WO 2012/ 099538PCT/ SG2012/ 000006 1 A Device and Method for Renoval of

Anmbi ent Noi se Signal from a Phot opl et hysnograph TECHNI CAL FI ELD The
present iweeniymvsgel ates broadly to a refl ectance- basegcopiGzerRlooooos

measur enent device and to a nmethod for a refl ectance-based optical

measur enent. BACKGROUND Optical nonitoring of physiol ogical characteristics
utilizes the detection of light 15 transmtted through a |ocation of a
user bei ng neasured. Phot opl et hysnography (PPG is an optical neasurenent
techni que used to detect bl ood volune changes in the mcrovascul ar bed of
living tissue, typically by detecting Iight transmtted through the ear

| obe or AiDeyiee angp Metimdfnt Bemeval plAmbienONsiseBigral ftdne a ®hpiopletiryymbgephchanges
in the volune of the blood vessels or characteristics of the blood itself
nodi fy the optical properties of the capillary bed. 20 A PPG signal is used
to measure saturation of peripheral oxygen (Sp02), which is an estimation
of tde | evel of oxygen saturation in a fluid, such as bl ood. The PPG si gnal
can al sg_he used to nmeasure blood pressure. A device such as a pul se

oxi met eFEQHMG A EIELR neasuring enhanced optical 25 pulsatile signals
enmtted by the changes in the volunme of blood flow ng through a user. The
pul se oxinmeter typically has a pair of snmall light emtting diodes (LEDs)
faci ng a phol MIPESEN ipMentieacetatasobroadiyita a reflestancedened pptidal ofeashenmertr
body, Ugdife! ahdaofal MEBHY fd?aQEfI@di‘ar%%rdaQQﬁopMh\te'an:J]'%ﬁh%pere bet ween. The LEDS
illumnate the tissue (e.g. skin) of e user an e phot odet ect or
meaures small variations in |i ght intensity associated with changes in 30
perfusion in a catchnent volune. An oxinmeter in such a configuration is
typi cal lK cal | ed a transmttance-type oxinmeter. The light fromthe LEDs
passes B P NP tissue and is detected by the photodi ode. One LED is
red, with vvavel ength of approxi mately 660 nanoneters (nn), and the other is
|nfrared with a wavel ength of approxi mately 905, 910 or 940 nm Absorption
at these wavEPRiiegt RONEPARGe PE %V@WP@'F@'aﬁfﬂa@Ctb@’etweelntlllmtyWmmgtemhonn dnigh85i t s
deaxy germbetedahmugh [ h | obi n
can be WO 2012/ 0985%3%%1}8 gecgoélg%(gob%%(go mgg%aF%u?gggg%Jénﬁogﬁ%%ygppﬁog t he
absor ptAlorPPYFalt Aisasw@ment! tehmiayeusedgiie, deteet. bidesl rvatuine othanges | inglthe t 0
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For transmttance-type oxineters, Istypic
funct i GhTinGeriR-i As arteral aulsations| entsr theﬁamlwéy bedtabahgereindneivailime oameeblsdsﬂ eld
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refl ectance-type oxi meters.” For | ect ance-type oXI net ers

t he ph@FBcHed&@dﬂ‘emeaéurﬁr?'Qngw side of the translucent part of the
user's body. Light fromthe LEDs are reflected fromthe portion to be
nmeasured and detected by the photodi ode. For refl ectance-type oxineters,
ambi ent 1i ghf* 88Yicesugh Asgai Pylsa mximeter grovidesaferumessuring bnlgﬂttcede¢Mmai on by
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cuff or a holder/clip to 15provide s al nst anni e
i nt er f BYS®GXimeter tV@F“P'Q‘éXaé@ H’ﬁ'@‘PftS"‘P&"dmht ﬁ@ltLMIOd%(LﬁﬂwiaCh@ alptietsdnodé/l e to

a USEr photodetector, with a translucent part of the user's body, usually a fingertip or an earlobe,
positioned there between. The LEDs illuminate the tissue (e.g. skin) of the user and the

photodetector measures small variations in light intensity associated with changes in

30 perfusion in a catchment volume. An oximeter in such a configuration is typically called a
transmittance-type oximeter. The light from the LEDs passes through the tissue and is
detected by the photodiode. One LED is red, with wavelength of approximately 660
nanometers (nm), and the other is infrared, with a wavelength of approximately 905, 910 or
940 nm. Absorption at these wavelengths differs significantly between oxyhemoglobin and

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 net er WO 2pr209p¥8 t he 20anbi ent |ight shielding. FurtRET/SGA129800860Ve,
the inventors have recognised that a typical oxineter has relatively
conplicated design considerations centering on how to incorporate a power
source such that the oxineter canafunction as a standal one devi ce.

Thi s nayaleg@biy fdﬂ\/q{eomervf tHD ABSbrbtitRI FARE réd AR GiffaPel GEhE! iSe. RS &6 SFELET S-
I n addition, for oxinete anmbi ent light can interfere wth readings in

the for igHto ﬁ‘ﬁﬁfeé’riphhﬁﬁ%é"mpé’f Pusatifgl cOmpeABNtE B thei meAsuSing Ritais t hose from
bilirubin | anps, fluorescent light, infrared heating | anps and direct
sunlight etc. can affect the accuracy of Sp02 30 readings. As a brief

i ntroduction, @pwseamm%éy%ﬁxwt%s%euf&ﬁr thRlenEs Waigaloryidedtedunction bot h
a reg (Bﬁ%nl?%@ a'J‘HoIHQJ fo?"tﬁe,egh&tbgibdg B@d%léﬂﬁé‘é a sﬂ@d B@QunEtP Qn??feﬂlnﬁdht' has

obt ai ned wheh a red %%ﬁ,a out Onmis refl écted

user. Theen reegisey 'ﬁﬂ%ﬂa"i@ 1 rr?e'dP'QﬂféﬁHp Hpiqatly erforessia fixed grientation ofrﬁagnetl c
waves o a@o&he@?@r‘gbo%?(’&%éédr%éﬁcfﬁg rr%fyfbetJ?\%e§|kétﬂe ffadsdiSer. VO

2012/ 099538PCT/ SG2012/ 000006 3 herefore, w thout renoving anbi ent
light interference fromthe PPG signals, a true reading of Red or IR PPG
signal s cannoppb@easmei Hafd, Zpars ﬂd?nttFH ul fo
Typically, a tﬂl rg PPG si gna IB i.e. ri}gﬁfd‘n%@cfpelt ?Q'g%rlgné réTﬂ]S(g a |ent
PPGOSl gwﬁﬁctﬁgceatYE? ximetetst &pp efl ganaeqtmt odmeters. dhe WrEs aed the photpgiodad Red

LEDs ar r t n i traction
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be tinme consum has al so been recogni sed I nventors t

above prhsted d%Hﬁyr eflgstareertyps oximgtery tyrigally rsdill a@qu"te. 2uff camchalegrigip vel y
conp i Cab@ide @Hlddl r%ﬁéé’in&' ArbibAt B@ht $roth ln?er?teqbfvglﬁlr Pe'ﬁtectéb GigAd fr&?ttn fL%r sRed
I nfrared and/ or anbi ent G signal s. 'n view of the ove

t here e?'?'%t‘?yz!?er\@éﬂs'fﬁh’e@r? ¥§8i cal neasur ement deV| ce and met hod that seek
to address at | east one of the above problens. There al so exists a need for
a noi se cancell ation nethod and systemthat seek to address at |east one of
the 15above JrHPERRe. fgGARR typrsofaetestansrclypaioximalersadiiont cliss, sheh ps esent
i nvent itfbse fhpateh 'f&npréﬁhﬁﬁdlsastm%aﬁ%dc 8h the BRY& ot @le BRRIEH to1Hbii8e ThaN2!
froman optical mnmeasurenent, the nmethod conprising obtaining a first signal
wa?df ordipigrRtdightthieidingct i ng 1i ght based on a first light illumnation;
obtaining a second signal waveform based on detecting |ight based on a
second light illumnation;, tuning the first light and second |ight

i 11 um nat i on FRAT thifte abevemthe iRYRNtops have Ireqogaissd dhatt a dyrical sixiraeter bagond
si gnal rapwed ng&é?ﬁplﬁ:"a%dr@éidﬂ RdidantioNd EéHté'nrﬁ}; & ﬁ&ﬁ?@lﬁ%@@%tééhﬂﬁ@% cé ange,
such that anbi ent gg interference for the first and second signa

wavef orsigh itat the QximpteroganfuRctinn as ?rﬁt?féﬂ%‘?f‘&n%w%a\?'@ﬁ)mﬁv isiglaydeyglogatestt i ng
ar‘rt;r_:,entanhl,mgaseqm,aud@,bngogtgwtmé{grsnax| mum and m ni mrum val ues of the first
and the second signal waveforns; and deriving signal values of the first
and second signal waveforns with the 30renoval of anbient noise by using

the maxi num @rﬁ‘@d&i’tn@h NPMoXitHet&S, Qrfnb?‘ehﬁhéﬂt rc%h ﬁ@i*e Witk ¢ sslhgtﬂ@lform of
wavef or ns. he step of ‘obtaining h*?b veform may be
A

per f or r?@&P'%ttrl?'S{?olFﬁ’ exampler 3mbight ll@'ﬁcﬁ@ﬁa as| Qjﬁ%e frpmu lempswflyarpecgndf f .
light, infrared heating lamps and direct sunlight etc. can affect the accuracy of SpO2

30 readings. As a brief introduction, SpO2 calculation is based on the AC and DC components
of both a red (RED) and an infra-red (IR) PPG signal. The Red PPG signal is obtained when
a red LED of e.g. about 660nm is reflected off the skin of a user. The IR PPG signal is
obtained when an IR LED emitting electromagnetic waves of e.g. about 940nm is reflected
off the skin of a user.
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WO 2012/ 099538PCT/ SG2012/ 000006 4 The first light illum nation nmay be based
on a red light source and the second light illum nation nmay be based on an
i nfra-redvDi2gH098B8r ce. The net hod may f urt RET/SCGAMINDENE6

appl ying one or nore optical filters to reduce 5anbient |[ight interference.
The nethod may further conprise toggling between switching on the first
light illumnation and switching on thg second light illumnation in a

t oggl i ng seq UERérefore) vmlhbau :@n{domgfanﬁtsénts:ganaierfmé &riof ﬁqedvﬁ@glgﬁslgoaduél gnal
wavef orm further conprise swtching of f both the

first | fetjﬁt“9| 9 1Rk (HG{BI PanG émaﬁr@ngéb%acqwfsﬂﬂh F%W%éﬁ‘?‘&ﬁ”ﬁe‘?%‘?%ﬁt@f‘ %Af ter

t he t 0gghbORITYREHE NS Birll PP EigAAIN. & Ginitiént IHFG, s sbiaMal. YaY ahdidht | PPGaél @drDi ent
|l ight detection period. 15The method nmay further conprise switch |ng of f

bot h t hi§ 3 Siagg! p tawteduhw%Wﬂ@f’?f@ﬁf%ﬂwef\h@teé%h% ardgRed LEDsmraduingd 9fh a

ti Mg perygichif albhtHomy banttmgé.htr@bﬁ@awmhé AmbRAYSRNSINARS R Ked and IR
interference he net hod may further conprise obtaining

al t er nafP ﬁ‘gs'ﬁ'ﬂﬁ'? ésnf’ar('ﬂ@)o%a'l"ﬂ‘ég"%f 'ttf}‘i’é beens fecegnisac By ibe dventons ﬂtﬁtsﬁughal

wavef or pipc isQpiédN§ pJoReP 86hduEIng Bigita! e comdtrIEtINBH P PG siiPats I
Direct- grﬁ’rrent D@ |9é"the AC val%rg:gbof the third si gnals%veﬁ‘agrarﬁ%g% be

aver age 'W%Pﬂ@ﬂmﬂjﬁ@ éﬁ BRSCRIRR e epPaNisad anthe fvepioreihabine dbpye pesessimbment
li ght defaet 'tﬂfballffrré@ﬂfe aaetu&wa&ﬁﬂ rérawteryecémgmdma %ﬂﬂh PRI QN 2aldig s Of

the third signal he nmethod may further conprise
det ¥ ni giffergn s'g?ﬁ'|thhF§°'b'3§%d“f6ﬁ‘feﬁ§PWQf pRBiepPBRS'Mels/al ues of the first and
second waveforns and the average val ues obtained for the third signal

wavef orm and vvherel nthe ratio is usable for referencing a | ookup table.
30 The st Kotewe) theupkayer tf@mw@@ oRstchion PR @PFal aneastrament devieat

(AC) vahniemetHodtthat $dekb MarkskR 1628 RE oF itgd abowayRbRME T*na%esise%xfs&ea
respective maxi num and m ni num val ues obtai ned in one cycle.

2012/ 0RESIeCH "isL0aFIcellionanethod and systeymy bat S%fthﬁoeaﬂdr?mt 'aaii one fdhees of
t het hi ggbyei myavef orm can be average val ues obtained over a plurality
of cycles of different toggling sequences and anbient |ight detection
periods. 5The nethod may further conprise determning a ratio R for the one
cycl e based on using the DC and AC values of the first and the second
signal waveforns and the average val ues obtained fromthe third signal
wavef or gy ¢in the ratio Ris usable for referencing a | ookup table.
10The method may further conprise determ ning an average R val ue based on
usi ng
20 In accordance with an aspect of the present invention, there is provided 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
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 signal 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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the ratio Rfor the plurality of cycles; and wherein the average R value is
usabl e for referencing a | ookup table. The |ight detected nmay be reflected
l'ight. 15%702012/099538n accordance wi th another aspect of PhE/SGReR&N006
invention, there is provided a device for renoval of anbient noise signal
froman optical neasurenent, the device conprising a coupling nenber for
receiving a first signal waveform obtaigned based on detecting Ilght based

on a first Ilmbtﬁrstlligumuumdaﬂan n@ayswgagbcﬁbﬂa%dwamewﬁé@ aRd g\éﬁéél;h .Sﬁ
on detecting |ight based on a second light illumnation, |gnal

wavef or HUgH aéPHé‘&PVlﬁ?stéﬁfegr?“c?é‘t'BEE@'F%“Q%EP@F%@ light, the coupl i ng rrenber
suitable for coupling to an optical neasurement device; a processor nodul e
for obtaini ngl_ respecti ve maxi nrum and m ni mum val ues of the first and the
second si gnall "RePethed fBay S#thel fomprise eppbingapneysyedorecortisal fikersitgratiuaeal ues
of the Givbknt |r§@ﬁé}@ﬁk§| gnal waveforns with the removal of anbient noise
by 25 using t maxi mum and m ni num val ues of at least two of the first,
second and t hi rd signal waveforns; and wherein the f\lli}rst anghsecond | i ght

i I'1um nati on TR emsiNoliCRSY fhifnet BBHIbABEMdJR et SRitd fhe MRSt TYARP
anplitudes of the first gnd secondb5| gna g:a"\?gv; Or s - ar emﬁéam m s?gﬁ?é rrg

wi t hi n dlupyinaiien andiswalghiag tonr the serond fight l"@meﬁlqnhata tegplingnseduegbe to obtain

i nterf epRNfret §|Q{al WQ@‘efBin’i ahd m&sﬁﬁggnﬁ' l‘or veforms is reduced. 30

The third signal waveform may b [ ne "both the first and second
ligh® illunination switched off. WD 2012/ 099538PCT/ SG2012/ 000006 6

The optical nRapbtcsERby ﬂﬁfﬁ'e?@orﬂﬁﬁ(s iR 'o?fdodgﬁrF]Hé t?Qtehgﬁf .uHan%qu’ 5}1&?‘!
filters to reduce anbient light interfere wavef or m
and t heSee¥grightllymination befose a1 Alier the teagliap seduenssdar ehtatrw'g;glmrtglrd)elgmelen

swi t chi RaveérBrrh teard Afhbient |@,haet|e[j|,d%émbl on and swi tching on the secon]g l'i ght
illumpation in a toggling sequence. The third signal waveform
may be obtai ned based on switching off both the first light 10illum nation
andig he SeCO"FHe ki@t thby Hlﬁh@ﬁ&érﬁﬂré%@v@fcﬁm@r f@({]ottf‘?f]hetf fgﬂgﬁuﬂnﬁgtl ?Hoef?‘n%e in
an anbient |ight detection period um nation
and theS%@@érﬂ'ahfl iilyRination ird tae Perod Atdusingdhe togghing seqt@ecgw medneeicmstalkn a
time pemfbréiiceduring the toggl e 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
wavefornms baggél n%ih&d‘ﬁwaryelﬁﬁﬁ&‘: Etfp ﬁ@xbﬂfé‘mn@nﬂtemﬂfn LoV r}éf# Values of the

20Di rect-current (DC) he AC val ues of "t gn wavetf orm may be
ave?oagef"\%lSl?é%“‘bBE‘%W@dS'QWrW%/eﬁ?fmsathW apf the yresreastive nuaxfmummd mirirhent

l'i ght dediged.i on periods and based on the maxi mum and m ni num val ues of the
third signal waveform The processor may be further arranged to determ ne a
ratio R based on using the DC

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 values 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.



25 and AC values of the first and second waveforns and the average val ues
obtained for the third signal wavefornm and wherein the processor is

conf i gur aNOt2012/98538he ratio R for referencing a | ookup P&DHIS62012/000006 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 respective
maxi mum and m ni mum val ues obtai ned i n5one cycle. Direct-current
(DC) and AC Daectasirreht (@) bihd IAC vialyeal of viak ethiod signay waeeforer @by aveege
obt ai ned ,over, .a plurality of cycles of different toggling sequences and
b ent Aokt o qlbralty B G GlsBerest liSglng pebbentdh, 3 goving o

The pr odetsction penipdbe further arranged to determne a ratio R for the one
cycl e based on using the DC and AC values of the first and the second
signal waveforns and the average val ues obtained fromthe third signal
vavef or m whEheietidiemagfirtheRcbmptisabiberhiningsd eftierre féri tR ode 9ok tastabhe.

The processg‘r Ig&y tc)’e éurfherf rrfanﬁged thg determ ne an average R val ue based
on usi ng®Ih e Briand¢ ypluep @ ﬁ]eufrﬁ ad,thgrsecprq signalwavelgrmsand the@verageessor
can be vands ghtaindd fromuse thiREsigive agefornyahereir BE ratef RICOSADIIR réfefinding
table. 10 The light detected rmay be reflected |ight. I n accordance
with and or‘?é?’p?sbb%ct of the present invention, there is provided a conputer
readabl e data storage nedi um having stored thereon conputer code neans for
15 _instructing a processor, of a feedback unit to execute a nmethod for
rorflar of o i ETEE et s PrH e BTG SHREET oree batetomeEREd
conpr i sthegratibtRi for fige ldralits tof dygles] an@ueiaEin hassikrade telaeti i8oudab@htorbased

on a first light iIIuEn' nati on; obtaining a second signal waveform based on
det ect i T TGN 2 (2kUR AR 4 second Iight illunination: tuning the first
| i ght and second light illumnation such that the maxi num anplitudes of the

first and secon sj gnal waveforms are naxin sed and within a
pr edet er ni n:ﬁh%gqfﬁgﬁtteic{?ﬁ '?%Vn%eefe(ﬁgﬁéﬂ‘ﬁgﬁat anbi ent light interference for
t hetsfirst and second signal waveforns is reduced; obtaining a third signal
wavef orm basled on detecti ng aﬁ%i ent | i%h . obt ai ni%gv_r especti ve nmaxi mum and
m ni mum val uBs2SPrgNses Wit angihgr aseedThe RIESRMI INYRIENoMAe isiREPYRET 3i ng
si gnal deaioge forofenidval fof rapiibi@itdnsies Aighab ifRRl annvapeld rMmBastirdrierithehd eiEial  of
anbi ent_noi se bé usi (i}&the 25 maxi mum and_ nj nj num val ues of .the first and

I

the secBHYPEINGnAI RV Gismber dpf Eeenigra) 91 SN WHYRoRARIARSS 8885%RBI e
embodi rdf]rclédingflighhbaéeg_\/?ré i Ii%htl illuraidabier, taeiewpdl%li@fap%véiﬁﬁn bB@di;aldYba%Eﬂar ent
to gne o ral nar | Inthe art. fromthe fo W ng witten adescription,
by Py B QRSB Repe ondsteneJRP LT Mgl % B0 Hoaf HGToThoRArER:

Fi gur e Hasel| arstetattity ambieapiyHathe cRbRSE Fchibed BuRAbIE fEMCULPRME L1 4R BpEEADPh

(PPG WO 2012/ 099538PCT/ SG2012/ 0 Figure 2 is an illustration of an

! 80036 8 .
altern dp?%sdr%ru??te VICeARPIOGRSSY R we dor-obtainihgpgpective 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.



signal. S5Figure 3(a) is a schematic illustration of an optical measurenent
device in an exanpl e enbodi nent. Figure 3(b) shows schematically an

expl oded WDeM2409338e optical measurenent device. 10 PCT/SE2¢2108008¢Cc) is a
diagramillustrating optical transm ssion characteristics of optical
filtering in an exanpl e enbodi nent. Figure 4 is a schematic
diagramillustrating an optical neasurgnent device being 15coupled to a
personal nobile processing device in an exanpl e enbodi nent. Fi gures
5(a) to (c) are scherratl C hi cal representations of a Vraw signal, a Vac
signal and a' “ppelic WFU’PE?HEQFY'%WWP? apPlisd M enepbBWrerentical %@Wﬁggre 6
IS a sclgoss awbieht ||41$1 i ndricpéhc@df a tine waveformfor collecting data from
infra- red and red light illumnation in an exanpl e enbodi nent.

Figure 7 is a schematic block diagramillustrating circuitry for obtaining

i nfarmation Ty fisPYignaiak aekdth S tHd SEtoRY APMaE wa kB be gétamed basef! 9Ur e
8 is a schematic graphical illustration of output obtained at a %

det ect ot @aBlngPetveey AvitdAg €1 W fistdight ifuriDption ancgwitahingeor e wcamd kghinpl e

enbodi nRgHination in a toggling sehdéré@ 9(a) is a schematic tim ng wave diagram for
toggling on/off of an infra-red (IR) 30 LED and a red (Red) LED in an

exanpl e enmbodi nent. WO 2012/ 099538PCT/ S&012/ 000006 9 Fi gure 10(a)
is a graph sehempisial Ma\kéf&’rﬁHa?tﬂe%tﬁh&ﬁ%s%da&ﬁé\hlfcﬁﬁg ‘i‘l’i@‘l’ l%?hg}h?
d| ital converter in an exanp nbodi nen (I

h StBRatonand yhe seeandr 'eaﬁl r&'bmal‘@t&”n%ﬁfpfﬁg%aﬁ‘?feﬁh? temgssagwan@e saequi r ed
at an adiabiest light dét8étiodlpepisgverter in an exanpl e embodi nent. Fi gure
11(a) is a graph schematically illustrating filtered DC signals in an

exanpl e enmbodi nent. 10Fi gure 11(b) is a graph schematically illustrating
filtered AC sétamad first Ryh®MuMiRABA &nd 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 periods 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 exanpl e enbodi nent.

Fi gure 12¢D)0iz09es3gr aph schematically illustrating filtecescAd2mvanal s for
an anbi ent PPG signal in an exanpl e enbodiment. Figure 13(a) is an enl arged
version of Figure 11(a). Figure 13(b) is an enlarged version of Figure
11(b). Figure 14(a) is an enlarged vergion of Figure 12(a). 25Figure 14(b)
is an enl arged version of Figure 12(b). Figure 15 is a schematic
graph illustrating PPG signals obtained for plurality of Cégltes in an
exanpl e embolierBIACESSRHENY Pe f%h?rsaréar'é?@ﬁetﬁa‘ﬂqt@r W'P%\ﬁcf?éﬂPtR for thet erg icngle an

exenpl asaseloAGRFY the DAk Adl arm' dfQhd St Shd mys?éceh@gigﬁaﬂ wé‘«}é?arﬁﬁtﬂd' {RL1 CS
of a user in an exanpl e enbodi nent Figure 17( IS schematic fl ow

di agr arfVeraagsyYaluas pbfained |frr9@bﬁhq1@trécsdgr@h “ﬁﬂ@f@é@swhﬁfe&hﬂ@x@t@ IReiseyfisbis foent .

WO 201 26R9& R boRip b/ 000006 10 Figure 17(b) is a schematic flow diagram
iI'lustrating an ambient |ight detection process in an exanple enbodi ment.
Figure 18 is a schematic flow diagramillustrating a light intensity

setting pr 0Cﬂ1°e'5?r‘oeesr%oﬁ%a@Wﬁﬁeﬁgﬁéﬁﬂe@qetdetemme an BVEMEE RLValLS bgsfdzgﬁ’ matic

flow diagramillustrating a force optlimsation process in an exanple
enbodi g theartiqyRrfar Ye Rldrality f reetes: iandrwhskeini the PEIREES$Arean hgt Ganfgeredde a

col | ectisanh®bAs8SS R VAl Yol XAdBh&nG TRUKLFRALie. Figure 21 is a
schematic flow diagramillustrating conputation of physiol ogical
chafacteristics of a user in an exanpl e enbodi ment. 15 Figure 22 is
an illust ratTm,ggp,i d@te@t@@%%yst?&ﬁeh@&e&ﬁglﬂ bl ood vessel when a | ow external
pressure is applied gure 23 is an illustration of the
cross-section of the blood vessel mhen a high 20external pressure is

appl i ed. 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 illumination; tuning the first
light and second light illumination 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 the 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.



Figure 24 is a graphical illustration of the anplitude of a neasured PPG
signal in conparison with an anount of applied external pressure in a state
of zero tweansmmed3spressure. 25 Fi gures 25(a) aneCiisGaneo@ohenati c
expanded view illustrations of an optical measurenent device in an exanple
enbodi nent . Figure 26 is a block diagram schematically
illustrating an enbodi mrent of a 30conp8iter/server system suitable for

i npl enenti ng an exanpl e enbodi rrent Fi gure 27 schematically

illustrates hi cal arl edvlta of PPG
si gnal over '?Pﬁ@a?ﬁs EBH'P‘ég’g@ aﬁﬁmﬁt"gq é‘(ﬁfe f(Agri Esﬁl ‘i"%‘é? gﬁ? cﬁ"(g
pressursigmaler tine in an exarrpl e enbodl ment .

2012/ 099538PCT/ SG2012/ 000006 11 Fi gures 28(a) and (b) schematically
illustrate a graphical user interface (GQU) of a feedback unit in coupling
rel &t i onshi }:Figareaa(a())ﬂt i £ achérmati ileskationd e iafeoptitaR Mesargent TeiRei e B -

5Fi gure_28 SE %mat{]cal ly illustrates a graphical user interface (GQUJ ) of
a feedbd ?T" POMeMdi cati ng whet her a user shoul d adjust the anount of
pressure to provide nore, |ess or the same anount in an exanple errbodi ment .

Fi gures 29( re schenma gr aphi cal resentations show ng
correl ation %"%e%% oys P%e ‘é?'@rﬁﬁ‘ aﬁﬁ‘ﬂﬁ’gﬁd % i Fdthsr erticat é"‘?aﬁufﬁ‘u“%}iarrpl e
enbodi nagvice. Figures 30(a) and (b) schematically illustrate a

feedback unit/personal nobile processing device coupled to an opti cal
measur enent device configured in a | andscape orientation in an exanple

enbodi rrent Figure 3(c) is aFdiggaas ||I3§t¢§chgaﬂﬂicéb)raﬂ§rﬁis§i6hQfmfécfer%ﬁwﬂﬂ%tic\lél ew
illustrati.ons of usin i cal neasurenent device to interact wth a
sur f ace"poPY "o’ ‘?)’?a"ho'%g’é‘g ‘?g\e”ﬁeasur ement in an exanpl e enbodi nent .
20Figure 32 is a schematic flow chart illustrating a nethod of neasuring a

PPG si gnal ptica sur enent. {ce coupled to a feedback unit and
usi ng feedb?ﬂuﬁer‘gﬁﬁ a4 % 8@@%? é"a(%‘?r@d'f“lsg'ﬁ Ing; 8 ARtigal; Reagyreme i evicenBYRg ment .

Fi qusr e @Bpbava perstinahbbiiegstocessingl deivice i B es@fpldtdntdihértui t  di agram f or
25 inplenmenting a piezo-based sensing device in an exanpl e enbodi nent
Figure 34 is a schematic flowhart for illustrating a nethod for renoval of

ambi ent noi sfegmiegrwé) tbr(emr@r‘sohembﬂ@brdm&;‘éwéb?&%htdtlanﬁbf axaEn| sigrmhp dhaeNt .
30F| gure 3 n analog to digital converter when

t Wo LEﬁigrfaZaﬁ‘i’ 3%98 sméhreﬁg‘?(i%"?_%&rgg?’éa@ €aediE i n an exanpl e

enbodi nent .

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
SpO2 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 ared (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.



DETAI LED DESCRI PTI ON WD 2012/ 099538PCT/ SG2012/ 000006 12 The exanpl e

enbodi nents descri bed herein can provide an optical neasurenent device and
nmet hod t O 20e90838ai n a phot opl et hysnogr aphy (PPG si grair/siGearmoaoneer . The
measurenents in the exanple enbodi mrents are non-invasive optica
physi ol ogi cal neasurenments. 5 In an exanple inplenentation, a

refl ectance-based optical nmeasurenent glevice can be provided that functions
as an accesspigyret f0(8) &eéw séﬂlii’héti%alﬁf ﬂ’lﬁﬁ%‘tin?gsl&%@ ‘a‘@qunf@&eatpﬁ’f %ﬁﬁl% t&Db' le
proceSS|n? devi ce can be nmobi | hone, smartphone, personal digit

assi st aH1973! pepyerteniAn @‘aﬁi&ﬁ EmBP@?@f‘t tabl et, netbook or |aptop, al t hough
this list is not 10 exhaustive by any neans. In such a function, the
accessory is_not neant to affect the main workings or functions of the

per sonal ~nobfiparepi bk i iangragb\scoematically ibysyiaing Aipeating surrenls (AGhsigagsi cal
meagur %@ire@iﬁt’ér?gnéh?g R il BMVErte Rl drfdxahipleMbb@mEne] zed obj ect for
portability. 15The neasurenent device conprises a coupling nenber that can
provi de coupllng bet ween the neasurenent device to the personal nobile
processing dﬁyu@ema) 2y &apalpw ShenfzB4ily Iistatify) filtdBd IOLS ss;!ﬁra&rhpéd Smple
cableless is taken to inClude a conneCtion that I1s wthout the use of wires
or cablem8bedimenldi ng from t he personal nobile processing device to the

opti cal neasurenent device. 20 In the exanpl e inplenentation, the
measur ement device is provided without a holder or clip or cuff, i.e. the
mea¥ur enent daviectl (bsisha BERph schematienlly diigsdighing fikered rAG sgnglsr ini amexamplér as a
finger dhbodthedt User, for neasurement. A neasurenent surface is provided
for the neasurenent device such that the user can access the neasurenent
surface using 25 the surface portion for neasurenent. Wth the neasurenent

devi ce bei norigQledehERS gﬁdﬁﬁ S%Héfn%ﬁ@all?QlstlerrthfdtérQ@ US,Sg SQQQﬁIaSR%ﬁ'ﬁ)IéTJPe

measurenent surface fromall directions 1n a’single e single plane
may be RRC#iasahe %‘I%‘ﬁ@p@semh@méafsurenent surface. In the exanple
i npjsenment ation, the neasurenent device is used for illumnating a 30

surface portion of the user and detecting reflected |ight fromthe surface

portion. TheFigwgslA(ehisr awmphiscbemgtically illistating filtetpd ACc signalsyor an ambignts t he
det ect epp&isgtal i UxERpldEmb&iMBAL her device, for e.g. the personal nobile
processing device, to carry out further processing, e.g. for renoval of
anbient light interference for Sp02 values determnation. It wll be

appr eci at ed gifgale 13p418s 8% ERBIgeRiverdidH 6MtigleN{a)i Nterference can be al | owed
in the |ight 35detection at gthe rreasurerrent deV| ce given that the

meaddur enent devi ce does not provide WO 2012/099538PCT/ SG2012/ 000006 13

shi el di ng T ofigliledb)i$hh BRIBIA veldidtFof EigurtPagxanpl e i npl enentation, the
nmeasur enent device i's not processor-intensive, e.g. nmay not require a
processor, and can therefore functi on wi thout a dedicated power supply such
as a batt er yrijgJfaUsia)tid'8n gﬁ@@gﬁ &@1@?&2 be manufactured to be
relatively snall as conpared to conventlonal evi ces. In the
exanpl e i npl enentation, the neasurenent device is in a substantially
norggefornabl,qgu,gmm(b)assapgﬂg?%g %%l&@&@lg&%ﬁ@ xi neters. The measurenent
surface of the neasurenment device iIs alSo pref erably non-adhesive to reduce
the |ikelihood of inconvenience to users. Bef ore proceeding to nore
fully descr i BguRoreiscy aBRbRaRIBRAN Thirdting PP YigASISDSAIShES réH a trlity ! Y

descri be conponents of a PPG sig
cycles in an example embodiment.

30 Figure 16 is a schematic flowchart illustrating an exemplary 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



Figures 1 and 2 are provided to briefly describe conponents of a PPG
signal. 15 Figure 1 illustrates a graphical representation of a

phot opl etWwp=2omgmegk (PPG signal 100, which can general pgTlse2di2vnvaes i nt o
two conponents: an AC conponent 102 due to the absorption of light in

pul satile arterial blood volune 106; and a DC conponent 104 caused by the
absorption produced by non-pulsatile apterial blood - i.e. venous bl ood and
capillary bl P@;‘éré-qagb%a@% tSeRSHSA RSN Mbdram WhSrat®@ an ambient! fHti B Rioh
this AC conponent 1 i s superinposed onto a | arge quasi-DC conponent 104
t hat reP®cess 'ﬂ@“t%"@les%'ﬁié%‘ﬁ'aﬁﬂf-to the average bl ood vol ume. This DC
conponent 104 varies slowy due to respiration, vasonotor activity and
vasoconstrictor waves. Wth suitable electronic filtering and

anpl i fi cati ohigurol$ ist dechematisniivnediggrarp flustrpiings tight i apYl settingorroesss ine

ext ract gl fQhoie EhiRdsH. Pul se wave anal ysis. Two significant
char acteriesﬁ%s of the PPG AC pul se waveform 102 have been descri bed and
are illustrated in Figure 2, where the appearance of the pul se wavef orm was

defined as tpRuRNPSRSa séhdnhdtitioRN@SEaH muamﬁ§ alfla?c_eb@dtmsét#aﬁl;{rbéésegn gHge of

t he pul se, and a 30 second catacrotic phase 114 being the falling edge of
t he pul exampfeentodimenphase 112 is prinmarily concerned with systole, while
t he second phase 114 represents diastole and wave reflections 116 fromthe
peri phery. A dicrotic notch 118 is usually seen in the second catacrotic
phate 114 of Figurg 8e s avsahematiea fiowydiagigp illdsiratingt 2 datas collegiipn process in an

2012/ 099p3RHEEMpGaitknt 000006 14 In the follow ng detailed
description, re erlence will be nmade to the acconpanying draw ngs. The
af orenenti oned acconpanyi ng drawi ngs show by way of illustration and not by

way of Iim tﬁitghﬁagmSiEeéiJch&m%ﬂ@QBW‘@&Eﬁ?‘arﬁr\%étﬁﬁw%mp%idtﬁﬁsoﬁﬁﬁféiﬁéﬁgl Wi th

principles of "t resent invention. These inplenentations are described in
suf fi ci eharagietisiics ot duserappe examplgambadimenid in the art to practice the
invagntion, and it is to be understood that other inplenentations my be
utilized and that structural changes and/or substitutions of various

el enment s mayFigerenddiis a0 HHYation &b & ¢rpsigseqtiomof Rblagthyrssgt wher adew exiarnal
inventi gRqo kB% %ﬂ]"b&vvi ng detailed description is, therefore, not to be
construed I1n a l'iTmted sense. Additionally, the various enbodi nents as
descri bed may be inplenented in the formof 10software running on a general
purpose Cormﬁiggfe 23 s LREIIHBbR Tof 3nS RESIsAchb o M WRIoE vedselCRABN RRhigAN Of
sof tware and Nardware. The ternms "coupled® or "connected" as used
i n 3hi sexiersal prgssusd issanplietht ended to cover both directly connected or
connected through one or nore internedi ate neans, unless 150t herw se

st at ed. - The description herein may be, in certain portions, )
explicitly ofiguigp?4 i algpariueat iljustrations olathgormelituee aha/meeasuett PPéhaignal in

oper at | &?q%ér@aﬁ ARELATSmAiht 3T Sppid NixerAalC HEBSE in B SRItY & 2620 tRARRTUFANI C
circuit. ese algorithmc descriptions and/or functional operations are
usual | ypressuiged by those skilled in the information/data processing arts
for,eefficient description. An algorithmis generally relating to a
sel%-consi stent sequence of steps leading to a desired result. The

al gorit hnmi c Bgwies 2%¥p) iand| (RIearghgehesaticnaxnanded  View sillstralipgssjaf o3 optical
quant i t feseursMefk d%icelifsh Eksble JMRSBARRAM OF optical signals capable of
being stored, transmtted, transferred, conbined, conpared, and otherw se
mani pul ated. 25 Further, unless specifically stated otherw se, and

woul d ordi “arfi'ghaé bg RPBAGRIk Bi‘éﬁfgrﬁ *k%hémakigé(s}g“ﬁust?atmﬁr SANembblihiedt 14t Lhe

art will appréciate that throughout the pr nt specification, discussions
ut 130 zi enRUter/Rerel siste® suidable ferrigpplementing an gxampte embpsinaenti ni ng"”
"replacing”, "generating”, "initializing", "outputting”, and the liKke,
refer to action and processes 30 of a instructing processor/conputer
system or sFigunea?7 sthematicallycillastrates a/araphical/conpaosemef atgsaph of measured

mani pul f.or e j

uant | 1yRE0G R BrEPG AT Buer @RS R e Beh bl S B oPSh By Bhount of

r epr esepresstiraovertiyes in@n exaeple embedintienhi n t he system or ot her information
st of.age, transm ssion or display devices etc. WO

20I2/ 099538PCT/ SG2012/ 000006 15



The description al so discloses rel evant device/ apparatus for performng the
steps of the described nethods. Such apparatus may be specifically

const r uctwo 2bro9d3ze pur poses of the nethods, or nay conpCirse:2ei2genss al

pur pose conputer/processor or other device selectively activated or
reconfigured by a conputer programstored in a storage nenber. 5 The

al gorithns and displays descri bed hergifn are not inherently related to any
particul ar cpogisers@ att (Brschematicdily Siustratd & gﬂmﬁm@ﬂm@?ﬁcquw 8t a

pur pose devi ces/ machines may be used in accordance with the teachings

her ei n.feggkack it mepwphﬂaereé&mq*vm&q iBPnoRiical MegeierIeNt dgvige Vi @& axaarlat us
to perfQhpodimeniet hod steps may be desired. 10In addition, it is submtted
that the description also inplicitly covers a conputer program in that it
woul d be clear that the steps of the nethods described herein may be put
intg effect ByuOorRe sheridiiSallyiflustratds ?@rﬁﬂ%?ﬁéeﬁ‘ﬁ%ﬁ&&@@@? loRE%BedtHck Bt Y
of programm ng | anguages and codi ng can be used to inplenent the teachings
of the Wikfer ingicating weetbpha usgsrshevidradiysh thecmpnit of PissededenPravidgoppies lgsbe i s
not | i nttRE shife BMbUPRINtdnCedaftiplESRbbdnehi OW and 15can use different control
flows w thout departing fromthe scope of the invention.

Furt hernore, one or nore of the steps of the conputer programif applicable
may be perf ofighksi J9RRoc) Gle SEENAticSEIMGEAI r@bleXentSHR shoABP UL &rrelitiBAT aM

i f applicable rraF}/ be 'stored on any conputer readable nedium™ The conputer

r eatfabl ketygen aRAtayarefernyged ap applisdayessyes incasexamitie exbagigieat i c or opti cal
di sks, nmenory chips, or other storage devices suitable for interfacing with
a suitabl e reader/general purpose conputer. The cor‘rEuter readabl e nedi um

may even i nchigaesasQi@) eandmileli sehesirtisalis ilustiaisl iof feagbaek tuné/perrosrh@robdgst em
or Wi r eb8ssssifAbeNies eslplad t%ﬁnﬂsﬂcy RidabileRleHE HOALD chRfJIR ROY%: :aﬁég‘e%a e
comput er program when | oaded and executed on a suitabl e reader effectively
r esul t sonentationdmpa examplezotedimeiin i npl ement the steps of the described

met f1ods. The exanpl e enbodi nents may al so be i npl enented as hardware
modul es. A nodule is a functional hardware unit designed for use w th other
conmponent s ofigHEEA 163). anchib) @rafphamatiy expanded wigy itustiatipnseafewsieg an Hptieal

di gi t al mEasFbAERELSIQ B IHQBLCWRIPEPQIRIESporiith OF al lisef 3r FRall@nddt i @A Of
an entire electronic circuit such as an Application Specific Integrated

G r cui tOERRIEpmbadimenton skilled in the art will understand that the

exanpl e enbodi nents can al so be inplenented as a conbi nati on of hardware
and software_nodul es. WD 2012/ 099538PCT/ S&2012/ 000006 16 I n sone
exathl e enmbobiBHENRSIS & sghematic dlawathapdiysyirbingip resthed af nsperingi ;HPBEEgNAN of
a_user & af pti¥althadurand il &letick &bupletiRY ta teclibhck BHiCARRLEIRG &EdAR ®oth 8 T ed
LED and an infra-red LED. Further, in the description hereéin, the term

"| i ght "Prgssyis detestiereassemdinip antexampieeembedingplet ed in a broad sense and is
not limted to visible light only. The term"light" as 5used herein can
include, but is not limted to, X-ray light rays, visible |ight rays,

ul travi ol et Figyr I3xshowsd a rsimelifiedd exemplary JgBresentative circuiti diageam(fy is a
scheyat jnfoldhé i Alib A b RedABn ARG HEREe TBATNAIPIO bmBBYifedt i N an exanple
enbodi ment. Figure 3(b) shows schematically an expl oded view of the optical
10 neasurenent devi ce. The optical nmeasurenent device 300 is a

ref | ect ance- PRaRA3HAYh GehéMatid foerARILE iIBSPRAMNGE Retho for 3BbEa | of it e MENt
devi ce 300 conprises an illum nation and detecCtion assenbly 302 encased in
a housi ARjse®gnal|fion aroeticl BaasHrement in anExgmple eupgdimenfe housi ng 15 304 is
shown divided into a top casing 306 and a base casing 308. The top casing
306 conprises a neasurenent surface 310, shown schematically with dotted

| i n¥s. The nkigyie¥nghewsdioned signalderansat@an anatasitp|digitat eprwertergmhes e tEDg 12
and on ' ' iation and detection
assenbletyaglsrzg.m%ﬂgn?&ﬁ gg?gsrrékggsﬂtrcg?r%ﬁftf%é?/?%:aer%ggghidgpﬁl@ conprises a
coupling nenber 316 that can provide coupling between the 20 neasurenent
device 300 to a personal nobile processing device/feedback unit (not shown)
in a cableless configuration. The coupling nenber 316 may be in the form of
an i nt ePFAALEEBMESGBIPTAONa uni versal serial bus (USB) port or the 30 pin
confiection used in the Apple(r) iPhonee (Apple Computer, Inc., Cupertino,
CA) etc. 25In the exanple enbodinment, the |ight source 312 can propagate
light through a surface portion of a user for neasurenent, e.g. a portion
of living tissue of the user placed at the neasurenent site. The |ight
detectors e.g. 314 can detect light reflected fromthe portion of living

ti ssue of the user. The detected light information.at the |ight detectors
e.g. 314 can be transmtted via the coupling nenber 316 to a personal

nobi | e processi ng device (not 30shown), for exanple, for further



In the exanpl e enbodi nent, optionally, a pressure detection assenbly 318
may be provided in the optical neasurenent device 300. The pressure

det ect i onrwesemh3ss318 can be configured to detect and tPrassriR/ob@moa
personal nobile processing device (not shown) an 35 anobunt of pressure
applied by a body part of a user to the measurenent device 300 during WO
2012/ 099538PCT/ SG2012/ 000006 17 opticagbk neasurenent. The pressure

information caie %mﬁeémﬂo@rm@f@aeé@mbuthemﬁ chh rprcsmie é@op{nﬁal dedRafervdipt her
a body part has been Rl aced on the neasurenent device and/or whether the

pr essureeviseeandmelpddnB @y Qpaip a Rholepiethysraearapiy (R wenab P @adiHaYs The be
obt ai nedeasutéfe B! 'n?athe MBRSHPIE MeHbodRYdrEe @0 reanadle! opfiddl | ¥hfatlogical
integrated with optical filters e.g. 320 to mnimze the di sturbance from
anbi entmﬁ'?ﬁﬂ?me'ﬂtﬁ the exanpl e embodi ment, an edge filter with optical
transm ssion characteristics can be used. Figure 3(c) is a diagram
illustrating optical transm ssion characteristics of optical 10 filtering
in an exanpl e'%%@d?'ﬁ’é'ﬁt'mH'EH“Qﬂﬁ?@%)@dﬁé‘?@%%@ﬁ%ﬁPt'Caﬁ/H\P@PEWQ’teﬁ% dsvicej ght
bel ow abpige Er%@i‘&% 'tr$atffur{c'h8ﬁse£’s QHbcé"é%go@rtg‘éeﬂgr%ﬁaf Bl SReBdsIY ddiged. TRB!
detectors eag . This can be effective as the wavel engths of interest
are t hapersen rgob"amfeﬁesgmnqiﬁvmcab@eta m'lﬁmmnﬁysmmﬁ*&nﬁappww digitalt er s

whi ch tﬂs&%ntw)f hﬁabﬁ@msﬁ‘é‘gfavér Qbbb trRisk SaRplP, BREsLghFs RAEPAA.
filters which, e. when used I n conbi nation, allow transm ssion of |1 ght
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App surface portion of the user can access the measurement surface from all directions in a

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

In the example implementation, the measurement device is used for illuminating a

30 surface portion of the user and detecting reflected light from the surface portion. The
measurement device, being meant as an accessory, transmits the detected light 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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(Hex) DC2 (Hexdrofdh &%Céé‘(ﬁﬁ@ tdRiSfe fthf?@esg&e( E6e example embodiments, it may be

beneficial to briefly describe components of a PPG signal.

Figures 1 and 2 are provided to briefly describe components of a PPG signal.
15  Figure 1 illustrates a graphical representation of a photoplethysmograph (PPG) signal 100,
which can generally be divided into two components: an AC component 102 due to the
absorption of light in pulsatile arterial blood volume 106; and a DC component 104 caused
by the absorption produced by non-pulsatile arterial blood —~ i.e. venous blood and capillary
biood 108, and tissue absorption 110.
20
In Figure 1, this AC component 102 is superimposed onto 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 amplification, 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 to 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 to 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 to 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 circuit. These algorithmic descriptions and/or 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-consistent 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.

Further, unless specifically stated otherwise, and would ordinarily be apparent from
the following, a person skilled in the art will appreciate that throughout the present
specification, discussions utilizing terms such as “scanning”, “calculating”, “determining”,

” o« L' ” o«

“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 display 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 computer/processor or other device
selectively activated or reconfigured by a computer program stored in a storage member.
The algorithms and displays described herein are not inherently related to any particular
computer or other apparatus. It is understood that general purpose devices/machines may
be used in accordance with the teachings herein. Alternatively, the construction of a

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

In addition, it is submitted that the description also implicitly covers a computer
program, in that it would be clear that the steps of the methods described herein may be put
into effect by computer code. It will be appreciated that a large variety of programming
languages and coding can be used to implement the teachings of the description herein.
Moreover, the computer program if applicable is not limited to any particular control flow and

can use different control flows without departing from the scope of the invention.

Furthermore, one or more of the steps of the computer program if applicable may be
performed in parallel and/or sequentially. Such a computer program if applicable may be
stored on any computer readable medium. The computer readable medium may include
storage devices such as magnetic or optical disks, memory chips, or other storage devices
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 results in an apparatus
that can implement the steps of the described methods.

The example embodiments may also be implemented as hardware modules. A
module is a functional hardware unit designed for use with other components or modules.
For example, a module may be implemented using digital or discrete electronic components,
or it can form a portion of an entire electronic circuit such as an Application Specific
Integrated Circuit (ASIC). A person skilled in the art will understand that the example
embodiments can also be implemented as a combination of hardware and software
modules.
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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
used herein can include, but is not limited to, X-ray light rays, visible light rays, ultraviolet

light rays and infra-red light rays.

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

measurement device.

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

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

shown), for example, for further processing.

In the example embodiment, optionally, a pressure detection assembly 318 may be
provided in the optical measurement device 300. The pressure detection assembly 318 can
be configured to detect and transmit to a personal mobile processing device (not shown) an
amount of pressure applied by a body part of a user to the measurement device 300 during



0701 023A O1E3 0355 0591 2.8905 0.9189 0.7787 1.3751 22973 48
FOE20A01023A0121303400592 0701 023A 0120 0340 0592 2. 8905 0.9189 0. 4852
1. 3413 2.\2089129/9538 PCT/SG2012/000006

17
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 embodiment,

an edge filter with optical transmission characteristics can be used.

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

10 filtering in 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

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

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

example, filters which, e.g. when used in combination, allow transmission of light from about

15 600-700nm, and about 900-1000nm can be used. Alternatively, a single filter which allow
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 pressure/force 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 measurement device 400 is shown coupled to the personal mobile processing device

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

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 possible depending on the

personal mobile processing device 414.

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

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

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 comprised of 2 bytes of header and 10
bytes of payload. The payload is sub-divided into 5 parts, each comprising 2 bytes of data,
15 i.e. 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 to back to voltage (V). It will be
appreciated that variations of the data/payload is possible depending on the desired
application, for example, whether or not the force sensing portion 406 is included in the
device 400.
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 SpO,. PPG1 and PPG2 establish an actual PPG waveform and provide
information for the AC component 102 of the PPG waveform. Optionally, FS sets out to
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 ., DC1 DC2 | PPG1t | PPG2 FS DC1 BDBC2 | PPGt | PPG2 FS

(ms) Data from Device (Hex) | (Hex) | (Hex) | (Hex) [ (Hex)| v} | ) | v) | v) | v

) FOE20A01023A01F00350065E | 0701 | 023A | 01F0Q | 0350 | O55E |2.8905/0.9189(0.7986]1.3671|2.2150
8 FOQE20A01023A02A80347056D | 0701 | 023A | 02A8 | 0347 | 066D |2.8905/0,8189]1.0962] 1.3526|2.2392
16 | FOE20A01023A031802B7057A | 0701 | 023A | 0318 | 02B7 | 057A }2.8905[0.9189]1.2768| 1.1204}2.2602
24 FOE20A01023A0314026D00584 | 0701 | 023A | 0314 | 026D | 0584 [2.8905/0.9189(1.2703[1.0011{2.2763
32 | FOE20A01023A029E02D0058C | 0701 | 023A | 029E | 02D0 | 058C {2.8905/0.9189(1.0801|1.1607|2.2892
40 FOE20A01023A01E303550591 | 0701 | 023A | O1E3 | 0355 | 0591 |2.8905/0.9189{0.7787]1.3751|2.2973
48 FOE20A01023A012D03400582 | 0701 | 023A | 012D | 0340 | 0592 |2.8906|0.9188]0.4852|1.3413]|2.2889
66 | FOE20A01023AQ0C402AE0591 | 0701 | 023A | 00C4 | 02AE | 0591 [2.8906|0.9188|0.3160]1.1058|2.2973
64 | FOE20A01023A00D0O026EQ580 | 0701 | 023A | 00DO | 026E | 058D |2.8905(0.9189|0.3353] 1.0027|2.2908
72 | FOE20A01023A014D02DB058S | 0701 | 023A | 014D | 02DB | 0585 [2.8905/0.9189|0.5368| 1.1785[2.2779
B0 | FOE20A01023A0209035A0578 [ 0701 | 023A | 0209 | O35A | 0578 |2.8905(0.9189|0.8399| 1.3832{2.2618
88 | FOE20A01023A02BC0O338056E | 0701 | 023A | 02BC | 0338 | 056E [2.8905|0.9189]1.1285| 1.3284]2.2408
96 | FOE20A01023A031F02AS056F | 0701 | 023A | 931F | O2A5 | O55F 12.8905/0,9189(1.2881|1.0914]|2.2167
104 | FOE20A01023A0308B0270054E | 0701 | 023A | 0308 | 0270 | O54E |2.8905/0.9189|1.2558( 1.0060|2.1883
112 | FOE20A01023A028802E50538 | 0701 | 023A | 0288 | 02E5 | 053B |2.8906/0.9189|1.0447|1.1946|2.1586
120 [ FOE20A01023A01F0O0350085E | 0701 | 023A | 01C9 | O35E | 0526 |2.8805|0.9189(0.7367 1.3896]|2.1248

Table 1: Data Decoding Format

Turning to Figure 4, in the example embodiment, the LEDs 410, 412 illuminate a
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 components, both of which contain
information for waveform analysis. Signal conditioning is therefore performed to obtain the
10 information for further processing at the personal mobile processing device 414. An

exemplary signal conditioning process is described below.

To determine the DC component of the PPG signal, a raw signal 420 obtained from

the photodetector 408 is digitized at an Analog-to-Digital converter (ADC1) 422. The

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-analog converter (DAC) 430 to provide resultant digital Vsub signals 432.

The determined DC component (Vsub) 432 is then subtracted from the raw signal,
25  Vraw (at numeral 420) to obtain Vac 432. The new raw signal, 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 Vppg 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 signal. 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 illumination in an example embodiment. Reference is made to components
of Figure 4. An MCU clock 600 of the MCU 418 is set to toggle at a predetermined interval to
accommodate retrieving results from both LED(IR) 412 and LED(RED) 410 during a
respective first interval 602 and second interval 604. In the example embodiment, the
interval 606 is set to 4 milliseconds. The data collection sequence is then repeated in the

20 third interval 608 and fourth interval 610 etc. Before each toggle between the two LEDs 410,
412, data from ADC1 422 and ADC2 440 are taken and sent to the UART to the personal

mobile processing device 414, for example, for further processing.

Therefore, in the above described example embodiment, an illumination and
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 optical 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 holderless. Further, a measurement surface can be provided for
the measurement device such that a user can access the measurement surface using a
surface portion, such as a finger tip of the user, fbr measurement. With the measurement

35 device being holderless, 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 transmitted 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 to be relatively small 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 performed at the personal mobile processing
device. The description below relating to ambient noise cancellation for SPO2 calculations
15 can be implemented through software and/or hardware modules. The hardware modules can
comprise electronic circuitry or dedicated application chips such as an ASIC chip. A
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 SpO2 measurements. In one example embodiment, AC and DC values
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10i nf or mati on further processing at t ersonal nobi | E%fr ocessi ng

devi ce mgasurmeek@?qaﬁ@@mb@r@ﬁm signdi me@ﬁwwgerpir(wee@sbqtb thre gy amb IR bEDéw
To det eg mrnnﬁu,ﬁ%éés%ﬁhe paad %i@{nﬁl’ ﬂeaéuré%@ngbérél ned

f
a
fromthe tﬁot odet ector 408 |sng gitized at an Anal og-to-Digit converter
( ADC1) qggrmlmﬁ@ A SpO2 value based on a ratio R value calculated using the determlned

5 maximum and minimum values can then be determined.

Advantageously, in the example embodiment, a signal reconstruction of true Red
and/or IR PPG signals to remove ambient signal interference can be avoided. The inventors
have recognised that by identifying and utilising only significant information for SpO2

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

waveforms formed by the individual points.

Figure 9(a) is an exemplary schematic timing wave diagram for toggling on/off of an

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 example embodiment. Figure 9(b) is a
modification of Figure 9(a) to allow an ambient PPG signal to be obtained. Figure 9(b) also
illustrates a toggling sequence within sequence 806 of Figure 8. There is a relatively brief
period At 902 between each toggling, e.g. about 100us, when both the Red and IR LEDs are

35 turned off. Each LED is turned on for about 2.9ms e.g. numeral 904, which makes each
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exanpl e, a maxi mum of the true Red PPG signal (devoid of %nbf., F no* se) can
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25 amplifier module 710 to maximize the peak-to-peak amplitude of the PPG signal. In an
example embodiment, the AC component is amplified to about 0-3.3V with a gain of about
10-40 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
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shown wam nxmplp@mquﬂ@@ta%elmzls isn; teros of evpAnd the xenispn &M< s Thegur e
7, as s ZHAR &@@5%&%&& 8!1&1’%31%8 is
not at ed8 ?ﬂsgbwgﬂﬁér%%@g%ﬁalgel Wg%\(y)hl?%nﬁsﬁt%:anes has been provid

The30 R ©Ffdiontlien e2 (Cﬁ@lfe(SW\hen only the IRLED is turned on, while the Red
condition refers to when only the Red LED is turned on. The IR and/or the
Red conditions are illustrated in Figures 1%a) and 9(b). That is, even if
the brief tinBiguesr12(t) iata g@phiillustratia fileted AGsignalpies en\askieHFRE signaRad or

IR s §hickhmpf! ditim&te VRl §3%is! i€ HORIMO bff¥Miiithe 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).



20 anount of tinme when one of the LEDs is turned on. The anbient condition
refers to when none of the LEDs are turned on, and the signal is obtained
due to t 020193381 i ght conditions. See nuneral 802 of PET{HGRE12800008t h t he
AC and DC signal portions, the inventors have recogni sed that significant
25 information can be further extracted for Sp02 cal cul ation. Using the
circuit of Figure 7, it can be seen fmem Figures 10(a) and (b) that the AC
and DC conmponents of the Red and IR PPG signals are |arger than those of

t he anbient PPG signal. Therefore, the contribution of the anbient PPG
signal is |esyosi Gigurescide) aushpabbdhaimaximye anshnimn RANts for eachriyBleor | R
PPG si 008 fhe cgngspd?ﬂn@gma‘?y hA& til@forthBy ﬁai@iﬁﬁkﬁ 8h& mamdntadin ladd ideRtifietat

i's, in exanp di ments, the LED illum nation intensity can be tuned
to a |ese@|t1tamdtt3pit wlutzee@pnrwataétﬂ@%ﬁ*@jméxlgww 3nd RERIMPFOMAIMRS <28 b Ytaiged
detecte ;p‘?& thout saturating the signals. The intensity
can%‘ge ‘gs(')rffjarg Q%t&‘ﬂﬁg't%gﬁrq é\l'éhe tuning can ensure that both Red and IR
signals transmtted to ADC1 can reach an anplitude |evel significantly

hi gher than BgRASKRIISPEr FRUADPHE) FEEusHEAGM beapetfic derigii ent
si gnal at ADéﬂBbr%n{ %)'ufgn%, %né\g% bot h Red igﬁ §: gnl:a | s at Al e1 ‘c%n

pr ef er atdtwedre tidtotts af theHiaredNC signabJie. IRTgnRals gre QNSW“ with solid lines at 1302

2012/ 09 g@%%gé dfIRsSlinded 13pd illustrated in nore detail

bel ow wgﬁﬁg%r%e . rlg%ﬂg\gglwgt?on tﬁere can be steps taken to ensure that
det®#rted Anbient |light signals are not too high. Exenplary steps are
described anogyl Ul paksath ér‘i\?@éﬁ%epﬁéﬁibf FREMO'M (M, tfbcd:shr@%@ als7de@flc peHaged on

the LED firing“sequence as illustrated in Figure 8, dat a obt ai ned at
ADC1 anluetwaazndarts petherfiferessh@ signak dhedR signa %@eaﬂww@bﬁ%@d@%satdf%@he

| R Red, angl ki furtﬁ@'ﬁa@&%déhtowa”vﬁth &?@d%g@ai S3ENITNE rﬁé&lrﬁurEEF)bﬁﬁd&Q(ét)ﬂ anel (b)

can und® ital % rocessing steP he nodul es
such pr@caess:iengfle‘i’aé}s llf?dt RielR3. R sﬁlﬁ"@ﬂ?\vﬁlﬁg 5?9@#6‘9?3'3 1310 Hé12 senppetively. The
asg4filter (e.g. filtering
n‘;ap’ mu ﬁeﬁ&gﬁglﬁgﬁ‘a@g@g%ﬁﬁeﬁ%regtjgﬁwéﬂbgﬁd pass filter (e.qg.
fllterlng <0.5 Hz and >30 Hz) (not shown in Figure 7). 15Figure 11(a) is a
graph illust r%bﬂagd(é fseéﬁegnl%eﬁ' IS of Figiite QQWB&W&d'anﬁi&chﬂé@ioM axis
isin terns axis Is In terns ms. The graph shows
filter elabt@eBrsﬂgtnéiiQf’(bﬁf%@ﬁ QGeigrald and | R LEDs are turned on during the
toggl i ng sequence 806 (Figure 8). The IR signals are shown with solid |lines
at 1102 and the Red signals are shown with dotted |lines at 1104, 20
Fi re 11(b) Figure th(bhis an puigrgedtversion pf Figreal 14b) sPgings op @ shecificnascd
embodi "Sltheed Petota %Hh% ﬂ|t§réd1A¢%rg'm§| eme %éxﬁﬁ&ntd%%at%?(étf’m afo wa,reeiaaa.f.@a ms.
The grap flows Filtered A gnal s of when the Red and are turned
on durlaﬁgAlh‘é'S@Qs@gilngig Té\@qn@menm@t fata ql tis ggentifipd as 19225| gnal s are shown
with solid |ines at 1106 and the Red signals are shown 25with dotted lines

at 1108. gure 12(a) is a graph illustrating filtered DC signals
f or an anbi erit SP@@d shegrmted ithat dhe agtatipne susthasitheldt 13 fecarbitrary sofations,fqrer ng

d emen iR IcbREigsh, BFRebignal s
e R LA ST A e

(Fi gur ecagiition and an Amlpigfugoadilionb) is a graph illustrating filtered AC
signals for an anbi ent PPG signal in an exanple enbodi nent. The y-axis is

interns of nV and the x-axis is in terns of ns. The graph shows filtered
AC signal s 12bwilhbe@ppiesiatesithahin aRidgabsituation; g avithgpdiviguali phytedetectererr

condi ti% QB%aI( ng.grf%r 8)- 3 conditions (IR, Red and Ambient), and perfectly noise free
30 conditions, all peaks and troughs may in theory occur at the same points. In other words, t1,

t2 and t3 are the same when referring to the various conditions. In the present examples,

because a single path is utilized, a peak sampled during the IR condition cannot be
simultaneously measured for the R condition. As such, there are minor differences in peak

and trough, e.g. t1, t2 and t3, times. If sampling is on a basis of IR, Red and Ambient

35 conditions i.e. one sample per condition, it can be expected that the peaks and troughs of



WO 2012/ 099538PCT/ SG2012/ 000006 27 From Figures 11(b) and 12(b),

t he maxi mum and m ni num poi nts for each cycle, and the correspondi ng data
and ti me worotnesssnaxi mum and mi ni mum poi nts are ident ipCrasd2oemeotnd and
t3. It wll be appreciated that the maxi mum and m ni num val ues can be

obt ai ned 5usi ng any peak detection techniques. Figure 13(a) is an
enl arged version of Figure 11(a), foc@8ing on a specific period between ti
to t3 ahe rdupetiive Sgets IR, Rigpdaimbidhty, d.&R atittnalandad,enanomm beidne saapleloff i nes

at 1302 and the Re i gnal s are, sho ith dotted lipes at 1304. 10
21 gur o oK B0 Sk 16iedrgags St oBan o Skpat het fag 2 Poriia FIMORS 2PaBeci i ¢
peri od theburieolat setlod sémples chh 8efréjetted a8mAbe shigRtionsTiNgedilBdsi gnal s are shown
with solid lines at 1306 and the Red signals are shown with dotted |ines at
1308. The maxi mum point data at t1 and t3 are identified as IRlL, Rl, I|IR3,
§3t aecor flizn_glm_. tgsep;e?_aw ab%ri&%&()%ahﬁﬂ@ érﬁWé?t‘é,ﬁ?ﬁAthﬁf‘@ alémngglmgrrbﬁ@ilzt )
ata a is. identifi as . See nuneral . : i gure a
o o ATEPYRIESE e 808 e oL Bsie: MERIRDRE Sehabpaeandtoughs fatot
bet weerpd ?btiﬁzi_ﬂeél at Mf Zsblgfé tfn?é hetR(R Bhd R pedks a_r%pthl@uﬁ.eAséétﬁ)dm% inidssncn,ultanl gtghanf gedf
version of_ Figure , focusing on a specifjc period between. 0 o
the filPeiRK g\'@' §'i“5'ﬁ§¥ %O"F'ﬁ@“ﬁré‘fﬁ ?fﬁ?ﬁrﬁgl’ﬁgg d%ﬁ‘i;\a%ﬁystef seRarately- s ¢analsefi ed
as A, HBexaémddioctogs ﬁhas%qm'bﬁwle_rg.paioahdid@ﬁ 8n 8ér 182sdcBndisl R EdriditRsh GiBfoR2.
It should be-not&f t hat the,notatlpﬁf such as t1, t2, t3 are arbitrary
not®t i olrsSqeendS 8% FRPIEP] sANGIRP Q8 oG 1R $RFNS%d are not the same when referred

to for an IR condition, a Red condition and an Anbi ent condition.

It will be appreciated that .in an ideagl si ti e.g.. wth individual
phot odet ect onBta e Sigration FoRs BLresa i@k Tolar £ebagd (. rdtiaReanbs ent )
and perdaagidiyd Bpthedolidwasy: 30 conditions, all peaks and troughs may in
theory occur at the sanme points. In other words, t1l, t2 and t3 are the sane
when referring to the various conditions. In the present exanples, because
a single path is gtnpd,jzed, a peak sanpled during the IR condition cannot be
si mul t aheotRtsy Treaspred ¥6fthe R condigiam, ASVEAR) there are ninor

di fferences in peak and trough, e.g. t1, t2 and t3, times. If sanpling is
on a basis of IR,Z,.I%%d and Anbi ent 35conditions j.e. one sanple per

condi t i B&,+BG,. carr’ge & pettred t hat t he,peaks an‘lﬁitﬁ'_’l)‘ ughe of WD

2012/ 099538PCT/ SG2#12/ 000006 28 the respective signals (IR R and
Arbient), e.g. at t1, t2 and t3, may only be one sanple off from each
other. If the ti @C@Q Caﬁe too far off of each %E‘éltﬁﬁ .g.Aria or nore sanpl es

apart), pkhe partiular set of, sanpl es,can be rej. ct®d from/the cal cul ations

i f ﬁ65| r ea--m lcycle lcycle

where DCr + DCay, is the DC value of one cycle of the IR LED being turned on during the
toggle sequence 806 (Figure 8); ny.3 is the number of sampling points within the t1 to t3 time
frame, i.e. an average of the values is being obtained (for DC measurements); ACr + ACam
20 is the AC value of one cycle of the IR LED being turned on during the toggle sequence 806
(Figure 8); DCg + DCan, is the DC value of one cycle of the Red LED being turned on during
the toggle sequence 806 (Figure 8); ACr + ACan, is the AC value of one cycle of the Red
LED being turned on during the toggle sequence 806 (Figure 8); DC,ygam is the average DC
value of the ambient signal detected during the OFF condition 802 (Figure 8); icyce is the
25 number of cycles taken for analysis and AC,gam 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.



5In the presently described exanple enbodi nents, as there are toggling and
anbi ent phases (e.g. 806 and 802 of Figure 8), the anmbient signal peaks and
t roughs cOr2012/098538bt ai ned at the sanme tine as the R an@CIRGReRIE80040d
troughs. As such, individual signals for IR, R and anbient conditions are
"reconstructed" and anal ysed separately. This can also be extended to a 3
phase sequence, e.g. IR condition on f29r 15 seconds, R condition on for

1015 seconds pglingsitbeiaveqadodrised ®at fherrelbiosstimbéitveen light intendity (1) the

information from Fi g‘%res 13(a),

cal cul a?BRItHE tHds 2DIoNIRWF ng:

- 13 x Ginnl-13 (IR+IR3) AC"
mis the DC val ue of one cycle of the IR LED being turned

where DCLR +

13(b), 14(a) and 14(b), a ratio R can be

DC'" + DCA," -x Gain Ei|l DC DC, + DCA",

+ ACA =IR2 2 AC, + ACA. - (R + R3) 2

on duri né the oggl e sequence 806 (Figure 8); ntl-t3 is the nunber of
sanp) i ng/poknkd’within the t1 to t3 tinme frame, i.e. an average of the

val ues is being obtained (for

DC neasurenents); ACLR + ACAm 20 is the AC

val ue of one cycle of the IR LED being turned on during the toggle seqguence
806 (Figeme 8); DCR + DCAmis the DC value of one cycle of the Red LED
being turned on during the toggle sequence 806 (Figure 8); ACR + ACAmis
the AC va| ue ok ahe,cycle of the Red LED being turned on during the toggle
seqguence §206 (Fi g{g‘ge 8); DCawvg, Amis the average DC val ue of the anbient

si gnal d&d.eet ed

kdndngy t e ®k condition 802 (Figure 8); i .cycle is the 25
| ysis and ACavgAmis the average AC val ue of

nuer of cyclgsm
t he anbi érwlsig‘gn sg@teect’ ed“eduri ng the OFF condition 802 (Figure 8). The
gain is set to be the same when both LEDs are turned ON. Therefore, during

cal cul ations, the gain value cancels out and therefore can be set as any
arbitr afﬁergf%t'éf%sing the intensity to amplitude relationship above, where A’ is substituted with

DC3,. 4> @nd the 4]

signal +am

am

is respectively substituted with the square of average values

15  over an ic,e of the respectively DC or AC calculations from the set of equations above.

Z(DCIR + DCAm) ’
DCp= || =*———| -DC;

. Avg,Am
’cycle

Z(DCR + DCAm) i

D CR = foct . _Dcivg,Am
’cycle
Typically,
AG,
DG,
TG
DGy

20

Z(ACIR + ACAm) i
ACy = || 2| - AC]

. Avg,Am

lcycle

Z(ACR +ACAm) ’
ACy = || == | —4C?

. Avg,Am
[

]

cycle

Thus, in the above described example embodiment, direct-current (DC) and

alternating-current (AC) values of a first (e.g. red), second (e.g. IR) and third (e.g. ambient)

signal waveforms can be obtained based on the respective maximum and minimum values.

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



WO 2012/ 099538PCT/ SG2012/ 000006 29 The inventors have recognised that the
rel ati onship between light intensity (1) and anplitude (A) is as follows:
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+am ' am

30
waveform. The ratio R can be determined based on using the DC and AC values of the first

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

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

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

processing device and the lookup operation is automated.

In example embodiments, optionally, it is possible to determine the quality of the

signals so as to inform the user on the accuracy of, for example, a SpO2 measurement.

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

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

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

am? ir? am

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

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

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

The equations below illustrate the algorithm for determining the accuracy.

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

o =| 0% H = 195 H o 19 | e 195, +| s 1906 + Oy
: (&K%J "\ ac )7 g, J™ "apc, > "\apG ) "\apG,, )




Therefore, using the intensity to anplitude relationship above, where 42,n,
IS substituted with DC2 Avg , Am and the As2sgnal +amis respectively
substi t utwo 20ido9ssBe square of average val ues 15over amrcrsgEeir/00§006 he
respectively DC or AC cal culations fromthe set of equations above.

+Dc, X2 ocA2mA", cyc e | ? Eocm +AcAJ' 2 icy& cycle 20
31
Further, each parameter has individual deviation as follows,
DClr = DCavg,ir + O-D(. ACir = ACavg,ir + O-A('l,
DC, = DC,,, +0op: AC, = AC,,, +0,
5 D Cam = D Cavg,anz + O-DC amr ACam = ACavg,am + O-A( amr
Hence, the average value of R
2 2
= ACan r ACavg,am DCan ir DCavg,am
10 - D Cavg _,_r2 - D (javg,am2 ACavg ir ‘AC‘avg,am2 _
O-Aclr + O-;Cir
(ACavg,ir - ACavg,am )2 (DCavg,lr - DCavg,am )2
O-AC + O-lz)C,
(ACavg r ACavg an )2 (DCavg,r - DCavg,am )2
or =R, xsqrt o7 5
15 [(ACavg ir avg am) (ACavg r ACavg am )] [O-AC,,,,, ]
(ACavg ir avg am ) (ACavg r ACavg am )
+ [(Dcavg,r - avg am) (DCan {ir DCavg,am )] [o-Lz)(.'m" ]
2
L (DCavg,r - avg am ) (DCavg,ir - DCavg,am ) i
20
Therefore, it can be derived that
R=R,, to,
In another 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 cycles in an example embodiment. As illustrated
as an example, there are 11 cycles shown in Figures 15(a) and (b). The Red PPG AC
signals over the cycles are shown at numeral 1502, the IR PPG AC signals over the cycles
35 are shown at numeral 1504, and the ambient PPG AC signals are shown at numeral 1506.



Typically, AC, DC, = AC ,5 DO R Thus, in the above described exanple
enbodi nent, direct-current (DC) and alternating-current (AC) values of a
first (e.wo2edp9sssecond (e.g. IR) and third (e.g. anbi @oT)SG201QNa006

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

val ues. 25 The DC and AC val ues of the third signal waveform can be average
val ues obtai ned over a plurality of cgeles and based on the maxi num and
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enmbodi nrents, optionally, it is possible to determ ne the quality of the
o1 gnal SGHCas 208 VIR G FeERRStUR N She PXAMRIE ETBREG mplemertma shgle palho

neasur esf@fdim, the ambient samplingl (tdnfpdad B0 i9fpeFomhatnatterfaford endTRg i hdde. a
propagation error which takes in 15a]?_count ttse dde_Yl tlorl) of the 6
par@met Hiegelges dhe AMBiRNt SignaH shqvBhinoigrges; 1562) apd 9)6\13)(6 een time shifted to

, AC, , Alghow: Bligned¥ycle& 'with the Red and IR signals, even though they are not necessarily

aligned in real time.

A plurality of R values are obtained as follows:

15
2 2 2 2
R[ - er — (ACr12 —angCam 2) x (DCir12 _angCamz ) - CyClel
Rirl (DCrl .—angCam ) (ACirl _angCam )
2 2 2 2
R2 — Rr2 — (AC'rZ2 —angCam 2) x (D(jirZ2 —anDCam2 ) - CyCle 2
20 RirZ (DCrZ “angCam ) (ACU'Z _angCam )
\2
2
R (4C,* —avgAC, 'y (DC,’-avgDC, )
R =—"= = X = — —> Cyclen
R, (DC," —avgDC,,") (AC, " —avgAC,")
25
Therefore,
_2(R+R,+...+R)
avg n
30 Thus, for the above described example embodiment, direct-current (DC) and

alternating-current (AC) values of at least two of the first (e.g. red), second (e.g. IR) and third
(e.g. ambient) signal waveforms can be obtained based on the respective maximum and
minimum values obtained in one/each cycle. The DC and AC values of the third signal
waveform are average values obtained over a plurality of cycles e.g. 11 cycles described
35 above. A ratio R for each cycle (e.g. R;, R; etc.) can be obtained based on using the DC and



The inventors have recognised that, indirectly, deviation oR reflects the
confidence | evel of the conputation result of R The cal cul ated propagation
error maywpaow/wpisddyed on a 20screen of a personal nobi PETHGRELRYHIMG devi ce
to informthe user of the potential accuracy of the Sp02 neasurenent.

Al ternatively, instead of the cal cul ated propagation error, a
representative description of the progagation error may be displayed. For
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| nacourETE i SLOTA WAGOSBaA VPR BE (Ben By San e Basaden

| ocat i ousingthe 8t Redr Lpiarayeof cﬁlélés aa leRlURS Btchr @nsta@aénemheﬂmw(ed esasg) t han
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2012/ 099538PCT/ SG2012/ 000006, 31 Furt her, each gar aneter has | nd| vi dual
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10
Therefore, in the above example embodiments for obtaining R, only significant
information for SpO2 determination is extracted. This can advantageously reduce circuitry
cost, optimise space and minimise power consumption.
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 out. It is appreciated that both the finger detection and ambient light detection can be
carried out simultaneously. At step 1606, the light intensity of the LEDs is set. At step 1608,

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
physiological 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



AC "g "2 - AC ayg,"", 2 DCavg,ir 22 DC ayg ,a", 2 22 0-a ACDCE, (AC "or -

AC "g ,am 2 (DC "g,ir - DC ""g,"", 22 0-a AC, ++ (ACavg,r - ACavg, am 2
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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
value of'e.g. more than about 1.5V. If the reading is more than the exemplary value of 1.5V
at step 1712, at step 1714, the personal mobile processing device is configured to alert the
user to relocate to another location for the optical measurement as the ambient light
interference is determined to be too high. If the reading is less than the exemplary value of
1.5V at step 1712, at step 1716, the ambient light detection process ends.

Figure 18 is a schematic flow diagram illustrating a light intensity setting process in
an example embodiment. This process may be carried out in step 1606 of Figure 16. At step
1802, a LED toggle similar to that shown in Figure 9(b) is performed. At step 1804, the light
data detected at step 1802 undergoes a gain process. The gain may be selected from, for
example, ten times, twenty times or thirty times etc. In the example embodiment, a gain of
ten times is selected. At step 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
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,
the LEDs intensity is lowered until ADC2 is no longer saturated at step 1812.

If ADC2 has not reached saturation at step 1808, at step 1814, it is determined
whether the maximum and minimum data points have a difference of more than e.g. about
300mV. If the difference at step 1814 is not more than e.g. about 300mV, at step 1816, the
gain can be increased. At step 1818, it is determined whether the gain is thirty times. If the

Pating PPG AC signal s



plurality of cycles in an exanple enbodi nent. Figure 15(b) is a schematic
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exanpl e eWPadI2/9P338 As il lustrated as an exanpl e, thereP&TSGRA1289¢M0€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
nunmeral 1504, and the anbi ent PPG AC g8bgnals are shown at nuneral 1506. WD
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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 (R,
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 (ii) 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



R."(DC,.,, 2 - avgbhCw'2 )(AC, 2 - avgAC2) --> Cycle n Therefore, (R+ R
++ R) Ravg 30Thus, for the above descri bed exanpl e enbodi nent,

di rect - cowoent2/oX33 and al ternating-current (AC) val ues pof/sgrol2@asinet wo of
the first (e.g. red), second (e.g. IR) and third (e.g. anbient) signal

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

val ues obtai ned in one/each cycle. ThggDC and AC val ues of the third signal

wavef or inhRs MEABBCapRIrEE®9aI08d aleneA seysated. Flfhlérﬁérieﬂ Wt Part () pasees eargugh 1
cycl es described 35above. A ratio R for each cy R2 etc.) can

be obt dhpsignpkesaditigning and gradyeepesigngl s%agb@y/m@%%west%hz/ 000006 33
AC val ues of the first and the second signal waveforns and the average
val ues obtained fromthe third signal waveform An average R val ue

R'9) can be dbguenl ivasseehesintigsiary diageam atiysirafng sompuftign a‘?fl Q'})’S@Pg&ﬂl es
(e.g; |%II'taré@erﬁ’sﬁn@s éﬁ a ||¥"Qﬁ E%rﬂplé Rénd3dertETHi€ pebceSPMEY bk Takautin Rép

referencing a . For the calculation of signal quality, the
fol | owi 1@2ezjllfegqr@ﬁ6|'gwq;§)@¢putatem§ carriggh o) at a personal mobile processmg 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
10 2106, ah error of propagation may be computed. This may be shown as an illustration to the
user to inform the user on the accuracy of the computations. At step 2108, the computation

of physiological characteristics is ended.

In example embodiments wherein the optical measurement device comprises the
15  optional pressure assembly, a personal mobile processing device coupled in cableless
configuration to the optical measurement device can be configured to detect and display an
amount of pressure applied by a body part of a user to the device during the optical
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
20 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
25  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.
30
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

35 obtaining a good quality PPG signal with a high signal to noise ratio.
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To obtain a strong PPG signal, 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
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over the pressure status bar 2820 to identify an optinumrange at which
pressure should be applied for a particul ar



10 user. In this enbodinent, the feedback unit 2806 anal yzes and conpares

t he nmeasured PPG signal and correspondi ng applied pressures in real-tinme in
order to Weerimssa range of applied pressure which pr@¢Ir$e2012080006 ghest
anplitude of PPG signal - usually a state of zero transmural pressure. The
feedback unit 2806 can then provide corresponding indicators to the user on
the di spl ay dependi ng on whether the uger is applying pressure 15w thin,

above or bel qwdwbexémbem&maﬁumaﬁgme feedback unitintayese #emgniadgviesyisach aent ,
t he feedba

not uire a p S co rovide i ble
comand® rchhe rF&‘Oﬂ%eF"\g?'ﬁP%'Gh S’S'QB%'aQ'EFa'o?ss&?{@ r(PQ i B{?gt 'B‘?]'P“l% %ﬁ . For
exanpl egithbligh tHigliis? isiedtiekRawsbivé By %hmean‘fs aH@w‘eOett tre ﬂéédﬂiac’k@n& ayay P plegd Mor e

20 Pr essure Less Pressure, the

Pressurt@.be ?ﬂ’éabj‘gd?%’ eRuld sipilarly ke & C:%"%R&'t?fe "Y‘H’e ?B‘?%%D%Jé‘f‘ﬁénayt Bfies of
di f fser eghnBétbe \eith e SKtiAM Betectdit Bedite an ral wmm@r wirends Tasthon, 26 thedUghda -
which are widely known as positive or e soung_\e :?Onn anot her exenpl ary

erbodi r%ﬂ?"et?’B{ec%B?‘i’tE%lIsu%aé’ﬂf"éfﬁé'hFe’&’é\F’P yp% of PID£ORNEARN A§eE he
user ton@R Apple®sPhdREI@bRECAHRIREE IRCICIRJertiRaEA].ENENt of the PPG signal is
carried out. This may involve the feedback unit asking the user to apply a
variety of different pressures to the optical neasurenent device during a

fixed period mgudes Mo(addhd NB) MikEdet 18 érﬂﬂﬁkbasiemmry SRBSdifneRt, thtférERﬁe
signal detected during that tinme period and de%’erm ne a plied

ot clg.rRONARIEAF 615 SR &N DB BUFTIES TSNP GHER CorGIroLarE Aot R 886 oy 30

be askegle tdi’sm@&ewmpﬁ&&%ldfaﬂ){]\éﬁd litefaels! With B ptiRaPdtb&tionl devicRSI000EINIARERS
over atgerlod of tinme, suc he force ‘E%Oflle 2708 in the applied

pr essurtBalgs £apientaning yseefeyheld t@rm'ﬁb'%d? $QO6g the sl 5ihapAs:t |"o'ﬁ"dst°ﬁ89

pers Onaérle'Mi'ohethBrdé@E§§ri piacél Q\ﬂng@/ ieedhiagie dpichl detectibh @eliee B0b@aAd mdrange
of applied pressure for each ividual user, rather than a generalized

range VRASERViEWA Hfﬁefﬁ@eé@é'ﬂij&f@edjé)rﬁﬁ@f‘ﬁ'g:’%ﬁ t he individual user being
meagured. WO 2012/ 099538PCT/ 862012/ 000006 43 In one exenpl ary
enbodi nent, the feedback unit may portabl e device, such as a rmbll

phone, smar t pHsh éeedbacks gRth may lePa‘PC'élg%lsé’ﬂ}ﬁ’ﬁfe epBHyer GOFMUiET PTQErATYBROIS

| apt op, mé\hﬁdﬂ@h‘ﬁﬂhfohlcérr{( |o§€ ins®udtidhs Eé{é'tﬁf\lgstblré&enhryg aﬁ'd/ pﬂ%@&ing frlfévm@rmgn'fahe
f eedback unit épmt need to be {)Rnrta e, mlarl

conput e pressurs, Bpasuraments cAheRANR) ¢f tHﬁ?”E’é‘t%’t 6Hﬁ%rc’F NGte et"r?ére PP cal
det ect | gfhélaete6RdIFP@sighsld Presiufeemeasurtmehtson, or through a proprietary
connector, such a universal serial bus (USB) port or the 30 pin connection
used® in the Appl e(r) iPhoneO (Apple Conputer, Inc., Cupertino, CA). Figures

30(a) and (b)Thd Héﬁﬂdrﬁb%fxgtth@mglgnﬁleﬁimhl@é WURIFEE BRAdetodien @sédrabl}0
portabl e device 3006 be oriente

in a |landscape configuratio t hat
t he use‘l‘“%('@v@et%mﬂ]tsoﬁlfaﬂpeia??@iteﬁow an'f‘g'l"'Idya'a ﬂml ’E‘Feﬁ’rﬁﬁﬁ evﬂsﬁﬂmBWe?‘UBti cal
det ect i gabRMhE @pidid theaBuréménl dévicd tol dbt£iA h @ptinQm PG sigiel witiv ahdrdsigms
portabl e device 3006 in the user's hands. In | andsca r

user cdf MSEEAtD. 1 iThe stangb i ngise rake dﬁp?P%’H?"tﬁgt"é(ﬁ"l '°8le§':ggg|t gﬁib@ ogﬂﬁaqm)r e

easjd y Me@wranbﬁtrmrcetprm&%r 2rd sighal t&B6 ash@inal at30Zho trafsmural pressurbe
feedback unit. may also include software or other conputer progranmmable

i nst ructf‘?b'ﬁémlﬂﬁ'?é‘?leé%ﬂ‘ﬂ%ﬂ%‘f‘g ths¥6MR& i ons relating to receiving and
processi ng the PPG signal, the pressure neasurenents, and creation of the
output to the_user relati r:]%to the correlation of the detected PPG SI qnal

and pressure M&EFUIRENPRIMIPPG signal piguidgs A thighhh geeyrats measuresisat G gnal
from t hgyriohé WAl Siebhrea @d?ﬂméﬁéir@@ét'e@ﬂédaéysﬁﬁﬁibpﬂetwglnégr‘abhﬁ heicRE U batafatibar ce
exerted by an individual fromthe pressure assenbly thus enables the
optial 'eY@éPéﬁﬁéQﬁEr!'ﬁ bigedi ce to obtain an optinum PPG signal with a high
signal to noise ratio. The signal to noise ratio is augnented in an optical
signal . The optical 25measurenent device provides for a PPG signal to be

acquired at dnAdether emRedimest. the ertical weasiemest dgyicg furthes '@%ﬁ‘éq?sl%@P'slﬁ'QF ng
t he devife§stolic and diastolic B1B&d beggurblﬁwarﬁabmvd)néDE&iow fgmétearn@%él ssramg?eehl y

accur at e nmeasurenment of various si ol ogi cal paraneters detect

phot opl et I81eHRIGE Kled Pressire é@’oble§ afing ﬂ@ns'%ﬁé@%ld dhe §rgrjet! 12nWB‘?'SdHe

I n @not fgial %ﬁbﬁ;ﬂle@%io thtehlﬁmﬂﬁétlo‘ﬁaénd‘&‘éé&foﬁ%Qémgﬁ\(h@? £§Jm&§1aarted MOEigGHRS
acqui sitTon of "systolic and diastolic blood pressure paraneters. One option
for detecting the paraneters to determ ne bl ood pressure invol ves placing
the side 3138 of the finger 3112 where the 35digital artery lies onto the
illum nation and detection assenbly 3102, as illustrated in Figures



WD 2012/ 099538PCT/ S&2012/ 000006 44 31(a) and (b). As shown in Figure 27, a
PPG signal 2706 in the PPG signal graph 2702 is nonitored while the user
appl i es wesotbhalo9ssewnward force onto the pressure sensorc3sGionmbéooni ng a
pre-determ ned applied force profile 2708 with respect to tine, as shown in
the applied pressure graph 2704. The basic fundanental behind this analysis
istoidentify when 5 the PPG signal 4406 begins to display a PPG waveform
(poi nt FA(AHAnabs wgeyno&vhen Plaﬁrémrwbpb agﬁénmdse@tr@flbp@rsqyrm ?%Bﬂa%oz%

t hese p0| nts are indirectly associated wth the highest and I owest 5)0| nt of
t he bl dBRnitereds while the Hs%fﬁﬁpﬂ'ﬁ%r‘{emﬁ?'t Fowmray dafﬁﬁley%’lt% the REesgyectsiEr grédsur e

needed hiRuicd b §HE- dé%rnﬂlﬁeaadb%ﬁéﬁ ﬁ:lrceobr%‘ﬁwmmmm Respdet Btimd) 8- shd@nn 28 O
t ransmur al (gr essure is achieved, the PPG waveformrefl ects the highest

anpl i t [APpliedRressiagragh 2i0da The besicfungdanenialmehing this analysis mtoadertify wheri gur e

27, 5as tﬁé‘@’P@r@lé%l Qfoeagéﬁlhsefb dispray lér PP@%&%ﬂ |r9r27f1bi ﬁngm%n%e P d
i ncrease andegra ual decrease over tine, wavef or m 2706 changes in

anpl i t (fiEnahBelydlieryP (Poimt A 12). @skhess m'ntﬁr?ée mrﬁpﬂy ?%%ﬁg@tqng'ﬁP@wwg@%
from 2549 bRest };b%t\@fmé BISSPressire, MR BbAiBth, WifrChisarefsist e dltdtRSSIresdtie | ¢ ude
PPG waveform 2714 provides an I ndication of the correspondi ng position on

t he appleedad i @bew@ Zgfa RNl pRRREcCHNbe HstRIMINGd. YMhen z¢re treasmpeal
resul t%)ré&u?@fsoaérﬁé‘x}%%mﬁeaﬂ’P@rﬁaﬁl%\‘Urﬁ’\ &HIBELS the hi ighest arhPIRuRX HIRIHRWA ﬁrmegl ment
of a nethod of using the ogtl cal neasurenent device conprising a pressure
as§@nbl%71ér¥dﬂl,e<ﬁ’;%@é¢9"?b9@p 0D alruFiguret27, as thesapwi @f RepliedProgsure folews ence
to Fi 9%@ E?tﬁﬂe deqofaraﬁﬁrlﬁﬁém a@ﬁﬁr@cﬂ@ée%}ér ithé URE PEC draldtofrh 27H6S
29(a) t user seeking to obtain his or her PPG signals can
first ;ﬂhae@esamb%n@htw @ccoscuragiy akhug, fopkigarat thshentite rapgesefRitfe wavetoradrom
surfacemp b I@mmth (F@épeﬁ%séypﬁé@f&céj%ac e ﬁéﬁ@&)amf%hb e wavefefm bheg
device to the individual user may be perforned where the user is
25 askdovigespplindiegtioangfithe cofreppansiing: posiasy oa t%@@plfqdcprgéwrg(graph e,
COryseS R B ahfbuft B@ﬂbﬁe@f»@géur@ réstiéd i 368 tl%'ngMﬁPal grssurkidtfb her words, the
user is asked to vary the applied pressure such that the system can

determ ne an optinum pressure for the user by analyzing the resulting PPG
wavef or ms t habnd e%msuarfyrémb&hﬁemaaflaemﬂ% ARRBINg&He RpSH W@agufeﬁm%v.cg he
user may al so be presented wth at |east one nmeasured PPG waveform

gener at@nRiging %@msweceﬁsgmba/namwow'eﬁwau fegdbacksunit i degsribed hereinawdl i n
the graphir&ite B HGhRYR, WithF géﬁéasixogﬁﬁg)exéﬁgla('fbw illustrated in Fld:drgé”zggag% a) is
a graphi cal display 2906 which shows the relationship of a cal cul ated area
2919 url@er the curve in Figures 29(b) and (c) with respect to applied
35pressure 2908. Figures 29(b) and (c) are graphical displays 2902 and
2904, respectively, WO 2012/099538PCT/ SG2012/ 000006 45 which illustrate
the differentA PFRE SREkIEE & AktawthigipF e RIYE signglsi can fisstadace: 2ROdYRAIL, 196D Bhe

area ungdgag &%H%&Fneta@@reﬁ%ﬁ/mef eaﬁadesofcmar%&.eg méSsUrEAYR devide! @326229(2) ,
t he opti rrum pressure 2918 applied in Figure about 5

cor r es forligeatiop of the qi%\«@et@tth%\rneyldygh@ﬁ%ﬂnm mﬂrfﬁa%%cwwedWP@r i he
caljshr afdked té %%B%)n afldGAt 6fh,5r§sapé ldwnbpgp%%ﬁ.e Mferibd d#e.heer r&nsgpo@.r@uéassquent

measur enent peri 0od begins, duri nﬂ he user is asked, via the feedback
unit, tfefcswpf)vle;?ﬁéés(a%mufm% a @mqrwmm hg &isabisvasked do wanother 2reliedht i mum

pr eSSUf;?reés%?@Q@&h théﬁth@ rs?é’tbﬂ”c%'nyde@é‘rﬁﬁ{é Q@th‘%&rﬂ d’ré‘é%éFedfoF ﬂ‘ue':ds% b? a3§|§lﬁ%g t he
amount of pressure bei n&) P the user may spl a i h_a graph
2818 orthe irsullingdtRG wagelermsy hahéﬁsuitﬁ@nuﬁ@rva@sw @@@P{'%W&ﬁﬂ{!ﬁ?( 2%9 edbere
bei ng apjal ine hl@o rb%a retsérﬁgd wTrheat%éafbr?eBﬂr%agmdaiﬁ@ \pﬁleﬂsrﬁ%m&ea%m the

pressure status the anpunt o orce bein plTed t he user
f al30s RAGURS amoqnh@f aﬂpﬂ'echgrmswﬁg@s Illvﬁ@t@@ﬂtéﬁgm'@égléﬂay& 'mFsgtirﬁs P8d) - ti me
and can, g the user to increase or decrease the applied pressure in order
to renaln mnthln the range of optinmum pressure 15and record the best
possi bl e PPG si gnal quallty (83210) Cptlnunlpressure is determ ned
as the press I eform
anpl i t ude, otm reaz%@agg e%li-g%% ﬁa%ég?ogﬁ]%ag O\I\Iﬁe |r%ralg|&$§uhr|%\%\2fQ§ b) by
the ar ecalcipted 1ecem 2840 bgﬂdtehéwepp@vsulgnlagum1219(ahan@a(§)ewtherespect to applie

35 pressure 2908. Figures 29(b) and (c) are graphical displays 2902 and 2904, respectively,



20 2916. Figure 29(a) then graphs the variation of the area 2912 under the
PPG waveformwi th respect to the pressure 2908 applied on the

sensor/ mesouneymei3ssur f ace. As may be observed in this exasohke2/oé0e6 opti mum
pressure 2918 is at about 299 mmHg, where area 2912 under the curve is at
its maxi num of about 11.63. 25Thus, the above descri bed exanpl e enbodi nent
can provide an optical neasurenent degbce for obtaining non-invasive

physi 0|vﬁﬂ&fﬁﬂlhstﬁ’@3ﬁp§ eNffRRéra FPFPerwailelrwmlhi aindiftérehi apm@dtpresswesarug‘dnmmm of
usi ng the sane, [ parficul ar conprises a pressure detection
assean%Ve%B’r‘qugfrHW&P?Bl?%gdﬁve ’H'%IF%’B%’/'%& via a feedback unit, an anount
of pressure applied by a body part of a user to the optical neasurenent
device during the 30 gptic asurement . \We usef. ies

Spbr ot | at e DRTRIGR FBLIR 20(ab (o ORATD Bisseue 2 SbPUsL R e 8. ahout

resgl tiJeg R cofresptRids Qo ItAé ilgtgedt 4reg 2deb ef tRRG apivieforin detected &IUENG tisd gnal ,

such as a photopl et hysnogr aphy signal, can,be increased, and a nore

accur at@"‘h‘éﬁ%fé@@ﬁ)ﬁ- @as¢ this Q%W‘%Br&s??'&'ﬁ de{ermjoed. a %&%%%‘ﬁ'ﬁmﬂaﬁ&"&g?m e can
be det gieiib@®eging, duriRg whidiEthBYisaiialagkdd) giatthe fetriback eslt, eaphpsipbroseaeuithivent
signal and correlating a high 35signal-to-noise rati %%85“ OX of t.he|5| gnal
with a ForPUEEENANGS abpe @Rd phelU ihg . ORRUM sRESSWe ). As previously

2012/ 09R23MINiHFe93 o ERNS 24() [ the arduAvdfRessuBRbeihg Bppliedasane ksémaagat i ng
whet her the anmpunt of pressure being a ﬁL“I ed@{ t he user shoul d be

i ndPeadeddisplayghbin2araph JABmihgls ytg-) 0 tRAt MRS, Hper; Angsagelheggnount of

conti n%éé%r@%ih?naéﬂhéd hh gB&IsimélUaltiet Yraph GIBA8. ma} Ealstp b ClibplagRsas UsiBgTeng
device can therefore provide an opti mtal i;Fm)e.ssure@gcﬁfaerm nat i o[%actgstomfzed
for eadWessyR SiatHsapar f8er. it W@raé'ﬁ?}ﬁ%(?ﬁ oLee PRIY 2PPURY, PY theyUsssRliveputside o
measur QH@BBﬁrﬁhﬂr@hgé, Bie St SR detect this in re&iltEne endéan asiathealsenttihcrease
flowchart 3400 for illustrati ng{ba met hod for re Vﬁ%ﬁ&‘; r?gnbl.ent noi se

si gnal SrrdsiFTeRse dpr PRRICIRIGSTHR M REder fp ERMRAR AN : : RPUMUM RIESYre 402,
a_fisr Starkl rBEGH tNENES PESBIbIE PP Sighal GquBimg eSBm). det ecting | i ght based on a
first light 210 illumnnation. At step 3404, a second signal waveformis
obt ai ned based on detecting |ight based on a second light illumnation. At

step 3406, th@pthhunstprédstifd i detesBmeadtad tiEhbrdsblirematn@hichntharmedsuned! PREH
t hat the nmaxi num anPI i tudes

of the first and ond si.gn wavefornms are
1 P SN RS BREON AR 2 GrA 2512 Laige S BBG PRYFOaToPent
li ght idHodifinrmaee d99p) bjiend brest 28920bs@ried thysirgnPPGeiyed @aTa drel basdlised. At
s':Tteﬁp 3408, a third signal waveform 15 is obtai n%% basqeﬁd on gg ect ifnl%1
anti%ent2918ghiguse 2@&9&3*\%9_@?“%%%&%%%“9@ ATRR 2h'd YRYR TV WRKEBI™ t he
first agh fddpedtas titdpebalital2008\WPpRIddn tetsePbb@nagslrerbntssiriac@4 A8, may paal
val ues of the first and second. si gnal waveforns are ﬂg%ved W tg t he
r enoval OSLVERUD &his examele. HiF %I"Hﬁgtpﬁ’éssH%?x S At g FM0Ee. WRergrareg, o
first apotuhaesBefieSs aitd maRiMRiPsMEboul D 63. Figure 26 is a block
diagramthat illustrates an enbodi nent of a conputer/server system 2600
upon whi ch an enbodi nent of the inventive nethodol ogy may be inpl enent ed.
Thessyst em 26f{isi NBbUEBEVE! GSNTABEET afipler embadimehin 280 lproviae udh ngptcal
processor 2602 and _msrmrg 2603 whi ch o\}aer ate toﬁaixecute ingstd%ucti 0@ as
known tWBeatvEepentdavice TproRtaRIng Ron-inygsiveRysialqgical BiEagHEMSNIS AR RPAEAT unt
as usedofliging itiBsucchi ethodHh Yisig Uhe/Sarh& avhigmore pABt@arly Corprives G prgssure

instructions to processqr 2602 for execytion. Additignally, the conputer
pl at f orfgteion %%E@Pkyegoq%ﬁbf&fi for detedt ?ﬂqJH'éP'ianyV'afa if‘?ﬁfﬁ’ﬁcgé{%'ftcég A oiuch

as a keybsairé appRtsBy at B8t p&He s GeuseF to @i pticd Mmeizdrentdit de0iap Wueihg that f or m
2601 may additionally be connected to a renovabl e storage devi?gg?ZGOS, such

as ¥ poPRtisal measirement; YWhenm pser APpligsArhanrrePiie ppsynt of Pregsuie QP! any

ot her rpdadiferhemaevitt Clhe de SMIAYLigHal fRoibE Aaliotof s et d Wpdéal midsuraigntt er
platformmay further be connected to network resources 2606 whi ch connect

to the $ignalrsish @y agphalerlethysseeaiarty signal cae L. iBalsesed. AN A Y2 TS k.

The netypaduréReMUnase daaRedBbNPIHRVISER. IAMSSHttIn PRSssardcaliba derhited in
conput er El atformfroma renote | ocation on a network 2607. The connecti ons

to the fattiae KoY 8RYARG $hex Sietpcing oplical imeagremer sSigngl Ad EYreatingugngl. t he
802511 s‘i%r?d?-@@ﬁg§e ratio H8hOLighfIvith REorREPOREIAG BppRid PredsuPly $hé aber i¥\0
2012/ 099538PCT/ SG2012/ 000006 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 | ocation separate fromthe



conputer platform 2601. The conputer interacts with a display 2608 to

out put data and other information to a user, as well as to request

addi t i onalvoi2ostmessgi ons and i nput fromthe 5Suser. The dipepisago260@osay
therefore further act as an input device 2604 for interacting with a user.
It will be appreciated by a person skilled in the art that other variations
and/ or nodifications may be nade to tlag specific enbodi nents w t hout

$ﬁpar t i then proaitet! E@l&lﬂidfééd@kki&ﬁc&?g vnfetﬁehmé memﬂog pr@guﬂ@rmﬁj appllesby i bed.
e present enpodl nents are ererore, consi dered | respects to
bo i 11 (186 e ORI dcr s oBETepSY A gpRITe 5 M MecBUR oY 45
CLAI M5 donfintiaty lobthird tHe Highaxt qLalRy syfBi emde étﬂicélernéaslmérheﬁtrdﬁﬂo%rtaﬁﬂhér@ﬁire
rreasurerrent t he met hod conpri si nrg Io50bta ning .a first SIMI wavef o

based CPIOWEE &t PRMA!; RIRESHE SRIETBINoR GUSIOPefh ot PRGHhindiidgh user, thereby’

obt & ni saifing AGREGII] Sftal WasssliknBnbsiga4l fonediptget.i ng | i ght based on a
second |ight illumnation; tuning the first light and second |ight

i 1l um nation such that the maximum anplitudes 10 of the first and second

si gnal wavef qw.g@eaw.srra@cnmaﬁh abWctvrt BAOD forpingsietieg B ﬁ\%ﬂwo‘éiafoﬂfr&hbm dgfange,
such that anbi ent interference for the first and second sig

wavef or #fEPieat P%‘%ﬁjé&@g' HBF‘aP'mOrﬁ’QC%[ PERFUCTEEYNA anramBlePRacdIesh /ﬂe?téet i ng

anbi ent34029ht first S|gna| waveforn® ¥ dbfaired BRBEESH Uét%cflﬁg(l@fbtnbéﬁéd dﬁ Bi firstmighgl ues
of the first . .and the second si %nal 15 wavef orns; derivi ng signal

valWes ilymingtion. .Aissﬂepaﬁﬂ%@caw i fignal "‘(ﬁé(@fé’f'Br'?r;Pbﬁ"fqﬁ’ based, Ahasterting: ol ent

noi se byagddionth $dtendBgmtiimiaakbnTADEEY @uaaltu@ﬁrs@fu?ﬁtmdfsee&d iRghelilitsenaties ond
signal waveforns. 202. The method as cl ai ned wherein_the step of

obt ai ni #§ PRl ?Wﬁhrtﬂa‘sﬁhSH‘a?x'%V‘e?’BP'm“i'ee? Jdhe SFsrtr@Hd\/ﬁePﬂ“‘i)B'Qﬂa't"l‘?é’efqr%tar%nd
second mbghiseld! dndWithi & predevdriiitRisairbtion range, such that ambient light interference

for the first and second signal waveforms is reduced. At step 3408, a third signal waveform
15 is obtained based on detecting ambient light. At step 3410, respective maximum and
minimum values of the first and the second signal waveforms are obtained. At step 3412,
signal values of the first and second signal waveforms are derived with the removal of
ambient noise by using the maximum and minimum values of the first and the second signal
waveforms.
20
Figure 26 is a block diagram that illustrates an embodiment of a computer/server
system 2600 upon which an embodiment of the inventive methodology may be implemented.
The system 2600 includes a computer/server platform 2601 including a processor 2602 and
memory 2603 which operate to execute instructions, as known to one of skill in the art. The
25 term "computer-readable medium" as used herein refers to any medium that participates in
providing instructions to processor 2602 for execution. Additionally, the computer platform
2601 receives input from a plurality of input devices 2604, such as a keyboard, mouse, touch
device or verbal command. The computer platform 2601 may additionally be connected to
a removable storage device 2605, such as a portable hard drive, optical media (CD or DVD),
30 disk media or any other medium from which a computer can read executable code. The
computer platform may further be connected to network resources 2606 which connect to
the Internet or other components of a local public or private network. The network resources
2606 may provide instructions and data to the computer platform from a remote location on a
network 2607. The connections to the network resources 2606 may be via wireless
35 protocols, such as the 802.11 standards, Bluetooth® or cellular protocols, or via physical



3. The method as claimed in clains 1 or 2, wherein the first |ight
illumnation is based on a red |ight source and the second |ight

i1l um natWoro12909%s8ed on an infra-red |ight 25source. PCT/SG2012/0000e net hod
as claimed in any one of claims 1 to 3, further conprising applying one or
nore optical filters to reduce anbient light interference. 305. The nethod
as clainmed in any one of clains 1 to 47 further conprising toggling between

swi t chit@s@fssfdhembhinS kubt @8tcabldsusn fsdri GtlicaNThe Webwidik rrgsduacéshmaﬁ angidgk | i ght
illumnation in a toggling sequence to obtain the first srgna wavef orm and

the sed¥Hade idet§¢S fra toripg ﬁhata 9 oxeeplabironsptipnseda1o5aien5082rate fon ke
met hodl | ﬁwfat 3 rin26d 12l he ,cowmehefrtef;aef@mﬁ ian@is sy ebs RE oafdut Rathakde

first um nati1on and the second illumnation before or after
t he to@@rerngfogeqttr@w@ea penr. apwell @siy remeest Hgﬁ'&i%ﬁ'wﬁéﬂucmear&'ﬁpvwf%{ﬂ therbi ent
liggt QEEP.C"'I’\@&SEIQ% b6k mé%tﬂ-é?@fo@fuhﬁgr A6 a8l iRRA delics P804 Tor Mtéracfing Witk t her
conprising swtc g off both the first light illumnation and the second

| ight id¥sem nation in a tinme period At during the t oggl i ng sequence to
reduce crosstal k interference. 8. The method as clainmed in any one

of claims 1 to 7, further conprising 100btaining alternating- current (AC)
val ues of t He will bstappseciatad tyna paisery skilehan thgask Batwothaisvariageng pad/or

respecghéf%@éh%%%%é‘l&%@s‘b@t:rﬁ@%mbodrments w?hou-{_@%pé?‘ﬁh@%nﬁﬁxecd itged in

claim rect-current (DC) d the AC val ues of hrrd si gna
wavief orseepe ef thednyaition ap @wwﬁcnw derprasest grpedinents af@yHteé%fO@r to be

L5di ff elofBopiafih aMtedibBlto BElifiSiiti RATOPASHRAG Dased on the maxi mum and

m ni nrum val ues o f%g t si gha mavefornt 10. The nmethod as
claimed in claim?9, further conprising determning a ratio R based on using
the DC and AC val ues of the first and second waveforns and the average
20val ues obtained for the third signal waveform and wherein the ratio Ris
usabl e for referencing a | ookup table. 11. The method as cl ai ned
in any one of clains 1 to 7, further conprising



obtaining alternating-current (AC) values of the first and the second

si gnal waveforns based 25 on the respective maxi nrum and m ni nrum val ues

obt ai ned W0 20124983581 e. 12. The method as cl ai ne®@CIT$GE01210A9004

wherein direct-current (DC) and AC values of the third signal waveform are

aver age val ues obtained over a plurality of cycles of different toggling

sequences and anbient |ight detectiongperiods. 30 13. The nethod as

cl ai mredciAiM$ai m 12, further conprising determining a ratio R for the one

cycl e based on using the DC and AC values of the first and the second

signal waveforns and the average val ues obtained fromthe third signal

wavef orm  wher ei na thi@hdpior Gerffova ofl aabledit hoke sifral ol didogtichbmsagurembhe. VO

2012/ 099538PCT/ SG2012/ 000006 50 14. The nethod as clained in claim13,

f ur t herthg SISOk EHBPBEDer mi ni ng an average R val ue based on using the ratio

R far the plgbtahingYa dfstCigna Svav@RmBSsed Bn tdi@edingIRBE bRsadlonea i fRstUighp! €

for referencing a | ookup table. 515. The nethod as clainmed in any one of

cl ai ns Humigation’ wherein the |ight detected are reflected |ight. 16.A device

for renmoval gfainingissicondsigRalsidliRfirmitREH 3R deRidtif@lightRased sAaecotdRgriievi ce

conprising, 10a coupling nenber for receiving a first signal waveform

obt ai ndBUBBIERN on detecting |ight based on a first light illunination, a

second si gnalunig\ed ﬂfsmciiﬁhta% nRdompPRAH iIRMifRIoACIUCA Snatited makmseel afiplitidescond
a

light illumnation, an third signal waveform obtai ned based on detecting
anbiOentof| thgnfirst and eenepri sighatewdisforas e maxpised ANSl MBIt 8 RIRdeigEMipge

nNeasur eggtaticle thigs, RA Map GRRsient M UhRrerincebloni the st @AQESECOME Signdi Mum
and m ni num val ues of the first and the second signal wavefornms; and

the provdeigmsds Fadvged to derive signal values of the first and second

si gnal wavef gdtamingid third BRnaISvEERIrmHasaddh eietechfg @byt kHtng t he maxi mum and
m ni mum val ues of at |east two of the first, secaond and third signal

e
wavef or ms; =QRiainmaHesRSChve MaximursandmininrRoRires; f Hie el and the speendyignal

SW {5C hagajefortsBXd Mum i ntensi ty such that the maxi num anplitudes of the
first and second signal waveforns are maxi m sed and within a gr edet er m ned
sat uration r@8fyig signa valygs ohths Wit and gecondnzigna yayptoams yithithe rempwdl ofng

second SheBA noe/ 8y Q4iRg tHeSmABAUMEshd MPinfurh VaIUde \of Bf RSt ddatheREcdrit sigrdim 16,
wherein the third signal waveformis obtained with both the first and

second W™ | uni nati on switched of f.

20 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.

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

25 source.

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.

30 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
illumination in a toggling sequence to obtain the first signal waveform and the second signal

waveform.



18. The device as clainmed in clains 16 or 17, wherein the first |ight
illumnation is based on a red |ight source and the second |ight

i Il um natworroizobsssed on an infra-red |ight 30source. PCT/SG2012®000dbe
device as clainmed in any one of clains 16 to 18, wherein the optical

measur enent device is applied with one or nore optical filters to reduce
anbient light interference. WD 2012/ 4§99538PCT/ SG2012/ 000006 51 20.

The device g cl afEEfeindd HRYcIQRRAAA cﬁuﬁ'ﬂﬁuﬂfﬁark@n@sm@@h@hlﬁ%ﬁﬁ%d‘th {555
signal waveform and the second signal wavef orm are obfai ned based on

toggl i rfstightibeninatipn ard the %ﬁvonﬁégmtu ilugpinaticmnbefpre orafieatheoteoaling s8AVERSR ng on

the Seqen&oté.hmatmé {rird mgﬂ.%r WaNEfbth @ dnCaebitMYightdIER”R pefiod. 21. The
device as clained in claim 20, wherein the third signal waveformis

obt ai ned based on switching off both the first light illumnation and the

secgnd |ightzill ufiabied ageaia%ed i8 clﬁlfﬁsej of @Q‘u&ﬁ’é’rgidrﬂiﬂnsﬁngmeﬁﬁ? off Ko
anbient |ight detection period. 1022. The device as clained in clains

21, wheheififstdighh iluménatipp and) thgrrecpng uahtrf&lﬂm@ﬁﬂ%[hm aHime pered At idyFpg the

il lum r{a&é"ga s@&@er%@ﬁ@?&‘%ﬂe%%s@%ll@ﬂle%%@eOff inatinm period At during the
toggl e sequence to reduce crosstalk interference. 23. The devi ce as

claimed in any one of clains 16 to 22, conprising the 15processor further

arranged to spbt alfheahwaaahg rtga.ﬁqeanﬁrﬁny(&g of dialee PltotNerufth&s bompisiyd and
third && ‘wavef orns based on the respective naxi mum and m ni num val ues.
ing

24.10Theo cltgenatingicuienti (MG valyps2df, thanfipleisecend aed -third signal (‘@L‘}foﬁ?ﬁd t he

AC val Ugge bnfifreshbdifle idHm R ShiREnAifugyer age val ues obtained over a
plurality of cycles of 20different anbient |ight detection periods and

based on the maxi mum and m ni num val ues of the third signal waveform

25. The devige asryd gitHed égﬂcnsinﬁm?&a.mcgmﬁééinn&ré&eu@é&qmcarndftHétA@r
arranged to determne a ratio R based on usin C val ues of the

first aMdHesed dhrithird sighabwayefarmaate avecaganal %@naféevmﬁ a'uf?éty afswelemef t hird
si gpal msﬁwm&.eanghvméaloﬂ aéﬁedpwsmrod @eqm.mgw&@ rhiRini§rR vhfiilgs bt i 0 R

for referencing a | ookup table. . The device as clained in any
one of the Hingesiangl wgveform.conpri si ng t he

10. The method as claimed in claim 9, further comprising determining a ratio R
based on using the DC and AC values of the first and second waveforms and the average
20 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 to 7, further comprising
obtaining alternating-current (AC) values of the first and the second signal waveforms based

25 on the respective maximum and minimum values obtained in one cycle.

12. The method as claimed in claim 11, 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 light detection periods.

30

13. The method as claimed in claim 12, further comprising determining a ratio R
for the one cycle based on using the DC and AC values of the first and the second signal
waveforms and the average values obtained from the third signal waveform; wherein the
ratio R is usable for referencing a lookup table.

35



processor further arranged to obtain alternating-current (AC) val ues of the
first and the 30 second signal waveforns based on the respective nmaxi mum
and m ni MiN20BY098B80bt ai ned i n one cycl e. 27. PTRSGAEN2{06606 S
clainmed in claim26, wherein direct-current (DC) and AC val ues of the third
si gnal waveform are average val ues obtained over a plurality of cycles of
35di fferent toggling sequences and angpent |ight detection periods. WO

2012/ 099538PQGT/ S HHUHORE Sidimed in claim 813, TRAthEE \ofridifg ClabriAing Narc| @i m
27, conpri sSi n}g t he Erocessor further arran%ed to determine a ratio R for

the oneVeRgeeR paltieddated RN tginghibe etie ki fordhe lvalty iff qyRlest ppd wherein thgg ¢ he

second as,leggg@IRmu@fsqysgyeafaﬂretfé}gnaﬂgegmuy@éa@s obtained fromthe third
signal 5Swaveform wherein the ratio Ris usable for referencing a | ookup

t abl e. 29. The device as clainmed in claim28, conprising the

progessor fug heryy m%das Q:Iéiiﬁb&ruméw 8 Y AGS Rt8134|4uewﬂéﬁ‘§ﬁ‘1h@rllgﬁ§' ng
the ratio Rfor the plurality of cycles; and wherein the processor

conf i guieRFtedbaredefiedied laher age R val ue for referencing a | ookup 10t abI e.

30. The device as clained in any one of clainms 16 to 29, wherein the |ight
detected are reflected light. 1531. A conputer readabl e data storage nmedi um
havi ng st or etf-t heh 88¥ce dorpigmovakefcRmbigataoise, FIgNAFTH @y oRycal PravERTeM. of a
f eedbagke WBiite E&NB Ite a method for rem)val of anbi ent noi se signal from
an optical measurement, the method conpri si taining a first

si dfal wavefdFeHRIBS aenher frtreesiying aﬁifﬂrwgr@hwawferﬁn abﬁamegtbals% ﬁf‘ detecting

P um rl%ht %se@%bhaﬂir@! ﬁ@ht%ll&%ﬁﬂﬂ&w Sh GRRbndvasy Prv&HvEf%r?:ﬂdo&Bm@th%%EHn&\ | i ght
based on a second | um nati on; uni ng first light and

second qqt%'ﬂglhghhhﬁ?gt‘?fbﬁ segend lightt ilyrigatip iapd A H}'l"ﬁ'l $'$ntﬁ!|é"@"8f°rm taipedt and

second 5ds@Aan @& réFﬁbné‘ﬁteh Xth@“c%@?l i ReMibbN sGitabld R LRUSKNY fesh pficer ati on
range, such that anbient interference for the first and second signal

25 vvave'P@?%emgntrd@M’GEed obt aining a third signal waveform based on
detgcting ar@bﬁ‘d&bsédrgﬁédule for obtaining 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 using the maximum and minimum values of
at least two of the first, second and third signal waveforms; and
20 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.

25 17. The device as claimed in claim 16, wherein the third signal waveform is

obtained with both the first and second light illumination switched off.

18. The device as claimed in claims 16 or 17, wherein the first light illumination is
based on a red light source and the second light illumination is based on an infra-red light

30 source.

19.  The device as claimed in any one of claims 16 to 18, wherein the optical
measurement device is applied with one or more optical filters to reduce ambient light
interference.

35



obtai ning respective maxi num and m ni num val ues of the first and the second
si gnal waveforns; and deriving signal values of the first and
second siyAa12m@9B8B8orns with the renoval of 30anbi ent n®CISGCRY12(08¢00¢ t he
maxi mum and m ni mum val ues of the first and the second signal wavef orns.

51
20. The device as claimed in any one of claims 16 to 19, wherein the first signal
waveform and the second signal waveform are obtained based on toggling between
switching on the first light illumination and switching on the second light illumination in a

toggling sequence.

5
21. The device as claimed in claim 20, wherein the third signal waveform is
obtained based on switching off both the first light illumination and the second light
illumination before or after the toggling sequence in an ambient light detection period.
10 22. The device as claimed in claims 20 or 21, wherein both the first light

illumination and the second light illumination are arranged to be switched off in a time period

At during the toggle sequence to reduce crosstalk interference.

23. The device as claimed in any one of claims 16 to 22, comprising the
15  processor further arranged to obtain alternating-current (AC) values of the first, second and

third signal waveforms based on the respective maximum and minimum values.

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
20 different ambient light detection periods and based on the maximum and minimum values of

the third signal waveform.

25. The device as claimed in claim 24, comprising the processor further arranged
to determine a ratio R based on using the DC and AC values of the first and second
25 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.

26. The device as claimed in any one of claims 16 to 22, comprising the
processor further arranged to obtain alternating-current (AC) values of the first and the
30 second signal waveforms based on the respective maximum and minimum values obtained

in one cycle.

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
35 different toggling sequences and ambient light detection periods.
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28. The device as claimed in claim 27, comprising the processor further arranged
to determine a ratio R for the one cycle based on using the DC and AC values of the first
and the second signal waveforms and the average values obtained from the third signal

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

29. The device as claimed in claim 28, comprising the processor further arranged
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 lookup
table.

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

obtaining a first signal waveform based on detecting light based on a first light
ilumination;

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 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 signal values of the first and second signal waveforms with the removal of
ambient noise by using the maximum and minimum values of the first and the second signal
waveforms.



