘teﬁ%l" .tﬁ?héa'QB‘ﬁ‘ﬁﬁ‘i RIPRAIBIPR  &5R7a At fentative
i dent i f i @gboAptidrRar, thEBpropagatidieedrahay Bd displayed. For dib_@l?[el? for{ poophgatf error
enl arged ver3|%n of Fi rg 1ﬁéa f%%US]Eg on % pecific perjod between t1
to t3 of % RES Nep &G FoHrokingmean dotbe gaictialed By thesusen may| b megribatothe ot
Fi guice leheBgurel @pod Bhighly masdesteldnd gy beddbRbyves rethide the rbddings b8 more
filtered AC fﬁlﬁ)na[. The m%(érmm |[}t da‘%a at t1 and t3 are identified as
A, A3 af@PE RGRIPD: Tiscanpt fn?}ﬁl“gg‘?' Pr gafeduged pronagalion AirPE Phipsgthap eg.06
I't shoul do%ethaalsefimbiat infbendihatth® Afeasuiel SPO2id refbidelyt atcaffear bi trary
notations for signifying three timngs and are not the same when referred
to for an IR condition, a Red condition and an Anbient condition. 51t wll

be appreci at edThd1a§udtibn€ Belbd @iRistraleltH@ higdAthnEfof detéirhiRingrtek wtellady. _
phot odet ectors and signal paths for all 3 conditions (IR Red and Anbient),

and E%rfectkyaﬁghgg/ﬁlggcgﬁmﬁiLtnp§Dc%L peaks and troughs may in theory

occur at the same points. In other words, . ti , t2 and t3 are the same when
referring to the various conditions. In the present exanples, because a

single path i i ized, eak ed durifpgnt he nditi not be
sinultaneouékEi%%ﬁgq;a%}ﬁgégﬁﬁa{f aﬁﬂ;ﬁgéhfk§yqf:§%gbgg4{2@%% r
di fferences” i kefGak "and MEoudh, \&46,. M ™ t\BDad 13, \BPGek.” | f\ oBD&hpl i G i s

on a basis of IR, Red and Anbient conditions i.e. one sanple per condition,
it can be expected that the peaks and troughs of the respective signals

(IR, Rand AnbLent), e.qg. at t t2 and t3, may only be one sanple off from
each ot her. If’:E'rﬂégrt?arﬁh%’ﬁéarﬁ?tgrlkﬁ?d”‘f"&'Buﬁlfc?ev@fmé3%F‘P%Y"ﬁer (e.g. 2 or nore
sanpl es apart), t he ticular set of sanpl can rejected fromthe

cal cul ati ons ifD é@sire .GW”’HGH% In the prese%?Fy'degg%ﬁbéajﬁkanple

embodi nents, asDhere &DE,togg)ing and anbi enCphasesid g, ¢.0 806 and 802 of
Figure 8), the @ngent éfnal eaks and troug cannot, be obtained at the
sane_time as th » and mp@é%gxand t roughs. g it hAGeadi ¥ Pdual signals 20
for fR R and ambi ent conditions are "reconstructed" and anal ysed

separ atel y. ThHeneamheahePadeevad 6fiRled to a 3 phase sequence, e.g. IR
condition on for 15 seconds, R condition on for 15 seconds and anbi ent
condition on for V he information from Fi gures

13(a), 13(b), 14 aa)ca@plmyq@mf}a{matggzRm@gggap’e 25cal cul ated by the
avg = x ; -

fol | ow ng: e -pc. 2 c_ _4c  ?

avgr ovg ani avg ir ovg.om
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one cycle of the IR LED being turned on during the toggle sequence 806
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.e. an average of the values is being obtained (for DC

(Figure 8);
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Therefore, it can be derived that

R=R, to,

In another example embodiment, the ratio R can be determined using averages of
maximurm 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 signai
value. The average ambient signal value can be obtained before or after obtaining the Red

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
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 1508.
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
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 fo obtain an average ambient signal value

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



5 (Figure 8); DCR + DCAmis the DC val ue of one cycle of the Red LED being
turned on during the toggle sequence 806 (Figure 8); ACR + ACAmis the AC
val ue of one cycle of the Red LED being turned on during the toggle
sequence 806 (Figure 8); DCavgArn is the average DC val ue of the amnbient
signal detected during the OFF condition 802 (Figure 8); icyde is the
nunber of cycles taken for analysis and ACavgAmis the average AC val ue of
the anmbient 10 signal detected during thg OFF condition 802 (Figure 8). The
gainis s : i ng
cal cul ati%ts‘%nqttﬁg atéﬁ;t{?enrﬁ%gﬁ tﬁjﬁgbnc Ee gﬁ?‘éﬁjgﬁohﬂég g?@\ég%%hﬁée?éggpﬁ%gﬁg%éy

ar bi t r ar yTheigfgee, the Ambient signals shawn i Bigtiass1Heal and delopvieskagnt time shiffed to
rel ati onsty e ' ' [ i aphd [ AOWS
o ne 1 Hefl BB ek b B34 (R ighRE, SHETRH el e ndt B3eosal

r el at i ons#ligpediyoeel timeiere 4,2", is substituted with DCA2"g, 4., and the
A',,,%",n is respectively substituted with the square of average val ues
over an icyde of the respectively DC or AC cal culations fromthe set of
equat i ons aboveA plutlity efR vgiues\@e ab@ingxCas fodows Thus, in the above
descri bed exanpl e enbodi nent, direct-current (DC) and al ternating-current

(AC) val ues ofpa fi {e, ed) , con 2, R) and third (e.g.
anbi ent) SRgﬁﬁiM & ' vgbes )on—bhe:‘ycﬁeslpecti ve maxi mum
and m ni mum vdlwesy (OGe D2, AC (4Cues agA€he) third signal waveform can
be average val ues obtained over a 10 plurality of cycles and based on the
maxi m®m and m ni mumval ues of the third signal waveform The ratio R can be
det er mi ned baspd on(ysi Ag dvbacDC aneh@AC vab of the first and second
wavef orns &nd o] UB NG hRach %%ﬁ%e +hi €x¥/&2 gnal wavef or m
and wherein tH&?ra R i €805 & (¢l et 8¥8Moinly a | ookup table. 15Wth
the ratio B Sp02 or the saturation of henoglobin with oxygen (in bl ood)

can be determined. That is, in some exanples, the ratio R can be used to -
refer to avproprietary |ookup table provided by a manufacturer to determ ne

t he r respondj,ng 02 vatue, . The | Qokup taple:tan be stored in a database
t hat Cilgs i npt urlr |_ods »onf¥4 %géé@naraﬁ%@rm pr_o,ceé?glglg devi ce and the

| ookup operéatiRn i (@g;bna{:éqot'amﬁp t,mcgkampggcgﬁpodi ments, optionally, it is
possible to detérnlne the quality of t'he signals so as to informthe user
on the accuracy of, for exanple, a Sp02 nmeasurenent. The

qual i ty ofheseforggnal can be neasured by a propagation error which takes in
25account the deviation of the 6 parameters used in the calculation of R
I.e. 20 R ZRAR+..+R)

avg

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. R,,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 (e.g. Ravg)
is usable for referencing a lookup table.

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

35 z (R, - Ravg )2

()':‘ i=]



R ffilin din AC nr nr iv- 29 The inventors have recogni sed that,
indirectly, deviation OR reflects the confidence |evel of the conputation
result of R The cal cul ated propagation error nay be displayed on a screen
of a personal nobile processing device to informthe user of the potenti al
accuracy of 5 the Sp02 neasurenent. Al ternatively, instead of the
cal cul ated propagation error, a representative description of the
propagation error nay be displayed. For exanple, for a propagation error of
nore than e.g. 30% of the nmean of the cagzulated R, the user may be

i nformed that the 10 nmeasured 8p02 is highly inaccurate and may be advi sed
to retake the readings at a nore suitable |ocation. As another exanple, for
a deduced propagation error of less than e.g. 10% the user nay be inforned

that the nmeasur gder@Ri8, irStHeehBdveV 8kample Camisddiments for obtaining R, Thrdy edgnificaens

below illustrate the _algorithmfor determn pi the gccuyracy. 15R = f(AC, ,
AC - ac iismation for Spied letgagah ARSsresta T b AAR AGRaLAY, BougR, G,
\apc) i c+eadtopamiéd spaceldAd minfnige p@Rerionbtmptioreach par aneter has i ndivi dual
deviation as follows, 25 DC,, = DC a"g". + OGoci DC, = DC avg.,. + Dc., =
DCavgam + Dcom Hence, the average value of R

Figure 16 is a schematic flowchart illustrating an exemplary process for optical

monitoring of physiclogical characteristics of a user in an example embodiment. The
example embodiment uses an optical measurement device comprising the optional pressure

10  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

15 carried out. It is appreciated that both the finger detection and ambient light detection can be
carried out simultaneously. At step 16086, 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

20 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

25 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-siress 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

30 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
35  16. At step 1710, both the Red and IR LEDs are switched off. At step 1712, it is determined
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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
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
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 1808, 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
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 result 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

25

30
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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
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 18186, 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.

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
provided on the GUI. The user is informed to increase pressure on the measurement surface

AC



[(DC avg., - DC ""gx,",) - (DC avg,,, (DC""g," - DC",,0,",)2 (DC avg
Therefore, it can be derived that R=R + o- avg - R 15 I n anot her
exanpl e enbodi nent, the ratio R can be determ ned using averages of maxi num
and m ni num val ues. In the exanpl e enbodi nent, each Red and IR PPG signal
are paired on a per cycle basis. A subtraction is carried out using an

aver age anbi ent signal value. The average anbi ent signal value can be
obt ai ned before or after obtaining the Red 20 and IR PPG si gnal s.

Figure 15(a) is a schematic graph illustpating PPG AC signal s obtained for
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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 bdth LEDs are switched off in an
20 example embodiment. During toggling, the signal detected at a photodetector PD is shown in
'part (i) 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 (IRy, IR,,.....IR,), analog to digital conversion ADC is executed and the
values captured by a microcontroller 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



10 li R _ R(A Cr2 2 -avgAC2) x(DC,,, 22 -avgDCCR®) RL, 2(DC "22 -

avgDC2) (A cr2 2 - avgAC2) --> Cycle 2 4. (AC' 2 - avgAC'", 2 ) (DC2
-avgbCa", 2 ) -> Cycle n (DC, 2 - avgDCam 2 ) x (AC,,,n2 -avgACan, 2)
Therefore, 20Ra"g - E(R, + R2 ++ R") Thus, for the above descri bed

exanpl e enbodi nent, direct-current (DC) and alternating-current (AC) val ues
of at least two of the first (e.g. red), second (e.g. IR) and third (e.gqg.
ambi ent) signal waveforns can be obtai neg based on the respective maxi num

and 25 m pi gum.Na gltesi?,?%@ﬁ.“ﬁ% in?hly;%%é\el‘cgﬁh PRy theNGseP ﬁé’ﬁth%t‘é?,.' H?éteB;
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and the second sign wavef ornms and’t he average val ues

third si gofphysialpgical charagteriplies sgdrdval ue (e.g. Ravg) can be obtai ned based
on 30ysing the ratio Rfor a plurality of cycles (e.g. Rl, R2 etc.); and
wherei'n the R value (e.g. Ravg) is usable for referencing a | ookup table.
For the cal cul aini examyfle smipadimegtsaivhengin thecorticel maBsigermgnhdeite cemprises. 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

'resuiting 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 iliustrated 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



R'"gl12 a =11" 32 Therefore, in the above exanpl e enbodi nents for

obtaining R, only significant information for Sp02 determ nation is
extracted. This can advantageously reduce circuitry 5cost, optim se space
and m ni m se power consunption. Figure 16 is a schematic flowhart
il lustrating an exenplary process for optical nonitoring of physiol ogical
characteristics of a user in an exanple enbodi nent. The exanpl e enbodi nent
uses an optical neasurenent device conprising the optional pressure 10
detection assenbly (conpare 318 of Figurgs3). The illum nation and
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33 whet heR 98pEaugity PRS $8M8lof t he neasurement devi ce (corrpare 418 of Figure
4) reads a value of e.g. nore.than about 1.5V. If the reading is nore than

the exenplary value of 1.5V at step 1712, at step 1714, the personal npbile
procedding devi Heansexesiiary aekpdingent; éha pﬁ?é”[?séﬁset’%bl)‘ éﬂe%%tt‘g achiens Aelo
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process epggice to a user being measured, the user is able to instantly adjust the amount of pressure
being applied to the optical measurement device in order to obtain an optimum PPG signal.

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



Figure 18 is a schematic flow diagramillustrating a light intensity
setting process in an exanpl e enbodi nent. This process nay be carried out
in step 1606 of Figure 16. At step 10 1802, a LED toggle simlar to that
shown in Figure 9(b) is perfornmed. At step 1804, the |ight data detected at
step 1802 undergoes a gain process. The gain may be selected from for
exanple, ten tines, twenty tines or thirty tinmes etc. In the exanple

enbodi ment, a gain of ten tines is selegyed. At step 1806, it is determ ned
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di gi tal corﬁ&\"/seurntegﬁmgagﬂpeg!re ADC1l 422 of Figure 4) when two LEDs toggle and
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is a schematic flow diagramillustrating conputation of physiol ogical



characteristics of a user in an exanple enbodi ment. This process may be
carried out in step 1612 of Figure 16. The conputation is carried out at a
personal nobile processing device. At step 2102, physiol ogical
characteristics such as heart rate, respiratory rate and Sp02 of the 35
user can be conputed. At step 2104, a health index may be conputed based on
the 35 conputation at step 2102. This may be a chart showi ng the user a
health status. At step 2106, an error of propagation nmay be conputed. This
may be shown as an illustration to the uggr to informthe user on the
accuracy of the conmputations. At step 2108 t he conputation of

physi ol ogi cal characteristics is enbodi nent
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correlated to the actual mechanical force applied on component 3302,

35



10To obtain a strong PPG signal, the external pressure should be sufficient
to mnimze transnural pressure such that the external pressure is equal to
the internal pressure. Further illustrated in Figure 24 is a range 2404

wi thin range B where the anplitude of the PPG signal is at its peak. Wthin
this range 2404, an externally-applied pressure is instantaneously bal anced
with the internal arterial pressure, thus resulting in a 15 state of zero
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38 In one exenpl ary enbodi ment, the pressure detection assenbly is
a pressure sensor that detects the anount of pressure that has been applied
by a body part of the user, such as a finger. The pressure sensor nmay be a
thin filmflexible printed circuit, such as a 5 pi ezo-based or

pi ezoresi stive sensing device whereby a resistance change sensed by the
circuitry is inversely proportional to a change in force applied on the
sensing device In some exanpl e enbodi ments, the circuit is a

m cr o- el ectro-nechani cal (MEMS) strip. Néwerthel ess, any other force
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151 n anot her exenpl ary enbodi nent, the optical neasurenent device may
assist in allowing the user to calibrate the device before actual
measur enent of the PPG signal is carried out. This may involve the feedback
unit asking the user,to apply a variety of different pressures to the
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feedback unit neasures the PPG signal detected during that tinme period and
determ nes a 20 range of applied pressure which obtains an optimal PPG
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zero transmnural pressure can determ ned. When zero transnural
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



43 pressure is achieved, the PPG waveformreflects the highest anplitude,
as shown at area 2714 in the PPG signal graph 2702. In Figure 27, as the
anount of applied pressure follows the profile 2708 of rapid increase and
gradual decrease ovef tine, the PPG waveform 2706 changes in anplitude
accordingly. Thus, |looking at the entire range of PPG waveformfrom 5 2710
to 2712 with respect to applied force 2708, the highest anplitude PPG
wavef orm 2714 provi des an indication of ggshe correspondi ng position on the
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rel ati onsf).p of a calcul ated area 2910 under the curve in Figures 29(b) and
(c) with respect to applied pressure 2908. Figures 29(b) and (c) are

graphi cal displays 2902 and 2904, respectively, which illustrate the
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25 Figure 29(a) is a graphical display 2906 which shows the relationship of a
calculated area 2910 under the curve in Figures 29(b) and (c) with respect to applied
pressure 2908. Figures 29(b) and (c) are graphical displays 2902 and 2904, respectively,
which illustrate the different PPG waveforms at different applied pressures, and how the
area under curve of the PPG waveform is computed.
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As shown in Figure 29(a), the optimum pressure 2918 applied in Figure 28(c}), about
299 mmHg, corresponds to the largest area 2910 of PPG waveform detected during the
calibration (§3204). 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



Optimum pressure is determ ned as the pressure at which the neasured PPG 10
signal has the | argest waveform anplitude, or area 2912 under the PPG
waveform as shown in Figure 29(b) by the area 2912 bounded by the PPG
signal 2914 and baseldi ne 2916. Figure 29(a) then graphs the variation of
the area 2912 under the PPG waveformw th respect to the pressure 2908
applied on the sensor/neasurenent surface. As nay be observed in this
exanpl e, the optinmum pressure 2918 is at about 299 mmtHg, where area 15 2912
under the curve is at its maxi num of abogd 11.63. Thus, the above
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- Conput er PG ASASUIREREnVhES & selepRliesioR FRBIaSF I BTSNy ChRRESHFe R e optica
par ti ci patpsasurenidn® deditédhé RssUTtingG lsignabtotibisy 266 95 e ddtétled opticakeeusuroment

Addi ti onal | the co Iatform 5260 recei ves input froma plura

o | nput aeb 3o GO4E PEGIoR RS SRS A e B SR E0f cu e RSFUAle
commang. TheastrsMRH: @an Peadttaned #6Mlthaaisendahtoptimahl prebsure @anaet ésletntined in
renovabl e storage devi ce 2605, suc as_ ortable hard dri %rﬁ?ﬁf?@ i cal d| a

(CD or DvIa-times Ry rnhzng, thegetsetgd 0 & Hersyramenh signak2 ing &

execut abl g; zg(heﬂt%-noTébEraﬁ@ PBHfoR lof meaé@rwl mmeycdrmepdsmfngaaopne@ pRIsEG. tmewmy k
resour ces whi ch connect to 20.t or o r co nents of

t
| ocal  publthen RPViRRd (Ra-EmRdesiagk mﬁw@vmw gt *?‘8@8&%‘ $ng ABolaeSY
instructi gRs (BBA sARKA BeO iHchseqMBEEBEsdd Bf fnw’rﬁfahéaratathéegamﬁ@ Iémaﬁ Idmerofb a

networ k 2607. The connections to the network resources 26 é/ a

wi rel 88s [PBIEdY ebtain bR highesheualiysignal s B @RHER msasue.w&% AEYISe Gan Y T
protocol s,préide/ laf cEHiMﬁeII Géssufe e fEnhafich FBGMIzedURR caeh GAIVIBGalousdr] Iireby

opti cs. The networ K resources may include 25 storage devices for storing

data and ©ptainipgpiresytingantiog @ﬁ§3‘ﬁﬁmﬁnﬂ%@ﬂf%ﬁa§'e5%ﬁrate from the computer
pl atform 2601. The conputer inter acts W|th a display 2608 to out put dat a
and other information to a user, as to request addltl on

i nstructions andiguipdé i ?(ﬁ?ﬁ?’ﬁét'%g@ﬂf"ha’ﬂﬁéo&f@bl“@@'@@@ matpog ﬁ‘é"r%f"?ﬂeéta"ce'
furt h%r aGfas8§ oftfkal ﬁ’lQHéurgﬁﬁéhﬁﬁ af @Qémfgférerhﬁﬁdﬁﬁ@ﬁt AfSleyBAdD, BckERis affived to a

It will be appreciated a person s led in the art that other variations
and/ or nodifications may be made to the specific enbodi nents w t hout
departing fromthe spirit or scope of the invention as broadly descri bed.
The present enbodi nents are, therefore, to be considered in all respects to
be illustrative and not restrictive. 46 CLAIM



1. A reflectance-based optical neasurenent accessory for physically
coupling to 5a personal nobile processing device, the accessory conprising:

an illumnation and detection assenbly configured to output light to a
surface portion of a user for neasurenent and to detect the output |ight
reflected fromsaid surface portion of the user as a signal; a

pressure assenbly configured to detect an anobunt of pressure applied to the
10i I lum nation and detection assenbly by sald surface portion of the user;

a coupl i %éﬁ%@r}t%ﬂ%&g ds,fnga%rapmh A Yeck &pégbg%raea RGHbR! RS Surface

confi guration rocessin a
measur e nmomosmfftae ereolsf aligwed chctessatol sawl a@@esr@n‘mt saifatenfeers @lletentionsunfaace

by the s C ort f r rei C SoP i
Phe: opt OO RER YA dDF HER! js, LRETE BaBRcn@ec BORiohSob Y| BEF 1Y |
user is Méasﬂminemg&wem Mfrartmb mmamtngbmeﬁectsdufrbmtd swiacaldortitinraf dhhd wses is n a

si ngl r | e [

arranged c{%gecit?qgﬁ%%st'grlahéc‘tc%?p gltideécqj%m gngrfa? n%b%%é’%&ggln dlgg'r(f‘%rgl guplécgtcoelgsal ng
devi ce f @abkassvionfigiimation. tAtestept3dd O ethes defaetied SmahnattnacsmﬁtfedZO tperpe[mm‘tahl

oxygen (SP 2 |nformat| n of the user 2. The accessory as cl ai ned

in clai mMOP"RFEr% Sﬁmggl “%i ngl e plane is on*a sane-plane as said
measur enent surface. 253. The accessory as clained in clains 1 or 2, wherein

t he accessory i Ide Iess allo i el ded conf| ration er eby

anbi ent i ght 4% IS G HE'F:FPPE?H“ ﬁﬁta'ﬂ?ﬁf‘ﬁesaaél & 8‘3‘ {gﬂ P °°mp“‘e%e”er

The apcesysteyn z&oclhpmnnmcn an anpodirenddf thé iriventive methddolbgy mag ubectmmpmestadg a

30hou5|n stru u ousin nd, detection as

wher e n oie st Eod Beiuees P eSmeilF st PR, Ao P Py b progehn 2602 wia °

accessor ymemory 2603 whlctﬁope'Fhle taereqase instrastiohispasrkebwrmtocone afrskilidh the art.nFhel t o
' com. a_coupl ans. of the

e S B RS S G SRR A RS SEIFER Su B Rl B R gpale
30- pl n pq1rbwd|né7nstructlons to@rod&h@omm&mreyeamonl aAduitibnially, imy computef plakfairms 1
to s, V\'heie%l r}ect:ert]\.?essin rIe?rom a pf%rahty of input devices 2604, such as a keyboard, mouse, touch
device or verbal command. The computer platform 2601 may additionally be connected to
a removable storage device 2605, such as a portable hard drive, optical media (CD or DVD),
disk media or any other medium from which a computer can read executable code. The
computer platform may further be connected to network reéources 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 ceitular 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 dispiay 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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phot opl et hysnography (PPG signal. 7. The accessory as clainmed in
any one of clains 1 to 6, wherein the illum nation 5and detection assenbly
conprises a red light emtting diode 4ED), an infra-red LED or both.

8. The accessory as clainmed in claim7, wherein saturation of peripheral
oxygen (Sp02) information of the user is derivable fromthe detected signal
fromboth the red LED and the infra-red LED. 10 : 9. The accessory
as cl ?é"ﬁ&’lén any one of claims 1 to 8, wherein the personal nobile

proce L evice is one selected froma group consisting of a nobile
phone, a smartphone, a personal digital assistant (PDA), a nobile mnusic

pl ayer, a tablet conputer, a netbook and a | aptop. 15 _ 10. A nethod
for a refl ett ancé BHENGSppIsed|orieasigashErrentErecsrenMeaPrysiaafly soumiing to
physi C@bézﬂéoﬁé’lqﬁbbi%@cé&fdg%?%‘e%%@%soﬂ?&brﬁBﬁsiﬁ%?sur ement accessory of
any one of clains 1-9 to a personal nobile processSing device in a cablel ess
conf i gur at i @hilipoingdionaldristettivesissembl/menfisersd te retptit kgt tas sudécea pertiopt i cal

MeasurGeeraek fslitenit and t E?%%t m%rédtausr} @h Rrdeel ol sﬁﬁgaggféc}mon

wherein the surface portion e user | ccess
measurdteptseyiagagigntbomal | directions in a single plane; outputting |ight

to said Sur%%@sQﬂétéﬁQQmﬁy Ir:(giﬁggc egj ?Ete@?%ﬁp%ﬂg&pct of pressure.applied to the

detecting the output ligh rom sai d surface por
ad0a Sllyminkiior? Baddetaction assenibiygby haid datfecs pattish ghthk user;t he personal nobil e

processi ng I L Vi t : i.gnal atur.ation of

peri pher al %%ld@ﬁ’g{@%‘%gr F#@ﬁéﬁ{ﬁ?ﬁhgﬁcﬁﬁe&@é@% '?'1%?&![%'83%?%@8" 'gng?ai med
in cl dhepesonahmobllenptdsessingdevde;det ecti ng t he output 30light is perforned: -
‘in an unshi gl ' i an ient _Light  noise is transmtted
in the trangm t.”ﬁég?ﬂé‘t't%%l’% %og@ﬁécgg%@@tq\gacc&s rtl%%?'d measuremirﬁt.su%%‘ée t hod
as cl dhesdriaee ppdionef @ wger; 11, further conprising detecting an anmount of

pr&gssure ap@hjeree% Qé(id %E&él{érﬂr&ﬁgecp 8\5 tth1eog'p’t?cfal gpceesggl%rbeingd'ﬁolderless 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 arranged to transmit the detected signal to

the personal mobile processing device for deriving from the detected signal, saturation of

20 peripheral oxygen (SPO,) information of the user. '

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

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

4. The accessory as claimed in any one of claims 1 to 3, further comprising a
30 housing structure for housing the iilumination and detection assembly and wherein the

housing structure provides structural rigidity to the accessory.

5. The accessory as claimed in any one of claims 1 to 4, wherein said cableless
configuration comprises a coupling means of the coupling member in a form of a universal
35 serial bus {(USB) port or a 30-pin port.



13. The method as clained in any one of clains 10 to 12, wherein the step
of outputting |light conprises using a4fed light emtting diode (LED), an
infra-red LED or both. 14. The nethod as clained in claim13,
further conprising deriving saturation of 5peripheral oxygen (SP02)

i nformationgof t h‘ﬁe%%@éssBFﬁéFSE!Qﬁn%‘éhga&&gﬁe%if gﬁgﬁ k@3 BRL iR sirgﬁgld%'gra and

the infra-red LED. rea e data storagene

havi ngriateplethvemeserny ¢oipltignalcode neans for instructing a processor to
execute a nethod for a reflectance-based optical 1.0 nmeasurenent using a
refl ectance-based optical nmeasurenent accessory of any one of clains 1-9
physi cal | y éoupl édetascassper sodaimeatbbiahg ope otesisisnigtodie wheesin theaileabbteines s

config i - hod_conpri si,n L Wi ng. acc to

reasur SiEheRRiot AETRY WG AL SO e sieop BFOF S S R Ao dher o
the surface portion of the user is allowed access to said 15measurenent
surface frog all T%i rections inI a sin%lje p}a e; .out@uttti ng IE&{% to said
surface portion of CtHECTREBt 23 SR MEA LAtV e SAUERYORST PREPSTR SIS ght
r ef | ect@EDI)rioformatich stithtaser poddrivabledforh lite detetted Sighasirgnaloth @Rtred LED

transm_ ttin he cted signal to the personal nobile processing device
for de??‘é/h?gin%afr?gﬂz@he detected signal, saturation of peripheral oxygen

(SRD2) information of the user. 16. The conputer readabl e data
storage nedi.um as_cl aimed in claim15, wherein the t hod conpri ses
performing the StUE GEoTRIEEEGRITERA B0Y BUF OF FBIRYS 1110 Sn WIREH Hegeisonal

. conf i gorabilé mom?rgb@i\m&!seaﬁ;g% gb@htedn@bm_ea igﬁ(l)lid am;m'tmgitg a _f?_'lhdbh@ phone, a
transmitting step with sai tec signal . . . e conputer
+eadabPaeia pel s G At s ARl Mot 4 bl OrBiE e
met hodnethopk iagds igstong a red light emtting diode (LED), an infra-red LED
or {pjoth, in the step of outputting light. 30 18. The conputer
redtlabl e data storage nediumas claimed in claim17, wherein the nethod
further conpgOi sesh dewthodndors ad ukedédtancedbagaelr igphiesiamaasygetent, SAE2) method

i nfor ”?B%%Hsigg the user fromthe detected signal fromboth the red LED and
the infra‘red”LED.

physically coupling a reflectance-based optical measurement accessory of any one
of claims 1-9 to a personal mobile processing device in a cableless configuration
20 allowing access to the measurement surface of the optical measurement accessory
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 fight to said surface portion of the user for measurement,
- detecting the output light reflected from said surface portion of the user as a signal;
2 and
transmitting the detected signal to the personal mobile processing device for deriving

from the detected signal, saturation of peripheral oxygen (SPQO,) information of the user.

11. The method as claimed in claim 10, 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.

12. The method as claimed in claims 10 or 11, further comprising detecting an
amount of pressure applied by said surface portion of the user.
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13. The method as claimed in any one of claims 10 to 12, wherein the step of
outputting light comprises using a red light emitting diode (LED), an infra-red LED or beth.

14.  The method as claimed in claim 13, further comprising deriving saturation of
peripheral oxygen (SP0O2) information of the user from the detected signal from both the red
LED and the infra-red LED.

15. 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 using a reflectance-based optibal measurement accessory of any one of
claims 1-9 physically coupled to a personal mobile processing device in a cableless
configuration, 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,

detecting the output light reflected from said surface portion of the user as a signal;

and

transmitting the detected signal to the personal mobile processing device for deriving
from the detected signal, saturation of peripheral oxygen (SPO,) information of the user.

16. The computer readable data storage medium as claimed in claim 15, wherein
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.

17.  The computer readable data storage medium as claimed in claims 15 or 16,
wherein the method comprises using a red light emitting diode (LED), an infra-red LED or

both, in the step of outputting light.

18. The computer readable data storage medium as claimed in claim 17, wherein
the method further comprises deriving saturation of peripheral oxygen (SPO2) information of
the user from the detected signal from both the red LED and the infra-red LED.



