WO 2012/ 099534PCT/ SG2011/ 000424 1 Met hod and Apparatus For Deriving A

Heal th I ndex For Determ ning Cardi ovascul ar Heal th Background and Fi el d of
t he | nverwDan12®993%4s i nvention relates to a nmethod and REPEGAOIH0G404
deriving a health index which is used to determ ne cardi ovascul ar heal th of
a subject, particularly but not exclusively of a human subject. 10 There

have been propesed  net hods i ovi.de SGOri r_eharti.ng systemto
det er mi ne an M%Fﬁegﬁ"grfe‘%ﬁaréﬂﬁj{]qrﬁﬁnvén%@j'lkﬁi&' 'Qagﬁ&' @8gerrmai%8r charting
system m ght be able to provid neral health information of a patient or
user but is unable to provide gﬁﬂ‘@f”l’?i"%@'ﬁ? zﬂ“’l nformation. Further, such a
scoring systemrequires the 15 information to be interpreted by a health
care practitioner and wi thout which the information would not be understood
by the pagdcRBiound And@ilid bAe IdveatiGEOri ng systens require at | east one
manual paraneter 1 nput, such as a visual interpretation of the patient's

| evel Jof consciousness, before an indication of the patient's health is

obt ai Ded-THisﬂin’wgtEbnSbéﬁt@é”f’&) a nfithodn and apﬁér&fﬂstf&; dér&i\/irﬁ}lbjr@aﬁ? ir@glk lvehidteal t h
practitioner's interpretation and,can therefore be ynreljable. o

i nconsi st4sse to Fthqr’E'”érfPaé‘ﬁ?‘@éP“'ﬁ'f ﬁ‘feﬂt@ ‘graei"g’f’ﬁcii Qﬂ/rté%‘?"’lrgﬂ’l‘? §° ?Wsa/gfyaofnet hod
and apparahufiadh iibjg&r i ving a health index for determ ning cardiovascul ar
heal th which alleviates at |east one of the disadvantages of the prior art

and/or to provide the public with a useful choice. Summary of the Invention
In acgordance with a first aspect of the present invention, there is

provi ded a conputer inplenented thod of deriving.a health index for

det er mi ni M§redeye 6\?3528?%953 éHFWHg%W?Wap@M‘SFe%F?gQ%OH&?{gW E¥HBT i ng

(i %)_ obt ai d&ﬁé’rﬁwirY@lbhl@rﬁjiéHﬁoﬁtof bgRsibnttsigegiar laua{& Qrs%oiﬁrggz)ﬁﬂ e:jd?m@ lsjsﬁimmigfﬁt t hﬁ
subject, the at least two parangters includin an t | east one other
par anet erbe able to pro("idP)geé@EEl' d}ﬁgﬁﬁ Inforrngjion a%g)@gg'ht ?rh[és?f;?tﬁ& Ueblenle ot
l'east tWoprBRHENEIeiic héaMM MidrRfa86RNFErBSIOSUBY & Yebang ¥eRmBIeqhiles theri ving
t he health i ndex based on the ﬁSSI %ned score. .2 An a‘gc}/an%‘gge g}f t%e

descr PoedNoRBaiRNin e bigrpeted k¥ 2 heplth Gare REagiilipagreant WithpUt wEIgBptes| gnal
of the suRfopRhticH RolildNt ibenadeystead by mﬁb@m.slhm‘dﬁittohe thesddrigisydemsi s
deri ved based on the aSSi%-gEa? score of the collective c(%nbi%ati on 8{%‘

par anet er@3difR] &t Igast opgVT R2AARSIES INPHE SUCBRP Aofisvabifereraatonaal

det er mi ni figdieAfs RVEIGlcbndtiilshBsH befdek bh Mdiddtiod obtB]paeént's eatAld bistainad. t he
cardi ovascul ar health. |t should be appr.eci te(%l E?g% tEe %escrilg,ed ,
enbodi ment? FHG" bRYSIRIBY {5 IARKHIaRAEMEIST '%m'f’%c sifbjtBe gealth  practitioner's

20  interpretation and can therefore be unreliable or inconsistent.

It is an object of the present invention to provide a method and apparatus for deriving a
health index for determining cardiovascular health which alleviates at least one of the

disadvantages of the prior art and/or to provide the public with a useful choice.

Summary of the Invention

In accordance with a first aspect of the present invention, there is provided a computer
implemented method of deriving a health index for determining cardiovascular health of
30  a subject; the method comprising
(i) obtaining values of at least two parameters from a PPG signal of the subject,
the at least two parameters including SpO2 and at least one other parameter;
(ii) assigning a score based on the values of the at least two parameters from a
reference scoring system; and
35 (iii) deriving the health index based on the assigned score.



10Preferably, the PPG signal is nmeasured or obtained non-invasively.
Preferably, the at |east one other paraneter is selected fromthe group
consi sti nyoabh1messt rate and respiratory rate. The assi gunE®scaeareodd the
col | ective conbination of paraneters may be used to derive the health index
to represent the cardiovascular 15 heatth of the subject. Specifically, the
assi gned scores, may

e added to derive the heal i oo d
al t er nat iATe39V25IA%EH B'i‘%ﬁss%ge? & gf”&?%tt'%ﬁ]a\;iﬁeuégleg%’}g%soeaégrpég?ePﬁ 18 tne
assi gned PR®kRnalldiehd sitesct acefunctivralig paysyetensicdthedmaitiy @diek idervedat ri x
of the at |east two 20 ranet e wherein values of ;the at. |ea WO
par amet e8S8] M EFarBar eepe ol e Y oRued oA abt b
prel i m ngryvigen Bemuct impleelahdi marey eficient svagayf beteasiaingi at ederslt fealth
respective prelimnary bands: and the netho urt.her includes adjusting the
prelinin &Q%P %SQH%?I‘O'P pﬁP@P%ﬁﬂﬁa‘f rd'B‘é\??d:ggfheﬂh}i ve the reference scoring
system 25 The reference scoring systemnmay include a plurality of
groupi ngs, for each paranmeter, and each groupi ng includes.a .range of
Pead ngs 1t H1OUGER PREBERER VR derstiBrd oker Mg BeI AT 4 BT 1 s
associ at eghimbltdubgcgor respondi ng score for assigning to, and dependence on,
t he obtai ned val ues of the individual paraneters. Deriving the 30 health
index at (iii) may include deriving a prelimnary health index fromthe
gr oupiongsPrefratsii@he PRGAIRIR s heseedor diginedhan-medsivell.ues and verifying if
conbi nati on of the groupings is nedically possible. The nethod may further

conpri se adding up the assigned scores to derive the prelimnary health
i ndex.  3rarastly, et Sedsobné lothep Pararnéter & sélected éront ther grbap donsistirighef

conbi nation of the groupings s di cal | ossi ble, the nethod furt her
i ncl ude V¥4 A gne %e?%'g%%\?é?tfemrrﬁgﬁﬁsﬁgﬁh °fiena*2{2‘er%° ﬁ?tf’vgsmi@f'ﬁ%?%e t. |f
ﬁdj FSL ”?r%arér%efw@d@,bd h@edhfﬁi F@ﬁ/m ; héw‘dh(tjﬁd&eﬁtﬁ Uairzémagnt tttee carrd&ivbfémm'r yOI
ealth index, t revi se eal t ndex .and using t reyis eal th index
Rt hdsat ¢ feubiet BpaRlial: I Gard: ST A AT A OV bel i

i ndex r eCchHaltRSindéH. UA ttA® RiteMAYIvE, NEdritslgatiome sl the gpdrvee@o hiueat darenuseli to
groupings with a reference |list of paraneter criteria or 10paraneter

conbi nat | Ve AR BIHHGESG®y. the at | east one other paraneter is

categori zed based on the subject's age group and gender. The heal th i ndex
may be associated with clinical interpretati,on of the Cﬁgﬁli O\fﬂégstfl ar health

of the pel¥or® eLange 118NN SHHE™ MAYhRT q&ived BN & SRty 0 | i cal
i nter gy et gdra@BterS Widéin Ghlueb of ikt Rasnii@XxparBireters abd yhapped 16 wespbetive
includes: illumnati 39 a ¥ort| on o[_ |1 vi ng ti s.zHe ofl. t he subj ect a:h%
det ect i ngCalP ARSAFIRICE VIY '9SERFIE RIG TGt Sa¥SH MY RE AN FORIFS MPUM hat i on
and det ecidseBiaftis With! yespeeivec brelighimdty abandst #1fd phe sasthed afuptheedndiyddshe
portion of ,Ii_vintgf]]tis ue of the - _
adjusting the preliminary scores and/or preliminary bands to derive the reference
scoring system.
25
The reference scoring system may include a plurality of groupings for each parameter,
and each grouping inciudes a range of readings for the respective parameter. Each
combination of groupings is associated with a corresponding score for assigning to,
and dependence on, the obtained values of the individual parameters. Deriving the
30  health index at (iii) may include deriving a preliminary health index from the groupings
for each parameter based on the obtained values and verifying if combination of the
groupings is medically possible. The method may further comprise adding up the

assigned scores to derive the preliminary health index.

35  If the combination of the groupings is medically not possibie, the method may display

an error message as the health index and suggest user to take a new set of



20 subject to the illumnation and detection assenbly; correlating the
quality of the detected signal with the anount of applied pressure; and
provi di ngvpbeeti®eid4rel ated to the correlation to the suBC&ESG201THe04¢t hod
may further conprise providing an indication of whether the amount of 25
pressure being applied to the illum na8ion and detection assenbly shoul d be
adj usted. The netho further cogprjse displaying a range. of opti mal
appl i ed dP%%%\ﬁ?'Egrﬁ}éﬁB@%qafﬁrﬁﬁtP@al&gﬁb i%gerpgég%u'?gh%eqoﬂg’%%'ﬁpi%dﬁ‘r?y t he
subj ect. groufth§d 6¢ akédicallly hgossriid)othel ety negmpuriteesndiuseveyiying & thenge of
opti mal a&%{)_ed SOpBessur es whi (F;% corresponds to a state of zero transnural
pr essur e. PTRHVRADF@BR NdeX reqirepBEUSIEe i s obt ai ned when the appl i ed
pressure is at its optimal. I n accordance with a second aspect of the
invention, there is praovided a nethod. of derjving.a health index .for

ot or i o1 hBILSITANb 58P he GRUT DY A1l Aclng D HEPHIE AT g 4
(i) obt aitgidvaviead HeSthahdad adE@sitg theveRssnEilBrisddx 23 tha hBR indgoal of the
subject, the at |east two paraneters including Sp02 and at | east one other
par anet er; (ii1) assigning a score based on the values of the at

| east t wopleadrabip! Rdrfyilawetle framinaryehaatanagess fayuired aejistrhent mag ifludel )
deriving the health i ndex based on the assigned scores. In accordance with
a third a<pRaingithe rempiRgton PgHPUPH‘@FéM&'saﬁ 8@”&83‘3%18 BFrAMgEr 1HHe3e?i vi ng a
heal tfy i nsle¥mber cé@b@afidmi ng cardi ovascul ar heal th of a subject, the
apparatus conprising a processor configured to obtain values of at |east
two 10 paraneters froma PPG signal of the subject, the at |east two

par anet er &dvanedgedidig tRpaRleastbnalothdt datartéter iBldatigoRRéb@miedion the salsisetgn a
score based on the val ges of the at |east two paranmeters froma reference

f . i ] .
scoring s39& ¥RHP 2R 9B e M NG depifiindex May B aRSeCRIRI Wity AINIGR IMMIBTeIAiaR score.
15 The apgran@icHilidiyclle haalth e tﬁ@ﬁéfb@rﬂ,_ #hdBEirh&thsd Qitther Intiuaes aispiipig W th a

fourth aspect of the invention, t ege IS Brovi ded a reference scoring
syst el f ole FnieR! IRIRTPFRIUQLY 35 RATEYADP BPaEAFPh of a subject, the system
conprising 20(i) a first array of categories with each category
representing a range of typical heart rates of s_ubie_cts; , ii%ifa
second ar'rar&gerﬁ?'y’c Hglegri induggs {iuguRaling & BYYEPY of ke g%?‘r'tei?fdh%sﬁ‘%{ﬁ‘éea

typi cal rgsipdtingttRingmittddesr refiestediigittas a signal using an ilunhihatiod 4rd déteationay of
categories with each cat egor representing a range of tgpl_cal, ZSSPQX%hl evel s
of subj ec?SseMie AetertingrhamqbRiR PessHreaRPIRY by theyporfian QElving Ussug Aien a
scor ez angyppdrerii thet MemrRAG Nidi a8@cidn @8sdmlf; theelaiE IRy icealitpfofherr t
rate, respiratory rate and Sp02 when conbi ned tS%et hqer %ﬂsé associj atcgd with a
heal th i ndRIRCtPd s'opek WiihRiamPunh el @eRliar GUESSEIR: nd REHIGIRG tRedPaRk reialgelo: .

the correlation to the subject.

The method may further comprise providing an indication of whether the amount of
25  pressure being applied to the illumination and detection assembly should be adjusted.
The method may further comprise displaying a range of optimal applied pressures

along with actual applies pressure being applied by the subject.

Preferably, the method further comprises displaying a range of optimal applied
30  pressures which corresponds to a state of zero transmural pressure. Advantageously,

the PPG signal is obtained when the applied pressure is at its optimal.

In accordance with a second aspect of the invention, there is provided a method of
deriving a health index for determining cardiovascular health of a subject; the method

35  comprising



30 In accordance with a fifth aspect of the invention, there is provided a
reference scoring systemfor determ ning cardiovascul ar health of a

subj ect, WheOByMPBM conpri Si ng (1) a first arrapCoefSGeatiogonses with
each category representing a range of typical heart rates of subjects;
35(ii) a second array of categories wi4h each category representing a range

of typical respiratory rates qf subjects; .5 i third grray.o
categories W t%ﬁ 05%"@?'83%?&5#9@6? Re'Pmgters tfrgﬂ'b%%gf% ?'9ﬁ|8£&esﬁ‘éfcﬁ’evel s
of dsulralj eghéat leasti®b @hfanﬁ‘eléﬂéiirﬁt&:ijdhﬁngp@Q ahbat Rasegw dtheér pm‘rarhgt%r;fi rst, second
and third arrays are. associate I th respective scores; an erei n each
oo 6 pr ovi ded RIS PeRiG pases o thel GRS IS b ESR vy L B et L h of
the subj gfdm alrétdRpde seoriraadysein;laheé above reference scoring systens may be
used as part of 8 met hﬁgj_{qgmderi gi ng, a health index and this forma sixth
i

aspect of the (IhGeHRL Inggx o Be ASEPNRECOTES - conput er i npl ement ed
nmet hod of deriving a health index for 10determ ning cardi ovascul ar health
of a subject, the nmethod copprisin , . (1) obtaining,val ues of Sp02,
near t 1 allB AEREOPBLD L ot BPRSH LB HereBHot e PP BRd Bty

subj ect, deriving a Kédith amiekOfr Ng:temasiAg echriiassstun héwthobt al nrdjecal thes from
a reference scoring systemof either the fourth aor fifth as ecft; and
15(iii) FAPPRNY CAPTRBEI B hPTORERSET bREWEUEH 1hePRIR; YalueP O orle '88REWPdi ng to
a sevent hhapsmetets fréed PRG sphavofded subet,Rd dfledbe iy ipagarieter REREARG
scoring ;%/stem%ior determ FI nqg cardi ovascul ar hea|th, the method |ncluding
listing atROpBSPLEastReRIbeFAREeEF 1q@spian & SOl PEdLfkle ¥alkgs oLtepG i n a
l'ist, 20eatdaspiiopHrahe®is fOmASREbeNEokiRg Bydidndart] dIRIile Gl thedith amtiéxa

score; checking the |ist against a |list of inpossible and atypical

conbi nat i R§€d °ﬁ§%ﬁ1"ﬁ‘?sf%ﬂeﬁg°‘° i ch of the possible pernutations in the |ist
falls within the |ist of inpossible and atypical conbinations and marki ng

the identjfied possible pernytations; manjpulating the band classification
of the attﬂﬁ %pgppq{mpﬁgﬁlrbﬁg&orm of a mobile ph(Pne.

In accordance with a fourth aspect of the invention, there is provided a reference
scoring system for determining cardiovascular health of a subject, the system
comprising
20 (i) a first array of categories with each category representing a range of typical
heart rates of subjects;
(i) a second array of categories with each category representing a range of
typical respiratory rates of subjects;
(iii) a third array of categories with each category representing a range of typical
25 Sp02 levels of subjects; ’
wherein each category of a said array is associated with a score; and wherein the
combinations of each of the categories of heart rate, respiratory rate and SpO2 when
combined together is associated with a health index for determining the cardiovascular

health of the subject.

30
In accordance with a fifth aspect of the invention, there is provided a reference scoring
system for determining cardiovascular health of a subject, the system comprising
(i) a first array of categories with each category representing a range of typical
heart rates of subjects;
35 (ii) a second array of categories with each category representing a range of

typical respiratory rates of subjects;



25mani pul ating the scores corresponding to the mani pul at ed band
classifications based on predefined scores and band cl assification

rel at i onswopsi12/@sss4deri ving the reference scoring syst emrchased 1ono4he |i st
of possible pernutations and the mani pul ated scores and bands. 30lt shoul d
be apparent that features applicable f&r one aspect may al so be applicable

for the other a cts. 6 An exanple of the invention will now be described
with refer ence""g 8%'[923"5@0?{&6599['%"”@? ﬁaf'hgi‘?g?fx rGiPR§NUng a range OPtyp'c igure 1
illustrates a $)o1rRVéBRPauEdS for deriving a health index/indication for
5det er mi ni_.ng cardi ovascul heal t h of erson according to a preferred
obodi e heIF CRMPBAaSee b Creg st by FEhaacoR! TBHNG Sgare S ur at | on Spo2
| evel andhsas@sted withaeSiectiesiRés @Rd wherein ebtigbéde Pravided st HieitB Sndextibrock

di agram representation of the s 021 of Flg(gre 1; Figure 3 is a table which

e :
list PeatdHLEIRHRAI @_e[qar%msgglaéh%eﬁﬁj_ ersified used in 10a dat abase of
Figures 1 and 2; Figure 4 is a flowdiagramillustrating
respiratory response of a user to decreased Sp02 | evel; Figure 5is

graph i | |lnéesdataithgr péltha dbphrgferRREASasAriap GYSERFeMaY At uped @rRarbey a
response rﬁ%th@d Rgro%%h%fjaﬁizéaﬂh”irﬁjeﬁ ahd tis kSR £ sk éépbetséf][tﬁés ﬁg&ﬁtﬁcﬁgﬁwmt 1on or

groupi ng of readings reference respiratory rates o jects;
Fi gure 7 thereaist piigvided oai ¢amuiterainepleneeigdr metiod of derivificoapherid BAeX éfdi ngs
of ref‘oer%&@rgﬁgg&ﬁ%@mg&ﬁr h%atg% B€4 SubjEtIME I En&PBRhhRERy Fi gures 8a and 8b

whi ch are tabl e lustratin cat egori zation or gr OUPi ngs of readings of
heart rates fdf obigiaingrygluee phiSPO2 Spadratecang respifalpry ratg fromsaneaerdgorg

ref er encepsgQidnag &Y&%ﬁmjéc‘? chart form which conprises the categorizations
of Figures 6 to 8 to show the correlation of each of the paraneters; Figure

10 is a tabl e (ibasstigningascheed) hasedl i atqbirineshydldesfomcd Fefereppe PeE f rom
the ref er&REs, sCAMePheFYSHER itth dshattt End:

15 (iii) deriving the health index based on the assigned score.

According to a seventh aspect, there is provided a method of deriving a reference
scoring system for determining cardiovascular health, the method including
listing all possible permutations of at least two parameters for a PPG in a list,
20 each permutation corresponding to a band classification and a score;
checking the list against a list of impossible and atypical combinations;
identifying which of the possible permutations in the list falls within the list of
impossible and atypical combinations and marking the identified possible permutations;
manipulating the band classification of the atypical combinations;
25 manipulating the scores corresponding to the manipulated band classifications
based on predefined scores and band classification relationships; and
deriving the reference scoring system based on the list of possible permutations and

the manipulated scores and bands.

30 It should be apparent that features applicable for one aspect may also be applicable for
the other aspects.

35 Brief Description of the Drawings




25Figure 11 is a table which illustrates a list of pernutations of the

di fferent conbinations of the groups of the paraneters of Figure 8 and
their reswoecbimmIssedi cal interpretations; Figure 12 is &cCirageod/odeer i bi ng
the respective nedical interpretations of Figure 11; 30Figure 13 is a
flowchart illustrati ng steps of a nmethed to provide the health indication.
of Figure 1, gure 14 shows format of th? heal th data of users

whi ¢ h ar A% EXBRIe o “teHBV?ﬂS'PaB‘é\'é éowpeﬂegaw%edlwﬂm TRNFSIofhS @ACURPIWIGOL TP
and OLAP dra@lRs; in which: Figure 15 is an illustration of a
cross-section of a blood vessel when a | ow 35external pressure is applied;
7 Figure 16 is an illustration of the cross-section of the bl ood

vessel when a hpgﬂa ﬁmhﬁfd’ﬂé’sl a RySIBAMSHak Sua P defdlng a health ifdeStfifidicatién ifsr @
graphi cal illustration of an anplitude of a PPG signal received during

i ncr edsi rptEMYNAG Sapfiovasedanpeal e%gmeésqrha%mgq'%& éo Gf Pretaredt erabrAim e
Pressur e; wiich id B4e8 ohSRspifatéry ratd, Bbidotadxygén Shtumiio Bp0PakbyvdIRAS HeaRR Ble

devi ce, according to an exenplary embodiment, and Figure 18B is an expl oded

view of t9fdh@pemserl neasurenment device of 18A, including an illumn nat i on
and det ection ggsRMIYstRS AblBER eG4 %r@é‘én'té?@n%’?ﬁ%rﬂ%tém of Figure 1; Fl gures
19A and 19B are expanded view il lustrations_of I"'um natjon and

rndet ecti on asEiguis 3/isagblermeuahlist fepturesof %TEST@W&|%FMCQLQ‘%EE‘B|§§ ueed in

nMeas ufee NeNHa@eNiE6F p?éu,gé g4hg 218B and a method of use with a human finger;
Figure 20 is a_graphical conparison _of a graph of measured voltage of a PPG
si gnal over tifguEs4is aofiowestiagias ﬂ'b‘sﬁa@gaﬁﬁpﬁﬁtoah rggRaNse dofafoush tof

pressure Quesadebrgpooligfdigures 21A and 21B illustrate a feedback unit, such

as a portable device with a display, in connection with the optical
neasur ement deligee %fs @?Qhr"lé‘slewgdf?é?t@”ﬁ@@rbeﬁ”?% e igvsls @%@Wri‘tﬁw
respecti vek¥onse ofapersonl-:l gure 22 illustrates a graphical user interface

(&J) on the displ aé the feedback unit of Figure 21A, including a
graphical reprEiggt 8t iSof *@P'eatCPIﬂGSUP@néﬁtea?féFaao@mjr@@HP'@EI of, egading&nefat i on

of appli e,@fe%,e@,légﬁratory rates ofb@jE&@s;23 il lustrates a portable device
integrated wth an optical neasurement device, which is a variation of the

f eedback unit bigurs gusea dakipotp HHustrate categoripatiny 8" @AoYRiNgss e Kasinasnolopt i cal

measur ene,@;cerg,s;yé §@og RvegRLslest h a touch screen display of a portable
device, which is a further variation of the feedback unit of 25Figure

21A1 21B;  Fiomieguf e2ommigeaindines | $2 udtd abe whishr eEb| @blgvilketre®inect ed
With an Oﬁtégs&lza{@w@n@ﬁ &%&ﬁgwméaa%feé formale Iaaacééﬁaeeeéyebmmtl on

and a user's interactlo erewith respectively, which is yet a further
vari ation of tRgurecRdlygtaten @ teferenes gepringsyalept | chart form which comprises

the categorizations of Figures 6 to 8 to show the correlation of each of the parameters;
Figure 10 is a table to obtain a health indication based on scores obtained from
the reference scoring system of Figure 9;

25 Figure 11 is a table which iliustrates a list of permutations of the different
combinations of the groups of the parameters of Figure 8 and their respective medical
interpretations;

Figure 12 is a legend describing the respective medical interpretations of Figure
11; '

30 Figure 13 is a flowchart illustrating steps of a method to provide the health
indication of Figure 1;

Figure 14 shows format of the health data of users which are stored in the
database of Figure 1, which is based on the OLTP and OLAP tables;
Figure 15 is an iliustration of a cross-section of a blood vessel when a low

35  external pressure is applied;



30Fi gures 26A and 26B illustrate a portable device integrated with a
plurality of optical nmeasurenent devices in a | andscape orientation and a
user's i nvenartivess4t herewith respectively, which is an ecgsGkuriohers
variation of the feedback unit of Figure 21A/21B; Fi gures 27A and
27B illustrate a portabl e device i nteg?ated with a plurality of 35optical -

t devi l.ocat.ed I ice, which
aro varlati ond GFETReS FREBIER DS SRIBERD Sunp SBVesS v W hisfy 20" ©
28A and 28&eraieresspeenidedpiacew il lustrations of an alternate enbodi nent of a

t hod of [ th t I t .d th f t
ot ot the bl Qe8 ridel i EBNERTBUNEHIEN, o SR BPAIE £b g SRl ryed
enbodi mertiu;rin_EyIﬁidg&ﬁs&wg%%uﬁwt@obémhalcbraguwnnoa‘ statesofaptd tnaIsmmalsmessrmm)t devi ce
f Fi 21A 30A... 3
11 ustrati ons "8UrS 1Bhds en el 2 praL eeB iR AR R 2Rur rent
(DC) conpsxeaiptarpf embediMERt, saadaFigoret disBeds byn t dplarjetli vew nfather expticdl devi ce
of Figure 21A; 10Fi gure 31 j.s an‘ﬁ’ljl I ust atl quence of , dat

f
col | ect i JRCHEFSBE TR YEe 4 A ey 88 B glioaans RESeRd bR 2usi ng
the opti qabssipageteetictrdissdeviyce of Figure 21A Figure 32 is a flow

hart 111 ust Ny th f the, PPG. s th t |
moasur erent | AaU9Es APARITILA QS SR e veHsE AP oo e PrRTEPE =nd”
15det@cCt | deleAidA eqd3kenbly and presd&@Lﬂeﬁ&tnBBﬁass&&Blyaﬁﬂ t1R30pticat raesureraent

representations _of th correl n. between a PPG wavef orm and an applied
pressure, da \ﬁz Igd‘reb?eg%%%al"h E‘ O eI BHPURAAETS hg an optinal PPG si gnal

using the opt Immremaswr@apmtaldmmpaasm oFa @tﬂpﬂh cﬁ]:ﬁead&gilv@ta@é de RP®I ock
di agram of. a conp ut er %/stem u deV| ce and may be

i npl ement 9N Q8 I"H? g ! 8°ré‘?~?P85‘2ﬁw{ﬂ ﬁr%Ia%IhBo%I‘ ABRled ”% of B preSSI—‘Ie BY€ 35 is
an il usttimé;i on of a photopl et hysmograph (PPG) and the corrponents t her eof .

Figure 36 is tabl il or|z tlon or_gr i r.eadi ngs
ofgr eference r %‘HF? 2?% drzégé'i“ %F‘Fes%%eg BLé 4%t ggﬁ%ﬁ%g%qeewglp 8nceg
scoring S&%I@DIRB@(&%&@ Wwih tree mt&ebmadswéﬂaenhd@m of Figure 18Kiagdraeuskfsi s a
table to I£e| u t ori.zation or groupings of readings of reference
Sp02 | eve'§" 'Og ree"&' re REHNEY: of the reference scoring system of the
second enbodi negire 22 illustrates driggaphicaB@isepimenfaues (G wre the38aplancof3de whi ch

o T e AT 2P bRl PL P B RP Bo, N

syst em Ofgr’éblﬁcaeémﬁﬁbrﬂé‘thmcbﬂﬁﬁﬁlﬁed pressure; Fi gure 39 is atable illustrating

2? \r/]ve\r/;al ues of Il'gurepZaBIr lﬁﬁra?erssa %fortgﬁlgu e%%e mtegratgc{ %ltﬁ%%oocdtlgélergeggurgmee G}Ch
device, which is a variation of the feedback unit of Figure 21A/21B;

Figure 24 illustrates an optical measurement device integrated with a touch
screen display of a portable device, which is a further variation of the feedback unit of

25  Figure 21A/21B;

Figures 25A and 25B illustrate a portable device connected with an optical
bmeasurement device configured in a landscape orientation and a user’s interaction
therewith respectively, which is yet a further variation of the feedback unit of Figure
21A/21B;

30 Figures 26A and 26B illustrate a portable device integrated with a piurality of
optical measurement devices in a landscape orientation and a user’s interaction
therewith respectively, which is an even further variation of the feedback unit of Figure
21A/21B;

Figures 27A and 27B illustrate a portable device integrated with a pluraiity of

35  optical measurement devices located on a side portion of the portable device, which

are variations of the feedback unit of Figure 21A/21B;



Figure 40 is a table illustrating how val ues of the paraneters of Figures
36-38 35are associated with each other as a variation of the table of

Fi gure 39w0 2012/099534 Figure 41 is a "three-axis" table agcpscroafootdhre
reference scoring systemlisting exenplary pernutations of the conbinations
of the paraneters of Figures 36-38 and8including Score and Band vari abl es;

Figure 42 is g health_indication table vi di n rel.imnary health

i ndi cations f r'glt‘,IS?rgé)boﬁﬁgnééﬁc?fﬁe%%?rﬁ% 5ol 85‘%&?1'%95 t eg‘%caff%f”atﬁd Band
var: abl eserﬁE)%dﬁhlGhtL & 4Inethb@wr emsrﬂafg the optitalbheasifreraehtegmiut dits ahe hungnt Ble
prelim nar ealth indications of Figure 42: Figure 44 is t abl e
P howi ng. DR A FURS endlon: AigStHBsd Mt NoMBRn acROEIgaRe OB, SXmRR

par anet er gmpédigBntr esul ts in inpossible or atypical ioconbinations;

Figure 45 is a flowchart jllustrating steps of a nethod to prqvide the
eal t 15 1 ncl catTIBWoLRY o & Aok AALEAr NG, S cal mesleie s gericl 1 dcRdRmr |

di agram of1gefg:.ving a reference scoring table of Figure 41; and 15Fi gures
47a-47c illustrate 3-axis matri CES to sgow aiiﬁsoci_ati 0] rameters

. bet ween pa
of Figures 36-Fguies Aei0B andiSPLvare; prarhicalillustalipns oh FIgRRGLIEeU T NBet ai | ed
Descri ptigdcés & &isihingth Birdwe Guremt (D2 donthohentlofStheWP@ sinat eitaihed tyor

determ ni ng cardi ovascul ar health of a g_ser according to a preferred
enbodi menth® opHeal HRAsUEMENY IeYied Ofdd@Urs £ 16 ect roni ¢ devi ce such as a nobile

tel epfpne 102 @mygredd M8 RInSIRISKElionld14 SQUBHEY 6faldty Edichdiipdriimbe duhey thebi | e
t el ephone 102 via HTTP protocol or other wreless transm ié;}_on?!p%ot ocol .
157 ¥al

T I { .
The web 20rosgssefyobtaningdhe St Aioral ¥l {receriisrle@eagrampRy 'W&se 106.
Figure 2 pga.a bl ock diagramrepresentation of Figure 1 and shows a

configuration of the pripary, database 106. It should be a ci.ated that
al t hough the noByTee34 l?l%Bﬁ‘%r‘f'@a'id'?sﬁr%“”@ﬁH@é‘?c@do@ﬁe%”rr'ﬁgé&‘gp&aﬂgnﬂﬁé’”ser ver

104 in thing gptiead nEaRtrendnt QdvieedierigliRN214 &MY Sx@iedek Fraft By predsber
electronic devices are envisaged, such as |laptops, PDA's, tablets, PCs etc,
and nét neRELORASEMAYhobi | e tel ephone 102. In this enbodi nent, the

nobi | e t el ephopgurles! 330t 336 @Ad EBT Ard IgpaRHceP Irepriabentatictist 6fc thed carrilgtion
measurenment unit to obtain a physi ol ogi cal signal Ié)é%;]}st he Eser

exanpl e obetwaehafRG yigyeforma aph gb GpP §ﬁ§ﬂj$’ Woy Bt P.m%ﬁg Qaﬂpl e

of such am@B8irng an optimal PPG signal using the optical measurement device of Figure 21A;
Figure 34 is a block diagram of a computer system upon which the device and
20 methods may be impiemented, according to an exemplary embodiment; and

Figure 35 is an illustration of a photopiethysmograph (PPG) and the
components thereof.

Figure 36 is a table to illustrate categorization or grouping of readings of
reference respiratory rates of subjects as part of another reference scoring system

25  according to a second embodiment;

Figure 37 is a table to illustrate categorization or groupings of readings of
reference SpO2 levels of subjects as part of the reference scoring system of the
second embodiment;

Figure 38 comprises Figures 38a and 38b which are tables illustrating

30 categorization or groupings of readings of heart rates for male and female respectively
as part of the reference scoring system of the second embodiment;

Figure 39 is a tabie illustrating how values of the parameters of Figures 36-38
are associated with each other;

Figure 40 is a table illustrating how values of the parameters of Figures 36-38

35  are associated with each other as a variation of the table of Figure 39;



10 tel ephone 102 is disclosed in US Patent Application No. 13/010, 705 the
content of which is incorporated herein by reference. It is also envisaged
t hat the Woas81wepBat unit may be integrally fornmed w t hPCREGRoII0DE24

t el ephone. 5Wien the PPG signal of the user is obtained, paraneters from
the PPG signal are derived fromthe PFG signal and the paraneters are
transmtted tq.the b server 104 usin T t | i | e

t el ephone 102q:é%urF h4\g(e'élai e'raé'fc'rfag\‘jeegs gﬁ%%ﬁﬁg Eegenrgﬁcgq %cgo?pgrsygt%gﬂ%ﬁé? a

' GET' netdxethphng perrantafi@rssofithé combinatony of the panaha@ragf Figergsatf@taeds) to
t he web serlv(fr §04 usi r%é]f or .egiar_rpl e, a 'POST" nethod. 10 In this

embodi medtCUTRS SR A RAA VRERPIPS 4 W ndows Server TM 2008 and the primary
dat abase 106 imgirepi2asaricaih islicagoMebid plosidingqrelieinagaatth gelicdtions st  and

simplicity-as it is able to support b serwuices wthoyt.any additional
i nt er fac EOTRSPYGNETAFE ValyRs W%P@gﬁyg%lﬁf? §ni§ﬂ?$lﬁﬁa«? St‘%h%ﬁ%ﬂﬁi cate
with the dat abFigarelMB Usiagable wkba slegehd edesatibingsth€#palicnidbty, Health

exanpl e, when requested by the user. An advantage of using such web

servi ces indicatiomuAf EigUES Lt h t he dat abase 106 is to increase security and
for data aFCh'f-"igU% 4IW§aV¥EBIeS§rEdWﬁ§ é?ﬁﬁjém%, %Hl&&pb%%&%fsh&%nqﬁt abase,
store/retrieve data, performihe réquired analytical “processing such as

obt ai ni ngrigusocatl ofarthé ngatametessipavhichoresultd irheimpedsitié toihe apygicdlat i on)
and can send 20the results back to the client i.e. nobile tel ephone 102. As
shownl0i n argRiNatioNs:t he dat abase 106 is configured with OLTP (Online
Transactional FpGeess g loladHaRSilkisFating St GNE Pth&d 1d BRIviliedfeahdditRcessi ng
to respond immedi ately to user requests and OLAP (Online Anal yti cal

Pr ocessi rig‘)'cal’fmll@@%?é@'%?fd:r'@ﬁeﬂgi hi storical data and enables |arge
-anmounts of datgglR 46s aGERSASEL diggral‘h biterivihh \eGreftiehdea RN gRIbRES. Figlret Ni S
way, the system 100 is sinple and efficient when responding to user
requests.4%iegfire 3 is a table which list the features of the OLTP Tabl es

and QAP Tabl 5,30 IP4fatifRaa HBxiSBMalRes ORf isAbkCdséRiatRhY Befdehi Pl €
users, typically in thousands, wh be asynchronously comuni cating with

, ‘ 0 nay. . .
t he dat abasemetgrsot frigurae B6-S8 v aiden tpderive the 3naxis sgkie peEiB@A! - dat a at any
time of the day. The database 106 is therefore able to instantaneously
allow a user to obtain his/her data or paraneters e.g. Heart 35rate,
Respi r at apstaiiédd Bescnibfiéh ofcRrdicnes Eaitshdimerdther current standing in the soci al

11 network. Further, the database 106 may al so provide the user with
hi stotd cal information such that he/she can identify his health trend. It
shoul d beFigper eshaviseslsyshet 100 Yarrdetdrinirdig gadiavaxcalas health dfea oderaicoadingr om t he
user to 5 provide jnformation regarding.the user' ealth and this may be
the user - Btafered, PEBONERS Top Pty B0 e . st el pit Fde
(Sp02), hhebit RIemBHE @ 02rhd o digb tsemee r@ducoenretticatiVbiy seupedataethe rreobiley  be

i on.on the

i ndi vi dual i d di bt ai.ned t i de i nf t

00 Ul BRSBTS D DSRCTEE o RS BB LR R0

knownasar geredrerts: igrRempiuditathesicapidyl toesl pheatyt dutastdexi 0B0§iguee2 tidierbiocks no

rean vl e ISR RTET TR s RO B RRRELR PO
106.

It should be appreciated that although the mobile telephone 102 is connected
30 wirelessiy to the server 104 in this embodiment, wired connection is envisaged.
Further, other electronic devices are envisaged, such as laptops, PDA’s, tablets, PCs

etc, and not necessarily a mobile telephone 102.

In this embodiment, the mobile telephone (client) 102 has a processor and is attached
35  to a measurement unit to obtain a physiological signal from the user and an example of

such a signal is photoplethysmography (PPG) signal. An example of such a mobile



As a result, in this enbodinent, it is proposed to provide a reference
scoring systemor chart which bridges the gap between sel ected paraneters
of the usEP28rdINBani ngf ul 15health information for thePG38G2010/00&Yy on by
collectively analyzing values of the paraneters in order to provide the
meani ngful heal th information. I n t'Ai s enbodi nent, the reference scoring

systemis pased t hree para ers, of .th ser: S iratqry, rate and
hear t rattﬁ,%pa‘mf ?@%\ﬁ 9'5?'98?1(; &%o&ﬂ&eﬁgé@pﬁ?ﬁgmoer@g@%?@% 3?'@8X\/\%f?ch is
c(:lissg g;ssgdmﬂnelg Mnccﬁp@ratan?braasw reﬁéreh?e.Fkatsealﬁi endsar?eﬁgtaat #het meaduremenhtevel

p epends on parti ressure of .o n in the atnosphere. If the Sp02
level is %@W%@%ﬁ%gfﬂ@? ‘g'ﬁb é‘i“lﬁ"Sg%"gg%% em responds in 25or der top
mai ntain the normal | evel of Sp02 level in the blood, ensuring sufficient
oxygen s |y .to the vital .organs.and peripheral tissues. hysi ol ogi c
respoﬁse%e%/é*i}? 5%’%23'98%‘?" tﬁgqﬁeﬁﬁaﬂ@éﬁﬁeﬂ’ R@Meies; frary g’??/ P%(?%B%P?rﬁe ’
pﬁr son. W?Neﬁ lﬂ(eﬁﬁhé f_ﬁ@yigmme ?hé ﬁegegnétm iae@trém?ihéwﬁdthesm@ imvérmr al 30
chenor ecept or otid anpd aort.. odj es e gctivated . which increases
The ot o GG BeT TR polpodl B anesif peangid, s Bt Pl BidB SMoiateioes  t he
rate of rgsyy f&t esdimpléd bl GET hmethodhamd neariskeds rigdpmawiroiye. r Bsldingetheo

decreased Sp02 |l eve] is . as sho in Figure 4. X n saturation is
decr easedd @epbsﬁé%h\eéﬁbesqwra%%??%xa@g@@n?Dasﬁ)e(x%ﬁ?é’r‘ff)r eceptors are
activated and they discharge inpulses to stimulate the respiratory centers

in the person's brain, causing increased. ventilationy a result, Sp02

returns t4 RESRA F"“?)e”?‘htg?é!‘fet?r%e,r"?rh Adsiag olwﬁ\/%?rg%r r@ﬁi% ?Bﬂgl'l’ﬁ B”’B@'iy\?veen

S|082t Leved;aa@eltsld "?Spét righb@menltat stvdge]chygmetd epm\bidéo Zasdveht@gei he dust reld val ues

an Is is jllustra in a gr 0 I gure shown i.n Eigure 5,

when' ¢ her8MPLSt3R A sBl GivERmhAMbaweb SarPises wihed 2y AR EoHA M eHe b onse,

t he respis adsoitythBwabtserveph 0aes donfigtietiud sb@ehunizatewitie fedatdiesiobrusingt i on is
r P02

val oS, "THED SPVREF SR 250hi 1k Kb 148 B S FL Faies BenEY i BEETT AP 1 he

sane decrgfgftags dPQRingesifhswetl sefiee tarsdnineaiitat&Ratith the database 106 is to
increase security and for data archiving. The web services are configured to access the
database, store/retrieve data, perform the required analytical processing such as
obtaining a social ranking (in comparison with the rest of the population) and can send

20  the results back to the client i.e. mobile telephone 102.

As shown in Figure 2, the database 106 is configured with OLTP (Online Transactional
Processing) Tables for instantaneous or rapid data processing to respond immediately
to user requests and OLAP (Online Analytical Processing) Tables which stores

25 historical data and enables large amounts of data to be accessed in an intuitive and
rapid manner. In this way, the system 100 is simple and efficient when responding to
user requests. Figure 3 is a table which list the features of the OLTP Tables and OLAP
Tables.

30
The database 106 may be configured to serve multiple users, typically in thousands,

who may be asynchronously communicating with the database (via the web server
104) to store and retrieve data at any time of the day. The database 106 is therefore
able to instantaneously allow a user to obtain his/her data or parameters e.g. Heart

35 rate, Respiratory rate, SPO2 readings and his/her current standing in the social



The cardi ovascul ar system and the respiratory systemare connected to each
ot her via bl ood gases such as bl ood oxygen | evel, carbon dioxide |evel,

etc. Low\®paR1208osses 20hypoxi ¢ stinul ati on of the peri pRET&RIG2eNONBIRECept Or S
in carotid and aortic bodies which in turn causes an increase in heart
rate, when the ventilation is allowed o increase. Therefore, there is also
an i nverse rel at ship between Sp02 | evel s and .he rate. .25Th

rel ati ondIRPT6f 'Jt“ﬁ‘F‘ ﬁ'ﬁ Qﬁ{\%?’@?% ‘Fq% iaay &l§q zpéav'?%%etH%erhw%t h'F%’l"Ealand

r espi r at Qhfprmaion s@bﬁth%@heﬁihé%@hﬁdénﬂ@”ﬁéI&éialfh(lreﬁﬂch ot her. However, given
that both heart and respiratory rates are respectively related to Sp02,
Sp02 may act as a link between heart rate and respiratory rate, in order to

30cr eat e |astIEHE BFprBBYEdChh Gatety BV pAramerité nfayrbebéuiarn@d gamsthanderstsst em
Ref erence scori ng S){lstem based on thre ara ters PPG r eadi n?aé 13 An

exanplie. ADUGOITIHON FIRBEaT drorraa BT Bl Pa1eS Uheis FEFhide and

Sp02 is arésmkérpw‘éte | BlodRe Xy §&H @aMurdtRine IveFeSpOLS Fbldic’rli PFessURY %ndl todiyhi s
enbodi ment, the readings of respiratory rates (]e di vided into unber of
di f f er ent!e®RE@HER | €S JNepRRAEAMBIeHe Mk bg Fﬂﬁ"’["g‘lﬂ he ARitRed sa”sdh 9GS Fi gure

6. As it HMINQELtAPRIVRE! infdRMatidrn8h @héBerl’d WBalEH. qmﬁevercaf@umudrwct\dbuevmaere
Goup V defines the best resp |ratorg@r ate and G oup defl‘gﬁ'ﬁéf he poorest

respirat drfctiogally. cambipg (jysh (Kkngwl Rarampters ﬁ”f’fféro‘é'e?l@ 8 mBipR ®Xwher e
It i sjonotsimeathbYis ndhhéangawiilasie It decibNer I@thﬁé E8rBbiRed aadanfe@érgeélaw‘ toRR. i)
Sp02 15Cat egorl zation of Sp02 readi n S Iﬁg %( on partial pressure of
oxygen ( P! )OrI?rﬁdP ?fH@”@d?f?\@%m?anwgq agalingin m@MQtOtB%Hs?revel of sensory
and nmental inpairment. Cinically, Pa02 of 80-100 mrHg is the nornal |evel
whi ch corresponds to Sp02 of 95- 100% Therefore, this range of S 02 S
defi ned a%s?ﬁ%sugc@étﬂi?&mb@dmét ISRIPRGSEA fo PEPViE: 3 Efé%reaseoacog'ﬁa S¥BI50eraver age

heal th coiHartuasbriddes tAS yhb Bétweundssiédied patepibtéstdd the user and meaningful
15 health information for the user to rely on by collectively analyzing values of the

parameters in order to provide the meaningful health information.
in this embodiment, the reference scoring system is based on three parameters of the
user: Sp02, respiratory rate and heart rate, and realization of how these parameters

20 are related which is discussed beiow:

Sp0O2 and Respiratory Rate

Blood oxygen saturation level (SpO2) depends on partial pressure of oxygen in the
atmosphere. If the SpO2 level is decreased, the body’s physiologic system responds in
25 order to maintain the normal level of SpO2 level in the blood, ensuring sufficient

oxygen supply to the vital organs and peripheral tissues.

One physiologic response to low SpO2 level is a change in the respiratory rate of the
person. When there is low oxygen level inside the blood, the peripheral
30 chemoreceptors (carotid and aortic bodies) are activated which increases the rate of
respiration. Hypoxic drive via the chemoreceptors increases the rate of respiration. A
flow chart showing the respiratory response to decreased SpO2 level is as shown in

Figure 4.

35  As it can be appreciated from Figure 4, the peripheral chemoreceptors situated in the
carotid and aortic bodies sense the decrease in blood oxygen level. When the blood



20 smal | er categories, where Sp02 of 97-98% and SPO2 of 99-100% are grouped
into respective categories. At |ower than 95% Sp02 | evels, sensory and
ment al i My@I2PEN9B4may occur. At Sp02 | evel s of bet weenP@IASG2041/0a9424 nal
sensory inpairnent may occur. . At 90% or | ower Sp02 |evels, nental
i mpai rment begins to occur and the suBpect could be in critical condition.
and require i nmmedi ate assi stan%\(a. &25 ased on thes | izations, %‘I i ni cal

[

h re

data or O¥FhgRIYRIE, g5 dereaiedi §88 i ec&?ﬁ‘sfzet"én%m@a? 6 P8Py Y&nds to
Oclarer ive a cﬁ@%réo\%ﬁhﬁs afe &dioyted ?n]g lﬂhwie%%rga\hhmslséggs stimueate trmmsmca(;urpr i sing

oups | to V, where group V defines the hest measur a roup |
et | nas (oRBIeHb i BePosHises ells GR ARG MoraoRR VaPIZEPTRAS oot OB I of
Sp02 are igpparamal and may be harnful to a person's health, while groups
[11, 1V, and 30 V are considered as nornmal and healthy Sp02. iii) Heart
Rate 314 Heart rate varies with age and gender. As such, categorizations
are plroxiﬂ%det ff)n‘ég tNe_#éiiﬁngﬁ biwiﬁféﬁéﬂbﬁ;sﬁibcb?\ﬁé&esp?zclevfﬂ% Iag![jyes;tﬁi&myathﬂeyi
normal heart rate is, |, pm. hi gher an restin art rate. r ma
heart rat¥em2R®2 1§vst isRsiPwihg '&Wﬁéh"qhéesd?” Wésd'si"h’tsgat?a\}%ﬁ %?%8%%?% hown
in Figurgs 8a and 8b which conprises Goups I to 5VIl. For HR, Goups | and
1, as well as group |11, are considered to be not so healthy, while groups
IV, V, VI, and VII are the nornmal and healthy ranges. As it can be

appr epi atRdsKdwainFFigLrees whiananste 89 dedrBesathbivesaraP©2 Narerial Poadalkeameian t he
men and wonen so that t heX/ share the sa ﬂ[ﬁ’geuc{)t?nlg for _ﬁ)}(a%@ t.Group |V
for 10 ad8sPHEEwkIEeERI3IE f’B‘r“UWeYP“é'B?r'%gg'B‘ cieast e pimyptiofsisgg
(Whi ch i sslipRORREIE thedBOADP IR NYEIFEINA) is MRS Ba8 FOomMMYTER lowdri BOZ values,ponds
to a heart rate of 90-93 to be Above AYe_ra e. i t he r_eF(ar ence

. 93, ) . %p this way
scoring specimuiaiabirspEationfpiecs FPRECHPMLBER2REH U ite fRE fecsa? fLF %he dat a
or val uege@iseach of the paraneters, respiratory rate, Sp02 and heart rate
are categories into the different groupings as above, each grouping or
categbry is assigned a score. It is appreciated that each of the
par anet ergp0£ald He8 Matatt ory rate, Sp02 and heart rate 20have different
i nportance 1Tn the determ nation of the cardiovascular health of a person
and as such, an associ ated score for each group of parameter is sel ected.
HO\tNev erS ) 01;@ cﬁéi%@a&{uialﬂ%t?steﬁ]%dgﬁ@%gpﬂgﬁqrﬁﬁyété\ﬁ APEESHTRIC t ﬁsrdsm Jaeh p‘:rregmar yd
rate, Sp02 an eart rate are arran in an arr assQc e rades
and scor e¥0%he2s4§ §J¢§%0%8W93Pﬁe‘%ﬁgqﬂrté°@?'oﬂf’??g“eglﬁtc'l&@iwngpdygscﬁﬁ ory
rate and hyBokieishsuleisn bf thatgeripétal dnaphdte@dptdrs G Egrofld ah@ubrtiamodies ashiopf f our
rows by nine colums with the topnpst ron1re r ,enti%% sa res 0O to 7 with
each scor'® ¥BiRYSeSIBICERASE NHeaK rate. WhgB NG t'%?‘Sﬂﬁ WEHEC P8 par anet er s
respiratory rate (RR), Sp02 and heart rate (HR). 30 As an exanple, a 30
year old rmale subject with a RR of 18, Sp02 of 96% and HR of 70 (see Figure
8a whi ch CtseieEs §'st%’S‘Ga%iﬂde'\??lr?'at'%nﬁi"{j%ﬁwgﬁ%%ézg?v%ﬁ? NegR rate.¢ o1 5po2
and 7 for HR based on the reference scoring system A final score is the
conbi nation or addition of the scores of the three paraneters. Based on the
sane &xanpirge Wgyrelationghinefihree parametersave a total final score of 13. 15

It is realized that the heart rate and respiratory rate are not directly related to each
other. However, given that both heart and respiratory rates are respectively related to
Sp02, SpO2 may act as a link between heart rate and respiratory rate, in order to

30 create a balanced physiological environment for body organs and system.

Reference scoring system based on three parameters for PPG reading

To derive the scoring system, each of the parameters SpO2, heart rate and respiratory

35 rate is categorized using readings obtained through experiments or clinical studies.



From Figure 9, it may be observed that the RR scores range from 0-4, Sp02
scores range fromO0-5, while HR scores range from1l-7. HR has a w der score
range as WO 200p/09033di bl e to determ ne a broader range of PRE&IGRH1f0pGI¥ HR
alone. In contrast, Sp02 has a narrower range as it is not possible to
determ ne excel |l ent health fromvery d8od 5 health based on Sp02. For

exanple, jt can cl uded t at an_individ Sp02 ~0f.,100% i s
necessar|’4rye’f'?égﬂ’f’h’lg‘l op UP VSIS WB‘aa{FSRAﬁa%%Y 82h%afr¥ E?é%gnésﬁlblza{? By, it
not possifblgavs 0 concl ude that RR of 15 is better than RR of 13 or 17. As it
can be appreciated fromthe reference scoring systemas shown in Figure 9,
the 10 total score ranges between 1 and 16. Fromthe final score obtained,
a preli m.paéyp.ﬁ@e@leatd ndi cation is determ ned based on a health indication
tabl e of Figure 10. For exanpl e, a total score of 1-2 yields a grade F with
a health indication as "dangerous" whereas, a total score of 13-14 yields a

grade of Rt ragsrdtsplrate, ImtﬂlisCét’hb@ﬂmeht ihéifeéd@g@d)f re$piratirp esitev@reldividedased on
t he heal th indication

ous e user ma vi sed to seek
i medi at e”%PE@Pera?ftce‘ﬁ?r?%cat s g ba V&ﬂ? éﬁﬂi’& 8 é’gaﬁgét‘ﬁ]?i?h UCP has
very goodrig@ed. A¥assanl R agpesdidtsd, thée dreald broluad@Gron gto ‘Vhﬂhehé@rblhp Y,
i ndi cation tg{get her with the scor%'Fj gaﬁ%jpugen be own on an o ut ~devi ce

such as tIfnRDANG Seplorespiahy e @Ff'”eﬁn dPAER 'éaSP'éaP aB®ouser s

are thus GRubdNERd Il BRI the oldofabhiotrasl R VIEPENAY Rotiteditivy, ik grapamEt er s,
but need onI Xq noni t or uni fi e& health i ndex instead. In instances where

the scordVoRNd N@,BaM3 rangg8 o' R a particul ar user is dangerously |ow e.g.
in the dangerous range, a trigger may be activated for exanple by sounding
an 25 al armon the nobil e tel ephone 102. Alternatively, or in addltlon a

| ocal hos'BlstPQ or famly nenber may be informed of the individual'

condi tion and woul d react accordingly via a text or email nessage. The t ext

or email pessa may ent e. via the b|Ie one 102 or_t b
servep’ 104ateg %@H%” QQSHQEeTe@WB%ngnB?ﬁed ‘Pth Preﬁg'if @2053'%%{} Patg‘{&?é‘mgoci al
net\r/]vork hmeeécﬁréerbmnglsareldﬂw SpGDCcad met\wré@na@@oum ,manall msairh«yntusers
within the socia

net orne accordjn
net wor k senicady %?Q)Q/Pf\(ln\gq 109I'Wé”"%b%§ltg?1”?rﬂéﬂ teyel ‘Hh'cbmcgrh ?P@P @fﬁt}&!"a ades"
of Fi gur e1068;.1 Brhepbford, 1616 ramyd bNSp®@Rtid déﬁhéﬁr@é trreué@eptasmngé Mrtreh tar e
shown bel ow. 16 1% 'f all three e sane sb
”d"tP t hr ee

associ at eHRELHPIT FRYPRRAYS %‘f?r?%es Ugﬁﬂthi gor}dgpﬂe %8 9%F‘t90°/%f<%ﬂ98| & Pr

par angf eréihé'l%\/%afegﬁﬁ@sf em@‘re BpO2 of $1-98%, and1SPD2 &reE100b drRgrévped imad HR as
shown in Figure 9), the total score of g ngr ﬁ a health indi catleq
% ?he

Very Poorrespgctiye | C%tﬁseréespa briever dhemy evls; | pensoy |and; mental,
total scokfpairmehtsd nmubdcdretAtr 8p@2h%ﬂ/btsh of Nsbitwédri @ @tf% Pogihimal fsembbryt hr ee
paranmeters have a score of 9(q h%%%z t he to score of 9 returns a
heal t h i NEPREMEBhMEY 9KFEr ad 0% Oél'?wﬁf iﬁ%(F&rrﬁi "P?B@'E“%”tst??&#e Bt 4 (v,
V, 1V), theut ah@khes subjéct Rbulbenpudriicaleiontifion aheabgird lﬁﬂhé?(ﬁéteCa@sn@fan&)Od
102) If two paraneters are of the sane scofe a %bge rema(i n@(ﬁ? ter is
of an‘adj %Morg@gf%rqa,l gatiops (iinicalgdate Qe readings of RRCLATE Giiqed IR ISt Hed as
the gradecabgdestdrendnae ﬂéade’#%té?fs&:dzaidblémﬂ%lhowﬁ% rRyaep?, ewhn&lhlmaesﬂv@g RR
and Sp02 has a score of "1" each, and HR \{a ore of g g 4 1),
the tot al STOHBY EOTBPIISING\3reups d it My WhRrQHA| %9”8? ?WrWSJre 10.
(This is sMbpreb |tdefiied Befbohst 8pID2 measurement. Similar to RR, groups | and Il of

SpO2 are abnormal and may be harmful to a person's health, while groups IlI, IV, and

30 V are considered as normal and healthy SpO2.

iii) Heart Rate
35



15 3) If two paraneters fall within the same score columm and the

remai ni ng paraneter has a score which is two scores away fromthe score
col utm ofwonRei1zosesspar anet ers, the health indication i s ®€TSGANHA4R4 om t he
i nternedi ate grade. For exanple, supposing RR and Sp02 each has a score of

"1", while HR has a score of "3" (i. e14209roups [l, Il and I'll from Fi gure
9), andfro ure 10 thef naI i S determne

the C grdd® % varies JVith, Age aé@o?%m{]eé ﬁg..sucﬂnfat‘gg?n@g%ﬁ AaX i %§ Vs'éal%ﬁf/oél vi ng
scores WI\Iaho @do p%"ancﬁger&?dhillatcborﬂﬁﬂglygﬁmhera(llﬁ horaral Ineatt tratei uacﬂOchpmon

(bel ow avera te Thi rade lies between the C and B 25
(aver age) g eg(}égn 5 R eﬁ”#ag%r orggl ln??r?t%t? darts et gied %rgcggo@egc re of

" 3" i OIagd diiePRIASRIERGrOAS & mrengﬁgu'rfs 8a hh@lﬂbtvxgﬁcrt cﬁn@dhrlsesgﬂ’rleumsfl t68"

wou e [ t ade o ure 10 and the "be ver age"
noal £ nbrgt AaGabsbad e g el 5 Grdte JIVdH s g dcnot 36 A

par arTEter\ﬁhi%r@o@%SIQ’QV?-VEan\le'arél“r@.r&ﬁmé%ﬁ'&healta}ﬂtbrgﬁe paraneter has a score

of "3", likewse the B- grade is given to the total score of "7" and 30t he
"bel ow average" health interpretation would result as shown in Figure 10
(e.g. I1lAs ltlchn beldpprecidigd krbnﬁFlbutebEBap@fcawttﬁé valaes awndermdiibed bemespect i ve

hi ghest ssi bl e score, on of "Excellen i S obt ned n t he
oxamml ¢ CRBSMATAR womah soduaney EharSuS hame oruRre Herretmae. it leidy 4

Sp02 fras agesetwedt 1625 GdSkd‘an cbasS@nagcms @ efart’ratel of 36289 emaplseregamdu ment ,

an "excellent"” health indicatjon is So_deter i iven a 17
score of 28 AY§AVERS): rﬁa%@i?”@"ﬁf‘ s %’E‘j’s?—ﬁ@ra goalr\?gﬁr tesoégﬁggép%g (V,
VI, VIl oAbdde Aderagd. In this wBy, thé refBrnoe sbmgp@rswnfebelbw iaapplablefosbethe of
"0" with the remaining one or two 5S5paraneters under the adjacent score of
"1™, an OWGPQPSWP”‘GPade of Figure 10 woul d al ways be determ ned because of
t he dangerous health situation (e.g. I, I, ). 7) To pI’OVI de a nore
accurate alth jndication,, an internediate range n nd /A* range
For sBor eAtgrthg salyor ek PLARL GhaARmERrS SHTEbN Heastps REhests ade
A+. 10 Fomte)ateyoribdirfio tise diffbieal §Auphes ab bﬁomreaaﬁbﬁf@lrfgairlcamg‘omﬂ gr oups
V, VI, IV respectively for RR, Sp02 and HR whi ch provides total score of
13, whi cheSSNPE SRRt to Grade A+ in Figure 10. It will be appreciated
that the rules governing the table are not exhaustive and may be
15det er m ned ot herw se. Specj conbi nati ons of grades/s

adj ust ment & FRPTEFRiE! %ﬁ%eﬁﬁwﬁ tg‘é PRETLSE| ?fgar@éﬂ'f'%[g'é( rﬁ@aﬁf’ﬁ a"@aﬁ.
Furthgy, hdvesdifiarbst iloadmdcainitné aetetrhinbtidrngs thellcﬁt?dlcda§@11@'3®dltiab0u¢)em’oﬁw de a
framewor k whi ch aI i dat es %;Q g FP? a?eslysteg] her IV\%(? the "grades”
are not af®i 89 I?” IBRPSARALEOD 9fOHP & Hﬂlam? & WeH®The rul es defined
above. An advantage of the present system 100 is that the health indication
which is However, for ease of use, the groupings of the parameters, respiratory rate, SpO2 and

reqU|re

heart rate are arranged in an array with associated grades and scores and this is
25  shown in Figure 9, with “RR” being respiratory rate and HR being heart rate. The table
of Figure 9 shows an array of four rows by nine columns with the topmost row
representing scores 0 to 7 with each score being associated with at least one group of

the three parameters respiratory rate (RR), SpO2 and heart rate (HR).

30  As an example, a 30 year old male subject with a RR of 18, SpO2 of 96% and HR of 70
(see Figure 8a which corresponds to Group VIi) is given scores of 3 for RR, 3 for Sp0O2
and 7 for HR based on the reference scoring system. A final score is the combination
or addition of the scores of the three parameters. Based on the same example above,
the subject would have a total final score of 13.
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under st andabl e by the user is presented as an indication of the user's
cardi ovascul ar health and yet the system 100 is fl exible enough to provide
nore det aWD=201¥M9e334enabl e 25 nedi cal practitioners to p@CTSGRIFIONCH- Up
actions based on the total score and/or health indication. However, it has
been found that sinply having the heall®h indication fromthe scores may not

b an aceyp aleo LR GSRAL B AT 0L WM S B Scdill ChAKRANION, G594 Lol nce

t here may va ich do sense ere may be a
need to rangesfeorh foe5, heraletH'hRisndnesaammﬁsomd -8 hiaspir wpier acekeyaned pad is he

heal t h SOCon itiaon of. the I r check
the vali (?loﬁ) Sft gﬁ?"@@ﬁbﬁ Plr;é? :S%rnrgﬁ%?f# he%afp-zla;bm e"“?lls)};]e Cgﬁﬁésﬁa%‘?%bg% by
wor ki ng @umartdwemesge lak ét isomdii poasiblents wemnerwg&lieohbealtm frore teaplgeodf

Fi 9 h f j. ndi ' d f
Cour s S 5PhR0H PRGOL T el 5, AHECE enBERLd b FeiBplg aces ©

showi ng tSp2SafMOf |strieeeq$anhyllrtealtmerrthamén RIJiviGE0 Yijth SRO2D f99%e Simitarly, &ind

th d I t t h ti

a1 1GCHEPRG S eRudE PrERREETs i aeb kBRSPS B 0T P07 S P gens
whi ch expl ai ns what each of the characters under "Interpretations”

[ ﬁgr eRstan é’&d&%ﬂ?be ﬁﬂp&%wgefdrﬁ?mg}ﬁr effgr%ﬁg Cgcor%gns&%';rggs %ﬂr&/gn 91f Flﬁh%ué,ethél’ for

or respond
i nt erjor etteal storé dangesdb&nedr 1 and g6oEpImM"the finsl ecta:trambebainecBaaseoblioﬂnarhe

Fi 1 . j i , h

So02 s SipaihatdiaoR i sRlenRiherrbaskd HrCA ek icdih 1BbE e FgREN i Foron e

con(iioft i ;)mxafdp{w{aabflift#?@f 1F2 gialde algr]?dbcﬁ/wth:arftaahmr!chmtlbn ak|’ dammatrdms havi ng

n 10i nt er,pret at i r re i e

gonbi nat i'GIF" T &h Otﬂ*ps&g%e gpés 3%'eq%n8 &ﬁ%{oﬁ%‘ de%’.zﬂ g]g?@ Cgﬁo']& gf’l vér)

[ n'ﬁrgr pr?tGﬁdcbr’lnrmt)erbﬂ:rm masﬁl@gn thdulinesaithl indidft®nodf ¢ ﬁr@erayslilihs Iusevsmayn bexlzirrpl e
inatio an, asso ed inte a an rom

oo B sp ) s8R TR SitclePl BRPER Wrgfas Ve Bo8; HleBRE . ihe

i ndi cat esusehBas tdre gbpd 2ardivvascutandealtir.mal r ange but an abnor rral respiratory
rate (RR) is detected with heart rate (HR) on the | ow S|de

the AR ar afresfinde, s o8 Re Py kathuct Roelip Mo ksl 3 J‘sﬁﬁ TR T

exanpl e odn éd‘lbl&ipmt&ievlclelssltm a$ ¢ radbileuaiepbdnel 10280f thdeser. Ahedmmmlaﬁmajn of
RR-11, Sp02

it or B of GETOAITCE Yo rgrpdired g TR AT AeTosre Bh AL A Brerp b o1
conbi natlmdcu‘nlypabatmtaamh‘nedmum adexlinsteald. t he interpretation "N C' which
represents that a normal conpensatory process is in
In instances where the score of the health index for a particular user is dangerousiy low
e.g. in the dangerous range, a trigger may be activated for example by sounding an
25 alarm on the mobile telephone 102. Alternatively, or in addition, a local hospital or
family member may be informed of the individual's condition and would react
‘accordingly via a text or email message. The text or email message may be sent e.g.
via the mobile phone 102 or the web server 104. In the example embodiment, the user
may be a part of a social network, wherein the user has a social network account, and
30 other users within the social network may be informed accordingly via the social

network service provider.

The health indication with corresponding “Grades” of Figure 10 is obtained in line with
several rules, some of which are shown below:
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pl ace (see Figure 12). The conbi nation represented by nuneral 1110 is al so
given a 25grade "C'. An interpretation of "f" indicates that the user may
be in a dafgerzIsssdondi ti on since all the paraneters ar@CESGaetIHdA4Lé be on
the | ow side and an exanple is shown at 1112 for groups |11, |11 and 1.
The conbination is also given a grade 16C'. 30 An interpretati on of "Il"

i ndi cat es, .t t he ar ameter co nati ons show t hat the use

cont 11 or E e RB AT e FR A sERie. & asseraled gt Sdiaton repng 1|
respect i Vgkatufnetl. &} exSa{b?e el thRe ﬁa@new@hm&a QBoref al (HO1 Ji wethe r@grade
"A. é}lg ar arret Sp02 %nd H ﬁ@lt vaI ues, whi ch fall th| n

t he groupﬁggI P grﬁf‘ %%ﬁ@% R Reure Pla Iscete Bl o, refurs &y is
al so usednaleatroamf%wpo&arfanrﬂtr@é paramstéreg rﬂr/@wﬁe\dfz\(/iuanﬂn; Yhe ftal Sberen l n
nuneral 1118. In ven it can

oy od aidd would reima SopRLRoleRt of RePral ol hise SR aietars e SrcaRe! 3

par anet er(py,ane gy, alhey?e&dl E6orPcp\g ftuinBea rmdnm{dmatnbﬁrdwweaég@nf lalchh‘ébrat ed
in Figure 11 and the above are exanples of those grades anOt be

adj ust ed RAFAMBRIHOPG BFOBF ¢t (Yy¥t Brh thentotahscoe r%yﬁa'd rFH’é” Pol§aifi ng
exanpl es jagigatinasi &oodOWhi ch are adj usted accordi ngly. Conbi nati ons being
auto mani pul ated by the system 100 1) For interpretations of d', the upper
limt of the health indication cannot exceed C. Therefore, the system

subtrgct s tl'ﬂ%Né'd’é@émét@EH BreaSTCMedsangd Bcbile AMe tHid P@ha.ﬁ.ﬁg riYakiet 5 bP aﬂxceed
t he upper I|mt of

'(_L;and and ﬁn n(&xl mum heal t h woul d be ' band.
For exanA%acenhReere Iffé?”b aefatho %FQ 3iqp is feteqpine @@Qﬁjﬁrapﬁ)w%ﬂbthﬁu?

(G oup Vigwo pH&MERrehlltuhdEf. w%xgmprehlsappﬁsﬁigdmoa{dr sﬁ@grwés Qgsé‘!ﬁ@roes1 of
0+1+6 = 7 points and referrin is B- and the Health

i ot Gohs et irog souget 2| Sy ) the falsrote 490! HNEN SErdLD: e

G ade " accqrbgle BY shewr-indrigie 4. K'DruQ!s\&ubfbcCto?rQIeQ&ﬁ&ﬂow th the interpretation
as d' 1120. This is because since one of the parameters is in the

"dang®r ous" category (RRis in Group | which is considered "dangerous"),

the syst e il evd ghfsers 18! @it ahé @amel B4R cHIBRINt dhddthadenaiHimy Badastdry
before presenting the revised grade C to the user. 252% For 1 nterpretations

of "a", tNAE USHAF WHIEH is P SCRESHRWAMN KoMl S5pTecTPIWan RbihecoRafameters,

Ther ef or gpet h@alﬁYHﬁQtléﬁ)Oussé&bfrﬁﬁéé fréia fHena{teﬁﬁéHieﬂe agae diFeg| ¥xanipld,he
final score points exceed the u hB'Eg 9 limt of the ° band. The maxi mum

heal t h batPrp$ing RF AN pQ2,eac avarq ef g Wf‘"e\/ﬁ,R Ras ascere Bbiht(se but

subt ract eglolipd 1, IBaanﬂI&Qﬁ‘n E@uﬁd"@)wén@froﬂqliﬂ uref1oFtreUmal ihdicatksh i8)defePmined
|nterpretat|ons of f', the upper limt of the health indication cannot

exceed ' B PPHér%'TtB?é:QVPH% %ttﬁ?ﬁoéﬂﬁf’?rédﬁsf’the final score accordingly if

the final score points exceed the upper I| mt of the "B band. The maxi num
heal th band thus will be the 'B = 11 0|nts but
subt ract et |%tCBmPH@t'B”Sg'P‘éRJ\é'”%?C‘ﬁ%W'th F?’Ij’u?e ai‘lédd't\oﬁa':%a% Brpr 'é%'?éthpl e,

for RR=gridigatiors (beRCadéays) is\craddd HRRBI §rdBe libs WainedergtHee s @oégoérﬁél Bf 8,
this converts to a grade of "B-" in Fi (_?ure 10 and as shown I n |gure 11 at
25 (average) grades as shown in Figure 10. 1f tiwo parameters have a score of “3”, and
one parameter has a score of “2”, then the total score of “8” would be associated with
the B- grade of Figure 10 and the “below average” health interpretation would result
(e.g. IV, IV, II). Also, if two parameters are associated with the score “2”, and one
parameter has a score of “3”, likewise the B- grade is given to the total score of “7” and
30 the “below average” health interpretation would result as shown in Figure 10 (e.g. Ill,

I, 1),

5) If all the parameters are under their respective highest possibie score, an indication
of “Excellent” is obtained. In the example embodiment, this occurs for example, when
35 RR has a score of 4, SpO2 has a score of 5, and HR has a score of 7. In the example

embodiment, an “excellent” health indication is also determined when RR is given a



20 1126, there is no adjustnent made since the grade is within the upper
limt of the "B" grade. 4) For interpretations of W, the health indication
must be BVO.20I9PBRore, the system5 100 subtracts the PCRSIG26I00PEI24
accordingly if the final score points exceed the upper limt of the "B-'
band so as to avoid in giving wong intverpretations. (e.g. IlI, IIl, VIl =
10 points, which is Grade B from Figure 10, but this is downgraded or

subt r act €§otethSPR2JE giyen atscered HRntiHtisgivena §eere 858 (XoYisVHEF & Vons are
based on \]'qge possi bl e physi ol ogy responses of body. Automani pul ation of

al gorithmby the software As descri bed above, it is recognized that sinply
counting the total scores may result in 15 inaccurate determ nation of the
heal th i ndiginb0ft RRdparaiRidE Yehll® séire 10D Witheths Obafigy 3heQri thdm

shoul d take into account these special scenarios/conbinations of scores and
per f osm tResaMeless Yadss the Adiacelj Bearaetit’d), amowraer grade of rigwe sl wrdlfe
representalhonne hftefhifeE¥EEHRALE oEHBRANEBILSs hbhith SRElNR(Eg W I ). first match

8 .
t he conbi nations of three paraneters with Figure 11 to determne if the

conbination is a 20 "normal conbi nati on" where no mani pul ati on i s needed or

the conbipaty @%vihélal o delifat@nesiRardidbticnoBRiMahddtte e bdtREEH AQhd
mani pul ati'on before the information is presented to the user. In other

wor ds, . i fA 19898 jatssries () 1dehtce igroguserbandwhichrinppsaciased Witk éirebradediscor e
POi Nty arg, SHRURAE! Bk fid ARhielSd tiHAl tRC Bhfantdist fama\knmﬁtfrbu@sdlwsxt/mvts, t he
final score can accordi nn%% provide a nore accurate health indication. In
addi t i on,reppeatiMely §fRRvaFROZ @b ERWheharavides dafplscereeims Maichaesreseendsr
nmessages Widhdfa+Gh fRUAYRSl on the screen. For exanple, a person's
respiratory rate cannot be very low e.g. 5bpm while the Sp02 is nornal
e.g. in the >95%range. 30If the conbination does not match with any of
speci al cophi AAhbRBSatel thatRRS RiIdY SovePiihy R {aBRSare AEBxdIRtIVeLA mag@ee can
be directly calculated (i.e. "normal conbination”) and the associ ated
heal t¥ i rdftermineshotipiwisen SpepialiereRinaiions 9hofpdes/scomas E1gyIrafits FHUBMEABw t he
user of HH%«E@}% bfovide! RENING atOfaRteaith hdliatiosdr di ovascul ar 35heal th
information w Il now be described using Figure 1 and Figure 13, which
illustrates a nethod 1300 illustrating various steps to provide the health
i ndex. 24, Ref ef thélld be agg@éra?edltha?m RilesSdisRisddP2bNe FroddES famelBR USer
obtains his one or nmore PPG signals using known neans, for exan‘g! e a
measur emewhichvatidatey freearading: sistembln etheemepiforiee foradesharendli #i6itiaglvephone
102 a4, st&hivd3dMuteXd hashgrubhG WttheTuls'd@ARd MRey rate RR. Sp02 and heart
rate HR fromthe one or hore PPG signals, and at step 1306, the nobile
t el ephone 102 | ook up and obtain the respective scores fromthe scoring
system of AFi gLRage f O tHRAGRsBAt SPQeMANBEBE Shat the Hehith Sn@taRneWrichaged that
instead of storing the scoring systemof Fiqure 9 at the nobile 10phone
102, it nendepda by thet yses ipprEsenied s gicalian ehthgtusene cargioyBaadari06 (in
health and yet the system 100 is flexible enough to provide more details which enable

[\
W

medical practitioners to perform foliow-up actions based on the total score and/or
health indication. However, it has been found that simply having the health indication
from the scores may not be an accurate representation of the user’'s cardiovascular
health since there may be permutations which do not make medical sense or there
may be a need to revise the health indications to more appropriately define the health
30 condition of the user or patient. Thus, it is preferred to check the validity of the

combinations of the parameters.

This is achieved by working out the possible combinations or permutations in the table
of Figure 9 and combining them with the different health indications/grades of Figure 10
35 and a result is illustrated in Figure 11 which is a table showing the some of the

permutations of RR, SpO2, HR, Define group and their corresponding interpretations.



addition to storing historical paraneter data at the database 106). Based
on the respective scores associated with each paraneter fromFigure 9, a
prel i m nawvg 2nealoviz4i ndex based on Figure 10 is derived aCTsGem 108084
Specifically, 15assune that the values of RR Sp02 and HR obtai ned by the
nmobi | e tel ephone 102 faII w thin the f1@||ovvi ng groups: RR - Goup Il - v
score 1 3902 - Goup - score HR - oup Il _- score These give a

.2
t ot al éur6f1‘5'5vvﬁ|’2%‘ ‘??@éH%t“{eh@Lb'et WHSt@tQQ ImoRf HigRPesiale ‘i°§“0b”@*'°ﬂit h a

poor Heal Ftubur’enC*'ZC@é'aneﬁbm SwhRhN@xblBRs Piadlat Medud YofN@Rl tdhakdutsrs. uhdg nobi | e
phone 102 next checks the validity of the paraneter combinations at step 25

1310 from!Mepatations” RELSEAtSt hi s i nstance, this gives a Grade of "C' which
corresponds to that of Figure 10 and the Synbol "y" at 1130 of Figure 11
whi ch gives an int ergret ation that the Sp02 is | ow side and both HR

and RR arorquerples yithgeteeencedp susieng 1(1(9268@%{1%&%1 quéfﬁe RRe P64 BR. 301 n
ot her wor gmbiddtiop df &1lahaW 5f&bﬂeéab%dmblqaatapdret@%ﬁmdwnumadé & gret®Prigl2 of

Figure 13, and thus, no nmanipulation is needed. The method 1300 thus
proceeds @tﬁa'ﬂg‘é Q?F@dGP@dBe 'flgurﬁn?dzt% "&@%@?ﬁ‘?"edd hiicates Ht dait s¥eh @poor "

as the he@énﬁmnéﬂaﬂeeﬁeasﬁbzors% #e ksvm fbcarfdhmaubsmereageﬂoe&nl;?&éateffer texanpl e
via the display of rFpone . is al so envisa that the
i

heal th i n%"k"t'ﬁﬁy Nb‘é‘eir?i Hﬂé’f PB we thshowgicambinadipasl 'b?n¢q§{ut“%v"f§5f® whi ch

i's prﬁﬁen.hfé@prb&t.érh%fuwgs wWHi&P froi Figird a2SinklcBtdshibat AeAlcbmbinadsen i¢ n
represented by both the fotal scores and the health indication of Figure

10. Fur t higpostible oReedndhihaiRRgelined afup HIKGBIEERIRIAIPR By e RIPYER-and/ or t he

correspondi ng nedical interpretation which is presented to the user. On the
ot her hand, instead of Goup Il, Goup Il and Goup IIl for RR, Sp02 and HR
5 respectNV@PS?' 4R61t e Fiosieq Uf 5?‘%‘&%%@%@8'%5‘?’3"'@@9’1 MétheaR. asspiat®@anl e,

assuni ng hhabretdt6n Fe?acé'nﬂ%GFHdeRB BRIt Fiyire HIR i9kNSuId be a%ﬁ}éc%\fémﬂmagﬂféllps

Goup I, Goup IIl and se give scores of 0O+ = 7. According
to Fi bilr emt@mpretaﬁp% §hd“Lﬂ'%Pt@$ \F'éatath@r%‘tfézq &F in the nprmgal @Bg%wuhﬁér%{ﬁ@rmﬂo\/\ever
based on @sa.%tsrylrategmﬂéaete&tae “@haf%rtqfate (Bm) dnSth@ Bw §|885Ar$§rﬁ6|'bré’t\éﬂdﬁ the

G ade "C fqlven in ure 11 f he sanme conbi nati on of gr oups of

par anet er & ¥nerao8ss, th@tr@%t%uthfé% sififeang oty and e m Qfﬁ qeéﬂqt%d it hin
the " Specp@lindddHg" &} ESfpenddie %ﬁﬂe%mohhﬁn”&alﬁ% b3ARs TBNRHLRdes t he

prelimnary health i ndex obt ai ned at st eE y downgrading this to G ade
"C', conshyperat 1148 wheredhe spoRination o GGy 8292 'aHé‘”aﬂ‘b“i:)T aosllispssogigtadhe user

at step 1aita erdé@%nW%Yx infeRfefafan bfvyt ndex is adjusted accordingly to
better reflect the user's health condltl on.

Numeral 1110 of Figure 11, shows an example combination of parameters associated
with the interpretation “N/C” which represents that a normal compensatory process is in

place (see Figure 12). The combination represented by numeral 1110 is also given a
25 -grade “C".

An interpretation of “f” indicates that the user may be in a dangerous condition since all
the parameters are detected to be on the low side and an example is shown at 1112 for
groups IlI, lll and Il. The combination is also given a grade “C”.

30
An interpretation of “i¥” indicates that the parameter combinations show that the user is
in a calm condition and an example is shown at 1114 corresponding to Ill, IV and VI

respectively for RR, SpO2 and HR. The combination is also given a grade “A”.

35  An interpretation of “¢” indicates that the parameters show that the user is in a good

health condition and an example is illustrated at 1116. This is for example associated



15 In a further alternative, it is assunmed that the readings of RR, Sp02
and HR give the groupings: Goup |, Goup | and Goup IIl and according to
Fi gure 10wothe/@3de is "D' - very poor - since the tota&CTscaoa/ons24 3" .
However, at step 1310 when this is checked against Figure 11 at step 1134,
it is noted that such a conbination is19"l npossi bl e" and 20t hus, the method
1300 branc_ es to ste 2 ntually to s 1322 to displ an error
message WYt pRIamElsrs ng 82 ﬂ"ﬁ%ﬁ%‘ﬁ'fﬁ é@ WB'CE‘?%WMth&tﬂW‘éOSF\/a\Z’?@gthree
par amet engl RRRpeSRRR. andahbiner @xa@plel MRE §yontyl 0" de als6i @de aTarepesertr

i ndi cation of the heal th condition of the 25 subj ect/gatl ent, specifically
the car di RAFABEISraRaRGBETOHPS XsV S8RV, 3hehNaunMess!Kd i 8 iayhis cambmatianf ast er |
nore meani hahula isheppretation of the parameters, than if the parameters
were interpreted individually. H storical scores of an individual may also
be stored in the web server 104, specifically 30 in the database 106. This
may al | o jussy bEOap%Fé’éFé?e@'ﬁae QEEE HOnP Figidi100And: RN B8ibtidHsSom@Rl t h
score such as steps 1324 and 6 which is for personal nonitoring. For
exanpl e, Rai@msiesy ake amalvaedrtp apvidg ihepmedisal nterprptatien diuspateddd HigireHd f or m

of a chardnq ‘MH Cbolé Chre EQ&nMé:E'&U%\o%éaa%és'whuhﬁem%?%ﬁ BE AdiGstbésesr 23
via e.g. publications on social networking websites or via direct nessages

as shown agnigylaied y3ihe aridem3Qn. thay Q@?"nh@’id/éh‘?/ foliowénausxampiey 289 §Fadeso keep
hi's i gentjfi¥h aRCAflstedPHecordyIy.€t i eve scores of other anonynmous users such
that he can conpare his scores with other users. The individual's score may
be presented as a percentile of the 5population's scores. In such an

enbodi ner@omg,hgt,&gcy mngg, Lé?écﬁ&!%%tigwj%(y in the database 106. The
conpari son SO be nade N a subse e gener al populatlon For
exanpl e, ‘t)hféordBWﬁH?'iaéJ@'hS rag’ b’@ reRRs limit af theshaadthfindicajionfannet exnerd C.

i ndi vi duatigeréorMiA0 ISR AEEARR %%I s%BrebQ&Jbrdﬂ_éw lﬂjﬁr%rflﬂ@%cﬂesﬁonﬁ{sed to
add his score to the central database. As described in the above

enbodimengxcesd the urres HimitefaCobarnd pik theomagimum paalieand woulddisi ‘Cabary: r at e,
Sp02, andredhbnpitiskeAihe &%%95\'1 gl §5bs (éPo%BqStdn\ﬁ-l@r(Gkﬁ?Jpn\gﬁ a

15score is assigned based on the conbination of paraneters.
appr eci atagotding tedigure 9.tthis )dé'ﬁ’én@tr@lsﬁonfé@ﬂ 1568196 r &t Ot W6 5t & POSﬁﬁ)Zandand

heart rat t%fé?ﬁngatdePLPer €0t the TRAEL ANBE ahd thd RiedRt §idEABE IO BAbwW WRrage’.
cardi ovascul ar” hea a person and as such, the associated or a55|gned

score is Iﬂg\g@\@rot,ﬁ\etqyétefréngﬁ worldheyipe the Grade according to Figure 11 to give a C
20  grade with the interpretation as d’ 1120. This is because since one of the parameters is

in the “dangerous” category (RR is in Group | which is considered “dangerous”), the
system downgrades the grade to a lower health grade automatically before presenting

the revised grade C to the user.

25  2) For interpretations of “a”, the upper limit of the health indication cannot exceed B-,
Therefore, the system 100 subtracts the final score accordingly if the final score points
exceed the upper limit of the ‘B-' band. The maximum health band thus will be the ‘B-’
band (e,g. |, VI, VIl = 12 points, but subtracted into B- grade as shown at 1122 of
Figure 11. ’

30
3) For interpretations of f’, the upper limit of the health indication cannot exceed ‘B’.
Therefore, the system subtracts the final score accordingly if the final score points
exceed the upper limit of the ‘B’ band. The maximum health band thus will be the ‘B’
band (e.g. V, VI, Il = 11 points, but subtracted into the B grade at 1124 of Figure 11). In

35  another example, for RR=group 1V, SpO2=group IV and HR=group Il which gives a

score of 8, this converts to a grade of “B-* in Figure 10 and as shown in Figure 11 at



20 significance of the manner of conbination of paraneters or when the
paraneters are considered collectively. Thus, a reference scoring system
accor di ngvoaor/®essend enbodi ment is envi saged whi ch enbedy/SGho/ovars at i on
and i s independent fromthat proposed above, although el enments described
bel ow may al so be applicable for the de descri bed earlier. 25 Figure 36 is

a table t IIustrate eqgori zati on or readlns of .reference

respirat oﬁé thes is,po 3@ r@%ﬁ”é Mot (e t@?%t'?fgéppe BP%H&U%% FWg"fé{}% @

accor di nggraget he second errbodl ment. Conparing Figure 36 with Figure 6, it

shoul d be appreciated that both figures are simlar except that the val ues
of the respiratory rates are slightly 30revised in Figure 36. It should be

appreci at #)dFérhﬁferFSr@%tlé!r@d bW | aRE Healtly asdicHiiommist bei BurEh&@fdﬂ@Mhé|s§erﬁ used
for Figure_ vice versa l.ll 37| atablet0|llustr
kg

cat egox i zbqq %HP”@PtsgtP%dB? ySredcep éheofl’” SFUF QLS s I“é?/HP%erd‘F“'t

subj ects gfstheapt’ t%fndtdbeasf & aletGe gheYy WP(ngGWEérQI@tatbﬁggl (@ g.tihengont enfp of
e one shown consi sts one | ess

35Figure 37 is S|mI§ 28%5 5 g

group, ankPiRtRewhish is,raded tom Figure 1. kydpis i d ‘%“@Bd’?dei%r %’Hadﬁeé‘? He Bral ues
of such agrtaag)lamm()fal@gebqe) used for the table of Figure 7, and vice versa.
Figure 38 conprises Figures 38a and 38b which are tables |IIustrat| ng
categori zation or 5 groupings of readings of heart rates for male and

f emal @ r epRRetdonsid¥radisnd@etbaséd bﬁﬂwerd&fs%fb%’lﬁrﬁ/s&ﬂdgylreﬁxﬁl‘ééé enbsdy. t he second
enbodiment. In addition to the fiel and rows shown in Figure 8,

addi tional sub-groups Vila and VIIb, for heart rate Group VIl for both men
and wonenAatdimanip@latidd A algorith® BydihesoftWdrs | S done in consideration of the
fitter groups of people, such as athletes, where it is nornmal for those in
this group to have 10heart rates in the range of 50 to 60bpm These

sub- gr oupas HQQﬁIb@BQBb‘@b fitug trRHnided tHah 6ink N cOGING @i tofd skeieY ndBaleklyinand t he
extrenely healt hy. tabl e i Iustratln&) how val ues of the

Figure 39 1s
par anet er'§86<¥ur?iﬁgﬁ?t§§’9§%“°§8°%me 3§§'8?:|'%4 igafion; anf dafererefeit Agguckali® of

under st angliffigre tallforiein® GRONE Fakdf intd18cdunpP HicBBIRERI sésHHERbsRbMbMalidisCof SPO2,
and heart rate are arranged in an array of associated health significance,

with " RR'SIEsHNY PSPPI Peressay share aﬂﬁ“%@ﬁﬂg‘”h@ﬁ?’t for & @or¢ Foeirgier e 39,
an i ndex @preskntatién a$r$01¢1bab%}ni%t EnﬂBBd@‘fenF&t@é“dsoﬁ%re S 2fief m8Rh aRd HR 20

is based on G oups 1 of Fi gure (It should be ap arent that although
di fferentc%?iv%tfﬂ“ﬁcﬂﬁéhréﬁé’amﬁ 'SGW'HhB@“ie 1% te determing; i tiieccosepingfionds Sond t o

G oupsgy | “dolrm@ltcsbnm‘malﬁbgnwmra&b mﬁbm&ﬁbnqg heédekwrdhe abmbindeon Rlis whhinias
associ at ed vvlth RR of and Group 6 of Fi gqﬁjre 39.

For exarrpISQeC'B 'Bﬂmﬁ? MHCB rS@“'rGRFW%'?'p‘i‘?“%ﬁ‘i’fareo’é‘ed%f@%ﬁ%“dsWé%sé“ ual
heal t h si gnthé iusan &Lothsr \ﬁ@f@g If)ﬂwe%st@ﬁmdtﬁéi@&t@%@p@laat ébr%@t@rhppﬂadeﬁh@iur e 40
is atable illustratin par anmeters of Figures 36-38 are

u
associ at e¥FafF PRINERRT %‘%Hé?te%mg‘ 8‘%‘?&1’ |36?feo?”°f‘ﬁgatta§{ﬁré‘db‘ls“’il?"@%:rtée 392l | t

shoul d bes@p®Eae bédording i BiovideGmeee stuniié hdlthahgicaton. | ar where the verti cal
colunns depi ct the

in addition, if the software detects some impossible combinations, error messages will
be displayed on the screen. For example, a person’s respiratory rate cannot be very

low e.g. Sbpm, while the SpO2 is normal e.g. in the >95% range.

30 If the combination does not match with any of special combinations or impossible
combinations, then the total score can be directly calculated (i.e. “normal combination”)

and the associated health indication will be shown accordingly.

An explanation of how the user of the mobile telephone 102 obtains his cardiovascular
35  health information will now be described using Figure 1 and Figure 13, which illustrates
a method 1300 illustrating various steps to provide the health index.



30 correlated health significance of the three paraneters, wth a

di stinction being the placenent of RR having values of 6 to 9. This range
of RR is W24t hat it nay nmean bot h heal t hy and noPCIEGherloniR4 RR,
depending on the other two paranmeters of Sp02 and HR. Wen both Sp02 and HR
are in the normal range, i.e. Sp02 had'ng 95%to 100% (i.e. having any of .
the scores 3 to 5) and HHwith G oup 4 and above, 35RR of 6 to 9 is likely
to be obtainable by the very healthy. Athletes as well as those who

pract i ce Refeminpitm Figerel carskeat stee 1862 okFigatsl 83, tthe bseraathaing hiscwepirynorehus

maxi m si 25 0 enation f e I 1 S.reason i 39 is
catered f rGts‘Il%'a egflpﬁikggwarrég%so? gﬂggérrgﬁgvha t"Ee%IiR}egrl" %Sn(g @ﬂb%uﬁgﬁp ;{(’?gd on
t he bett enotsiedtetephbhe 192 0Thagnsigiec tetapimon®©rt 0Rhat stehet304aexiractsothet beerkess

healthy, RR.of 6 t.0 e an indicati foill | t . e atin
facto yhéFﬁp'%Wﬁatﬁg%’;gapéztb%r epaé{r]rgh%%}érf%g? Rgp%’f %r:}ﬁ ﬁﬁﬁibse g'gﬁ%l\% érlﬂodre‘arqnatl . ’
When SpO0Ztepnddas, thdRmabite telephonke 102 idok espdeedi obdain e resbectangeoreRRoofthé to 9
is taken to .be b(%\l ow, ormaéfas VFl{n as shqég in Figure 40. This would

ol ace RR WONES 83411 &7 DRUIY 57 et 5P PRAIRTEP than AR of 21 to 24, but

still not good enough to be considered in the normal ranges of RR 10 From
Fi gures .and 37, it may.be o rved that RR and SpO2 hav ive t egories
cach, -wnill & TR Fritsegrs TR BTt AS VG e rrer e gL e Fal it in ek e
scorimg rpgnope R, ittmap bpauskiblectd stockether stamag asystepadé the datgbase 10@&ht h from

rangeof IR S503 PR e Eneel 8 e MBI ana al <o’ bethuse i

is hard to determi ne very good health based on Sp02 al one. For exanple, it

is hard t9 cgncl ude that,. an_indivi dual, w f. 2 of % LS necessarily
heal thi erSasanor 1% raeridaridft dsseduetivil, PR shlagivicl [SmlFREREE! 5
concl ude grhihinBfR béalthbindex Haged fanc Bigutey 1Das tdmrivedhant SREp dB0A.5Specifically,20Based

on these correlation facto reesaxi,s_ table.of scor IS C d as
ot Bt chseurg B R el B 9. SoQPERTE DA Edbd 1 mRBH Rt < I Gure a1
shows t hewitHin te-falidwing gloups:and showi ng sone of the pernutations. Al the
possi bl e conbidr\;%ti@ns zﬁnd q[g))er tations were worked out and scores were '
assi gned base m 2GR "rat%ETat i cal for nul ae, al t hough only sone of the
conbi nati ons a®mO3ha@wup h-Fscgrert 41. 25 A nmethod of creating the three-axis
tabl e of Fi gu3§R4&1}%i S glg cr eatSe a three dinensional matrix 4800, where
three axes 4802"489%"R BSP%rﬁresent the respective three paraneters of RR
Sp02,20and HR, and where each grid of the matrix represents a conbination of

paraneters. Fiqures . 47a, 47 nd 47¢ tiopns of this 1hree.3

i mons! onieskivA & iapE et MERR megns Rt Boar o et "ErEiT A, o
associ at esbodHeatlp preiitation, tthie beingase paimirarp healteheéex. r anges. For exanpl e,
cell Arepresents the score that is associated with RR =5 & =25, Sp02 =90
and HR Groups 1&2, while cell F represents the score associated with RR

21- 24, Sphi fbbiBiplore HR G&xd whscks&Be valdity ofdibé¢ parahieterscamtsnations @t ktep of

Fi gure 47 f ex le.be.-5 of the score jn_cell. and score of cell
B oy e TafCgtorn Efquf P apf im fis BeBos Al s, Pl O WD ST oS edf o
every celto that edcFigansi $0 ahdr ¢t iISymbof 0y’ ek arnpO eofsEigues dfl which dBved aki gure

47b is -5 of cell nd.cell K pof Fiqure 47c be =3 of cgl ntil
the ent; rtmRten Fiat FEside is Ao By o Ui TR R RA A g Bgied o o

cal cul at i inereatihg tscampensatedfol fheAonditibn.al ways be the | owest score,
correspondi ng to the conbination of parameters RR =5 & =25, Sp02 =90 and HR
G oups 1&2 being an extrenely unhealthy and critical range. I n ot her

wor ds3o t hie dtheéreeoeras| thist falid @itbih the ghomnal Cdmidhatides i.¢ heteiR31SpOPigared13R

10 d their. . di I f Fi 47a- 47 d h
of these 3 iEeonoVErtiRdBidTREBEAE R (R EoClle ASsantd g, e Pl

Scor e andGRaiedC” &he thenassopiatidaieaith iditation “Poor iaddbse aealtdindett andpevigeet at i on
symbol Otrhiset%(ilt;'e user at step 1314, for example via the display of the mobile phone 102. It is
also envisaged that the health index may be in the form of the “Total scores” of Figure
35 10 which is presented to the user. Also, it is possible that health index is represented

by both the total scores and the health indication of Figure 10. Further, the health index



conbi nation of RR Sp02 and HR, and |ikew se, the Score provides a score
from0O to 15 100, and the Band provides a corresponding band from1 to 8.
The proviwpaea2gPIB4band and its associ ated score al |l owsPaTES2011I00@Ad nor e
meani ngful indication to the user of his/her overall cardiovascular health
status. For exanple, the score may heI2@ to provide distinctions within the
sane band. To el abor at ers e of 75 not. be able to
obtain a ”r‘@’aﬂ?‘hﬁ?rﬂpr'?%ﬁ]ecgi?g%ﬁ"&gr esgqgr@rsp%rﬁr&g 6\?3§€Un§¥prﬁ%¢iﬂ°? N’héﬁ% S20t he
associ at gfledenfsd toalye b&drp to clarify this. However, the person would know
that his/her health woul d be better than someone with a score of 70, for
exanpl e. Based on the exenplary Figure 41, a 32 year old man with

r espi r at @y tHeddtBeOharly, ingié:d @rfeu%%’ou @Brdup@adrid GRILB INFoBRR, BPORingeHRi ven a
score of 92 out of 100. 25 it can %{Pg(grem ated fromthe reference

scori Ag J5REEHYRY. ﬁf‘ﬂg‘?ééeta?fd%d'"g%%'et E§ieas: Frexgre. desnaingfha o

100. Fronhé Réauirffs0sfeRR ASPOL! dnidi MRIgiveh el Fohowmgllg%ﬁ;isoﬂsrdnﬁ) fetreupiimeddbased
on a health indication table as shown_in Flﬁ‘g each score range

i s associ@PHR niTASH INEREOreR FIPHBARE 1 ARACRYNY Fpeéﬁege[ 10 éh'& $HaHY V& e 30

wor st . F%raéé@ﬂm-eieabéi@\ﬁraee@be?’ﬁowe\}ér b&ealcﬂpeiguﬂembatnﬁa& tHal @fda8 1 heal th
indication of "Critjcally unhealt whereas a score of 93 will yield the

heal t h i nBi"dappigongistentuity tﬂ?e@facdﬁ’y% givAn &t Figkrewb fﬂéthebgéé‘%edc%hb'ﬂ?{é’”lﬁal th

i ndi cat i Qodfs of@drérh&t@H ¥nd!tHug adhkMicthod h30®1§6és fmstei@asvsiwrmctané)w&mek
i mmedi ate nedi cal attention, wher eas @ﬁdﬂ%"ﬁo al't %;a ests that the user

is in godbe cReFa FREwiNatiPnh AdsteR 8 i"A0q o5 the GrelsyRaY t her

i nprove Qygalth $ndek dd&dindtead étBp 1388 b&lm@%ufgt thak iorGrEldQUCe bhsisRAE With
conbi nation of the paraneters i s associated wt of the medical

i nt er pr ettBt YRWEYRTIYe Haded HPiaNshiveldi t@ﬁl“sﬁ%\?h?t@po@%akhthésp\é@}’ftlhﬁ

combi nat iRt Hdgsdﬁsead{i&té§a@cdr&ﬁ?19@o Béttel RefRIcOMeAREr AReftnoAliabh.ON Or

description of what each nedical interpretation synbol nean, in a way
simlfar to that of Figure 12. 5 The health index, e.g. the heal t h

i ndi cati qp.a fuRB&t AiRFnatve hit ﬁé@ss’i:ﬁ%rdethétsth\é&%dlﬁ@s thRasgegla%equ give the
interpretation, may then be shown on an output device such as the nopbile

t el ephon&"B4¥PIRGRe QE%‘é’r' &eer Fardifeeoup)lll arg a&avémgatg@'%eﬂﬂaﬁhe@é?% iS50 t hus

no | onger- &g wobedsihee MRMotdscaidds cPMPRWRveMEt ¥ief UM 0 RHeA TRk Shedkdll Need
only nonitor a_unified 10health jndex instead. |In i nst ances where the score

of the hegeingt Figyesc? bet stepdr et dhisdotersbat ﬁ%%%ﬁg{@haa%qw BRoseidl” apd t he
critigal thad)@ matHoti 1306 brafthed® S6H 820 BAd ehtsMy tslkiep 1302 & dsplpant he
nobi | 'e tel ephone for exanple. Alternatively, or in addition, a |ocal

hospi t al " MaFRYR PN ER¥er may be i nformed of the i ndi vi dual ' s condi tion
and woul d react accordlngly via a text or email nessage The text or enai
message nmy. be sent e. via the nobile phone or the we In_the

Tranals TR b de aprrsaiad Gom iy RovBaiEsE e BB oRIR R SRS A0S AR ¢ he

user has gte $@fibHedNBt YBUKe a€ siAYRt makB oﬁﬂidb‘?datlUﬁ F $hé/mé£1thnccsmloﬁoeﬂ b
network may be informed accordingly via the social network service

pr ovi der .sbigcipatiegl srecifieallyithe ﬁ%rd&"ég%’r‘ﬁr *?;@g't‘ef?ﬁ sieh. the bealth maken®ayt h
i ndi cati gffoVilé C&) fastet! NRRFS IrABSHMIIG PYerbRRatibSebf ite RIR&ARABRY MEnaM the

i ndi cation of the user's cardi ovascul ar health and yet the system 100 is
f1 exi bl e RAUBE'S WersrBierRIBteANAVIdA%i | s which enabl e nedical practitioners
to performfoll owup actions based on the total score and/or 25 health

i ndi cation. However, it has been found that sinply having the health

i ndi cati disterieahseeres o ap ddividyal may ake %S@E@U'F‘A*E%WP%EJ?%@EP\?‘éﬁpéﬁf'ﬁﬁ"yt he

user'$ Cah %@Ha”céﬁéfdeafoeh@’ﬂistrha)shlfwﬁa hb&rte tm%y hikeprogresdibaibRifsy chlhgds iHo not
make nedi cal sense or th eed to revise the health i ndi cati ons

to nore dpphepitn a?%wua'éeﬁrréeﬁ%@%amq A3ES M s foropertpnal RANOERS- Ji ent .
Thus, it danmpleltes cestes PnistoncH dnBerisdntdby befdiddMed in the form of a chart,

which plots the various changes in the score of the user.

35  The web server 104 may be configured to provide various features to assist the user.

For example, the user may be provided with options to share his score with other users



30conbi nati ons of the paraneters. Just like Figure 11, the table of Figure
41 al so includes pernutations of the paraneters which may not be nedically
possi bl e wo 2ar9983di cal | y possi bl e but requires mani pul @Cr®G20H0gue 44 is
a table showi ng sone of these conbinations (i.e. non- 35exhaustive) which
i ncl udes those not shown in Figure 4123and Figure 44 illustrates

conbi nati ons of the, paraneters . HR and Sp02 ich result in inmpgssible
or 28 at%?@apu@i‘}ﬁ%&rﬁaqq Hee! HHW%E{'%WF&%&{@ivf?gg\'%a?ﬁmesﬁge&ﬁ?rsth,owp re are
two broadstedsasspssarf 13300AItemiativeng tidusér may cleet Rokespdes eknity sebreyral , t he
i npossi bl e coppi nati ons .and the at X@)I ca tions. S5For the i nr'pgssi bl e

| conbi
conbi nat | GRS CTIHE SEORER! RS RO T L57F | SaP B 1o e OB RS TS APPY
ihrmossi bl\gith Emge(r) eus_afg.)lmé irﬁivic%l)al’@dbgéls}ngyibﬂf)gg?;bie?héQ ahlﬁmef]ii% off ﬂha],c vviht h
eart rate of 80 (i.e. ou , a 0 e . on chances .of these
Conbi it I ERCIERES SFoRS Vasurn 28iempOmerty ALscorgiermay bR SItPs HOSHRTIEEI St  ng
hi s or heahelagbhse fogictions or if sonething highly unusual was going on in

the user's cardi ovascul ar system 1In these 10 cases, the systemw || pronpt
the user to retake their measurenents by perhaps show ng an appropriate

nessage Orhd Bempaiiohemafcdiso b82made amda"dubget bf tid bererar dopdattel. ife t he

i npossi bl e conbi nations, As for the atypical. conbinatigns, thos hat fall
o thi SEDIe: S taaborispn Maye TG B BAPPgTic I5NEA OF O EF GRS eem

vel |, jobutthk Rametatdl grbag,tor BYteMhal dset Rigealpn erEElocddy Bk @cbrralsare akntraget her ,
taking into consideration their manner of correlation, the conbination may
be rather qﬁ?ﬁﬂ?&ithy, or vice versa. Thus for these conbinations in the

atypi cal zone, the bands or corresponding health indications, would have to

be mani pu] ated jn order to depict a,npre accurate interpretation. 20
Bl ca bt ESTb i 61 R0Ne RIPoA RS el SeCacel By A SrechrrerHia on the
criteria fepitatsipoawe, SPOL Nendttdakigarf arEicgtegeriAd, infoltBeinfdspeting geaupmdiaki ons
need to have their health baths aniﬁul ed by the system 25For the
i mposSi bl ¥OELFFSHEPFDARSeIAN e GABPRAYLALHHBECEome under the i mpossi bl e
criteria would have their respective health band set to "Inp", and no score
is assigned to the nbi ngtion. As an exanple, the first _criteria for the
| mpossi bl b SRAPERGRIE] H1RE ShPeinG RETAmIGrSC BRSRITRIOBRIAlS. SRR GNE He3t ratep 02
bel ow 95%nRdiffdremtimBbAattedn e Ostbinfihation dTake BRdiovadduyar peash bt & pelSeherri ng
to row 3900 of Figure 41, it, can be seen that 30the co in%’i,on of 10 to
14, Sp02 ¥ @8 YN Ry a5ReTRIeEy YupSHIIRds SEUBN'SsRASEdoOn nipgsEfalive, hepl
sti pujat eglghificanbé of BROmahdreof Goirib@tatién of Paraifisiérs Wr alHednthe fpafinydteadre
conbi nati ons, i nvol st _m?re st eps. ]J:i rstly, the health b%nd
considered collectively. Thus, a reference scoring system according to a second
embodiment is envisaged which embody this variation and is independent from that
proposed above, although elements described below may also be applicable for the

one described earlier.

Figure 36 is a table to illustrate categorization or grouping of readings of reference
respiratory rates of subjects as part of the reference scoring system according to the
second embodiment. Comparing Figure 36 with Figure 6, it should be appreciated that
both figures are similar except that the values of the respiratory rates are slightly
30  revised in Figure 36. It should be appreciated that the values and ranges shown in

Figure 36 may also be used for Figure 6 and vice versa.

Figure 37 is a table to illustrate categorization or groupings of readings of reference
SpO2 levels of subjects as part of the reference scoring system. Again, the content of
35  Figure 37 is similar to the one shown in Figure 7, but consists one less group, and the



will have to be nodified to the appropriate band based on the criteria
specified in 35Figure 44. In other words, Figure 44 specifies the band
associ at esownt2dniessah conbi nati on of the parameters and ipCTsepoafoossdae bands
does not match that of Figure 29 44, then the bands woul d be adjusted
accordingly or manipul ated. After the Iaﬂand has been set to the appropriate
band, the score w t hen have to be ted i n accordance with
t he corre‘é%‘é‘?ﬁjﬁ'i?gogbtgﬁ@%a@cﬂ?%r?vﬁ?&e o3 é’ H%o?ﬁu?\l_}f@l}@@emgy #$RiBSg row 2
of Fi gur eydbl fapthaNasiE 3Pihere B iaR8@ickessaconbi nation of RR =5, =25, Sp02 5 99
to 100, and HR of G oup is one of the criteria in the atypical
conbinations criteria list, its initial health band of band 4 has now been

set to bapgum 34 &&nﬁrﬁ%@w.dﬁ@és MSehdeswagh @ﬁé @alegulmtr&heg cétégchrlzéﬁorié‘rto t he
range of band 5 scores. In another exanpl e of and HR

RR 6 ,
group %, €REPINGS of spadingsy o heariviates oD “P%l‘?/@”ﬁlfﬁ'@@ﬁ rteﬁP%Ct'(‘,‘%'MtﬁSn%ﬁ‘T 8f1 hen band

S. F'O\A/everefer@h@é§@dm§ ksl SYEmvdf tethe gé&natéhmcfa@herquhtaerdit@nltb e flé]dsFérSHJFoﬂls‘l‘l
this particular conbination should be a band ure 41 shows the

al ready neVELINATI@He Bardritianabahuorgups Mija ?ﬂ%V&eofpéh%érrsrfat%%gowe\élhfoaapmst ed

accor di nghﬁénté?ldi’tﬁomémm‘éhalé@édjcfed' t81tRe tdlfe. DMdis BohE O CHkidratiR ofjtﬁ@ﬁttért can
be appreciated, in this second enbodi nent, the manipul ation of any bands

and/ or - scBio8RS iof PReRIE IR @SeatRipiesy WARKE if fenamak fos thegs ia thip Qf?‘dﬁﬂoexﬁt’f
al reagy i pgdridg@st :hethﬁar%hBé”o”ﬂﬁﬂ t@aamnanﬂn{e@é SHPGBEps thisS ehablgi fiftegent

fromthe earlier enbodine whi ¢ pul ation is perforned each tine
nmeasur emefistincliea beiveen t'é‘h!ie"t’ ﬁ@?'tha%?dB?ﬁ‘téﬂ"%‘&BP@ﬁ‘ycal cul ated. 20 Using

anot her exanple of using the table of Figure 44 to change or mani puI ate the
bands, assum ng t he conbi nation of RR of 6-9, HRin group 3 and Sp02 of
99- 100. Friguree394s & taple Yedeating how Yﬁ'ﬁeﬁ:SﬁﬁleﬂB@’?m@tq{%}ﬁ Q%eﬁésref? #&nd 5.

Thus, "I f hé@chisd amndebest&héhatorsdale 2ofC QRGErERNEIAY, 1te r@fou;blngéoaadtré the
band i s mani pul ated so that t he 25table of Figure 41, dj usted or

mani ptd at BrEMSIREs r%ﬁpéa@ﬁ’mﬁﬁlea@@%lw \yuearg, e &F9 )P"af‘ge% 'agary@aﬁayopfd Woman
has RR of a@dcia®tPRedth SigificaRee, WRHORRMeidd ré%plr%@lurlété lan@f“HR Be[g RER)

based on the initially assigned score, she woul d have been assigned to band
5. Due tofa®e atypical criteria that states any conblnatlon of RR 21- 30
24, Sp02 97 to 98, and HR group 3 nust be assigned a band 6 instead, the
woman' s health band and score will have to be adjusted accordlngﬁ¥ato gi ve

a better MEFig@EI%AN Hdenst “Thisassacigtedwith RR 9H=2 gt PRt IR O 924 Rnot

defineg iR BRdCHH BREUPE 1 8SE oP Figuf@8SH $HoBidObe abydtbRitdhat aifiudRtdifdient Thus
no mani pul ation is needed for these nornal conbinations. Autonanipul ation

of al gori EPMMEROIh@edseEWEFUPS 1, 2 etc in Figure 39 correspond to Groups |, Il etc of
Figure 38). On the other hand, an index of “5” is associated with RR of 6 to 9, SpO2 of

99 to 100, and Group 6 of Figure 39. For example, based on Figure 39, RR of 17 would
be deemed to have equal health significance as SpO2 of 95 and HR belonging to
25 Group 4.

Figure 40 is a table illustrating how vaiues of the parameters of Figures 36-38 are
associated with each other as a variation of the table of Figure 39. It should be
appreciated that Figures 39 and 40 are similar where the vertical columns depict the
30 correlated health significance of the three parameters, with a distinction being the
placement of RR having values of 6 to 9. This range of RR is unique in that it may
mean both healthy and not so healthy RR, depending on the other two parameters of
SpO2 and HR. When both SpO2 and HR are in the normal range, i.e. SpO2 having
95% to 100% (i.e. having any of the scores 3 to 5) and HR with Group 4 and above,
35 RR of 6 to 9 is likely to be obtainable by the very healthy. Athletes as well as those who
practice breathing exercises are better able to breathe in deeply, thus ma)éimising



5As descri bed above, it is recognized that sinply using a generic scoring
reference table may result in inaccurate determ nation of the health

i ndi cat i omoant/i9pd3er pret ati on. As such, the software al gomisGhmighonsd t ake
into account these atypical conbinations of scores and performthe
necessary score adjustnents, in order Zor a nore accurate representation. .
In the exanple e odlrre oftvvarevm t. ident if the.

LN XS, 0% 0! e OB M bt 585 M L b phfer,

sti pul at egholip of i@, With-RRB &b b IbeingPMEBLTRANE Betieh digit o theascvphgispgdtyuni.o deri ve
the 3-axis table of Figure 41. The above is explained further with
reference to Figure 46 which shows a nethod of creation of a scoring table

(for exanphene bhbNEard, 6RMRSIIRE heSMEN RISt & O Reayl BECAR tdR@itidd of editiaxi s
tabl e of Figure 41, nmani pul ati on of tthe contents of _the sco%%ﬁa\bl e and

creatidon e §%99%ﬂ5‘9ef§°t°lflhﬁ§% WORld P i R4 RATETEBIPE Of ot 8f eBY¥ssi bl e

per nut at i gtmaPiwidiesgEe aﬁﬂ?breHR dré oﬁtﬁﬂét&%@defﬁbmhoﬂ'ﬁ@(}aﬁgw RANbfS fogisudes
form ng conbi nati ons of the paraneters based on

)]
i gur 6a APKEmPoeHa DPERF|E8 “Elr b1 STOWTID AP 0n S MM RRCORREHE S
prel i m nag Yodifd ﬁlgh%ﬁ Settef AP RR of 21 td 24 bavtiltrivt GB6d BHbw@Heobaaohsiibidof
Fi gures 47a-47c, this step is subdivided into band mani pul ati on at step
4408 and '8db® Eorﬁﬁhfaﬁ'ﬂﬁ%lﬁ%'ﬁ at step 4410. At step 4408, this creates three
possify e categories of permutations - Normal conbinations 4412, |npossible
Conbi nati ons 4414 and Atypical Conmbinations 4416 and this segr egatl on is
carried otfonh§igpiessid ang Hhii ek Pecdhshrvse thek ARia5H ROt have BYRFHEE s of

the paran®i&l wniid HR‘Hd@%l)pééiégdﬂe@%b’dlﬁé’cﬁhﬁn%)%@) 4R &bs sat»ﬂeeﬁ&@ﬂn?xwg@st t he
list of crlterlalnF gure . The conbi nat ] ons of tl%?@?f;rge?q t he
h

par anet eras tHRPORFP!g e deﬁS'?‘"”ier Brireader pends o hea'th rm SPTMTaRLt hi n

the conbi gpbh RS aQ@Frbﬁépgdmhggaﬁgé ad fireMs $héo}a¢age<wabrnﬁmtsdms|n\w¢dr§om@ve
their scores and heal th indi cation set to inpossible at ste§E4420 whi | e

at ypi Bal @i limdiedofRd slsoviacrusrids thaed fo Hsﬁa@%vﬁ%@oaﬁé&a QGFRE 98l y at

step 44225504 alohg, FéEXRRRIE, RNS haideo cbR@udd fhggeﬂl mv.&la«tmt%%@z e, @l | the
af fected conbi nati ons have had their bands_ a lj ust ed_accordi ng) Wﬂ t he

remai ni ngNREHBATAbeRIEr had v indiviiiebat $1ve FBVIREY ' Jidi histhash Yder equi re

no anmendnppt RR3$ 18 RONMhiRdandy Bettet4dsh RRIE 16BAKHPUl ation process 4410, it wll
first check for flagged conbi nations at step 4426. For each fl agged

conbi nation found, the score of the conbination is manipul ated accordingly

at step 4A2desedsdbortdMiohtrhablsak BiteSBR1E Qatsla BOSSored isFirite® ad Bart OF ther
conbi nations that may be affect ed by this change. in scori nggvm |1 al so have

to be 5 nigieptaslngSyrd Hfths sgeond eRLadimgNt oRd figure 47 sAgye e i8S nat i ons

have beenaggitatid afd 3r6WiInEIsdeley of ﬁefdeﬁﬂhtaﬁﬁﬁd’l Af thehoseible é&nﬁﬁardnegarwabl e
will then be carried out to check for inconsistencies in scores and/o

bands at BEEIALTSWeRHHOKEH QFERNLIACERS WHESSPIANEH BRIGARY $5Pe Mathsmat '§?'enC| es

are as foldmaude, ddughl&fly 5606 &F tHe RMBM4iBhs SRNENMAtH Fiyusdayl d have to be
hi gher than that of a |ower conbination, with the tables in Fi gures 39 and

40 defd ni ng which conbinations are better. 2. The score of a conbination

shoul d beawhéthbdof é’r@at&@oﬁwé MerebaRESaBIE df FRyuRRRY iRRStraaRt thss @thedBiohlle
correspondi ng scores and bands as stipulated in flgure 1542. After cell

mani pul at MeHx ARe0.f Whgreg dureet axast &8024304.4pP% HHepresenle the dgsResive fthree
sub-t abl egaraticrs o€ RK, SR, L4 ARJiahd Aitre %@Bﬁ)gﬁatdﬂ}ﬁé rAlstAx réprbdentaddi ti on

of sub-groups Vila and VI1b for heart rate of VI1. These sub-tables
are appl i eBPiBaiGReplePRBMSISTEL TIgHSS W@olqpnﬁnﬁ#7®ﬂ??ﬁv POKig0® okdhiarf@respo2

that a5e WinldhsdnAohamk, WRaE IS BIBS O REN rdPessil fokss thReaRy 8506t &f

creating the 3-axis table of Figure 41 as part of the reference scoring

system Mapped to their respective parameter ranges. For example, cell A represents the score
that is associated with RR =5 & =25, Sp0O2 =80 and HR Groups 1&2, while cell F

represents the score associated with RR 21-24, SpO2 91-94 and HR Groups 1&2.

35  Each score is calculated based on a mathematical formula that follows a progressive

change, starting from the zero axes (i.e. where all the three axes 4802,4804,4806



Figure 45 is a flow chart illustrating a nmethod expl ai ni ng how t he user of
the nobil e tel ephone 102 of Figure 1 obtains his cardiovascular health

i nf or mat iwo 2opewes3an t he 25table of Figure 41. Sim |l ar POTRGIUN®IM34 at
step 4300, the user obtains his PPG signal using known nmeans, for exanple a
measur enment unit coupled to the nDbiIéﬁteIephone 102. The nobil e tel ephone

102 at ste 2 extr he-user respirator a 02. an eart 30
e HR (TR e sEhe So 4 O e Y e iele bS8 ol e SRrE e S0
maps the arﬂlme&d@ffcetl PBamebrbeeMwbalgm eellrs]Ct-e ohr‘] bell Dt bnéeo axi ﬁhnsnsatgipeateﬂ Figure
41 in order to lve correspondj n ea SCO It is
S so omviGhesy Pk S i LEPEBNO I Ridals' ot L' of Rt T inmal o

fj he gobl Ic%uwhene céﬂ)g oﬂmgwrawbenagpsesiaﬁbfecetnm Sinitirmetémresmetrlémg pspsiheeth at t he
at abase Lti1on t n | Storica ter

dat abase W' '%ai%’ thisym §h88;9? ﬁ% l?ﬂ"'t‘ 1 35988 I #‘%Wﬁ'ﬂaﬁ P‘é’e{lhecked
i f n{) he cmrm@btregpoeﬁgggg tﬁ%m&mﬁhet:& bﬂbh@mutérblRRnbvt&I& dzars;:c)cnizladgochndh

conbi nat i at st or onmbi nation falls within an
of the |H§'§§5§? 8%%”913? ieétﬁ%mégpﬂﬁeeagt’hyﬁnglcaﬁeagr%@ “the nobil e phone 102 Y
returns an |np055|ble conbi nati on at step 4310 and di spl ays an error
nmessage 4312 erha s to r to rec gnal
T 20 hah b woEs. MR en 2us opbRant Fovis A anryoes B HiC h and AR

step 14)308pararf1etbF99antﬁiHe¢}8édrw§pd5r&img 0&iués ﬂe&sﬁbb&smmi’ahﬁﬁmch hﬁ trﬁés'ehOd

goes to step 4314 to obtaln t e.corres ng s and
cl assi fi cAPFDA EUSHAET s ‘éml'(’iretsﬁgc’tg’ﬁnm%%?ta? Fee?%‘i)gﬁ?ld'f rom Fi gure
42. 15 Next, at step 4316, the score, band cI assi fi catl on and the

i nterpret nasotalndfromF' ures 4 are di spl ayed as e
hoatt b+ i M TRE0YE erolma’ Prvdsiibpr anssfico mafaretaton; sRBEY o Sache

heal t h lrtsmbmamoﬁepRez;‘eyoedamHanyn@ﬁkévh@@ehelsemrybrewdé@é @émmomnl y the
score I catl on a

the score an d ho
Sode i 10 S Relind TaRtes S ol HenaR bandiio 1o Br 1o PR iy,
!JS:j_ng_ g hi fndsn&selauaﬂegl@otéwenogerd uwulesrﬁaodbmneamiz%fzt maicewdnf tectmlé S eodf aR
| ndl vl dual, al s e store I N erver SpeciTl Ca 1N the
it nbaoe NoBe” eferal iriaraeus ekt S, B SRrmPB, daf Resren MatoALP P
changes i;.lsrohae dhﬂﬁétbhs SADIre thenshns Band1€Td BlabOMERS, IeOﬁer‘Eerﬁ mreemb R55
nonitorin scor.es stori cal

steps 4322 an =0r . ex h

Tnd. or esches P SRS ofiea) e e nond ndsiet " Heles e peCHehA T
var}ozos Cﬂ(}a%@&latéd &H&ﬁd&ﬁ@y ﬁe@;tot dil@nfylaﬁné HaSbvevavelnhépéfxseh v&&ﬂdolklﬁ:ywbﬁat |
configure vi de various features to, assist or exanpl e,
t he user Wﬂb ngaﬁP&&?Plﬁ’e%F %tf tf@&ﬁ"&??&“?d‘”@rﬁa?fé”%Pélitgé%eé(amp? ot her users
via e.g. publications on social networking meb5|tes or via direct nessages
as shown at steps 4322 and_4324, Al ernatl . .Lhe u e 0 keep
hi s identg d@éﬁﬁﬁxe'ﬁﬂ'?rycg'ﬁ”'iee%% 8 éfw'%‘trﬁ@?' ag%r{?%ocﬁ %?9%5 such

that he C@frggsypraﬁalheadﬂraeeceseﬁoum bé\gméherscu&edsfsez ounef 1oali vi dual ' s score may
be presented as a percentile of the 35popul ation's scores. In such an

enbod?hent, all scores may be stored anonymously in the database 106.
As it can be appreciated from the reference scoring system discussed above, the total

scores are on a scale of 0 to 100. From this score, a preliminary health indication is
determined based on a health indication table as shown in Figure 42, where each
score range is associated with a band, with band 1 being the best, and band 8 the
30  worst. For example, a score of 36 will be placed in band 8, giving a health indication of
“Critically unhealthy”, whereas a score of 93 will yield the health indication of “Very
healthy”. In other words, based on the health indication of “Critically unhealthy”, the
user may be advised to seek immediate medical attention, whereas “Very healthy”
suggests that the user is in good cardiovascular health and should aim to maintain or

35  further improve on his or her health.



33 The conparison may al so be nade with a subset of the general popul ation.

For exanple, the conparison my be made with a specific gender or other

i ndi vi duaWe 2b12¢09933he sanme age group, or both. The user REJ/S&R2&I/08043¢t t O

add his score to the central 5database. The users' data is stored in the

dat abase may have a format shown in FiZgure 14, whi ch S based on the OLTP

and OLAP tables. The O TP, Tabl e conpri.ses.the user's curre ant aneous
g/ HRELSTE! he i

data. Th&VSR&FPIES N Righte hiegrhrem DA INERE '§£‘ﬁ%°°d%{ed mTarly
100t her wseie selival @nérpeaation synabals) tsdsetath the mbdicalamatuteadd mchTtp&ec(ﬂbAP
table is confi gure ri respective. tables for dual.. users.
Their perrSBIRYIE B’ér?‘pﬂ'{ﬂ g?g? 'ﬁ%??de&%fﬁ?\ﬁ'%@a? r?&sexqaw@lt'?’n s°6cciez§|3”9t'zgﬁk?§ng and
ot her panfHatehe medical intefpre@dtior-aphbdl ahdan, ey whe sichilaf &Y iat off figuretiRe ot her
and hald all the history of the user. 15 The OLAP acts as a data warehouse

for tRe OLTP tables and allows user information to be effectively archived

for futurmeanadipisindexdnelgt heehalthi id@ivaiidry todethdrr wittel tias stdne asseell ashwal th. As
expl ai ned earl.i e obt ai ny any knovvn neans.

o D R abinyed iatpesiaiopay ayanas PR LA A SRS BB e e a0 | e

L r omdr esﬂélﬁbhdt% SOHEQRSr (sl'_dér Pc'lb&rfe, mgl %d\@h%fgerlé eimhttl&eﬁéohw thub hne/leﬁ@rSI gn?l
ased on the aevice as at ent No.. 13/010, 705 for
ot ter _adEHIEAS TANLOLHH GHTSSF MANHR! PaIRIG b dER CRBIETtoE3 PHREY ence.
25The10acq1¢|a&h inder irgteaa. physi ol ogi cal signal representing a change in the
vol une of an organ in the body through the use of optical measurenent is
known as a phot opl et hysnograph (PPG and thus, the PPG signal is understood
accor di ngh%stéﬂ@bﬁ%bf@th@&bbr@aﬁ t%aiﬂhgﬁ@éﬁoftayﬁﬂrﬁcﬂiléryjsEaEQldahgéro&ﬂp|Idv¢;at i on
of external _Brtgssure on the surf ' ' ured ﬁ";h

i ace \?hlca hs be cﬁi’ nmea
pressur e §¢ Pl ¥ RSr-dR ”9 FOBPAPR 2rtHgBolY GaUT9ITS ap with a
hi gh si gl‘tﬁd)bllteotelé@h&&a fc&te@mdhbmté&ﬁatwélyeoem eddifidr, \or ppl h@gbntarersm.@ cannot

be too large, or to t he aljt t he det ect ed PPG nal w |
be | o3, FoeeQimey Be VHB4d Qo Mauddihrs hpfhal DS B EELS RS B 3
300 in FIaQtﬁxeorléman mésb@geaweﬁttesatforaémammfséagy eay bewhte@n viaf thd rectiler nal
force as o to mternal arter E?ﬁSSU{D at a ne ?'Fge t site 302,

the inter ﬁf \ﬁ?%s?rgert gb '\ecﬁﬁaf“(ﬁ’ %%'i" man lé§erﬁéaé' sadd | ow

PPG si gnajetwékewharkin the user has a social network account, and other users within the
social network may be informed accordingly via the social network service provider.
20
An advantage of the present system 100 is that the health indication which is
understandable by the user is presented as an indication of the user’s cardiovascuiar
health and yet the system 100 is flexible enough to provide more details which enable
medical practitioners to perform follow-up actions based on the total score and/or
25  health indication. However, it has been found that simply having the health indication
from the scores may not be an accurate representation of the user’'s cardiovascular
health since there may be permutations which do not make medical sense or there
may be a need to revise the health indications to more appropriately define the health
condition of the user or patient. Thus, it is preferred to check the validity of the

30 combinations of the parameters.

Just like Figure 11, the table of Figure 41 also includes permutations of the parameters
which may not be medically possible or are medically possible but requires
manipulation. Figure 44 is a table showing some of these combinations (i.e. non-
35  exhaustive) which includes those not shown in Figure 41, and Figure 44 illustrates

combinations of the parameters, RR, HR and SpO2 which result in impossible or



obtained. On the contrary, as illustrated in Figure 16, the application of
too nuch external force causes the bl ood vessel 300 to be occluded at the
measur enewo 281240998382 where the pressure is applied, res®BCTISGZOI1M0042$i St ance
of regular blood flow and generati ng skewed PPG signal data. If the
external pressure is too smaII or t oo 8i gh, 5 the reaction pressure at the
wal | of the bl ood, vessel is low, and thus a small_ PPG i

obser ved. 2RI campinaians argir%lgwr%%aonfiqnp@gppal{\. SBRtoete A NS |r%?g%a%55§ of a
measur ed d?leamrwﬁahs wnncmﬁ@ﬁbe $ORsideriel aasnatmmmar; tief inaymskibdcambinativab
pressure. Wth a | ow applied pressure in range A the anplitude 502 is
correspor?(ﬂdrta?ﬁtypﬁﬁ} COROMAONS | i ed pressure is increased, in range B, the
anplitude al so increases. Fbmever 10 when the applred pressure increases
beyond a ertar i t he a |tude d es a hown i.n L ange C.
To obf ar o5 tag r’Bﬁ‘Fg" ﬁ%‘éﬁ‘@ﬂ%ﬂ t Kese e {ﬁﬂe%;t? ri?h%ﬁtﬁa a‘Bé“%‘h %3 ci ent
to mni m|#©0§§ﬂ65wrea(bn'@[eeﬁsslh%d&jaﬂ)hrrﬁﬂbaklbté’te r@oee?mai mrvﬂmsmaraet rat cﬁfqual to

thernternal essure IIutrated i ur e is aran

i s e PR anecSne bl AKh T Sk EPistees of eaf CPERAto s SRS\ i n
thisr angﬁotﬂ@zbe AnhéUser Mads| vbranaduyaelarmberaw @isi 6r hes basilyaneetisrsyobdl anced
with the inter.nal rterral ressure, i Z€ro

r}Hs resultrdr(t]g in a statelR(})\kgn

t r ansmur SOMHRIRG fidhly ygusyial was POIRG AT B thp USEST P dIOVRRCUAT SYStEN) %€ are
un: oaged o%ﬁdstfﬂﬁ grzs,t(t)aﬁlvaﬂs phbmpt uﬁétaﬂﬂﬁetél(e giezremeaeurre&?uenbt Yoertidpe bl ogd
vol ume within the arteries at the sured r 0 not nge an
can be actQM%FT 2ARIQRTAE INgs§ags Qithe mP 3 8 O%Jﬁ Ag@\&ﬂb 'E'lpghsa?'[: °$Iﬁ8t hi s
exenpl ar Mo%@h@éltﬁéﬁmboséithéc@rﬁtﬁﬁléﬂér% assenbly seeks to achieve and to

mai ntain an optiml pressure for obtaining an opti mum PPG signal over an
extended 25 period of tinme. By providing real-tinme, instantaneous feedback

to a useradRk fe ApEISal cemMbirkabiend) #iseithatdl ditd Bisl 416 t speiclay .amauswuwdmrrﬁmunt
of pressure being applied to trtgs%ﬁv ce.in order to o&éarn an trrru PPG
Ye

si gnals, HRARBVRAAMEIEE TBPY SRS g agiAl fact sie) eties €§[ﬂ"te * YCstate
OL zero trbaaa%glatatoge&esswaag Bikifo %Msraﬁr%ﬂorﬁ etirnuirt] niahaen tdlnecafrérardgs vk a0
absorption and scatterin t as t travels in and out o

a portrorP%‘I‘b"P?t?s‘dano?er%’tfg n%@ﬁWg RYFED. -llr\%'érforet&ﬁ?ﬁp‘i"e“b'(}\ﬂ@f’é"t &
pressur e atgpitRN0zdridW, thé H)drﬁbtoﬁ@Ufr@@dﬁEMgnﬁéaliherr@Iiﬂaﬂorﬁs? weunlet idlkeetd e ti ssue
surroundi ng t he bl ood vessel which is sured Therefore, light may
not traveN3niRuicd ipQtdepfo ?Péthar’H@r@racéf' %t“ %fega QHough for a good PPG
signajp to be detected. Wiere the pressure is too high, light may be

absor bed ed such that t he armunt of li ght det ected is

35i nsuf f i EXainples of combinations peingauta. manipulated PyEng sYBteM o py al so provi de
f eedback g&sedhen trfeeémerudnaaénom Whﬁé hetle tdﬂﬁFrgL&@th sheapiféctédgormbisdtidnsci ent

pressure, too nuc t 0 nt of pressure. The feedback
Dot he, uEeSIR A A dealh Brda HTBHG N P BE ST Th of b visual di Spl ay o

audi bl e sounds, and may parti cul ar | y be a di splay of the reaI -time PPG

signal being 5 capture t he devj dhack ma 0 be a
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i ncrease @iteri£WbGIE Hale tirespeddive Pealls baRd Beti togingPpancho keork ieasitytiede. 1 n a
variation, the feedback nay be in the form of éagtrle f eedback erein the

devi ce prigdiieombination. Asnan exampie the firghrierantor b Imeepsiie cambiatiddis,t  an

ODEI rmlm rﬁ@@ethatlgn){:brg\dbrﬁaﬂcﬁ'g%ﬂokhuﬂé folﬁéQ@SSﬂDQ b@Wj@dS%[ahdterquTBD@ I40cfr aam
opti ca neasur enen evl ce a | gure ustr es n exp ode Vi ew
of the oppgtiears RLegricakpPsHiG: Refeaing t sﬂ‘ﬁ\ﬁ%ﬁg k@”%ﬁ‘r"ﬁ tg%

i 11 umgat fhercomibinaiioh @ RROMO aasarrebdz 83203 apd HFE S @r@pdehe@tbeem saswenbl y

604. As illustrated in F%Og e_@ tge illum nation and 15 detection
assenbl y BPssiRlg: Bt Biated Byt dFPBFS ESHIMPY 604 nmay be integrated as a

singl e, conpact optical neasurenment device 600 surrounded by a housing 601
for portable use. In tEe ex | oded view in Fi re 18B, %@ nﬁﬁ Iﬂ%ﬁgpl i's
shown di viBREanipLiatign phatveis |°H§‘bdt?§'°a?rﬂ“’8"’5%t e sePhd b, ! f

i 11 unmi nat yaraRdicdesd eeddifa RSN profitie HAHd H=RES Wrethdetaerid epedsgenbl y 604
encl osed therein. The integration 20 of the pressurg detectron assenbly 604

with the FigHEni%atid oPthem&vaRks: eEioHEn 44ssesrifsp 8192 bardvassecialeds wifp gach

conf or t abl$nbiRhRINe& ! the PaffietbrReardSieany 3N thel Behdd e8nol mt@s et 6f Bighect i on
assenbly 604 which provides real-time feedback to the user inproves the
quality, or anplitude, of the received PPG signals. The optical neasurenent
device 600 is connected with a feedback unit 606 (see Figure. 21A), which
receives the PPG 25 signals and pressure nmeasurenents fromthe optical
nmeasur enent device 600 and provi des feedback to the user regarding the
anount of pressure be| ng appl i ed. As |t can be apprecr at ed |n th| s

R Y B ~Ns Y b1 o b T




includes a light source 608 and a plurality of |light detectors 610 (see
Figure 29), where the light source 608 propagates |light through a portion
of |ivingvoi28eN984# a nmeasurenent site of a user. The | PGHISGAeN14009404s 610
then detect light which is transmtted through the portion of living tissue
of the user or which is reflected fromgthe 35portion of living tissue of
the user. 36 In one exen&lar enbadi nent, the pressure detection assenbly

604 is a 4% denthe bapds wouldBe agisied EscoRinSnMaNiBrlaisde Al tBe haRe Mas been

appl i ed Ryeen sla%\/thea\rpbrd&.afeneedaswe, cOHCRillABerfhAvd B e mIrlﬂgul@ﬂéasa%um igensor
may be a thin filmflexible printed circuit. Neverthel ess, I_y ot her force
de

measur i nPceeiRpee witht the COFRpRANAING, Parc A8Y R§OHenraaeps B8 SNIWBJIRtFigYre - ce may
be used. PAirg dowss 5@#.5&#@41 4d18n exahaEesined BN &ImBiRgtioRR iRFeLs asgpenent

device in Fi gure 19A,_"the pressure sensor 604 may be POSI'[I oned’ bel ow t he
PPG sénsd® 000, ged Hﬁa@f @neEP f7gF ©Be HHS @ﬂernﬁ/'néh%afplcg ¢qmaRjeatiops srifesia

transl at ad; tRriAKENhdANE ARG SERTRN4 BAL nb@ Bt $tQ8 Pahe §¢t@5&6re69éls althe
pressure sensor 604 then gathers and tracks the external force exerted by

t he user t@eﬂlﬁgﬁed@l@h that d fiteintothe Tange Q’flP?Didétsé@reén assenbl ed view of the
pressure sensor 604 together with the PPG sensor 602 in operation, where
the user's finger 606 is placed in contact wwth the PPG sensor 602. Instead
of a noaneanpmeéﬁwn@lemB% 6 e 9f er@B FOR. andl HReweumAythednitial espfig weuld

| ncl ugdi nghale aawdoméeﬁquauawrwrbxn@@ 1RbdveRatlo¥schetl &pw th@SatySicd|Ur t her
descri bed below with re% to Figure 34. The feedback unit 606 receives a

PPG si gnaritefigdishinddgure& nﬁ‘éﬁsm@%ﬁ?ﬁ@'ﬁwmpﬂ BoWp PP @handdad v igire dévi ce

600, and éh%WHQﬁé"alréfaéiﬂhéﬁb@IEFe‘a Bdh@ JriBendisgBAl thd Sdbrd bt RESBELK Sdjusted
measurenents in order to determ ne an optinmal anount of pressure that

provi des 2AFOBANRIS9Prbickifelisnto the banbimcenngtRBIRonpar i son 20  PPG si gnal
graph 802 and applied pressure graph 804, illustrated in Figure 20 and
described in nore detail below. The feedback unit 606 may be provided with
a di sBl ayABisanpe araredated Bothisrsecpid egpodimeninige manipufonRfgivaBanes4 nay
provide Vérﬁ)‘/’&l scBPé%qg%FfoFrﬁed Qﬁrhb'lsﬁﬁd 'tHé 3@%5@5@&&1@@51 QJII%BB* Grithuddser
interface (GJ ) during t process neasuri ng the PPG The vi sual
f eedback thﬁynqmm&ate@ézan@s ﬁ’@d/ﬂi seAres T@vs isriifferentdrare dhepparliey] an%nd"e%t igo t hat
the user \ﬁﬁi@h'rﬂ&t\lﬁu Hblich 5€Spdafingl faxh fhe! Alkbii@mchR 3D Ualer0bndr B8 Ur ©
being applied to the optical neasurenent device and adjust the anmount of
pressure W@F'Pteéﬁcéﬁﬁ?lcﬁﬁma% signal is displayed. The display 614 may al so
provige a real -time graphical indication 30 618 of the pressure being
applied. The graphical display 618 of the applied pressure may track the
PPG si gna¥siag @netet reamsalaeof gredishinearblgi @‘p‘f'awe(@e@ ¢hange 38 mamneylaig) the or

per haps b@ar@b%’éﬁ)‘rﬁt‘ﬂg kR EdMRDiRRIIN GTRR of 8L4, 19Rin BFRPSHBRY Sp@lousr dtfoP20

positioned on one side of the displayed PPG signal, as illustrated in

Fi gures 2igurgritt ﬁmlatqs'n@aémﬁ e@mbaﬁtlwoew8|qo beolpebang ardugolftheieystedi ng on
the am)unciet@éts trizk Qﬁcl'p§b8ﬂbﬁ9%ﬂ BhoBRBand e thSBand i %HBu%té‘dTQOmaWﬁwe the
user identifies an optinal PPG signal in order to determ ne whether the

di spl%?yedtap@eqfﬁquﬁ%"fgli@ sﬁdgﬂﬁéﬁd @rBaripyiated” P@ﬂﬂscﬁfééhovt%w&'ngw 37 by

di spl ayi ng the detected PPG signal 616 and possibly the pressure status bar
620, the feedback unit 606 is not required to conpute an anpunt of pressure

that provPimdaranl 83 nean Pb@asmahaes OE B3 SB@? of 97 prdHR AY 1P hilke-st ep
manual |y gy @naby f-‘lg(}ga BE’@ dhsy éb{ ek l?ﬁﬁll;i'a%?hecﬁ%@bré‘ngwe”ﬁrgulagwa%glBé%ﬁ”Eﬂt S
wi t hout guidance b evi ce. lustrates the feedback unit
606 and t#RSIgHEe |teaﬁn¢réaQueé¢rﬁrﬂ afd@@@l@éltqs@dhahstaﬁ@éra@mcemb"m@rr ef BRugler' s
finges, 61z '§pd§0§7 {d 9816thd MR RsupPPHusebe E?égﬁﬁoeér%ﬁﬁd 86¥dt&R, §wonBnan

exenpl ary enbodiment illustrated in Fig f eedback unit 606 may 10
gener at e afithdiasp g sgore il WYﬂwthPGn@ﬁJ@Stgﬁ’ apeardingly to aiNe ecetienradeciignether t he
user should rRdiskijshe anount of pressure to provide nore, less or the sane
anmount. There may be any nunber of ways to provide this type of GUJ . For
exanpl e, synbols or shapes - perhaps even color-coded in a traffic-1light

ool or el 1 e P o ghBlds IBUARET chRnRliS! v euagount of

force being applied. Simlarl he GU "ma
35  manipulated as previously mentloned whereas non- hlghhghted rows are normal



15 words telling the user to "Apply More Pressure, "Apply Less Pressure,”
or "Apply the Sanme Anpbunt of Pressure.” In Figure 22, a highlighted box 622
may be plwiOedi2ees34t he pressure status bar 620 to i dent PCF/S&2013(00423m r ange
at which pressure should be applied for a particular user. In this

enbodi nent, the feedback unit 606 anal3pzes and corrpares the measur ed PPG
signal and correspondi ng applied pressures _in real in order to

det er mi nefohinatigas ohah e 8ol Pefnedu e ki Cle dit &és'”lﬂ?és'ﬁliegﬂésﬁty%{ﬁl i tude
of PPG sigdinatioHs.Ulushodm&igligtiodfis AZe&ded forMhssal haimaP e6mbinatonsThe feedback
unit 606 then provides corresponding indicators to the user on the display
614 dependi ng on whether the user is applying pressure within, above or

bel ow t heag@hfinibu8doh @pggr[or,@%rbyqne%mlr@ry enbodi ment, the feedback unit

606 may not require a , .as It could provide audlble comands to the
user thr otgPessrbpeakare, §is @szeéda?fcﬁ"?ﬂe'b’pﬁtng@ogﬁi@ﬁéﬁPor'rIgdeeé‘%%ﬁ?ﬁP%'e the

audi 0 devihgg r&au! id lﬁédéﬂlféfe fde{elﬁntnatlémsf WRChed! iBdi¥atiofPad indrbRtdToRS LT €,
"Apply Less Pressure, Same Anmount of Pressure.” The audio

f eedback w45hi theasofwape algﬁnm%swqﬁ%ﬁ IRigsaceaHNt HR%S atypical F‘?’BP'@ﬂtﬂOfﬁlq ches or

sounds 305coresSHed) pBforn "tHé’Eéé&%s&?%r&%dﬁWs SQLHM’er foldi mBreab&curbtde! ¥
known as positive or negative sounds. I n anot her exenpl ary enbodi nent,

the opt i c@Presgaiatien niththel eypmBleseMbaARiPens kthe neoftyase wilh firal i‘dﬁnﬁftye' tHe devi ce

bef or g aciduindtRAs ﬁ@t’ﬂ?ee%ar&rh@te?fﬁll%tg R cht%n&?érfdeeéi sApQldted ihhFigurBRY
i nvol ve askin qgt,ﬁlthe user to apply a variety of different pressures to the

38 devi cettiend hg bands/rertepaditead arcardingy tadeiusghasiae t?h‘é of Elgypatl unit
nmeasures the PPG signal detected during that tinme period and deternines a
range of applied pressure which obtains an optiml PPG signal. For exanple,
the user g abrveds exglaingddugher witherelgrpacanlo rigurectq WWCHgshawwoﬁer@doqf

pressure &aaiSofoy Qéorﬁﬂgpc%lbgﬂ)r @karhi I@’eusﬁé”érboﬁ%;ﬁé}?s@cﬁ@é R FHeOinkluing08 i n
t he applled ressure a result of the

cal i bat | t@ﬁ -gXe t@ﬁ%log £i908 4's "3?(5‘!%"3&'8” dBithe r?°atef‘§n@fe"h8fs°&ﬂf59 itakle @dssur e

for each iagiy &#lé@b-té@sé Fnrsatafﬁémﬁ.h@@ tablg%aﬁrpaé.hgaﬂi pbésise pehhGatind éf not be
accurate depending on the individ user el&? neasured. 10l nstead of a

nobi | e t elhepigprmasters isgheripd abétea;ﬂﬁpganatt@a ingledest Reming sambinetions of 86 nay
be any pogdraleferslsyddeon t%H%tb)é"sSmatr&WFbQ%&'ﬁe-mra%@lﬁlalr@dgéaﬁ'lﬁa'r assi st ant

(PDA), tablet, netbook or |aptop, although this list is not exhaustive by
any neans. Hovvever the feedback unit 606 may not need to be portable, and

coul dysi Mhfié thy cb@at@ncawtpeenmmarf dbYE Mstepl h@oé %eéﬂiﬁé‘d( outmotméﬁzsunaﬁavmee
connected with the optical detection device 600 15 in a wired or wireless

fashi on, eallstairfdgiyns 479#8& ARd HYy stepnif svpbgivided iplp kendnneaipdlatios at s&P bus

(USB) poriag¥ akd8cc?l Madip@HReAt e 405@ dati dle haos‘\nﬁ.lset@étem}e@p@ea@nbe
Conputer, Inc., Cupertino, CA). Thi s enbodi will be described with

the feedb@RRIQHESt olaPRIMMEA0BS o N ?W@P?téﬁ‘é 442@pr'6‘86%%‘?'ﬁ9¢%’€!”6‘i"§1§| ay for

an Appl e@#ﬁ“ﬁﬂ@@tyﬁ&élh@b‘rﬁbm@%soﬁm%klahé thig §é’g‘?e93ﬁlbn%|darﬁé%0691nb?€flr§that
ot her portabl e devices be used describ above. The illum nation and

det ec®} onmatehisgiagh @@zm Hajjomef teaﬁﬁ@étr@aor\ﬁ @fﬁh% ﬁeraﬂ@é%ér@w hRiRrelBOB2Yin this

case a pofab%bér@atgﬁ‘é't SRpS4uRl0 a“g%.n@nthtaH’Bpafec@[edbsmrpggdrew?:@h@bamgmaﬂ@rcstar at 25
the base of the f eedback unit 606. After establishing physical connection

of the .|1h@mah@§.cz£ﬁh%\ﬁaramt%ré¢RBWB@@@P@%@@ thetprelirisapdabisavichifallt 606

or any ot fewin fed ebmtamef.&fseéoﬂe@gorqﬁwgfoeim?oés;aéom.ﬁal&nsrwdw ha{dVid)r 640
(see FIG 17) in | um nat1 on and ection assenbly 602 extracts

i nf or mat i #Pre¢oANhRAEHRdica{ion sat leumpesside gt step 4640, éféwa.aﬁ@ & cerabigai st he

f eedbg@k Wi HavBAReiP baddy m@ﬁlBﬁl%tJdoédEbelngW QP@(@%'M@Z %M'tﬁ@ coFFnBIn%tlons are
30aut hent i cation process nmay be specific to t hone@ ple@requires

that any H@Olf@égﬁ%@ﬁgteﬂ?h‘é“%@ Ohica a(ﬂdhﬁ@éf?ﬁﬁd ﬁ@ﬂlﬂ%@“saha‘éﬁjf‘%ﬁﬁrc%’idén t oken
from Appl g§ilidted ¥RAXGH 0B 3R FAIR2drhoRAMHE4 are  considered the normal

combinations which require no amendments as shown at step 4418.

35  After the bands manipulation, the process moves on to the score manipulation at step

4410 for all the atypical combinations, which have been flagged. In this score



39 iPhone(r). Strings of data are sent to UART every 8 m|liseconds from
the MCU of the "illum nation and detection assenbly 602 to the iPhone(r).
The dat a we 20tmpoizged of 2 bytes of header and 10 byt espofi/Scagii®aei24 The
payload is 5 sub-divided into 5 parts, each conprising 2 bytes of data:
DCL(I R), DC2(Red), PPGL (IR, PPQ (Red) and FS (Force Sensor). This data

() kot dnenhlafert et e Wi Bae R s MERes Otk 2t PR 1R 18 | T
DC corrp_or@’chf ﬂ!die_QM rc]:tai‘nbtrisuéiorPF\‘Gur\mvElrfegrsggret tggsétgenedghigggéizmalifuigla(aibmaieﬁor
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a ied to the um nation.a cti.on a . _An exa e of the
Ghra decolrigiptsd e Enan gl St Panbe MWTeh, 3T JaE0ed BT EiRaioRs SENE 49 Devi ce
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check for inconsistencies in scores and/or bands at step 4432.

The general guidelines in checking for inconsistencies are as follows:

ld 1. The score of a better combination should have to be higher than that of a lower
combination, with the tables in Figures 39 and 40 defining which combinations
are better.

2. The score of a combination should be within the scoring range of the band
assigned, based on the corresponding scores and bands as stipulated in figure

15 42,

After cell manipulation, the flow goes to step 4434 which is the creation of sub-tabies.
This refers to the additional combinations due to the addition of sub-groups Vlia and
Vllb for heart rate of Group VIi. These sub-tables are applicable where combinations
involving HR Group 7 have RR and SpO2 that are within normal ranges. This then
20 completes the procedure of creating the 3-axis tabie of Figure 41 as part of the

reference scoring system.

Figure 45 is a flow chart illustrating a method explaining how the user of the mobile
telephone 102 of Figure 1 obtains his cardiovascular health information based on the
25  table of Figure 41.

Similar to Figure 13, at step 4300, the user obtains his PPG signal using known means,
for example a measurement unit coupied to the mobile telephone 102. The mobile
telephone 102 at step 4302 extracts the user’s respiratory rate RR, SpO2 and heart
30 rate HR from the PPG signal, and at step 4304, the mobile telephone 102 maps the
values of the three parameters to the “three-axis” table of Figure 41 in order to derive a

corresponding health score at step 4306.
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It is also envisaged that instead of storing the scoring system of Figure 41 at the mobile
phone 102, it may be possible to store the scoring system at the database 106 (in
addition to storing historical parameter data at the database 106).

5 Based on groupings in the table of Figure 41, it is checked if the combination of the
parameters falls within valid or invalid combinations at step 4308. For example, if the
combination falls within any of the impossible combinations defined in Figure 44, the
mobile phone 102 returns an impossible combination at step 4310 and displays an
error message at step 4312 perhaps to ask the user to recapture his PPG signal and

10  the flow goes back to Start and eventually to step 4300 again.

At step 4308, if the validation returns a possible combination, the method goes to step
4314 to obtain the corresponding scores and band classification from Figure 41 and the
clinical interpretation from Figure 42.
15

Next, at step 4316, the score, band classification and the interpretation as obtained
from Figures 42 and 43 are displayed as the health index to the user via the mobile
phone 102. It is possible the health index is represented by any of these elements, for
example, only the score, or a combination of the score and band classification and how

20  detail the health index is may depend on the maturity of the user in using this system.

Like the earlier embodiment, historical scores of an individual may also be stored in the
web server 104, specifically in the database 106. This may aliow a user to track his
progress or monitor changes in his health score and use the information for personal
25  monitoring as in steps 4322 and 4324. For example, the scores (historical and present)
‘may be displayed in the form of a chart, which plots the various changes in the score of

the user.

The web server 104 may be configured to provide various features to assist the user.

30  For example, the user may be provided with options to share his score with other users
via e.g. publications on social networking websites or via direct messages as shown at
steps 4322 and 4324. Alternatively, the user may elect to keep his identity secret, but
can retrieve scores of other anonymous users such that he can compare his scores
with other users. The individual’'s score may be presented as a percentile of the

35  population’s scores. In such an embodiment, all scores may be stored anonymously in
the database 106.



056D 2.8905 0.9189 1.0962 1.3526 2.2392 16 FOE20A01023A03180287057A 0701
023A 0318 0287 057A 2.8906 0.9189 12768 1.1204 2.2602 24
FOE20A01020202149336 00584 0701 023A PCT/SG2011/000424

33

The comparison may aiso be made with a subset of the general population. For
example, the comparison may be made with a specific gender or other individuals from
the same age group, or both. The user may also elect to add his score to the central

5 database.

The users’ data is stored in the database may have a format shown in Figure 14, which
is based on the OLTP and OLAP tables. The OLTP Table comprises the user's current
instantaneous data. The user may input multiple data points in the same day. Similarly

10  other user's current data is also stored in the same tabie.

The OLAP table is configured to comprise respective tables for individual users. Their
personal particulars, their daily readings, their social ranking and other particulars are
stored. Each table may be different from the other and hold all the history of the user.

15 The OLAP acts as a data warehouse for the OLTP tables and allows user information
to be effectively archived for future analysis and to e.g. identify the trend of the user's
health.

As explained earlier, the PPG signal may be obtained using any known means. Also,
20 the parameters may be derived from one or more PPG signals derived from respective
sources. Further, it is preferred to obtain the PPG signal based on the device as
proposed in US Patent Application No. 13/010,705 for better accuracy, the content of

which is incorporated herein by reference.

25  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) and thus, the PPG signal is understood accordingly.
Obtaining optical PPG signals typically requires application of external pressure on the
body surface which is being measured. The pressure is required in order to obtain a

30  good quality PPG signal with a high signal to noise ratio.

However, the externally-applied pressure cannot be too large or too small, or the
quality of the detected PPG signal will be low. For example, as illustrated in a cross
section of a blood vessel 300 in Figure 15, in the event of an insufficient exertion of
35  external force as compared to internal arterial pressure at a measurement site 302, the

internal pressure is too low to obtain a proper measurement, and low PPG signals are
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obtained. On the contrary, as illustrated in Figure 16, the application of too much
external force causes the blood vessel 300 to be occluded at the measurement site

302 where the pressure is applied, resulting in resistance of regular blood flow and
generating skewed PPG signal data. If the external pressure is too small or too high,

5 the‘ reaction pressure at the wall of the blood vessel 300 is low, and thus a small PPG
signal will be observed. Figure 17 is a graphical illustration of the amplitude 502 of a
measured PPG signal in comparison with an amount of applied external pressure.
With a low applied pressure in range A, the amplitude 502 is correspondingly low. As

~ the applied pressure is increased, in range B, the amplitude also increases. However,
10  when the applied pressure increases beyond a certain ‘point, the amplitude decreases

again, as shown in range C.

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 pressure.
15 Further illustrated in Figure 17 is a range 504 within range B where the amplitude of the
PPG signal is at its peak. Within this range 504, an externally-applied pressure is
instantaneously balanced with the internal arterial pressure, thus resuiting 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
20 arteries at the measured region will not change and can be accurately measured to

provide a good quality PPG signal.

In this exemplary embodiment, the pressure assembly seeks to achieve and to
maintain an optimal pressure for obtaining an optimum PPG signal over an extended
25 period of time. By providing real-time, instantaneous feedback to a user being
measured, the user is able to instantly adjust the amount of pressure being applied to
the 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 light travels in and out of
30 a portion of tissue of a user being measured. For example, where the pressure is too
low, a light source may not be able to penetrate the tissue surrounding the blood vessel
which is being measured. Therefore, light may not travel in and out of the finger
effectively enough for a good PPG signal to be detected. Where the pressure is too
high, light may be absorbed or scattered such that the amount of light detected is
35  insufficient to obtain a good PPG signal.
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The device may aiso provide feedback to the user indicating whether the user is
applying insufficient pressure, too much pressure or the correct amount of pressure.
The feedback to the user may be visual or auditory in the form of a visual display or
audible sounds, and may particularly be a display of the real-time PPG signal being
5 cabtured by the device. The feedback may also be a more simplified display indicating
whether the user should take action to increase or reduce the amount of pressure
being applied to the device. In a variation, the feedback may be in the form of tactile
feedback, wherein the device produces e.g. a small vibration when the applied
pressure is at an optimum range.
10 v
Figure 18A illustrates one exemplary embodiment of an optical measurement device
600, and Figure 18B illustrates an exploded view of the optical measurement device
600, showing the arrangement of an illumination and detection assembly 602 and a
pressure detection assembly 604. As illustrated in Figure 18A, the illumination and
15 detection assembly 602 and pressure detection assembly 604 may be integrated as a
single, compact optical measurement device 600 surrounded by a housing 601 for
portable use. In the exploded view in Figure 18B, the housing 601 is shown divided
into a top casing 603 and a base casing 605, with the illumination and detection
assembly 602 and pressure detection assembly 604 enclosed therein. The integration
20 of the pressure detection assembly 604 with the illumination and detection assembly
602 provides a simple, comfortable interaction for the user, and the use of a pressure
detection assembly 604 which provides real-time feedback to the user improves the
quality, or amplitude, of the received PPG signals. The optical measurement device
600 is connected with a feedback unit 606 (see Figure. 21A), which receives the PPG
25  signals and pressure measurements from the optical measurement device 600 and
provides feedback to the user regarding the amount of pressure being applied. As it
can be appreciated, in this embodiment, the feedback unit 606 is in the form of the

mobile telephone 102 of Figure 1 (shown enlarged in Figures 21A and 21B).

30  The illumination and detection assembly 602 may be referred to as a PPG sensor, and
includes a light source 608 and a plurality of light detectors 610 (see Figure 29), where
the light source 608 propagates light through a portion of living tissue at a
measurement site of a user. The light detectors 610 then detect light which is
transmitted through the portion of living tissue of the user or which is refiected from the

35  portion of living tissue of the user.
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In one exemplary embodiment, the pressure detection assembly 604 is a pressure
sensor that detects the amount of pressure that has been applied by a body part of the
user, such as a finger. The pressure sensor may be a thin film flexible printed circuit.
Nevertheless, any other force measuring device that is capable of sensing an applied

5 contact force may be used. As illustrated in the exploded view of the optical
measurement device in Figure 19A, the pressure sensor 604 may be positioned below
the PPG sensor 602, so that the force applied by a user’s finger 612 is translated
through the PPG sensor 602 to the pressure sensor 604. The pressure sensor 604
then gathers and tracks the external force exerted by the user’s finger 612. Figure 19B

10 illustrates an assembled view of the pressure sensor 604 together with the PPG sensor
602 in operation, where the user’s finger 606 is placed .in contact with the PPG sensor
602.

Instead of a mobile telephone 102, the feedback unit 606 may be a computer including
15 a processor, a memory and optionally a display, as is further described below with
regard to Figure 34. The feedback unit 606 receives a PPG signal and pressure
measurements from the optical measurement device 600, and temporally correlates
the PPG signal with the pressure measurements in order to determine an optimal
amount of pressure that provides an optimal PPG signal, as shown in the comparison
20  PPG signal graph 802 and applied pressure graph 804, illustrated in Figure 20 and

described in more detail below.

The feedback unit 606 may be provided with a display 614, as illustrated in Figures
21A and 21B. The display 614 may provide visual feedback to the user in the form of a
25  graphical user interface (GUI) during the process of measuring the PPG signal. The
visual feedback may be a real-time display of the detected PPG signal 616 so that the
user can instantly see the effect of varying the amount of pressure being applied to the
optical measurement device and adjust the amount of pressure until an optimum PPG
signal is displayed. The display 614 may also provide a real-time grapbhical indication
30 618 of the pressure being applied. The graphical display 618 of the applied pressure
may track the PPG signal 616 on the same graphical display (see Fig. 33A, below), or
perhaps be displayed in the form of a vertical pressure status bar 620 positioned on
one side of the displayed PPG signal, as illustrated in Figures 21A and 21B. The
status bar 620 will move up and down depending on the amount of force being applied
35 by the user. In this embodiment, the user identifies an optimal PPG signal in order to
determine whether the displayed real-time PPG signal 616 can be improved. However,
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by displaying the detected PPG signal 616 and possibly the pressure status bar 620,

the feedback unit 606 is not required to compute an amount of pressure that provides
an optimum PPG signal, as the user is performing this step manually by analyzing the
displayed PPG 'signal 616 and making adjustments without guidance by the device.

5 FIG. 21B illustrates the feedback unit 606 and the optical measurement device 600 in
operation, where a user’s finger 612 is positioned on the optical measurement device
600.

~In an exemplary embodiment illustrated in Figure 22, the feedback unit 606 may
10  generate and display a GUI with a more simplified indication of whether the user should
adjust the amount of pressure to provide- more, less or the same amount. There may

be any number of ways to provide this type of GUI. For example, symbols or shapes -
perhaps even color-coded in a traffic-light colored display - may be displayed to tell the

user to adjust the amount of force being applied. Similarly, the GUI may simply display

15  words telling the user to “Apply More Pressure, “Apply Less Pressure,” or “Apply the
Same Amount of Pressure.” In Figure 22, a highlighted box 622 may be placed over

the pressure status bar 620 to identify an optimum range at which pressure should be
applied for a particular user. In this embodiment, the feedback unit 606 analyzes and
compares the measured PPG signal and corresponding applied pressures in real-time

20  in order to determine a range of applied pressure which provides the highest amplitude
of PPG signal - usually a state of zero transmural pressure. The feedback unit 606

then provides corresponding indicators to the user on the display 614 depending on

whether the user is applying pressure within, above or below the determined range.

25 In an exemplary embodiment, the feedback unit 606 may not require a display, as it
could provide audible commands to the user through a speaker or other audio output
component. For example, the audio device could simply talk to the user to say “Apply
More Pressure,” “Apply Less Pressure,” or “Apply the Same Amount of Pressure.” The
audio feedback could also be in the form of musical tones of different pitches or sounds

30 -suchas a ringing sound or buzzer sound - which are widely known as positive or

negative sounds.

In another exemplary embodiment, the optical measurement device 600 may ask the
user to calibrate the device before actual measurement of the PPG signal is carried

35 out. This may involve asking the user to apply a variety of different pressures to the



0.9189 0 8399 1.3832 2.2618 88 FOE20A01023A02BCO338056E 0701 023A 0260 0338
O56E 2.8905 0.9189 1.1285 1.3284 2.2408 96 FOE20A01023A031F02A5055F 0701
023A 031PW02AR/099534 PCT/SG2011/000424

38

device during a fixed period of time, during which the feedback unit measures the PPG
signal detected during that time period and determines a range of applied pressure
which obtains an optimal PPG signal. For example, the user may be asked to exert
pressure while fbllowing a profile of pressure ranges over a period of time, such as the
5  force profile 808 in the applied pressure graph 804 in Figure 20. As a result of the
calibration, the device 600 is able to obtain a range of applied pressure for each
individual user, rather than a generalized range which will not be accurate depending

on the individual user being measured.

10  Instead of a mobile telephone, it should be appreciated that the feedback unit 606 may
be any portable device, such as a smariphone, personél digital assistant (PDA), tablet,
netbook or laptop, although this list is not exhaustive by any means. However, the
feedback unit 606 may not need to be portabie, and couid similarly be a computer or
server. The feedback unit 606 may be connected with the optical detection device 600

15 in a wired or wireless fashion, or through a proprietary connector, such a universal
serial bus (USB) port or the 30 pin connection used in the Apple® iPhone® (Apple
Computer, Inc., Cupertino, CA).

This embodiment will be described with the feedback unit and corresponding interface,
20 processing and display for an Apple® iPhone®, although one of skill in the art will

recognize that other portable devices may be used as described above.

The illumination and detection assembly 602 may be connected with the feedback unit
606, in this case a portable device such as an iPhone®, using the 30 pin connector at
25 the base of the feedback unit 606. After establishing physical connection of the
illumination and detection assembly 602 with the feedback unit 606 or any other form of
processing device, a microcontroller unit (MCU) 640 (see FIG. 17) in the illumination
and detection assembly 602 extracts information for authentication purposes prior to
sending of data to the feedback unit 606 or any other form of processing device. This
30 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®.

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

Asynchronous Receiver/Transmitter (UART) protocol from the 30 pin connector of the
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iPhone®. Strings of data are sent to UART every 8 miliiseconds from the MCU of the
illumination and detection assembly 602 to the iPhone®.

The data is comprised of 2 bytes of header and 10 bytes of payload. The payload is
5  sub-divided into 5 parts, each comprising 2 bytes of data: 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).

Referring back to Figure 35, DC1 and DC2 provide information for the DC component
10 104 of the PPG waveform, thus enabling calculation for saturation of peripheral
oxygen, or SpO,. PPG1 and PPG2 establish the actual PPG waveform and provide
information for the AC component 102 of the PPG waveform. FS sets out to provide
information of the amount of pressure applied to the illumination and detection

assembly 602. An example of the data decoding format is show in Table 2, below.

Time . DC7 | DG2 |PPG1|PPG2| FS | DC1 | DGz |PPGt |PPG2| FS
(ms) Data from Device (Rex) | (Hex) | (Hex) | (Hexy | ey | o1 | vy | o) | o) | ony
0 T FOE20A0T023A01FO0A50055E | 0701 | 023A | 01F0 | 0350 | 055% |2.8905]0.9189]0.7996]1.3671]2.2150
8 | FOE20A07023A02ABO34T056D | 0707 | 023A | D2AB | 0347 | 056D | 2.8905]0.9186] 1.0962]1.35262.2392
76 | FOE20A01623A031802B7057A | 070° | 023A | 0318 | 02B7 | O57A |2.8905|0.9189]1.2768| 1.1204|2.2602
74 | FOE20A01023A0314026D0882 | D707 | 023A | 0314 | 026D | 0584 |2.8605]0.9189| 1.9703] 1.0011|2.2763
35 | FOE20A01093A029E02D0058C | 0707 | 023A | 028& | 0200 | G58C |2.8905]0.0166]1.0801] 1.1607]2.2892
20 | FO=20AD1023A01E303550501 | 0707 | 023A | 01E3 | 0355 | 0581 |2.8605(0.0189|0.7767]1.3751]2.2973
28 | FOZ20A0T023AD7 2003400582 | 0707 | 023A | 012D | 0340 | 0592 |2.8905(0.9189]0.4852]1.3413|2.2989
56 | FOE20AD1023A00CA02AED501 | 0707 | 023A | OOCZ | D2AE | 0591 |2.8905]0.9189]0.3160]1.10502.2973
62 | FOE20AD1023A00D0026E058D | D707 | G23A | 00DO0 | 026 | D58D | 2.8905|0.9189]0.3353]1.0027)2.2908
55| FOE20A07023A014D02DB05ES | 0707 | G23A | 014D | 02DB | 0585 |2.8305]C.9188/0.5368]1.1785/2.2779
80 | FO=20A01023AD200035A0578 | 0707 | 023A | 0209 | 035A | 0578 | 2.8005|0.9166]0.6390| 1.3832]2.2618
B8 | FOE20A01023A07BC03380565 | 0707 | U23A | 02BC | 0336 | 056E |2.8905]0.6189]1.1985]1.3064]2.2408
96 | FOE20A01023A031F02AB055F | 0707 | 023A | 031F | 02A5 | 0S5F |2.8905]0.9189]1.2881]1.0014]2.2167
104 | FOC20AD1023A030B0270054E | 0707 | 023A | 0308 | 0270 | 054E |2.8905|0.9189|1.2558|1.0060]2,1893
112 | FOE20A01023A028B02E50538 | 0707 | 023A | 0288 | 0255 | 0538 |2.8905|0.9189] 1.0447|1.1946]2.1566
T30 | FOE20A01023A01FO0350055E | 0707 | 023A [ 01C6 | 035% | 0526 |2.8905|0 9169]0.7367| 1.3606]2.1240

15  Table 2: Data Decoding Format

A raw PPG signal inciudes DC and AC components, both of which include information
critical for waveform analysis. Signal conditioning is therefore performed in order to
obtain the information for further processing at the feedback unit. One embodiment of
20 the signal conditioning process will be described below, and may be carried out by
components of the illumination and detection assembly 602 illustrated in the block

diagram of Figure 29.

To determine the DC component of the PPG signal, the raw signal 642 obtained from a
25  photodetector 610 is digitized at ADC1 644. The digitized signal will be passed on to
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both buffer (IR) 646 and buffer (Red) 648 accordingly, which will store up to 100

samples each before sending collated data to the processor 650.

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

650. Atthe proc'essor 650, the digital values for Vsub (IR) and Vsub (RED) (i.e. the DC
5 corhponents) are calculated. The Vsub signals 652 are subsequently converted by a

digital-to-analog converter (DAC) 654.

The determined DC component (Vsub) is then subtracted from the raw signal, Vraw to
obtain Vac 656. The new raw signal, Vac 656, then undergoes a second stage
10  amplification at a second stage amplifier 658 to obtain Vppg 660, where the signal to

noise ratio is improved compared with Vraw 642.

The resolution of the new raw signal 660 is thus enhanced substantially when digitized
at ADC2 662, as can be seen from the graphical representations of the Vraw signal
15 642 in Figure 30A, Vac 656 in Figure 30B, and Vppg 660 in Figure 30C.

Referring to Figure 31, in order to collect the data, an MCU clock 1200 is set to toggle
at a predetermined interval to accommodate retrieving results from both LED(IR) and
LED(RED) (not shown) during a respective first interval 1202 and second interval 1204.

20 In the non-limiting embodiment shown in Figure 31, the interval 1210 is set to 4
milliseconds. The data coliection sequence is then repeated in the third interval 1206
and fourth interval 1208. Before each toggle between the two LEDs, data from ADC1
644 and ADC2 662 are taken and sent to UART.

25 A method of using the optical measurement device 600 is described herein with
reference to Figure 32, with a corresponding exemplary GUI illustrated in Figures 33A
— 33C. A user seeking to obtain his or her PPG signals will first place a body part, such
as a finger, on the sensor surface of the optical measurement device (S1402).
Calibration of the device to the individual user may be performed (S1404), where the
30 user is asked to apply an amount of pressure over a specific period of time,
corresponding to a force profile 804, (see FIG. 20). In other words, the user is asked
to vary the applied pressure such that the system can determine an optimum pressure
for the user by analyzing the resulting PPG waveforms that result from the variety of
applied pressures (S1406). The user may also be presented with at least one

35 measured PPG waveform generated by a particular amount of applied pressure, as
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20  Optimum pressure is determined as the pressure at which the measured PPG signal
has the largest waveform amplitude, or area 2112 under the PPG waveform, as shown
in Figure 33B by the area 2112 bounded by the PPG signal 2114 and baseline 2116.
Figure 33A then graphs the variation of the area 2112 under the PPG waveform with
respect to the pressure 2108 applied on the sensor. As may be observed in this
25  example, the optimum pressure 2118 is at 299 mmHg, where area 2112 under the

curve is at its maximum of 11.63.

Figure 34 is a block diagram that illustrates an embodiment of a computer/server
system 2200 as the feedback unit 606 upon which an embodiment of the inventive
30  methodology may be implemented. The system 2200 includes a computer/server
platform 2201 including a processor 2202 and memory 2203 which operate to execute
instructions, as known to one of skill in the art. The term "computer-readable medium"
as used herein refers to any medium that participates in providing instructions to
processor 2202 for execution. Additionally, the computer platform 2201 receives input

35 from a plurality of input devices 2204, such as a keyboard, mouse, touch device or
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2112 under the PPG waveformwth res&gct to the pressure 2108 applied on

the sensolraNSRAUrRERFEERUrG K@bis\HEMALS {0 BRPR USRS UsgARP A8YIC% -he opt i mum pressure
2118 is at 299 mmHg, where area 2112 under the curve is at its nmaxi mum of

11.63. Figure 34 is a block diagram t illust s an enbodi nent of a
comput er/géh%'td RS aPerf 8?1&"?@383@@%'{’ %gvgr%cﬂwwcmmaﬂe a

enbodi NnEngevide AMEmeMeRINdd ‘éBIe3tQ ADRAHRY egyialnByndie #a'ﬁBh@EﬁprﬁSal sigial sy st em
2200 includes a conputer/server platform 2201 i ncl udi n |_%nocessor 2202

and n%ﬁmr?” 2'2'65"‘5!}(?9 EPIh Al atreeasyring Steih & PRV kR PBﬁs“S BsTEnsMRCeYiBeBhe of
skill in gbe pﬁf\ﬁdes-fbﬁdétéétmg th® BPlidat FedpBRsfrR e B I HoH ligHs refRtbdTRimeitie 1 ef ers

to any nmedium that participates in ovi di n% i'nstructigns to?r\% 0 essor 2202

for execu’f"iea?f’”“ﬂo%‘ietqr@nt&?I"9ht tﬁﬂ?”&%&pm’@fghpq StTRRSWIDS e r ERGPVRAIMEBUL

35from a gddéeriBdd hireff uﬂn.e@%dudewgt:r%ﬁea%aé,of fgHt lbnas WaykioWBRRItHe nBAdERnhg t ouch
device or 42 verbal conma nput er platform 2201 may additionally

be connecsitéd- Fob'%"q\éﬁ’ﬁ?@ﬁbp@kstf’ﬂ?ea@é'oﬂ‘e‘?fl'@%reéb% such as a portable hard
drivegpoptical nedia (CD or DVD), disk nedia or any other nediumfrom which
a corrputer can read executable code. The conputer platform may further be

connect edntan akditiasiak exsserien @sbosispent 5”\‘erﬁeé’i?ed'6?ﬁ1 ormA efies| qficaliyationy

ot her conmpEpEHreaeh uﬁ’dnl'l@@a‘#'us@rulh'dr@erOtb dttériivieS aR @bl rahBé of BEcsBIiré for
resources 2206 @}éﬁmow de instructions and data to the conputer platform

from a ref@heindly oh"® BubseqreUGHRPS29/05aPturing t@%rﬁ?e@;tslg@ﬁkwt"éh?%és?lé’i%r k

resources r%aet@rrﬂméd la)gnmua rﬂh{g@é@ﬁ}‘é HehehMa ! f§r O&Hﬁhhgaa% dptgn B RPELsigiarndar ds,
Bl uet oot hi{m or cellul ar ocols, or via C{SI cal transm ssion nedi a,

such a5 ¢ @@sarbeﬂoempwmeabﬁ Bat forRe sRaSiMRk asclipitatives F%W?’HB'PUH@
storage dgydchiged bRIbodintnt REs@Bka N dsE e HibaBhRinMdIekRIRE §803 aAl HR bacat i on
separate fromthe conputer platform2201. The conputer interacts with a

di splay 2208 to output data and other information to a user, as well as to
request additional instructions and input fromthe user. The di spl ay 2208
may therefore further act as an i nput device 2204 for interacting with a
user. 15



The monitoring of (i) the PPG signal fromthe illum nation and detection
assenbly and (ii) the anobunt of force exerted by an individual fromthe

pr essur e weemlvysshus enabl es the optical nmeasurenent @evisGeoti®oobsai n an
opti mum PPG signal with a high signal to noise ratio. The signal to noise
ratio is augnmented in an optical sign#8. The 20 optical neasurenent device

provi des for _a PPG si to be acquire r : ure that
i's uni quéh? 80@8{%9%8?%%92@“(?883 d)g@?rcpea_%rﬁ%tegﬁgﬁl gr %"ie:s g%%'rd (eng%%ﬁgﬁ?%at t he
enbodi nembord @aeaméted (bey. physiclogisaltsigraisoiverd ¢heuskry might diechdaet ho chcosgsabl e of
augnenting signal tq noi .ratio in an optical signal of an illum nated
regi on attﬁeaa?fgﬁ%ﬂrqfﬂbe l%e?a?t§| qa'caé'oﬂody part of a user. The enbodi nent al so
provi des for detecting the optical response forned by both |ight reflected
fromthe nmeasurin it nd the light transmtted t.hrqugh the. suring

i te, SThd" Snb HaTTER? STREOPTBLaTRieErn L TRHF J o ShpT el aet Atbls of

| i ght on shbgaldwayagppesidtds tHdiehenembodimegt siay ®e(ddapteditb @apdiyve sttedr sibjbetsk t o
the regi on of in.terlest. 30 In an additional exenplary enbodi ment, the

devi ce e8P ABIMA'S series of calibration steps for each individual user
in order to determ ne an opti numrange of pressure for each individual. The
subseque steps of capturing .th PG signal wlL then, u t he

predet er %erﬁ?%ﬁqqen?ﬁ?{ ! %ﬁé%e%s'smﬁ'éﬁﬁtgﬂa?g%?}l}aw& h@H'ﬁeag HFﬁ@‘eﬁs‘@B} Mm PPG

si gnab. 35idEhethde Sormsh edpecrbindif teatmétiod@d irhpleinenteanisy auedn@ger. ilmidtidri ve.

For exanpl e, the described, enbodi nent, descri bes the use of three paraneters
"R Spoo e RS lFESToRs PRISH Rt ton PO e8¢ ek SREPdier e ip LB er (R
or HR) i smerwientgas) mahsd memdse paraneters (e.g. physiol ogical signals from
the user) mght be added to increase the accuracy of the health indication.

5 n the descri bed enbodi nent, reference is nmade to a "user" or human

subj ect hpthd desshibed embedimppt, ¢ed aiitied! mbadurérhentateiodicmond sepryatbdroadthpt ed t o
The referenc emis

ly t t j ect h inals. i
PP ootk TR Byt Y 8 Bt ek SRRl g a0S CaESTREPET or v,
especi al lintepfatéd @ithehd @fticas detgutienaieivicd dyya asingenoptiedl .méasuadrheatt devrcds, t he

d i bed _neth d not i-npl ement _and be .
ol cront BA0K3® RRATG HOARES: TR GRcl s e A BrbBEN RUREoPo RO
measur engilusilg\62aeof GOfbriadles@padeabs; fim ¢z thee bbatbeedhne knemu but@desABUsf t hi s

may not he so. For, exanple, a portable device integrated wi.th the
optical dB@HRRR d&‘é\??g@gfé’dasgﬂa@? rOHb?idbszﬁ’fayréﬁ%u%tﬁeWﬁ e?ﬁ”?'@”%%, as
shﬁvvrnoi n the @Uﬂ@?l@%ﬂeviﬁafﬁogrﬁ icgr@éblélef e@rWimJlodtembh' C&Wursﬁdnlscfow theraptieal Wi t hi n
a housing, 624 of a a evice 606: in this case |ocated near.a nmenu
but o o disestion b BPALSS a eI sor tanpabL R FrocsRe Rl s JERT R W t b
such a C(Bﬁk;t\@luv‘ltatrieQ@r,dftBOth"ef‘tﬁocrh@dihgdmlne(ijrdEkG.czg,Qﬂﬁ opfical ajetdution akevicarao@i ng Fut
processin uncti on or e opti ection .device . 600, .su as_.si gna
condi ti orl ﬁ?graé?fingﬁ‘ a‘?oq‘?&’[‘}c eséqen@aﬁl ‘%\g‘ﬁ%i@E@rrF%‘ﬂEf HEPRIGLPLTHOY ég%r‘@“lfo t he
bl ock di agpritessingb6itiod B30t eulo el gralidele be tardward earidcirmfiie ioh tregofathed wi t h
t he portabl e device uld only requi a sensing pertion. 628 ile a
pr ocessi n@’rﬁB%t F%‘Hc%ggg\/\omﬁrl‘% SBBS'BgcRﬂ dgg@ Wﬁ%%@%ﬁﬁ 'l"i"lnfﬂﬁﬁ?% a\gﬂ t he of
the 25 pajdiedibn adsarhisig 660 and Thepreenst RigteRtion asventbh360WM wWsdiustratedde Fidhe

illum natjon and detection assenbly 602 and the pressure detection assenbly

604, as i Y9ustrated in FIG 29. In another exenpl ary enbodi nent illustrated
in Figure 24, the optical detection device 30 600 may be integrated with

t he di | 614 wh t he dj | i t di | LT i
e N Y TG oty o SO M

I :c ghL 3of r oaooth ey bElatég;jrgiwlvﬁmgezmpwyobl d1t4ﬁuﬁéieth9fw§pﬁnie"s @Cboch scféen diepippnent s
(0] the t C sScr.een | a 4 WO ave accurate I Sure-sensi n
Capabi 11 CTER opghts ey BB At P Bty SEeBn bty b el e VT ier € cen
di Splbay Gkt fé@mqlge LEatnghmufrwscaridqaswﬁhol%&u&gcltgrr. g_as gbmpoesras bf mg taspenbl y
can e rovli deaq. t to Screen | S a lrectly, there

o b ol St ispbe 1 opouS have aretrais Blsslie chelol fprolitied o PSR the

amount of pressure applied on the touch screen display 614, such that the functions of

35 the pressure detection assembly can be provided by the touch screen display 614

directly, thereby eliminating the need for a separate pressure detection assembly.



44 Therefore, only the illum nation and detection assenbly of the opti cal
detecti on device woul d be separately required, such as red and infrared
(I'R) LED woght2/measaces and a photodetector. |In another exemso2ear 00424
enbodi ment, the illum nation and detection assenbly may conprise a canera
and flash of a smartphone or other por#abl e device, such that the canera .

function sthe hoto et ect or e the flash functions sthe

sour ce. refpres f é{ﬁﬁe ﬁ&ﬁ’é?aé' WB(A%%“'PB@&?%H%PE ereRtical t%%{E’H CJ(?["Ig’r@r on
the port aduid 8e\separatel feduiredf s@mhasvd shdmiarnf (IRPLED light Sourcésednd-ED and
infrared LED to output the 10 required wavelengths of light. In this
exenpl aryp"@FFtS’@EﬁcF%nt the pressure detection assenbly would be the only

significant nodification required on the portable device. Figures 25A and
25B illustrate yet another exenpl ary enbodi nent, where the portabl e device

606 miy B #qteqic exeririany eabadiigit Beniliugunalion oand etectipmiassamblys BaYvi ews
the 15 dlc%mpmeﬁléanmélaﬁama@hldr a%iﬂadﬁ%ﬂé%ﬁb%éﬂﬂohabl@%e@@é'%h et @et i on

device 600 in a way is easier for the user to hold the portable device
606 in ttf@"l%%rfu%ct'ﬁ%% th? rﬁ’hpgﬁ’é?é‘ﬁ)ﬁé""ﬂ'?l t@ﬁtf!i‘tshdH“Ct'Pﬂ% aﬁstﬁ? "Satns?}lr%e a

finger 6lghediashhad %Bﬁie?él\lrvo@iétbé%éa@éu Fr@¥intete ﬁﬁé’ac?qﬂﬂhéFanQhé%héB{e Mb@¥e a
| arger tine period t he PPG signal 616. Fi Bures 26A and 26B illustrate

anot her X Pa?%hewmﬁellt}?eﬁ?”f'g\ﬁ?é’r witty ayres hEPt gnahinfigmd EEP taeeweyti 1R
devi cgs 6GRQhradNFHaREHBIN 6f fight eg,ﬁ i€ x¥vnpRnt Qﬁb@@ﬁfeﬁpltﬁ'e REGR QbctRr

interaction with the user in a |andscape orientation, e use of nore than
one opt i cadsemalaquichbe Hegniesignifisant magificatiensigarirehen B‘Ie RefigPleidsnige-

physi ol ogi cal properties. As shown in Figure 26B, the user can easily hold
t he portabl e device 606 with both hands 632A and 632B while al so pl aci ng
their t huiiB4es3a aadEoBNstsie vaianetier sxpmRanngmBpdimeat wWheteclbeiroableyi ces
600A and &8 6d6rh1§y B féknbﬁt'édf?%%ﬁ@r'\&wp@%ﬁ%u@i&h subh st i @Sbrivibwie @I es 27A

and 27B, the ogtl cal detection devices 600B nay be | ocated on a

si de Yor t4ignlaaH karizppialiyand Kisractaaith e eptisal defesiiondavish 6004y a wa thatace

I ndex fi ngRasiefbe theAikdr GLRA ithb s&mb@é:aeme,t@od IN&hE EErasHARM] mgnaﬁeéda@,al 30
detecti on devices 600A and 600B in a natural configuration.

enbodi merfrientatign ythieruser D iRces3 ARgRn% 490 they atiGah Stecken d%%é@@ @@é t he
por t abl e igid daipyieh s I8¢ inBhehbd b hBPH®ughaeeen di spl ay 614 or menu
button 626 while the index fingers are being sensed by the optical

detecti on devices 600A and 600B. In the enbodinents illustrated in Figures

26Al 26B aryguréd AlgA7Ehd b@BaﬂLﬁs@rafé”'Sﬁ@ché’ﬁ sx@nmwrahbédfméﬁpfwh@% b%raﬁ@t&ctl on
devi ces 600A and 600B, there may al so be a correspondi ng Iurallty of

PPG si gnaaRicel1dsleciing dsyises SRAA6sa0Reare: iniageaiad waih Gbe ROrAkle sBuiEs 60

accor di ngfoy intdrBgtidre®AM e LIS In ABhdBLES bREAHEE. SThé WRE ©f Ghoret thgh dﬁ@WDUt er
programabl e 5 instructions which carry out instructions relating

recei vi nPRiiRal Jtertion Slevtge ik a#@«;nﬁa@%ﬁme&t 196 aﬁﬁ@@%p@yw@a@'a?le%m@es and

creation &f shdgh wr.@uﬁe beB e (sePan @adly REld ttRe Egﬁaagrd@e.h@tao@rwm bbthe
det ect ed PPG si gnal %hessure nmeasur enent s. descri b herein, the

resul 3 ng @961 FRAA IaPé &34Fharhilsr alsp delaciag Hhefhthumbs B34Ae an® 634Bsapelhient of
vl OUs. ik bR bl U o SuieRcaTSh ngPBRlEDp! I IR BRplarsuCh a5

a saturation evel ygen in blood (i.e 02). However, other

par anet er@mbrdimsret 'Wrateﬁéa Fighties:27A and BB dbe PV&QQ' gnteglion rYiaes HOPA anddex.

For exanpdeB hbfbeRidatd or"E 8rid J%mteséedfltﬁ@pme\blé HEViEE60d, 36t eniGslH Siti on
of systolic and diastolic blood pressure paraneters. One option for

det ect i ngfamBlaparirdfx: Braers §1dbt 81thitnéB pnoerntact Yithe ey perespoadivg riralci ng
the sjgde fi&teh dehRed 'GGQRranﬁlébo‘Bhlﬁraenéthﬁhl ‘ébﬂﬁg{u@étnoﬂ”lﬁ&bﬁs'én%d%rﬁ fnae
illumnation and detecti on assenbl y as illustrated in Figures 28A and
28A. As s¥RSRA thHMPP R4 20d @%@r%ut@wfre@o@ ioRetate thp@ostabigafevigeaf 802 i s
noni t or e%t@?‘édﬂﬁg L Hw%efouéﬁpsldr&‘h ¥eplal s dowupar LitoRr 8 ARNO thdghdekessure
sensor 604 followng a pre-determ ned applied force profile 808 wth
respect tfinoersmare Baing rienpeq HYZbet%’éC%{ﬁﬁt?@@“pfﬂfé’@ﬁr Ogy apsh 6808. mhigebasi c
fundament ghsheRbmd llhglr§teaﬂﬁk¥g§ll'e°s Jed/deB bﬁ’c?@iA/ﬁYB V\ﬁb%auéme%%ﬁe%' amht 806
begins to display a PPG waveform (point 810) d when the PPG

final35y dvfeeptispk deigslion dgyviogs 6&9&%@%& meée am@v iateai P%cﬁ |C9rr9'=‘50§@dinat ed

wi th the highest and | owest point of the blood pressure. In addition, with
this analysis, the external pressure needed to achieve zero transrrural
pressure can be 25 determ ned. Wien zero transmural pressure is achieved,
the PPG waveformreflects the highest anplitude, as shown at area 814 in
the PPG signal graph 802. In Figure 20, as the anmount of applied pressure
follows the profile 808 of rapid increase and gradual decrease over tinme,
the PPG wavef orm 806 changes | n arrpl i tude accor d| ngl y. Thus I ook| ng at t he

o Y ~EeSS~N e o ~NA PN 2 ~ A I~ - o " v ”~ o



Havi ng now fully described the invention, it should be apparent to one of
ordinary skill 35in the art that many nodifications can be made hereto
Wi t hout OWE201409853r om t he scope as clained. 46 CLAI NSPCT/SGROIIOARpIAY er

i npl ement ed nethod of deriving a health index for determ ning

cardi ovascul ar health of a subj ect t & nmet hod conpri sing 5(i) obt ai ni ng

Lol e b e B APASHE S BENAT Bt AR TR O bt

par amet eraccordingly. (ii) assigning a score based on the values of the at

| east two paraneters froma reference scoring system and 10(iii) deriving
the health index based on the assigned score. 2. A conputer inplenented
nmet hod aclter tHedpadio ubitamay lalsovincleden dofievasd dreether @nmpotelneprogmnmmbler i's

| d.f h f h d
TR I S NI TR
SCOL I ng ssygﬁaerthe lpﬁéssdmmaaﬂlramahtsl ;rnd)bregtuompf n@ts%dtmnt teab@tupa'rmmmgrtotand .
roypi n u e respective paraneter an
ﬁgcasgocﬁ 8‘37 nlf 03?'&%8?8%632’59{@ %Spg%f%ﬁgé?s@?%ﬁﬁr%gﬁﬁ andpdependence

on, the obtained values. 204. A corrputer I npl ement ed net hod according to
claim 3, on.a conbi na n of t IS val ues

rein the score is d
ot e aY BaSirbe ) udRoh: Liulhd' SR B 5T i 3nbiahY Sautale
accor@i ngnéasurdraennod variou, phybiefogical pdsreme@éreudetuc@dmhangolsm%mgrémw her
I ncl udes respectiyve (fl | S|f|cat cd t 5wt
corr espor?d'f:ﬁj'ssacﬁﬁtgra 10 1eVR' & ?1’%8?% F':‘)?B?é ﬁpedﬁnﬁ?‘ﬁ%\f?r’a%t gt B‘Frﬁa‘ettedscl ai m
any of clmayme 3bfatned, arglaghinde tesyatiodioh thesiveith indexaBsoexantpie] the toptied i ni cal
|nterpretat|on of .the. cardi Hg}icul r heal t h...of he S

comput er THCETRTY ciF e, oM R GEHg: codAyS o Araplie 256 eddhc fpeler
i ncl udes ptegsuved parangtesl iGrienaptionhfxnl detedtingi that pavambteseth aeterinies blove. 8.
SO ol RL RS SEINRY GECRAEER R PR SESEIR0 (Bl el 1
par anet erghio the illumination and detection assembly 602, as illustrated in Figures 28A and
28A. As shown in Figure 20, a PPG signal 806 in the PPG signal graph 802 is
monitored while the user applies vertical downward force onto the pressure sensor 604
following a pre-determined applied force profile 808 with respect to time, as shown in
20 the applied pressure graph 804. The basic fundamental behind this analysis is to
identify when the PPG signal 806 begins to display a PPG waveform (point 810) and
when the PPG signal finally dies off (point 812), as these points are indirectly
associated with the highest and lowest point of the blood pressure. In addition, with
this analysis, the external pressure needed to achieve zero transmural pressure can be
25 determined. When zero transmural pressure is achieved, the PPG waveform refiects
the highest amplitude, as shown at area 814 in the PPG signal graph 802. In Figure
.20, as the amount of applied pressure follows the profile 808 of rapid increase and
gradual decrease over time, the PPG waveform 806 changes in amplitude accordingly.
Thus, looking at the entire range of PPG waveform from 810 to 812 with respect to
30 applied force 808, the highest amplitude PPG waveform 814 provides an indication of
the corresponding position on the applied pressure graph 804 where an amount of

applied pressure results in zero transmural pressure state.

Having now fully described the invention, it should be apparent to one of ordinary skill
35 in the art that many modifications can be made hereto without departing from the scope

as claimed.



47 wherein values of the at |east two paraneters are nmapped to respective
cells associated with respective prelimnary scores. 9. A conputer

i mpl enentWO 20YMOB4according to claim8, wherein the pr@CIT$iGagrpoGi2$cor es
are associated with respective prelimnary bands; and the nethod further

i nclude adjusting the prelimnary scords and/or prelimnary bands to derive
t he referéﬂﬁﬁﬁ$coring system 10. A conputer inplenented nethod according
to claim?3; t her conprising 10addi ng the assigned scores together to
derive the health index to represent the cardi ovascul ar health of the

subject. _ 11. conput er i npl nt ed od .according. to c¢claim3 or 10,
wherein (1117 AR TSRS et BReY e esnesin iRy 4 BPermingar y
heialth ir%eeﬁow?ma?hg@%&ﬁ@ra%pjeaggqéme;maﬁan@agiagpter based on Itlhe obt ai Bled
val ues and verj fying if conbjnation of the grqupings is nedjcal ossi bl e.
IoA Coput et 1 ARAEAE 8RB OhAIE A AP TSR A8 & MolR PRGTS SIS o1 ng
addi ng upthkhsubjsd) gieedt fut @wo tparapeiere itd\liny SpoY aad yathrabkt bné nsieer. 20
13. A conputer inplenented nmethod according to claim11l or 12 wherein if

the conbi¥EBM§H of the groupings is medically not possible, displaying an

error nmessage @yasdignimipaltdreibagéxon thdvaliesCoipel beleastiivb @Epirhedrsmedrhad
accordi ng %o any of clainms 11 to 13, wherein if the conbination of the
gr oupi ngsr%ege'h%%ﬁceam? FYSIBAM e, the nethod further includes verifying if

the prel i i nar gi)liealihd tHerdalth mdekbaesd aelinésdsarfbd scdrd. A conput er
i npl enented net hod according to claim12, wherein if adjustnment 30is
needed, adjusting the prelimnary health index to a revised health index

and usingathe Aevmpatr iegibinbnted tethesadddedifga dibim Ndekerein thd Bt leBstcameput er
i mpl ement ed nmet hod, according to, claim 14, in verif if the

" |
orel i m na? et RAPTRLS RRBEGTRT S HapPSPuRislnG of brart e bR FENRIAIgTY Fote.

conbi nati on of 35groupings with a reference |ist of conbinations. WO

2012/ 099534PCT/ SG2011/ 000424 48 . ,
15 3. A computer implemented method according to claim 1 or 2, the reference

scoring system inciudes a plurality of groupings for each parameter, and each grouping
includes a range of readings for the respective parameter and is associated with a

corresponding score for assigning to, and dependence on, the obtained values.

20 4. A computer implemented method according to claim 3, wherein the score is

assigned based on a combination of the values of the at least two parameters.

5. A computer implemented method according to claim 3 or 4, wherein the
reference scoring system further includes respective band classifications associated

25  with each corresponding score.

6. A computer implemented method according to claim any of claims 3 to 5, each
corresponding score is associated with clinical interpretation of the cardiovascular
health of the subject. ‘

30
7. A computer implemented method according to any of claims 3 to 6, further

includes deriving a preliminary health indication based on the score.

8. A computer implemented method according to any preceding claim, wherein the

35 reference scoring system is derived from a matrix of the at least two parameters,



17. A conputer inplenmented nethod according to any preceding claim wherein
the at | east one other paraneter is categorized based on the subject's age
group andwgentbaw9ssl8. A conput er i nplenented net hod accecuiSegoti®oany
preceding claim wherein the health index is associated with clinical
interpretation of the cardi ovascul ar Walth of the subject, and the nethod

further include qi spl 2y' ng t‘he l.inical i rtlter%retati 08 as artt. of t|;_e
heal t h i nf&§/€iN1 ¥3'88% 9 o{pﬁuf" 13Sh MR BABEIF ISRt AEd "aPPET dPn FSPECRy CFliSecedi ng
cl ai m whagsetiatedivathatspeatiod pialimiray secgeéer s are obtai ned from nore than one
PPG signals. 20. A conputer inplenented method according to any precedi ng
claim wherein the score is based on relative health significance of the

par amd?_t erg. conaicgeper gﬁblbméf\iejd&hm\?\%dECC_:o?dJ?g@o f@[aﬂ‘ﬁlﬁ& Wh_eieirftr?rmeﬁrﬁﬂawet hod
according to any preceding .clalm ereiLn, (1 urt_ er 1. ncluaes.

¥ i ot s9e Al PESSTATEN Wi, TSR oE e B Bk bo0b 8b¢ R ABDR LIty
transm ttigelugé ddpistingt®e biciinang stofdsgBAd/otPremiaBn Ibhbde nat deHveant
detection ?ssenbl ;. 20det ecting an anmount of pressure applied by the

portion oFSPWERFOITSEMEB the subject to the illumination and detection
assenbly; correlating the quality of the detected signal wth the anount of

applied pressure; and providing . feedback related to the correlation to the
ahb) ot . PHES Db Coxttlisth (HRs e RER UREIOE ORIt 18 St (s CFRTRARDS
further cadgmd she'@sgigoed doorgsadgethei eatdedite Ghe Wieiitheihdéh @o a8preséntothe
pressure beleigga%ﬁggh%%{hﬁtt he illum nation and detection assenbly should be

adj ust ed. ¥ herpyRiSint ed net hod according to claim 21l or 22,
further conprising displaying a range of optinmal applied pressures al ong

with actu{japlies ressure bhein lied he subject, 24, A conputer
ol ement B ok HOT RO FHSEERE dRGBY 2eaiing bo iU b i Moy wharein (D
deriving the health index includes deriving a preliminary health index from the
15 groupings for each parameter based on the obtained values and verifying if

combination of the groupings is medically possible.

12 A computer implemented method according to claim 11, further comprising
adding up the assigned scores to derive the preliminary health index.

20
13. A computer implemented method according to claim 11 or 12 wherein if the
combination of the groupings is medically not possible, displaying an error message as
the health index.

25 14, A computer implemented method according to any of claims 11 to 13, wherein if
the combination of the groupings is medically possible, the method further includes

verifying if the preliminary health index requires adjustment.

15. A computer implemented method according to claim 12, wherein if adjustment
30 is needed, adjusting the preliminary health index to a revised health index and using

the revised health index as the health index.

16. A computer implemented method according to claim 14, wherein verifying if the
preliminary health index requires adjustment includes comparing the combination of

35  groupings with a reference list of combinations.



35conprising displaying a range of optimal applied pressures which
corresponds to a state of zero transnural pressure. 49 25. A conputer

i mpl ementwo 20etdeess4according to any of clains 21-23, wheceise20hmoRRE si gnal
i s obtained when the applied pressure is at its optimal. 526. A reference
scorirng system for determ ning cardi o#8scul ar health of a subject, the

system conprisin , i first array of cateqgaries wth eac

cat egory epr &%‘ﬁ?ﬁ“ﬁ@r 'H‘F’Il%(ﬁ%fée efRnd; gegprd e{‘Pta"VQf%%%B‘P Ciimj wogein the

(i) a sefqsubt dheaothed pSalREsT is esateforibed dabed dheorsubjeRPs @58 NGrong ahdr ange
of 10typical respiratory rates of subjects; (iii) a third array of

cat egori &ENGe% h each cat egory representing a range of typical Sp02 |evels

of subjects; wherein each category of a said array is associated with a
score; and wherein the scores corresponding to each of the categorjes of

heart Srat®; r dSpRTRIET {lempentss MetpgRces O @AMBIFREG NS FRTH PR T des a

heal t h i ngamh frRex tehoBialid Wit BiRidaRintdrpretstion] dthd eatiloagiuldr Meaibf Bet . 27. A
ref erence scori ngésystemfor eterm ni ng cardi ovascul ar health of a

d | ar di
subj ect, URIECkR8E dhe BiRY Rirthgr include d'SP?%Y)”QathFi igicaljperpreftion 26 bt fes with
each cat qgop¥aifhapdssenting a range of typical heart rates of subjects;
(i1) a second array of categories with each category representing a range
of typical respiratory rates of subjects; (tii) a third array

of cafpegord es AkdpRacithpleth&aed et RT6Rfind e oy prét@ingf cldivpivbaleir?hep02

| evel s of SUbi ects; wherein conbinations of the glgéegorl es of the first,
second arf 1aast W Raramplersiate optaiprq e dnele thn G REFislascor es; and wher ei n
each score provides a health index for determ ning the cardi ovascul ar

heal th of the subject. 3028. A conputer i rgol enent ed net hod of ﬂer Lving a
heal t h i Pex fAForpRyter lmprlﬁrﬂgnted method according to any preceding claim, wherein the

score is based on relative health significance of the parameters considered collectively.
15
21. A computer implemented method according to any preceding claim, wherein (i)
further includes:
iluminating a portion of living tissue of the subject and detecting transmitted or
reflected light as a signal using an illumination and detection assembly;
20 detecting an amount of pressure applied by the portion of living tissue of the subject
to the illumination and detection assembly;
correlating the quality of the detected signal with the amount of applied pressure;
and
providing feedback related to the correlation to the subject.
25
22. A computer implemented method according to claim 21, further comprising
providing an indication of whether the amount of pressure being applied to the

illumination and detection assembly should be adjusted.

30 23 A computer implemented method according to claim 21 or 22, further
comprising displaying a range of optimal applied pressures along with actual applies

pressure being applied by the subject.

24, A computer implemented method according to any of claims 21-23, further
35 comprising displaying a range of optimal applied pressures which corresponds to a

state of zero transmural pressure.



cardi ovascul ar health of a subject, the nmethod conprising (1)

obt ai ni ng val ues of Sp02, heart rate and respiratory rate fromone or nore
PPG si gnaWe 20f2/tbs34subj ect , (i) assigni ngraTscesamdobased on

t he obtained values froma reference scoring 35systemof claim26 or claim
27; and (ii1i) deriving the heatdt h i ndex based on the assigned
score. 50 29. A nethod of deriving a reference scoring system for

determ ni ng cardi ovascul ar health, the nethod including listing all

possi bl e zwer MA abmpier ﬁﬁplahehteametﬁWamm@tcﬁé@ $iaims BR@3, whardin 8fe, each
pernut ati on_correspondi ng rt‘qcr)h‘geband classification and a score; checking

the |ist Rgasiosaliy OPfaé’iedd‘f’ §EP'tﬂde°r8?FdJr%iW|'t§£Pt'@8hbl nations;

i dentifying which of the possible pernmutations in the |ist falls within the
i st of inpossible and atypical conbinations and marking the identified
possi Bl e ﬁr mA S&TeENSe SRRAMIGMSIET Y dSieMHIAY CéTdé&V@F?Li”%’a'ﬂ?aétﬁ P2 yriecht ypi cal
combi nat i a8 SystdPnERMIPdIngt | ng the scores corresponding to the mani pul at ed
band cl assifications based on predefined scores and band cl assification

rel ati onshi ps; (')aﬁwﬂfsaéF?X/an@t%%'eﬁ&'@r%ﬁ?@é’%‘%ﬂw FRPeSPETiRGPIERIRIOOWPICRle | st
of possi HeRritatcdy; atbjeas; and the mani pul ated scores and bands. 1530. A

nmet hod of deriving a health index for determ ning cardiovascul ar heal th of
a subj ect; thé”hﬁt?ﬁ‘iﬂ”@@ﬁ‘ﬁh%l%&gmes with @30 eedannirpryeseNtingsa 52nagt off east

two pgy arq%,g@sre;m,%m@rﬁg&ﬁgm@{s of the subject, the at |east two
parameters including Sp02 and at |east one ot her par angt er ;

(ii) assigni ng‘"'éastﬁ'ﬂ? g ’%%fé@t%ﬁ’”?hé"”@&?%§at69°"tyh%pr§§erlt@a§‘traﬂ%%‘d?'ﬁﬁ'et ers
froma 20ref erghoe R0 BGbjSMSE €M and (iii) deriving the health
i ndex based on the assi gneci scaores. Apparatus for deriving a health
i ndex f orWkRIeiBr$AR; FRjeQAY A GBS Ay 'ﬁ@aﬁSPﬂa‘@P Withs 3a0Es:  andhwhaiga gt us

conpri si nﬁ:o?e'%acd?rregg A% toc‘éé'&h loBtHeCshtd Joried oRhéary fHtd! @8spatcry rat8 ahl Spw2
parameters from a PPG sig of the sub ect, the at |east two paraneters

i ncl uthi ng‘N@SDQO'BH'GeﬁttOQ%E%’t pr@Wée%?h@a tﬁdf‘ﬂ%f‘ﬁrdet?@'@g%lt% Cﬁrdé%’éﬁ@'?fased on
the val ueseahh of M2 fbjdceast two parameters froma reference scoring system
and to derive the health i ndex based on the assigned scores. 30

27. A reference scoring system for determining cardiovascular health of a subject,
the system comprising
20 (i) a first array of categories with each category representing a range of typical
heart rates of subjects;
(i) a second array of categories with each category representing a range of
typical respiratory rates of subjects;
(ili) a third array of categories with each category representing a range of typical
25 SpO2 levels of subjects;
wherein combinations of the categories of the first, second and third arrays are
associated with respective scores; and wherein each score provides a health index for

determining the cardiovascular health of the subject.

30 28. A computer implemented method of deriving a health index for determining
cardiovascular health of a subject, the method comprising
(i) obtaining values of SpO2, heart rate and respiratory rate from one or more
PPG signals of the subject,
(i) assigning a scored based on the obtained values from a reference scoring
35  system of claim 26 or claim 27; and

(iii) deriving the health index based on the assigned score.



32. An apparatus according to claim 24, wherein the apparatus is in the
formof a nobile phone.
WO 2012/099534 PCT/SG2011/000424

50

29. A method of deriving a reference scoring system for determining cardiovascular
health, the method including
listing all possible permutations of at least two parameters for a PPG in a list,
5 eaéh permutation corresponding to a band classification and a score;
checking the list against a list of impossible and atypical combinations;
identifying which of the possible permutations in the list falls within the list of
impossible and atypical combinations and marking the identified possible permutations;
manipulating the band classification of the atypical combinations;
10 manipulating the scores corresponding to the manipulated band classifications
based on predefined scores and band classification relafionships; and
deriving the reference scoring system based on the list of possible permutations and

the manipulated scores and bands.

15 30. A method of deriving a health index for determining cardiovascular health of a
subject; the method comprising
(i) obtaining values of at least two parameters from a PPG signal of the subject,
the at least two parameters including SpO2 and at least one other parameter;
(i) assigning a score based on the values of the at least two parameters from a
20 reference scoring system; and

(iii) deriving the health index based on the assigned scores.

31. Apparatus for deriving a health index for determining cardiovascular health of a
subject, the apparatus comprising

25  a processor configured to obtain values of at least two parameters from a PPG signal
of the subject, the at least two parameters including SpO2 and at least one other
parameter; to assign a score based on the values of the at least two parameters from a
reference scoring system; and to derive the health index based on the assigned
scores. ’

30
32. An apparatus according to claim 24, wherein the apparatus is in the form of a

mobile phone.



