WD 2012/ 099536PCT/ S&2012/ 000004 1 A PHOTOPLETHYSMOGRAPHI C DEVI CE AND
METHODS THEREFORE TECHNI CAL FI ELD The present invention rel ates
broadl y twoani2a9pizeal neasurenent device and to a net ho@CTSG2aR0D@aY

measur enent. BACKGROUND Optical nonitoring of physiol ogical characteristics
utilizes the detection of light 15 transmtted through a | ocation of a user
bei ng nmeasured. Phot opl et hysnography (PPG is an optical neasurenent

techni que used to detect bl ood volune thanges in the mcrovascul ar bed of
living tissue, typically by detecting light transmtted through the ear
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nodi fy the optical properties of the capillary bed. 20 A PPG signal is used
to measure saturation of peripheral oxygen (Sp02), which is an estinmation
of the level 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

oxi reet er provi des for neasuring enhanced optical 25 pulsatile signals

en tt edrp¥HNICACRAEIESS i n the volune of blood flow ng through a user. The
pul se oxineter typically has a pair of small light emtting diodes (LEDs)
facing a photodi ode/ photodetector, with a translucent part of the user's

body, usual 'zh@ptésagﬁrn%m.owre@d?eseerdaatgreto MO oplicdechsuhehént (R IMBS4hd tBhE LEDs
illumnate the tissue (e.g. skin) of the user and the photodetector

measur esethedfor Wﬁ@‘é’ﬂ?&?ﬁ?mwtl ight intensity associated with changes in 30
perfgsion in a catchment volune. An oxineter in such a configuration is
typically called a transmttance-type oxineter. The light fromthe LEDs
passes through the tissue and is detected by the photodiode. One LED is
red, w gRcyeyROeND h of approximately 660 nanoneters (nnm), and the other is
|nfrared vmth a wavel ength of approximtely 905, 910 or 940 nm Absorption
at these wavel engths differs significantly between oxyhenogl obin and WO

2012/ 099536PC§6&%?%.@99%Q>4 p%ys.bﬁ,g@%pw%w.eﬁtsf QfilFes The' ®ftedtdn éheghtat i o

of oxyhenogl obin to deox tg bin can be calculated fromthe ratio of the
absBr ptransmitted Heoyahda matwmp aueer beigmmeasured. tFfiotoriethysragararily (RRfist o

i nfrareg | gt ahsfurdhan ichpiléatisad teomé%enﬁuao@t vdiftae ”Bﬁ’éﬂgrebngw sthie.
5For transmttance-type oxineters, a cuff IS t}/pl cally provided

to funcmiceavageslahed of liieg dssHs, Beicafinpy E’ﬁfécﬁﬂ‘ran't%mf%%“'ﬁ% hapugh the egr lokeel d
agai nst, GRLRPL As' dH&kial pulsations enter the capillary bed, changes in the volume of the blood

vessels or characteristics of the blood itself modify the optical properties of the capillary bed.
20 A PPG signal is used to measure saturation of peripheral oxygen (SpO2), which is an
estimation of the level of oxygen saturation in a fluid, such as blood. The PPG signal can

also be used to measure blood pressure.

A device such as a pulse oximeter provides for measuring enhanced optical

25 pulsatile signals emitted by the changes in the volume of blood flowing through a user. The
pulse oximeter typically has a pair of small light emitting diodes (LEDs) 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
transmittance-type oximeter. The light from the LEDs passes through the tissue and is
detected by the photodiode. One LED is red, with wavelength of approximately 660
nanometers (nm), and the other is infrared, with a wavelength of approximately 905, 910 or

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



On the other hand, apart fromtransmttance-type oxineters, there al so

exi st reflectance-type oxineters. For reflectance-type oxineters, the LEDs
and t he phorotV¥es6 10 reside on the sane side of the tPERSIGACRNDOPArt of
the user's body. Light fromthe LEDs are reflected fromthe portion to be
measured and detected by the photodi ode. For reflectance-type oxineters,
anbi ent |ight can be a significant facjor in accuracy of |ight detection by
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pat ch f a shre requ ase 0 oxineter to
pr ovi de the anmbient |ight shiel d| ng. 200ne problemtypically faced by users
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portion to be neasure udti on

per f usi imarily ag alhdider fog ére’ phntedieds and atmaa$ awhlél@tagalrgﬁhah&)lamlbtl@tned in such
situations have large direct-current (DC) conmponents and in conparison,
very small alternating-current (AC) conponents. Typically, for such
situations, o rtbeeostberchangr eparde‘rcmmlt;aran"littamk:eéybegakimetérsmhetrheawcareg@tDC
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Furthermore, for certain types of reflectance-type oximeters 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 to be measured. Such a situation is typically termed a
low perfusion or "cold finger" scenario. 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 illumination assembly configured to output



5 configured to assess a direct-current voltage |evel of the signal;
wherein the mcrocontroller is configured to control the |ight output at
the ill umvoabizanesssenbl y based on said assessing the dipcesGaeion@od

vol tage | evel; and further wherein the mcrocontroller is configured to
select a gain value for said applying the gain based on said assessing the

direct-current voltage level. 10 3 The m crocontroller nmay be
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pr edet ea gaimedalle foe | saly apgigngritiey gaiaridased loaersaitb assesking rthe tdivectidugieht waltagat at
the illumnation assenbly. The predeterm ned | evel may be

obt ai ne§'Pased on the alternati ng-current conponent of the signal being
witto n a saturation |evel, upon the anplifier nodul e applying 30the gain.
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'S l%r Ovcliigeecgcgrrent voltage level and may select a large gain value as compared to normal

measurements for said applying the gain.

The illumination assembly may comprise a red light source and/or an infra-red light
source.
20
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 the gain.

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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met hod for optical nmeasurenent, the nethod conprising outputting light to a
surface portion of a user for neasurenent; detecting the output |ight

refl ect edWOr201v®a33d surface portion of the user as a si.@OAISG2IPPY/0Hg a
gain to an alternating-current conmponent of the signal; assessing a
direct-current voltage level of the signal; controlling the Iight output at
the 10 illumnation assenbly based on, sai d assessing the direct-current

vol tage |ev ain va‘f ue f | yi e gai n based
on said assi@q ??Sur?ﬁ%ng 'é‘&% %%8?3 onAl ?Lgﬁ% qu‘?eeﬁ{"%%g r?ﬁ? Ft%)'g may further
conprise determning that a neasurenent is a | ow perfusion 15 neasurenent
based on sai SSGSSI ng .t he direct- vol tage | evel, and wherein if
there is a | v@ giﬂ ?TE'%L??@?FgH&H{Oﬁg}t%?SnOd may furt her conpri se
controlling the Ilght output to a lower intensity than t hat producing the
present direct-current v evel sel ect a.lar ain val ue_ as
conpared to HO??F&[J%%SVYJ&‘G %ﬁgr ?Wecéﬁ?ghﬁﬂ’ﬁ?fﬁnhdg{ gorb &ﬁfegfo?h%""]??e% of
out put tmsmoh if@TYptioEYM eI, theinghaed cedprisirghbutpatting ighane Asurface pdsrhom- red
| i ght source. The met ho f e eto | i t he t
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| evel , %ﬁﬁ'ﬁ' °ép°‘6| ng)y g9Rip based on %a 2555878 AV MR, VAUBHS i se
usi ng gegaimm ng anplifier to nove the alternating-current conponent of the
si gnal above a ground voltage level. W) 2012/099536PCT/ SG2012/000004 5 The

saturation | evel may be based on an output of the summng anplifier. The
| arge gai n vahdi@etridy niy faRBercodibrise déferiininesthatd measwremaanise loivtperfasiot her

aspect of the present invention rovi ded a readabl e data
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from saa Airgdigdineaiup a6 icomparid to Iherrﬂéleﬁemrements 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 signal 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

component 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



10 a signal; applying a gain to an alternating-current conponent of the
signal; assessing a direct-current voltage level of the signal; controlling
the |ightwoubputoosss the illum nation assenbly based on seargcaseessiong t he
direct-current voltage |l evel; and selecting a gain value for said applying
the gain based on said assessing the direct-current voltage | evel. 15For
the conputer readable data storage medium the nethod may further conprise

det erm ni ng f hat asur.ene usi.on measur ent t based on said
assessing th eo‘?qnér@{m’blﬁ?’?lé?ﬁ n%%’?sfgé’”l %\/‘g"ﬁ taﬂi (S/FHLprang ampti F‘Ffere is alow
perfusi on neasurenent, the nethod may further conprise controlling the

| i ght output_to a Iower I nten that producing the present

di r ect - cur r eHi® BEESRYLVIINS BRY ﬁcﬁ{’QB %&op{@rﬁg S-arge gain val ue as 20conpar ed
to normal neasurenents for said applying the gain. BRI EF DESCRI PTI ON OF THE

DRAW NGS 25Exanpl e enbodi ments of the invention will be better understood
and sreadi | y Iﬂp@ébbﬂﬁihcé GVIIhHEn@‘tﬁerOEthdwrdf th&idrésénn ihvemtion,t thereoi® plowidedl 4 owi ng

witten descripti exa eon n co nction wth, the
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an opt i fefneBB@emeREBlecliRyihe ®utput Aghtesfagrdiremizaidi suefate pbitigh beth'é(ds)er ahows
schematlcal IP/ an expl oded, vi ew of the oPtlcaI measur Fmant 5 ce.
a signal; applying a gain to an alternating-cufrent component o sugna assessmg a
direct-current voltage level of the signal; controlling the light output at the illumination
assembly based on said assessing the direct-current voltage 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 example 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.



Figure 3(c) is a diagramillustrating optical transm ssion characteristics
of optical filtering in an exanple enbodi ment. 10Figure 4(a) is a schematic
bl ock di agoamadobasst rati ng an optical neasurenent devi cecrsGan2@esaopl e

enbodi ment . Figure 4(b) is a schematic block drawing illustrating an
illum nation assenbly in an exanpl e enbodi nent. 15 Figure 4(c) is a
schematic block drawing ill ustrati ng non inverting anplifier wth

sel ectable gain in an exanp nEgSg

schenat 1 1 Fae: ah Rif AgFRANE RPN ] 27 GRiF BRRPERNTgRrsF 8 =

si ngl e Hakpfd &fbsdigidt. | N an exanpl e enbodi ment . : Figure 6(a) is a
schematic graphical illustration of output obtained at a |ight detector
during a light emtting diode (LED) firing sequence in an exanple

enbodi nent . re@{bF sROWS schematicdllyexerploded witay milthe phtivatdnsagnaiment n an
exanpl e enbodi nent . Fi gure g(c) shows anot her exanpl e of

de- hul tqepﬂcéxed signals in an exanple enbodi nent. 30 Figure 7(a) is a
schematic timng wave di agram for toggling on/off of an infra-red (IR) LED
and a red (Red) LED in an exanPI e enbodi nen

2012/ 099536 FagurscHolis/ D dggrm flustrating optica| t@"émﬁs"i’% charagiedistics of gpigsh

i1l ust r5akfi moé“ leé E%Qté}hﬂ&ﬂnﬁht a light detector during toggling between a
red LED an in an exanpl e enbodi nent. 5Figure 8(b) is a schematic

graph ill ustrat| ng the anmplified output of Figure 8(a) in
10 Figure 4(a) is a schematic block diagram illustrating an optical measurement

device in an example embodiment.

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 anIRLED and a Red LED in an example embodiment.



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 WO 2012/8853and varyi ng the anplitude 1.0differen®€3/SGR0AHIO ed

| ight signals in an exanpl e enbodi nent. Figure 10(a) is a graph
schematically illustrating signals acquired at an analog to digital
converter in an exanpl e enbodi nent. is7Fi gure 10(b) is a graph schematically
illustrating alternating current (AC) signals acquired at an analog to
digital converter in an exanple enbodi nent. Figure 11(a) is a graph
schenati cal | Figutd 8@ rigta suheindticegragh IMUistiatinglcsitput ehtaisedmdlaelightidsdectent . 20

Figure 11(b), is.a graph sch |cal lLy,d trati |l signals in
an exan‘fl}!r(@getﬂﬂglm W.gen 3705 TR &R %Fi{b%#‘kezﬁi@(a%é%né{égr a&%ﬂgéﬁémt ically
illustrating filtered DC signals for an 25 anbient PPG signal in an exanple

i1 for od AC EBieHE) o7 seheant airpnandBRe i RBIHETbchul of HRbIGREDY

30Fi gur gn é2drapleigimisgdiehar ged version of Figure 11(a). Figure 13(b) is an
enl arged version of Figure 11(b). Figure 14(a) is an enlarged version of
Figure 12(a). WD 2012/099536PCT/ SG2012/ 000004 8 Figure 14(b) is an

enl arged verpigare of isFa gigries 1K &ghematic graph diagrams illustrating different output

scenarios by keeping a constant gain of about 10 times and varying the amplitude

10 differences of detected light signals in an example embodiment.

Figure 10(a) is a graph schematically illustrating signals acquired at an analog to

digital converter in an example embodiment.

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

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

Figure 11(a) is a graph schematically illustrating filtered DC signals in an
example embodiment.
20
Figure 11(b) is a graph schematically illustrating filtered AC signals in an

example embodiment.

Figure 12(a) is a graph schematically illustrating filtered 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 enlarged 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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Figure 15 is a schematic graph illustrating PPG signals obtained for a
plurality of cycles in an exanple enbodinent. 5 Figure 16 shows how
a signal woruor/@bszan anal og to digital converter when twoTISERSI2I00004 € and
when both LEDs are switched off in an exanpl e enbodi nent.

Figure 17 is a schematic flow diagramillustrating an anbient |ight

detection process 10 in an exanpl e enmhodi nent. Figure 18 is a
schematic flow diagramilluystrating a9 ight j nsity setting process in an
exanpl e errbd:cig‘t'f@n?‘?b)lﬁlgin %rgggvpgsq%p g haﬁiﬁbfl owchart for illustrating a
met hod for optical nmeasurenent in an exanpl e enbodi nent. Figure 20

is a block diagram schematically jllustrati an e i me of .

conput er / serfigyresixisehsgmalig anr"lLlsltFBF"éQrEE% ﬁ@"aﬁbﬁﬁﬁ'ﬂﬁ%ﬁeﬂﬁﬁ‘aﬂﬁ%ﬁ’{. 20
DETAI LEclas9¢BhRkbANIcTé@peymmante embodi nents described herein can provide
an opti cal neasurenent 25 device and nethod that can obtain a

photopl et hysnmography (PPG) signal froma user in a | ow perfusion scenario.

The neasurenggie 16)shb\ls BYMRIsRrRMRAASRMS afkiog O HigiBN @dhveértamihaaiwo
physi ol ogi cal "nmeasurenments. In the exanpl e enbodi nents, DC Si Rtnal s can be

made avdiPuinggls and whenpath HRDS Ao avitgissh off inal gamplg ipyodime
cal cul ati ons/ neasurenents. 30ln an exanple inplenentation, an optical
nmeasurenment device is used for illum nati ng_a surface Pot%tt' on . of the user

and det ect i rfgovreri7de metshemghe flow sidaram iliysirpting.an g 1GRQR RFEER

devigce iran etxgﬁ,P@rg',ﬁbgdnﬁe,q_et ected light information to another device, for
e.g. a personal nobile processing device, to carry out further processing,

e.g. for renoval of anbient light interference for Sp02 val ues

det er m nat i ofigure\¥8 i3 Qi SAHAARM3 GI0WTdissraRLBLARBAG 4 IRyt intensitg sBetihgeogeseaeedi ng

to nmore fully describe some exanpl e enbodi nents, 1t nmay be beneficial to
bri ef | yanieaemleempedipsAknt s of a PPG si gnal .

15 Figure 19 is a schematic flowchart for illustrating a method for optical

measurement in an example embodiment.

Figure 20 is a block diagram schematically illustrating an embodiment of a
computer/server system suitable for implementing an example embodiment.
20

DETAILED DESCRIPTION

The example embodiments described herein can provide an optical measurement

25 device and method that can obtain a photoplethysmography (PPG) signal from a user in a
low perfusion scenario. The measurements in the example embodiments are non-invasive
optical physiological measurements. In the exanﬁple embodiments, DC signals can be made

available for saturation of peripheral oxygen (SpO2) calculations/measurements.

30 In an example implementation, an optical measurement device is used for
illuminating a surface portion of the user and detecting reflected light from the surface
portion. The measurement device can transmit the detected light information to another
device, for e.g. a personal mobile processing device, to carry out further processing, e.g. for
removal of ambient light interference for SpO2 values determination.
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Figures 1 and 2 are provided to briefly describe conponents of a PPG

signal. 5 Figure 1 illustrates a graphical representation of a

phot opl etWwp=omgmegk (PPG signal 100, which can general pgTlse2di2vnvaed i nt o

two conponents: an AC conponent 102 due to the absorption of light in

pul satile arterial blood volune 106; and a DC conponent 104 caused by the

absorption produced by non-pul satile Ec{teri al blood - i.e. venous blood and
<

ITary blood 108, and t 11 - In_Fi 1,
Chi's AC CompTRRe HIOSeaesstayBP e DL BB GO SRS FeoiRe Horih SIS 104

that relaefSalltd bHb® ddseabesompshent dfePREelgage bl ood vol ume. This DC
conponent 104 varies slowy due to respiration, vasonotor activity and
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30 implementations may be utilized and that structural changes and/or substitutions of various
elements may be made without departing from the scope of the present invention. The
following detailed description is, therefore, not to be construed in a limited sense.
Additionally, the various embodiments as described may be implemented in the form of
software running on a general purpose computer, in the form of a specialized hardware, or

35  combination of software and hardware.



15Further, unless specifically stated otherw se, and would ordinarily be
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30 be used in accordance with the teachings herein. Alternatively, the construction of a

specialized device/apparatus to perform the method steps may be desired.

In addition, it is submitted that the description also implicitly covers a computer
program, in that it would be clear that 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



25 infra-red LED. Further, in the description herein, the term"light" as
used herein is nmeant to be interpreted in a broad sense and is not |limted
to visi blwol2ophoessal y. The term "light" as used herei n eamscaci2wdeos but is
not limted to, X-ray light rays, visible light rays, ultraviolet |ight
rays and infra-red light rays. 30Figure 3(a) is a schematic illustration of
an optical neasurenent device in an ex rrpl e enbodi nent. Figure 3(b) shows

schemat i caII n expl oded vi ew f th al asur eppnt  device.
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The pressure informatign can be us for ut not t
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infra-red LED. Further, in the description herein, the term “light” as used herein is meant to

be interpreted in a broad sense and is not limited to visible light only. The term “light” as

used herein can include, but is not limited to, X-ray light rays, visible light rays, uitraviolet

light rays and infra-red light rays.

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
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sel ectabl e gain. As shown in Figure 4(c), 30 the gain is selectable

bet ween a nunber of possible gain options, with the sel ection being
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the pressure exerted by a body part is sufficient for accurate readings to be obtained.



15 conponent of the raw PPG signal. This can al so produce the AC conponent
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inverting amplifier module 414 that can provide a selectable gain. As shown in Figure 4(c),
30 the gain is selectable between a number of possible gain options, with the selection being
controlled by the MCU 404 via the control signal 422. The non-inverting amplifier module
414 is coupled to a non-inverting summing amplifier module 416 that can provide a unity

gain.



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 obtai ned.

Fi gure 6(WYP 281208853anot her exanpl e of de-nultipl exed si gRETSG201280008kanpl e
enbodi ment. Figure 6(c) is simlar to Figure 6(b) with the exception that
the tine scale used 30 for Figure 6(c) is smaller. Conpare t1-t2 indicated
on Figures 6(b) and (c). The graphs o F| gure 6(c) represent the individual
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35 detection assembly 408. It can be seen that the AC component is small from the graph. The
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i .
anpl i tude Figure 6(b) shows an example of de-multiplexed signals in an example

embodiment. The de-multipiexed signals can be obtained during the toggling phase at the
25 various 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 another example of de-multiplexed signals in an example

- embodiment. Figure 6(c) is similar to Figure 6(b) with the exception that the time scale used

30 for Figure 6(c) is smaller. Compare t1-t2 indicated on Figures 6(b) and (c). The graphs of

Figure 6(c) represent the individual sampled points, rather than the complete waveforms

formed by the individual points as shown in Figure 6(b). A more detailed illustration is
provided below with reference to Figure 16.



5 Figure 9 is a series of schematic graph diagrans illustrating

di fferent output scenarios by keeping a constant gain of about 10 tines and
varyi ng tWe 2am9i3ade differences of detected |ight sigREISG2H2/0pe0s (i), a
detected signal 902 at a detection assenbly (conpare 408 of Figure 4) e.g.
at point A of Figure 4(a) undergoes signal 10 conditioning provided by a
circuit substantially simlar to that f Figure 4 and provides an out put

904 at 4
S04 2 nom v S g WAL LEE DS ARG e 9
t he OUtiRULELD Ghdvd Rbda_amlmgwé 71D) isi arealterhative schewmiatia bimeng\avage fdgagrami fohi n

o aBPSIBBCRIR por IR LED, e AR AL ERRIEEN SR BpbiificRt e 18537

si gnal RéHfificatioh bEF@ateaE(&ao mﬂalaﬁ\senﬁrbhuouemmGJetgealstogmadbtmnerﬂ|H|gwe|7|(l@ gsovi ded
by the circuit and, provides a ut 90 n nvertin

ampPi f illstrates A 8’9916(59 ‘Fﬂé‘eﬁ%l"‘fn’f‘ %PP?%EQ%E%&W% ghg o ﬁe%t'hém”g?ned
to abgltﬂenw(&ﬂ?oz bb@e@uﬁaﬁt tc@;@&tgl\lletd”l aaomaiomulefwtaémmzo th 11 Rédrasd thoEBs are ;
sui tabl e wavef orm eow ratlon vel s At i ecte
si gnal tongdaff (Bach y%@t t”é’?? ?RP”& Y6 ”é‘f'beﬁ%'p%“ r‘fg\ q%ﬁf‘%gg%&%w ded
by lt he téggjliﬁglj 6y|c|@r16 AKSH Qwhdudmslarr{tw&a?gtr?&a\ae tHe Hﬂfendtnﬁaedh m?@rsngnags acnmmlayglo .
anplifier nodul e e a itu | rence o e na S
ot | st st 700 2Roeyd e preat ASESS stieing e aa%ed and 8 ARy or m
Wity t hRna#ibh i(Grudee osrshhisomay b@&JS@M)o ae;atgm pgthssajbwhaWhereby'ﬂeGedtlom obf the
waveform corres&nds to red AC fected

si gnal thagedang [Resigerisars Eﬁtf%@e@tfgm t%ﬁ%‘?@(%%u'té’f d{ﬁa? eﬁ\gtﬁéﬁth %yﬁt ﬁ?%w ded
by lt hfe ttief 9@3& @ﬂdo:ptrm*buda&l ¢|aa”n enatpﬁtrﬁb&catdetdmfemaed landeRtllgggmﬁmmatmng
anplifier nodule. it i fference. o ected si is
aggut Jtenigys '[tshéwé‘u?‘?:ﬂ?t‘"oé %"t"i‘?"g’rﬁé\ahe Jrcagrised 'Taptfqﬁsf? Snl %"q‘/\ﬁ\?ef orm
with t heoaasd by Wlao®nAt 7be, PetiightrsigRaiseiehd Podvicuasachvitgned ainuk BD i oay sﬂrhbe
bottom of the waveform corresponds t

i 8. S8 MRE prASBNg Dottt St 13 rsiGBE BEhREr o e (asse e9e Rogiit s o
that the DC conponents of both the Red and IR |ight sources can be set to
b I ble t h th t h

o gnal . Tho d00V8 Sl b8 SRRTEUESB" JSSAMAgoURG PPEIRrE T O8] APGRS i es

of the (cbaphre4Dd &Feguré 2) add"igttbgglmgaaétwﬁh gaedLERRnt e RAED Wan example
2012/ 09953 PCT/ 8@012 000

4 W t hout .saturati 9 he out
si gnal ,emkpdigert T8¢ gr PWEé’%'HTﬁG yc?’f'%u?‘trﬁ/ewg P(o[t%%egp Rg'C Tglxt i es
t hfzto Claéyuscn%b%sehﬁm;t hwglvxsmﬁ?msmmmenm remSLED'b?G IR Lﬁlraee peaiedablymmam tgd an
opti cal neasurenent deyic ain to
oBt ai nith§ MeocRAIRESR ab\% ef%@‘@?@ﬁ@l(w %re(?ﬁﬂt?‘ %gfaé)ﬁgﬁe(aoog\}h%e can

f Iulr t herresgutitivered érhdlm DEDS @atithé emetvbmegtﬁf dbiogh?. SVOHDW?erﬂ issaippreciated .
illumnation as measur.enent devi.c e a n
| he- corPRUIRRGR B dfie hartd et ek o8 arp e dne, SRS FISPRL ) SRk 81

si gnal  &¥rrelspén bﬁ\@htuﬂéwmrﬁf dbout ¢30m$'. Thé bsmllaﬁtloprpudled e:lomethds to
vol t age/ anp (&fmge The edj:t er m d vol t age/ anpl i tude range is
sel®ct etHelS%Q&@Bg BRrog, £k W tie '?‘Hﬁ veI of the device.

In some example embodiments, the intensity 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 Vcc 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 ambient signal, but still

35  provide room for the signal to not be saturated at 3.3V.
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In the tﬁ?@d’@io@se!mmdbwﬁvefdrmeanmmmwwwbh &!Velss confi gured to determ ne
that a nmeasurenent is a | ow perfusion neasurenment based on said assessing

the direct-current voltage level, and wherein if there is a | ow perfusion
meagur ement , Att pa&rt miiif,r @deécn@d Isynat OO ratl thet betettiophbssamiipytundergobe signal

s et 3 ch AP o B98L b ol ST S ol L™ v
about 24mpidiesMotiulBEAs the amplitude difference of the detected signal 910 is about 400mV, the
output 912 with a gain of about 10 times shows a waveform with the amplitude on the top
(see 914) reaching saturation. The top of the waveform corresponds to red AC signals.
25
At part (iv), a detected signal 916 at the detection assembly undergoes signal
conditioning provided by the circuit and provides‘an output 918 at the non-inverting summing
amplifier module. As the amplitude difference of the detected signal 918 is about 300mV, the
output 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



It is appreciated that the detected light information or Vppg signal e.g.
to be transmtted to a personal nobile processing device for further
processi yoraR/®@IBabst anti al 35extent of anbient |ight PETEGRERZONWE4
Therefore, anbient |ight or noise cancellation can be WO
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20 1©an0@||obvatslamaatloﬁ.lgvel BDIJhe&@Oﬁeneasurerrents In one exanpl e enbodi nent, AC

and DC val ues are respectively obtained for a Red PPG signal neasurenent,

an | R PPG signal neasurenent and an anbi ent PPG signal neasurenent (where
bot h the rednandedafplEBmbadiendntr toedbtexdt fa) lowTearfusioni suenmadm dheiimientors haveies of
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Lowering the intensity of both the Red and IR light sources can allow for signals of a better
15  quality, i.e. a larger amplitude. For example, a normal measurement uses about 14-16mA
and about 10-12mA of driving current for the Red and IR light sources’ intensity to reach a
2.5V DC value at the detector/detection assembly. A person with low perfusion uses about
10-12mA and about 6-8mA of driving current for the Red and IR light sources’ intensity to
reach a similar 2.5V DC value at the detector/detection assembly. Thus, if the detected level
20 is more than 2.5V DC, the circuitry is able to determine that the situation is a low perfusion
scenario. The circuitry is able to tuneftrack the intensity setting and thus, select the

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.



25 maxi mum and m ni nrum val ues can then be determ ned.

Advant ageously, in the exanpl e enbodi nent, a signal reconstruction of true
Red and/ oWOIRZRI2APEB38i gnal s t o renove anbient signal i ntePC&ESEGAER/00¢004 be
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a second signal waveform obtai ned based on detecting |ight based on a
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of ‘anbi gefe IRAL SSUrbds siFhes sieommsieLIBDS Mhalris) iteuiluviiatiers ca cemplisBatred wo  of
the first, second and third sj &al V\/avefﬂ{ rrﬁ ice f Finﬂgre 10&a¥e€hs a
graph ilightspvree; angles; amAnfea-tady fght c3puste: AtheaASYieg ferdhed; (AnTRIIsSE oh vatectien
(conparfsARel @hfidured feddtea)the oltpablight asfielciedefram daidasitfacel pertign akite dser i n
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. rns o .. Nu al , 1002 t he
S1 gnal SSPICIN BRRCIoN SR bl ah PRMBHTE 2 BPeREReh T3 JRIFFRaT CREPISDG! | ng
seqgencs, GRBIfdrirotute lredtly. orNHaRsclly cblpidsbans deluztion gsedrablphthai areglifishen
the Red and IR LEDs are turned. off durltqn t he OFF, condi 't&‘l(ﬂ?n 6%2 Ifltgure
6(a)). MedumERAiaued 1o ApPIY: 8RN0 AReaGraRANC:C IS L AR A g M HEIRETY I i ng
sequencggfifd SrHeFdediteaa furtifertohivried aaficoconttdlieFcoupled folthb)detextion gesepiibly
illustrating AC S|gnals acgulred at, an an;rlloig“gl di. |t|a+ . .
and configured to assess a direct-current voltage lever of the S|gq1a. he microcontroller 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 microcontrolier to determine
whether there is a low perfusion scenario, and/or whether the illumination intensity of the
illumination assembly is to be tuned, e.g. to move the amplitude difference formed based on
a red and an IR light illumination to be closer together or e.g. whether the driving current of
"~ LEDs are to be reduced. In addition, the microcontroller is configured to select a gain value
30 for said applying the gain based on said assessing the direct-current 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



converter (conpare ADC2 of Figure 4(a)) in an exanple enbodi nent. The
y-axis is in terns of nvV and the x-axis is in terns of ns. Nuneral 1006
shows t hew8Gomi@maks when the Red and | R LEDs are turnegcwscdeniongoi he
toggl i ng sequence 606 (Figure 6(a)). Nuneral 1008 35 shows the AC signals
when the Red and IR LEDs are turned off during the OFF condition WO

2012/ 099536PCT/ SG2012/ 000004 24 602 (Fl gure 6(a)). The IR signals are shown

with solid lines at 1010 and the Red $ %als are shown wiith dotted |ines at
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in digitising the processed signal. The saturation level is based on an output of the summing
amplifier.

25
In the example embodiment, 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 lower intensity and selects a large
30 gain value for said applying the gain. In such a scenario, the large gain value 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 cancellation can be



WO 2012/ 099536PCT/ SG2012/ 000004 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 paseadidwzagh a band pass filter (e.g. filteringc¥8Gaoitdmoaosd >20
Hz) (not shown in Figure 4). 5Figure 11(a) is a graph illustrating filtered
DC signals in an exanpl e enbodi ment. The y-axis is in terms of nV and the
X-axis is in terms of ms. The graph sh ws filtered DC S|gnals of when the

Red and IR LEDs are turned on duri ng eto equer F
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signal 1n an exanple diment. The y-axis is in ternms of nV and the
x-axis is in ternms of ns. The graph shows filtered DC signals 1202 when the
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6(a)). ure is a graph ustratlnf%rflltered AC si nals for

an anmbi reavidegpby sﬁajwéﬁcmfﬁfsaﬁ leuigiedr Wb%dﬁ Hesrt for referring g tae jookup takle i of

nd X6 hsiukd terns of ns. The graph shows filtered AC signals
12 ? m%el?né‘mﬁn F\’bd an(l:IJ IR LEDs are turned off during the 250FF condition 602

(Figure 6(a)). From Fi gures 11(b) and 12(b), the maxi mum and

m ni rrurﬁgpdé%gdfagr each cycle, and the corresponding data and time for

t hose maxi num and m ni mum points are identified, see tl and t3. It wll be
appreci at ed t h&§ t he maxi num and m ni num val ues can be obt ai ned 30usi ng any
peak degectd onPEechni ques. Figure 13(a) is an enlarged version of
Figure 11(a), 4%cusing on a specific period between t1 to t3 of the
filtered DC m@%«al The IR signals are shown with solid |ines at 1302 and

tzgfz}qggg@%{gp%{}, @83@?8%%4@88%&%% ldnBegirétt chdefit vall€d respectively. The

15 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

20 cancellation, e.g. for SpO2 measurements. In one example embodiment, AC and DC values
are respectively obtained for a Red PPG signal measurement, an IR PPG signal
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

25 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 SpO2

30 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



Figure 13(b) is an enlarged version of Figure 11(b), focusing on a specific

period between tl1l to t3 of the filtered AC signal. The IR signals are shown

wi th sol iNOoI20d98 1306 and the Red signals are shown RCTISGAoR2t08¢004 i nes at

1308. The maxi mum point data at t1 and t3 are identified as IRlL, Rl, |IR3,

R3 accordingly. See nunmerals 1310, 1312 respectively. The 5m ni num poi nt

data at t2 is identified as IR2, R2. ?ge nunmeral 1314. Fi gure 14(a)
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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
25 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'.

30
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. Numeral 1006 shows the AC signals when the Red
and IR LEDs are turned on during the toggling sequence 606 (Figure 6(a)). Numeral 1008
35 shows the AC signals when the Red and IR LEDs are turned off during the OFF condition
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duri ng 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

10 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 6(a).

With the AC and DC signal portions, the inventors have recognised that significant

15 information can be further extracted for SpO2 calculation. Using the circuit of Figure4(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

20 embodiments, 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

25 0.5V, both Red and IR signals at ADC1 can preferably be set at about 2V or above. This is
described and illustrated in more detail below wi_th 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 illustrated in more detail below with Figure 17.

30 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

35  processing steps. The modules for such processing may not be all shown in Figure 4. In the
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5 Figure 11(a) is a graph illustrating filtered DC signals in an example embodiment.
The y-axis is in terms of mV and the x-axis is in terms of ms. The graph shows filtered DC
signals of when the Red and IR LEDs are turned on during the toggling sequence 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.

10
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 lines at 1106 and the Red signals are
15 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

20 OFF condition 602 (Figure 6(a)).

Figure 12(b) is a graph illustrating filtered 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

25  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

30 using any peak detection techniques.

Figure 13(a) is an enlarged version of Figure 11(a), focusing on a specific period
between t, to t; of the filtered DC signal. The IR signals are shown with solid lines at 1302
and the Red signals are shown with dotted lines at 1304.
35
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10 Figure 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 maximum point data at t1 and t3 are identified
as A1, A3 accordingly. The minimum point data at t2 is identified as A2.

It should be noted that the notations such as t1, t2, t3 are arbitrary notations for
15  signifying three timings and are not the same when referred to for an IR condition, a 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 perfectly noise free

20 conditions, all peaks and troughs may in theory occur at the same points. In other words, t1,
t2 and t3 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, t2 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, t2 and t3, 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 15 seconds and ambient condition on for 15 seconds.
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where DCr + DCan is the DC value of one cycle of the IR LED being turned on during the
toggle sequence 606 (Figure 6), ny.3 is the number of sampling points within the t1 to t3 time
frame, i.e. an average of the values is being obtained (for DC measurements); ACr + ACan

10 is the AC value of one cycle of the IR LED being turned on during the toggle sequence 606
(Figure 6); DCg + DCan is the DC value of one cycle of the Red LED being turned on during
the toggle sequence 606 (Figure 6); ACr + ACan is the AC value of one cycle of the Red
LED being turned on during the toggle sequence 606 (Figure 6); DCavgam is the average DC
value of the ambient signal detected during the OFF condition 602 (Figure 6); icycte 1S the

15  number of cycles taken for analysis and AC,gam is the average AC value of the ambient
signal detected during the OFF condition 602 (Figure 6). 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 (I) and
amplitude (A) is as follows:

I a A
I = kA
25
Hence,
signal = denatram - 1 am
kAfignal = kAszignaI+am - kAjm

_ 2 2
Asignal - \/Aslgnal +am Aam
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Therefore, using the intensity to amplitude relationship above, where Afm is substituted with

and the A4

signal +am

DC?

tvg Am is respectively substituted with the square of average values

over an iqqe 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)
signal waveforms can be obtained based on the respective maximum and minimum values.
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

wherein the ratio 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
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.

DC
t he
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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 Sp0O2 measurement.

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

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

R=f(AC,,AC,,AC

am?

DC,,DC,,DC,,)

ir?> ir? am

The inventors have recognised that, indirectly, deviation oR reflects the confidence
level of the computation result of R. The calculated propagation error may be displayed on a

screen of a personal mobile processing device to inform the user of the potential accuracy of

the SpO2 measurement.

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

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

The equations below illustrate the algorithm for determining the accuracy.

R =f(ACir’ACr’ACam’DCir’DCr9DCam)

oR oR R R oR R
o =| 2o 4| | | —— |6t | —— o | ==l + o’
aac, J7 N ac )7 \aac, ) "\apc, )7 "\apg ) ™ "\apC,, ) >

Further, each parameter has individual deviation as follows,

DCir = DCavg,ir + O.DC,, ACIr = ACavg,ir + O-AC,,
DC, = DC,,, +0, AC, = AC,, +0,
D Cam = D Cavg,am + o-DC‘,,,,, ACam = ACavg,am + O-ACW",

r -

DC
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I(3bt ai ned ?e;ore or after obtaining thg Red and IR PPG signals. 25
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Fi g res 15(a) and (b), 11 cycles of IR and RED PPG signals and 5 cycles of
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anbi ent PPG signal s[i.e. tohze ambi ent phaseg’is shorter t Han the toggling
phase. It will be aapir—eg;l—at—éel—t—ha{— cycleg for each of the
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15

Therefore, it can be derived that
R= Ravg to,

20 In another example embodiment, the ratio R can be determined using averages of
maximum and minimum values. In the example embodiment, each Red and IR PPG signal
are paired on a per cycle basis. A subtraction is carried out using an average ambient signal
value. The average ambient signal value can be obtained before or after obtaining the Red
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. Figure 15(b) is a schematic graph illustrating

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

as an example, there are 11 cycles shown in Figures 15(a) and (b). The Red PPG AC

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 PPG signals and 5 cycles of ambient PPG
signals are shown. This is because the period for obtaining the ambient PPG signals i.e. the
ambient phase, is shorter than the toggling phase. It will be appreciated that any number of

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



WO 2012/ 099536PCT/ SG2012/ 000004 31 over the cycles are shown at nuneral
1508, the IR PPG DC signals over the cycles are shown at nuneral 1510, and
t he anbi N0 2PR®ITR36si gnal s are shown at nuperal 1512. TRETHGBIRADIPPG DC
and AC signals are used to obtain an average anbi ent signal val ue avgDCam
and avgACam respectively. In the exanple enbodi nent inplenenting a single
path 5 system the anbient sanpling écorrpare 602) is perfornmed
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5 system the ambient sampling (compare 602) is performed after/before the toggling phase.
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 follows:
2 2
R] = er = (ACr12 — anA am ) (DC - angC ) - Cycle 1
Rirl (DCrl - anDC ) (AC - anA Cam )
2 2
15 R, = R, _ (AC,22 -avgAC,, %) (DC —angC ) S Cycle?
. RirZ (DCrZ - anDC ) (AC - anA Cam )
\2
J
R (AC.* —avgAC,}) (DC —avgDC, %)
R =—= 2 — Cyclen

20 " Rir

(DC,* —avgDC,,’ ) (AC, > —avgdC,,")

Therefore,

2(R+R,+...+R)
n

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

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

from the third signal waveform. An average R value (e.g. Ra,g) can be obtained based on
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2012/ 099536PCT/ SG2012/ 000004 32 using the ratio R for a plurality of cycles

(e. 8. R1, retc.); gnd wherein the R value (e.g. Ravg) is usable for
ref erencing (IRoolgup tabl e. For the calculation of signal quality, the
fol |l ow rg= used. (R - Ravg)?2

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

cost, optimise space and minimise power consumption.

Figure 16 shows how a signal forms at an analog to digital converter (compare

ADC1 422 of Figufe 4) when two LEDs toggle and when both LEDs are switched off in an

15 example embodiment. During toggling, the signal detected at a photodetector PD is shown in
‘ part (iii) of Figure 16. The square wave 1602 is the detected signal which reflects the
sampled points based on the toggling timing sequence. At each sampled point of Red (R;,
R,....Rn) and IR (IR, IR,,.....IR,), analog to digital conversion ADC is executed and the
values captured by a microcontroller MCU. Data is separated or de-multiplexed in the MCU

20 and can be presented as individual Red and IR data (or separated Red and IR PPG signals)
in dots format, as shown in part (i) of Figure 16. Over a larger time frame, a PPG signal
comprising Red and IR are formed, as shown in part (i) of Figure 16. When both LEDs are
switched off, only 1 signal (Ambient) is present and thus the ADC captured values are not
separated. This signal at part (i) passes through the signal conditioning and produces a

25 signal substantially similar to Figure 10(b).

Figure 17 is a schematic flow diagram iliustrating 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 is 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.
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when both LEDs are switched off in an,15 exanpl e enbodi nent. During
toggling, the signal detected at a ph8 odetector PDis shown in part (iii)
of Figure 16. The square wave 1602 is the detected signal which reflects
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Figure 18 is a schematic flow diagramillustrating a light intensity
setting process in an exanpl e enbodi nent. This process can be used for
scenari os fors ReyPBhadRASIEBRE s Sturafiibn St Gfepl 38@8, & é{;pmwugtﬂs 86@HAINEE | S
performed. At step 1804, the light data detected at step 1802 undergoes
a gai n Weleardthe W@Bl%%ﬁ?"’ﬁé’“é@%@?'@@ havg A diffgrenes Qhp1oEe thagre g apaut
tWeRt Y J00MRE 1the difdrénicel dtSRsp %m .sldatHwemr@Qea&mp@dorﬁvnht stdp 9816 thé €. g.
ten tinmes is selected. At ste i.s determ ned whet her ADC1 OE t he

MCU of Q@i Camhe incssrssd. 6@##@&%%&&@ %?“?f inRd whethegthe gaiis thirty\pimeg, i t
I nt ensidah jsSthgtididsetheWHD Intdridfy 'ises?éi'a'ﬁg thé& 36HRS proceds is ldtided &R BtepMB20EIf t hat

the contribution of the anbient i S not suBstantl ally 10 nore than

t he corfhe@BiRtis BﬁtS@F"'t"Ft\et"EﬁBt St%é% UPE%P%?OQ%@QHé?é@Pow in this

exanpl e enmbodi nent, because the anbient |ight cannot exceed 1 5V, and each
LED is adjusted to result in a nmeasurenment of about 5V, nmbi ent i ght

do@® not exceddgUipl i ubchematic diowsbart 11990 f°(th’“§§ré‘t'%%taed"€E39°‘t g getet or
when eapbadirEhmbst HVr %ka%penemeéd.ﬁeﬁp &8&8;; 1d02i ﬁgdetseéutbmed wwatétefacé\DCZ

of the MCU of the measurenent device reaches saturation, a% about

3.3V. |gorigneyf shyserferappasyrement At sign, 199¢. the optrps lignt f?fﬂf%ctiqéfgmlsta
| ower edhdiidr bf thPder i€ RRctEEE s taUWt‘ts%ii) ﬁQOGSbQﬁnriL@]a%phed to an altérf1atlﬁfl§C2 has

not reached saturation at step ?8 at step 1814, it is determ ned whet her
the maxqurient eerapenent lhedignal. dtil sier 1908 @ dfem eyrgans yokags lenglof theysignal iy,

ab%t assessed. At step 1910, the light output at the illumination assembly is controlled based on
said assessing the direct-current voltage level. At step 1912, 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.



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
whet her tWO20E/099336 thirty times. |f the gain is thirtyPCT$62012t00¢004ED
intensity is set and the setting process is ended at step 1820. If the gain
is not yet thirty tinmes at step 1818, the process | oops back to step 1814.
25Figure 19 is a schematic flowchart %oo for illustrating a nethod for
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1. An optical neasurenent device, the device conprising, an
illum nation assenbly configured to output light to a surface portion of a

user for BOreERAIPBAENt ; a detection assenbly confPCHEGa2t10000d¢t ect
the output light reflected fromsaid surface portion of the user as a
si gnal ; an anplifier nodule coupled to the detection assenbly

configured to apply a gain to an al ter3gati ng-current conponent of the

si gnal ; E&?Mg] crocontroller coupled td"the detection assenbly configured to
assess S-MBct- current vol tage | evel of the signal; wherein the

m crocontroller is configured to control the light output at the

illum nation, assenbl y.based on sajd assgssing t iLrect-current vol tage
level; and ' nogt'caﬁﬂ}e?ﬁlg?”\?ﬂ{e‘?eé’i'cﬁ' ﬁ}?ede%%gr(:gg‘ (r%?'rn 1ler is configured to
sel ect a gai an Wahiraatiborassemibly tbafiuired tegodtpet Ight to dasdaceoportion df asses®rng
the direct-current voltage |evel. 2. The device as clained in claim
1, wher ®eASYR®eR crocontrol ler is configured to determne that a

measur ement i getecliovnageiibliscanfigined o deteetnthe ated ligt reféctedifsore saidsyriabe
direct-cur_ren{ vol tage |evel, and wherein if there is a | ow perfusion
measur eR¥HEN 04 1HE USE 35 27'8%ntrol I er controls the Iight output at the

i 1l um nat i onamaspmdrmdduleicdupier toi thé estiction hésemidhhadnfiguedittoiapglytdgaiprtesent
direct-current voltage |evel sel ects a large gain value as conpared to
nor mal ARalarPalRgRur 6?0'2%9'1?"&33!‘?/?'953& he gai n. 3. The device as

cl ajgred i n ch@hi@cdntflleR covpied & thet detedtionuassamblyocbriigsreditb yasdés aptineses a
red |light source and/ otr an infra-red |ight source. 4. The device as
cl ai medcyrient valtagedevelpltPesignBhe | ght sources are toggl ed on/off for the
det ecti on asgRsfelrytht enicletentioliehie coafijieed edcantitoptiie lighhbatpaisatahs illogiiretien gnal .

305. The device as clained in.claim.4, wherein,an,anplitude difference

bet ween3$$€ Wﬁ&iﬁﬂ?ﬁasﬂn {H‘fﬁﬁﬁ‘%{eﬁ‘fv‘g?% H%V%Eiarqal e signal is

mai nt ai ned bgihtewr ahereit efhieniitioeohtiotieels hynfigueedite rseteahar ghihevalworior séitli ng
tzgi%}, bgmht Qm%ut u,etgégbat Ii%egt he(%‘l (ﬁ?l | ?dn%s%%géigg th%scﬁreergpémi'ent \\%?tage level.

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

20 microcontroller controls the light output at the illumination assembly to a lower intensity than
that producing the present direct-current voltage level and selects a large gain value as

compared to normal measurements for said applying the gain.

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

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

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.

30 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
predetermined level by the microcontroller controlling the light output at the illumination

assembly.



6. The device as clainmed in claim5, wherein the predeterm ned | evel is

obt ai ned based on the alternating-current conponent of the signal being

wi t hin a wetoarzawpsn | evel , upon the anplifier nodul e appCyiSGgo2lecogdai n.

57. The device as clained in claim®6, further conprising a sunmng anplifier
coupled to the anplifier nodule, the summing anplifier configured to nove
the alternating-current conponent of §e si gnal above a ground voltage

| evel . 8._The devi ce as cl ai in clag m7 erein the t.uration
| evel is badkd onTh:%ffei’tS’SLﬂsﬁ?ﬂ'mei i %8'"% 'ﬁﬁﬁ"?{ﬁ'“zh‘ﬁp{e}dfeé@m'nedqeve' 1S %)?a"ﬁ‘g
devi ce mpgeg!chl tHedaliefhdtingiciFredt Esmonenhef tensighs! beingevithm a satlration Rvalbout
20 to 30 tinmes. 1510. A net hod f?‘r optical neasurenent, the nethod

conpri ﬁﬂ?@,th%ﬁ'ﬁqﬁl'ftet'm?&“|ei‘iﬂﬁ‘fy"?%t 89§E1rface portion of a user for

rr;aasEr enent; detecting the output light reflected fromsaid surface portion
of the user as a signal; applying a gain_t n alternating-current ..
comfonent of’-t he Egyfayice égs"é%@fegd" zf%ﬂri“r%cﬁ‘-rts I FURPIISIYY PaPE PRI MBI he

si gnal ;cogPrans e lainﬁﬁfiér hgodule) he BuhRiirg amplifiee cohfigumédtd mate &ss aitdvhatingas ed
on said assessing the direct-current voltage Igevel; and selecting a
gai n vaurent eamronest ofdhe $ioRg ahoue ﬁﬁ“ﬂ‘%’a‘?ggg% Vehi d assessing the
direct-current voltage |evel. 2511. The nethod as clained in claim10,
further conprising determning that a neg’ﬁure nt is alow peéf usj o

nmeasur enent $based igepsdaled R glamd. whpein thegatuation lsreldg,8a% n?" and

whejgei Mothut oh HeSsunfimifig lapilifgr f usi on neasurenent, the nethod further
conprises controlling the light output to a lower intensity than that

producing the present direct-current voltage | evel and selecting a |arge
gain val ue ap CoMm @&lideCad QBRI iR QIERAS 2It6 B Wherdimtheslaigd daplalue @ abuit gai n.

20 to 30 times.

15 10. A method for optical measurement, the method comprising,
' outputting light to a surface portion of a user for measurement;
detecting the output light reflected from said surface portion of the user as a signal
applying a gain to an alternating-current component of the signal;
assessing a direct-current voltage level of the signal;
20 controlling the light output at the illumination assembly based on said assessing the
direct-current voltage level; and
selecting a gain value for said applying the gain based on said assessing the direct-

current voltage level.

25 11. The method as claimed in claim 10, 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 pérfusion measurement, the method further
comprises controlling 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

30 measurements for said applying the gain.

12. The method as claimed in claims 10 or 11, wherein the step of outputting light

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



WO 2012/ 099536PCT/ SG2012/ 000004 37 13. The method as clainmed in
claim12, further conprising toggling the light sources on/off for the

refl ect edWoORPUY9336ght to be detected as a single signalPCT/SG2012/000044 The
met hod as clainmed in claim13, further conprising maintaining an 5anplitude
di fference between a maxi num point and a m ni nrum poi nt of the single signal
bel ow a predeterm ned | evel by said cgptrolling the |ight output at the

wher ot ho 6 ea el Hietad peamed T aﬁ%niﬁt fi2efi 2afpBS Tobding' e Tght”
al t er nadourgs @AIdTEBE the PefszRNdutplt lighitto DeGlatdctdibagg singletsignah sat ur ati on

10l evel , upon said applying the gain. 16. The nmethod as clained in
claim15, further conprising using a summing anplifier to nove the

fillst ernati n%-?er L €THe mtrmh ; eRrt fnafmédo}m s:iemrnahs,ahmr aopiprising malrtaigiagl avel .
17, The nethod as claipmed in. claim16, whereij e saturation
levél i¥MAKREIdBRERR® OFMART %f“acXH%“’ElRﬂ'ﬁ%r?@da?rﬁT'ﬁ“‘f‘]“é'i P°'“p°¥ e S;L'ggle'ﬁlﬂ?aﬂet hod
as cl aiggesly b %rédé!erﬁmfédlév& bitise® cbitrblinglthe lighedueput dt tre ill@nigatigeasseddual ue is
about 20 to 30 tines. 19. A computer readabl e data storage nmedi um

havi ng stored thereon conputer code neans for instructing a mcrocontroller

of an opticas meapy aEdd deVdisimetiOineygigiit1e, avhigrdin atle fredéteriinéd adlel is
measurenent, the method conpri si ng, N - .
obtained based on the alternating-currént component of the signal being within a saturation

10 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 voltage
level. '

15
' 17. The method as claimed in claim 16, wherein the saturation level is based on

an output of the summing amplifier.

18. The method as claimed in any one of claims 11 to 17, wherein the large gain
20  value is about 20 to 30 times.

19. A computer readable data storage medium having stored thereon computer
code means for instructing a microcontroller of an optical measurement device to execute a
method for an optical measurement, the method comprising,
25 outputting light to a surface portion of a user for measurement;
detecting the output light reflected from said surface portion of the user as 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
30 direct-current voltage level; and
| selecting a gain value for said applying the gain based on said assessing the direct-

current voltage level.

20. The computer readable data storage medium as claimed in claim 19, the

35 method further comprising determining that a measurement is a low perfusion measurement



25out putting light to a surface portion of a user for neasurenent;
detecting the output light reflected fromsaid surface portion of the user
as a si graD;20emebspbng a gain to an alternating-current ®6FEGRENI0G04t he
signal; assessing a direct-current voltage |evel of the signal;

controlling the Iight output at the illumnation assenbly based on said
assessi ng the 30direct-current voltaggplevel; and sel ecting a gain
direct-current

val ue for said applying the gain bas n said assessing t

Vol t agearedén sad astessy then dieclrie votaas dpies S AMerah doleld arivts

cl ai meghetlsi6h AeBsd@meint) @hed ideridacdrthet ddidrise® Bpritrallingdhd digietrotitputng atibwér a
nmeasurenent i s a | ow perfusion neasurenment V[)égl§/0?95 6PCT/.S&2012/ 000004
38 bas ety dhan thal peedyciy thePresent dregiifurent VIIROR G (309 sielectngl 3 jalESei n | f
there igairvdi@adeinptre®@d MRAsHmeIBEmeh orB2id1asbIfing theafairconpr i ses
controlling the light output to a lower intensity than that producing the
pre8ent direct-current voltage |evel and selecting a | arge gain val ue as
conpared to normal neasurenents for said applying the gain.



