1 A PHOTOPLETHYSMOGRAPHI C DEVI CE AND METHODS THEREFORE TECHNI CAL FI ELD

The present invention relates broadly to an optical neasurenent device and
to a method for optical nmeasurenent. 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 neasurenent technique used to
detect bl ood vol unme changes in the niqrovascular bed of living tissue,
typically by detecting light transmtt'ed through the ear |obe or fingertip.
As arterial pulsations enter the capillary bed, changes in the vol une of
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saturation of peripheral oxygen (Sp02), which is an estimation of the |evel
of oxygen saturation in a fluid, such as bl ood. The PPG signal can al so be
used to neasure bl ood pressure. A device such as a pul se oxineter provides
for nmgasuring enhanced optical 25 pulsatile signals emtted by the changes
in the volume of blood flow ng through a user. The pul se oxineter typically
has a pailFCHNISMAFIELD ght enitting di odes (LEDs) facing a phot odi ode/

phot odetector, with a translucent part of the user's body, usually a
fingertip or an earl qbe 0si tion bet. : i j.hate the
issue (0. g O ARaR ratilide el ¥ Ao BT HieslRiehbiuse aifio'e

vari at i onmthod forioghical metgungment. associ ated with changes in 30 perfusion in a
catc nt volunme. An oxinmeter in such a configuration is typically called a
transmittance-type oxinmeter. The light fromthe LEDs passes through the
tissue and is detected by the photodiode. One LED is red, with wavel ength
of approgAtER@UNEO nanoneters (nnm), and the other is infrared, with a
wavel engt h of approximately 905, 910 or 940 nm Absorption at these

wavel engths differs significantly between oxyhenoglobin and 2 its
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a holder for the photodi ode and also as, a e|l d agai pst anbi gnt ll ht .
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anbi ent Lj.ght usé oo Ruiidlidrésat. factor in accuracy of light detection by
t he phot Oél ode. Thus, reflectance-type oxineters typically still require a

cuff or a holder/clip to provide shielding against anbient |ight from
interfering wahievetl @echest bi gide brimater Rokidids for beasuring enhdmdet haptisair e, f or

R T el
provi de phiee axitseentypichihiasshpaid alismgll light emitting diodes (L.EDs) facing a photodiode/
photodetector, with a translucent part of the user's body, usually a fingertip or an earlobe,
positioned there between. The LEDs illuminate the tissue (e.g. skin) of the user and the
photodetector measures small variations in light intensity associated with changes in
30 perfusion in a catchment volume. An oximeter in such a configuration is typically called a
transmitiance-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
840 nm. Absorption at these wavelengths differs significantly between oxyhemoglobin and



200ne problemtypically faced by users is a situation whereby a user has
| ow bl ood flowin capillaries of the user portion to be neasured. Such a
situation is typically termed a |low. perfusion or "cold finger" scenario.
The raw PPG signal s obtained in such situations have | arge direct-current
(DC) conponents and in conparison, very snmall alternating-current (AC)
conponents. Typically, for such situations, oxineters can provide only a
limted gain, 25as the large DC corrpo ents can lead to
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SUMVARY light to a surface portion of a user for measurenent; a
detection assenbly configured to detect the output |ight reflect ed from
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sel egf a large gain value as conpared to nornal rreasur enents for said

appl ying the gFar n. The illum nation assenbly may n‘grr,se a red |ight
source and/ or éﬁthermqr% fiaregprllalngtwgessgdp(l’eétance— ype o><|met without clips, such as

those in patch form, a shield is still required on the base of the oximeter to provide the
ambient light shielding.

20 One problem typically faced by users is a situation whereby a user has low blood
flow in capillaries of the user portion {o be measured. Such a situation is typically termed a
low perfusion or "cold finger" scenaric. The raw PPG signals obtained in such situations
have large direct-current (DC) components and in comparison, very small alternating-current
(AC) components. Typically, for such situations, oximeters can provide only a limited gain,

25 as the large DC components can lead to non-readings/saturation with larger gains. Thus,

with small gains, the AC components obtained typically provide inaccurate readings.

Thus, in view of the above, there exists a need for an optical measurement device
- and method that seek to address at least one of the above problems.
30

SUMMARY

In accordance with an aspect of the present invention, there is provided an optical

35 measurement device, the device comprising an dlumination assembly configured o output



20 The |ight sources may be toggled on/off for the detection assenbly
to detect the reflected output Iight as a single signal. An
anplitude difference between a maxi mum point and a m ni mrum poi nt of the
singl e 25signal may be maintai ned bel ow a predeterm ned | evel by the

m crocontroller controlling the light output at the illumination assenbly.
The predeterm ned | evel may be obtai ned based on the alternating-current
conmponent of the signal being within g saturation level, upon the anplifier
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the 10 |I um nation assenbly based on said assessing the direct-current
vol t age [€%el : and sel ect i ng a gain value for said applying the gain based
on sabd assessing the direct-current voltage |evel. The method may further
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the apternating-current

The light sources may be toggled on/off for the detection assembly to detect the
reflected output light as a single signal.

An amplitude difference between a maximum point and a minimum point of the single
25  signal may be maintained below a predetermined level by the microcontroller controlling the
light output at the illumination assembly.

The predetermined level may be obtained based on the alternating-current
. component of the signal being within a saturation level, upon the amplifier module applying
30 thegain.

The device may further comprise a summing amplifier coupled to the amplifier
module, the summing amplifier may be configured to move the alternating-current
component of the signal above a ground voltage level.
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conmponent of the signal being within a saturation |evel, upon said applying
t he gain. The method nmay further conprise using a summng anplifier
to nove the alternating-current conponent of the signal above a ground
voltage level 5 The saturation |level may be based on an output of the
summi ng anplifier. The | arge gain value may be about 20 to 30 tinmes. 5In
accordance with anot her aspect of the present invention, there is provided
a conputer readabl e data storage nedl nrhaV|ng stored thereon conmput er code
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DESCRI PTlee. OF THE DRAW NGS 25Exanpl e enbodi nents of the invention will be
better understood and readily apparent to one of ordinary skill in the art
fromthe followng witten description, by way of exanple only, and in
conj uncti on Witiehméthed chephirthesgomiprisewétetminifg tpat @ méasréroatt isod low preﬁgsia‘phi cal
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|IIu ono an a ernatln% wavef orm o
is a low perfusion measurement, the method may fu her comprise controliing the light output

to a lower intensity than that producing the present direct-current voltage level and selecting
a large gain value as compared to normal measurements for said applying the gain.

20 The step of outputting light may comprise using a red light source and/or an infra-red
light source.

The method may further comprise toggling the light sources on/off for the reflected

output light to be detected as a single signal.

25
The method may further comprise maintaining an amplitude difference between a
maximum point and a minimum point of the single signat below a predetermined level by
said controlling the light output at the illumination assembly.
30 The predetermined level may be obtained based on the alternating-current

compoenent of the signal being within a saturation level, upon said applying the gain.

The method may further comprise using a summing amplifier to move the alternating-
current component of the signal above a ground voltage level.
‘35



Figure 3(a) is a schematic illustration of an optical measurenment device in
an exanpl e enbodi nent. Figure 3(b) shows schematically an expl oded vi ew of
t he optical neasurenent 5devi ce. Figure 3(c) is a diagram
illustrating optical transm ssion characteristics of optical filtering in
an exanpl e enbodi nent. 10Figure 4(a) is a schematic bl ock di agram
illustrating an optical neasurenent device in an exanpl e enbodi nent.

Figure 4(b) is a schematic bl ock dram%ng illustrating an illum nation

assenbly in exannl | e N ' ; irs. a schematic
bl ock draw ng ﬂﬁ%@%"@t’%%rg%} neon-sle?\\g;gra? PHtSUtaorfrﬁe%fdﬂ er"%\n&%‘ﬂiﬁgrél ectabl e gain
I n an exanpl e enbodi nent. Figure 5 is a schematic flow graph

diagramillu | Sl oG RBdbE 2Bl e0 fRks. @ 20 single detected signal in
an exanpl e eﬁmﬂ%’jﬁgg?l.ﬁvg‘n@ a‘9Fi gure 6(a) iis sa schemati ¢ graphi cal
Il lustration of output obtained at a |ight detector during a light emtting

an_ exaipl 6 of NPT Uk GEPBr gRRERS. P BRI e LR SH e provaed o P g o
6(c) shoy@anmitetreadabexdarpkeraf et haiipd stoedli Hhiegnalcompuieacodexaaqisdor

enbodi nment .. 30 . |_Qur . | L @ ' for
toggli ng'nﬁtﬁvcﬁ?q ao'?'crgﬁon:@r?% &zf?ra é%ﬁ%ﬁ%ﬁﬂ&%ﬁggﬁ z_aelv fréggﬁ5 %%gsev%égthﬁﬁqg\ﬁ;xanpl e
enbodi neegtical Measuremenkitormethed apmpesing gwthhng light & aswiace|aegiopof Ageout put
obt ai nedfo@he@sdr*elg@ﬁet;n%&%ﬁﬁﬁ e Skt Mght tpgakd REmRGIWMRAEcpIRM d e @adaan | R

LED I n an exanp [ odi nent . . . .
10  a signal; applying a gain to an alternating-current component of the signal;, assessing a -

direct-current voltage level of the signal; controlling the light output at the illumination
assembly based on said assessing the direct-current voitage level; and selecting a gain
value for said applying the gain based on said assessing the direct-current voltage level.

15 For the computer readable data storage medium, the method may further comprise
| determining that a measurement is a low perfusion measurement based on said assessing
the direct-current voltage level, and wherein if there is a low perfusion measurement, the
method may further comprise controlling the light output to a lower intensity than that
producing the present direct-current voltage level and selecting a large gain value as

20 compared to normal measurements for said applying the gain.
BRIEF DESCRIPTION OF THE DRAWINGS

25 Example embodiments of the invention will be better understood and readily
apparent to one of ordinary skill in the art from the following written description, by way

of exampie only, and in conjunction with the drawings, in which:

Figure 1 illustrates a graphical representation of a photoplethysmograph (PPG)
30 signal.

Figure 2 is an illustration of an alternating current {AC) pulse waveform of a PPG

signal.



S5Figure 8(b) is a schematic graph illustrating the anplified output of

Figure 8(a) in an exanpl e enbodi nent. Figure 9 is a series of
schematic graph diagranms illustrating different output scenarios by keeping
a constant gain of about 10 tinmes and varying the anplitude 10 differences
of detected light signals in an exanple enbodi ment. Figure 10(a) is a
graph schematically illustrating signals acquired at an analog to digital
converter in an exanpl e enbodi nent. Figure 10(b) is a graph schematically

illustrating EH"E 5Fa ti %98&%Hﬁ?gﬁlg%€g%pns59€@|o§t|@a9 Wsﬁ%n?éni@l?w@@% ag to

digital conv an exa ure is a graph
schemat iexatmple érhbagsmnentt | ng f| |tered DC signals in an exanpl e enbodi nent. 20
Figure 11(b) is a graph schemati call y illustrating fi |tered AC signals in

an exanpl e enbodi nent . gure 12(a) is qra ph schematically
i11ustrating Figure éﬁtécﬁhmssﬁcg?m%caf‘bla"aﬁ%‘p@gegﬁ’fﬁ%ﬁf t”IBF‘?? SRIgHERSHFMER exanpl e
enbodi Mefakice. Figure 12(b) is a graph schematically illustrating

fil tered AC signals for an anbient PPG signal in an exanple enbodi ment.
30Figure 13(a) is an enlarged version of Figure 11(a). Figure 13(b) is an
enl arged ver sr—ingme afc) s gaisgrdrii (Inptratifiggeptieal iranissioreshagavitatisiedofentisalon of

Fi gure Fl.gure an enl arged version of Figure 12(b).
Fi gure ]1@‘9 %gm E4e ,Jaﬂq t‘el %'g‘g‘éﬁp;‘)’ ?I | ustrating PPG signhals obtained for a

plurality of cycl es in an exanpl e enbodi nent. S Figure 16 shows how

a signal forgyat /5 i%“é"seﬂe&é’ncdbﬂbﬁ Wagha Vifidualingaarogiem mBBSurtogel e and
when both LEDs are switched off in an exanpl e enbodi nent.
device in an example embocllment

Figure 4(b) is a schematic block drawing illustrating an illumination assembly in
an example embodiment.
15
' Figure 4(c) is a schematic block drawing illustrating a non-inverting amplifier with

selectable gain in an example embodiment.

Figure 5 is a schematic flow graph diagram illustrating signal conditioning for a

20 single detected signal in an example embodiment.

Figure 6(a) is a schematic graphical illustration of output obtained at a light
detector during a light emitting diode (LED) firing sequence in an example embodiment.

25 Figure 6(b) shows an example of de-multiplexed signals in an example

embodiment.

Figure 6(c) shows another example of de-multiplexed signals in an example
embodiment.

30
Figure 7(a) is a schematic timing wave diagram for toggling on/off of an infra-red
(IR) LED and a red (Red) LED in an example embodiment.

Figure 7(b) is an alternative schematic timing wave diagram for toggling on/off of

35 an IR LED and a Red LED in an example embodiment.



Figure 17 is a schematic flow diagramillustrating an anbient |ight

detection process 10 in an exanpl e enbodi nent. Figure 18 is a
schematic flow diagramillustrating a light intensity setting process in an
exanpl e enbodi ment. 15Figure 19 is a schematic flowhart for illustrating a
met hod for optical measurenent in an exanpl e enbodi nent. Figure 20 is
a bl ock diagram schematically iIIustrating an enbodi nent of a

conput er/ server system suitable for zpl enenting an exanpl e enbodi ment. 20
DETAI LED DESCRI PTI ON The exanpl e enbodi ments descri bed herein can provide
an optical neasurenent 25 device and nethod that can obtain a

phot opl et hysnBigneepbly) [sPPEphanaficadraph dlusizatingeruipui ahtainsd plet figkli driedeenari o.
The neas B il gt opti cal
physioIoép@gfﬁﬁ@"?3¥%ﬁgﬁﬁiéﬁﬁﬁ§% exgnpleﬁgﬂ%ﬁﬁlnen%@BaﬁgﬁsEgnals can be
made avail able for saturation of perlpheral oxygen (Sp02)

cal cufations/ ﬁﬁ@.%tg(sﬁﬁ%ts%heu%%@g@r)h ARG theRRIRRAL AlthRof FRdroP) ral

measur enent devjce is used f um nating a surface portion of the user
and det e@piexgmPERMRAEEN ght from the surface portion. The neasurenent
device can transm t the detected light information to another device, for
e.g. a person no roce u ssi ng,
e.g. for rem)ejgf"e ? %rﬁ) %?g%m%?i{eqﬁ? ehr tg% éyuu%h%t fg &'fr&%h BLE

det er m natérmnios by keeping a oBesstanteg@n mfeaév@phgotttsneﬁ)ﬁ@d wamrsg thesppifedesone
exanple e babbbinkhty descri be conponents of
a PP bS| g%ﬁgj Eggt(?eézdtédm @ﬁ%lrggrp%ﬁgﬁ e?:lbto briefly descri be conponents
of a PPG signal. 5 Figure 1 illustrates a graphical representation of a
phot opl et hys np@ﬁ@pm(éﬂeg)graplgB&ienﬂeﬂﬁailwwmmﬁatlﬁ@.elggeiaeballnfejd dl@ncingiogiéd i nt o

t wo conponeq iﬁ nB1 entb‘%@8 que to the absorption of light in

pul sat i | d'9ipleapye ”Bla(S'oed‘ 81 and a DC conponent 104 caused by the

absorption produced by non-pul satile arterial blood - i.e. venous bl ood and
capi lLary bl opg 10 HRARGR] 18traling altdMati t (ACFighdie 1,
this gC corrpoﬁ% ?%gﬁg% %ﬂa;ﬁ)grg?nrrpose Wont ora ?a 2 quasi - D k H

8 uasi - conponent 104
that rel amsresﬂ@tﬁﬁéﬂqlwg@mtabﬁwwtr@fww eMBPYBE ol ume. This DC
conmponent 104 varies slowy due to resplratlon vasonotor activity and

vasoconstrlctor wa Wth suitaple e oni Il

anpl i fi cati on™'OHG} tﬁ&ﬂe‘sA@: Sofil ool ?\'T'a Y d Lfic‘trfﬁ %é'%%rrp@%engqil&mc% be
extract eéxéraplesamlﬂmﬂqmmt pul se wave anal ysi s. Two significant

char %teri stics of the PPG AC pul se waveform 102 have been descri bed and
are lustrated in Figure 2, where the appearance of the pul se waveform was
defined as twhigyieadd®) i& aidreph sehematicaly phusiating S "‘B@idnﬁ‘ct {ONEEsing" edge of

the pul s@,aRApR énbodiment.

Figure 12(a) is a graph schematically illustrating fitered DC signals for an

25 ambient PPG signal in an example embodiment.

Figure 12(b) is a graph schematical'ly illustrating filtered AC signals for an

ambient PPG signal in an example embodiment.
30 Figure 13(a) is an entarged version of Figure 11(a).
Figure 13(b) is an enlarged version of Figure 11(b).

Figure 14(a) is an enlarged version of Figure 12(a).
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20 second catacrotic phase 114 being the falling edge of the pulse. The
first phase 112 is primarily concerned with systole, while the second phase
114 represents diastole and wave reflections 116 fromthe periphery. A
dicrotic notch 118 is usually seen in the second catacrotic phase 114 of
subjects with healthy conpliant arteries. 25In the followi ng detailed

description, reference will be nade to the acconpanyi ng draw ngs. The

af orenent i oned accorrpanyi ng draw ngs how by way of illustration and not by
way of Iim t ion, eci | ement ati ons consistent with
princi pl es of Qﬂﬁ%ﬁﬁ?e‘?ﬂe" %@%ﬁf’?fgg‘?‘ iérfpgﬁerrent ations are described in

sufficient deta|I to enabl e those ski IIed inthe art to practice the

i nvention, hat may be
it 11 zed and O %%ﬁ?%%fﬁeﬁatﬂdﬁ’aﬁéﬁgg‘aﬁd i SR Pl T ke

el ement scywigp iben gxehapipieniredimetdparting from the scope of the present
invendion. The follow ng detailed description is, therefore not to be
construed in a limted sense. AddL{Qi onaHaé, tlhe %/\giglé {:,I odi rent s as
described mayi9&e; BothenEasya isgnah s AhAR ANage g Slala WF g WL MPener al
pur pose cenPtHggle andwidntbdtipL EDS brepsviifvhed affiirzardeakmmlwan-epdrmen%conbl nation
of software and hardware. 10 The terns "coupl ed" or "connected" as
used in this description are intended to cover both directly connected or
connect ed t hrrbgtgb 16 neea echematle fiow diagrastlltastating am g migignelipht dete@ipnipEsess at ed. 5
The scyi in certain portions, explicitly or

i npl ?@I t{ Emc#e( %g%bgs gorl thns and/or functional operations that
operate on data W|th| n a conputer nenory or an electronic circuit. These
al gorithm c degesiplié @REhaRElicTow! diffrarh Gelratbig er lght Dshsity settirguabdegs irsed by
t hose skilled 1n the i nformation/data processing arts for efficient

descri pt PRHF*ATHE ¥B°°UMGBri thm is generally relating to a sel f-consistent
sequence of steps leading to a desired result. The algorithmc steps can

i ncl yde physi gl omagl RUIAJADRR RIKRAE 2o CidiHdhy o8, mbitel #5 sbeal rical,
magnéti c or op I cal "signal's capabl e of being stored, transmtted,

t r ansf er medsureteDt in@a, exaowigssrabRdimaRt- ot her wi se mani pul at ed. 15Furt her,

unl ess specifically stated otherw se, and would ordinarily be apparent from

the foll ow ng person e art rec h r ughout
the present s%'@ﬁ"ef ?%aflaoi?h’cg cﬁ%‘ﬂgg’i B‘fq’éemtﬁt'ic?'rnzlnﬁﬁtrﬁ% g suc;euntd n%msorc}aér)ml ng",
" cal cul atbmpliter/éatesrayateni sudtable fodpipirmengithg ah gearopletammpdimenitni ti al i zi ng”
"outpytting”, and the like, refer to action and processes of a i nstructi ng
procéssor/conputer system or simlar electronic circuit/devicel/conponent,
20 that rmani pul ates/ processes and transforns data represented as physical
quanti ti egeTwildh hedteidefsN | bed systeminto other data simlarly
represented as physical quantities within the systemor other information
storage, transm ssion or display devices etc. The description al so
di scl oses rel evmtéxadﬁié eabajpentadascribed hereinf aanrirongdd e opticeheeafuraiert he
descri bed_net hods r the
our pose sg8¥ icq ﬂréud Wgthﬁg (?}%} %919 %Bt%ﬁwuas Bﬁﬁgplaﬁysﬁ%‘é&lﬁﬁ gﬁ%ﬁ?‘%@gb%%&&q il 8
conput er Agw perésporscenarot Bileer n@ewre@e@éllremel aremplezrobogdipents aie asdeYEivgur ed by
a conmput ?E'h&‘ @Q}s m;&%%@%uté?n&ts'sirPtrh@%Qarﬂﬁ@*&%odtmﬁtsabg%t’gnblg%ﬁn 88¢hadespl ays
erein

descri be e not inherently rel ated % articular conputer or
ot her apufilgblgdor seturation ghersiPhegbRYBFRISPHRNER'H Aol pEeR B es/ machi nes may
30 be .used in accordance wth the teachings herein. Aternatively, the
construction of a specialized dev ce/a u 0 h th st eps
may B8 desired!® an gxampe “?‘H‘GQBHF‘ ?non u]:ai @ﬁ%sr‘ﬁr ”feé‘g {eﬁﬂc% f(%hg?e egogrl ption
al so i rrplniuﬁi;rtduyg coyefase Ppocdnpafttbe L{seogn@.mtemmgt redlected ligidufradn llee sbidase t hat
the Steps, gon' e MELONERCACRKILDEH DRlHnERbd APt FRbRbRoPld SRdindY

conput er F€ be "appr eci at ¥ ge variety progr anm ng
11 device, for e.g. a personal mobile processing device, to carry out further processrng e.g. for
removal of ambient light interference for SpO2 values determination.
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| anguages and codi ng can be used to inplenment the teachings of the
description herein. Mreover, the conputer programif applicable is not
limted to any particular control flow and can use different control flows
wi t hout departing fromthe scope of the invention. 5Furthernore, one or
nore of the steps of the conputer programif applicable may be perfornmed in
paral l el and/or sequentially. Such a conputer programif applicable may be
stored on any conputer readable nediu The conputer readabl e nmedi um may

i ncl ude storage .devices such _as np S] hi ps, or
ot her storage HaVFPEEeETRY g%?’&"ef {gﬁygg%stc é:? gé:Té)%;(ér&?% eg‘lbgétﬁﬁ‘te mgem% te
r eader / gbaresfiaibl tp brigiyslesaibepanpmenttiog aCB@siret. 10 readabl e medi um nay even
include a wired nediumsuch as exenplified in the Internet system or
wi rel ess nedi um such as exenplified in bluetooth technol ogy. The conputer
program when |fgutes 1aand 206 arovided io prigiy gefsriee cemprientst ot FRRFigNdlesul t s
In_ang appﬁp:%tpﬁl n%ﬁ?és £8BphieR! @d?@é&\ta'fhmoﬁé %ﬁ&oﬁl&h?%g@@%QPP@?@gﬁﬁﬁ@@ds

anple e

15The ex odi nents. may al s ((rj n?vvg% mrz
nodul e i Whigh fcaR GeneA b"r‘n&i”tﬂ’ﬁﬁr‘@° GW?tCOBi'Bg egj‘??e@"f% CB@B"% Hg o &ﬁmonent s
or nodul gssordtieh of Kght &isaﬁle@@ﬂhl&;!dﬁﬁyvohma 108, @t atDE corspangnich 0 daabeddr

di screte el ectronj.c conponent a_p, ire

el ect ronPY:{h& qbéarpklo%ﬂeﬁ&gg% ﬁ’oﬁ\ﬁﬁ S?tba ﬁ%rr[]f“ @géé:nl f'iec\?ﬁrntol" %glrg g‘% gﬁjlﬁﬁ“%b{t
(ASIC). Hopendhandkssuk ebsarptionié0.art wi || understand that the exanple 20
enbogj ments can al so be irrpl enented as a conbi nati on of hardware and
sof t war e nodul es. sonme exanpl e enbodi nents, saturation of ‘
peri pher al oxygeﬁgl(rSIjOZ‘f"Sl h@o‘ﬁi‘ﬁ’f’f‘@’ﬁ W2 & BHREAMPRSedePity 7 1%9¢ [ WATHIRG ect ed

out put | pghtoriehi§ 964 RHal Qé’latfeé qmrﬁoﬁé@.uas raaal tma GMacjiaﬂ bl3bd vblifea- Tigsl COED.
n.I1s

Further, in the cri 0 reln S [

nmeant toc‘?f'épci"ﬁf“eﬁig‘fé?r '?1"% ﬁdjeg% 8" a\ﬁ"aomg ﬁg%tnnty rﬁn? ‘%g?@%\s}tﬁgﬁ%l e

I i ght on{uyves'.l'hﬂutlt auitablé leiegirodic alenugcadd laeplificatioabothiied H8eomparent 0hend | i mi t ed
ra lvski ght rays and

| nf ré gﬂ’ttt’”‘%‘%@“ %r?g@%%b%uk%sg){genégﬂééng%ﬂlregér{% yls'hst rati on of an

opti cal rreasurerrent device in an exanpl e enbodi nent. Figure 3(b) shows

schematical |y A %@Hilré)éi@@hwa@t\éhé%s toheh@phcmb ﬁt&@sswaeéfefm 102 WHaGe beerd 2
assenbly 302 encased jn a oq; n the e ure 3(b),

e Mo SR agSeCare Hshlemtes  HRRE Popaers e irread e 0058 s Wavlamh e S, o0
308. Thedémpd@asvinpha38s cirspnasesc phaveddbeing e sxing elge o i@, puiseoand a

gggg LI Egohy, V%agiaﬁggkss%ddg B5% Aﬂ;@%um%%a%%smtp@ tef%ueﬁrfsﬁ@%sémzlé 14 of
the il | umimarily gfmcawéd oéth sestelenwhilsdearbeapnd phaseTHé Fé?i??%‘éﬁ d*ﬁ@&@@ﬁéﬁ@ﬁé devi ce

300 furt F&ﬁéctmgmbsf?o?n ﬁaecﬁé’rlb'hbﬁ}g Reqi&i8tic Adibn t1hlat|s %Quﬂailf”s@&h de ti0Ldohél g
bet ween the neasurenent nal nooiil e proceSS|ng

ev
devi ce/ f é@a‘l?f%‘kpr@ﬁ?ﬂ“t?f(f‘PbJ?FfBW‘WgFﬂthé( 08@55‘3@?§%?'e80nf| guration. The coupling
menber 316 may be in the formof an interface port such as a universal
serial bus (U B) rt or t 0 e t
Phon é r) ( App tE%ﬁQgﬁ‘f”g? de aqeég Qe%ﬂgtlo% Pé?gr%@?ili%% ﬂa&@to tﬂg ﬂ%&%%&
exenpl ar yrmw@eduTmmOremm:oﬁ@emmamqdraayrgbehw bsowmabi Busiratorcend ralich as a

mobi ' l'e pg? @gy oﬁ fahahgpgclﬂoocﬁ'ﬁ%nﬁéntéjbrw WIen@e?n%tl%ﬁ@Eﬁns(s%tth brfipids: of Net book

or | aptop; is not exhaustive 't'ﬁ( ans. However, the
feedbackthﬁrﬂrPS%WVﬁ@tonneEESP émPIBmB@aWt%fﬁldéscrﬁ’ﬁﬂl i, suficiendidetaildp habe o
conput er tlﬁée Ssﬁmé!&ﬂn tHEhSrtft@Qim&é( thmhﬁveﬁtasﬁ @d GO RNBCHE dnidritood Mieat cittvdrce ﬁoo
inawred or wireless i 0 pri et nne such a
uni véP s almMRiFPEfliony Say L'EB)“P r"’i”dc#'att%%'dé’%‘i 86?&88%‘385 'T"uc%t'tﬂfén O(%R'grf%g Appl e@
Phone @ ( AppleatsGaap bé eniadel without Genzetirgi inop HAscop20dfrihe rpeasematnpﬂwoenﬁd)dl nment ,
the ligh ur c pag ht .t hraug f, i f a
user for K‘%\ggar et "]r?% 8eas FI& 9 ?s‘ %@&e*o'reg ﬁ?tl {\;1' ‘rﬂlag {}I)ngtsa'ﬁ%g l?cae llgﬂ%&ses%'ﬂ% aced at
t he neas Addifierally, sthe e«ar:diheembcgirmerdetaecctagp@eé gay badmplgmented detthe fogmt of
reflecte r f Zenfi@hfetqd |1 ght
[t or mat L e b e o A e e
coupBb ngcmhb@wn@i@mf%awag%? mobi | e processing device (not



25shown), for exanple, for further processing. In the exanpl e
enbodi nent, optionally, a pressure detection assenbly 318 may be provi ded
in the optical nmeasurenent device 300. The pressure detection assenbly 318
can be configured to detect and transmt to a personal nobile processing
device (not shown) an 30 anmount of pressure applied by a body part of a
user to the nmeasurenent device 300 during optical neasurenent. The pressure
i nformati on can be used, for exanple t not limted to, to detect whether
a body part has been placed on the neasurenent device and/or whether the
pressure exerted by a body part is sufficient for accurate readings to be
obt ai ned.  13The terms "coufieal” optcoorsctati as useshie this desgliption J00inteaded@dioveéonal | y
be int egpgf, e}f\ﬂz: Ebn?:?étéc?% cBﬁrleEFe'Eisth m@)h opé orl Rord sﬂle%&ﬁ‘até hgealk Stivisance
fromanbrent 11 he ‘éxanpl e enbodi nent, an edge filter with optical
transmi sethemi te&teri stics can be used. S5Figure 3(c) is a diagram
illusirating opti cal transm ssion characteristics of optical filtering in
an exanpl e enbodi | e. emhodi nent . wavel.engt hs .of Ilght

Dol ow about - SUGRSFIPT MERAIYIT: MARdap e e EaP i RS e 49 ont
det ect or gigéritims 3ddlor flinitienat aperbione fiat opérate onsiatahwthivesy edremygr iveenadry omarer est
are that _of e. Q4 nat L vel ilters
whi ch taFIS%tfoné pce"E:cluP ?t\'t'evs\’/gvaqthﬂ?% d@?ﬁ%ﬁﬁ e%‘gg{'n f@ﬁéﬂ}ﬁnal’%’pfe%ﬁ&% ér\éeli%a"); anpl e,
filters wsadchy those skildsein !hsemfomnatle@(d@tarmmeéﬁng arte dov efficient wesgipien ¥ | i ght

fro bo , a
Si ng}1 g f:éh ?@ﬁrq ’zg@m"ya'g\%tlﬁ%é %g@g?rgs%%g?g?l Fglg;@ 1? ? g%%ggﬁgi:gfﬁgﬁ ?1/1 can

be used Esuhhemiggpinmicstags ¢an inchudepliysical maninyiations o husicd
opti cal aea&urneéremtagﬁbwloaaptﬂcﬁl sigftidls cHpable EXamingl storedbteatismitiet, trévistaued, 4( b) is

a schemati c .bl ustrat.i nillumnation assenbly in an
exanpl e &9 Cﬂﬁﬂq‘parﬁ‘%{mﬁﬂgglhﬁ?"ﬁe T%n'%uq%%ﬁermti c block drawing illustrating a
non-i nverti ng anplifier with selectable gain in an exanpl e enbodi nent. An

i1lugination gsiep n)ésé@@e«#réalﬂvré?é‘tb&’%@wemée réha%q@tsrasaarw gbtapbdrERUh a

surface portion of a user measur enment il]lum natjion assenbly 402
can conptfiestolioniag.op pasyan Piilpst inothe §6u‘f*“8e%°Pée‘i'j’te 1Y nirovaeut i he RIPtSEES
(LEDs) tQﬁécnﬂ%Qﬁan%rsMudsfénélL@Mng e Sutly aba‘saﬂmmg V‘aﬁlt\ﬁéﬂng resteSHieng, and

controlled by g m crocorn;r
t he exanﬂ?@aé%oéie?ﬁiﬂtf“g t R a'ﬁﬁ@ 4%"‘11&@ g’ghe 'ﬁﬁ ﬁrt cémﬁgﬁ@af:?sg%g of the
one or rmfe:rhstrgdtngsmwesasicemguteﬂmmm drl%trntEIDeiasctranl@ igcudiaviee/toragonantner al

406. mang)ﬂlafé@ dégé%%ésﬂéﬁn% tlra%s fRyY 'dgﬁqeﬁr%sgﬁ%@ﬁ%] physaal quan’ut;es within

reflecte ran e sur ace portion e user. _The detection 25
assenbl ytheodeserhed syptemiigte othesWatectrstiaslyrepresantsd aopipyFisd "c”@”t&'eﬁ 48 tApedance
anpl i fi egysthher SREA/bInANoRSSRIFE] tardRfssion of BEphedeviRs atchi gh- pass filter 410
that is in turn coupled to a voltage follower anplifier nodule 412. The

hi gh-pass filter 410 can be inplenented using a capacitor and a resistor.
The vol tage f ohd geveriptmnaisof diselose® diidventideicefapparalk éet pedoaninptheistapsraf i ng

anpl i | e dul.e 4 i i Figure
4(c), ]‘:’ h escr'béeld n&é@&%ﬁuc‘?ﬁ[ﬂ%ﬁ(a rﬂ%ge é%cﬁ'g ?P ﬁ%‘?ﬂegsfgﬁﬁ? EU gé\%? c(”;ptl ons,
with t hetrsaehetttoclanorbmangsomma’ 6l gengrahpurpse IMMMPWQSSPFI@’ OB rdgvice | gnal
422. Thesae{lwl?fpva%{.&atéwo%g&dfbu@a HMH&rﬁplﬂéAprb&aﬁpﬂaﬂeG% b%t&a@@ﬁrehﬂﬂ&ﬁrt i ng

summ ng anplifier hat “‘can provid g *né 1 seen in
Fi gure 4085 algenithmssang! gisrigmsiescihed "[9@'5(%’? P%’” pregtly Eg#r PP %Qﬁ”'aénd ADC2
4r2£ gr OV'c?:ﬂﬁutbh& d%ﬁér&@b&ﬂaﬁ@ Rfs andmwwt ot gergmlpurpbﬁedﬂé\m:teemwnfplhesd may

enmbodi nmen nt ens us on

f eed§ck P ﬁt”ﬁeH '”I\ﬁ‘i"ﬁf@ﬁce Wﬁaatk&%eﬁﬁ'gégﬁ ﬁﬁ m%ﬁ'e@r l(tahse 5§%tr\?§t§°§'u?fr53nt (at
405) to speidiEtbdaietppiratuein mrform@mewbvetepawaf’%dsmrgdal s which are as

cl ose as possible in anplitude at point A and e.g. between about 2-2.5V at

the detection assenbly 408. In the exanple enbodi nent, the LEDs can
conprise a reth pgfbicand iarsubmitied - thetdthe Eigscrrdien ﬁ.ﬁ?D"Mﬁ“béW%‘ﬂlavWﬂWqu

adj ust ed pi Reddh i AP RWoQB beRieBPHal the steps of the methods described herein may be put
35 into effect by computer code. It will be appreciated that a large variety of programming



10 During operation, at the output of the detection assenbly 408,
a raw PPG signal is recorded. This enables the DC conponent of the signal
to be acquired e.g. for LEDillumnation intensity adjustnent and Sp02

cal cul ation. The high-pass filter 410 can introduce a filter with a

hi gh- pass cut off of e.g. about 0.12 Hz so as to renove the DC 15
conponent of the raw PPG signal. This can al so produce the AC conponent of
the signal, with the AC conponent osc | at i ng about ground voltage. The
out put of the hi I 0. o I 1 ower
anplifi eIan%a(?ﬁ agafgaﬁ % C%:']? géﬁ[‘é’ei%' gpier&ern?%gen]eg&ﬁrgq il @gﬁ%&oﬁ\%ﬁ%gr s have
recogni sdldreokent thei computer probiaght anpicabiene oot liied & grwmartwagar pantrolbitow and t he
anpl i fi C@éd{ Q2 SRR C?M;E?Wé%ﬁbbﬁ deggmng from the dcBpd Mh@lﬁmbﬁ enbodi nent, the
hi gh i npedance signal undergoes anplification at the non-inverting
anplifier nodule 414. In the exanpl e enbodi nent, a gain can be introduced

to the signal Furtmﬂn&al dhe@RMIREoiIBE SIBPLEK thé ecmmm@ [iﬂdiglémﬁf}épﬁifcaﬂlélnﬁhyfwt ors
such as 10 ti act.or }g pass

it er  oPeTerged baiiales pBtes SeaRmisty. B HErBRITaRrocreD) | BaRE Meved bt on
of a sui stakddeorgamn cohingersiegdtie mediumamaaicotpdtet ceadhble meatiumn veytincigdes uni ng

TPat ¢ he Sl RARTee et 2o okt & B BRAL. heriory EfipEESING! Roledd Bl =0

'S Ssigni fi ove roun uni
provi dedswifable fen interfasggavid al wtalpjasrsacfaﬂg@@ralowurmmomr Hhe Bemplgarr e 5 is

a SCP@WHPéaaaﬂlé Ml Ry HvBE hiftildk! 4 wﬁé& médra.en Sl expfliidd ANh&ntbipkt @

single detected signal "in an exanpl e dinent. Reference_js also made to

Fi gure 4Systeme < YRgssi @e@‘é"t‘&‘:’f’%éseﬁxe‘ﬂ"ﬁ@'%é‘? &lyeiopth teshralagy, TRR §OMRYET si gnal
mla?/ be epidgrim ahéredagddday elxleéutédlolh Rs&ltayl‘&aiead@‘t@felt:t&éiyfrﬁmm airﬁ&bpial:_aﬁls

illum nation ar I ED i atjon r ctively The graph at Point A
shows thh’ag?ad‘r{gllp%me&th%g&eﬁs E%m%ﬁ?fc,&@dcmo%%%ﬁents at the output of the 35
detection assenbly 408. It can be seen that the AC conmponent is snall from

t he ph. T n 0 t 0f the
. ghgpass ¢ lhfheer l,gal I@Fgﬂ'hb%ElﬁrP‘ﬂ{s Fnaﬁ rﬁ'gégn\g% .&B:eméh@a'aés ﬁér?wé}g rrrg!\:}'cfedélééa ﬁag the -

conponeninogele iha funchonal haevate ‘f"tb‘rq,eétg ng i dse I"‘I'tat"é"eél&‘ﬁ'ﬂ?""&f‘tiﬁf dnefbfesage. The

ar F‘ph at Faﬁx@hp@ ﬁlﬂw&ﬁteﬁﬁ@ Hal igble@ped asiag dtalsr g@aieteaé]edrbﬁc ovthpaensf t he
vol tage follo

t Point .D,.sh he AC 5
S analaP* EHETOBIBLE POFR 96 oG BALTTG A Tret® ROdRPIITS SHEPTS o
sui t abl elnfegrateg roiwlitl d8iSIC). Ahgergingstdlled Mhibe grapill andefddnat thet Hieoramitiee AC

Si gna{; aam;mmgmg pélanS\)fs%t&e wﬂﬂ@mélﬁ%cg dggt B 9ebIBBY cﬁrmravtar@radaom 416. A

DC val ue of about been a o the AC signal such that the si'gna
i s pushethog@ee t he ground voltage. This can advantageously allow the
signal to be digitized by the analog t o- dlgltal converter of the

m crocontrol | er 404,

recogni zed by MSREE W@H&eﬁ%botdﬁ’éetng F%t“ﬁl 8'?/ Ph%erﬁ’ hgraﬁﬁiyge'bgﬁg&z yrg?rg}ﬂt'm& ontrol

of the i bf anseraiderivabig ﬁors|del®kedodutmuu$gmteefpmtlouémm bt asedrldbsaridkany. the
LEDS)zs anﬁl\/fr e £ BCII—‘drfPl (?r{ thgac{egc@ﬂgh p@‘reﬁl' gl'n‘?qlgﬂt 59 Tg@ I‘?érélh @m%ﬁﬁ% ate
neasdf enents and avol tron at ure 6(a)
i s a scheednteroretgdaiprd b@lad isehagsandais ineh lipitechigt yisible dahtanve dha term lliglhas

det ect or {LONMEH LA ARiRE, Bitasnst thitedUbi RBalidrt edik, A8biktibRGaf, AiRwbIeED)
firing sequence in _an exanple enbodi ment. During an Anbi ent (Arr) or OFF

condi ti of® oaz/saaémﬁratrﬁ%hqwadﬁd RED LEDs are turned off, and an anbi ent PPG
signal 604 can be obtained. During a toggling sequence

30 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

35 embodiment. The optical measurement device 300 comprises an illumination and detection



20 606, the IR and RED LEDs are alternatingly turned on. The MCU can then
performtine based de-nultiplexing to extract the respective IR and RED PPG
si gnal s. Figure 6(b) shows an exanple of de-nultiplexed signals in
an exanpl e enbodi ment. The de-nultiplexed signals can be obtained during
the toggling phase at the 25various points in the signal processing path.
The IR PPG signals (in bold) e.g. 612 and Red PPG signals (dotted) e.g. 614
can be obtained. Figure 6(c) shows a her exanple of de-nultiplexed
signal s r i 6(b)

w on t nes B2 Tpke STRTRLARY Sou. To e SoRl vl APl g hellh) 21 7L,
Corrpar e 30 isZhowdiddvideddniore Ripgeasiag @@tﬁ)ﬂdﬁéaﬁ(ec'}asmvh@%ffh@m @ﬁS'FEl %j)@r e 6(c)

repr esen&onlimﬁeé ndindadidheseaiRd $, drdwn' @cqq@%uémwhh@omh&t erpgavef or ns
formed by the individual points as shown in ure é?% nore detail ed

i |1 ust r alPevreneenh sEeputase bl SHupRd rtefae?*%mcs@u ofg o mage light

Figure 7¢dgctdrs e@ﬁsweﬂﬁé iﬁ&f{urﬁﬁé}ﬁéﬁﬁftde@echbm%@nm\w2mpraﬁalfn@’asctlr@@lghtlh ng
chemati c

on/off of an IR LED and a Red LED s _an alt

g veneoRarke FieBata e PIRIM mEBPE e P Bhe 2ruihd Rty sEe R 1 an
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17 Thus, the inventors have recogni zed that ambient |ight
interference can be mnimzed as conpared to the IR and Red signals
detected. Thus, in the exanple enbodi ment, detection of the anbient signal
can be conducted in its own anbi ent detection 5period before or after the
toggl i ng sequence of the IR and Red |ight sources. Further, the
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20At part (iii), a detected signal 910 at the detection assenbly undergoes
signal conditioning provided by the circuit and provides an output 912 at
the non-inverting summ ng anplifier nodule. As the anplitude difference of
the detected signal 910 is about 400nV, the output 912 with a gain of about
10 ti mes shows a waveformw th the anplitude on the top (see 914) reaching
saturation. The top of the waveform corresponds to red AC signals. 25
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30 Figure 5 is a schematic flow graph diagram illustrating signal conditioning for a
single detected signal in an example embodiment. Reference is also made to Figure 4. The
signal is detected at the detection assembly 408. The signal may be either a Red signal or
an IR signal detected from a red LED illumination or a IR LED illumination respectively. The
graph at Point A shows the signal with both DC and AC components at the output of the

35 detection assembly 408. It can be seen that the AC compopent is small from the graph. The



is a cold finger scenario, wherein lowering the intensity of both the Red
and IR sources can allow for signals of a better quality or |arger
anplitude of e.g. 2.5V. Next, a selection is nade between the gain settings
of e.g. 20 or 30. As described above, if it is determ ned that the obtained
AC signal is too small to effectively identify the nmaxi mum and m ni mum

poi nts of 35the AC signal, then the higher gain setting of e.g. 30 is
chosen. Thus, in the above scri bed exanpl e enbodi nents, a
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out put of about 4V, i.e.



15 saturation of the circuit. In this regard, in catering for |ow
perfusion using an adjustable gain at the AC signal processing path, the
| i ght sources can be tuned to output |ight power that are as cl ose as
possi ble, for detection by the detector, i.e. to provide a difference
detected that is as small as possible. 20In the exanpl e enbodi nent, a
summ ng anplifier can be provided coupled to the anplifier nodul e whereby
the sunm ng anplifier is configured t nove t he alternatlng current
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table to 10 defgrgidis wRPLcAlMEradR HiSstdBhd BEPURSHtaiAd at a light detector
(compare 408 of Figure 4) during toggling between a red LED and an IR LED in an example
embodiment. The graph is shown with the y-axis representing voltage V values and the x-

20  axis representing milli-seconds ms values. The red LED and IR LED are preferably driven by
the microcontrolier so that the detected output (compare point A of Figure 4(a)) based on the
respective red and IR LEDs is at the same voltage of about 2.5V. However, it is appreciated
that this is often difficult and there may be differences in the outputs. Figure 8(a) shows a
corresponding amplitude difference of about 100mV. The oscillation period corresponds to

25 the toggling period, e.g. with respect to Figure 7(a).

In some example embodiments, the iﬁtensity of each IR and Red LED is further

tuned such that the output at the detection assembly shows a response of between 2V-2.5V

(at ADC1). That is, the inventors have recognized that the effects of ambient light signals

30 can be reduced as much as possible by tuning the intensities of the IR and Red LEDs to be
maximized as long as the detection assembly has not reached saturation. In the example
embodiment, the saturation voltage is based on the Vec used and is about 3.3V. In the
example embodiment, a detected output of about 2.5V is considered optimal as this can
provide for a signal amplitude that is as high as possible above the ambieni signal, but still

35  provide room for the signal to not be saturated at 3.3V.



DC, AC, bc-R where AC, DC refer to alternating current and direct current
val ues respectively. The 15 conditions IR and R refer to conditions whereby
infra-red light and red Iight are used respectively. It is noted that
anbient light noise is usually subtracted or renoved in the R cal cul ati ons.
| n exanpl e enbodi nents, there can be provided a nethod and system for noise
20 cancellation, e.g. for Sp02 neasurenents. In one exanple enbodi nent, AC
and DC val ues are respectively obtai n d for a Red PPG signal neasurenent,
an | R PPG signal neasurenent and an arnbi ent PPG signal neasurenment (where
both the red and IR LEDs are turned off). The maxi nrum and m ni num val ues of
t he PPG si gnaIThn”eamer phenbrs have debgnizedn et amtﬁ}mzlighalimgf%mdcamba ratio R
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measur enent devi ce. The coupling nenber can receive a first signal waveform

obt ai nednyakE@f BPEHBEVEL i ng i ght 15 based on a first light illunination,
a second signal Waveformobt ai ned based on detecting |ight based on a
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deteéfing a can a rise a processor module
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si gnal Ples I'Tst and second signal 20 wavefornms with the renoval
of anbi ent noi se by using the maxi num and m ni num val ues of at |east two of

the first, seggnd @pdistdisbniitigypdphwiebingtihe demultiplexed amplified output of
25  Figure 8(a) in an example embodiment. The output is sampled at e.g. point E of Figure 4(a).
it is appreciated that the AC components are not immediately visible from the graph of
Figure 8(a) as the DC components are much térger in amplitude. However, as the signal
propagates through the various stages referenced by e.g. numerals 410, 412, 414 and 416,

~ (e.g. from point A to point E of Figure 4(a)}, the DC component is removed leaving only

30 amplified AC components of the Red and IR PPG signals. With appropriate de-multiplexing,
an IR PPG signal (solid lines) e.g. 802 and a Red PPG signal (dotted lines) e.g. 804 can be
observed. Figures 8(a) and 8(b) correspond to the point A graph for Figure 6(c) and the point

E graph for Figure 6(b) respectively. As can be further observed, the gap in Figure 8(b) is
about 1V after the signal conditioning, .e.g at Point E of Figure 4(a}, at the output of the non-

35 inverting summing amplifier module (compare 416 of Figure 4).



Figure 10(a) is a graph illustrating signals acquired at an analog to
digital converter (conpare ADCl of Figure 4(a)) in an exanple embodi nent.
The y-axis is in terms of nV and 25 the x-axis is in terns of nms. Nuneral
1002 shows the signals obtained when the Red and IR LEDs are turned on
during the toggling sequence 606 (Figure 6(a)). Nuneral 1004 shows the
signal s obtai ned when the Red and IR LEDs are turned off during the OFF
condition 602 (Figure 6(a)). As shown, the anplitude of the signals

obtai ned during the toggling sequence18606 (Figure 6) is notated as x'. 30
Figure 10(b) is a graph illustrating AC signals acquired at an analog to
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condi t i 0Bgtout 916 with a gain of about 10 times shows a waveform with the amplitude on the bottom

30 (see 920) reaching saturation. The bottom of the waveform corresponds to IR AC signals.

Hence, even with a fixed gain of e.g. about 10 times, the inventors have recognised
that the DC components of both the Red and IR light sources can be set to be as close as
possible to each other so as to achieve a conditioned signal. The above may be achieved by

35 tuning the illumination intensities of the light sources. In addition, a high gain can then be



25 exanpl e enbodi nent, the DC data is passed through a | ow pass filter
(e.g. filtering >0.8 Hz) and the AC data can be passed through a band pass
filter (e.g. filtering <0.5 Hz and >20 Hz) (not shown in Figure 4). 5Figure
11(a) is a graph illustrating filtered DC signals in an exanple enbodi ment.
The y-axis is in terns of nV and the x-axis is in terns of ms. The graph
shows filtered DC signals of when the Red and IR LEDs are turned on during
t he toggling sequence 606 (Figure 6(a1)9) The IR Si gnal s are shown with
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appropriate gain.

In an example embodiment, there is a further super low perfusion scenario, where

25 even with the above approach, it is determined that the obtained AC signal is too small to
identify the respective peaks of the signal. In other words, the maximum and minimum points

of the AC signal cannot be accurately obtained. in such a case, the gain is increased to

about 30 times.

30 Thus, in the example embodiment, there is a first process to determine if the scenario
is a cold finger scenario, wherein lowering the intensity of both the Red and IR sources can
allow for signals of a better quality or larger amplitude of e.g. 2.5V. Next, a selection is made
between the gain settings of e.g. 20 or 30. As described above, if it is determined that the
obtained AC signal is too small to effectively identify the maximum and minimum points of

35 the AC signal, then the higher gain setting of e.g. 30 is chosen.



10Fi gure 14(b) is an enlarged version of Figure 12(b), focusing on a
specific period between t1 to t3 of the filtered AC signal. The nmaxi num
point data at t1 and t3 are identified as Al, A3 accordingly. The m ni nmum
point data at t2 is identified as A2. It should be noted that the
notations such as tl1, t2, t3 are arbitrary notations for 15signifying three
timngs and are not the sane when referred to for an IR condition, a Red
condition and an Anbi ent condition. It will be appreciat ed that in
an ideal situation, e.g. with indivi ¢al phot odet ect ors and si gnal paths
for all 3 conditions (IR Red and Anbient), and perfectly noise free 20
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R3) R2 2 more light sources such as one or more LEDs. That is, the illumination can comprise a red
light source andfor an infra-red light source. The device further comprises a detection
assembly configured to detect the output fight reflected from said surface portion of the user
as a signal. The detection assembly can comprise a photodetector. The device can comprise

20 an amplifier module directly or indirectly coupled to the detection assembly, the amplifier
module configured to apply a gain to an aiternating-current component of the detected
signal. The device can further comprise a microcontrolier coupled to the detection assembly
and configured to assess a direct-current voltage level of the signal. The microcontrolier is
also configured to control the light output at the illumination assembly based on said

25  assessing the direct-current voltage level This can allow the microcontroller to determine
whether there is a low perfusion scenario, and/or whether the illumination intensity of the
llurnination assembly is to be funed, 2.g. to mové the amplitude difference formed based on
a red and an IR light ilumination to be closer together or e.g. whether the driving current of
LEDs are to be reduced. In addition, the microcontrolier is configured to select a gain value

30 for said applying the gain based on said assessing the direct-curent voltage level. For

example, for a low perfusion scenario, a higher gain is selected.

In the example embodiment, the light sources are toggled on/off for the detection
assembly to detect the reflected output light as a single signal. The processing or signal
35  conditioning described can then be carried out in a single path processing approach. In the



5 DC') - n"-"x Gain DC Avg, Am AC AvgAin ((Al + A3) A2) ,"d2 where DCIR +
DCAmis the DC value of one cycle of the IR LED being turned on during the
t oggl e sequence 606 (Figure 6); nl1ll.i3 is the nunber of sanpling points
within the t1 to t3 tinme frane, i.e. an average of the values is being
obtained (for DC neasurenents); ACCR + ACM, 10 is the AC val ue of one
cycle of the IR LED being turned on during the toggle sequence 606 (Figure
6); OCR + DCA. is the DC val ue of oner'zécycle of the Red LED being turned on

d th 606 ACR CA

o 1 S e BSN RS 5ol oA i Ty AN s 0 a2

(Fi gure gnt oD(E\e fidid sigsal tid mattaineeige!dICa \peddetermined yebimbinemiicrotgtralierdet ect ed

during tc%%tro ing t 8 ttolu rv}t gtqg Erlrlg\%tﬁ'\ @se I§' |§1hs%n1%‘ré S8 eermbghmfa‘:&l e t aken
$h A REVVAITE ot -t

for analysis € ave nbi ent si gnal
det ect eobrdtiﬂi¢rng1qu®eBFan Qﬁcﬂhﬂu‘t 1Q9m\1‘66?26 PEﬂg‘Gf’@“@é levef I'?eobgfa"‘i‘i' haged et theo be t he

same awhedye Rty Lt nﬁ}%@ﬁt%%e%naﬁﬁ%ﬂiw irPa sﬂb‘rrahd?ge@eﬁhﬁb'dh &l PRifiert he gain

val ue cance s out an erefore can be set as an val ue. 20The
\ﬁe

i nvent orgog arpliven s ey Thvat fof ﬁé@%%?‘?%@ﬂltﬁ’%éi‘ pyhicertedsity (1)
and anpl difdreigce(dhhbé 106mY biPVEs abbut®VAZormpdté@ toZbsdtiration, vo'it@gegeedl of e.q.

about 3.3V. It will be appreciated that within each signal, there is an inherent AC component
and this may be e.g. 10mV. Therefore, factoring a gain of 20 times, the amplified signais can

10  have a span or a range of about 2.2V which is still within the 3.3V saturation range. This can
ensure that the output from the circuitry is not saturated.

However, it will be appreciated that if the difference is about 200mV, selecting a gain
of 20 times due to a detected low perfusion condition can result in an output of about 4V, i.e.
15  saturation of the circuit. In this regard, in catering for low perfusion using an adjustable gain
' at the AC signal processing path, the fight sources can be tuned to output light power that
are as close as possible, for detection by the detector, i.e. to provide a difference detected

that is as small as possible.

20 In the example embodiment, a summing amplifier can be provided coupled to the
amplifier module whereby the summing amplifier is configured to move the alternating-
current component of the signal above a ground voltage level. This can provide advantages
in digitising the processed signal. The saturation level is based on an output of the summing
amplifier.

25

in the example embodiment, the microqontmller is configured to determine that a
measurement is a fow perfusion measurement based on said assessing the direct-current
voltage level, and wherein if there is a low perfusion measurement, the microcontroller
controls the light output at the illumination assembly to a lower intensity and selects a large

30 gain value for said applying the gain. In such a scenario, the large gain vaiue is about 20 to
30 times.

It is appreciated that the detected light information or Vppg signal e.g. to be
transmitted to a personal mobile processing device for further processing has a substantial

35 extent of ambient light interference. Therefore, ambient light or noise canceliation can be
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equati ons above.
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performed e.g. at the personal mobile processing device. The description below relating to
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i5

20

25

30

ambient noise cancellation for SPO2 calculations can be implemented through software
andf/or hardware modules. The hardware modules can comprise electronic circuitry or
dedicated application chips such as an ASIC chip. A graphical user interface (GUl) may be
provided, such as an “app" or software application on a smartphone, to be run on the

personal mobile processing device to implement and display the ambient noise cancellation.

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

R is defined as,

Aly

DG,

ACy

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

calculations.

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

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 Sp02
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
and ambient signal pulses, the calculation of SpO2 can be carried out. For example, a

maximum of the true Red PPG signal (devoid of ambient noise) can simply be obtained by
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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.

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 vaiues of 3 PPG
signals are obtained for analysis to obtain SpO2 value. This can _minimise processing and

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
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 vaiues of

at least two of the first, second and third signal waveforms.

Figure 10(a) is a graph illustrating signals acquired at an analog to digital converter
(compare ADC1 of Figure 4(a)) in an example embodiment. The y-axis is in terms of mV and
the x-axis is in terms of ms. Numeral 1002 shows the signals obtained when the Red and IR
LEDs are turned on during the toggling sequence 606 (Figure 6(a)). Numeral 1004 shows
the signals obtained when the Red and IR LEDs‘are turned off during the OFF condition 602
(Figure 6(a)). As shown, the amplitude of the signals obtained during the toggling sequence
606 (Figure 6) is notated as x'. '

Figure 10(b) is a graph illustrating AC signals acquired at an analog to digital
converter (compare ADC2 of Figure 4(a)) in an example embodiment. The y-axis is in terms
of mV and the x-axis is in terms of ms. Numera! 1006 shows the AC signals when the Red
and IR LEDs are turned on during the toggling sequence 606 (Figure 6(a)). Numeral 1008
shows the AC signals when the Red and IR LEDs are turned off during the OFF condition
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602 (Figure 6(a)). 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 4(a), as shown,
the difference between the Red and IR detected AC signals is notated as 10x', i.e. a gain of

about 10 times has been provided.

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 7(a) and 7{(b). That is, even if the brief time period At 702 is
included, the respective condition, Red or IR, is still relevant given the longer preceding
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 604 of Figure 8(a).

With the AC and DC signal portions, the inventors have recognised that significant
information can be further extracted for SpO?2 calculation. Using the circuit of Figured(a), it
can be seen from Figures 10(a) and (b) that the AC and DC components of the Red and IR
PPG signals are larger than those of the ambient PPG signal. Therefore, the contribution of
the ambient PPG signal is less significant compared with the contribution of the RED or IR
PPG signals. This can provide for a more accurate SpO2 calculation. That is, in example
embadiments, the LED illumination intensity can be tuned to a level that provides for
detected signals that provide as high a detected voltage as possible, without saturating the
signals. The intensity can be controlled by the MCU. The tuning can ensure that both Red
and IR signals transmitted to ADC1 can reach an amplitude level significantly higher than
Ambient signals transmitted to ADC1. For example, if an Ambient signal at ADC1 is about
0.5V, both Red and IR signais at ADC1 can preferably be set at about 2V or above. This is
described and illustrated in more detail below with Figure 18. In addition, there can be steps
taken to ensure that detected Ambient light signals are not too high. Exemplary steps are

described and iflustrated in more detait below with Figure 17.

Based on the LED firing sequence as illustrated in Figure 6, the data obtained at
ADC1 and ADC2 can be processed to select the AC and DC components of the IR, Red and
Ambient conditions.

The signals shown in Figures 10{(a) and (b} can undergo further digital signal
processing steps. The modules for such processing may not be all shown in Figure 4. In the
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example embodiment, the DC data is passed through a low pass filter {e.g. filtering >0.8 Hz)

and the AC data can be passed through a band pass filter (e.g. filtering <0.5 Hz and >20 Hz)

(not shown in Figure 4).

Figure 11(a) is a graph illustrating filtered DC signals in an example embodiment.
The y-axis is in terms of mV and the x-axis is in ferms of ms. The graph shows filtered DC
signals of when the Red and IR LEDs are turned on during the toggling sequence 606
(Figure 6(a)). The IR signals are shown with solid lines at 1102 and the Red signals are
shown with dotted lines at 1104.

Figure 11(b) is a graph illustrating filtered AC signals in an example embodiment.
The y-axis is in terms of mV and the x-axis is in terms of ms. The graph shows filtered AC
signals of when the Red and IR LEDs are turned on during the toggling sequence 606
{Figure 6(a)). The IR signals are shown with solid fines at 1106 and the Red signals are
shown with dotted lines at 1108.

Figure 12(a) is a graph illustrating filtered DC signals for an ambient PPG signal in
an example embodiment. The y-axis is in terms of mV and the x-axis is in terms of ms. The
graph shows filtered DC signals 1202 when the Red and IR LEDs are turned off during the
OFF condition 602 (Figure 6(a)).

Figure 12(b) is a graph illustrating fittered AC signals for an ambient PPG signal 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 1204 when the Red and IR LEDs are turned off during the
OFF condition 602 (Figure 6(a)}.

From Figures 11(b) and 12(b), the maximum and minimum points for each cycle,

and the corresponding data and time for those maximum and minimum points are identified,

© see t1 and t3. It will be appreciated that the maximum and minimum values can be obtained

using any peak detection techniques.

Figure 13(a) is an enlarged version of Figure 11(a), focusing on a specific period
between t4 to t; of the filtered DC signal. The IR signais are shown with solid lines at 1302
and the Red signals are shown with dotted lines at 1304.
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between t1 to t3 of the fillered AC signal. The maximum point data at t1 and t3 are identified
as A1, A3 accordingly. The minimum point data at t2 is identified as AZ.

It should be noted that the notations such as t1, 12, {3 are arbitrary notations for
15  signifying three timings and are not the same when referred to for an IR condition, a2 Red

condition and an Ambient condition.

It will be appreciated that in an ideal situation, e.g. with individual photodetectors

and signal paths for all 3 conditions {IR, Red and Ambient), and perfectiy noise free

20 conditions, all peaks and troughs may in theory occur at the same points. in other words, t1,
12 and 3 are the same when referring to the various conditions. In the present examples,
because a single path is utilized, a peak sampled during the IR condition cannot be
simultaneously measured for the R condition. As such, there are minor differences in peak

and trough, e.g. t1, {2 and t3, times. If sampling is on a basis of IR, Red and Ambient

25  conditions i.e. one sample per condition, it can be expected that the peaks and troughs of
the respective signals (IR, R and Ambient), e.g. at t1, {2 and {3, may only be one sample off

from each other. if the timings are too far off of -each other (e.g. 2 or more samples apart),

the particular set of samples can be rejected from the calculations if desired.

30 In the presently described example embodiments, as there are toggling and
ambient phases (e.g. 606 and 602 of Figure 6(a)), the ambient signal peaks and troughs
cannot be obtained at the same time as the R and IR peaks and troughs. As such, individual
signals for IR, R and ambient conditions are “reconstructed” and analysed separately. This
can also be extended to a 3 phase sequence, e.g. IR condition on for 15 seconds, R

35  condition on for 1_5 seconds and ambient condition on for 15 seconds.



| evel of the conputation result of R The cal cul ated propagation error may
be di spl ayed on a screen of a personal nobile processing device to inform
the user of the potential accuracy of the Sp02 measurenent.

15Al ternatively, instead of the cal cul ated propagation error, a
representative description of the propagation error may be displ ayed. For
exanpl e, for a propagation error of nore than e.g. 30% of the nean of the
calculated R, the user nay be infornmed that the nmeasured Sp02 is highly

i naccurate and nmay be advised to retake the readings at a nore suitable

| ocation. As another exanple, for a deduced propagation error of |ess than
e.g. 2010% t r- ; L af t e r S ] lL.atively
accurate. wthhgtﬁgdrggﬁégﬁiﬁg@lﬁév I ﬂ%@?rﬁ@g’ ]t € a ggg?)t‘ E%gtfdo;i c(%gtbgr m ni ng
t he accuigiptedbylhe foflowings Ac " AC a"" DC DC" DC,"") 25 aAgq, ( aR c.24c
Further, each paraneter has individual deviation as follows, 30DC 1, = DC
avg., + pcAC = ACa\,/I%jT, DC, = DC ay(?). + DorAC = ACavg., Ac , DC'," =
DCavgam BC,,pacm),yvAcza——,—”“—*" ACaiACe, " 30,4'6'6”,9?’ t hexrtamgr age value of R AC'"g, 2
24C, ,a", 2DC avg jr2™= DC avg."", 2 Rays®¥*“4 DC avg, r2 “2DC avg, a", 2AC avor 2
- ACOvg an, 5

1k
DC, +DC,, = Z8%Cram o Guin 4C sac. o RERY
Ay R Am ‘_—'2
Z{ZE_‘?_CA;»_) z[(m-»f;) _ Az)
" : 2
DCAVx.Am = i‘L"‘.L....L_ x Gain Ac‘hx“m P _
5 le;vrk 'l.t;“.'le

where DCi + DCay is the DC value of one cycle of the IR LED being turned on during the
toggle sequence 606 (Figure B); nu.g is the number of sampling points within the t1 to {3 time
frame, i.e. an average of the values is being obtained (for DC measurements); ACk + ACam
10 s the AC value of one cycle of the IR LED being turned on during the toggle sequence 606
(Figure 6); DCg + DCaqn is the DC value of one cycie of the Red LED being turned on during
the toggle sequence 806 (Figure 6); ACr + ACay is the AC value of one cycle of the Red
LED being turned on during the toggle sequence 606 (Figure 6); DCquqam is the average DC
value of the ambient signal detected during the OFF condition 602 (Figure 6); iwee is the
15  number of cycles taken for analysis and AC,gan is the average AC value of the ambient
signal detected during the OFF condition 602 (Figure 8). The gain is set to be the same
when both LEDs are turned ON. Therefore, during calculations, the gain value cancels out

and therefore can be set as any arbitrary value.

20 The inventors have recognised that the relationship between light intensity (1) and
amplitude (A) is as follows:

I a A
I = k&

25
Hence,
I signal = [ signal +am - 1,
kA.?Jgnaf = kAszsgnauam - kAazm
Asigna.' = \/ Af,gnqrmm - Ajm
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Therefore, using the intensity to amplitude relationship above, where A> is substituted with

and the A2

signal +am

DC?

vy Am is respectively substituted with the square of average values

5  over an iyee of the respectively DC or AC calculations from the set of equations above.
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_ Thus, in the above described example embodiment, direct-current {DC} and
alternating-current (AC) values of a first (e.g. red), second (e.g. IR) and third (e.g. ambient)

15  signal waveforms can be obtained based on the respective maximum and minimum valies.
The DC and AC values of the third signal waveform can be average values obtained over a
plurality of cycles and based on the maximum and minimum values of the third signal
waveform. The ratio R can be determined based on using the DC and AC values of the first

and second waveforms and the average values obtained from the third signal waveform; and

20 . wherein the ratic R is usable for referencing a lookup table.

With the ratio R, SpO2 or the saturation of hemoglobin with oxygen (in blood) can
be determined. That is, in some examples, the ratio R can be used to refer to a proprietary
lookup table provided by a manufacturer to determine the corresponding SpO2 value. The

25 lookup table can be stored in a database that is in turn loaded onto the personal mobile

processing device and the lookup operation is automated.



15 ~ Therefore, it can be derived that R = Raw Cu 20l n another exanple
enbodi ment, the ratio R can be determ ned using averages of maxinum and

m ni mum val ues. In the exanpl e enbodinent, each Red and | R PPG signal
are.paired on a per cycle basis. A subtraction is carried out using an
average ambi ent signal value. The average anbi ent signal value can be
obt ai ned before or after obtaining the Red and | R PPG signals. 25

29

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 Sp02 measurement.

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

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

R= f(AC, ,AC,,4C,,.DC,,DC,.,DC,)
10 The inventors' have recognised that, indirectly, deviation oR reflects the confidence

level of the computation result of R. The calculated propagation error may be displayed on a
screen of a personal mobile processing device to inform the user of the potential accuracy of
the SpO2 measurement.

15 Alternatively, instead of the caiculated propagation error, a representative
' description of the propagation error may be displayed. For example, for a propagation error
of more than e.g. 30% of the mean of the calculated R, the user may be informed that the
measured SpO2 is highly inaccurate and may be advised to retake the readings at a more
suitable location. As another example, for a deduced propagation error of less than e.g.
20  10%, the user may be informed that the measured SpO2 is relatively accurate.

The equations below illustrate the algorithm for determining the accuracy.

R= f(AC,,AC,,AC,,,DC

am?® ir?

DCr’DCam}

25
OR aR oR OR OR aR
& =| — ot +| ——lo? H——— ot H— | —— |oh. + o
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Further, each parameter has individual deviation as foliows,
0 _
3 ) DCir = DCavg,r‘r + O—D(.‘ir AC:‘r - Acavg,ir + GAC,,
DC, = DCm,g,,, + 0, AC, = ACavg', +0 4.
Dcam = Dcavg,am + JDCM,,, Acam = Acavg.am + o-ACm,

35



Figure 15(a) is a schematic graph illustrating PPG AC signals obtained for
a plurality of cycles in an exanple enbodi nent. Figure 15(b) is a schematic
graph illustrating PPG DC signals obtained for a plurality of cycles in an
exanpl e enbodinent. As illustrated as an exanple, there are 11 cycles shown
in Figures 15(a) and (b). The Red PPG AC 30 signals over the cycles are
shown at nuneral 1502, the IR PPG AC signals over the cycles are shown at
nuneral 1504, and the anbient PPG AC signals are shown at nuneral 1506. In
Fi gures 15(a) and éP), 11 cycles of PR and RED PPG signals and 5 cycles of
anmbi ent PPG sHghes eaveragnyaiie offhi s i s because the period for obtaining the
anbi ent PPG signals i.e. the anbient phase, is shorter than the toggling
phase. It wll ppreci atedrhal~ any_ er]jof 35cycles for each of the
signals (Red, At oz b R eefsed “#Ffe {Red PPG DC signals 31 over
the cycles &f e \ghooy at Dayper g, +We,LR'APG DC signal s over the cycles
are shown at nuheral 1510, and the anbient PPG DC signals are shown at
nuneral 1512. The ambi ent PPG DC and AC signals are used to obtain an

aver age anbi ent signal value avgDCan., and_avgAC. respectively. In the
exanpl e enbodi nent inplenank;ng a single pégh 5 system| the anbi ent
sanpling (conpare 60§?Er§—g§¥fﬁggﬁd' er/bgkoreyd he toggli ng phase.
Therefore, the Anbi gnt $¥gnal $2§hHown |ﬁ*#igur§§“15(a) ahd (b) have been
time shifted to show aligned’cycles with tbg. Red and IR signals, even
thougg they are not i 'qﬁgﬁtin_jﬁ Typme. 1DA plurality of R
val u ar ea_oJQt in% as Tokrows ™R = R, |, (A ,"gfél- avgAC'2) x(DC, -
avg/ticcf gg ’(O/Dggz Eg,v lLac;, avgDCaz) - (ACgAGAAYr, 15 lo2R AN (A Dgz )ZZ(AC .

avg X , - gbEo 32— = CyTl 2 R 2(1C . 2R av , -
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Therefore, it can be derived that

R= ng to,

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

25

Figure 15(a) is a schematic graph illustrating PPG AC signals obtained for a
plurality of cycles in an example embodiment. ngure 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

30 signals over the cycles are shown at numeral 1502, the IR PPG AC signals over the cycles
are shown at numeral 1504, and the ambient PPG AC signals are shown at numeral 1506.
in Figures 15(a) and {b), 11 cycles of IR and RED FPG 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

35  cycles for each of the signals (Red, IR or ambient) may be used. The Red PPG DC signals



(ACr; - avgACO32) (DC, 2 - avgDCa", 2 ) X2Cycle n (DC2 - avgDCa",2) (AC'n 2
- avgACa", ) Therefore, 25 Thus, for the above descri bed exanpl e
enbodi ment, direct-current (DC) and alternating-current (AC) val ues of at

| east two of the first (e.g. red), second (e.g. IR and third (e.qg.

anbi ent) signal waveforns can be obtai ned based on the respective maxi num
and 30 m ni num val ues obtained in one/each cycle. The DC and AC val ues of
the third signal waveform are average val ues obtai ned over a plurality of
cycles e.g. 11 cycles described abovedt Aratio R for each cycle (e.g. Ri,
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Therefore, the Ambient signals shown in Figures 15(a) and (b) have been time shifted to

show aligned cycles with the Red and IR signals, even though they are not necessarily

aligned in real time.

10 A plurality of R values are obtained as foliows:
2
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2 2
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Therefore,
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25 Ry =

R

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

30  minimum values obtained in onefeach 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. R4, Ry 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. Ray) can be obtained based on



Therefore, in the above exanpl e enbodi nents for obtaining R, only
significant 10information for Sp02 determnation is extracted. This can
advant ageously reduce circuitry cost, optim se space and m nim se power
consunpti on. Figure 16 shows how a signal forns at an analog to
digital converter (conpare ADCl1 422 of Figure 4) when two LEDs toggle and
when both LEDs are switched off in an 15 exanpl e enbodi nent. During
toggling, the signal detected at a photodetector PDis shown in part (iii)
of Figure 16. The square wave 1602 i 32t he detected signal which reflects

t he sanmlsed tporatio & foes pidrably of bsles dggl Rn B2 icr ang Vﬂ”@ﬁﬁ%%@@. vajye (@8cR=8anpl ed
poi nt of, : dIR(IRL,, IR, analog to digital
conversi'%r@%rsef%ne%ngtaelt%%‘%a%e val ues captured by a microcontroller

MCU. Data is separated or de-nultiplexed in the MCU 20 and can be presented
as individual BegeaprubRndatRanileuaitE B RivdnRefatots uURPPG signal s) in dots
format, as shown in part (ii) of Figure 16. Over a larger tinme frame, a PPG
signal conpriging Red,and IR are formed, as shown in part (i) of Figure 16.
When both LER &refeadi t ched of f, only 1 signal (Anbient) is present and

t hus the ABQ-€aptured-val ues are not separated. This signal at part (i)
passes through th2 signal conditioning and produces a 25si gnal
substantially simlar to Figure 10(b). Figure 17 is a schematic

f1 ow di agram ifkhekd 3l R HBvARRMAAL dritimdied 0% (doRiniRy FOGRY dighianexanpl e
enbodi ment. An optical -

| I measur ement devi CS IS cougl e;d to a %ﬁr sonal.t nobi | e

pr oct®si infpraationder SpP2 getepmination is KEFaFtach d MR AR RIGOREY rHHES SUFY Bhed of £ .
At step dokl Bptirhise 3Padeand afimmiepedendvasitaptioADCL of the MCU of the
measur enent devi ce reads a value of e.g. nore than about 1.5V. lithe
reading is nore than the exenplary value of 1.5V at step 1712, at step
1714, the per Someé 16ubowe howoz eigpairfgmuedl e ahgiog dh Highel reeavartsr 459818™) he user
to el 0cghey L, 3PN 4 ARAHE TEDR todoRPaRPihdPbotTRBBY LR BcnaS of ifardDI ent
l'ight i nter?erence_l S determ ned to Be too h!qgh' | f the re%l.n is.|ess
t han1$ heexsmaipenabaginetaurine tagaiing, He signahdetente 3t a photadetgfion 79 § SNORR I i ent
lj! ght debelﬁf"(iii)oaf ﬂg%eﬂﬁlmﬂ&u@r&&avg 1602 is fRegditertdBsigsal avidarhaiiatts thd | ow

iagramillustrating a, light intensity settin e
enbodi mefAMPIa4 P%'“tﬁrth%%Q” thertossling minorssaUnsg ) fstl 4 %?’Ifahg’ro B PRI errent s.
At step RSOR.)andHR (RgIRL . .sERjUencleyits dipdall canwerdion ADG isepretgied andHle | i ght
dat a detect ed . <Qal uitibRsed & the WROU be
sel ect edvéi'r’eosncfaaué%d %(g%ﬁ%g&%grg%gﬂ%?t%%%% %/'ra%é?%?@i? “Péh?éh}!’ ti rre% etc. In
the esanphecamirriesratad asdngjdsiypl Bed angiR dain (Yissparated Regiand (REPCAionelsy 1306,
it is defehdl ﬂﬁ%a%@tzsh&kn ﬁ%ﬂ ggof hgulCld. Tvet Beargeatahis @amala ¢POGE signal eads a

s et

I f e.q. Ds i ' i.S.adj j | di
{eaches SRR PR Lol Dy LR 57 O Skt PO "D

. _BV.
reaches £OomRrisingRed ang R
not subskgitdhedlofyordl 1 rsignel (Andatent)his pesabtr ardubiotnediDE keptrBdyalughaie ndbasur ed
by the detector...ln_this I ' cRMsQitbiRg aR®inRiucdd ght
cannot eXEESY. BVP S'&H%J aé%ﬁ@%s?%@&}@?&% S’?’g resul t F% a reasurement  of
about2s52. Signaltshbstantialhesimilaritg higu@d@éoinot exceed nore than about 60% of the

i ght detected by the detector, when each LED is switched on. At step 1808,

it is determ ned whether ADC2 of the J of the rregls%r.erre E evi ce reaches
saturation, e. @gure 17 is a schematic flow diagram iflustrating an ambient light detection process

in an example embodiment. An optical measurement device is coupled to a personal mobile

processing device. At step 1710, both the Red and IR LEDs are switched off. At step 1712, it
30 s determined whether ADC1 of the MCU of the measurement device 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
35 1712, at step 1716, the ambient light detection process ends.



15at 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.

| f ADC2 has not reached saturation at step 1808, at step 1814, it is
determ ned whet her the maxi num and m ni rum data points have a difference of
nore than e.g. about 20 300nV. If the difference at step 1814 is not nore
than e.g. about 300nV, at step 1816, the gain can be increased. At step
1818, it is determ ned whether the gain is thirty times. If the gainis
thirty times, the LED intensity is set® and the setti ng process is ended at
step 1820. If the gain is not yet thirty tines at step 1818, the process

| oops back to mguee 14 8ldschembtiglisvediddrasiiairatriyearight ditdrisiyedtignat pra@89 irf or
illustratin 0 optical e e I Q. I ent. At
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por tion %l Ep 14862 ldlﬁ@éf%&@% 98&@1 rS&s@STﬁe ﬁhlﬂ'}ﬁéy bé\seBLER fr%ﬁp@or Ekaftple] tdrd

appl i'ed Pan-al atin rrent conmponent” of the signal. At step. 1908, a
di r ect - climess twenjolimesgs tm@vféne&ﬁwtlﬁé\esﬁxawa!e ei"hboslwené%é@s%&g & tees B 1910,

the Ilghéezé&@oowt stdp 168, itlid uaﬂenahe@%ata&enbby df She T 6f Ihedndrdsrehean sai d
assessing the direct-current voltage ‘ﬁ%’iné ep 9@8% ? ain aluefor
sai d app& iGggrepfea yalup of §-%&PRU =Y b-gkee " QFE' 3 ACBEEd g o8

di r ect - Cyabigat 2. Wl'ltlmt&anl arieare. that3e Torarilsion eﬁthﬂ%ﬂmer‘mbghjlabasotesubstanhally

conput er/seryer r u ; 2003
whi cﬁé op@Paet téaPélpexe r% | nsfﬂr uctl oﬁ"s-|£|I9 n?eagurgg%'ﬁst% d&Q&& w&]ﬁwﬁt he art.
The ter wmbmgmtebe%emaIae"hmﬁ'llm‘mcaaﬁotl%@&?dh‘@\élﬁﬂ‘dr%F@ﬂ-th‘% adivgtedidi um

that parfdsgi P\aé ﬁ‘éaéd?ed?ér@\él‘ Qﬂacﬂﬂ Z'Wtﬁe%ﬁﬂlé}ﬁﬁgﬁt%oﬁé ASESEEEd RER@3nirEbout
execution. t i onal nput er ggatfo 5 2001 re |vezﬁéeﬂput froma

pl ural i t90(9f°f F'ﬁ’d@f‘* QT&F?I‘%?& tQ@ggftecth@ﬁe [optgned py, SLstep t&Rvice or
verbal casmmmnted Wighe ITH @frth@lvmu @frtma ARaduremyntatbdice rexchéd satthmtm'o rgected to
a renpvabl e s g i,ce 2005 cal
medi & ( %‘Tp E%B? i?éﬁgé "B &8¢ S%Hra t@mﬁ@%ﬁ@%flﬁ%%ﬂ g‘%vgér?r%%t er can
r ead 'exeontl ADIC2 iz oalengeT vatucberpal tstap 1@I1atform may further be connected to
net wor k resources 2006 which connect to 10 the Internet or other conponents

of a local public or private network. The network resources 2006 may
provi de i nst r Ut ADEAshaamdt ceached saturption ehpiep 'BOBI At Fenr AP T4 dnff dieﬁeéfﬁﬁ?%

| ocat i on,A0nmar R WMu? 3R minlhEmCRENEGHS Qaﬁa bgufﬁe%cagf MFthaeeQUEsRS 2006

may be via wrel ess protocols, such as th 11 ésd\geﬂ Btsqt ot hO or
cel | @P ar 3%9'6\’d&%‘Psd'ﬁebﬁm??bStBPng?"cﬁl”°f P‘QF%'E?%glgoﬁb‘?’ri 6[;’" SieP g tg? es or

fiber opyiifan HEencheke@ A stepSTRIBCIER darymined lwhdthed Bieggadr iaditrtyl tmee disthé or

Comput &r 98" PEVSBOHe CrhaeRikin B R leula Wiihe AUaRER FSysof e

out put détteggaimie nottmemlriyrimsmastmﬁﬂﬂntfw preeess logps hrgkto slept1§14-equest
additional instructions and input fromthe user. The display 2008 may
therefore further act as an imagut devi ce 2004 for interacti ng W th user.

20 25 It wFipyrept? dp@r aeeaali flgyeharh dPQQ fors pstating & mairdafar ‘fﬂqﬁaﬁ ot her
vari at i ORfeaditehent WOH Ekmadid @Rbobenhentnaste 10aR, tilght Bpagpitied tenbedfarent s

descr | bedoHongl pies meamstion: At S8R 807 i pupliTant PR B ERa 0888, o)
respects pbmoubef ihklugatis dttevted and sital. ¢ stepi 1906, \eegai? B a@iedOoAin\alemnappg-opt i cal
measur en%ﬂllren(?@%ggnen{ Eﬁhgggﬁh&e/\{ﬁgﬁ) %(’% Airect-current voitage level of the signal is
30 assessed. At step 1910, the light output at the illumination assembly is controlled based on
said assessing the direct-current voltage level. At step 1812, a gain value for said applying

the gain is selected based on said assessing the direct-current voltage level.

Figure 20 is a block diagram that illustrates an embodiment of a computer/server
35  system 2000 upon which an embodiment of the inventive methodology may be implemented.



5an illum nation assenbly configured to output light fromtwo or nore |ight
sources to a surface portion of a user for neasurenent; a detection
assenbly configured to detect the output light fromthe two or nore |ight
sources reflected fromsaid surface portion of the user as a signal;

an anplifier nodule coupled to the detection assenbly configured to apply a
gain to 1l0an alternating-current conponent of the signal; a

m crocontroll er coupled to the detection assenbl y confl gured to assess a
direct-current vol tage |evel of the r% erein th

mi cr ocontieotystem 20P0dwsides BroadPHIs oY ff°tnhé’0fv1 'Qﬂ't'd“&ﬁh? pipcesser ?qu and

11 um nag,b@BryaRas Walck 09&5@% QRectR AsARSE®S hithdwhao Ghé Gﬁékﬂldlhlth’eermt ml tage

I I h th t th t 15 t Ly f
wi L hi 5O e EY oL P R AR ey OB T Rp i PEPRE i n: and

further wodding I’hstrbaloms ar plﬁﬁemsbxoidoerfon axecutivhi (diditidndllg, the Icemputar glaffoimval ue
for said pl ain k i rent

vol t age 180 BreerByeliectia Bupdnag v Ss 2L I  UGpll il Lblck

M cr ocondeviselaeverbsl memﬁangur &tle complderaniatiomna 200 may additionalehrosanneaiedto ow

per f usi og Hggg,gb% degeedodn séc'H & aaaﬁ@é@haaj drive, &bu&aﬂmeuwt:wtnvml tage

| evel , re| here 1s a | ow per usi on measur enent

mcr ocon@lﬁlbmeéia & Y roéﬂeé magiim frgmewhiclt pEPMAYet FRM [Sef l?l’f’?‘f‘l‘éﬁq1eoﬁ°d§s sEfbly to a
| over i nggnsitdripldtdoan rﬁd}&bﬂ!ﬁ&r%%ﬂ@té&ﬁ mmraésodrdeeczne& whick Rbnivat tage

EERG KL AT AT e o SRR T
wher ei n 2006 ray mmudmmto.rctlasmtdlaga to theprompeter alatf@;m frany h rere@e logaticarmtyor  an
infra-r elg.i Wb@N5ogOURGE: coﬁgéktia&f cijHQ ﬁ@l}\qﬁﬁ( rdsBliiBd 2bfs (hllae}' Hé Jia Wﬂ@l&% n the

l'i ght SoUTLes e t og detection. assenbly to detect the
refl ect enromglgusucmaj e§§2 A1 stangpids sBlYRiapth® aerefiiaiRiplore!s. n‘gd"? Bh¥sicaby t he
M cr oconfri R igfonCABAiA Oslch s édisl érgﬂ‘Ber %ﬁ@uﬁhétne'tvhﬁk lrédoUﬂ:'e@c’MayQﬂcIa@éSeﬂm y.
6. The device as clainmed in.clajm M] ?nthe gredgtermnc%dle IS
obt athedstorage devices for storing data and executa e instructions at 4 focation separate from
' computer platform 2001. The computer interacts with a display 2008 to output data and

other information to a user, as well as to request additional instructions and input from the

user. The display 2008 may therefore further act as an input device 2004 for interacting with

a user.

20
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 1o be illustrative and not restrictive.

25



S5based on the alternating-current conponent of the signal being within the
saturation | evel, upon the anplifier nodul e applying the gain.

7. The device as clainmed in claim6, further conprising a sunmng anplifier
coupled to the anplifier nodule, the sumrming anplifier configured to nove
the al ternating-10current conponent ofsthe signal above a ground voltage

| evel . 8. The device as clained in claim7, wherein the saturation
| evel is based on an output of the sunming anplifier. 159. The device as
claimed in clains 2 to 8, wherein the large gain value is about 20 to 30
times. .@Fpethod for optical neasurenent, the nethod conprising,
outputting litght fromtwo or nore |ight sources to a surface portion of a
user for 20 nmeasurenent; detecting the output light fromthe two or

more 1ight source, gethestead Lromaskd AULLACE HRphding of the user as a
signal ; asseSsing a direct-currént voltage |eve f the signal;

25cont r ol | i mg ildneindtiahasseuthbutordigutedgo idutputriliatit fraom tes sembre/lidih sedcen tsai d
assessin h Lt - I level; sel ecting a gain val ue
based 35%5%?%pgéigﬁ(s&sla%&{rﬁgﬁ'&fyarg%%ﬁ'-%gtﬂr rent voltage |evel; applying a gain
usi ng the sea ésttadngmisemblyl aoefigaredrto deteet thetdutigt dight feom thsoisoeraneredight he

signal ;. _and_ 3 rein. sal ont rol.] i h I -aut put at the illum nation
asserrbl":’9ur 3§é%y%%dggjl"(’jS%{gg’gges‘?en%m%‘#egﬁh%gg?{%%gtrsgﬁ%h’ voltage |l evel is such
that the al teeraraplifiegmodulesitiupteanp dne deteofiont Assesibhnhednfiguregi to kipplya gainde at i on

| evel , upon said applying the in_. 37 11. The method as clained in
_;.C,'I,_éﬁm f@,a?tfem%'ﬂg"l’cucfg%cr |°H8md‘g'??é??r‘9ﬁ'ijﬂhg that a neasurenent is a | ow

perfusi on nmeascrecetiblidraseglahtosthiedldsdieossassgmblyecaifigeed-toassest avdierage

| evel , and there ii_s a | ow perfusion neasurenent, the method

urr m\@orei%vi{f’t n . ! .
furthef ES%H §e% cSn?rla? F“rgn% the light output to a lower intensity than
that produciwigrehenrpnriéseaintiieriecontaured it cugial Hyeidhévetpubridhe dlugtnating a
large %asggmgﬁl b%%eg%ncs%m)%s%gsikg e {:Iip@c!t—current voltage level such that the alternating-

15 current component of the signal is within a saturation level, upon the amplifier module
applying the gain; and
further wherein the microcontroller is configured to select a gain value for said

applying the gain based on said assessing the direct-current voltage level.

20 2. The device as claimed in claim 1, wherein the microcontroller is configured to
determine that a measurement is a low perfusion measurement based on said assessing the
direct-current voltage level, and wherein if there is a low perfusion measurement, the
microcontroller controls the light output at the illumination assembly to a iower intensity than
that producing the present direct-current voltage level and selects a large gain value as

25  compared to normal measurements for said applying the gain.

3. The device as claimed in claims 1 or 2, wherein the illumination assembly

comprises a red light source and/or an infra-red light source.

30 4. The device as claimed in claim 3, wherein the light sources are toggled on/off

for the detection assembly to detect the reflected output light as a single signal.

5. The device as claimed in claim 4, wherein an amplitude difference between a

maximum point and a minimum point of the single signal is maintained below a



measurenents for said applying the gain. 12. The method as cl ai ned
in clains 10 or 11, wherein the step of outputting light conprises using a
red Iight source and/or an infra-red |Iight source. 10 13. The
method as clained in claim12, further conprising toggling the |ight

sources on/off for the reflected outptd |ight to be detected as a single
signal. 14. The nmethod as clained in claim 13, further conprising

mai nt aprideterametiSang! bt tte ndebteitefee cretoliegntha gk iompat Eoithd ilandnaAion ni mum
point of t single signal below a predeterm ned | evel by said controlling
the 1ight*"8Ufput at the illum nation assenbly. 15. The net hod
as clainmed in claim 14, wherein the predeterm ned | evel is obtained based

on the alternating-current co nent. of the signal being wthjn e

S0sat ur at 1 o Tevane Sen 2 AR g e are redermiet @l oblihedioq as
cl ad medaéati 6h Ahdaldrnatingt &rRint CORPHISt Y thEs biBBaldbatyTWithig theRbiurdtRm & nove
the alternati nr]g-%_urrent cog@onent of the signal above a ground voltage

| evel . Upen the amplifien sodeig @PRINGdae 481Ncl ai med in cl ai m 16, wherein the
saturation |l evel is based on an output of the sunming anplifier. 18. The

met hod as clainmed in any one of clains 11 to 17, wherein the | arge gain
30val ue is dbout 96 48Y19802% ictadeed 11y K188 iy JHERE r BRI 83U 808 rERTIRRdi um

havi ngcsipedth tRedmpificf eHRMIcS the SGBmIMRAARDIfRF chiffuratttd MBvatHY Afcaw®ing! oi | er
of an optical measurenment device to execute a nethod for an optica
mes& ur g%ﬁqt,comp@nﬁ%ttqﬁg}f %gqx&; ﬁbgy%a ,ground voitage level.

8. The device as claimed in claim 7, wherein the saturation level is based on an

output of the summing amplifier.

15 9. The device as c¢laimed in claims 2 to 8, wherein the large gain value is about
20 to 30 times.

10. A method for optical measurement, the method comprising,

outputting light from two or more light sources to a surface portion of a user for
20 measurement;

detecting the output light from the two or more light sources reflected from said

surface portion of the user as a signal;

assessing a direct-current voltage level of the signal;
25 controlling the light output at the illumination assembly based on said assessing the
direct-current voltage level;
selecting a gain value based on said assessing the direct-current voitage level;
applying a gain using the selected gain value to an alternating-current component of
the signal; and
30 wherein said controlling the light output at the Hlumination assembly based on said
assessing the direct-current voltage level is such that the alternating-current component of

the signal is within a saturation tevel, upon said applying the gain



38 outputting light fromtw or nore |light sources to a surface
portion of a user for neasurenent; detecting the output light from
the two or nore light sources reflected fromsaid surface portion of the
user as a signal; bassessing a direct-current voltage |level of the signal,
controlling the Iight output at the igtumnation assenbly based on said
assessing the direct-current voltage |evel; sel ecting a gain val ue

based on sakg asg@sshifiod e EhiRet mCHEREND, WehtAgembesied ;dewmrplnwmg]aaagai n

using the sel ected ag‘én val ue to an alterna i ng- 4Jrrent. o E‘lt)% t of 10the
si gnal meafgrement is a\ipi PEMHSIZRIMPEHMTYINHeREC PRSq GIBUP Bpchyent

T um {i'awg%nle@éﬁ%ﬁ@'%é?éﬁeﬁ Qe Sial 41 136 $RHEEDY hhmutiniant treumesld Mahéage
| evel 1s Such that the alternating-current conmponent of the signal is

Wi t hi nCempasasr a@nttﬂﬁmgébélhghh%ﬁuw d lawpl Piengitt HenghrhPropyapg i PESRBUL er
r eadablig. dal feft QLRLUR r@@l WRiaSeiskitlgad1dde Wotl Mall8, ad heyniRidwdo f abrther

conprising determning that a neasurenent is a | ow perfusion neasurenent
based me%aﬁ%%%@%%ﬁ@@h@gdh@Qé‘tn-current vol tage |level, and wherein if
there is a | ow perfusion nmeasurenment, the nmethod further conprises
controlling the light output to a Iomer intensity than that produ0|n t he
present dirdét - cuheanethodps agemedinetiaianid! Ge He thRE HICA YD ENe as

compar Egmbﬂsé]e.ou% W@%@E%n&ﬂ? af Hrfh-RBELN f@irdehe gai n.
10
' 13. The method as claimed in claim 12, further comprising toggling the light

sources on/off for the reflected output light to be detected as a single signal.

14. The method as claimed in claim 13, further comprising maintaining an
15 amplitude difference between a maximum point and a minimum point of the single signal

below a predetermined level by said controlling the light output at the illumination assembly.

15. The method as claimed in claim 14, wherein the predetermined level is
obtained based on the alternating-current component of the signal being within the

20 saturation level, upon said applying the gain.

16. The method as claimed in claim 15, further comprising using a summing
amplifier to move the alternating-current component of the signal above a ground voitage
level.

25
17. The method as claimed in claim 16, wherein the saturation level is based on

an output of the summing amplifier.

i8. The method as ciaimed in any one of claims 11 to 17, wherein the large gain

30 value is about 20 to 30 times.

19 A computer readable data storage medium having stored thereon computer
code means for instructing a microcontroiler of an optical measurement device to execute a

method for an optical measurement, the method comprising,
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outputting light from two or more light sources to a surface portion of a user for
measurement;

detecting the output light from the two or more light sources refiected from said
surface portion of the user as a signal;

assessing a direct-current voltage level of the signal;

controlling the light output at the illumination assembly based on said assessing the
directcurrent voltage level;

selecting a gain value based on said assessing the direct-current voltage level;

applying a gain using the selected gain value to an alternating-current component of
the signal; and

wherein said controlling the light output at the ilflumination assembly based on said
assessing the direct-current voltage level is such that the alternating-current component of

the signal is within a saturation level, upon said applying the gain.

20. The computer readable data storage medium as claimed in claim 19, the
method further comprising determining that a measurement is a low perfusion measurement
based on said assessing the direct-current voltage level, and wherein if there is a low
perfusion measurement, the method further comprises controlling the light output to a lower
intensity than that producing the present direct-current voitage level and selecting a large

gain value as compared to normal measurements for said applying the gain.



