1 A Device and Method for Renoval of Anmbient Noise Signal froma

Phot opl et hysnograph TECHNI CAL FI ELD The present invention rel ates
broadly to a refl ectance-based optical nmeasurenent device and to a mnet hod
for a refl ectance-based optical neasurenment. BACKGROUND Optical nonitoring
of physi ol ogical characteristics utilizes the detection of light is
transmtted through a | ocation of a user being neasured.

Phot opl et hysnography (PPG is an optidal neasurenent technique used to
detect bl ood vol unme changes in the mcrovascul ar bed of |iving tissue,
typically by detecting light transmtted through the ear |obe or fingertip.
As arterigl t n the vol unme of

t he bl oodﬂ\]/)gggée&? Nggnédhigfgg{l%‘{aﬂgtAﬁ%géné#‘% {S%Slg%ﬁ Tmé? aﬂ%?qpllet%ﬂf’?rﬂ P¥ he opti cal
properties of the capillary bed. 20 A PPG signal is used to neasure
saturation of peripheral oxygen (Sp02), which is an estimation of the |evel
of oxygen saturation in a fluid, such as blood. The PPG signal can also be
used to neasure bl ood pressure. A device such as a pul se oxi neter provides
for measUF¢HYICAHARERA optical 25 pulsatile signals enmitted by the changes
in the vol une of blood flowi ng through a user. The pul se oxinmeter typically
has a pair of snall ht emtting diodes (LEDs) facing a photodi ode/

phot odet ect or"! evﬁr???"é rg?'ﬁﬁﬁlrﬁ'é@ﬁtbr%&t toot refiestansebased bptival mizisatehent
fingertidevioe aadltceamlemb&forlaQ§ﬂdciaﬁE@Qa§eh%rpﬁcéPﬁ{e‘é@LﬁQmeﬁEhe LEDs illum nate the
tissye (e.g. skin) of the user and the photodetector neasures smal
variations in light intensity associated with changes in 30 perfusion in a
catchnment volune. An oxinmeter in such a configuration is typically called a
transm tggOREROMEp Oxi neter. The light fromthe LEDs passes through the
tissue and is detected by the photodiode. One LED is red, w th wavel ength
of approxi mately 660 nanoneters (nm), and the other is infrared, with a
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enf 8 ce$ i x%n & e I meRsUst se éat'aarqf Refipharal erygen éSﬂQﬂinhmh is an
measur erstimationiof thentayel beoxygde situabibieint ® aidUSRh-asPloddherrRt iRt < @qgﬂe apart
from trgpsektaessddhe bq)ggdrg;ésg{jrse there also exist 10 refle ance-type

oxi neters. For reflectance- oxi neters, the LEDs and the phot odi ode
resi de on the sane side of the transl ucent part of the user's body. Light
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p03|t|oned there between. The LEDs lllumlnate 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

35 its deoxygenated form. Therefore, the ratio of oxyhemoglobin to deoxyhemoglobin can be



Furthernore, for certain types of reflectance-type oxinmeters w thout clips,
such as those in patch form a shield is still required on the base of the
oxi neter to provide the 20anbi ent |ight shielding. Further to the
above, the inventors have recogni sed that a typical oximeter has relatively
conplicated design considerations centering on how to incorporate a power

“source such that the oxineter can function as a standal one device. This may

del ay devel opnent- 25and i ncrease production costs for oxinmeters. In
addi tion, for oxineters, ambient Ilga&%can interfere with readings in the

f or m of a n o] r
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sunl i ght ightto mf&medaifghéahsomltlen afcmi;awompomatsbe meagringsite. As a bri ef

i ntroduction, Sp02 calculation is based on the AC and DC components of both
a red (RED) and an infra-red (IR PPG signal. The Red PPG_siét;naI IS
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signals, gardfee dsepsibaly fefmdigdrentent. RniPREy begnaésirablatmatisdve acquired. This
inturn affects the calculation of Sp02. Typically, a third PPG signal,
i.e. anbient PPG is obtained. This anmbient PPG signal is a signal obtained
by a phot odet ec@mothenhtier hatd afpet frematehsRétancEpe apimeteisn dtprofdiso Bxist
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as nvent ahove
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conpl i cat gibtgtiddei Thpat reflettaasttypeyoxiraetgrs tapiddiglistil exqpine asiuffreala den/chpto Red,

I nfrared and/ or ] P : Vil ove,
thereisgm RpYde Sh@g@bf% ggmﬁ gna%'gq@{'tsfﬁ?en?aénﬁ?%eﬁg t ﬁ?&?é&% daI Wfr??e)'lt:1 ﬁg%%fg ﬁgt seek
to addresﬁhlamaVéasmdeémb‘QﬂoEtlliﬁéfabove probl ens. There al so exists a need for
a noi se cancel lation nethod and systemthat seek to address at |east one of
t he 15above prabl ens. SUVMARY 201 n gccor dance wi t.h g ﬁ@}‘) ﬁti of the ﬁDr esent
i nvention, thefdrthemgre,forferain tyes ioh feTeBRNe BT QMG TErs, U £iRgo pUdh gnal

from an ombsé:ﬁhl pai@afeh caBshield i Ml mejuired oo dhg basd nQthebidneiemiy provide dhe si gnal

wavef orm b C{,rﬂﬁ, d%ctlngllght based on a first light illum nation;
obt ai?ﬂnga'B éS 8 S Hal wavef orm based on detecting |ight based on a
second light illum natl on; tuning the first fight and second |ight

i 11 um nation syghnd-hglind QEO@M%%&&SW&'rEéUéﬁﬁe@ihaﬁ hetyicaisdximéter A& ond
signal waveforns are nmaxim sed and within a predeterm ned saturation range,

such that feﬁﬂfﬁ'iéﬁﬂmﬂ"i’ﬁﬁq designssonsiferationsgpteripgon T‘?"%P "APPUEE SRTVET TS
vavef or Mg ich thatdhic Gdineebtan finbignaad Aistatldslbgndévicsa Thsanap deisedevefoptentct i ng

anbient light; obtainin ective maxi mum and m ni mum val ues of the first
and tHe s@%ﬂ‘ﬁ %ﬁeé’ﬁ"é{]q}é\f@ %E%oxmbﬁ%; deriving signal values of the first
and second signal waveforns with the 30 renoval of anbient noise by using

;[Ngse?'g)r( Imsrmm ang, gw,&%?aév&ln?& ?%r}ql?]?ﬁ iﬁh{]één iﬂféﬁe?&%ttlﬁ%@?ﬂ&s # #83brm of

Ird signal waveform nay be
per f or medampient rw@ehFer@amples emgieat k&é‘&é\dﬂ‘ 25 Bwee ffpmmrﬁ%w i1a5PPss fiHeresrEat of f .

light, infrared heating lamps and direct sunlight etc. can affect the accuracy of SpO2
30 readings. As a brief infroduction, SpO2 calculation is based on the AC and DC components
of both a red (RED) and an infra-red (IR) PPG signal. The Red PPG signal is obtained when
a red LED of e.g. about 660nm is reflected off the skin of a user. The IR PPG signal is
obtained when an IR LED emitting electromagnetic waves of e.g. about 940nm is reflected
off the skin of 2 user.
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The first light illumnation may be based on a red |ight source and the
second light illumnation nmay be based on an infra-red |ight source.

The nethod may further conprise applying one or nore optical filters to
reduce 5anbient |ight interference. The nethod may further conprise
toggling between switching on the first light illumnation and sw tching on
the second light illumnation in a toggling sequence to obtain the first

si gnal waveform and the second signal 3waveform 10 The net hod may
further corrpriE@reéwtvuiﬂhbmgembvin@amhieoﬁghh‘ihtues‘eremegﬂrnm tHel RRG aigbdlom tared t he
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obt ai ni n nal “waveformin nbi ent tection period.
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the 20 fPPStslgr&&CBrtﬁrr&ﬂCbut hiHéwkever, gNAads wenetfeedsgmselaagemoﬁwdﬂwsdmﬁ BESH | veI
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or L e fBPertod (T KA ARt consuming, iyl BEENTcthA SF b Zidnel Gois 22
pl urali tt}mejf:otlsymir\gsit bds ai$q‘ w@nemOQambqi ntheliivghtorsdbatdios amwe pexces}ad's; eand 25
based o i n \Y;

nfuhh@r {meéalrmhargi aaa.m,{ai%hu%téﬁ\ﬁemomféaf‘eh Mm%ﬁh & dCUWﬁ & gong he DO

The met ho further conprise determ ni ng
and 1C v@ff‘éféﬁt sgnat padh for Rg‘? Infrared aRAH RMARRE Bﬁ’ﬁ;gnaﬁd the aver age val ues

obtained for the third S|gnal waveform and wherein the ratio Ris usable

f f i | ook met hod furth
ot i i gl { STHRT G AR LA AR aflrR Y BB PPicel PPN Setona

si gnal warndefeths tizdseek toraddhessrat seeconsvel thevebonenprabldmei Thenel Bisy @kists s
obt ai nednée@l B85 n8¥0|£ncellélog method aR Eﬁs?eﬁjﬂéf@ tto(agg)esgggle’g‘& n%l olf? of the

third signal waveform can be average es obtali ned over T ural ety of
cycl¥s obPPfdIesift t oggl i ng sequences and anbient |ight detection periods.
5The nmethod may further conprise determining a ratio R for the one cycle
based on using the DC and AC val ues of the first and the second signal
waveforms and the average val ues obtained fromthe third signal waveform
wherein h??' 0 Ris usable for referencing a | ookup table. 10The net hod
may furt W%%rl se determ ning an average R val ue based on using the
ratio R for the plurality of cycles; and wherein the average R value is

lulsgﬁéoe for r Eﬂ\% 8&8@1%% vﬁth é)rp géitpec 8;“13 pre-ggﬁt .Lv&%n qgg%cg %QOJE%}Q a met[-lec; lected
for removal of ambient noise signal from an optical measurement, the method comprising
obtaining a first signal waveform based on detecting light based on a first light iflumination;
obtaining a second signal waveform based on detecting light based on a second light
illumination; tuning the first light and second light illumination such that the maximum
25 amplitudes of the first and second signal waveforms are maximised and within a
predetermined saturation range, such that ambient light interference for the first and second
signal waveforms is reduced; obtaining a third signal waveform based on detecting ambient
light; obtaining respective maximum and minimum values of the first and the second signal
waveforms; and deriving signa! values of the first and second signal waveforms with the
30 removal of ambient noise by using the maximum and minimum values of the first and the

second signal waveforms.

The step of obtaining the third signal waveform may be performed with both the first
and second light illumination switched off.
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15 In accordance with another aspect of the present invention,
there is provided a device for renoval of anbient noise signal from an
optical neasurenent, the device conprising a coupling nenber for receiving
a first signal waveform obtai ned based on detecting |ight based on a first
light illum nation, a second signal waveform obtained based 20 on :
detecting |ight based on a second light illumnation, and a third signal
wavef or m obt ai ned based on detecting anbient |ight, the coupling nmenber
suitable for coupling to an optical neasurement device; a processor nodul e
for obtaining Glgh jum a flrst t he
second si gnal fh érgt Igh%‘ﬁ”fgwa ‘?%@%PS@@%%‘JO?" ﬁf?‘gh@ﬁd’oi"&e tQFesescPa‘ﬁEQ%val ues
of the fnﬁls;tunatmdl rsacCanibbssd gnah iMevet dghtsowice.h t he rem)val of anbi ent noi se
by 25 wusing the maxi mrum and m ni rum val ues of at least two of the first,
second and third signal waveforns; and wherein the first and second |ight

i |lum nation athe mg@ihedeay fusthar cemprisgnanphtranene gr sweh optivat filkdne tormeducam
ampl i tyidesnQbntise ibbfiskn@nd second signal waveforms are maxim sed and
within a predetéerm ned saturation range, such that anbient |ight
interference for the first and second signal waveforms is reduced. 30

The third SI gnme mmﬁcmay ﬂiﬁ%ebebo%h@é RSl %Eml%@h*’svldbﬁnéldnsiheaﬂ‘}gt figrond

light ill. tion i.cal. measurenent device
my be. aglBRIER 1 SHIEABE ondes seare dait Hyrivelie ¥ 5 {HIAIRE SSRRBFLIR O Gt

i nt er f er ethe @irst Sighad wavefotm andyihalsevavadgnanvawtbrnhe second signal wavef orm may
be objai ned based on toggling between switching on the first |ight
illumnation and switching on the second light illumnation in a toggling
sequence. The methathisay firtherr eimpniaé switching@ffrhothalpe lfiest tidht diumedtidearedhen

swi t chi ngseRbhd hluhh—%tléh b&ford brddHer %;Q.;J fob i RBLddMe @&%bianﬁngsmsth ﬁ@t

illumnation before or after the toggling Sequence in an ambient
det ect i onVHEFQrGJn an ambient '@Bf‘ljlet?cﬁ'@”PFrl‘%dt light illumination and the second
light illumnation can be arranged to be switched off in a tlrre peri od at

during the to I enc 0 reduce c. sst Ik | t he
processor eer?%tﬁﬁrg?y Fﬁ!“b IGER D BT A aﬁof t?’ﬁﬁf# ﬁ%’?@ﬂff‘l"é‘ i ?Meval ues
of the fi sesond kgt dpadinatieh in @i tinek peripe ait dumgdh@tqgshrlga&qderma t¢ tedluceespstslk ve

maxi mum gpEEiepidrum val ues. 20Direct-current (DC) and the AC val ues of the

third signal waveform may be average val ues obtained over a plurality of
cycles of different anbient |ight detection periods and based on the

maxi mum and mmenmemu@w@srumﬁtdaamphs@ bdtaﬁﬁr@l’élderﬁmu@fzuﬂfém (ﬂ'dfbevdMééCﬁstﬁ@r may
be fu %Othefr taréa?1 dtl;?;d‘determ ne gtlo @ C" r% DC 25 and AC
val ue "Ttha ‘f° P %'%’&%r‘f‘@vﬁyg{fﬁﬁ 7368 e rﬁ%)eﬁ Er ff& VQIWSmB'B'E_‘ﬁ? ned
for the tvalued. si gnal waveform and wherein the processor is configured to
use the ratio R for referencing a | ookup table.
Direct-current (DC) and the AC values of the third signal waveform can be average
values obtained over a plurality of cycles of different ambient light detection periods and
25  based on the maximum and minimum values of the third signal waveform.

The method may further comprise determining a ratio R based on using the DC and
AC values of the first and second waveforms and the average vaiues obtained for the third
signal waveform; and wherein the ratio R is usable for referencing a lookup table.
30
The method may further comprise obtaining alternating-current (AC) values of the
first and the second signal waveforms based on the respective maximum and minimum
values obtained in one cycle.



The processor may be further arranged to obtain alternating-current (AC
val ues of 30 the first and the second signal waveforns based on the
respecti ve maxi nrum and m ni mum val ues obtai ned in one cycle.

Direct-current (DC) and AC values of the third signal waveform may be

aver age val ues obtained over a plurality of cycles of different toggling
sequences and anbient |ight 35detection periods. 7 The processor
may be further arranged to determine & ratio R for the one cycle based on
usi ng t he DCUigat-aeredaiRidsensk At nelues i tthe Mird: fignal waypiamaicghaie aeigeor ns and
the avenages\satdies bt aphedinf sagrieder difdeat BignglseVayedOsid ahienaiyh t he
ratio Rcl?? ﬁsabl e for Sreferencing a | ookup table. The processor
may be fGTHEI PYPP&nged to determ ne an average R val ue based on using the
ratio R for the plurality of cycles; and wherein the processor can be
configured t S h verage R val for. referencing a |l ookup table. 10
The 1 ght  detitgui by B RHEeconas dhefibink & EhE R oo BB e,

anot her usingdbe Df andaC paleseof the fikst and the, secoral signad wpraduimdexiddhe avauageer

" eadabl gl 3oflidh e HE HidBRaWARAh kAl ehfifd D KGO TBiSlor fAGIEndRANS T OT
15 instructing a processor of a feedback unit to execute a nethod Tor
renoval dPOPEPRIAt noi se signal from an optical neasurement, the nethod
conprising obtaining a first signal waveform based on detecting |ight based

on a first light iJlpm natjon; obfainjng a second signal vef orm based on
R A e s S S L g R N R

| i ght ante gatorRdfdrithdtplurdlityunf cgadeso rand uelieréihahe tdverage@® maime agplsabledies of t he
first ar}gfe§eq1§9|§% @&u{)ﬂb@al wavefornms are nmaxi msed and within a

pr edet erm ne aturation range, such that anbient |light interference for
the first and second signal wavefornms is reduced; obtaining a third signal

wavef or m basatﬂ,ecp;?htq,%t&ggdirﬁg BRI iighght ;. obtai ning respective maxi num and
m ni nrum val ues of the first and the second signal waveforns; and deriving

sign® val ues of the first and second signal waveforns with the renoval of
anbi ent noi sén hycardang: wite adbthamaspaetrofitng presenninrentidn) eterefis pheidddrst and

the secopd. si efo | EF_. T. PRAWLN 30Exanpl e
enbodi nedr%q'scg_o. P? rg&?a\r{l_vofefn{ﬁ%mw '51% Bfg%ﬂfgr%%era lsﬁ%’% and 't g??é}didf\f}c%pparent
to one ofompigingza pouriing Imeantber Hier rgeeiving enfitsh siohel waxsfany ohtiinedehaskeser i pti on,

by way OdetéXiAghéie tabéd/on 8kt light QRIHIMHEGH | £Bedthl RighBwAlefh RRinddnbaddd ch:
Figure 1 illustrates a representati on of ot opl et hysnogr aph

(PRdS soHicRiRas B0 Dadielor § cRserd 1910 TGV A O Hd PR Sar BT OWRRS T pul e
wavef or nbaakd anRiMacting Bmbient light, the coupling member suitable for coupling to an optical
measurement device; a processor module for abtaining respective maximum and minimum
values of the first and the second signal waveforms; and the processor arranged to derive
signal values of the first and second signal waveforms with the removal of ambient noise by
25 using the maximum and minimum values of at least two of the first, second and third signal
waveforms; and wherein the first and second light illumination are switched to a maximum
intensity such that the maximum amplitudes of the first and second signal waveforms are
maximised and within a predetermined saturation range, such that ambient light interference
for the first and second signal waveforms is reduced.
30
The third signal waveform may be obtained with both the first and second light
illumination switched off.

The first light illumination may be based on a red light source and the second light

35 illumination may be based on an infra-red light source.



S5Figure 3(a) is a schematic illustration of an optical neasurenent device
in an exanpl e enbodi nent. Figure 3(b) shows schematically an expl oded vi ew
of the optical measurenent device. 10 Figure 3(c) is a diagram
illustrating optical transm ssion characteristics of optical filtering in
an exanpl e enbodi nent. Figure 4 is a schematic di agram
illustrating an optical neasurenent device being 15 coupled to a personal
nobi | e processing device in an exanpl e enbodi nent. Figures 5(a) to
(c) are schematic graphical representaglons of a Vraw signal, a Vac signa
and a Vppg signal respectively in an exanpl e enbodi nent. 20F|gure 6is a
schematic illustration of a tinme waveformfor collecting data frominfra-
red and red | Tghtwopiidd measigemont denicamayxizanpprsiee witb dne®ntmore optical fifsrgtre 7 is

a scherra;.édacglaﬁ, Engnﬁgfn@ﬁe}énkQSt rating circuitry for obtaining information
I'cul ation |

for Sp02 ca n an exanpl e enbodi nent. 25 Figure 8 is a
schematic graphical illustration of output obtained at a light detector
during a |ightrhewist kighal vﬁﬂv@f&ﬁn (AHE% Eécfohﬂ&g%@iqk'ﬂéﬁﬁm'rﬂayaﬁb smm@b Based
enbodi nent 9(a).is a sChematic timng wave di agram for

t oggl i ng °B t999fing Bgtwaen ?WCPE'Q r°é'dh€( erg ligghillyrpipatianeng switehingenhe seepnidriokh
exanpl e anibadtionmta togQinisgtiedicd.0(a) is a graph schematically illustrating
signals acquired at an analog to digital converter in an exanple

enbodi nment . Figure 10(b) is a graph schematically illustrating

al ternating clihe third sjghd)waietpnal nsaydeehitaieet ased on awidhing ¢fbbalh thet fakt lighnvert er
I N angexagmy It ol S i |y

il ugt ratin &{iﬁﬁggge?%cmnd llﬁh Igu'ﬁhgﬂé{{l %%(fégal% eéf%ﬁ%oeg{oﬁ@mtg é:e?'g%?%u'(rﬁggnll( b)
is agr aﬁﬁ'b%h'éﬂ%f’?téﬁﬂoﬂyaew ustrating filtered AC signals in an exanple

Both the first light illumination and the second light illumination can be arranged to be

switched off in a time period At during the toggle sequence to reduce crosstalk interference.

15 .

Tthe processor may be further arranged to obtain alternating-current (AC) values of
the first, second and third signal waveforms based on the respective maximum and minimum
values.

20 Direct-current (DC) and the AC values of the third signal waveform may be average

values obtained over a plurality of cycles of different ambient light detection perfods and
based on the maximum and minimum values of the third signal waveform.

The processor may be further arranged to determine a ratio R based on using the DC

25 and AC values of the first and second waveforms and the average values obtained for the

third signal waveform; and wherein the processor is configured to use the ratio R for
referencing a lookup table.

The processor may be further arranged to obtain alternating-current (AC) values of
30 the first and the second signal waveforms based on the respective maximum and minimum
values obtained in one cycle.

Direct-current (DC) and AC values of the third signal waveform may be average
values obtained over a plurality of cycles of different toggling sequences and ambient light
35 detection periods.



enbodi nent . Figure 12(a) is a graph schematically illustrating
filtered DC signals for an anmbi ent PPG signal in an exanple enbodi nent. 15
Figure 12(b) is a graph schematically illustrating filtered AC signals for
an anbi ent PPG signal in an exanpl e enbodiment. Figure 13(a) is an enl arged
version of Figure 11(a). 20 Figure 13(b) is an enlarged version of Figure

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

25Fi gure 14(b) is an enlarged version/of Figure 12(b). Figure 15 is a
schematic graph illustrating PPG signals obtained for a plurality of cycles
in an exanpl eneHRALIRMay SOFIGUF Grr e'dstoade%&mméﬁé IrGtiof & QYCRR dnel dybist rating
an exenpl ary process for o tical noni | of physi ol ogi cal

char act @2F&t preysieg thg Qisand %Va'He%Rfa‘H%f@t wﬁg@ausw signal waveforggped p(a) is a

schemat laQer%b@WaldéﬁgBtaﬁbcﬂ krbomhsthE akitdNggral IWalgrerm; deiersit it rapé RCRSBabld f@N
earrpeef ﬁ‘?)Flgure 17(bc5] Is a schematic flow di agram
i |l ustrdt FWQC'Qﬂaé‘?PSP% % i ght detection process in an exanpl e embodi nent.

Figure 18 is a schematic flow diagramillustrating a light intensity

setting pr oces pr 0%995% 1S ferthe”%?rgl cpto determtne a'1:1 SfS ]F?valﬁe gase%h%mat Ic
PUSTRaL 11 f' (1

flow di agrami I on process in an
enbodi newing tho FEitig iR ©r e nlu;alay Qf:mteat an.ﬂ \Mh&yw (ﬂmglomﬁspﬂ ¢aus}:terraqnf mgedamdat a

col | ect |@gtr@r%%§ R Phif Yorsfiil g B d i TR - Figure 21 is a schematic
flow diagramilludstrating conput at I on of physi ol ogi cal characteristics of a
userl®in an exanpl e enbodi ment.

The light detected may be reflected light.

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

computer readable data storage medium having stored thereon computer code means for

15  instructing a processor of a feedback unit to execute a method for removal of ambient noise
signal from an optical measurement, the method comprising obtaining a first signal
waveform based on detecting light based on a first light illumination; obtaining a second
signal waveform based on detecting light based on a second light iflumination; tuning the first

light and second light iflumination such that the maximum amplitudes of the first and second

20  signal waveforms are maximised and within a predetermined saturation range, such that
ambient light interference for the first and second signal waveforms is reduced; obtaining a

third signal waveform based on detecting ambient light; obtaining respective maximum and
minimum values of the first and the second signal waveforms; and deriving signal values of

the first and second signal waveforms with the removal of ambient noise by using the

25  maximum and minimum values of the first and {he second signal waveforms.

BRIEF DESCRIPTION OF THE DRAWINGS

30 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)
35  signal. '



15 Figure 22 is an illustration of a cross-section of a blood vessel

when a | ow external pressure is applied. Figure 23 is an
illustration of the cross-section of the bl ood vessel when a high
20external pressure is applied. Figure 24 is a graphical illustration

of the anplitude of a measured PPG signal in conparison with an anount of
applied external pressure in a state of zero transnural pressure. 25

Figures 25(a) and (b) are schematic expanded view illustrations of an
optical neasurenment device in an exanpge enbodi nent. Fi gure 26
is a block diagr am schematically ill ust rati ng an enbodi nent of a 30

corrputer/servg stem suitable for inplenenti ngz an exanpl e enbodi nent.

Fi gure 27 schElggts 4% pY ’lluﬁrﬁSOPr‘ﬁtaé‘sa’@”{ﬁ‘%ﬁFré%ﬂt Lohpass §'6Y?f‘€ff” af JPEGh of
measur ed si@bit age of a PPG signal over tine in correspondence to a graph of
an applied anount of pressure over tinme in an exanple enbodi nent. 11
Figures 28(a) and (b) schematically illustrate a graphical user interface
(QUJl) s0f a feéEigbeck{a)nsta ischepmatipl illusgyatial af iaonghicgl theasanenvgit | deaice NRasUr enent

device i odi ment. 5Figure 28(c) schematically illustrates a
gr aphi calg' g}ﬂ%lgé?@éﬁeﬂgg (GQUI') of a feedback unit for indicating whether a

user should adjust the anmount of pressure to provide nore, |less or the sane

amount in an P?gamob&? Eém@ﬂg'dEﬁE%athll}g'éﬁeé(p%%é@)wévP of qae Apficad nt
gr aphi cal representati ons showing a correlation 10 between a PPG wavef orm

and an afBYfed pressure in an exanpl e enbodi nent. Fi gures 30(a) and
(b) sohematically illustrate a feedback unit/personal nobile processi ng

or L entati on i oM SRhRDPTRIRBARRIRE gail SR bR reeh St ndleen) “br e

schemat i @ltmma;mdedxamrwembdndmematl ons of using an optical neasurenent

device to interact with a surface portion of a user for neasurenent in an -

exanpl e enbodi nent. 20Figure 32 is a schematic flow chart illustrating a
met hod of rreaglgﬂfeh@ i appieraimaporem Bysteing arloptish sipasyrementddaricecbainaupl ed

to ajbeedbafiéd W persvid! HSbIRPrdRESIRAGHIdL"IP BN BxIhS SMbSuiMEMect i on assenbly in
an exanpl e enbodi nent.

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

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

Figure 7 is a schematic block diagram illustrating circuitry for obtaining information for
Sp0O2 calculation in an example embodiment.
25
Figure 8 is a schematic graphical illustration of output obtained at a light detector
during a light emitting diode (LED) firing sequence in an example embodiment.

Figure 9(a) is a schematic timing wave diagram for toggling on/off of an infra-red (IR)
30 LED and a red (Red) LED in an example embodiment.

Figure 9(b) is an alternative schematic timing wave diagram for toggling on/off of an
iR LED and a Red LED in an example embodiment.



Figure 33 shows a sinplified exenplary representative circuit diagramfor
25 inplenenting a piezo-based sensing device in an exanpl e enbodi nent
Figure 34 is a schematic flowchart for illustrating a nmethod for renoval of
anbi ent noi se signal froman optical neasurenent in an exanpl e enbodi nent.
30Fi gure 35 shows how a signal forns at an analog to digital converter when
two LEDs toggle and when both LEDs are switched off in an exanple

enbodi ment. DETAI LED DESCRI PTION 12 9 The exanpl e enbodi nment s

descri bed heffaure ¢@(R) sragiahe shewngicaaliustetisysignantacgdedcd samhatgtthod t hat

can obt ?rdeq}aﬁmmg& m&t&%EM@B?&PPQ signal froma user. The

nmeasur e e exanple nMents are non-invasive optica
physi ol ogi cal neasurenents. In an exanple inplenentation, a
reflectance- haged 19@5 |sC%|ngﬁ@%H{e‘%@E‘éllyqm}é’tr‘a‘ﬁgcalfénbﬁmgr&)/rbﬂe@d) h@gnakuncti ons
as an accessory to personal nobile processing device. The personal nobile

pr océssﬁ?@u’(fé*\ﬁté‘é aB%{?Q Eéilgatah%w?@fm% TRIERTINIIREL per sonal digital

assistant (PDA), nobile nusic player, tablet, netbook or |aptop, although

hi | i i h b f
hccessory | < OKe raahE 1 §oRh rgeatfab g fieRROab e R B aetop® ne

per sonalemddinhant.pr ocessi ng devi ce. I n exanple inplenentations, the opti cal
measurenent device is preferably smaller than a pal msized object for
portability. 15The neasurenment device conprises a coupling nmenber that can
provitde couplfiigyie Bbhisen ofape seeemsaticalyeiystigting Bitereb AL RGNS I8 GRg*amBlsi | e
processidihddayerge in a cabl el ess configuration. In the description,
cableless is taken to include a connection that is without the use of wires
or cables extending fromthe personal nobile processing device to the
optical neasHigumenp(ajlava gephAdhematically illdstratingefitexanPC esignajsl fenmamabieotn, t he
m*aasurer‘g‘gr,wttf.,SI gé/]iilg:gmieéa roglgoqng}qthout a holder or clip or cuff, i.e. the
measur enen evice I's oﬁdg ess,” for engaging a surface portion, such as a
finger tip of a user, for neasurenent. A neasurenent surface is provi ded

for the WeaSngn@nh(bsi% Raph Ueherh RRLIN NG tdERY filfeRdY ﬂ@%@g@xstfbeaﬁ%@%@went
surface usin t he sur ace%cﬁ_grtl on for neasurenent t he neasur enment
$ice porti

devi ce bPeP%é Al 87 PeEylq ¢ab on of the user can access the
measurenent surface fromall directions in a single plane. The single plane
may be on a face. In the exanple

i npl enent at i %aﬁ? (%ﬂeaﬁ nEa ednE'a?OH ?g%lﬂéa ﬁgéd for illumnating a 30
surfadre portion of the user and detectl ng reflected light fromthe surface
portion. The mgasys@iEnh AR de@i%ershﬁ'd?gl WRAMp)@S an accessory, transnits the
detected light information to another gew ce, for e.g. the personal nobile
processi ng device, to carry out further processing, e.g. for renoval of
anbi ent | i ghtFigwt espkenealafged voRiba of Blguesiaigt ermi nation. It will be
appreci ated that sone extent of ambient light interference can be allowed
in the light 35 detection at the measurenent device given that the

meases ement dégure d4@piesneotargedorersite of ERure 12(b).

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

cycles in an example embodiment.

30 Figure 16 is a schematic flowchart illustrating an exempiary process for optical

monitoring of physiological characteristics of a user in an example embodiment.

Figure 17(a) is a schematic flow diagram illustrating a finger detection process in an
example embodiment.
35



shielding for light reflection. Thus, in the exanple inplenmentation, the
measur enent device is not processor-intensive, e.g. may not require a ‘
processor, and can therefore function w thout a dedicated power supply such
as a battery. Thus, the neasurenent device can be manufactured to be
relatively small as conpared to conventional devices. 5 In the
exanpl e i npl enentation, the neasurenent device is in a substantially

nondef ormabl e form as opposed to patch-type oxi neters. The measurenent
surface of the neasurenent device is also preferably non-adhesive to reduce
the |ikelihood..of i nyeni ence .t o I . re.-proceedi ng to
nore fully deg%?lfrseﬁgt% %)?gﬁr%"aetlcefﬁ%ld\igiaﬁgr# gl,usﬁréftm%a%}j E@L%Qﬁg |tccl%§elcg?%
briefly descessteartexgrueernigodiherd. PPG signal. Figures 1 and 2 are provided
to briefly describe conponents of a PPG signal. 15 Figure 1 illustrates a
graphi cal representation of a photopl ethysnograph (PPG signal 100, which
can gener al | y fgurgitiigiagchempalictiigy deaipo ibitrating glighCntshaiiosrIvNg rocesgire t o
the ahsorpt b0 g ehbdiithedtn pul satile arterial blood volune 106; and a DC
conponent 104 caused by the absorption produced by non-pulsatile arterial

bl ood - i.e. venous blood and capillary blood 108, and tissue absorption
110. 20 Figlr® 1BiigH sehematit Mow Adgre0 MSARING 210 ioptimidmein prpsedh anto a
| ar ge quasi DF conn nent 104 that relates to the tissues and to the average
bl ood vol SFEPIRFE fonponent 104 varies slowy due to respiration,
vasonotor activity and vasoconstrictor waves. Wth suitable electronic
filtering and g idnl cat | tf . opponent
104 clh "B o 7R 20 F 3 bcimelid o o 1R ERAN I Lotg 616806 Scbhs AR

si gni fi caerempleembadimenit i cs of the PPG AC pul se waveform 102 have been
described and are illustrated in Figure 2, where the appearance of the

pul se wavef orm was defined as twg phases: a first anacrotic Eyas 112 being
the rising edddo®s 3his Aachematmiol dipran livren sATBItREOHALBRSPREGEE ng

t he falliagratgetiaiof blugerin bs exanifie efbodihethase 112 is primarily concerned
with systole, while the second phase 114 represents di astole and wave
reflettions 116 fromthe periphery. A dicrotic notch 118 is usually seen in
the second catRaure?Rds amilusiration oba cegbisedios ofiettipddegbsahwhen adow guternal
arteries.yoldie is applied. | N the following detailed description, reference wll
be made to the acconpanyi ng drawi ngs. The aforenenti oned acconpanyi ng ,
drawi ngs show by way of illustration and not by way of l[imtation, specific
enbodi nent s armgureieisemnt ddt@ticn 6P iR absydectbr bf prel BlcoPhesedbivhéma Hglesent

i nvention. These irT’pI.errent tions are described in sufficient detail to
enabl # 5 PHEEE PRV 7RI he art to practice the invention, and it is to
be understood that other inplenentations may be utilized and that

structural Cheﬁ?%gé fzan%oq]ramgxh& < ioghra?é R akBihRUS £hRIBILS P'W?iEﬁ'al' gde

W t hout departi fromthe scaope C present invention. The foll ow ng
det ai | ed eREREFFH WEH ansameyit (i fapplied REEMAELPISESWS S 1o Biale PhZYC| faSIER sense.
Addi ti ona'grbysuré.he various enbodi nents as described may be inplenented in
the formof 10 software running on a general purpose conputer, in the form
of a ¥pecialized hardware, or conbination of software and hardware.

The ternms "cowrdueel’ 26¢a) "andn{be cire dBchersatics egbanded hiesy dlaisicatiops i adnaraoptidaht ended
to cover ] Vo ected through one or nore

i nter nedirggéestarrregg%g?&lﬂ%l'ggg %ﬁ[ﬁ%g%’f@@g@t at ed. The description herein
may be, in certain portions, explicitly or inplicitly described as

al gorithns angfqire f3616d 1:0BRck ORSE A QBertdiddiy OMEdtkify b LAltBaehliR &
conputer nenory or an electronic circuit. Théese algorithm c descriptions
and/ 030 f LEREAUEVEErVeFYFlam syifable fas inRieranting 2p examaeie BiPPPHBISEL skilled in the

i nformation/data processing arts for efficient description. An algorithmis
generally relatin 0 a self-consistent seqyence of steps |eading to, a
desired resul EIL-IIQU{%@E éF’b%‘?Eﬁ'Pﬂm ’@"'szrf"éﬁ? %’é‘ﬂh'gﬂﬁpﬁl{?@”sﬁﬁﬂ i %’F‘P*hﬂﬂr‘ﬁg?%?‘? ons of
physi cal itagd bt 4 ©PG sigredh oger tithee i ¢or@@pondemgniet 4 graph of ahiappliedsargouait ©f

capabl e of bein s{.or ed tran%rri tto%gﬁenttransf erred, conbi ned, conpared, and

ot her wi seP BRI GCCRIMEg M @n example emb

35 .



25 Further, unless specifically stated otherw se, and woul d
ordinarily be apparent fromthe followng, a person skilled in the art wll
appreci ate that throughout the present specification, discussions utilizing
terns such as "scanning”, "calculating”, "determning”, "replacing",
"generating”, "initializing", "outputting", and the like, refer to action
and processes 30 of a instructing processor/conputer system or simlar

el ectronic circuit/devicel/conponent, itthat mani pul at es/ processes and
transforms d&igurasefi(@sant @Y sewnpiigalycllstrgigamyiaphied wset tarfach €Cd st ri bed
system iWilfa0t RS iflababifd Wbk S RACSRRLCAAI BRI RaLe PARILERER W L Nin
t he systemor other torage, transm ssion or display devices
etc. 1®mbodimerfhe descri ptl on aI so di scl oses rel evant devi ce/ apparatus for
perform ng the steps of the described nethods. Such apparatus rray be
specifically constructed for the purposes of the nethods, or y conprise a
genefal pur pd¥Bre 8%11?“@?7“5???@%’5%&%? a GrapBica sl @éer@ge K¢ gbp Fea’E?‘?kvat ed or
reconfi gwtea lﬁl&ica’ﬂin@@:ﬁ&ﬁéled’ U Q6 ARG LR Helarh unRofSiredsageto [PesviRmorb, Idde

al gorit mjhand dis yS descrk gere Ln are not inherently related to any
parti cul ArCHHSUEE “" BrRare ﬁaﬂﬂﬂ" i s understood that general

pur pose devi ces/ machi nes nmay be used in accordance with the teachings
herein. Alter 0, [ ratus
o pertorm t RS Al 5 G aRoRbEHRL LAPnEY RaBRaruEl: SRArK AReRRRET ™ e
t hat10t hebelieessya B?@mvap%anm arenheqi preswe inseneexamRig aniodiiesr am in that it
woul d be clear that the steps of the nethods described herein may be put
into effect hy conputer code It wi recj ated that a large variety
of progranmi ,{%{gq %&QE‘S dafrd E%W&Cacjanﬁﬁerp séd eFBchhp'l"BtrLR?ﬁst"“?Lg“’Pgeachi ngs
of the GlﬂecHsisupgldmnuche:bepleu tdvian eptien ,mdzerce@npuévce ponfiguadin fa lapgdcaeabl e i s
not |i mt 8n any. %%[n ||e eyfjlb% (P\Pt rol flow and 15can use different control
flows V\n? departi e scope of the invention. Furt her nore,
one Hr nore of t he steps of the conputer programif applicable may be

performed in maiad beb) amﬂ(b@raréeaié%t.é e&dav]deﬁuen s NEPY Lo UsiRg QHToRfial f
appl i cabl e %_ng stored on any nput er readabl e nedium The co ut er

r eadabl eMRREWURTHEFVIFRLT Jﬁ%fa‘?ow'g"t 6r9&6€°‘?189/m€'e§ SUER’ FH%?@HE@F?G@ pt i cal
di sks, neaape ehbq@smendr ot her storage devices suitable for interfacing with
a suitabl e reader/general purpose conputer. The conputer readabl e nmedi um
may even include a wired nedium such as exenplified in the Internet system
or W@ el ess nfediradRdua ischenatic dowlchadt ddstratinglaestbed pf mezsyried adiPG Tarsl

conput er o PLRYLAR Wté%%rlalﬂ@ﬂ%v%@%oﬁﬁﬁ@&% §Geibadk S én%puﬁn% fRadedckafhest i vel y
results in an apparatus 2s5that can inplenent the steps of the described

met hods. Pressure deireiop,ageRsly BASGAPRBRET MY 8t so be inpl enented as hardware
nodul es. A nodule is a functional har dware unit desi gned for use with other
conponents or_ Jmodu s g
digital or di FRE éger“"é 1) o%.sé"q@iﬁ' oﬁ’eeﬁ" iaWSE?”%e gt"%:eanc'r lﬂ?“&.ﬁ%@r o?on of
an en%i r enpdéreaiting aipezebagad Stensm@ﬂe\a@e in@n Apahple &mbodim8pleci fic | ntegrated
Circuit (ASIC). A person skilled in the art will understand that the
exanpl e enbodi ments can al so be inplemented as a conbi nati on of hardware
and sof t war e RigHEI3sis a gahematic flowghag dereilleskrahing a reatrshiforesipeval ehambienti on of
peri pher Abis®¥ig8a fromAnQplicdl Rfe@burBibaIn Bh eRaniii@Embadifedtl vabl e from det ected
output light Information fromboth a red LED and an infra-red LED. Further,
in the description herein, the termlight" as used herein is nmeant to be

i nt espr eted i ﬂlgarelﬁswhdw§ﬁdﬂ$e s@ndl forsnsnadtanlahaiby &ﬂdiglmt vorsvetdrewhergimo LEMsy. The
term"light S ein ncl ude mted to, X-ray

| i ght rag/) evaﬁglvg\e b thrf%{Ds i sv,VtPCh r%ﬁ% ’{%HW tﬂ)(raanglésnl ‘and infra-red |ight
rays. Fi gure 3(a) is a schematic i I | ustration of an optical
nmeasurenent device in an exanpl e enmbodinent. Figure 3(b) shows

schematically an expl oded view of the optical 10 nmeasurenent device.
DETAILED DESCRIPTION

35



The optical neasurenent device 300 is a refl ectance-based device in the
exanpl e enbodi nent. The optical neasurenent device 300 conprises an
illum nation and detection assenbly 302 encased in a housing 304. In the
expl oded view in Figure 3(b), the housing 15 304 is shown divided into a
top casing 306 and a base casing 308. The top casing 306 conprises a
measur enment surface 310, shown schematically with dotted |ines. The
measurenent site/surface 310 is coupled to a |light source 312 and one or
nore |ight detectors e.g. 314 of the i) um nation and detection assenbly

302. The Opt i cahe URATME SABBLRRRK ol ol BEY pROHDLHBRcA nfillikhiae Menber

316 that can prov coupl i ng between measur ene evice 300 to a
per sonal devibt Ped mebwddhatiegn gbtpirca pheleriethrsmaegrnhy (MBE) FaralMipmi uercHM el ess
confi guratd : [ nqg@g[wb B i®YarR€ nbM; f f iol face
port sucﬁgégg&gmﬁﬁvﬁﬁ %Eebri a ug (USr{I%%1 ?)rgr{]brg?&%ﬁ’g %rgmpaiq)np'?gr?‘r?gtg?{ on
used in tRESUERIEEEr) ' Phone(r) (Apple Conputer, Inc., Cupertino, CA) etc.
25l n ghe exanpl e enbodi ment, the |ight source 312 can propagate |ight
through a surface portion of a user for, neasurenent, e.g. a poriion of
[iving t1ssue B o8 frEemE mplexisatiiay. 1 fleHEAPEHA PIe FiesaREen! dhpos

det ect or 2ae bg pravidéd tisat fuheti@stas| dngletessefyl te atpecsohalomotile erapessingodevizk. Thevi ng

ti ssue of ) e L.j.ght . i nf .0 i at.ect ors
o o 514 relsRgiphie, BOSsph EEE coh Yl oot BRbAS ArliphdtR, bblbha G

mobi | e pressistesi (RPAJewiobie (misic Baxeholahipt, rethook anriantep, Atbeughuthishiést is not _
P 0CapS| Rhastivd Qﬁaﬁ?‘ﬁ%s‘? IPSRAN fiRon, RELEQRSHY Yo ndt n¥aRER HitctdRé Rfzid ON
assenbly 318 may be ‘provided in the optical neasurenent device 300. The
pressur e WhBRAS | ¥n fyadtieph §f 3thg Parpopd conrbile g BFSESYRY gdviset Mnd®PrRIRit to
a per sonahpieRihiator! GREGHICAOMERGIRert 8lics ROWalerably sthalRAEAEAta PhinpsigsEUr €
applied bﬁ%’ a Pod q{t of a user to the neasurenent device 300 during 17
opti cal 5§hPéﬁ%F?£!'yThe pressure information can be used, for exanple but
not limted to, to detect whether a body part has been placed on the
measuf.enent dewy J i's
suf f fhé’ ient for \fgg?f?g%mggt\é%ﬁkg?B?gn%es%mwggg%géﬁg&o%ﬁi‘%%\{wn%% 'ﬁrﬁgzament
devi ce 30@tvwasn theMeapyrmpntdayiseitp thegpesedl (iobile Rpeaseing deyir iy & cablgless32 to
M ni m ze doRyudatioh Uh B dRciigtoR) cibRIeBd s thkedith include bltenmocasmingt ie WrasitamNt , an
edge filter with OFtI ?al?%‘{ nsm ssion char act erl stics can.be L{Eed. .Fjgure
3(c) is &SBi%hYIERPT PR PIRNIING "6t e Pl aTRE AT SR FREE!Pi T PRiSab

opti cal Ifedsutenent degyiden an exanpl e enbodi nent. In this exanpl e enbodi nent,
wavel gngt hs of |ight bel ow about 600nmis filtered out and prevented from
reaching the light detectors e.g. 314. This can be effective as the

wavel engt hs of I fiee pxample iraplementatisn, dhey meapyamegodeyincalsorratidrst Whetdm onl y.

Al t er nat i neley or felip bp&arr, Wil ¢l hhslRbmem &fehich Gs WoME! 28 0tch engigind b adufiée can be
used. For exanglqu% filters which . Q. \évhen used in conbination, al,low
)

] ) - ) e

transm sSHAHP" i1 INGPTHR SiFoireT. 1 dBRASYEDITRT ATRERSHIFTIRD ¢ FORRNALAN be
used. Al tfor thatmesaslirement davitglsech thiaf it vl &in ceévihé reasurementauirfaée Usigdht from
about_ 600: 100Qnm can used al one, Figur IS i
i ar 2 1DF SU T et 88 Enel o tue mepsura P Byt BB ARREER & &
per sonal sufscd polfieoblwi usgr daw iaceess thameasaepert sifber] frammll diffiglior®0in apt i cal
Teasur eee 6k d AabWRRL FR Do HHSLARS Hdld & tERRhdghet Quklie, measur enent
devi ce 30(5 gdég@cr(?bed ths re#ey?er?ce to |%ures 3(@) anﬂlh%b)y The opti cal
nmeasur enent device 400 conprises a sensing portion 402 that in turn
conpri ses an i lyh el d@ibRNmpRHABESS thOoMmeasiFENEN Weditd isoidd apt illahiaktng a a
pressure du? ection aqisenblg or pressurel/for ? sensi :}g poFftl on Ié.OG.Tr;I'he
i 11 umhat $6AC2RITARIE DT o faé%ﬁ’ﬁﬁeﬁt“lﬂoiﬁﬂ‘é‘aﬁ% ipRtlorg fie GHrRes, gortion. The

measurement device, being meant as an accessory, transmits the detected fight information

to another device, for e.g. the personal mobile processing device, to carry out further

processing, e.g. for removal of ambient light interference for SpO2 values determination. It

will be appreciated that some extent of ambient light interference can be allowed in the light

35 detection at the measurement device given that the measurement device does not provide
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In Figure 1, this AC component 102 is superimposed ontoc a large quasi-DC

component 104 that relates to the tissues and to the average blood volume. This DC

component 104 varies slowly due to respiration, vasomotor activity and vasoconstrictor

waves. With suitable electronic filtering and ampilification, both the AC component 102 and

25 DC component 104 can be extracted for subsequent pulse wave analysis.

Two significant characteristics of the PPG AC pulse waveform 102 have been
described and are illustrated in Figure 2, where the appearance of the pulse waveform was
defined as two phases: a first anacrotic phase 112 being the rising edge of the pulse, and a

30 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 from the periphery. A dicrotic notch 118 is usually seen in the second

catacrotic phase 114 of subjects with healthy compliant arteries.
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In the following detailed description, reference will be made fo the accompanying

drawings. The aforementioned accompanying drawings show by way of illustration and not
by way of limitation, specific embodiments and implementations consistent with principles of
the present invention. These implementations are described in sufficient detail to enable
those skilled in the art to practice the invention, and it is fo be understood that other
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 fo be construed in a limited sense.
Additionally, the various embodiments as described may be implemented in the form of
softwaré running on a general purpose computer, in the form of a specialized hardware, or
combination of software and hardware.

The terms "coupled" or “connected” as used in this description are intended to cover
both directly connected or connected through one or more intermediate means, unless

otherwise stated.

The description herein may be, in certain portions, explicitly or implicitly described as
algorithms and/or functional operations that operate on data within a computer memory or an
electronic circuif. These algorithmic descriptions andfor functional operations are usually
used by those skilled in the information/data processing arts for efficient description. An
algorithm is generally relating to a self-cansistent sequence of steps leading to a desired
result. The algorithmic steps can include physical manipulations of physical quantities, such

as electrical, magnetic or optical signals capable of being stored, transmitted, transferred,

combined, compared, and otherwise manipulated.

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

RN Y

specification, discussions utilizing terms such as “scanning”, “calculating”, “determining”,

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

system or other information storage, transmission or dispiay devices etc.
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The description also discloses relevant device/apparatus for performing the steps of

the described methods. Such apparatus may be specifically constructed for the purposes of
the methods, or may comprise a general purpose computerfprocessor or other device
selectively activated or reconfigured by a computer program stored in a storage member.

5  The algorithms and displays described herein are not inherently related to any particular
computer or other apparatus. It is understood that general purpose devices/machines may
be used in accordance with the teachings herein. Alternatively, the construction of a
specialized device/apparatus to perform the method steps may be desired.

i0 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
into effect by computer code. It will be appreciated that a large variety of programming
tanguages and coding can be used to implement the teachings of the description herein.
Moreover, the computer program if applicable is not limited to any particular control flow and
15  can use different control flows without departing from the scope of the invention.

Furthermore, one or more of the steps of the computer program if applicable may be
performed in parallel and/or sequentially. Such a computer program if applicable may be
stored on any computer readable medium. The computer readable medium may include

20 storage devices such as magnetic or optical disks, memory chips, or cther storage devices
suitable for interfacing with a suitable reader/general purpose computer. The computer
readable medium may even include a wired medium such as exemplified in the Internet
system, or wireless medium such as exemplified in bluetooth technology. The computer
program when loaded and executed on a suitable reader effectively resulis in an apparatus

25 that can implement the steps of the described methods.

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

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

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

30 or it can form a portion of an entire electronic circuit such as an Application Specific
integrated Circuit (ASIC). A person skilled in the art will understand that the example

embodiments can also be implemented as a combination of hardware and software
modules.
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In some example embodiments, saturation of peripheral oxygen (SPO2) information

of a user is derivable from detected output light information from both a red LED and an
infra-red LED. Further, in the description herein, the term “light” as used herein is meant to
be interpreted in a broad sense and is not limited to visible light only. The term “light” as
5 used herein can include, but is not limited to, X-ray light rays, visible light rays, ultraviolet

light rays and infra-red light rays.

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

10 measurement device.

The optical measurement device 300 is a reflectance-based device in the example
embodiment. The optical measurement device 300 comprises an iliumination and detection
assembly 302 encased in a housing 304. In the exploded view in Figure 3(b}, the housing

15 304 is shown divided into a top casing 306 and a base casing 308. The top casing 306
comprises a measurement surface 310, shown schematically with dotted lines. The
measurement site/surface 310 is coupled te a light source 312 and one or more light
detectors e.g. 314 of the iilumination and detection assembly 302. The optical measurement
device 300 further comprises a coupling member 316 that can provide coupling between the

20 measurement device 300 to a personal mobile processing deviceffeedback unit (not shown)
in a cableless configuration. The coupling member 316 may be in the form of an interface
port such as a universal serial bus (USB) port or the 30 pin connection used in the Apple®
iPhone® (Apple Computer, Inc., Cupertino, CA} etc.

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

30 shown), for example, for further processing.

In the example embodiment, optionally, a pressure detection assembly 318 may be
provided in the optical measurement device 300. The pressure detection assembly 318 can
be configured to detect and transmit to a personal mobile processing device {not shown) an

35  amount of pressure applied by a body. part of a user to the measurement device 300 during
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optical measurement. The pressure information can be used, for example but not limited to,

to detect whether a body part has been placed on the measurement device and/or whether

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

5 The optical measurement device 300 can additionally be integrated with optical
filters e.g. 320 to minimize the disturbance from ambient light. In the example embhodiment,
an edge filter with optical transmission characteristics can be used.

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

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

about 600nm is filtered out and prevented from reaching the light detectors e.g. 314. This

canh be effective as the wavelengths of interest are that of e.g. about 600nm and about 940

nm only. Alternatively, filters which target specific wavelengths of interest can be used. For

example, filters which, e.g. when used in combination, aliow transmission of light from ahout

15  600-700nm, and about 800-1000nm can be used. Alternatively, a single filter which aliow
transmission of light from about 600-1000nm can be used alone.

Figure 4 is a schematic diagram illustrating an optical measurement device 400

being coupled to a personal mobile processing device in an example embodiment. The

20  optical measurement device 400 functions substantially identical to the measurement device
300 described with reference to Figures 3{a) and (b). The optical measurement device 400
comprises a sensing portion 402 that in turn comprises an illumination and detection
assembly 404 and optionally, a pressure detection assembly or pressurefforce sensing
portion 406. The illumination and detection assembly 404 comprises one or more

25 photodetectors e.g. 408, a red LED light source 410 and an infra-red LED light source 412.
The measurernent device 400 is shown coupled to the personal mobile processing device

414 which can be, for example but not limited to, an Apple® iPhone® (Apple Computer, Inc.,
Cupertino, CA).

30 A processing module 416 of the optical measurement device 400 is exploded for
better illustration. The functions of the processing module 416 can be provided by hardware
and/or firmware of the optical measurement device 400.

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

35 assembly 404 with the personal mobile processing device 414, a microcontroller unit (MCU)
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418 in the optical measurement device 400 can extract information for authentication

purposes prior to sending of data to the personal mobile processing device 414. This
authentication process may be specific to the iPhone®, as Apple® requires that any device
using the 30 pin connector purchase an authentication token from Apple®. It will be
5  appreciated that variations or elimination of the above process is possibie depending on the

personal mobile processing device 414.

With the example of an iPhone®, communication is enabled via the Universal

Asynchronous Receiver/Transmitier (UART) protocol from the 30 pin connector of the

10 iPhone®. Strings of data are sent to UART every 8 milliseconds from the MCU 418 to the
iPhone®.

In the example embodiment, the data is compﬁsed of 2 bytes of header and 10
bytes of payload. The payload is sub-divided into 5 parts, each compriéing 2 bytes of data,
15 ie. DC1(IR), DC2(Red), PPG1 (IR), PPG2 (Red) and FS (Force Sensor). This data is
obtained in a HEX file format and is then converted {o back to voltage (V). it will be
appreciated that variations of the data/payload is possible depending on the desired
application, for example, whether or not the force sensing portion 406 is included in the
device 400.
20
With reference to Figure 1, DC1 and DC2 provide information for the DC
component 104 of a PPG waveform, thus enabling calculation for saturation of peripheral
oxygen, or SpC.. PPG1 and PPG2 establish an actuat PPG waveform and provide
information for the AC component 102 of the PPG waveform. Optionally, FS sets out to
25 provide information of the amount of pressure applied to the illumination and detection
assembly 404. An example of the data decoding format is show in Table 1 below.
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[Time Data from Device oOct1 | ©C2 [PPGT|PPG2| FS | DC1 | DG2 | PPGH|PPG2| FS ]
{ms} {Hexj| (Hex) | (Hex) | (Hexp [ (Hex)t (V) | V) | M) | V) | (V)

Q FOE20A01023A01FDO350055E | 0701 | 023A | 04F0 | 0350 | O55E {2.8905/0.9189!0.79961.3671{2.2150
8 FOE20A01023A02A803470560 | 0701 | 023A | §2A8 | 0347 | 056D | 2.8905{0 9189 1.0962] 1.3526{2.2392
16 FOE20AD1023A031802B7057TA | 0701 | 023A | 0318 | 0287 | 057A 12.6906(0.9189]1.2768| 1.1204] 2 2602
24 FOE20A01023A031402600584 | 07014 | 023A | 0314 | 026D | 0584 {2.8905{0.9189{1.2703[1.0011{2.2763
32 | FOE20A01023A028E02DO0BBC | 0701 | 023A [ G28E | 0200 | 058C |2.890510.9189|1.0801} 1.1607]2.2892
40 FOE20A01023A01E303550591 | 0701 | 023A | OTE3 1 0355 | 0591 |2.8905(0.9189)0.7787] 1.3751|2.2873
48 FOE20A01023A012003400692 | 0701 | 023A 1 012D | 0340 | 0592 |2.6605|0.9188|0.4852{1.3413]2.2889
56 FOE20AB1023A00C402AE0581 | 0701 | 023A | 00C4 | O2AE § 0591 j2.8505(0.9188|0.3160(1.1059]2.2873
64 FOE20AB1023A00D0G26EO58D | 0701 | 023A | 00D0 | 026E | 0580 | 2.8205[0.91880.3353| 1.0027|2.2808
¥2 | FOE20A01023A0140020B0585 | 0701 | 023A | 014D | 0208 | 0585 |2.8305|0.9189|0.5368| 1.1785|2.2779
80 FOE20A01023A0208035A0578B | 0701 | 023A | 0208 | 035A | 0578 |2.8905|0.9189{0.8399} 1.3832{2.2618
88 | FOE20A01023A02EC0338056E | 0701 | 0Z3A | 02BC | 0338 | 056E |2.86905(0.9188{1,1205) 1.32084] 2.2408
896 FOE20A01023A031F0ZAB066F | 0701 | 023A | 031F | 02A5 | 055F {2.8005(0.9189|1.2881)1.0914]2.2167
104 | FOE20A01023A03080270054E | 0701 | B23A | 85308 | 0270 | 054E 12.8906]0.69189| 1.2558| 1.0060{2.1883
112 | FOE20A01023A028802E50538 | 0701 | 023A | 0288 | O2E5 | 0538 |2.89056]/0.8188(1.0447 1.1046/|2.1586
120 | FOE20A01023A01FO0350055E | 0701 | 023A | 01CG | O35E | 0526 |2.8806]0.9189(0.7367]1.3606|2.1240

Tabte 1: Data Decoding Format

Turning to Figure 4, in the example embodiment, the LEDs 410, 412 illuminate a
5 user's part or surface portion for measurement. A raw PPG signal is detected at the
photodetector 408.

A raw PPG signal includes DC and AC ccomponents, both of which contain

information for waveform analysis. Signal conditioning is therefore performed to obiain the

10 information for further processing at the personal maobile processing device 414. An
exemplary sighal conditioning process is described below.

To determine the DC component of the PPG signal, a raw signal 420 obtained from
the photodetector 408 is digitized at an Analog-to-Digital converter (ADC1) 422. The
15  digitized signal is passed on to both a infra-red buffer (IR) 424 and a red buffer (Red) 426

accordingly, which can each store up to 100 samples before sending collated data to a
processor 428.

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

20 processor 428. At the processor 428, the digital values for Vsub (IR) and Vsub (RED) (i.e.

the DC components) are calculated. The Vsub signals are subsequently converted by a
digital-to-anaiog converter (DAC) 430 to provide resuitant digital Vsub signals 432.

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

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

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

Figures 5(a) to (c) are schematic graphical representations of a Vraw signal, a Vac
signal and a Vppg signal respectively in an example embodiment. A determined DC
component Vsub is subtracted from a raw signal Vraw to obtain a Vac signai. The new raw

10 signal Vac then undergoes a second stage amplification at a second stage amplifier to
obtain a Vppg signal, where the signal to noise ratio is improVed as compared with the Vraw

signal from Figure 5(a).

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

Therefore, in the above described example embodiment, an illumination and
25 detection assembly and preferably, a pressure detection assembly, may be integrated as a
single, compact optical measurement device surrounded by a housing for portable use.
Thus, the housing can provide structural rigidity as compared to e.g. conventional plaster-
type devices. The 6ptical measurement device is substantially non-deformable and can
comprise a substantially non-adhesive measurement surface.
30
The optical measurement device can be provided without a holder or clip or cuff, i.e.
the measurement device is holderess. Further, a measurement surface can be provided for
the measurement device such that a user can access the measurement surface using a
surface portion, such as a finger tip of the user, fér measurement. With the measurement
35 device being hoiderless, the surface portion of the user can access the measurement
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surface from all directions in a single plane. The single plane may be on a same plane as the

measurement surface.

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

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

and can therefore function without a dedicated power supply such as a battery. Thus, the

measurement device can be manufactured fo be relalively smali as compared to
conventional devices.
10

It is appreciated that the detected light information or Vppg signal transmitted to the
personal mobile processing device has a substantial extent of ambient light interference.
Therefore, ambient light or noise cancellation is petformed at the personal mobile processing
device. The description below relating to ambient noise canceliation for SPO2 calculations

15  can be implemented through seftware and/or hardware modules. The hardware modules can
comprise electronic circuitry or dedicated application chips such as an ASIC chip. A
graphical user interface {GUI) may be provided, such as an "app" or software application on

a smartphone, to be run on the personal mobile processing device to implement and display
the ambient noise cancellation.
20

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.

25 Ris defined as,

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
30 calculations.

In example embodiments, there can be provided a method and system for noise

cancellation, e.g. for Sp0O2 measurements. in one example embodiment, AC and DC values
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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

5 maximum and minimum values can then be determined.

Advantageously, in the example embodiment, a signal reconstruction of true Red
andfor 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

10 calculatibn, 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
subtracting the obtained maximum value of the Red PPG signal, obtained when the Red
15 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

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

consume less power.

A feedback unit/personal processing device can be provided for removal of ambient
25 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
30 detecting ambient light. The device can also comprise a processor module that can obtain
respective maximum and minimum values of at least two of the first, second and third signal
waveforms; and the processor can derive signal values of the first and second signal
waveforms with the removal of ambient noise by using the maximum and minimum values of
at least two of the first, second and third signal waveforms.
35
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Figures 4, 5 and 6 can relate to one or more example implementations/applications

of e.g. the optical measurement device 300. Figures 7 to 21 can provide further example
implementations/applications of the optical measurement device. It will be appreciated by a
person skilled in the art that the methods or algorithms etc. described may have steps or

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

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

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

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

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

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

20 embodiment. During an Ambient (Am) or OFF condition 802, both the IR and RED LEDs are

turned off, and an ambient PPG signal 804 can be obtained. During a toggling sequence

806, the IR and RED LEDs are aiternatingly turned on. The MCU can then perform time

based de-multiplexing to extract the respective IR and RED PPG signals. An example of de-

multiplexed signals can be observed in Figure 11(b). The IR PPG signals (in bold) and Red

25 PPG signals (dotted) can be obtained. Another example of de-multiplexed signals can be

provided whereby individual sampled points are represented, rather than the complete
waveforms formed by the individual points.

Figure 9(a) is an exemplary schematic timing wave diagram for toggling onfoff of an

30 IR LED and a Red LED. Figure 9(b) is an alternative schematic timing wave diagram for
toggling on/off of an IR LED and a Red LED in an exampie embodiment. Figure 9(b) is a
modification of Figure 9(a) to allow an ambient PPG signal tc be obtained. Figure 9(b) also
iliustrates a toggling sequence within sequence 806 of Figure 8. There is a relatively brief
period At 902 between each toggling, e.g. about 100us, when both the Red and IR LEDs are

35 turned off. Each LED is turned on for about 2.9ms e.g. numeral 904, which makes each
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surface. &40 times. Thereafter, a non-inverting summing amplifier 712 introduces an arbitrary DC

component to the AC signal such that the signal oscillates about the arbitrary DC value.

30 As seen in Figure 7, ADC1 provides the DC portion of the measured signal and
ADC2 provides the AC portion of the measured signal.

Figure 10(a) is a graph illustrating signals acquired at an analog to digital converter
(compare ADC1 of Figure 7) in an example embodiment. The y-axis is in terms of mV and
35 the x-axis is in terms of ms. Numeral 1002 shows the signals obtained when the Red and IR



The optical nmeasurenent device can be provided without a holder or clip or
cuff, i.e. the neasurenent device is holderless. Further, a measurenent
surface can be provided for the neasurenent device such that a user can
access the neasurenent surface using a surface portion, such as a finger
tip of the user, for neasurenent. Wth the neasurenent 35 device being
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provi de 8y manuf acturers. A calculated ratio Ris used for referring to

t he Pookup table to determine Sp02 values. 25R is defined as, AC, DCR _ AC,
DC, where AC, ThE IRedonditiérD reéfbds o Nahdnngnig Uie ERILEANE Wimee cdn, cutrileethé Redl ues

respect Ic\égdtﬁén ;Ic-apeers to when only the Red LED is turned on. The IR andfor the Red conditions
are illustrated in Figures 9(a) and 9(b). That is, even if the brief time period At 902 is
included, the respective condition, Red or IR, is still relevant given the longer preceding
20 amount of time when one of the LEDs is tumed on. The ambient condition refers to when
none of the LEDs are turned on, and the signal is obtained due to the ambient light

conditions. See numeral 802 of Figure 8.

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

25  information can be further extracted for SpO2 calculation. Using the circuit of Figure 7, it can
be seen from Figures 10{(a) and (b) that the AC and DC components of the Red and IR PPG
signais 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

30 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

35 0.5V, both Red and IR signals at ADC1 can preferably be set at about 2V or above. This is



conditions IR and Rrefer to conditions whereby infra-red |ight and red

| ight are used respectively. It is noted that anbient |ight noise is

usual ly subtracted or renmoved in the R 30cal cul ations. 22 are respectively
obt ai ned for a Red PPG signal neasurenment, an IR PPG signal neasurenent and
an anbi ent PPG signal neasurenent (where both the red and IR LEDs are
turned off). The nmaxi mum and m ni mum val ues of the PPG signal neasurenents
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determ ned 5 maxi mrum and m ni mum val u can then be determ ned.
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graph shows filttered DC signals 1202 when the Red and IR LEDs are turned off during the

30 OFF condition 802 (Figure 8).

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

35  OFF condition 802 (Figure 8).
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(conpare ADCl1 of Figure 7) in an exanpl e enbodi nent. The y-axis is in terns
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obt ai ned when.the Red and IR 25 LEDs are turned on during the toggling
sequence 806 (Figure 8). Nunmeral 1004 shows the signals obtained when the
Red and IR LEDs are turned off during the OFF condition 802 (Figure 8). As
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the Red and IR PP% A%nal s are |larger than those of -the anbi ent PPG signal .
Ther ef or @Cxt+i¥6..CcO i*ofrirof t he anfah enlc, PPG(_’S‘LL“Q{MI _i@less significant -
conpared with the cofitri bution of the RED Or IR PPG signals. This can
provi de for a nor eig%cur ate Sp02 cal cul ati on. hat in exanple 30
enbodi memcs+ bEhe= L gifznat i on i nt eqsiAy, ca )tunﬂml to a level that
provides for detect et si gnal s that provide as h| h a detected voltage as
possi bl e, without saturating the signals. The i ﬁns ty can be controlled
by the MCU. The t@ %n ensure that both Re{ q— R—sﬁ nals transmtted
to ADCl car) reach : itude |evel segpifiea t han Anbi ent

si gnalss transmitted fe ADCL. For exanple, if an Arbient  si gnal at ADCl is
about 350.5V, both Red and IR si gnal s at ADC1 can preferably be set at

about 2V or above. This is_ 26 de rated i t ai
Dol ow i tHers Barg A9 P ASBG BB onnaree fie s EPUE Simed FEREHIE | na
det ect ed tdygnd gaa;t;eﬂwegm (Bigge @) @rietheoiumbenoftsagiplingpointp Withiy trettm pst3dive -
descri bed _and. il ] ustrat e L0 ol I 1Z6b)s agBased on
o’ LED fieione- 2 Rl SEtoe alTRL § sk Shiadi QoY dladiihinfe) ACR) ke
ADC1 mnd usAiB@Z\Cbmiuebef qmlewaels s»étinetua LES being tuﬁedm durieg the teagkperauanee 816 t he
| R, Red I d (b
st QB& &f 2hd BRHISoftROVRY i BDMHetid t8hied 86 dlrirgnd (b)
can under g (t%rgjt[ﬁgr ggnl ta va-qé % i
the toggle sequence 06 (Figure 8) ACg + ACan is the AC value of one cycle of the Red
LED being lurmned on during the toggle sequence 806 (Figure 8); DCagam is the average DC
value of the ambient signal detected during the OFF condition 802 (Figure 8); icyae is the
25 number of cycles taken for analysis and ACagam is the average AC value of the ambient
signal detected during the OFF condition 802 (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,



10 processing steps. The nodul es for such processing may not be all shown
in Figure 7. In the exanple enbodinent, 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 >30 Hz) (not shown in Figure
7). 15Figure 11(a) is a graph illustrating filtered DC signals in an
exanpl e enbodi nent. The y-axis is in terns of nV and the x-axis is in terns
of nms. The granh shows filtered DC si@ﬂal s of when the Red and IR LEDs are
turned on durit§ it¥eatorolRyPirAePISsad dint desRtipENUiEve N lishhBtanRtsiggdl s are
shown W ihpis@dd @) kizB&sort: 1102 and the Red signals are shown with dotted
lines at 1104. 20 Figure 11(b) is a graph illustrating filtered AC signals
in an exanpl e enbodiment. The y-axis is in terns of nV and the x-axis is in
terms of s« THe graph shows filtered AC signals of when the Red and IR

LEDs Aare trurnegyon during the toggling sequence 806 (Figure 8). The
I R signals are shown with solid lines at 1106 and the Red signals are shown
25w th dotted lines at 1108 Figure 12(a) is a graph illustrating

filteredyfX..signals for an anbient PPG signal in an exanple enbodi nent. The
y-axis is in terns of nV and the x-axis is in terns of ns. The graph shows
filtered D¢ sighallg, 1202 whegn the Red and IR LEDs are turned off during the
30 OFF cogéj tion (Figure,.8). Figure 12(b) is a graph

il lustrat®hga«fiTt s@@lwAC‘*si%al s for an anbient PPG signal in an exanple
embotfl nent,. The:yi/?lxis s inzternms of nvV and the x-axis is in terms of ns.
The graph” #ffows f ¥ t&t®d AC i gnals 1204 when the Red and IR LEDs are
turned off during the 350FF condition 802 (Figure 8). 27 From
Figures 11(b) and 12(b), the maxi mum and m ni mrum points for each cycle, and
t he cor reispefnd, ngngltieantamsity to ampiftade felatisieshipeatione) whers Af) Bisbbsiped witls ar e
identified, see ti and t3. It will be appreciated that the maxi nrum and

m ni num Vel ues. Tanthbed pht ai inedsiBabiehgsubatitulee akithdbe sauarerof tagelant (yaless

Fi gure 13‘§a) i.s an enl arged vgrsion f Figure 11(Sa2, focusing on a specific
peri bt bR{ERAR wee 3 1R 4Bl RE 3 AG GAIUPIRE By fgset SHRIUFIRNS AEMSE s are shown
with solid lines at 1302 and the Red signals are shown with dotted |ines at
1304. 10 } - is an enl } igure 11(b),
BpGi+Ce) peri od bet ween ti b‘iCtR&A@ﬁm)}ihe filtered AC signal .

focusi ng on
The | R sipgpal|s=are -wicth, sol i datj adsat—1306-andicthe Red signals are
shown with d@tted4 nes|at 1308. The nafi munf>point jdata at tl and t3 are
identified as'IRl, R1, 1R3, R3 accordin See nuhreral s 1310, 1312
respectively. The 15m nimum point data at 12 is identified as IR2, R2. See
nuneral 1314. i S(pc,+pc,figure 14(a) is gy | arggey)’ version of Figure 12(a)
focusi ngpn_ajspecific perioed betwegp tljisko t3 of ithe-filtered DC signal.
R i Avg A R , Avg Am

‘cyr:c’e

cyete

Typically,
AG
DG,
koos ACy
2 0 D CIR

Thus, in the above described example embodiment, direct-current {DC) and
alternating-current (AC) vaiues 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 minimurn values.

25 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



20Fi gure 14(b) is an enlarged version of Figure 12(b), focusing on a
specific period between tl to t3 of the filtered AC signal. The nmaxi num
point data at tl and t3 are identified as Al, A3 accordingly. The m ni num
point data at t2 is identified as A2. -1t should be noted that
the notations such as tl, t2, t3 are arbitrary notations for 25 signifying
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 appreciated
that in an ideal situation, e.g. with and|V|duaI phot odet ect ors and si gna

paths f O{;viag%{l e T%O lot ggrzﬂ% d?érnﬁﬁ ly A4 AMRIsAR tAe DA B‘%r\fa%t.sloy tagirste free

30 condi roughs may 1 n eo%e occur at the sane
poi nts. hnd eédaed wmefdsns 4rid the meaau!% \ta@leapétaméf@@} e Alap@ MEVTPRT A t he

vari ous Cﬂn%nthgpﬁioé{éeégﬁ R:Tr?e?gr@ Cﬁqgmk@&mmgecause a single path is

utilized! pea uring R condition cannot be sinultaneously
nmeasured for the R condltl on. As such, there are mnor differences in peak

and trough, e.@unlhe rdié R’J‘@:‘de?br the Q&ﬁratlérf oﬁfﬁfﬁﬂglobg with &fgeén (I\'&Bbéd)afanl R, Red
and Anbi ent 35conditions i.e. one sa expect ed

co can
That  t hebpesiesmiagd. T1eb Boinssone S@prleele sl cryBe urshGirell 167 PraBiriErs
Amﬁ' ent I) iooﬁuﬂ tabid prto%de& By énﬂar{u%ctumytom&tetmbe tioen eorempEidingo$ O vane.cldeh I
other. lithe tinn a t anpl es
apart), f‘ﬁ’é”‘bg Hig & Oé? ’(S'f"’l ggﬁ’p geesgc%%qﬁgurﬁelg%%? (ogt fr or?ﬁ %’g%ﬁgﬁl ations
i f desi r @gbcebdimg ﬁMemnelsmod)lgupd:es(aﬁorbs@umm e enbodi nents, as there are
t oggl Png and anbi ent phases (e.g. 806 and 802 of Figure 8), the anbient

Si gna“tL peaks and troughs cannot be obtained at the sane tine a]H Eﬁ] R and
| R peaks and t hoexgmple prabedipnts, erticDaliullis BeS§RIA 1© 9e3erming e WANY Shhi®ent

condi ti Ofé?gnars%o'ars@&mwﬂw&&d n tHachcairaty Siedr S@pdiedh Spp2 nidussreomnt.al so be
extended to a 3 phase sequence, e.g. IR condition on for 15 seconds, R

condition on for 1015 seconds and anbient condition on for 15 seconds.
W th the informaéigoaitf bbm didrgucas bé Megsureti by prabégationzarcdr Whidh) takes imati o R

can be cal cll e %hedbudd'G 1e® buhBRrs (¥6d i thPCalbtatioh PR 1..0C - x Gain Gain

" R=f(AC, AC.,AC,,,DC,,DC,,DC,,)

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

the Sp0O2 measurement.

Alternatively, instead of the calculated propagation error, a representative

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

25 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.

30 The equations below illustrate the algorithm for determining the accuracy.

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

am ?

DC,,DC,)

ir?

R R ®’ ), [R R 1oz, | R oz
(e e e e (i e (e e e Pl e

35



X Gin

2 (R + R3)

_(1121+ IR3) IR2 R2 42) - DC """ x AC ,8 + AC","
AC, + AC=
31
Further, each parameter has individual deviation as follows,
DC", = Dcavg,ir + GD(‘,, ACr’r = ACavg,Jr + O‘A(",
‘Dcr = DCavg’r + O-DC, Acr = ACavg,r + O—A(.',
5
D Cam = D Cavg.am + GDC‘,,,,, Acam = Acavg,am + O-A(‘m",
Hence, the average value of R
2 2
R = Acavgr - Cavg.an-r D Cavg ir -D Cavg,am
10 avg DCanlfz - Dcavg‘amz ACavg ir AC{JVg,aﬂ’lz —
O-AC,-, + 0—12)(:’-,
(‘A‘Cavg_r'r - Acavg.am )2 (Dcavg,lr - DCavg,am )2
O'Ac + O'tl)c
(Acaug r Cavg am )2 (Dcavg,r - Dcavg,am )2
cp =R, xsqrt
15 N [(Acavg ir mrg am ) (ACavg r Acavg am )]2 [O_.iC,,,,, ]
(’Aca'vg ir avg i ) (Acavg r Acavg am)
[(Dcavg r avg am) (DCavg ir avg am )] [O-tz)(fm,, ]
2
L (Dcavg‘r - avg am) (Dcavg ir Caug,am ) i
20
Therefore, it can be derived that
R=R,, >0,
In anocther example embodiment, the ratio R can be determined using averages of
25  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.
30 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 cycies in an example embodiment. As #llustrated
as an example, there are 11 cycles shown in Figures 15(a) and (b). The Red PPG AC
signals over the cycles are shown at numera!l 1502, the IR PPG AC signals over the cycles
35  are shown at numeral 1504, and the ambient PPG AC signals are shown at numeral 1506.
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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 petiod for obtaining the ambient PPG signals i.e. the
ambient phase, is shorter than the toggling phase. it will be appreciated that any number of
cycles for each of the signals (Red, IR or ambient) may be used. The Red PPG DC signais
over the cycles are shown at numeral 1508, the IR PPG DC signals over the cycles are
shown at numeral 1510, and the ambient PPG DC signals are shown at numeral 1512, The
ambient PPG DC and AC signals are used to obtain an average ambient signal value
avgDC.r, and avgACan, respectively. in the example embodiment implementing a single path
system, the ambient sampling (compare 802) is performed after/before the toggling phase.
Therefofe, the Ambient signals shown in Figures 15(a) and (b) have been time shifted to
show aligned cycles with the Red and [R signals, even though théy are not necessarily

aligned in real time.

A plurality of R values are obtained as follows:

2 2 2 2
) = er — (‘44'C’Yl"l2 —angCam 2) v, (Dcirlz _angCamz) ) CyClel
Rr‘r] (DCrl _angCam ) (Acirl _angCam )
2 2 2 2
g = Ra \/ (AC,7" ~avgdCu®) (DCyy ~avgDCw’) (e
Ri"Z‘ (‘Dch _angCam ) (Acirz —anACGm")
N\
1
R [(AC,*—avgaC, )y (DC,’-avgDC,,")
== = S—X " — — Cyclen
R, (DC." —avgDC,,") (AC, " —avgdC,,’")

Therefore,

p SRR t..4R)

avg

R

Thus, for the above described exampie 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
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. R;, R; etc.) can be obtained based on using the DC and



where CR + DCA. is the DC val ue of one cycle of the IR LED being turned on
during the toggle sequence 806 (Figure 8); nti43 is the nunber of sanpling
points within the tl1 to t3 tine frame, i.e. an average of the values is
bei ng obtained (for DC neasurenents); ACIR + ADArn 20 is the AC val ue of
one cycle of the IR LED being turned on during the toggle sequence 806
(Figure 8); DDR + DCAmis the DC value of one cycle of the Red LED being
turned on during the toggl e sequence3806 (Figure 8); ACR + ADAmis the AC
val ue ofAloMaugs, el tee §fst phe tRetPCREDSEB?! YRVE F’?ﬁeén%weoﬁj’lef%@ velyes ebiggre
sequencg@Pfhe(thid4gfal &)avef% VAR Sget @Qfa@léﬁ(‘é QgﬁaVQQaHQJeL&té?rfedt RedBRI ent
signal detected during the OFF condition u ,_icyde is the 25
unber SPTGy G4 RARGPHOIY ZHGIFS IS0 dhaRrEC IS Be R B EgE Al ue of
t he anbiiendabi fgn@lerdteingelieskugdbielg the OFF condition 802 (Figure 8). The
gain_is set to be the same when both LEDs are turned ON. Therefore, during
cal cdl ations, the gain value cancels out and therefore can be set as any
arbitrary val trer the 28lcaléteniohvigndl gualith thedoliompmgrrugtian it heed. t he rel ationship
bet ween 1igh y (1) and arrplltude(A) S asfollows / a A2
kA2 Hence, | al nal +am | am &\ 2=A 2kAo2n 'as:gnata '4 signal +tam A 2
Asi gnal As2/ pef; ‘Parﬁ“ herefore, using the intensity to anplitude

rel ati onshi'j abovg, where 42,", is substituted with DC,,,,,,"" and the A
stgnal +amis respectively substituted with the square of average val ues
150V an 'cycle of the respectively DC or AC cal cul ations fromthe set of
equat i ons abowaeretokf, O 'the BE6AE 2xample embodiments for obtaining R, only significant

information for SpO2 determination is extracted. This can advantageously reduce circuitry

cost, optimise space and minimise power consumption.

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

20 device is coupled to a personal mobile processing device.

At step 1602, finger detection is carried out. At step 1604, ambient light detection is
carried ouwt. It is appreciated that both the finger detection and ambient light detection can be
carried out simultaneously. At step 1606, the light intensity of the LEDs is set. At step 1608,

25 a force optimisation process is carried out whereby, for example, the user is advised to
increase/decrease the force exerted on the pressure detection assembly to optimise reading
accuracy. At step 1610, data collection is carried out. At step 1612, computation of
physioclogical characteristics of the user is carried out at the personal mobile processing
device.

30

Figure 17(a) is a schematic flow diagram illustrating a finger detection process in an
example embodiment. This process may be carried out in step 1602 of Figure 16. At step
1702, both the Red and IR LEDs are switched off. At step 1704, it is determined whether the
force detected at the pressure detection assembly is more than a pre-stress reading (i.e.

35  without a load) and whether ADC1 of the MCU of the measurement device (compare 418 of



tE(Ac", +Ac4)r2 cycle Typically, AC' DC' Ac", 20DC', Thus, in the above
descri bed exanpl e enbodi nent, direct-current (DC) and al ternating-current
(AC) values of a first (e.g. red), second (e.g. IR and third (e.g anbient)
si gnal waveforns can be obtained based on the respective nmaxi mum and

m ni rum val ues. 25 The DC and AC values of the third signal waveform can be
aver age val ues obtained over a plurality of cycles and based on the nmaxi num

and m ni num val ues of the third signal 30 waveform The ratio R can be
det e][m ned based on using the DC and A values of the first and second
wavef or mg; apd ! dePMddng 8 GO form
and V\he?‘gﬁiéj )tQ%ofgﬁu%%%sw%é@gﬁ%egﬁb%&erepsrjml ng em}tlo‘ggup tabh?éag}\%vth t he

ratio R pswaalwomihef®a$&ngeﬂqvt§n lS()fFOﬂﬁ@ifﬁ‘éﬂoc?MrhthW“ﬁ?f tpRAER e SUHAIH RGN can be
det erm ng %%Tr éd&BSangBnﬁg&armJ ﬁé’méeﬂﬁra‘hﬁht BeVReC HboREtHS@Mdtihs & er to

a proprletaré rovid d%; a manufacturer to determne the
cor r esporsiiPn USvataPlﬁ%‘?p . {hg HRes delgslioR RIeTeSHE" S ored i n a dat abase t hat

is ingturn | oaded onto t he personal nobil e processing device and the | ookup

operation is aut omat e
Figure 17(b) is a schematic flow diagram illustrating an ambient light detection

process in an example embodiment. This process may be carried out in step 1604 of Figure
16. At step 1710, both the Red and IR LEDs are switched off. At step 1712, it is determined
* whether ADC1 of the MCU of the measurement device (compare 418 of Figure 4) reads a
10 value of'e.g. more than about 1.5V. If the reading is more than the exemplary value of 1.5V
at step 1712, at step 1714, the personal mobile processing device is configured to alert the
user to relocate to another location for the optical measurement as the ambient light
interference is determined to be too high. if the reading is less than the exemplary value of
1.5V at step 1712, at step 1716, the ambient light detection process ends.
15 _

Figure 18 is a schematic flow diagram illustrating a light intensity setting process in
an example embodiment. This process may be carried out in step 1606 of Figure 16. At step
1802, a LED toggle similar to that shown in Figure 9(b) is performed. At step 1804, the light
data detected at step 1802 undergoes a gain process. The gain may be selected from, for

20 example, ten times, twenty times or thirty times etc. In the example embodiment, a gain of
ten times is selected. At step 1806, it is determined whether ADC1 of the MCU of the
measurement device (compare 418 of Figure 4) reads a value of e.g. about 2.5V. The LEDs
intensity is adjusted until the reading reaches 2.5V. This can ensure that the contribution of
the ambient light is not substantially more than the contribution of the LEDs, when measured

25 by the detector. In this example embodiment, because the ambient light cannot exceed 1.5V,
and each LED is adjusted to result in a measurement of about 2.5V, the ambient light does
not exceed more than about 60% of the light detected by the detector, when each LED is
switched on. At step 1808, it is determined whether ADC2 of the MCU of the measurement
device reaches saturation, e.g. at about 3.3V. If ADC2 has reached saturation, at step 1810,

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

If ADC2 has not reached saturation at step 1808, at step 1814, it is determined
whether the maximum and minimum data points have a difference of more than e.g. about
300mV. If the difference at step 1814 is not more than e.g. about 300mV, at step 1816, the

35  gain can be increased. At step 1818, it is determined whether the gain is thirty times. If the



10 I n exanpl e enbodi nents, optionally, it is possible to determ ne the
quality of the signals so as to informthe user on the accuracy of, for
exanpl e, a Sp02 neasurenent. The quality of a signal can be neasured by a
propagation error which takes in 15account the deviation of the 6
paranmeters used in the calculation of R i.e. R=f (AC , AC" AC,,,,,
DC, DC "DC a",) The |nventors have recogni sed that, indirectly,
deviation aR reflects the confidence ¥evel of the co utation result of R

The cal gaindt BirtpioRsaltitshinerpir's fehPrBdnUrLNERecrss 4926 2sePReFr Dl a
per sonalky lshoPyQ GR&StirRa: £@1pCi8 18 ahd pobEsRIddpe busen seh 1Bhe potent i aI
accuracy of the Sp02 neasurenent. Alternatively, instead of the

cal cul ated propagation error, a representative description of the
pr opagati on eFigare TEY alehethatfl faweﬁbgrﬁomluemaimplae‘prcé optirdisgioo pagass iomner r or 25

re th . 309 th , b
| nf g‘r?’nec?x’f"ﬁglﬁ%f"%)é’d'r%egiﬁﬁ'ésc?r%ﬁgg%gg |é‘??d Sﬁﬁggtlg QBBF%@W%EEE él sgd to
ret ake tihaiso ewde hytheatesaiptior @ Fgiresady), 88(abtralc)- Mramahvﬁ?f 3@%@%‘0(@ for a
deduced RERAH [ B0oB" AbniflrbBREnh NalicE 162 4t o UB6s, SkcBal R of ed

that the rreasure 'S re ative accurate. 30The e%uatlons bel ow
i || ust r arevidedeondhe ULt Thgmuseris Héree %Pﬁ@a%%e%ﬁé*%%‘@? pSurement ganface A

&EA\(C’Si?’ . »of e ogddeal delice tc)m&gaé’é”thélﬁaré?e b, Aﬁ&p Yook, an afda’ unaer(théinrvé frhet(aR j(

eachtf par%?%?eé’rp'ﬁé§'gp?|dﬁ ?H”Eﬁﬁ‘iﬁd Z‘U? 85'%854”3%0? 3%&6\@ B 1806, Tt is Serernftiid "

whether the area computed at step 1904 has decreased as compared to a previous

computation. This is to determine a highest amplitude of a PPG signal. If the highest

amplitude is not obtained, the process loops back to step 1802 to inform the user to exert a

larger pressure on the optical measurement device. If the highest amplitude is obtained, at
15  step 1908, the optimum force value is obtained.

Figure 20 is a schematic flow diagram illustrating a data collection process in an
example embodiment. This process may be carried out in step 1610 of Figure 16. At step
2002, a LED toggle similar to that shown at numeral 806 of Figure 8 is performed for about

20 30 seconds. PPG signal data is collected from the toggling sequence. At step 2004, the Red
and IR LEDs are switched off for ambient PPG signal data to be collected for about 10
seconds. Compare 802 of Figure 8. In this example embodiment, the ambient PPG signals
are collected over a shorter period than the time taken for the LED IR and Red PPG signals.
At step 2006, the data collection process is ended.

25

Figure 35 shows how a signal forms at an analog to digital converter {compare
ADC1 422 of Figure 4) when two LEDs toggle and when both LEDs are switched off in an
example embodiment. During toggling, the signal detected at a photodetector PD is shown in
part (iii) of Figure 35. The square wave 3502 is the detected signal which reflects the

30 sampled points based on the toggling timing sequence. At each sampled point of Red (Ry,
R,....R.) 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-multipiexed in the MCU
and can be processed as separated Red and IR PPG signals, as shown in part (i) of Figure
35. Over a larger time frame, a PPG signal comprising Red and IR are formed, as shown in

35  part (i) of Figure 35. When both LEDs are switched off, only 1 signal (Ambient) is present



DC,, DC, DCa, === DCavg., + Gr pc, DC""g,, + De_ AC AC, ACO,"

0-A( AC aye), AC 01., +O4 AC "v","" + Hence, the average value of R
Therefore, it can be derived that R = R + avgR I n anot her exanpl e

embodi nent ,

20

b the ratio R can be determ ned using averages of 25 maxi mum and
m ni mum val ues. In the exanpl e enbodinent, each Red and IR PPG signal
paired on a per cycle basis.

are

A subtraction is carried out using an average

anbi ent signal value. The average anbi ent signal val ue can be obtai ned
before or after obtaining the Red and R PPG signals. 30Figure 15(a)
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the signal conditioning and produces a signal substantially similar to Figure 10{b).

Figure 21 is a schematic flow diagram illustrating computation of physiological
characteristics of a user in an exampie embodiment. This process may be carried out in step
1612 of Figure 16. The computation is carried out at a personal mobile processing device. At
step 2102, physiological characteristics such as heart rate, respiratory rate and SpO2 of the
user can be computed. At step 2104, a health index may be computed based on the
computation at step 2102. This may be a chart showing the user a health status. At step
2106, aﬁ error of propagation may be computed. This may be shown as an illustration to the
user fo inform the user on the accuracy of the computations. At step 2108, the computation

of physiological characteristics is ended.

in example embodiments wherein the optical measurement device comprises the
optional pressure assembly, a personal mobile processing device coupled in cableless
configuration to the optical measurement device can be configured to detect and dispiay an
amount of pressure applied by a body part of a user to the device during the optical
measurement. When the user applies an appropriate amount of pressure to the optical
measurement device, the resulting signal-to-noise ratio of the detected optical measurement
signal can be increased, and a more accurate measurement signal can be obtained from the
user. An optimal pressure can be determined in real-time at the personal mobile processing
device by analyzing the detected optical measurement signal from the optical measurement
device and correlating a high signal-to-noise ratio portion of the signal with a corresponding
applied pressure. The user can then be provided real-time feedback by the personal mobile
processing device indicating whether the amount of pressure being applied by the user
should be increased, decreased or maintained at the same level. Thus, the personal mobile
processing device coupled to the optical measurement device can therefore provide an
optimum pressure determination customized for each individual user, thereby obtaining a

resulting optimum measurement signal for each user.

As described, the acquisition of a physiological signal representing a change in the
volume of an organ in the body through the use of optical measurement is known as a
photoplethysmograph (PPG). Obtaining optical PPG signals may be related to application of
external pressure on the body surface which is being measured. The pressure is related to
obtaining a good quality PPG signal with a high signal to noise ratio.

is 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 cycl es shown
in Figures 15(a) and (b). The Red PPG AC signals over the cycles are shown
at nuneral 1502, the IR PPG AC signals over the cycles 35 are shown at
nuner al 1504, and t he anbi ent PPG AC signals are shown at nuneral 1506. 32
In Figures 15(a) and (b), 11 cycles 8f IR and RED PPG signals and 5 cycl es
of anbi ent PPG signals are shown. This is because the period for obtaining
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-av gDQ)rﬂV:)od(vA%el 22002300 nLlpw; ard tiy<a einall PPG signal will be observed. Figure 24 is

a graphical illustration of the amplitude 2402 of a measured PPG signal in comparison with

an amount of applied external pressure. With a low applied pressure in range A, the

amplitude 2402 is correspondingly low. As the applied pressure is increased, in range B, the

15 amplitude also increases. However, when the applied pressure increases beyond a certain
point, the amplitude decreases again, as shown in range C.

To obtain a strong PPG sighal, the external pressure should be sufficient to

minimize transmural pressure such that the external pressure is equal to the internal

20 pressure. Further illustrated in Figure 24 is a range 2404 within range B where the

amplitude of the PPG signal is at its peak. Within this range 2404, an externally-applied

pressure is instantaneously balanced with the internal arterial pressure, thus resulting in a

state of zero transmural pressure. At zero transmural pressure, the arterial walls are

unloaded and the arteries will not change in size. Consequently, the blood volume within the

25 arteries at the measured region will not change and can be accurately measured to provide
a good quality PPG signal.

In an exemplary embodiment, the pressure assembly seeks to achieve and to

maintain an optimal pressure for obtaining an optimum PPG signal over an extended period

30 of time. By providing real-time, instantaneous feedback via a personal mobile processing
device to a user being measured, the user is able to instantly adjust the amount of pressure
being applied to the optical measurement device in order to obtain an optimum PPG signal.
However, the optimum pressure may not only be a result of a state of zero transmural
pressure, but may also result from the effects of absorption and scattering paths of light as

35 light travels in and out of a portion of tissue of a user being measured. For example, where .



| ? 2(AC, 22 -avgAC'2) x(DC, 22 -avgDCa2) -> R2 = ,-Cycle 2 Rr2(DC, 22
-avgDC33, 2) (AC 22 i R(AC, 2 -ervgACa.2) (DCw. -avgDC2) R' = R'.. ii
(DC,..2 -avgDC2) (AC,,,, 2 -avgAQOn,2) --> Cycle n Therefore, R avg 30Thus,
for the above described exanpl e embodi nent, 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. anbient) signal waveforns can be obtai ned
based on the respective maxi mum and m ni nrum val ues obtai ned in one/each
cycle. The DC and AC val ues of the th| d si gnal waveform are average- vaI ues

obt ai ned over |
Catio R 1B PP la iR ov & B fffedpa in& b AR e 50 shodlge,
the DC afit bla® veSselavhiehsis bRingeedsiirest T*mefo:tehbgrée@amt taveh il angetHb PbtEs and
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i's usabl @ogﬂgmaﬁ HPPe dighaft | ookup table. For the calculation of signal

ol

quality, the f oW ng equation is used.

In one exemplary embodiment, the personal mobile processing device may provide
feedback to the user indicating whether the user is applying insufficient pressure, too much
pressure or the correct amount of pressure. The feedback to the user may be visual or

10 auditory.in the form of a visual display or audible sounds, and may particutarly be a display
of the real-time PPG signal being captured by the device. The feedback may aiso be a more
simplified display indicating whether the user should take action to increase or reduce the
amount of pressure being applied to the device. In ancther embodiment, the feedback may
be in the form of tactile feedback, wherein the optical measurement device produces e.g. a

15  small vibration when the applied pressure is at an optimum range.

Exemplary embodiments described herein may provide a device and method
capable of augmenting signal to noise ratio in an optical signal of an illuminated region at a
measuring site of a body part of a user. Exemplary embodiments also provide for detecting
20 the optical response formed by both light reflected from the measuring site and the light
transmitted through the measuring site. Exemplary embodiments described herein utifize
redirecting reflections of light on its way towards the measuring site (i.e. blood vessels) back

to the region of interest.

25 in an additional exemplary embodiment, the device may perform a series of
calibration steps for each individual user in order to determine an optimum range of pressure
for each individual. The subsequent steps of capturing the PPG signal will then use the
predetermined optimum range as the benchmark for obtaining an optimum PPG signal.

30 The integration of the pressure detection assembly with the illumination and
detection assembly can provide a simple, comfortable interaction for the user, and the use of
a pressure detection assembly which provides real-time feedback via a personal mobile
processing device to the user improves the quality, or amplitude, of the received PPG
signals. The optical measurement device is connected with a personal mobile processing

35 deviceffeedback unit which receives the PPG signals and pressure measurements from the



i (R1- Raid =1 Therefore, in the above exanpl e enbodi nents for
obtaining R, only significant information for Sp02 determ nation is
extracted. This can advantageously reduce circuitry cost, optim se space
and m ni mse power consunption. 15Figure 16 is a schematic flowhart
illustrating an exenplary process for optical nonitoring of physiological
characteristics of a user in an exarrpl e enbodi nent. The exanpl e enbodi nent
uses an OPtI cal measurement device co¥¥pri si ngt t he optional pressure
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both the n f ep 1704 are net, at step 1708, the finger

detecti or?%ga;&gfgéésegn %sifszg Figure 17(b) is a schematic flow di agram
illustrating an anbient |ight detection process in an exanpl e enbodi nent.
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ends25 15be appreciated by a skmed person that the position of Componen 3302 can be interchanged

with any one of R1, R2 and R3 or vice versa if desired. R1, R2 , R3 and Component 3302
are connected in a Wheatstone bridge configuration. The bridge configuration shown in
Figure 33 is in a quarter-bridge configuration. Nevertheless, if desired, the bridge can also
be operated in a haif or full form, that is, with one or more components similar to Component
30 3302 replacing R2 or R1, R2 and R3 respectively. One or more fixed or variable electrical
resistors can also be added as “dummy” force gauges to complete the bridge circuit as and

when desired, for example to negate the effects of temperature changes.

In one example working implementation when the bridge is operated in a quarter

35  configuration shown in Figure 33, R2 is set to a value equal to the resistance of Component



Figure 18 is a schematic flow diagramillustrating a light intensity
setting process in an exanpl e enbodi nent. This process nay be carried out
in step 1606 of Figure 16. At step 1802, a LED toggle simlar to that shown
in Figure 9(b) is performed. At step 1804, the light data detected at step
1802 undergoes a gain process. The gain may be selected from for 20
exanple, ten times, twenty tinmes or thirty times etc. In the exanple

enbodi ment, a gain of ten tinmes is selected. At step 1806, it is determ ned
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36 and thus the ADC captured val ues are not separated. This signal at part
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substantially simlar to Figure 10(b). Figure 21 is a schematic fl ow
diagramillustrating conputation of physiological 5 characteristics of a
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in range C To obtain a strong PPG signal, the external pressure
shoul d be sufficient to mnimze transnural pressure such that the external
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25arteries at the neasured region will not change and can be accurately
neasured to provide a good quality PPG signal. In an exenplary
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opti mal pressure for obtaining an opti mum PPG signal over an extended
period 30 of time. By providing real-tinme, instantaneous feedback via a
personal nobile processing device to a user being neasured, the user is
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However, the optinmum pressure. . oy esul t zero
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35 device/feedback unit which receives the PPG signals and pressure
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to the user regarding the amount of pressure being applied. The
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Advant ageously, the pressure sensor can be easily installed in the optical
25 measurenent device w thout adversely conprom sing on the overall
conpactness. I n such enbodinents, little or substantially no displacenent
or deformation may be required to produce an accurate reading of the
applied force. This again beneficially reduces the anpbunt of space within
t he nmeasurenent device required for allow ng any di spl acenent or
deformation to take place. Even nore advantageously, as the noving parts
invol ved are 30 reduced, there may be Iess wear and tear of the internal
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In an exenpl ary enbodi nent, the feedback unit may not require a display, as
it could provide audi ble commands to the user through a speaker or other
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31(a) and (b). As shown in Figure 27, a PPG signal 2706 in the PPG signal
graph 2702 is nonitored while the user applies vertical downward force onto
the pressure sensor 3104 following a pre-determ ned applied force profile
2708 with respect to tinme, as shown in the applied pressure graph 2704. The
basi ¢ fundanental behind this analysis is to identify when 5 the PPG signal
2706 begins to display a PPG waveform (point 2710) and when the PPG si gnal
finally dies off (point 2712), as these points are indirectly associ ated
with the highest and |owest point of tfge bl ood pressure. In addition, with

this analyg %w&%er{agl)r(tﬁf‘eegbba&kmfu% M?&?e?%etanaﬁrhbﬁar@ssw&.@raeﬁmyal
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force 2708, the highest anplitude PPG waveform 2714 provides an indication
of the corresponding position on the applied pressure graph 2704 15 where
an amount of apjauiec84 i esshereaticefianichart BA0X & dliustratingna masthqolr fes eamayakefat e.
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rel ati onsxlmwefanrhsa cal cul ated area 2910 under the curve in Fi gures 29(b) and
(c) h respect to applied 35pressure 2908. Figures 29(b) and (c) are
graphtcal displays 2902 and 2904, respectively, 45 which illustrate the

di fferent PPG \igres 86 issa dloclidfaoemne that alpgrrat@darpp@@g@rm@at of nePmryigTisRear ea

under cur ygy eﬂrzédae.gs’.ﬁ’@hreﬁ\éﬁfeﬁrbaa.hﬁnmmﬁemwe%eab@wg maﬂagmben%a(ea) the
opti nmum preessure 18 a in Figure
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possi bl e ual it r m ned
as the pr&?ﬂ?'@ %3" ﬁc@@uﬁ&frﬁr'ﬁl Ingﬁm”p g’?oéiézetsg%%eform
anpl i tudezscmrmarmavrmmﬂrummsrarﬂhhtd:tﬁ’mevmnmr ptatfa:m fsmmﬂerhtpte Ficgianeor®(b) by
the area 2912 ded. by 1 i gure
29( a) t hefl grra( thghgacPEn Ct'al':) c?l“%h%m%&%g% er t eg%gG?ag\r\%g\?‘ng%rm '
wi th Bespeotocpls, mb asrtbe §92é1 msargjppBluetaotb@ erF@"@eranQFOFﬁ‘éa@ur'%ﬁﬁrﬁcaf
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at about 299 mmHg, where area 2912 under the curve is at its maxi num of
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25Thus, the above descri bed exanpl e enbodi nent can provide an optical
nmeasur enment devi ce for obtaining non-invasive physiol ogi cal neasurenents
froma portion of living tissue and nmethod of using the same, which nore
particularly conprises a pressure detection assenbly configured to detect
and display, via a feedback unit, an anount of pressure applied by a body
part of a user to the optical neasurapent device during the 30 optica
measur l&‘fi‘ﬁﬁﬁmissWﬂ‘temeaiagS@_Eh a@p@btbs@s oanbeapmmritﬁt @t@dﬁfﬁu%ouﬁf@s pﬁ@,_SEhUiﬁ@e t ﬁ t he
optical nmeasu evi c the res - 10 noi se r i,o of the
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user. A ressure can et erm ing the
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35si gnaLiSQro-TﬂT@lCwlatyaﬁﬂ&mpmﬂmr&ﬁmreMﬂmhectasgnmpUMQWteéﬁﬁﬁfmarsqzrewtuhg mihappl i ed
pressurg.Ihe user is 46 then provided real-tine feedback indicating

whet her #he anount of pressure being applied by the user should be

i ncreased, decreased or maintained at the sane level in order to

continual |y abumipe hplRedii8N@5ta @ERbA tékalléd N Fe aFEhﬁatO&hércaelnamsgﬂcﬂérent
devi ce can_t herefore provide an opti nal ressure %%ernlnatlon custoni zed

for eachAdERUSEIRTY Risapde ey éB‘iP‘r!’fc?Hi%d S WithodkeRPaItRg opt hHangpint or

nmeasor eiesye ofi thamverdtion ae ddadiyteberibed. The pre?ergambocﬂvﬁents afe, fhdoR] fobe

fl owchar {4y b tin t renoval of anbient noise

si gnal F%’%%éeggdo E[" e e&%tto § i s(rivg‘g¥engn41n°q rees)(i(’rg:twei e enbodi nent. At step 3402,

a first signal maveforn1|s obtalned based on detectlng | i ght based on a
first light 10 illum nation. At step 3404, a second signal waveformis
obt ai ned based on detecting |light based on a second light illumnation. At
step 3406, the first light and second light illum nation are tuned such
that the maxi mum anplitudes of the first and second signal waveforns are
maxi m sed and within a predeterm ned saturation range, such that anbient
l'ight interference for the first and second signal waveforns is reduced. At
step 3408, a third signal waveform 15 is obtai ned based on detecting
anbient light. At step 3410, respective maxi mum and m ni nrum val ues of the
first and the second signal waveforns are obtained. At step 3412, signal

val ues of the first and second signal waveforns are derived with the
renoval of anbient noise by using the maxi num and m ni nrum val ues of the
first and the second signal wavefornms. 20 Figure 26 is a block
diagramthat illustrates an enbodi nent of a conputer/server system 2600
upon which an enbodi nent of the inventive nethodol ogy may be inpl enented.
The system 2600 i ncludes a conputer/server platform 2601 including a
processor 2602 and nmenory 2603 which operate to execute instructions, as
known to one of skill in the art. The 25 term "conputer-readabl e nmedi unt as
used herein refers to any nmediumthat participates in providing
instructions to processor 2602 for execution. Additionally, the conputer

pl atform 2601 receives input froma plurality of input devices 2604, such
as a keyboard, nouse, touch device or verbal command. The conputer platform
2601 may additionally be connected to a renovabl e storage device 2605, such
as a portable hard drive, optical nmedia (CD or DVD), 30 disk nmedia or any
ot her medium from which a conputer can read executable code. The conputer
platform may further be connected to network resources 2606 whi ch connect
to the Internet or other conmponents of a |ocal public or private network.
The network resources 2606 may provide instructions and data to the
conputer platformfroma renote |ocation on a network 2607. The connecti ons
to the network resources 2606 nay be via wrel ess 35protocols, such as the
802. 11 standards, Bluetooth(r) or cellular protocols, or via physical 47
transm ssion nedia, such as cables or fiber optics. The network resources
may include storage devices for storing data and executable instructions at
a location separate fromthe conmputer platform 2601. The conputer interacts
with a display 2608 to output data and



other information to a user, as well as to request additional instructions
and i nput fromthe 5Suser. The display 2608 nmay therefore further act as an
i nput device 2604 for interacting with a user. It will be
appreciated by a person skilled in t#8 art that other variations and/or
nodi fications may be nade to the specific enbodinents w thout departing
fromechalm@rit or 10 scope of the invention as broadly described. The
present enbodi nents are, therefore, to be considered in all respects to be
illustrative and not restrictive. 48 CLAIMS 1. A nethod for renoval of

anbi ent noisse sipgﬁ@kthrfeMémo@ﬂtdf%ﬁlbiémagué%gqﬁ@t frothhh oRicEPHesQBhES Y,
50obtaining a first signal waveform based on tecting light based on a

fi r st thei fRhgd qomATsRei on; obt ai ni ng a second si gnal waveform based
det ect ! h irst
o det ect | gl “gﬁs%%@?@ FaRFGiNSabddIBh dorbdtifNRik Mhsel W Bdheeh! S

| i'ght and secon m nation such that t i mum anp |tud 10 of
t he fillpgtinaiied; second si gnal waveforns are maximsed and within a

et B A B ST g

wavef dilumibaig®d on detecting anbl ent right; obt ai ni ng respectl ve

maxi mm anqmr]nna 1! ﬁ?sYﬁg%rHea%doge 8 ilghf&ﬁﬁmﬂggoé Q?chstﬂgp(ﬁ%efﬁ%%ﬁﬂhl 4@91?{\? (?e;;)r gs

sai d obtai ning”respec ne
plair alof ttheofirst dadt séooed signgll evapefonhs ;are max1m|se|deand)rmithi@ a0 peedetermines

_sunmatl ergtlon a on. 1 he . dent igfd.e ol nts;
. an saftlfafiéh rgéé:ﬁ %ﬁcﬁgﬁ-ﬁ?gﬂgp e()ﬁﬂ@hg [%%'Jf% ﬁ%?ﬂé arﬁi ts%%dZnnBond %é]lnalt
-vvavef @\ramfwm’rtshsretmxceénoval of 20 anbi ent noise using the third signal

o The. met rerietir e B eRfol FaYtbin osid h 38eRlo SMRBERSHIRCL 37 ThG the
third si gnacbbtwvufresmadlse ptaodmnnmmhdfmmhmbowhlueﬁef fherfgst aanddhs eeamd sigrght
i Ujumwnaq}e'fg%ss,\@afdcmginﬁ frESggctive maximum and minimum vaiues being performed at a
plurality of identified sample points;
7 performing one or more summation operations bésed on the plurality of identified
sample points; and
deriving signal values of the first and second signal waveforms with the removal of
20 ambient noise using the third signal waveform and by using the results of the one or more
summation operations.

2. The method as claimed in claim 1, wherein the step of obtaining the third
) signal waveform is performed with both the first and second light illumination switched off.
25

3. The method as claimed in claims 1 or 2, wherein the first light illumination is
based on a red light source and the second light illumination is based on an infra-red light
source.

30 4, The method as claimed in any one of claims 1 to 3, further comprising

applying one or more optical filters to reduce ambient light interference.

5. The method as claimed in any one of claims 1 to 4, further comprising

toggling between switching on the first light illumination and switching on the second light



3. The nmethod as claimed in clains 1 or 2, wherein the first |ight
illumnation is based on a red |ight source and the second right
illumnation is based on an infra-red |ight source. 304. The nethod as
claimed in any one of clainms-1 to 3, further conprising applying one or
nore optical filters to reduce anbient light interference. 49 illum nation
in a toggling sequence to obtain the fi8rst signal waveform and the second
si gnal waveform 6. The nethod as clainmed in claimb5, further
conpr ﬂiﬁﬁ&%t_ﬁiﬂ rchkdpind ted@irettb @ohiin ki firki GdHal Walefoinn ahd afe sewbnuhggragcond
light 111umnation before or after the toggling sequence for obtaining the
t hi r dwsigiesm. wavef orm i n an anbient |ight detection period. 7.
The nethod as claimed in clainms 5 or 6, further conprising switching off
both the first light illum nation and the second light illumnation in a
time period.At dlihemethoe agGlaimgd|in mipimel et comprisag cavilehiog safbpath the

interference. i . |al i ; i to 7,
wrer et S GerRgar R o AGR BB RSl o er PR Brdleper b
one OforButainkigntiet thindsigpalivedviedoran incnpambiest light détedtivg perivdr nat i ng- curr ent
(AC) values of the first, second and third signal is waveforns based on the
respective maxi mrum and m ni nrum val ues of the first and second signal

wavef orns at. t he Theunathod gs efaimee irt clhinedds sadpiugherodontsistngdswihinguofi bott

m ni num val ues .of the.thir i gnal vefarm qg. The net hod s..clained_in
01 ol i Teprciheolmigied 20 Be osced Tt A nafler 35 2 MG 38 eR Bt g
s'h?nalto fggqueab@t@mua@eroggﬂauﬁat@m@id&ed over a plurality of cycles of
di feren% anbi ent |ight detection periods and for the average AC val ues of;

the third signal waveform further based on the nmaxi nrum and mi ni mum val ues"- 7
of the thirg sigmake memel @kralaimed in any one of dfimsThé Meihedirasaidl usimethe n

claim9, further caonprising . determnin ratio R 25 based aon using.the DC
and. At IQRAlo vV T 3RS SiRg B8 BRI, OORE Unfor Uavisg Shatinrs
_obt ai Reghdiest bBtairng altsingtied-cuesal GO valnss vhreiin,t Secondtanal Rviids sigsabl e
for referencing a | ookup table. . .. 11. The ho |.al in
arhp owéa\tﬁfo'a‘%gﬁéefi of Eh‘g,res\ﬁﬁ‘éﬁ"’& magiguyn o fyniHn §6|u??1gfﬁjesﬁraﬁé?&\?g%/éelﬁol rm
and usdigigaitavarents s tiaf plubsitp e identified easphnpoinsnareh evsainion ancompinges
obt ai ning al {)ﬁ?gﬁ_tl ng- qur rveﬁ)t (AC) values of the first and the second
. Si gnal"q}ﬁ‘?/%? EAEER SEVEIE™ espect i ve maxi num and mi ni num val ues
obtained in one cycle at the plurality of identified sanple points. 50
O. The method-as claimed in claim 8, wherein direct-current (DC) and the A(_'}
20 values of the third signal waveform are average values obtained aver a plurality of cycles of
different ambient light dstection periods and for the average AC values of the third sighal
waveform, further based on the maximum and minimum values of the third signal waveform.

10. The method as claimed in claim 9, further comprising determining a ratio R
2% based on using the DC and AC values of the first and second waveforms and the average
values obtained for the third signal waveform; and wherein the ratio R is usable for

referencing a lookup table.

11. The method as claimed in any one of claims 1 fo 7, wherein said using the

30 third signal waveform and using the resulis of the one or more summation operations
comprises obtaining alternating-current (AC) values of the first and the second signal
waveforms based on the respective maximum and minimum values obtained in one cycle at

the plurality of identified sample points.



12. The nethod as clainmed in claim1l, wherein direct-current (DC) and AC
val ues of the third signal waveform are average val ues obtai ned over a
plurality of cycles of different toggling sequences and anbi ent |ight

det ection periods. 513. The nethod as“8lainmed in claim 12, further
conprising determning a ratio R for the one cycle based on using
direct-current (E natchd be Admedlinedaiof 1t hehbrais diractedutthet ¥Cloacd Fignal
wavefornms and the average val ues obtai ne fron11h§ third, si I eform

i.gn v

wher evAlugnE! Fo 1RGNS HEUBIDET P 2Yesres KRIkThEP A O NER PUEIE Lt s Phe

met hodiser thdTRE defush@isMnbSmbiehtligRr dtamBRipsiings. det er mi ni ng an average R
val ue based on using the ratio Rfor the plurality of cycles; and wherein
the average R value is usable for referencing a | ookup table. 15.

The net hod cl @y ' fap G hee iR Qc®irmidi .
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menber__f Y i ' Wolorg=TWal-Ta N Nwde ing 20
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obt ai ndtbréiadbe ratio Hés estilentpr réfglencibg sddokap tableecond 1ight il lunination, and
a third signal waveform obtai ned based on detecting anbient fight, the

coupling nenber suitable for coupling to an optical neasurenment device;
a1pr ocessor 14dulaef methokit as nilzigied emp elatnn vES, riuthet mompdsing ndetenminiag Las  of

the 25 first t d si I : I+ bt ai.ni j
Tt AR K NP R Rt it Cpbeife sl K I RE p R0 SRS Bk MARRAC M
‘sanpl exeeadgd B;value is usableHer efoeesigpa ldogipdplder anged to performone or nore

sumat i on operations based on the plurality of identified sanple points;
and the processor further being arranged to derive signal values
of the first5sand Thecowrthad@Oasidaakd\viavafyorns ofi ¢lhinshé toetrbvahiersn theblight

nai se i t i pgnal waveform and by using the results of the one
orYor (g&ggl%%é‘{;g r&ﬁgclieqi ¢

'on opeéerations; and wherein the first and second fight
illumnation are switched to a maxi mumintensity such that the maxi num

anpl I t udes qg the Ijlecigé f&n.%n?@%Paﬂaf%@ﬂ@hoIe@vs@[_{r%ﬁ WorAhS offfied MhesRratiisht,
e : h I

within a predéeterm ned saturation range, suc hat anbi ent 1i ght
i nt er f #reetivviéce eemprnd.i rst 35 and second signal waveforns is reduced. 51

17. The devi ceRgifiy M I8 @c@bﬂb@ﬁm%ﬁﬁﬁi%\@éﬂﬁn{ Shibirled beSR oma¥REGdN | S
obtained with both™the first and Second Tight il]lum nation switched off.
. 52@. Thehtdbgsastk ois acfigl gt illvminations a1 8eeands pigngh vaueiomp Hebtpingd tbasegd Hen
i1 um patdoffg ight based on a second light illumination, and a third signal waveform obtained
based 6n detecting ambient light, the coupling member suitable for coupling to an optical
measurement device; '
a processor module for obtaining respective maximum and minimum values of the
-25 first and the second signal waveforms, said obtaining respeclive maximum and minimum
values being performed at a plurality of identified sample points;
the processor being arranged to perform one or more summation operations based
on the plurality of identified sample points; and
the processor further being arranged to derive signal values of the first and second
30 signal waveforms with the removat of ambient noise using the third signal waveform and by
using the resulis of the one or more summation operations; and
wherein the first and second light illumination are switched to a maximum intensity
such that the maximum amplitudes of the first and second signal waveforms are maximised
énd within a predetermined saturation range, such that ambient light interference for the first

35  and second signal waveforms is reduced.



based on a red light source and the second light illumnation is based on
an infra-red |ight source. 19. The device as clainmed in any one
of clains 16 to 18, wherein the optical 10 neasurenent device is applied
with one or nore optical filters to reduce anbient |ight interference.

20. The device as clainmed in any one of clains 16 to 19, wherein the first

si gnal wavef orm and the second gignal waveform are obtai ned based on
toggling between 15switching on the first light illum nation and sw tching
on the second light illumnation in a toggling sequence. 21. The

device as clainmed in claim20, wherein the third signal waveformis

obt ai ned b&ged olhesdevichiawyclfriedat Ia!airhe1Ef i wiggreini tg!latthirﬂlsigﬁaha\taveforanit t he
second light .20 il 'ntinbefr ert Ilngsequenceinan
anbi ta‘l“gg '&H%?théﬁ%ﬁ’?ﬁ |S88°ndq‘g%tﬂum' On‘l;W ce as claimed in clains
20 or 21, wherein both the first light illum natlon and the second |ight
illum nation areqarran ed to_be switched off in frgte“Od at during the

t &gl e seqldnce H§ @S elageed B mF S 9l e M@@fe@%‘e light ibgminglian ifevi ce
as clgidmdon B REMigh @oBfceCArtl e sHRoh® iR illdiiatidiPisUsdsBd ohléh ifthirdd Siganal
wav ef ormand using the results of the one or nore summation operations, the
devi c8oWedpri ses the processor further arranged to obtain
alternating-current (AC) values of the first, second and third signal
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Ol ai mebtaineck bFERS DN SHHSPEn ofi wetmeuﬂ%dlsﬂ{)mfm%ﬁmnm%h%seceﬂdt bttt hird

hP”alllidfﬁHﬁdelﬁéf@feeo@f@F aaLtoyah Bhéd inSth AMBienBlight déBttidnpefodcycl es of
ditferent toggling sequences an ient light detection periods.
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C

devi ce as ai e | ai m 28, conprising the processor further arranged
25

23.  The device as claimed in any one of claims 16 to 22, for the using the third
signal waveform and using the results of the one or more summation operations, the device
éomprises the processor further arranged to obtain alternating-current (AC) values of the
first, second and third signal waveforms based on the respective maximum and minimum

30 values of the first and second signal waveforins at the plurality of identified sample points,.

and maximum and minimum values of the third signal waveform.

24. The device as claimed in claim 23, wherein direct-current (DC) and the AC

values of the third signal waveform are average values obtained over a plurality of cycles of



25 to determ ne an average R val ue based on using the ratio R for the
plurality of cycles; and wherein the processor is configured to use the
average R value for referencing a | ookup table. 30. The device as clained
in any one of clains 16 to 29, wher ei P t he | i ght 30detected are reflected
l'i ght. 31. A conputer readabl e data storage nedi um having stored
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100bt ai ni ng respective maxi rum and m ni nrum val ues of the first and the
second signal waveforns, said obtaining respective maxi num and m ni num
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and the second signal waveforms based on the respective maximum and minimum values
obtained in one cycle at the plurality of identified sample points.

15 27. The device as claimed in claim 26, wherein direct-current (DC) and AC values
of the third signal waveform are average values obtained over a plurality of cycles of

different toggling sequences and ambient I'ight detection periods.

28. The device as claimed in claim 27, comprising the processor further arranged
20 to determine a ratio R for the one cycle based on using direct-current (DC) and the AC
values of the first and the second signal wavefarms and the average values obtained from

the third signal waveform; wherein the ratio R is usable for referencing a lookup table. -

29. The device as claimed in claim 28, comprising the processor further arranged
25 to determine an average R value based on using the ratio R for the plurality of cycles; and

wherein the processor is configured to use the average R value for referencing a fookup
table.

30. The device as claimed in any one of claims 16 to 29, wherein the light
30 detected are reflected light.

31. A computer readable data storage medium having stored thereon computer
code means for instructing a processor of a feedback unit to execute a method for removal

of ambient noise signal from an optical measurement, the method comprising,
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obtaining a first signal waveform based on detecting fight based on a first light
iliumination;

obtaining a second signal waveform based on detecting light based on a second light
iltumination; ,

tuning the first light and second fight illumination such that the maximum amplitudes
of the first and second signal waveforms are maximised and within a predetermined
saturation range, such that ambient light interference for the first and second signal

“waveforms is reduced;

obtaining a third signal waveform based on detecting ambient light;

obtaining respective maximum and minimum values of the first and the second signal

waveforms, said obtaining respective maximum and minimum values being performed at a
plurality of identified sample points;

performing one or more summation operations based on the plurality of identified
sample points; and

deriving signal values of the first and second signal waveforms with the removal of.

ambient nolse using the third signal waveform and by using the results of the one or more
summation operations.

wavef or m and by using the results of
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