1 Method and Apparatus For Deriving A Health Index For Determining Cardiovascular Health
Backgroundyahdrigldeashe Invention 5 This invention relates to a method apg-apRa ftlsdar deriving
a health index which is used to determine cardiovascular health of a subject, particularly but not
exclusively of a human subject 10 There have been proposed methods which provide.a scoring or

charting system to_determine an indication_of a patient' tifalmi fuch scaring or.charting system
might be able to pM§HROY ANS ARRAIRAY ?: %gﬂ?{'&g fa ?%%ﬁ?ﬁﬁﬁgtgﬁ%\‘éqg provide specific
health information. Further, such a scorin i 15 information to be interpreted by a
health care practitioner and without Which&[ﬁpﬁ%%r%nggt%&%&% not be understood by the patient. In
addition, the scoring systems require at least one manual parameter input, such as a visual
interpretation of the patient's level of cansciousness, before an indication of the patient's health is
obtained. InBasgravind and freld ol ing Javeolion is subject to the health practitioner's 20interpretation
and cars therefore be unreliable or inconsistent. It is an object of the present invention to provide a
method andgpparaliade dRiinG A RraliBd dax IR dRIRIHNAR SRV RGHIR IR MENHSE

alleviates at least one of the disadvantages of the prior art and/or to provide the public with a useful
choice. SunMshjofaiRTRREERAIOVASadan faitech AT HbiRet RAPBCYBIVHRUb RYSHIHTBIRIOA there is
provided a cpRpkEardatEemented method of deriving a health index for determining cardiovascular
health of 30a subject; the method comprising (1) obtaining values of at least two parameters from
a PPG signal of the subject, the at least two parameters including Sp02 and at least one other
paraméter; (i) assigning a score based on the values of the at least two parameters from a
reference seaying RUHEBeaNh ARG Aerbingitha venltbriwtax Hazes dhensaispas seareo 2 An
advantage of the described embodirpent its that éhe %t? I§as two $arameterﬁ¢, %f the PI?G Sr'%%fv‘% of the
subject are AFIRHBIRGIS HIRIEGEONT STHRRIFM ORI I FATRCIRIRIEY (P8 LR SN ey By R S core of
the collectivbecabribinatipmofigsganecsbissalitl thisrpretiite sfaarpaitesineplesanduhdseustivierie way of
determining g pyeralhelt ScRnCiiR AL bRUEFhAR PaGRU g g aLERs s RAITnd! should
be appreciated that the described embodiment may be used for human and/or animal subjects.

10PrefétabMTRIBEISE s iSRRG PO0 o R-PREGERRNGT and without which™the

information would not be understood by the patient. In addition, the scoring systems

require at least one manual parameter input, such as a visual interpretation of the
patient's level of consciousness, before an indication of the patient's health is obtained.
In such systems, the input parameter is subject to the health 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,
(i) assigning a score based on the values of the at least two parameters from a
reference scoring system; and
35 (i) deriving the health index based on the assigned score.



Preferably, the at least one other parameter is selected from the group consisting of heart rate and
respiratory rate. The assi%ned score of the collective combination of parameters may be used to derive

the health ind&AB H3te¥ent the cardiovascular 15 health of the subject. SpESHEHRPIMEUAigned

scores may be added to derive the health index. In the alternative, combinations of the parameter

values are used to derive the assigned score. The reference scoring system may be derived froma
matrix of thé\atadasntags sdrie deawivelceainedinestos tiatathe aitleast paraprsametgre afdhped to

respective qstk%;aéaﬂsi%w&h%ys&pﬁgt%mmmm REUeRr ERRPIBEMIMY PRiER HaKbe
n

associated with respective preliminary bands; a e method further includes ad%stin

y ) Irth he .
preliminary B8SREs SRS BRaIAnfthATHENaS iBusnledive rERPEAI YR R nBRFRER 2 8Fh i e ference
scoring systeroviday iacfudﬂwaqirhplaﬁt;anﬂ grm:pimjﬁicﬁenéady p@fraiamlemrangi aagbwﬂpﬁmglthclpdes a
range of reagipighdor dhe (ERRBEING ARAMP R EACLGamblapHian ! aroupings 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 groupingsdes@iadie parewriridipsethoaéaerbiaiaetaninest ansl \warifigag b coonmnaiiationf the
groupings is medgFgll gotssible. The method may further comprise adding up the assigned scores to

derive the p?é’"mlnaﬁ/gheceﬁth index. 3 measurements for the parameters. On the other hand, if the

combination of the groupings is medically possible, the method may further include verifying if the

prelimipary keaithdpiemecaritasagiusimemiutbadivshnanddseraressives, method may include
adjusting the preliminary health index to a revised health index and using the revised health index as

the health index. Preferably, verifying if the preliminary health index requires adjustment may include
comparing tReeferabinatierebiepsupirgsthrithranefertande ﬁsta@tephffmn*etb?cgmm m@d}?@iasan’ietgr
combination, Advanlaaspualioig-A) leas! gtk ULGHRIAEESIET IF fRIGINEERMDESRBIRRIES subject's

age group and gender. The health index may be associated with clinical interpretation of the

cardiovascuRE ABRE &R BErSSRY R Fn iR oReRIh Rt I ERPERSSRAYIRG FRIAL @RRIR
interpretationeastpart didheubjealtCpetdiicafisefénabhss{gniedtbeoias odgs bel i deating depivdidreof living
gssue of theh%%‘i{ﬁ%ggﬁ %‘tﬂ%i%émaﬁvr@!“@gn%sih%ﬂ%%@yig% apsﬁ?aﬁia{@' ysingsag llymiation and
etection assembly; detecting an amount of pressure applied by the portion of living tissue of the 20
subject to theaMYeiRAREAISHRY deR_tion assembly; correlating the quality of the detected signal with
the amount of applied pressure; and providing feedback related to the correlation to the subject. The
method may‘lfiqerethr% ecrgm riggo Ik%vig}i,g%%n #E‘é’ic%téo%é’rﬁx)’evl}e%rho%% tgenqg%r% ncgfofhe at least fwo
20 parameters, wherein values of the at least two parameters are mapped to respectiye
cells associated with respective preliminary scores. The preliminary scores may be
associated with respective preliminary bands; and the method further includes
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 includes 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 (i) 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 possible, the method may display
an error message as the health index and suggest user to take a new set of



75 pressure being applied to the illumination and detection assembly should be adjusted. The method

may further Genpisgyeisplaying a range of optimal applied pressures along pitheiyal@eplies
pressure being applied by the subject. Preferably, the method further comprises displaying a range

of optimal applied 30pressures which corresponds t@ a state of zero transmural pressure.
Advantageously, the PPG signal is obtained when the applied, pressyre.is at its optjmal. . In
accordande g@@@é‘?ﬁﬁé’gp mﬁﬁ?é?ﬂif'mt reg&ﬁr 180 & HEHRS RN altfealth
index for detprmpmigy dardiedicstiyl apdesitith, oftee s oigjticid thmeam cliirtiieB Scolmiisiagiving if {Heobtaining
values of at &g@ﬁ;‘w%q}g&f@%%@%%ﬂ%g*@f the subject, the at least two parameters

including Sp02 and at least one other parameter; (i) assigning a score based on the values of the
at least two parameters based from a reference scoring system; and 5(iii) deriving the health index

based on the agRigeshsroresdbtatrorahoe widh mihit aspesiref the prurntieny Helthisngevided
apparatus fqr derlving 3 neglth ndex for determining. cardiayascdlar eglih ot sijeet. the apparatus
comprising a processor con |gureé f0 obtaIP values of at least two to parametaers Horm a PPG signal of
the subject, the at least two parameters including Sp02 and at least one other parameter; to assign a

score base@&éh&\@'%ﬁf%m Qﬁéﬁéﬁi}%ﬁx&?«rﬂmrﬁ\&é&(“@d@?@&@éﬁjélﬁ%ﬂ!g@@tﬁmh@é‘d to _
derive the health index based on the as§| ned ,score._ﬂl?SThe eép?paraéug ngj?/ be in the f,?rm of a mobile
phone. In acCBrEHEE \tzt?i?h"g'?b%?ﬂ'%p% TSHRIRSH VIR S SIREPETE SRRL A B SSTHEE 2 Sfing

systemdor deeaminingaabdiatiascular 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; (ii) a second
array of categories with each catet?ory representing a range of typical respiratory rates of subjects;

(Hi) a third SYPEREERFOHEEAtICEREANG AT DI ERELR R 7 R 9RAGRIAS AN RS pESE RIS of
subjects; wheyeigreaglacatggatyrolacsdicbiih dyisx asapbatadsvitiatacedtie cindalintsepnetadon
combination ' f.nea : irat ined
together is agsfgglggf[%elpg %{ﬁlﬁﬁéﬁéﬁié}xtﬁgﬁgﬁﬁﬁi%\?‘%ﬁ%ﬁ%ﬁ@&i@lﬁ%&% %’&%ﬁg%ﬂ%ect. 30
In accdfdandeevpinieRiftEEBEtans aR PR BhIeABRNEProvided a reference scoring |

Preferably, (i) further includes: illuminating a portion of living tissue of the subject and
detecting transmitted or reflected light as a signal using an illumination and detection
assembly; detecting an amount of pressure applied by the portion of living tissue of the
20  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.

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



system for determining cardiovascular health of a subject, the system comprising (i) a first array of

categories \%tg ﬁqg}agﬁ?ﬁgory representing a range of typical heart rates of&;?}g&iﬁl%&;& second
array of categories with each category representing a range of typical respiratory rates of subjects; 5

(iii) a third array of categories with each category regresenting a range of typical Sp02 levels of ‘
subjects; wherein combinations of the categories of the first, second and third arrays are associated..

with respective scoheabtaiingvatens ehehlersrveraaidsieiere iRmindBG i et ihn iFiping.
cardiovascuky el afdhearamisets MrriheBPeiiaanikReke dpicsaReD sRAHBE SYStems may be

used as part of a method for deriving he%lj[h int ex and this form six%ﬁgspect of %he invention in
which there is proﬂﬁ@&?@%&%ﬁuﬁ&’ ﬁ‘i&fﬁé efite %‘&E’&S 8? erieﬂaag RIPEIRIRRTEY %aeé ermining
cardiovascufaresfarehaessdseoy dyetenestaod comprising (i) obtaining values of Sp02, heart rate
and respiratory rai{TggnARg PeMesRiFRGE IS 6 iR $4BIgFLy scordd) assigning a scored based

on the obtained values from a reference scoring system of either the fourth or fifth aspect; and 15(iii)
deriving the health index based on the assigned score. According to a seventh aspect, there is
provided a mnetirodrofnlszivitty & réfedeaspestarfinyes)istemiitor, dibteemiznipg caeti onpsardarshealth, the
method inclygiyg isting, gl fossible nermuaiansf AdrashienprrHmalRryfona QpRdR qyist, 20each
permutation corresponding to a band classification"and a score; checking the list against a list of
impossible 2RBEERPIcAXBRAISIAGLSnrRFESERiPIIFEReST ioe pB&bING e RAtBIhdaAThdR! falls
within the ligizeériteppsside an®ry ikt on bisadiass antheatkisgsthaid pardiedteassialading
permutations; fani ting_the band classification of the atypical combinations; 25manipulating the
scores cor:eggghralalrr%;%f?h%ﬁrﬁgﬁigqu Qted rgg?ﬂ%eélggsﬁlscsé?%ésggg% on Qproendg |ﬁe\fja@c?osr§g fgﬁd band
classificatioftleREiGHaIFPRaAiPrs from a reference scoring system; and to derive the health index

based on the assigned score.
15 The apparatus may be in the form of a mobile phone.

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 SpO2 levels of subjects; ’
wherein each category of a said array is associated with a score; and wherein the
éombinations 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 (i) a second array of categories with each category representing a range of

typical respiratory rates of subjects;



deriving the reference scoring system based on the list of possible permutations and the manipulated

scores and kandg; A§should be apparent that features applicable for one Wg%geﬂgw(ﬁ@%be

applicable for the other aspects. 6 An example of the invention will now be descr with reference to
the accompanying drawings, in which: Figure 1 illustsates a system/apparatus for deriving a health
index/indication for 5 determining cardiovascular health of a person according to a preferred

embodiment which1) BA8Ed BF3E&hratee9 iateV IluRRFBSAICIOATARIRBANERD2 [BPSPR PRSIt rate of
the person; Fighp©2 |Busisadesubiblask diagram representation of the system of Figure 1; Figure 3

s table whigiah Eatesr OLTRJ ahiesyAad GLAPTADIES aed B A daighags of Foures 1 and

2; Figure 4 is a flow diagram illustrating respiratory response of a user to decreased Sp02 level;
Figure 5 is gﬂ%&ﬂ@imwhmaﬁtw%ﬁmr@ém@éorwgﬁm@aé&%ﬁ@derésqm%@é@ heapbriréester person;
15Figure 6 igaadiahilarig tHeSeadRoateoRARLMA 6f BIYpbjLef readings of reference respiratory rates
of subjects; Figure 7 is a table to illustrate categorization or groupings of readings of reference
Sp02 levels of subjects; Figure 8 comprises Figures 8a and 8b which are tables illustrating
20categorizaineedr githepinfdtef readiagefeldreart sateimdosyntdmandderhale:isespestivaty oFigure 9

lllustrates a felgENGE. SEOING %ﬁ%i%@%r@%%m &%%rk?ﬁ?eg%ﬁ%eﬂ%%ﬂﬂﬂqﬁ t\&ﬁilc::. jures 6 to

8 to show the correlation of eac e parameters; Figure 10 is a table to obtain a health indication

based on scBfS§ FHhtRIREIHHNT LRETRIERENCBPIBAREF Sy S18HRCSKE Riglpe\dng 2 Regitfe inesY dofable
which illustratasraiish@caediondatians efdite slifesisstennheinastaos ebiimigrps of the parameters of
Figure 8 and their rgspegtive medical interpretations; Figure 12 is a legend describing the respective
medical interpretat@nggé?'ﬁa%r\éa(afﬁs & gﬁ%,%eaé ratd Aid respurako%/ ra(%e Fr3Rh Ohe of Friore
PPG signals of the subject, _ :
(i) assigning a scored based on the obtained values from a reference scoring
system of either the fourth or fifth aspect; and

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




30Figure 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 Yh& BIX¥534 OLAP tables; Figure 15 is an illustration FteI¢6281E88HEA of a

blood vessel when a low 35external pressure is appl%ed; 7 Figure 16 is an illustration of the
cross-section of the blood vessel when a high external pressure is applied; Figure 17 is a
graphical illustratiamgibast e pikedioal wilP iy Bg ridgeitsideditivefgdncecasing asoomptmagingxternal
pressure in gr%%tne (s)f %evrvg‘itra_nsmural pressure; 5 Figure 18A is an illustration of an optical
measurement evﬁ:é, accorging to an exemplary embodiment, and Figure 188 is an exploded view of
the optical measurement device of 18A, including an illumination and detection assembly and a

pressure detection giggenblifistrated-i08yeRAIAppahA G aXRANd o MIPWHER RlieaRRfiEe
illumination and 10detectio ,assem‘b!?/ﬁnq\tﬁre?sure detection gssembl of the optic Imeasutrement
device 6f Fi FS%@%&%&W&&?&&% (S8 \WitR P nBRv R RGE- S ‘EigﬁyJPé B1& i
comparison whighyrapiassfchosassrt ivojtagte ob RPGyign aatvestiom & pe 3t lewelezpbhédsrtoaisgraph of

an applied agpggg]bg,fsgpgssure over time; 15Figures 21A and 218 illustrate a feedback unit, such as a
portable device with a display, in connection with the optical measurement device of Figure 18A and a

user's interaction tHeffth HeShataRaplock diasgmaeshgairiny hrapriameerittihee (GUI) on
the display of the fédginrack iratiabiEigmiehish jeathneknef O Qraphatidseprd SRR IDabtsaR&Grsignal

and a gg)gragmg@ggg%§%m&n1o§&pglied pressure; Figure 23 illustrates a portable device

integrated with an optical measurement device, which is a variation of the feedback unit of Figure
21A/21 B; Fig'rfj)ﬁé"ﬂ flustratdeWn HaRINNibaTRERSe AETRIALDY nte§PARTPWHh & (éfh t8creen
display of a petiabld®yoR drh is a further variation of the feedback unit of 25Figure 21AI21B;

Figures 25A and 25B jllustrate a ppriable device .connected with an.optical measurement device
configured i a landaR et RN e A b o e R R R e R e o
further variatR#Porsa@TEcRAIERK unit of Figure 21N21B; 30Figures 26A and 266 illustrate a portable

deviceintegrated Wi aaplgradity of:epiical Meseae e INbA HodprRPPIE M and a
user's interactjon therewith respectively, which is an even further variation of the feedback unit of
Figure 21A/2318eNce rﬁaﬁ%@fﬁ&egﬁg %ﬁﬁt?strate a portable device integrated with a plurality of -
350ptical measurermigntelelite s | dehie dorilastidéep odiegootdierp artadpleugingee pivieeldiage \driations

of the feedbagk WAL OEFIgHIIE R IPd Biects:;
Figure 8 comprises Figures 8a and 8b which are tables illustrating

20  categorization or groupings of readings of heart rates for male and female respectively;

Figure 9 illustrates a reference scoring system in 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 illustrates 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 sieps 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 illustration of a cross-section of a biood vessel when a Jow

35  external pressure is applied;



8 Figures 28A and 28B are expanded view illustrations of an alternate embodiment of a method of
using thefl qpiicalPeRsysement device with the human finger to detect the blepd RigsspGAf the

human, according to one exemplary embodiment; 5Figure 29 is a block diagram of the optical
measurement device of Figure 21N21B; Flgures"s' 30A 30B and SOC are graphical illustrations of

signals used in theF roceis of obt |nh%a d| t current § ntdof the PP sgngﬂ thamed
t'd iR an| us ’f

N dlustration 9 CloSs-secli essel wnen
by the optical meaS#e &lde'8 igure 3\ {8 igure ration or a sequen%e of data

collection perfemdrbstntg hexppbedss of obtaining the PPG signal using the optical measurement
device of Figure 2y re 17 l%l%%%%.@aﬁm@yvrmt H#lﬁ%rammnt%a@eéh@dpﬁ@emm&m@eEPG signal

on the optlcal measurement device of Figure 21A using feedback from the pressure 15detection

assembly; duriRgyORECSH %@‘Eﬁ“ﬁﬁooégﬁt%rf@b%ﬁﬁﬂé? 1R Bra iR 7SS BRUSE LG BrEESH Between a
PPG waveform andigmrapphesd pire Sisisteptios wbatd dygicsleddastiremesthoevafemaasurding &naptimal

PPG signal uelpg e optisaldieanuramentagyce aiigre Ak daute Jbip aplank dageam of a

computer systenm upon WhICh e device and 20methods may be implemented, accord |ng to an
exemplary enfsSHIRTEAR Heyice oFigifreingydiag ﬁméﬂfﬁﬂmtmﬁﬂﬁ’oﬁ?&@f%ﬁﬁ@‘ﬁﬁ @) and the
component#Bsse’f detectiohigsgend6iys a table to illustrate categorization or grouplng of readings of

reference resplratqgérateS@ subj of a gther refﬁrenc SCSOI’I System 2§acc%rc(i]mg to a

s Rart
second embodimen gu?e ?‘t%%atéebﬁa Syl us rate ca %Sg%an'zoa lon or grogg?ﬁrbas 0 readlngs of

referente Sge@itionlseseublectendsniessuietéetertinm@ssrivhlivg dysenraticat nwesHEaAbodiment;

Figure 38 coippkises il éeﬁgg%a@dﬁ&hdammg@rwm%m%m@w SOcategorlzatlon or groupings of
readings of heart rﬁtes for ale and em?le res ectlvel r\%p t of the refer nc an ?é%em of the

second embodimeht9Ur® 22i{f e BBRYGRL TR ‘s?t?gtﬂgah% VaRidErHIE é{? ures
36-38 are asgpwateemitheeashtatbeespondsiduire @i aotaieafipistcatingp ool phgssue theer
parameters t(%gjgures 36-38 are associated with each other as a variation of the table of Figure 39; 9
Figure 41 is a "three-axis" table as part of the reference scoring system listing exemplary ermutatlons

of the £dmbination5'8¥RR PHiaN 18 Bisifire fssdhechinitcRydhgsseBrEana BayePiBles:

display, in connection with the optical measurement device of Figure 18A and a user’s
interaction therewith respectively;

Figure 22 illustrates a graphical user interface (GUI) on the display of the
feedback unit of Figure 21A, including a graphical representation of a PPG signal and a

20  graphical representation of applied pressure;

Figure 23 illustrates a portable device integrated with an optical measurement
device, which is a variation of the feedback unit of Figure 21A/218B;

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

25  Figure 21A/218B;

» Figures 25A and 25B iliustrate a portable device connected with an optical
measurement 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 iliustrate a portable device integrated with a plurality of
opfical 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 plurality of

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

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



Figure 42 is a health indication table providing preliminary health indications for corresponding score

values and ﬁ%‘n e Score and Band variables of Figure 41; Figure 43 is a table of end
describing the pgr(zlllgr;%%rga?g health indications of Figure 42; Figure 44 is a tat%?rsﬁg\%v(f%llg/(%é%r?ﬁutations, '

including those not shown in Figure 41, of the parageters which results in impossible or atypical
tocombinations; Figure 45 is a flow chart illustrating steps of a method to provide the health
indication using th&igirsof28tyuand1 28R urses62%Pa nYigi dilTERCERd ViRl LHEERRCe
scoring tablgabfigHEn e anghdhbig wregsthp thé Coptishiaited surisBat st withWhassagiation

between parameters of Figures 36-38 in order to derjve the 3-axis table of Figure 41. Detailed
Description %@Q—efeﬁ@rrgafﬁgﬁt}ﬁairﬁé}ﬁ&@ rﬁﬁgswg 1gfseht(lt).'vevstha&' gn)?sr%enqcf&ﬁ o dtégecr’main%xge '@a‘%%mou@r

health of a wsebedicwrding to a preferred embodiment. The system 100 includes an electronic device

such asa mobile t@g@b&% 192 anghaweRRsHYesr Lk comnaunieairbriainiedite the malhie

telephone 102 via HTTP protocol or other wireless transmission protocol. The web 25 server 104 is
communicaﬁoéﬁzégupled to a primary database 106. Figure 2 is a block diagram representation of
Figure 1 and showBigwresfiAatinB oftkbe30dmzny detplbiask ilGGrdtishoulll Sgregipressdiad that

although the, ppkie s?'seggwgglg%i EPBNRGIRISO WERIBSRINHONRSPEe LR dpisiRmbggliment,

wired connection Is envisage Furth%érz other electronic devices are envisaged, such as laptops,
PDA's, tableRe priisalmmerryiasnerdadstinf £igvwsik fslephone 102. in this embodiment, the mobile

telephape (client) ¥aguras aipracarsuatod i agaghedcwadd orasulietientpsibimeb@iriegphysiological
cxample of 2P RS o Breg o S L o e R R 8 T8 705 tne
content of whidh is incorporated herein by reference. It is also envisaged that the measurement unit
may be integrally fesgigd withstheipwpbiarialrrbafif®y a method of measuring the PPG signal on

‘ the optical measurement device of Figure 21A using feedback from the pressure

15  detection assembly; |

Figures 33A, 33B and 33C are graphical representations of the correlation
between a PPG waveform and an applied pressure, as would be used in the method of
measuring 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 implemented, according to an exemplary embodiment; and ‘

Figure 35 is an illustration of a photoplethysmograph (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 table iliustrating how values of the parameters of Figures 36-38
are associated with each other;

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

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



5When the PPG signal of the user is obtained, parameters from the PPG signal are derived from the
PPG signal gigshiie/pakgeters are transmitted to the web server 104 usingetRgddbdRigiacol. The
mobile telephone 102 as the client retrieves information using for example. a 'GET' method and
transfers information (i.e. including the parameters) %o the Web server 104 using for example, a 'POST'
method. 10 In this mbod ent L e web sert 104 |s% doweeServeerTM 2008 nd tpetl rimary
database 106 is i ﬂ%’ﬁ?e ﬁusr rsﬁyaéBL Srgvrge van agesr?rr?%og Onn crty as?t is able to
support XMexambisenpessutatong ahjhedeitidnzaiorsfattherpaiameisrstiob ngrser%ﬁﬁoanré
configured Fﬂ&@%%&%%%‘ﬂtﬁéhg %QQ@ge 106 using 15 web services such as C# and XML, for

example, when re uested by the user. An a vanta?e of using such web services to communicate with
the database 106 S &TRéessa Berlhilpdicriies, 'aals RRYRMGPAIE RRY Ser/Bdadral 8l lred to
‘access the detshzasediigreicet \miecsdadad perfosrof tihe Bore echaBalyti cariptdes ssifigwechias obtaining

Cient 1. mobie 19N Todk A ABton 3 ot hey o T PR g e

(Online TransdictbioalsFodbEapsiag)Zlables for instantaneous or rapid data processing to respond
immediately to useeagulests and GhRP.(RRINe ASAMIERRIOGREAIN Riss WP Bislares pistorical
data and enables la amounts of data to ccesse In-an intuitive rapid manner. In this way,
the system E@U@srmhle ahdtbficipatanhetienespdridngresulier riequissposEitilee ®is atyikalvhich list
the fee&tbrres f TP 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 serveFmHI? thSsiere Hpd rehAdvbughiaiing stsrensé af Mrihwsy torpecligathechealis

tF?erefore ahl%t&iﬁg%ﬁﬁ@@g@%‘ﬁ@%@d&éeﬁto obtain hi;/her dart]a or parIaTleters e.g. r;ear}rl 35r:;1]te,
espiratory rate, S reg mg nd his/her current standing in the socia network. Further, the
e P MR BHe &

“database 106 may SRR G AR RO P AT B PO SR TR f %érﬁtlfy his

health trend4 1t shduld be appreciated that a variety of parameters may be obtained from the user to 5

providg dnformatiorgf, gd'qgmyswuéra@'t@ %Q%t'}i%méé(st6h%Wr§£é%%f£ﬁ8F? begpigtory rate,

blood oxygen saturation level (Sp0 é blood pressure and body temperature etc. These parameters
may be mdr%‘ii’grﬁt?ﬁ%ﬁftgl%‘éf%%aar Qdih@fé’?ftfféﬁ?e&' ?&?ﬁmlrﬁgﬁrﬁtﬁiﬂ%ﬁ e user's health.
However, it is unpredictable to functionally combine such known parameters and provide a combined
health index 10since there is no means available to decipher how the combined parameters relate to
each other iRSRIBLS5: S : e #Hhation to the user. As a result, in this
embodiment, it is proposed to provrde a reference scoring system or chart which bridges the gap

betuveen selggiod RRNIRIE Rdferser Ad MGy oNAl oKLY (idhecspidg ey on

by collectively"analyzing valu€es of the parameters r to provide the meanrng

information. to i RFeéeETRheIMPRANSAE fefereritensciithipeydRnari BlasEanin A deepiiteimetets of the
user: Sp02, reshisaisiBprieancbhartdalepasshigalizatioshah esthese RarseetersneOaisoielated

which is dls?gfcé%%gn%el? 8{5 via HTTP protocol or other wireless transmission protocol. The web

25  server 104 is communicatively coupled to a primary database 108. Figure 2 is a block
diagram representation of Figure 1 and shows a configuration of the primary database
106.

It shouid be appreciated that although the mobile telephone 102 is connected
30 wirelessly 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 exampie of such a mobile



Sp02 and Respiratory Rate Blood oxygen saturation level (Sp02) depends on partial pressure of

oxygen in t%&%&%@agﬁ. If the Sp02 level is decreased, the body's physio#ggl;:s?)ﬁﬁ%ﬁﬁponds in
ain the ‘

25order to main normal level of Sp02 level in the blood, ensuring sufficient oxygen supply to
the vital organs and peripheral tissues. One physiolggic response to low Sp02 level is a change in the
respiratory rate of the person. When there is low oxygen level inside the blood, the peripheral 30

chemorecepRheRRoliRRaIS iSRS I e SSa FeaterivARRIGHIRM Nerd 2R 085 leorPaigiH tfon.

Hypoxic drivgnyéa 1B encBRiBRIREEREPSHIBYresansntte Tale alsteeniatighd Ariouheharflvoringithe
respiratory reﬁs?ons to, ecreas éj r%&ig%' llt%\/t?wlel% %%i§hpe\/lvn tl}fél) 'Ifei}gure 4. 12 oxygen saturation is
decreased dUi¥ {00EETEASE TR )c{ltmosp eric oxygen, the gf?emor'eceptors are activated and they
discharge impulses to stimulate the respiratory centers in the person's brain, causing increased

ventilation. AgraiepeltpPROZGRRINBE #nNQEBIak BoBRISIOra RIS AR VRS PreEiignahipketween
Sp02 levels and respiratory rate when SrE)OZ level is below the normal v Iue}sF and this Is illtigagated ina

graph of FigtFE¥§ i Lo PRl s, I BATIBRESIS ALR ARl U AP PSP S7EVRI P62 falls
and in resparséeg the HEHatartpeninlite votunite tidegtmokatil? tesinibeccsmt Téiisvieadtondiaslight

when the PR gf, the nspiredair is gere tham8l maHganllgwenfiesiies.dhatiniaiefe

respiration rate Is appreciably increased for the same decrease in PO2 levels. 15 Sp02 and Heart Rate
The cardiovB8RIRFIEFR N Yem 8SrEhit Sfbrp RIS FXaBRIBrAde Rt Dbther via blood gases

suc.h agblood oxygen level, carbon dioxide level, etc. Low Sp02 causes 20hypoxic stimulation of the
BB A T g e s B
Sp02 levels ¢aatasarti@fieis implemented using MySQL to provide advantages in cost and
simplicity as it is able to support XML web services without any additional interface. As
a result, the web server 104 is configured to communicate with the database 106 using
15 web services such as C# and XML, for example, when requesied by the user. An
advantage of using such web services fo communicaie with 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 (Oniine Analytical Processing) Tables which stores

25  historical data and enabies 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



25Three way relationship of three parameters It is realized that the heart rate and respiratory rate are

not directly kglgtad i@@ash other. However, given that both heart and respirglefys@ies atgsaspectively
related to Sp02, Sp02 may act as a link between heart rate and respiratory rate, in order to 30create a

balanced physiological environment for body organsand system. Reference scoring system based on
three parameters é%r PG reading 13 An ex le categprization, process for the respiratory rate,
heart rate afd B iE HoWS: 6‘1??%@%?%3@%81@5 3P ré’srﬁ?f'gﬁyr? té’,sﬁ{tm'éirﬁbsg ﬂ‘r)f/’é‘nt, the
readings of idfspimatony satbstaichdivite damidentiyrhischesflithifferaht categories or bands to derive a RR

table which is shown in Figure 6. As it can be appreciated, there are five groups - Group Ito V, where

Group V defines the best resp_irato%grate and Group | defines the poorest_rei{airato%ate. 10Groups |
and Il are in'tFE2HRSDERAFRSTAER K12t ANBFHE 8T RARBAIF, WAMEHRRIBESH, TOTalE Ye&Fdhormal
ranges of RBroV)dep ihéinie gegaiin the pe? g aaditiy 2t hagethan pattial yess tkeaaf raxygen

(P802) and th tresponding leyel vel of s e impai t. Clinically,
P02 b1 50-00 S e S e P iSO RSP0k SN TSRSt this
range of SptEMBaiatifedaie (HEeRR fRENRETy VR UrifeindVidyrily: Juviteitd adrf e eadingSe health
conditions, thetARed0R%pIGNES isfOiakabrntn 2ReSHRRS KaMREOHRWAVEEIR RPORMESE0tand SPO2

of 99-100% are égﬁro ed irr1|1 Oi nrgS£e%ti\6e c\%e g;ieséAétréogveé than.95% S Oﬁ.le\rgelg S%‘ISOI’ and
mental impaﬁ’Pnc 13 a§/°occur. \ p EOIevesoaf"Beweenn 19531\60%% aPI0&Ss Ff‘ plaijr Rent may
occur. 10At 98B thevecis Hp0Rdevelsvaiehlaltngetiphenhbeging cowbinadaparamnesteibjediatotdd be in

critical condigio RekrequkRITHRGIRE Aesisiigee nabRARRG-RRIBASS fialigations, clinical data or
readings of Sp02 are divided into different categories or bands to derive a Sp02 table as shown in

Figure 7, which has five groups comprising Groups Ito V, where group V defines the best Sp02
measuremeAsaneguihlip thie nestiresrdotsstrBpodsatbasumeyitent. SiatgactosRiRingreygisrh and Il of

Sp02 are ab&%%hﬂiﬂ%ﬂ@é??n@ag%‘ﬂé%&?@%&eﬁeﬁmﬁ%%@ FFHBLHL Y n AR AP
considered as normal and healthy Sp02. 1ii) Heart Rate
15 health information for the user to rely on by coliectively 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 below:

Sp02 and Respiratory Rate

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

oxygen supply to the vital organs and peripheral tissues.

One physiologic response fo 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 biood oxygen level. When the blood



14 Heart rate varies with age and gender. As such, categorizations are provided for various age
groups and %—Hz ?gg Pingly. Generally, normal heart rate is 20 bpm high{;&l}&g2 rllg({&%gng heart
rate. Normal heart raté Charts for men and women is divided into seven groups as shown in “:igures 8a
and 8b which comprises Groups Ito 5W. For HR, Grgups | and Il, as well as group Ill, are considered
to be not so healthy, while groups 1V, V, VI, and VII are the normal and healthy ranges. As it can be .
appreciatedoipasTiqatesederans steatreseductiardhoferREEE bitwABIPERESHEN AYESHoniB? so that

they share the-aneesRinge (RifRMaI GEundihingd hasasdaariulfe2théoeatsmaesyresponds

to a heart rate of 86-89 (which is regarded as Ahove Average), whereas for w n,.this corresponds
to a heart raﬁ%rg?@dfb%‘%opﬁésﬂ%&?é? AefaYa 'ﬂ%rseafaﬁé f%@ln“ P8nCE gc[)er?ﬁ(‘gp s%@%mr%%fggv is

applicable ftw hotimahen and women. 15After the data or values of each of the parameters, respiratory
rate, SRO2 and heart rate are categories into the different groupings as above, each grouping or
category is assigned a score. It is appreciated that each of the parameters, e.g. respiratory rate,
Sp02 and h&&eEiRESs BherGeisifR ABNETRH ERIaTRES IR RS WRBA TR ﬁ)r‘f’?ﬂ?ﬁ@'&mm@gﬁ}faﬁa alth of a
person and |s&aySpGIN|essidsiaowstiasentomabehliges umo tiniaraniktsraseddte atgddiovi&igurdor ease
of use, the groupings of the parameters, respiratory rate, Sp02 and 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

tOpPMOSH rOVAS BRRRRNINBISER &S WHEN/tMEEE RogkcEsasedheNEbasSeORte ¥yt RO fsisoasdgroup of the
three parameters respiratory rate (RR), Sp02.and heart.rate (HR). 30As a r old
male subjecrtev%ffﬁngﬁ?léh%fr ép'éagﬁ‘i ('# Bgfo ¥Ad Tﬁ%%f%'ﬁ" Sae% izg?u'rrc‘aC A %ﬁﬁ%ﬂ@sﬁ%@c’ﬁ o Group
VII) is givensighteshsnatier REE gfitheSpepiredel farrrrepasedtdnnintieféiclowesEsihyalystem. A
final score igfbeGambisationssmsidiies .f4psresains plladbEp PHANAIR BdBrsRd AN TR same
example above, the subject would have a total final score of 13. 15 From Figure 9, it may be observed
that the RR §&61&s range from 0-4, Sp02 scores range from 0-5, while HR scores range from 1-7. HR
has a wdder score range as it is possible to determine a broader range of health from HR alone. In
contrast, SpA2Z Has LNALLQELLaNge as it is not possible to determine excellent health from very good
5 health based on 3pU0Z. For example, it cannot be concluded that an individual with Sp02 of 100% is
necessarily healthier than an individual with Sp02 of 99%. Similarly, it is not possible to conclude that
RR of This brttecshdinvBiRabi 8yeteh7 aAs theandpratppreyidted inancdheastet déneadtotiey gigstem as
shown In FIgiie2olied Qe sented Qs PRI b 8RB0 = WD fnabarapanialngd 2

preliminary hea ication is determin on a health indication table of Figure 10. For
exampt8, a YaPsEcTIBIaton kil e PErRAE R RRPMACHREARIARIR SF5RtE S ILRRYEFORRIIGHWHIET, a total
score of 13-}f\ialdsa & adarifdasandanlthindigasiothelevantcoadidvetherinmsdsebased on the
health indication of "dangerous”, the user may be

Therefore, there is also an inverse relationship between SpO2 levels and heart rate.

25 Three way reiationship of three parameters

‘lt 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
8Sp02, 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 sysiem 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.



15advised to seek immediate medical attention, whereas "Very Good" means that the user has very

good cardioygsepiaihagith. The health index, e.g. the health indication toggipefowitty frp@eere, may
then be shown on an output device such as the mobile telephone 102 of the user. An advantage is that

20users are thus no longer required to monitor and ompare individual parameters, but need only
monitor a unified health index instead. In instgnces where the scqre of the health index for a particular
user is danf&%ﬁﬁ’waﬁgﬁ{‘ﬁ%'%ﬁboéﬁ%ﬁg% %,reésm'&g{gérryrﬁ% beq e%nt%%g%rﬁsbleésby
sounding aricBbvadarm 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. i) €§%p?@@nbodiment, the user may be a part of a social network, wherein the user
has a secial network account, and 30other users within the social network may be informed

accordingly via the social netwark servic ider. indicati I rrespanding, "Grades"
of Figure 1013 ob: |'rr1%?8% ‘fine v\/?tktlﬁése\%n%%%%?ég%g%%w phgg%% %&%Qﬁ%ﬁ%ﬁ%ﬁ?%m three
parameters igte dfsisirat difisrenhraieeerissten Prndthiheariton RiSURIE rehighda sbervexBmple, if all

three paramatpi Bawe A s8R0 dbfsitick IthEIe ard e eighitpSRaZ-ams iHiasvabeyvarsupigure 9),
the total sco einf 3 réﬁtugls {arhealgh éndlcrapon oé]\ée@/ qug,eg allstrtlﬁee ararré‘ertgsrsirrél Ve score of 2 (llI,
[, 11), the to S0E3rE'8 SFE'WETRY P04 EMth MaltatioRh of Paor araiPtree pa?rame ers nave a

score 0 3 (I97dugd Il gritidl st aoiaakabnmmat édithwheliedtisrnof ealtagevhilewtpuee Warameters

have a scorg ObA(V.aYe NomiBEigigtsepterof 12 would return a health indication of Good. 102) If two
parameters are of the same score and the remaining parameter is of an adjacent score from Figure 9,

the final indication is determined as the grade which the two parameters fall under. For example,
supposing RRSw@RSp02 has a score of "1" each, and HR has a score of "2" (ll, 11, 11), the total score of
4 will return an overall D grade as shown in Figure 10. (This is subject to rule #4 below) 15 3) If two
parameters fall within the same score column and the remaining parameter has a score which is two

scoreslawayrRiagriration f SO TediRe o hasefrieparipk et et ates is(Bafétn@dd from the
intermediata@ asherd=pbading sy sis Fo SO R e d&p0 D arndwy ascoreeatall imphiteétR has a

e P L L R B LIS D
100%. Therefore, this range of SpO2 is defined as the acceptable range. Further, to
extract good and above average health conditions, the 25-100% range is broken into

20 smualler categories, where SpO2 of 87-98% and SPO2 of 98-100% are grouped into
respective categories. At lower than 95% SpO2 levels, sensory and mental
impairments may occur. At SpO2 levels of between 91-94%, minimal sensory
impairment may occur. . At 90% or lower SpOz2 levels, mental impairment begins to
occur and the subject could be in critical condition and require immediate assistance.

25  Based on these realizations, clinical data or readings of SpO2 are divided into different
categories or bands to derive a SpO2 table as shown in Figure 7, which has five
groups comprising Groups | to V, where group V deﬁnes the best SpO2 measurement
and group | defines the poorest SpO2 measurement. Similar to RR, groups | and Il of
Sp02 are abnormal and may be harmful fo a person’s health, while groups llI, IV, and

30V are considered as normal and healthy Sp0O2.

i) Heart Rate
35



4) For combinations involving scores with "2" and "3", an additional grade (B-) or health indication

(below aver. %d'f,z%g%tﬁd. This grade lies between the C (poor) and B 25 (?é“f/@(gﬁ?l?@g?é as shown

in Figure 10. If two parameters have a score of "3", and one parameter has a score o en the
total score of "8" would be associated with the B- gragde of Figure 10 and the "below average” health
interpretation would result (e.g. IV, 1V, II). Also, if two parameters are associated with the score "2",

and one paraPagicPifayariesonitbrage MashWaRIERE B BHES i<HIeeR RALIRE SoBIP SPERY MY 70hind 30the
"below averpg@iuteaiid triarpseiatiogenest catesirasys Guvieiallkigiventl et Hite 59 B@lbie
parameters are ungder their respective highest possible score, an indication of "Excellent” is.gbtained.
In the exam?f% &m (E)i‘air%heerﬂ-,e %é?rs’gocgﬁrs 8tre'exrg?rr1nﬁlaek?, %v aéﬁ]rg&ﬁ\%%sé%g&?g (I);f?~<I § g%%% I!Pﬁ% a score
of 5, and HRiWidedistose \Er7gieupreasemple erldrads 2an Boxbirneonpaisrsfaredasn 8 also
determined yyligR RS @%@x?s&‘l ARSAOER Al 2R JiNANARFRIERED t2BE R i FidgMnG, Score of 6
(V, VI, VllorV, VI, Vlé. 6).1f one or S}vg;art%metersaicggve a} score of "0" with the remaining one or
two Sparam&RiRURY ?{Ne\édﬁcarﬁ? doPEedPe POURB AL 5E Y 8PRigure 10 would always be
determined because of the dangerous health situation (e.g. 1,1, 1). 7) To provide a more accurate

health indicalion 2R piesRrdialfPRoM R80RRA aRd EANGRTOERERaR ldkidik i iBERekged and

which is associated with the Grade A+. 10 For example, this is achieved when the parameters fall
within groupE%/Mn APLRBER &R G IRY SPEP AT SERITRKPNS VaE SBRPESFEPHP 1%, Rich
correspondaiteCsatiecdrt iB-2ifdoe hen clirelioedzpfreciaied that tiesu80s(gbictrisnggaedtable are
not exhaustive ' WISE. . Speci mhinatj r /geqres.may
reatire adL e T T o o e B e be
appreciatedARAYSHAVRIRGSAISINS 8P RIBFS PRITRIE SRIMS RGHET MElP YR RRRicaRIeg I sy stem.
In ather worgsrthad gregkes. are not arbitrarily 20derived, but are in congruence with the rules defined
above. 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 cardiovascular health and yet the system 100 is

flexible £novdtetdhsrdattean sriugetall samhicf daprraceieticapriaeinipriate. tSRfefemd fodiv-up
actions basegonhedrighssoirianionineRlH HEIGANED o5l aveMeedchanhamiiourdiri-siply

having the health indication from the scores may not be an accurate representation of the user's
cardiovascufarI9ESHIF SIS 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 :

It is appreciated that each of the parameters, e.g. respiratory rate, SpO2 and heart rate
20  have different importance in the determination of the cardiovascular health of a person

and as such, an associated score for each group of parameter is selected.

However, for ease of use, the groupings of the parameters, respiratory rate, SpO2 and
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 Asan 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 SpO2
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.

35



30condition of the user or patient. Thus, it is preferred to check the validity of the combinations of the

parametersyldig)is/asdzinived by working out the possible combinations or ppgpidi@innminsthe table of
Figure 9 and combining them with the different health indications/grades of Figure 10 35and a result is
illustrated in Figure 11 which is a table showing the'8ome of the permutations of RR, Sp02, HR, Define

o 20 B PP Ve SRR SRR SR o b 111

/
a non-exhau € fustrating some of the possible combinatiors. Figure 12 nd
explains whaneadreor the, cvailatiBrsepiaerange hrmtatidn St SeMde e URAIAPHE, Ath Feference

to numeral 3dO2upd e Adinkos e By 2pge anHddith grinbiRtgsne! Inl auitrast epoespanding
interpretation Atf" and Grade (or,groupL"F' is_ts%gt inrgd. Based on th1e f%ﬁrﬁhlgb%n\;gter E%E?ltion "d"
indicates th&t 187 Q&R P8 BM IS th@SFERidR Age and HR'S Meressed 10

o) ?ﬁeé'rf’dvx?rgnge a
‘compensatédaitihbasedditio S pRantevalekatwis; Figuamnoll shoeaschataditatoan indndup) wWibing an 10

interpretatiog),of, iPRsowNIChJERR SHAHRE Apildicaienm hatie AomRiBgtnndsaardnpessieone, and
that no deflnedﬁ?roup and interpretation may beé%raowded. Numeral 1106 of Figure 11 shows an
t

example comBRiaRsaNRACrPACkEE e Rt pteistRes haR R &A@ B, From Figure 12, it should

be appreciated that the 15 interpretation "a- indicates that the Sp02 is in the normal range but an

abnormal respitatory, rat ). t | . hel [ 1interpratation of "y"
suggests tr(lagtgésc% ig%%%&ﬁgaﬁgﬁﬁr?ﬁe&%ﬁﬁ%gn% tﬁéégliﬁgé d%%gggwgn@#ﬁgsmg to
compéfisatéotel §reeorrIgen. raweaImblanst #is iTamshatdnahistemeraiained, fIRRITHERb mbination

of RR-Il, Sp@aithl magtaiidr Isosétdenainsackiast 26hwihha ARradeiidatiendabieinic Mgatation. dfoy"”.
Numeral 1110 of Figur , Shows, gn.example combipation of meters.associ with the
interpretatioe??(alwl‘&f‘a’v('?‘h?%%ﬂjrrgc|c>>?(raesc=?n‘t3*'%h}gl’f3 glgglgr r%?@o?n%@ﬁs?a c?r%/yprg‘éé%% '.lgsﬁi_ﬁa s|E>I_§Ic§ergl gé{)eu igure 12).
The combinatiersaepreselatcerbie inidrak1vied9sanBmen eh Argrgeheithningiratiore@itiofens “f

iﬂdilcates_gh@%d@’.%%tﬁﬁ)(?@?dm eﬁéa%{%hf ﬁé&]ﬂitiﬂs@ri}lgﬁmaﬂ ‘ﬁ*@ﬁ@%ﬁé’u@e}ﬂfg%&dﬂ_@ﬁﬁfﬁd to be on
the low side and an exampie IS snown at or groups |, arn . e com Ination | SO given a
R T thet

grade *€". ﬁ?ﬂ??%t@rﬁreé?gti‘ TnliE R dHARNERS: CHbRSRSnS SRR 2

e userisin
a calm conditentrasdreny grarhghediosisomardicklihd corresponding to 1ll, IV and VIl respectively for RR,
So002 and HR. The combination is also given a grade "A". 19

The health index, e.g. the health indication together with the score, may then be shown
on an output device such as the mobile telephone 102 of the user. An advantage is that
20 users are thus no longer required to monitor and compare individual parameters, but

need only monitor a unified health index instead.

in instances where the score of the health index for a particular user is dangerously 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 emall 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 ruies, some of which are shown below:
35



with parameters RR, Sp02 and HR having values which fall within the groups V, VI and VI

respectivelxvlg @}%@ggﬁxample, the symbol "go" is also used to represent. pe,@gg_,(zfﬁﬁt%g&\%wg groups
S Si e ‘

V, V and IV, as 'shown in numeral 1118. In this combination, a grade A is given. can
appreciated, the grades from Figure 10 and the perggutations of the parameters are analysed to ‘
provide the medical interpretation illustrated in Figure 11 and the above are examples of those grades
which may Abtfrll dbfastearametarmpieidhs e shein. nagroeaied haalh dhditstiowirRsdkamples
?B% g;«';tdFes %Q\@ﬂiﬁkéam:aﬂb#&%rl]epﬁqm?é\é @%&a@mﬁ%@%mmpmjamdmg EBT}aesySftem )

or interpretations of d', the upper limit of the health indication canngt excee refore, the
system subﬂ?agg’t #Rglaé@o% @50%%?1\6&/ i tﬁ@ﬁh%ﬁbicigs BEﬁTss‘i%r%f e%c[ ?Mpﬁeﬁﬁnﬁ] of 'C'
band and thedjmaﬁbnwﬁ\lwalﬂobaﬂblaWﬁu&b@f@?m.fmﬁ @za_mm_’é,?t@keﬂﬂhé )cctjmb_maitiserR(Group
), SPOZ (Grgup Wb @R GrRURN ThACSIHIBE SR SHI R IniBis prifRROU eeRending segres of

0+1+6 = 7 points and referring to Figure 10, the Grade is B- and the Health indication is "Below

Average". HO{veVer Hhetlystetml 568TaIS rrieatne asalfe ndicriiang b mgtree 1t alhideeec 20

grade with therinhetpretation assdodl 20 4T(Ns 1§ el athsetsinicecone of tRewzardametiens & hedlie

"dangerous’ category %I@géc? in Group | which is considered "dangerous"), the system downgrades the
in . . . .

grade to a lower healﬁ1 grade automatically before presenting the revised grade C to the user. 952)

For interpretations of "a", the upper limit of the health indication cannot exceed B-, Therefore, the

systemlO0pulteisohrafeaiscare acepsdinghe ifidhwdinaldsasserpeisitsrexgeeshibetppes linit of the
"B-' band. The maximum health-band ill he the 'B-' hand (e.d. |, VI, M|l = 12 points, but
o biractod ROPEE AT e E5 At bl aRor U e frad b e cradiOliRre L

the health iftleawsarcaiedfaksedarE-orisxrimple, SuPRYSRMTRRIFRICEP PR eRiessereeaetordingly if
the final scasgdpoigts exRaask thastpraeslinit@f 1heB'hamstall Seoraainpuim heikh Rargldhastwill be the

'B' band (e.g. V, VI, Il = 11 pojnts, b tsu(k@_r.ac,ted into ge B \rgéj t 1124 of Figure 11). In 35another
example, fo%'ﬁ%@?oﬂ?w,%f@u—rﬁr%%p V&3 ?—‘u’ﬁ%ﬁ %ﬁu'g i@ﬁqa es a score of 8, this converts to
‘a gradesof "B-" in Figure 10 and as shown in Figure 11 at 20 1126, there is no adjustment made since

the grade isyyithipheBRerdIRILA AR 3hg R DSR LUBFRFRIAHORS QLWL herlth dglication:

must beTherefore, the system 5 100 subtracts the final score accordingly if the final score points

exceed the DBp&r ﬁﬁﬂ'ieo‘l"’m%hés-'%Bc%eésat’&aé(\f(’iﬂﬂﬁ%\ﬁﬁ@%ﬂﬂﬂ‘?ﬁt@?ﬁﬂﬁéﬂ%@wtﬁfﬁII, VIl =
10 points, wWhiehrisdRradeditdtam Réiguietcthibed tiisns dosvrigtaceshatsuptaaetedrto tbeatpirade at

1128 of FIOWRAR00 e shaoBsids aliannalbassd o he RRfEHIR MCRegtLespopsgs.of body.
Automanipulation of algorithm by the software
20  groups ll, Il and HI from Figure 9), and from Figure 10, the final indication is determined

as "Poor”, or the C grade, since the total score is “5”,

4) For combinations involving scores with “2” and “3”, an additional grade (B-) or health
indication (below average) is created. This grade lies between the C (poor) and B

25 (average) grades as shown in Figure 10. If fwo 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. Il
[, 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 exampie

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



As described above, it is recognized that simply counting the total scores may result in 15 inaccurate
determinatigipgidhgobeglih indication and interpretation. As such, the softwakeratgguihgengould take
into account these special scenarios/combinations of scores and perform the necessary score
adjustments, in order for a more accurate representation. In the example embodiment, the software .
will first match the combinations of three parameters with Figure 11 to determine . if fe combination is
a 20 "normACOEAHiatthP R ENEAS e Al RB L8y &p ﬂ1§°85?‘rﬂi§a{t\?o§*aﬁ | Rhthin"4 "special
combinatiorviyvhich requires manipulation before the information is presented to the user. In other
words, if the system 100 detects a special combination, predefined score points are subtracted from
the total score such that after adjustments, the final score can accordingly provide a more accurate
health indic&lidh omeaaditish PRaSIsayasEieNteR ISR TnThodéibiheorRBIR RIS BF MBssages

will be displgyaghidResrisethematjasanieo RErSON ' sresRiFalory gedasanfaghe VEyywewde. g.
5bpm, while the 3p02 is normal e.g. in the >95% range. 30If the combin tiong not match with any
of special c8 %SaBSrése tgrn%nfg;e%%ﬁ%uégr%ﬁﬁ%ﬁ?gﬂg, ﬁgﬁg aot%{ﬁxsacborﬁcea% g’?ﬁ'rectly calculated (i.e.
"normal combination”) and the associated health indication will be shown accordingly. An

explanation-gf-ROWRiESERB R ARRLSRIRRNIMNSLER, AhtaiRsHisdrREdiaNgs Baalsh Ry

information will now be described using Fjgure 1 ancé Figure 13, which iIIu§trattr(7-:‘s a rrethod, 1300

illustrating VAriGRPSEYSRIG00d e BJARRIHERS ! B RP B RIEPM I S8E%"302 of
Figurei113, tReussaoitiainhitsiorecbiensdreMPBG #ignpisansaigrknalirwitigiangrdéopexdmygle &

measuremeptoil cRUPIIHR (4 0L IERARAG A B EIRRJ e PhADS HPoAEIEHI304

extracts the user's 5 réspiratory rate RR, Sp02 and heart rate HR from the one or more PPG signals,
and at step @3@6?%6‘%6’&35@%%%0% 102 look up and obtain the respective scores from the scoring
system of Figure 9 for each of the parameters. It is also envisaged that instead of storing the scoring

tem of Figur: t 10DbI 02,1 ' t 3 ' t th
cntabase 100 St Bt Hevsies Bolsmie AR RIS hat U R fiang Bee 1.
respective stelemishethtsyisatPeach sampieaiphoa! oiades/scass-anYirRiyirfeaivsiaeRtbased on

Figure 10 isidejyacabriond 33N eifisatiie Hearsunardaghihe values of RR, Sp02 and HR .
obtained by the mobile telephone 102 fall within the following groups: RR - Group Il - score 1 Sp02 -
Group Il - score 1

Further, it shouid be appreciated that the rules discussed above provide a framework

which validates the grading system. In other words, the “grades” are not arbitrarily

20  derived, but are in congruence with the rules defined above.

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 cardiovascular
health and yet the system 100 is flexible enough to provide more details which enable
25 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 pérameters.

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, Sp02, HR, Define group and their corresponding interpretations.



HR - Group Il - score 3. 20 These give a total score of 5 which means that the Grade from Figure 10
is "C" with avpf;é)zr H% t?yltndication, this being the preliminary health index. The/mobil? 0hon4e 102 next
checks the vali |9y orthe parameter combinations at step 25 1310 from FlgLﬁgEECEﬁ% BRI instance,
this gives a Grade of "C" which corresponds to that of Figure 10 and the Symbol "y" at 1130 of Figure
11 which gives an interpretation that the Sp02 is on the low side and both HR and RR are detected to .
be increasiniggureoiipinsaneioexhausineitiable3tiusvatiog veorde, shidfalroadtbie temiNwrioas.
Combinatiorg|dgestep 13120fiEdgHEe Ihiand dhpsino MagipWation i3 needediFhgdnethpdel300 thus
proceeds to use the Grade "C" and the associated health indication "Poor" as the health index and
provide this t6 R GEHORE STER 58 Sfor 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 3510 which is
presented tq-if 1SQyit ibl ?II“Q [thy | rese t t res and
the health |r%$lzet?§r$r gﬁ‘:ﬁﬁdﬁerjﬁfﬁ?ﬁ?g@rﬁ e @aﬁh@fgxﬁﬁr‘ggng aﬁ%gz:%yrﬁﬁi?eﬁ t gFrFH(js(‘e‘?%nd/or

egra
the correspiRMRg AtieaiCallinBRerbtatRTRAReAd g lolRistR o e h%%‘?.@ﬁ%é%tﬁ@‘!‘?éﬁﬁf ihistead of
Group |l, Greppitienogasedpdt e RRy»p022arnkhHR¢gspeaibelE anelibetssetidtreadisgs age
obtained instead.. Fqor example -assuming that the readi f RR, Sp02 and HR give, the following
Groups. Grot RGN et e o ke e a8 0 B Een B E By e e
should give ecaitiga.ohtmreiat, htddwohveigige. Howbows isasekinaidiglird 1andt M dmvine @rade of

"B-" is Nipt consiphemituithdhemsadanich aven imdustirezl hinsdhe saaersenebinalivnaf 19 aroups of
parameters and th S the meth?d 3.300 %)es to step 1316 which falls With(é'%tthe '?%ﬁcial Combination".
At step 131éﬂ%%3#e?h%’661%’66 AR ARHES SRR ARTHLIS REARHOM QR S5t RIS step 1308 by

downgrading this to Grade "C", consistent with that shown in Figure 11, and displays this to the user at

step 1314. I s Mpy 166 Beatigindlexisaiinsten agcandinaludmbriasrelag! the Usebsibealth

condition. 15 In a further alternative, it is assymed that the readings of RR, Sp02 and HR give the
groupings: CHETBERERSUEF 'a?ﬁ'&d(jarg[fﬁqﬁ ahic SERBHINY® Hg e py'diks @prREreiates thafdhf poor -
since the totmteretatio!3*a M ondivarsatistephk3 Sp@dhén thishs cletket dags nsti-ayusbhdraiastep
1134, itisn : ination. s, ihle” S met hes to
Stop 1320 g Bhe T T e A e TR O e e A rergdoies ©
appreciated $foi ﬂ\@%@éﬁ‘%&@ﬁﬁ%@'ﬁ)&?&ﬂ%&‘é’ﬁﬁ)@%@ é%’d R He REnbmeetesiBfofide a
single markeyeonicrdinatigrioidhe feritiecanditioncohtitord aHbisetnnadestt, tapeifitalydied at
cardiovasaugy iealth 4 Sef. e RSpIlmatker ey pravide & fasiery more mEan g igreretation
of the parame"{ers, han if the parameters were interpreted in |V|éuarﬁy. istorical Scores of an
individadal m¥tas&msdeidieant andnrpreéaiian 204 specifically 30 in the database 106. This may
allow a user to track his progress or monitor changes in his health score such as steps 1324 and 1326

which is for personal itoring. For example, the scorges (historical and present) may be displayed in

the form of S HSTowTICH FICRERE LA 9\ A g8 TR S IEr & A reter 2Se0sitey
' 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 “” 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 11, ll and H. The combination is also given a grade “C”.

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

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

35  Aninterpretation 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



23 via e.g. publications on social networking websites or via direct messages as shown at steps 1328
and 1330. Alleraativelysshe user may elect to keep his identity secret, but cagFRiieyva s664as 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 5population’s sci&res. in such an embodiment, all scores may be
stored anonymously in the datahase 108. comparison may alsp be.made with a et of the
genorat popt IR e R S e 0N RN B A SR er Ry o Ger
individuals frbniedgiigsimnelngergibap, ©abmie, The usenhehy dfsdselesbtoraed Hits seprestnthe
central datafhgistner s ARTRERAAIB I ARG PrEDURNGNI AllRIEACT) fa1H CrielERAARED
parameter, respiratory rate, bp02, and heart rate are categorized into their respective groupings, a
15score is #5EGAEAIREEBN the combination of parameters. It is appreciated that each of the
parameters, eg respiratory rate, 3p02, and heart rate have different importance in the determination of
the cardiovascular health of a person and as such, the associated or assigned score is based on the
relative heaﬁ étocaan%cfﬁger%ﬁﬁeg?m?gﬁr%? § %EFﬁ mglfs urﬁeo?ltga?gr%zﬁeerg’ Br W %?ﬁoﬁlse %ﬁ?%?neters are

considered EBIREARIY aTh@nalyperk terive\idering Bipdian dreopmirjied didelaied émbednndit is
eanisagEddVléhi@hbtﬁén%)oéhiér\éaflé&H%{blégddﬁ iflr;flé§§e@d@agh Jrqgﬁsaﬂa%wgpﬁ%%aggiﬁjs@ét@%gh o
elements described pelow may alsp be applicable for the one described earlier, igure 36 is a table
to illustrate 85?8‘58??%#3?# (3}' S)r/g‘lﬁ'ﬁ?@‘ogge #Eﬁn tg%‘f ,ig}gfieﬁgg %E%W'Qﬁ)rvméeéf §onj%'a§‘55 part of
the refédenosrsdorregasiisséed accordirgiyto 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 30revised in Fiure 36. It should be appreciated that the values and ranges shown in

Figure 36 ma§ HansReing auig maniogiaied dy Jaesystemifl 37 is a table to illustrate
categorizatioh Borgirdapreistaime atlidg shef vpfene edt S AR dreadBrofratitztots s pairtestdwel reference
scoring syst ingthe ig is Simila 2 One. in,Fi t consists
one less gro%%rfr%? fh§g229§$ﬁ§ ggr)te? %%hﬁ%ﬁgﬁim%gg%sé %%é@g wAigﬁgv\ﬂg uleégglf[ %fc%ﬁgs table may
also bé use@teRardianierss tigiiref7Cahang@ngdhe maximum health band would be ‘C’ band.

For example, take the combination RR(Group [), SpO2 (Group ) and HR (Group VI),

according to Figure 9, this yields corresponding scores of 0+1+6 = 7 points and

referring to Figure 10, the Grade is B- and the Health Indication is “Below Average”.
However, the system 100 would revise 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 heaith 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. I, 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  ancther example, for RR=group 1V, SpO2=group IV and HR=group |l which gives a
score of 8, this converts to a grade of “B-" in Figure 10 and as shown in Figure 11 at



Figure 38 comprises Figures 38a and 38b which are tables illustrating categorization or 5 groupings of
readings of _f male and female respectively as part of the refer ' tem of the
second embo |men§ n%rddltlon to the fields and rows shown in Figure 8, aggﬁ%ﬁﬁ?i %)%}r/zgups Vila
and VIlb, for heart rate Group VII for both men and wpmen are also added to the table. This is done in
consideration of the fitter groups of people, such as athletes, where it is normal for those in this group-
to have 10hEHErdhessHse AfigeBeBoTeEDBiRe he sEadens it e erebianiAhiiedBtinction
between theymgty, healthy and the extremely healthy. Figure 39 is a table illustrating how values of the
parameters of Figures 36-38 are associated with each other. For ease of understanding, the groupings
of the 15 parameters, respiratory rate, Sp02, and heart rate are arranged in an array of associated
health signifiedriteinigitararatonsemidYe Spi hepftratredigaiprHRugidiagheathesesone. figusessan an index
of "1" issasspginted iR #habsesid a%éor%ﬁ% ffﬁ@ﬂﬁél%bb‘?e%iﬁt@@&@@é&l@%ﬁér%&tz of

e

Figure 8 (It shoul e rent that altho rent conventlons are us 2 et in Figure
39 correspo‘f‘fd ﬂ? (§ ﬁ%ﬂg IT%ﬁSopF?daljg%B?'Wtﬁg%Hepﬁah@ AT ?%f ' @" @S % 0(:| ed with
RR of 6 to 3pB2whied tv GeRiead dr@ndtipuBeof FiduutetiB9 is-dovengragsd, asddracigtidardad; RR of 17
would be degq_tgb%datpﬁ%e)eg%weaith significance as Sp02 of 95 and HR belonging to Group 4.
Figure 40 is a table illustrating how values 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
similanwherghdee veinisidbcalonsnsapasetitbe 8 qarselbie dHyealibggigrsficasee of theythree 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 Sp02 and
HR. When Hyuiomaniniyation af algomithp AR eSp02 having 95% to 100% (i.e. having any
of the scores 3 to 5) and HR Wlth Group 4 and above 35RR of 6 to 9 is likely to be obtainable by the
very healthy Athletes as well 23 those who tice. br athin exercis re better abIe to reathe in
deeply, thus mgr;qmls??nas afg OXy i gnraf: orcﬁr?ré%qgagh 8gtﬁ° of this reFa%sa?ns CElfSﬁr@% IS caﬁered for
the heafthieinganupeds Lﬁé@tﬁgmmmmms fb® berith pindisation teabdnierriathbenhe’scabnt, sihectrum. On

the other haémm%haéaa&heaﬂbwﬂ&ef@@%%mmbﬁegeie&é@aﬁpacehwri&gﬁimname&egfegating
factor here would be if elFﬁf%{% {}]ameter of Sp02 or HR is below norm (JﬁaWhen %%?/2 and/or HR are
I

outside of tf?&?ﬂ?ﬁn@'adnB Ge"??ﬁsa?@’ﬁcé)r? tﬁﬁjé’ﬁtf‘aeﬂesbe?ow rmalaa S agguéﬂgwn in
Figure 40. TieisressuiidacelRRMé tegeampepositiboditigindy betesafivnrRRwolf 2firsd 2afoht $tél not good

enough to beransideied dp e dpEmrhsangasiIRf ﬁ%ur%oﬁr%gﬂ%ﬁ%%tﬁg%%b'ﬁﬁﬁ% he pbserved

that RR and 5p02 have five categories each, while has six cate ories (or different indexes). HR
has a Wider SKBRRY FARGEIoR |V BBE I EBREHIONS DBrE50EF | QB'BPH‘EHHH iR one. In
contrast, SpEpduis zumatrioatemsadricly rengeasrasthyidtior dejerotminfatB4RE07? inmgzerted is

to the user. In other words, if the system 100 detects a special combination, predefined

score points are subtracted from the total score such that afier adjustments, the final

score can accordingly provide a more accurate health indication.

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 >25% 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 iliustrates
a method 1300 iliustrating. various steps to provide the health index.



15 rather limited, and also because it is hard to determine very good health based on Sp02 alone. For
example, itvgdasgioosssaciude that an individual with Sp02 of 98% is necespetilydreaithoesthan an
individual at 97%. Similarly for RR, it is hard to conclude that RR of 16 is significantly better than RR of
15 or 17. Based on these correlation factors, a threélaxis table of scores is created as part of the
reference scoring system of the second embodiment and Figure 41 shows the three-axis table and
showing some of the permutations. All the possible combinations and permutations were worked out
and scoresRRIRERGSIA FeHBRde 8 BhAGHRP MABReth &fRUPrdrnth g SaRRARAS R L8hRE 81
combinatiora esgjanndsing ckhiewhl Rdahgnéshesafple atingstu ibreentixisitalolepaid-tguttee 4 1 is to
create a three dimensignal matrx 4800, where three axes-4802,4804 6r eptt pective
three paramné?é)}lg §1’e ig“f’é‘p?o , g‘nﬁ %ngrgéfewehe&gj é)éﬁc Boléld 80% %%egmé\t%% Fe%%%gen%g%éﬁ%ination of
‘paramétersespiiaEsyarie R SnfdRamdsrealt peitibifs fshisainre sowrmdiRBaignaiataxncdhere cells

A, B, C to N{eprestptise a5l & aph siss avatedionmarpsstim heiréeppesiveddasamete tHanges. For
example, cell A_representsét e scoge that is as[sé%%iated Witth RR =5 & =25, Sp02 =90 and HR Groups

1&2, while CERTPeTHIEANYE HRULE 8 LSR5 StMR MARIR'S' 24, Sp02 91-94 and HR Groups 182, 26

meet). The score of cell A of Figure 47a may for example be -5 of the score in cell B, and score of cell

B may be -4, od ggb%nee%a%@t%&@e#&&mg-J@i&&ﬁi@__@;@ﬁ% ngaé@gtiﬂqeaﬁbméig

direction, for example score of cell B of Figure 47b is -5 of ¢ , and cell K of Figure 47¢c may be -3 of
cell L, Xntil BBt 82mikiRRYs R BORRIRIES G ifiPER dhs SET NS RET Fbite #5if 48 dMre in cell
A will alwaysdattitinetdt@sigshistericalrpesporedéngidtatbetioo ndiatatgeniobparameters RR =5 & =25, 5p02
=90 and HR Groups 1&2 being an extremely unhealthy and critical range. In other words, the
three-axis table of Figure 41 includes the RR, Sp02 and HR 10parameters and their corresponding
values fromBagRFeU R APEPEFEY RIPIITNRSOFRIGE WiDaRRS P aaRielatEdm it VS Foclive
InterpretatigirefapranandBanhdekepkiepieiafueolume pienides st sigsliaabltepseirdion, symbol
for each combination of RR, $Sp02 H dli ise..the Score provides.a score fr. o 15 100,
‘and th?e5 Baida %%]\(71 ré% 5%0‘4%%60%% §£r§d9 frac?é%oggt. ee§ % o@?sgigqnogf %%’gré‘g And its gasﬁsociated
score alloww#hisgtalfelirving@renesiningful indication to the user of his/her overall cardiovascular
health status. For eyampje,ih@ scis-anay help to provide distinctions within the same band. To
elaborate, a person with a score of 75 may not be able to obtain a meaningful indication of his/her
cardiovascular hea Ogn'd CSERH% I§§s%°c95?e band may help to clarify this. However, the person would
know that his/her hd@lthGrougdibe betterdhan someone with a score of 70, for example. Based on the
exemplary Figure 41, a 32 year old man with respiratory rate of 9, Sp02 of 99%, and heart rate of 83,
would be given a score of 92 out of 100. As it can be appreciated from the reference scoring system
discussed abd%e¢ HEetaiataLsrae bR Medothat e, Frin frroddgree d Bizimindt) Realth
indication ispdeterattedrdistid grires ety thelipationrtadyl @szdtshdex.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 Wit yBitheheesthliadestieneskeiBpy vaddith . e AREMRIFASORINBA(IBRSAE FigRith
indication of*Gtitieatyrigrealthyndhe msemBaydee alyisessta shakdnamediateadnedicad pateiation,

whereas "Very healthy'suggests that phe er is in,goa riovascular health and should aim to
maintain or%SftE‘r?Eeor irﬁigruc?\e?e 1(S)(Sn ?sg o? Ter (acglli)fﬁ. 7 aq i of Elgure TG gives an
interpretation that the SpO2 is on the low side and both HR and RR are detected o be

increasing to compensate for the condition.

30 In other words, this falls within the “Normal Combination” i.e. step 1312 of Figure 13,
and thus, no manipulation is needed. The method 1300 thus proceeds to use the
Grade “C” and the associated health indication “Poor” as the health index and provide
this to the 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



Also depicted in Figure 41, each combination of the parameters is associated with one of the medical

|nterpretathg)é)jmp@@,sh‘@sed on the medical nature Of each specific comblpét}l%% '0:19}6%% 4%‘, isa

legend which provides an explanation or description of what each medical interpretation symbol mean,
in a way similar to that of Figure 12. 5 The health ingex, e.g. the health indication, together with the

score as well as the associated interpretation, may then be shown on an output device such as the .
mobile telefRYISSF GaE0EER &@eﬂ%ﬁ@&‘%’%ﬁ’&cﬁ%tﬁé@@‘@@ﬁdﬁé@@% iatergiaBtienydiet iequired to
monitor angeRBHIsdaddlyicierl parameters, but need only monitor a unified 10health index instead. In
instances where the score of the health index of a particular user is dangerously low, e.g. in the critical

range, a trigger may be activated, by sounding an alarm on the mobile telephone for example.
AlternativelProthin etbiditivand instéadsitatasipfin iyols mhemb&rrovpy IhdanfIRNEd @R tardirtividual's

conditign a%%&%%@%ﬂcﬁﬁé%@f‘%r&%ﬂd@&@bﬁtﬁﬁfiemﬁ%%&e FOR@ISHIoH, eloailmepaage may be

sent e.g. via the mgbile phone ar the web server. In the example embodiment, the user may be part of

a social netWorieaneem t‘ﬁ@u§@%§'§j§3§wﬂ'¥%ﬁ;\}%rf?g\%‘%@ngr%%soﬁ@r“as%r@\'ﬁﬂﬁ|H[tﬁé‘%oual
network maygrbepinfoifheseagiverdimgiysvid (re-sbeial . netaandirge ividigprevitethi2GAouadyamrtage of the

present sysiegd 00 8 el the el adeion e isunderaDAA Do e el i pigsgried oe

tté%b
an indication of the user's cardiovascular health and yet the systém 100 |s>? exible enou to provide

more detailEwHichPE RABRSIRBUED &So@fﬁﬁf’erg’tS‘b%‘Pth‘ﬁ‘%ﬂ%\RﬂJBréﬁﬁma%‘Hﬁ Qﬂ?ﬁ‘ff@ @tal score
and/on @5 hmltbsrwleatmnetéwvenerthuktam@mﬁmn@mbagmwstwm theHiealtsiindigstHon from

the scores ébveﬁh% an,ageura e].reR{g eétlt%q%n g‘f tn,. Heer %E@'gn v seu{lar eas‘I);[aht |n([:%ea r&tltte]re may

be permutation do not make me sense or there may be a n to revi

indications R§#iidredspedRiacsadstipe il@@ﬁtéélﬂ?ﬂ@ﬂ@ﬁ’@?ﬂdﬁtﬁéﬁj@éﬁdﬁ ‘Baiieansivient wWib preferred

to check thengakabwefitheigleombinatipaggbiRamarameateiselust §ke HiWelﬁMhKQW'%@f Figure
41 also mclHde%permutatl ns of the arameter v&hlch YtROt be m %Ilgé%%ssmle or are medically

possible but requfpeéa)htlgr%dufa{a Cg’]rt?rlgg AR YADIES owmguggltﬁ‘ B%blnatlons (i.e. non-

35exhHustive) which includes those not shown in Figure 41, and Figure 44 illustrates combinations of

the paramefgers (MR eFikaRARROZ Which ieidtiRi PRORSIIBR ARALYBINGS CRMliRaNRRSHRId 2

corresponding band. In short there are two broad classes of combinations which may be considered

as abnormeﬂr‘tpf@q%c%rQBPe BRI GIRYRAR aRhreCEARB RTINS 5EdPtERiSdSsiie
combinatiorsy¢hepecare sitetan dtkhip thiescrte ria “Stateldvesvere dicsiby infiosstre. thisr iexdmgied it is

medically igpogsi btk?gt%‘?‘(%ﬁﬁéﬁf 1 BXV'RhIJ‘ﬁé’{ééaJ%P&%(becoﬁ\rtﬁH&é)t :@“%BQ%QEBQKB The only

chances of these combinations occurring would he user was voluntarily manipulating his or her
bodily%inctiBrs H}E%f"%%h‘f&htﬁ@%tﬁﬁﬂf’ﬂﬁﬁéﬁé’i‘%é&ag|ﬁ@do?1"ﬁ’f‘tH%”t’J§%??Ea%ﬁ&s@ﬁ%ﬁ%ﬁé‘tem In

these error message to the user.

As it can be appreciated from the above, these three paramsters RR, SpO2 and HR
are combined o provide a single marker or indication of the health condition of the
25  subject/patient, specifically the cardiovascular health. As such, the health marker may
provide a faster, more meaningful interpretation of the parameters, than if the

parameters were interpreted individually.

Historical scores of an individual may aiso be stored in the web server 104, specifically
30  in the database 106. This may allow a user to track his progress or monitor changes in
his health score such as steps 1324 and 1326 which is for personal monitoring. 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.

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



to cases, the system will prompt the user to retake their measurements by perhaps showing an

appropriate Wy ssagereszshe mobile phone 102. A band "Imp" is allocated topggiiigthe dgarassible
combinations. As for the atypical combinations, those that fall into this are "special” in that individually,
15 each parameter may seem well, but in actual fa&3 when all three parameters are looked at
together, tal\gig%into pcsi eration their m nng(ri'g)f corrg{tation thedrlzrorg%bination ma l%ﬁor%hgtr

. pu ons pn social ne Websifes or via messages .
unhealthy, or vice VAT TRUS o theke ‘Combinatons in the atypical’Zone, fhe bands of corresponding

health indicatnss] dasuantia\asto Pemativeliatbe usermare@shiet keendnis ddentiiteastetphetation. 20

Examples of sonaipgtionsshaing akiermapiyaied istbasysten: Rased eorihacisiadsishown in
the table of Figure 44, the aﬁegtedﬁ:ﬁmbinaﬂons need to have their health bands mani%gl%ted by the
( 0SSi

system. 25PYMHARRIHYSESte MEUALS SFRBIRL RN PIREEUSH AT IRIAHRE D fe criteria
would have ghpinaéspecib@dre dittsiramansemteodimpht aaltscorssonaysbassied datemtiysrooripination. As
an exampleythe fitst criteria for the impossible combinations state that any combination of RR 10 to
20, Sp02 below 95% and HR in Group 4 or better is not medically possible. Referring to row 39D0 of
Figure 41, it can be seen that 30the combination of RR 10 to 14, 6p02 91 to 94, and HR of Group 6
has been setie icopassiblsn anstipldated bydte wipoasible siterfiahd hyenwaal ppdpitation asgpical
combinations invalve, Firstly, t [th ba ' to be modified. e ropriate
band basede())(ﬁ q‘%%ﬁf&%ﬁﬁﬁ%%% %ggé’lglgﬁargeg&%r% o%h%gﬂvkog%\é(?%ﬁ)g% r%mllg ‘s'f]p?é%l m%%ﬁ%%pand
associtted Withsesh SmBiAabiotr dthe TRe &IPRN1E0AEY BlggtdptRedaRRsaseto Hbe rhandiR that of
Figure 29 44, iraadhe bands would be adjusted accordingly or manipulated. After the band has been
set to the appropriate band, the score will then have to be manipulated as well in accordance with the

corresponding band and score ranges as shown in Figure 44. Taking row 2 of Figure 41 as an
example, sikcedgssriradimthipatuivR RBpdIPENE FiR0SaEh 1 le andaeobGeaah Pdrmoraiesf the

criteria in the,abyRies) cambERISNMArHELA figb Hssipiiabbealid hand&i hapdAhngmapiiren set to
band 5. Its score has also been adjusted such that it fits into the range of band 5 scores. In another

examplé of BB b 3FSENES 28854 AR RGP IS iRFATEE g would 10 have placed this

combination in band 5. However, crosschecking with the atypical criteria list in Figure 44, this particular

combination o O ARG T N AL e e Asery enipuateg band pttiand 8, and

the score that has been adjusted acc;ordina\lgy to 39, w alls into' the band 8 scoring range. 15As it
can be appre@¥stEHTSIEER i EMRUEREL IR BoRI PRI il ATR SUB-SRTH BY 257 BRABE HNEI 6 RRGRSS is
performed eastieaansLithe Jraxiadeddiatet Figusesidnatteacyrénciudasdtieomanipulaied daingiatand/or
scores, [ h'%@ﬁ'ﬁé Feat él’fot'%‘et?ﬁaﬁﬁé\’ec{f ReALRSAtR Pé?#??éfs”'cg”\lﬁ%%”thseppea%f%%?edrse%%h time
measurements are taken and their associated scores calculated. 2 :
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 earliier.

Figure 36 is a table fo illustrate cateéorization 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 {able to illustrate categorization or groupings of readings of reference
Sp02 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



Using another example of using the table of Figure 44 to change or manipulate the bands, assuming
the combinq% n, -9, HR in group 3 and 3p02 of 99-100. Figure 44 sti { IS
combination neegiiﬁg%%;ﬁ band 5. Thus, if the system detects that such a c%%%ﬁ?&r@?s&%t in band
5, the band is manipulated so that in the table of Figuje 41, the -adjusted or manipulated" bands are
shown accordingly. Similarly, if a 43 year old woman has RR of 22, Sp02 of 97% and HR of 101 (i.e. -
Group Il of Biglies 38) oh Ak PBRZRIInRieAly 48RfheATsEbrkalere Wothghayiableemasaismés to band
5. Due to the:géyrisairy itetia shainliias any wesnangdion of RR 21- 30 24, Sp02 97 to 98, and HR
group 3 must be assigned a band 6 instead, the woman's health band and score will have to be
adjusted accordingly to give a better reflection of her health status. 30 combinations that are not
defined in thEeigyite &8 itsreriggsdSgibks GBatgpic ActowibthaarertebiEisubusratiogicatsgmizasioreeded for

these “@fma%ma%@%%éa&%%awwta%@@?@gﬁg@%Byfgﬂ%@F%%%%ﬁ/dé‘é%heGﬁPQV& itis

recognized %t simply usin scoring reference table may result in inaccurate determination

a generi , = :
of the healtr TETCANB ST REFIFEAY F A RN STRRSG TN A M it B ENFIE HEcount
these atypicahoombirfatiors Hfesdiimnasdpgdons ik rededdariosbest adia shnepty)ifootten for a

more accurgie,represeRIating-ILile sxamnle AL hadiment @%éﬁétmaésnvgfﬂé%ﬁ_%@w IE4e

tocombinations of the three parameters fall into the criteria range as stipulated in Figure 44 and the
bands/score@ AT RPEERETHEN D BbIRIEthWheskit InpRBRHRUREE. inHBinssuerideRBrEined
further with refarematsto ighee ribgrhish shawsedinpethothescreationoipe IpaEngHahie {fpmexample,

using a comﬁg{ﬁ{&%}gg éQﬁ fﬂ@%?g'}s'éjéﬂﬂyl ?gg%é%ﬁggg%%%?&ure 41, manipulation of the

contents of the scoring table and creation of su rst, a preliminary table comprising all
possible permutations of the parameters is created at step 4400 and this includes forming

combinationsigiitbesparameatis MRseaiRiy tRew-Alisenalinof fFHeurRifd 3R aeedaigesearlier.
After the creatioglcpttéiae R/{ﬁlimin%ry t&blre, 'gterp 4406 isfcarri d out to maég}ié%)ulate the cells of Figures
47a-47c, andthrs satep is'Subdiided Iht6 band r%%shelplﬂat%nn -y é‘é’ﬂ%’o nPLEEFRaf pﬁfl]gtion at
step 4430. MABRIPABTS, BEPitrisaresaisrc & pogsisiaccdrerjbriatcofperattangedsin Nurnaatagowibinations
4412, |mp03§§§l§‘c@€%¥8maﬁﬁﬁ%%éér@@g\ﬁ{b{piﬁ@i”%meiF@W&%o%?&é}%ﬂ“@#@%&ﬂ%t%iﬁ carried
out by first 25 matching each permutation of the combinations of the parameters from the preliminary
table create&aﬁ?'step 4400 against the list of criteria in Figure 44. The combinations of the values of the
parameters, RR, HR and Sp02 from the preliminary table which fall within the combinations

corresponding o, JraRgssibleycpribinatiqas ekl hayerRelr ssyes and sa'%@é%aaﬂg Bt to

impossible at step 4420, while atypical combinations 30 will have their bands manipulated accordingly
at step422%78%R8 COnTBRERoNLate thEITHEY Gelltathaul 2eoaprema Maha'theustedifisrapinations
have had thewhamndis s mrstedsaldroingly, thestenmaifingecombiraiipasdie Grsiseied ge sprmal
combinationg.whi ire.no ents. . . nipulatian pr 4410, it
will first chei%?%:gé%?j 58%1 ﬁ%ﬁ@%igétg été%éi%é)gu %g}% g%%%%%ﬁ?m ?r?agt%ngfoﬁ)ﬂ %et??z score of

the combinafi8iAs AtamprifatedrL eb a3 SrehexemplsasagesPthEigHpuRReGRebY raAdds of
Figure 42. Ojbegsoméinatiaasdhajumaydaeraléemartaycthischponedn ssasing Mill sisenbane tio be

25 Group 4.

Figure 40 is a table illustrating how values 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. Sp0O2 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 magimising



5 manipulated accordingly at step 4430. When all flagged combinations have been adjusted

accordingly vadin@bgpags@f the entire scoring table will then be carried out tpehegising mpansistencies
in scores and/or bands at step 4432, The general guidelines in checking for inconsistencies are as

follows: 101. The score of a better combination shogfd have to be higher than that of a lower

combination, with the tables in_Figures 39 and 40 defining.which gcombinations, are better, . . 2. The
ccore of & CORA KOG b PAre S Pt CRRianca She i
correspondiaifpsdregsarsd Wiih s isth brinscbindegipe teadetthendalf tharsiperiiatcmetteuffow goes to
step 4434 which is the creation of sub-tables. This refers to the additional combinations due to the

addition of sub-groups Vila and VIlb for heart rate of Group VII. These sub-tables are applicable where
combination® TSNS HIBEr&pHeHSe RasttiNg =R &> %%t%f@%f?ﬁr?ﬁdﬂﬂ&??&ﬁdgé‘.’ RRltthen

20completed teeseregdtimg tareadtizrg the Bdakis flbithef Bayarastdrast ([BpOaf theHRfesemsiovgcoring

system. _ Figdinafima flageshart il siredno gmethadaiapiohondhe iserat hiamoble Figure

telephone 102 of Figure 1 obtains his cardiovascular health information bas _
41. Similar tBIURPEPAPKBYAEOBS tte!serSHBYANE Rig Y E0siGhis wRkHd AR RIS, ifor

example a ragasitiemsighty beasiieshteEner o kiledelrplanadiQbobthenBigihile tedefiientdl? at step
4302 extrac ser's respiratorytate RR, Sp02 and heart 30 rate HR from the PPG signal, and at

step 4304, tiwﬁe;rsgor%?@;élégﬁrggﬁéql%g'maps the values of the three parameters to the "three-axis" table
of Figuré 41 in order to derive a corresponding health score at step 4306. 32 It is also envisaged that

instead of sterig HiguRGPEPHREYEe Mt GhhobEcohdarldharnBoRie HherR 30 dLaavhaReRsble to store

e AR A AT, .

database 1 e?‘é%’& gr%%ﬁfry’lgcg
parameters &sll4 withtssikdtordatetiirsomibrmadensangstey 48a8h Fomexdimplend. the aortbatation falls

within any ogiheJimpogsialesnbinaigns siafined oyl igue b dhe mehle Bhepe.L024rt4NS an

impossible combination at step 4310 and displays an error message at step 4312 perhaps to ask the
f

user to TecatiY IS GAOY AP NEARNAR iR BRes iBatRiesmitg vVany WRh el 1 $288F 2800 again.
At step 430 b alvakdationxanpies iaiptssibte conshidatia, dnarmivtbioal gtesSieCste 48%4ido obtain
the correspangi r ificati igqure 4 linical interpretation from
Figure 42. 1‘?5{'%2%@2 sﬁé@ﬁ%ﬁ%ﬁgﬁgggg%&%{gg%&%%ﬁ@ﬁ@ﬁg ?h%ffnﬁe‘gpﬁegt%%f %ﬁ%ned from
Figures 42 dhat FRpb1§iéprigriicasttn etalthanddx o tReUSér via the mobile phone 102. Itis

possible the health index is represented by any of these elements, for example, only the score, or a
fﬁ;“rgg%tr'ﬁ’;‘%%‘:%%‘e %Srgﬁefﬁé‘l;‘%‘??F‘Pgé}%ﬂ%%g%%t‘egr%ﬂoﬁr%@gan"%’a%%dSFasiéé*r‘ees healdindex i,may flgpend on
reference scoring system of the second embodiment and Figure 41 shows the three-
axis table and showing some of the permutations. All the possible combinations and
permutations were worked out and scores were assigned based on some mathematical
formulae, although only some of the combinations are shown in Figure 41.
25
A method of creating the three-axis table of Figure 41 is to create a three dimensional
mafrix 4800, where three axes 4802,4804,4806 represent the respective three
parameters of RR, Sp0O2, and HR, and where each grid of the matrix represents a
combination of parameters. Figures 47a, 47b, and 47c show portions of this three
30  dimensional matrix, where cells A, B, C to N represent scores that are associated or
mapped to their respective parameter ranges. For example, cell A represents the score
that is associated with RR =5 & =25, Sp02 =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



Like the earlier embodiment, historical scores of an individual may also be stored in the web server

104, specifiﬁ,ﬂ)ﬁd’ﬁmggtabase 106. This may allow a user to track his prog&el%&rommabt%changes ,
in his health score and use the information for personal monitoring as in steps 4322 and 4324. For

example, the scores (historical and present) may bgsdisplayed 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 5‘?"5& e §sare Y £ AAMIIESHY AP 8@?;5?8?%(?@6%{/@{ _tiﬁ)?%?d”sﬁﬁ(ﬂ his score
with other usetssoeecof)cpllBlioaiohs eh cfomiletalbfkiigoiveblilesaod \dsa direThisessgmseds shown

at steps 43¢¢ r@g%gt?@ﬁliﬁa‘gﬁ{:ﬂaé%glydiFQ&iUﬁ?fomé‘Xa%l\%‘Fé t&ksfeeefméd%eaﬁg@ﬁ%r%m Q@rgfretrieve

scores of othe mous users such that he can compare his scores with other users. The

individual's %¥bFe ?ﬁ%ﬁ@\é reisEiste® 49 & Parcepinf Yraak Sopuf iNgiBREES RREE i RIRYI3LF
“embodimentjtalbseries Byayibensiiet dnamymaaus|tie i daiabate Wb a3 yesecompaann may

also be made with a subset,of the %‘%ngcr)%% tﬁ)ﬁ&%gﬂgpgg&%eé%@gﬁ (t)%?. %9_—@8?@%% mgy ke made with

. SCore onding. tc
a specific gencfer o7 Other md}% uals from the same age group, he user may also elect to
add his scottR& wiepechirabsinatapdremplyustisatiayard<etiisalirptise database may have a format
shown in Figure 14, which is based on the OLTP and CLAP tables, The OLTP Table comprises the

user's current instantaneous data. The user. may.input multjple data pointsjn t e day.Similarly
loother.usépsoéﬁ%e\ﬁ?r a{?%eé}i‘éeft'&’gﬁ %qﬁeéaﬁ%%fb {fﬂétéﬁilg‘faaﬁg Isi%)n glafr]gd%rgscomprise
respediive tedlersdtarindividbealruserespordingevedres farictiarseshélechily rrativas ofelpesscial
ranking andsthetpaslicidans A stuRd: achlaRigiveanke.Aifsisn! SQsmthrisand 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 elpdaiimeehsrathtorthed R sigrafidasy e mstiinztd inEmyetaiidmosymbrdans: Adsoh 20 the

Parameters ISAKREA LY G UPos 8 FIR! A IRAIANS BAeBYEE EAUBSReCHYR: SR BSoF uriher, I

is preferred to obtain PPG signal based on the device as proposed_in US Patent Application No.
113/0105705 tEP FEtEihg Rand Y ovidesonh Rt PRIFERSISTRELRatdl Pefof BIPYiSBRpicR P88Fhe
acquisition aha jhxsilcgieal sigrabiRwescmsig achange imgaaivgfumedefztio rotganeugize dfody
through the use of optical measurement is knpwn as a toplethysmaodraph (PP ys, the PPG
signal is ungésr@%og%grz%?{)_r%ﬁgllcy)(\./%rg@?ﬁir% %@ti%?ysé%%n% g%‘y%%éa y re%;1 8 Fr(eesr%a plﬁ%{?ol{r;g of
external predgyicefistincling wihiaceepthePpethgl mehaeaie Th Pprys YN @ réeRited ifSorder to
obtain a 30gead-ausktuhE to i8R Wihaa highiignratdadrolieniater cardiovascular health and

20 the associated band may help to clarify this. However, the person would know that

his/her health would be betier than someone with a score of 70, for example.

Based on the exemplary Figure 41, a 32 year old man with respiratory rate of 9, Sp02
of 99%, and heart rate of 83, would be given a score of 82 out of 100.

As it can be appreciated from the reference scoring system discussed above, the fotal
bscores 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.



However, the externally-applied pressure cannot be too large or too small, or the quality of the
detected PR gnalonside low. For example, as illustrated in a cross sectipombefiaadoessel 300 in
Figure 15, in the event of an insufficient exertion of 35external force as compared to internal arterial
pressure at a measurement site 302, the internal p@&/ssure is too low to obtain a proper measurement,

and low Ppﬁs%iggalété‘&e\n%&l??ﬂ‘le 280 éBﬁn&T\%%@ﬁyoﬁ‘ﬁé”Hél%%%fePQ EiQBE%JiQte%‘WPBH8a“O” of

too much external force causes the blood vessel 300 to be occluded at the measurement site 302

where the Sel¥uressisppiideretalisngsymecistdreed e difamsadical fratHEn P eRehatRRFEkewed
PPG signaldaiBinkiibe. ertinalpressuiegsriaoichl molambigh, Sxiientretion pessspiermithe wall of
the blood vessel 300 is Iqw, and thus a small PPG signal will be abserved, Figure 17 is a graphical
lustiation SYCo R bE RSP e AL YT BISEE Sl P A A O L 12 of mppiec
‘external pressure. With a low applied pressure in range A, the amplitude 502 is correspondingly low.

As the apphgg F}ﬁ§§ﬁh'r%&%ﬂ?cé?g?‘5@\@ H’ééﬁﬂ%cﬁpé‘ﬁ%rﬁ%&@% A8A %%%?é-éi‘)w&}/%rs 1 vyhen the
applied pressure increases beyond a certain point, the amplitude decreases again, as shown in range
C To obtaiASTIBRE PRECP A B AR RRD DL LI AR RHE A o6 B 0RlRsmural

pressure ;uehﬂhahmefdi@m@rpcmlﬁigdseeqna*mad@mmﬁ phaSwms?sdéuﬂpberﬁbuMaeed ir_l _
Figure 17 is 4, (AR08 PRGN BHABGR SNRR AGRRMRAHER A e RRE Sidnaldsiahitsparly Within

this range 504, an externally-applied pressure is instantaneously balanced with the internal arterial
pressufe, theaBIUHEYd RS ate 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 %‘tié's‘%ﬁ’éi%ét _ S%@?x%?@o‘@’é”o‘%‘%e‘:%%? iﬂBQxC&%%%x%%ﬁ%HF‘& 'grﬁee%ai%ggsr%&%yravide a good

quality PPd signa is exemplary embodiment, the pressure assembly se 0 achleve ‘and to
maintain areeptimanpredicak frashtairiiag ah BpYnient rivelasig Ryl sverdnteRfe RRED 22 pbod of time.

By providing ¢paktigeptitsiarneaisdecdirekdovatyser heipmeassarpdatheysesisakimie instantly
‘adjust the amouggt orfnpregsur being tP}”eﬁ‘léo .g1e pevice iF order,to ol? in an o(ptim m{PP,G signal.
However, tTaSth TR pPe Ll Pa TRy h Bl HaUR 1 SR TSP WP e PRShaRTRAT S &re, but
may also rezsutxtromethaieffiessaot abborisidrrnatstanesiagpathy beligtntasdighiattheatoiilaaind out of

30 a portion,ahfiseHeral BakSEEREING MRASKIRMHIE e, Wherrdhm ayasSyisiac ) a light

source may not be able to penetrate the tissue surrounding the blood vessel which is being measured.

Therefore, REHY ATy HETRAVEISnUSRE BRR 6 8RS AhGEMATE ARRAYEn0GPIBF A G55 W dihal to be
detected. Wioeid tiewandssiaehs tofoimgl, dightrdiraylbeatisosbeid| oreseattesed/ megtréhigethe amount of
light detected is 35insufficient to obtain a good PPG signal. 35 The device may also provide feedback
to the user indicating whether the user is applying insufficient pressure, too much pressure or the

correct amdtiht 2 Y5rEaEE O THIE (ERRRIEK TBS{RE udEP nigy iR \)i%?]aﬁ‘%?ighdﬂ@ﬁ?ﬂ?ﬂwév Fithn 6f a visual
display or audizieiaadadie, Byndheaggratiptdsdyibe asdisplayicditte oe#hdinmeePP Cagigvakbaing

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 iotal 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



5 captured by the device. The feedback may also be a more simplified display indicating whether the
user should‘@gﬂggﬁi@g% increase or reduce the amount of pressure beinggpplied,tq Ahggevice. 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 ggtimum range. 10 Figure 18A illustrates one ‘
exemplary embodiment of an optical measurement device 600, and Figure 18B jllustrates an exploded
view of the BYRIER FRIBEINAIARHEAE\ARPEEEP SRR BARS fHehribrle AraMRARRABASERY detection
assembly 66Pcartbmatiessweicietestiopsassesitialiedlds Abribustzaters imfEioielé SAntbiealionsination
and is detectri% haesggérqgle}f_ c6:c(>)n21barr1]acijti8rr1 ssure detection assembly 604 may be integrated as a single,
compact op%ca Meastrament device 800 surrounded by a housing 601 for parable use. In the

exploded view in Figure 186, the housing 601 is shown divided into a top casing 603 and a base
‘casilng ﬁf%ﬁﬂﬁ%@%ﬂBﬁwﬁﬁieaﬁggﬁgﬁﬁtM®§%ff&mw andwarmlaﬁeesﬂ@t@@aam?ﬁwwy 604 .
enclosed therein. The integratio of the pressure detectign asse 4 with the illumination an
detection ad88 '50529 r%@&%%ea giﬁﬁéd?:%anﬁ*dwggﬁesﬁrﬁ%?gcﬁ%vﬁ f%rat)réf %Se\?l,' EEtrif‘(‘ia ?éerﬁg_eo%f a
pressure deét@dtienGrespmblpsDSndicf BESviddwrenlytrhankasivbitiess tambingtipnpresisrivg quality,

or amplitudg, fdhearqeeiveq &P G 51008 SniHhf R MARRLIRE Rt s Vs GusceeRgested with a
feedback unit 606 ‘(se%}g'lr%lére. 21A), which receives the PPG 25 signals a%(? r%r(essur easurements
u

from the opBeRGHE HPHRRARL VBB PSRG SRV tHRTa CRTSUNRSELAF RS EnG' e Smount of
pressure beiageapphiedsyseeitncaiil berampptettiatedem thisetakbottiere medserfradbisckumerd@gsis in the
form of the gheRiifg SRRNENIR ShELLER LA MR DB koA AN R1ldde

illumination and detection assembly 602 may be referred to as a PPG sensor, and includes a light
source 608 REENGILHEIIRRSSHE GetBRYREMEO (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 i ' t ' lying fi .ﬂft‘%?- Rhd: wgﬁich is
reflected frogﬁ?c{tﬂregggggfvrﬂgﬁ %’fg &%ﬁ%&%@%e@%ﬁ& L%Zfé?%%%?}h%iﬂ%%)%%ﬁ%@ em o‘ t?mlenta,1 the

pressufe dezaetioprsaReiRb{NeYSrem pwals ! senastudafasbtarhemal b M PerpreiREré@®at has
been appliegdped badydpithef thakipg!, sush @madiegabnT NBdressatReseRsOEmRY=Ber this film

flexible printed circyit. Nevertheless, any other force measuring device that is capable of sensing an
applied 5 ccﬁ?t'g%frfﬂ c8 Fﬁ?ﬁ} %%regéecf. 9@ (ﬁf’uts ated’ Ll?letl’\llgr%?('p?.(;% esofé/rie%v&2 ot fie" §§}?§§P rsﬁga%ﬁrement

device in Figtymickd/&Zohe preshaedsensoc@tEspaading posilibnéttilselinnghevPrics Baveoio6b2, so that
the force appligd DvRasebilirgrsddieis Hanslaed-HEaHahdheRBG sensor 602 to the pressure
sensor 604. The pressure sensor 604 then gathers and tracks the external force exerted by the user's
finger &12. Figure 19B in illustrates an assembled view of the pressure sensor 604 together with the

gifip geriip@iniethbedha spstent with the PPG sensor

602. 'nstea%géédna%{l%;@mgﬁ%ﬁt@?gm%@b@@feue'tﬁ 12, D6, SAEERICIREGIRALS 2

processor, a memory and optionally a display, as is further described below with regard to Figure 34.
The feedba®@ehiPdBY$dbeilBealiPRRYGJRAMRHP FE RS BEi&Trements from the optical

measurement device 600, and temporally correlates the PPG signal with the pressure measurements

in ordey.(o elerping ap cofinal amaunatpreps A RIRVHRR B0LIRALPRE sigpialsggshown in

the comparison - signal grap ~and app |ed pressure gra F?804, |hustrated in Figure 20 and
described irerieiie wotdd banswheheseremxekhealiio08ASpbe ploRdenhith scargdhgssioness

illustrated in&iglaresRbaanh 2A8. shedispiRy s firaycpenideviswaifanidsank tiinagendn the form

of a 25 graphical yser interface. (GUI) duri e process easuring, the PPG signal. The visual
feedback m& t?e%éa?e%ﬁ'-xiﬁ%'sa% o?%:h%%é@el&@egﬁlbé@as%g;gr)]%%glg%s{% nzﬂ Frl]% bnsg".’(;rr%%% ingEantIy see
the effect ofhedtsirig) nberaadialy slosisisu Referinngaiopi 8GR eobiteue hbdsaeerheriegeving and

adjust {he agaaul-OfiRERSRUEE RATH GROPENBIBSY B ©ignalds disRlayagrlitsdinr|Bedd ¢dnry also
provide a re,al-tlmeﬁraphlcal indication 30 618 of the pressure being applied. The graphical display

618 of the aPphRRFiYEsEERIHRIarHR% iR PRESURRA 3% 0n 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 iR, SEBREER G SiphRbIR MRS MR SAARAM 4] N STRLURDRL R0 Wil

move up and down depending on the amount of force being applied 35by the user. In this
embodiment#hEsetedbptmesEpcoftitia PRRICBIIRID PRBFIBRRST on the criteria specified in

35  Figure 44. In other words, Figure 44 specifies the band associated with each

combination of the parameters and if any of the bands does not match that of Figure



determine whether the displayed real-time PPG signal 616 can be improved. However, 37 by
displaying theodetenessAPG signal 616 and possibly the pressure status baca?2€c 1be fgeahaack 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 thee displayed PPG signal 616 and making :
adjustments without guidance b device. 5 FIG. 21B illustrates.the feedback unit 606 and the
optcal meekir B B AREETHE I S PAISIon, AEFE 8 19, X THEPREETe ADEHIGERBH B optical
measuremédrsenesst ¢otihe. d ppropeiateripiady thalsodimert thastiwes tintieiguasie@athe dseddlbick unit 606
may 10 gengialpiandsdisRiaing %#e@ﬂ&hﬁiﬂ?@ai@?ﬂ@%&?@'?&ﬁ@%?éé’@%w Hhe=fe should adjust

the amount_of pressure to %/lde more, less or the same amount. There may be argl number of ways
to provide thRKH)PEWY & Of g etnAsI@NSHABRIE 0P8RS JRS CPRRRRIoR G RET-EdaethRa
traffic-ilght eglaserbdjsplayHREEeudiSpiayed tf tal draizeintthadiysidhlcamsinatioffartterlzeing
applied. Simijlarly, vi.simply displa words, tellj tQ " ly Mo. sure,
"Apply Les?%ﬁe!%sﬁ@??cﬁééﬂﬁp@%e%g% A%(mpid% ntr?é\sféF;)r%sllgug r%qj&i;b sﬁ?{gdu%é %%psg#g ﬁ‘%ﬁ%ﬁ; box 622
may be pladégbaeiugiedseshiretdtdiisdniatmpragriehtapds spalfum ramie at which pressure should
be applied for a particular user. In this embodiment, the feedback unit 606 analyzes and compares the

measured PPG sjgnal and corr ing.appli ssures.in real-ti 20 in order to determine a
e of ap BN B A e B Rt e e R e b e T <SR et of vero
transmfiral payssnlacerhénfeceiiakicalinn 606taenh Brovikisevesrrerossrhiagnadivéoiret@tiriaaser on the
display 614 deaenging %Wﬁe&b{,e_frﬁ@%Eﬁ@uiﬁ%ﬁiﬂﬁ&ﬂ%ﬁwmwgeﬂugﬁﬂ&FQ%P_‘etermined
range. 25In an exempl f%?sgmb()dlm?m’fihe feedpack unit 606 mag not re%uwe %dlspl , as it could

4 s

provide audiBRVER YoPRE'BINEISA R U S50 BICotRPaRIAi S BLARS REFR ST E SFor
example, thecaoxdingle vic@% oviiisifalifs yrialihe thedi8ectoisaydfgeply 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 - such as a ringing sound or buzzer sound - which are
‘widely'Rnovi¥ ds SRR EBRREFER R dURRECON] SToRREies@iniprRR) ARt 2 RSl
measuremeitidievs 0ismpyrassdesasisrtamhlineateake tdevdcef Feiore actuakaganigiedaent of the
PPG signal js_carri t, Thi invalve asking .the.user a variety of different.pressures
o the. 38 dAR e e e A R D R BB Rl KRR o
signal detec¥&dFduriagaaiivne iperieduamedctaniinéss raperuBTepPiedBrdakare alcihebtains an
optimal PPGsgghale i aeereanaplesitisguser may be asked to exert pressure while following a profile of
pressyre 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 fokisigh andihigiuakampie ratheainbdihe igote Rilizednedgetovhiengdliononaeipweta dte

depending @aiAe Inividk YSEBRIPHANEAIIRE BrRsteafkohagraapile ilerene ot shael be
appreciated that the feedback unit 606 may he any portable device, such as a smartphone, personal
digital assiTAAN oA SIRRESHORIBIe GORBIRIMIEEER (RiSTR 6L exPRERAEy SR eans.

However, thisfeetdbbakauch 60 mzpationrie ettty eapdhatie band soukhginkedysbetacontiguter or

server, The fsgieeloul SO0 ey fr Al LD, QRiea eiErlion deyags 00 15 n a vired or

wireless fashion, or through a proprietary connector, such a universal ser B) port or the 30
pin connection used in the Apple(r) iPhone(r) (Apple Computer, Inc., Cupertino, CA). This embodiment
will be descgheithmjthithessegdanckdinibmac cargeRpoaiing isieviacs, grRcessinRasd Wsniay for an
Apple(r) iP neér)), althgugh o f skill in the art will recognize that other, portable devices may be
et as de A b e S B SR B MBS AR BT e
feedback ursissigned to band 5. Due to the atypical criteria that states any combination of RR 21-

30 24, Sp02 97 to 98, and HR group 3 must be assigned a band 6 instead, the woman’s

health band and score will have to be adjusted accordingly to give a better reflection of

her health status.

in Figure 41, the shaded rows are examples of atypical combinations that were

35  manipulated as previously mentioned, whereas non-highlighted rows are normal



606, in this case a portable device such as an iPhone(r), using the 30 pin connector at 25 the base of
the feedbaglyni8Q8eAlter establishing physical connection of the |Ilum|nag%/§@g099%9§|ﬁn
assembly 602 Wlth the feedback unit 606 or any other form of processing device, a microcontroller unit
(MCU) 640 (see FIG. 17) in the illumination and detggtion assembly 602 extracts information for
authentication purposes prior to sending of data to the feedback unit 606 or any other form of
processing eRvRiBations 3tattasatipatiopelirsseds ntf 1EtspR ifiet tothiEPaRsiRier) CAsABIRE(r)
requires thajamiriaIiae. $ing ABerRipiNRRANEGEs B ehase s vithaniieabipatioken from Apple(r).
WO 2012/099534PCT/SG2011/000424 39 'Phone(r). Strings of data are sent to UART every &
milliseconds from the MCU of the |IIum|nat|on and detection assembly 602 to the Phone(r). The data is
comprised gitd aPEaWarg he payload is 5 sub-divided into 5 parts,

each C%mpf)s%r&zchué%sa%fo%t%.9%&@5%@%@%%@1&9('5@?8&%&% AfekEvedRabre Sensor).

This data is obtained in a HEX file format and is then converted to back to voltage (V). Referring back
to Figure 38NBCESHH B @R AR SHISIRSRIATS (e W@Brﬁ%@ﬁ%‘ﬁﬁﬁ%? %%3 \%gveform
thus enablingical¢hidatoffaresatyostion efipeidpizeeairixyaouot 802 RHGItahndPRGR@wallish the

actual PPG uawelaliiy anpravide Riaguation ol hedifc RO g2t s ierauayelerm. FS

sets out to provide information of the amount of pressure applied to the illumination and detection

assembly 602RTASEEIALIADIDf iR BxRAk MR AIMARL idshGRYarsoi!h TissioRertfne (i Data
fromvige DecORbitteshO& 2 erpE B&ranidrxy RRGRo(thexgriteria range as stipulated in Figure

44 and the bands/scores adjusted accordingly to derive the 3-axis table of Figure 41.

The above is explained further with reference to Figure 46 which shows a method of
creation of a scoring table (for example, using a computer) such as the one including
15 the 3-axis table of Figure 41, manipulation of the contents of the scoring table and
creation of sub-tables. First, a preliminary table comprising all possible permutations of
the parameters is created at step 4400 and this includes forming combinations of the

parameters based on the 3-axis matrix of Figures 47a-47¢c as explained earlier.

20  After the creation of the preliminary table, step 4406 is carried out to manipulate the
cells of Figures 47a-47c, and this step is subdivided into band manipulation at step
4408 and score manipulation at step 4410. At step 4408, this creates three possible
categories of permutations — Normal combinations 4412, Impossible Combinations
4414 and Atypical Combinations 4416 and this segregation is carried out by first

25 matching each permutation of the combinations of the parameters from the preliminary
table created at step 4400 against the list of criteria in Figure 44. The combinations of
the values of the parameters, RR, HR and SpO2 from the preliminary table which fall
within the combinations corresponding to “impossible” combinations would have their
scores and health indication set to impossible at step 4420, while atypical combinations

30  will have their bands manipulated accordingly at step 4422 and the combinations are
then flagged at step 4424. Once all the affected combinations have had their bands
adjusted accordingly, the remaining combinations are considered the nermal

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
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manipulation process 4410, it will first check for flagged combinations at step 4426. For
each flagged combination found, the score of the combination is manipulated
accordihgiy at step 4428 based on the stipulated score ranges of Figure 42. Other
combinations that may be affected by this change in scoring will also have to be
5 ménipulated accordingly at step 4430. When all flagged combinations have been
adjusted accordingly, a final scan of the entire scoring table will then be carried out to

check for inconsistencies in scores and/or bands at step 4432.

' The general guidelines in checking for inconsistencies are as follows:

10 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-tables.
This refers to the additional combinations due to the addition of sub-groups Vlia and
Vb 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 table 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 coupled to the mobile telephone 102. The mobile
telephone 102 at étep 4302 extracts the user’s respiratory rate RR, Sp0O2 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 falis 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 eventualiy 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 allow 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 fo 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. Aliernatively, the user may elect to keep his identity secret, but
can retfrieve scores of other anonymous users such that he can compare his scores
with other users. The individual's score may be presenied as a percentile of the

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

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 {ables 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 {o obtain the PPG signal based on the device és
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 vesse!l 300 is low, and thus a small PPG
signal will be observed. Figure 17 is a graphical illustration of the amplftude 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 beyohd 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 resulting in a state of
zero transmural pressure. At zero fransmural pressure, the arterial walls are unlcaded
and the arteries will not change in size. Consequently, the blood volume within the

20  arieries 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 also 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 captured by the device. The feedback may also be a more simplified display indicating
whether the user should take action to increase or reduce the amouht 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 opfimum range.
10 ‘
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 simpie, 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 ampilitude, 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 reflected from the
35  portion of living tissue of the user.
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in one exempiary 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, ahy other force measuring device that is capable of sensing an applied

5 cohtact force may be used. As illustrated in the exploded view of the optical

measurement device in Figure 19A, the pressure sensor 604 may be poéiﬁoned 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 pressu‘re 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 grap'hical 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.

s 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 GUl. 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 {o 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 couid simply talk {o 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 - such as 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
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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 épp{ied pressure
which obtains an optimal PPG signal. For example, the user may be asked to exert
pressure while fbliowing 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 preséu‘re 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 smartphone, personél digital assistant (PDA), tablet,
netbook or laptop, although this list is not exhaustive by any means. However, the
feedback unit 806 may not need to be portable, and could 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
806, 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 806 or any other form of
processing device, a microcontrolier 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) protocoi from the 30 pin connector of the



023A 0139 0355 05262.890510.9189 0.7367 1.3896,2.1240 isTable 2: Data Decoding Format A raw

PPG signalypglusiesndaszand AC components, both of which include informaitongaiinalouywyaveform
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602 illustrated in th diagram of Figure 29. = To determine the DC component of the PPG
signal, the iymingtiancae estantien aeraabisbPotedbeEtler® is digitized at ADC1 644. The digitized
signal will be passed on to 40 both buffer (IR) 646 and buffer (Red) 648 accordingly, which will store

up to 100 samples each befare sending collated data t 650. Using th les,
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component (VSub) is then subtracted from the raw signal, Vraw to obtain Vac 656. The new raw signal,

Vac 656, theRdiAdergsospEatadatsde 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 Sp0,. 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 iliumination and detection
assembly 602. An example of the data decoding format is show in Table 2, below.

Time . OCT | BCo [PPG1 | PPG2| ES | BDC1 | DC2 |PPG1 |PPG2| FS
{ms) Data from Device (Hex) | (Hex) | (Hex) | (Hexy | rexy| o | o | e | vy | v
5 T EOC0AGTO23ADTEDDIED0EEE | 0701 | 0034 | 01F0 | 0350 | 055 |2.8005[0.0169]D.7996| 1.9671|2.2150
5T FOC20A0 02 3A0DABOSATOEED | 0707 | 0o3A | D2AB | (347 | 058D | 2.8905/0.0188]1.0962|1.35262.2382
16 T EOEI0A0T023A031B0PET0ETA | 0707 | 0234 | 0316 | 6257 | 057A [2.6805|0.9189]1.2768(1.1204] 22602
"5 T FOCI0AG1003A031 40560088 | 6707 | T23A | 0314 | (08D | 0584 |2.6905|0.91B9] 1.2703]1.0011|2.0763
35 T EOEI0A0 1 053A0PGEG2D00ERC | 0707 | G23A | 0255 | 0200 | 5% |5.8005(0.97680] 1.0801| . 1607|2.2802
20 T EOS20A0T003A0E 03550561 | 0707 | 023A | 0154 | 0355 | 0591 | 2.8906|0.9188|0.7767| 1.3751]2.2973
26 | FOS20AUT023A0 2003400552 | 0707 | 023A | 012D | 0340 | 0592 |2.8905|0.9189|0.4852|1.3413]2.2965
56 | FOLI0AUT093A00CAD2AECS01 | D701 | D234 | GOCZ | D2AE | 0587 | 2.8905|0.9189|0.3160]1.105912.2973
5 | FOE20A0T023A00DO0SEEDSED | D707 | 023A | 000D | G2GE | D58 | 2.69050.9189|0.3353]1.0027| 2.2908
=5 EOE20AG1023A07 ADCODR0REE | 0707 | 0234 | 074D | 02008 | 0BAS |2.8005/C.0186/0.6368(1.1786[2.2779
B0 | EOE20A0T023AD20003EA057E | 0707 | G23A | 0200 | G3bA | 0575 |2.8405|0.9186]0.6959|1.3832]2.9618
BE T FOCo0A0T0S3A0 BC0338058E | 0707 | 0234 | 02BC | (336 | UBGE |2.89050.6180]1 1965]1.30642.2408
56 T FOE20A0T053A03 F 02 ABOREE | 0701 | D23A | D37 | 02A5 | 055F |2.8905|0.0180]1.5861[1.0014]2.2167
0 T FO=20A0 023A030B0770054E | D707 | 0234 | 030B | 0270 | CBAE |2.89050.0160| 1.0558]1.0060]2.1853
742 | ECZ20A0T053A028B0555053E | 0707 | 023A | 0288 | 0255 | 053B | 2.8005/0.6160]1.0447]1.1946/2.1586
T30 T EGEI0A0025A01 FO0IE00EEE | 707 | 003A [ 0105 | 0452 | 0526 12.89050.9189]0 7367|1.0806]2.1240

15  Table 2: Data Decoding Format

A raw PPG signal includes 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 20.

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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Vraw signal 15642 in Figure 30A, Vac 656 in Figurg,g0B, and Vppg 660 in Figure 30C. Referring to
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quality ($14 10}iss8e51m Ui ek GRISSIRRSFANRRP A SHRP P rERGRIE S IR AR IRlen&iriielPPG
signal has trentoigett imtaretd raoam Hitticke, eschrésggkEl Betinelen the RIWGQ. BBy efiaten frasmsAD@M in Figure

336 by the a4ga 2hesnded by the PPG signal %@nd baseline 2116. Figure 33A then graphs

the variation of the area 2112 underK%e PPG waveform with respect to the pressure 2108 applied on
the sensor. As may be observed in this 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
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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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series b calReliRshtytdhe wseesalsinuisite &l dBeraRibrye fatRae ey sAo R EAteshgdsoRpressure

for each indigghtahel SeasuilsanumRt seph ohcapiyivg dberEie tﬁl@a@bweﬂ theadise ihepkadetermined
optimum’ ran%e%thgh Ychmark fqg obtaining an o tlmu PPG § 5Thege?g ed er‘qbodlment
es

is not to be cons rue {a{! 9e. é&’é‘r’ﬁ‘ re?ﬁ escnﬁec(?embo R?ﬁsescn theg use of three

parameters RRIGHE2448¢ HR but 43 the combination of Sp02 and one other parameter (RR or HR) is
envisaged. Also, more parameters (e.g. physiological signals from the user) might be added to
increase the accuracy of the health indication. 5In the described embodiment, reference is made to a

"user” g§ humpihsuthl eredyrd RguleRmapRietRIgsHBslIWeewliskinenisagyrbe prapiagra apply to
o g o2 Rl JRISIERE" S PO TR B AR e L P
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 appiied 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 illusirates 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
insfructions, 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



10 take other forms, especially if the method is implemented by a computer. In other words, the
described ot be implemented by a computer and may be im (1 ual
means. In m@g@g/ﬁi émbodiment, the optical measurement device 600%@&%‘?% e%l?ggn%t':he 15
feedback unit 606 but this may not be so. For example, a portable device may be integrated with the
optical detection device as a single optical measurement device 1100, as shown in Figure 23. The

optical dete¥8&RPRHEQBEED0-is ifE6rEBrREEEIVRIFRATARAhJrer4asdiiporioe SNBSS 9rfthis case
located neardirpeitidttpage 8e0ict e 1y dilendgyicetpamatharpariie ispital aigeliay 6D4oVith such

a configuratj 0 ortable device, 606 is capable of carrying out processing fynctions for the
optical dete(t:%)i\r(})%?dé\%gegéﬁgé s%‘c%nésoz&’i‘gﬁa %é;‘r‘fg?n%ﬁfﬁ‘gwaﬁ%ﬁs?g%n%ﬁ“;?%%s%ﬁﬂgr.gié é%%?%te% below
with regard todee blbek ehiagpraat ipatigroandwiiabeceonesiett coS8o0intmpeuesviRihe

portable; devigrAQG WAL TRMHIE R SBIRIPEAANINR R3S whils PiBre S5 BAVRRStIRNARR would be

provided by hardware and firmware of the of the 25 portable device 606. The sensing portion 628

would includg thé FRIRTN TR HRESHE R SRS SRS 653 AITHRR FREIFE dteCfofABRERbly 604,
as iIIus_trateqbii_atht@. 26mima aamﬂat_erlmmnplaryaamm@mmusTrMecbimE«'gorB Zd_,tttwermmiodd
detection deyige 30.809388Y g inteoatedndiadhe displayb14 whenthp disiay is adpughiscreen

c
display. Two openings may be created in the touch screen display to permit the transmission of light
from the LEBY§IRLEE e selivtpiPiRshiRto0 & REYS1a3 ERPETRIPRS O dite BOGEIPSGRRIR IR play 614
would have fiseucpitcpra3su reioensirg capabilitiag indieiecittheganizniiesf foresisrire ajpteshon the
touch screen di 4 t [ U cti c e
provided by% eétgo!gg#wgg@%%&égﬁg%ql%%ﬁéﬁz%%,ﬁé%?é@oﬁ iﬁ%eﬁ?r@stﬁggr%%ﬁﬁﬁgggpaﬁg pressure
detection asS¥mMIiEr inferpeifesie aofigptne ARARiasirEhdafe eed aihesdelomnatetHe apirail
detection dexdcpenaidddrgepsradahioes uieeusishs ambedmndrit aneLE&R) Lkl Hghisoproes and a
photodetectar. | rgaenrce)hr;er ﬁ’ﬁ%@fg@{% semnb.%diLr"{ugg&i tgez%‘ gna;g‘itor‘] %ﬂd detection assembly may
comprise a XM ers and fiadh 'of A% mar ph(?ne or other por Sble %gwcré? YHh5Pthe camera functions
‘as the photodetector while the flash functions as the light source. The flash and camera would be

located proxigte daigaety ey B8 Bredperdabledayigr andiheidashyauiddscanlignsd yth a red
LED and infrared LED to out Bt the 10 r%guwed W&V%]ﬁﬁ%ths of Iﬂht. In this exemplg;g embodiment,
|

the pressurd Hefd IR AL eMBRTFotF L HRY GHly ‘SN RIB FRt RISTYESU RSP M Srtable
device. Figueesti®a thacbbtaillnshaiteyetranistvice éxerbisiargre oriiooimeRE Gvhigreativdtpartaibte device
606 may be griented nadangscapr CUHIYEAgRSYSHINAL IRILAEEY RS Bsika ISRy §14

horizontally and interacts with the optical detection device 600 in a way that IS easier for the user to
hold thé& porRRitPl EURES BIRERMhESYiss SINIRRS (fPTaRdEESD SighBhtiRids, ARIUERS @in%I3RW a finger
612 on the apicahdedestisute\ties SQMigond toereceasibr veng dHargevitsne period of the PPG signal
616. Figures 26A and 263 illustrate another exemplary embodiment, where a plurality of optical
detection devices 600A and 6003 are integrated with the portable device 606 for interaction with the
user in a landsEcoRenBRRGPCITIRE (Rt dhiGrBhREHSE EptiePerbtBetrRin advrdavarevige a
measuremegkotadditionatigty sigagic ) propesiamdAsiGhow mdiEigHBo26arhepussr sighaeasily hold
the por;[?ble de\“ce .6% \Q/ith k?or'%h %5 hagds 632Ai end f63%%(\4vhél%%glspa{:)lacingwtneir thgngibs 6§4A and
6343 o theacrbrlrélgndgn&ndecgp%cé’:\ JefEEhSR deviREs BoDAEHd &' 7 B°&milar e%‘mop 5‘?}?“
embodimengitaseratides Pigigtestinpatemertize] teenspsedpdorittiyrbatvigss slieatethé#@00BEmay be

located on aside R URS 3G PIHEGRArARIEHRYIFRORSHDA SRS PRI SRN Flaseinsisyfiagers 612A
and 6123 in contact with the c&rres{g ,ndl‘rﬁ] 0 ?cal 30 deft ictlon devices 600A and 6003 in a natural

configuratio SFPHRELATSAIHILAT TS IRAES A AN LB I A N PO S T FEH I the
portable dewte Oyeirtip@Etiingselihtiek touble segeen digiteysbl4 or menu button 626 while the index
fingersgre being sensed by the optical detection devices 600A and 6003. In the embodiments

illustrated in Figures 26AI26B and 27AI273, because there are a plurality of optical detection devices
600A and 600BNAEFNIANG) XEHBETY EBIPES}BRRINE U gevice may perform a series of calibration

steps for each individual user in order to determine an optimum range of pressure for
each individual. The subsequent steps of capturing the PPG signal will then use the
predetermined opfimum range as the benchmark for obtaining an optimum PPG signal.
35 The described embodiment is not o be construed as limitative. For example, the
described embodiment describes the use of three parameters RR, SpO2 and HR but



plurality of PPG signals 616A and 616B and pressure status bars 620A and 6208 accordingly. The
feedback u%mﬂg%gg{clude software or other computer programmable SiRglESHPsHAIch carry

out instructions relating to receiving and processing the PPG signal, the pressure measurements, and
creation of the output to the user relating to the corm?!atlon of the detected PPG signal and pressure

measuremzﬁts As des rlbecé%er E:Lt resultln tlmal(g> nal vgj%% \%sh h bly %:curate 10
measurem ?&},’g?‘gﬁ %§ & l%\r?ﬁe% 16 eb f?)p et y'smogra Y, such'as a
saturation Iewleommgaarm(blgodf(yﬁoﬁp@).mﬁmmﬁh@mparhm@ﬁ@rbemm fobtgireadeand us in

the derivati%ogémmmggq%nﬁqﬁ%gme, the optical measurement device may further include
acquisition of systolic and diastolic blood pressure parameters. One option for detecting the

parameters to determine blood 15 pressure involves placing the side 638 of the finger 612 where the
digital arterynliqseom&edr%ﬂlwmwimandﬁeteaﬁensasmw &0dseas tiusuatad subjetries 28A and

261 As shawn i BIRUIRDAEREG 0% 806N e REC. S dvataranh 803/ andoregudle e

user applles vertica nwar orce onto the pressure sensor 604 a pre-determined applied
force profileS99B @S ect 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 si If|n lly dies off( oint 812), as the omts are
indirectly as %laffEe %/ﬁ?’u ?ﬁgrhlﬁhs SF oi%/bjtgtsta p(%ﬂ% o?tﬁh gl 8 ﬁruersei%r%lilt}lpaosa' ion, h) With this
analysig, théabgtethar fesssuresnecidiy tb thehresthodris trmn&matqﬂéss@r@@@ntﬁerwdet@mmed

When zero yapainuia! quesmue ﬁaﬁla@w%othﬁ)ﬁ?&;M@éﬁf@ﬂmeﬂw&mﬁm@a%@mevwge as
shown at area 814 in th(i)PPG s% al graph 802. In Figure 20, as the amount of applied pressure

follows the (JFEHRIEOEA LB &nd 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 {4l BB OIE IR Lo NORERA MBHLIS TEUAXE 58 L daranldifsminindication

of the corresponding position on the applied pressure \%rap 4 where an amount of applied pressure

results in zdReHRAR—MIIFAIGRR LitirdhigdRaY MPARGRo %W%‘@(‘ﬁlb@opﬂf@m%é?ﬁ}ﬁw T&@obRd be
apparent to mf@@ﬁ@mdmwywlﬂp’iﬁm tbet@étnﬂmaﬁmmeya@méia@n@mﬁaﬁ@m beasaderheretzvidthout

departing fr c r thod of
deriving a hiqhﬁlmdg?‘( or qaér%%%a cardi V%gﬁj%t%%ﬁ]&é%éggu %Jc% #}%?E%}%ﬁ@ o{rﬂir%smg 5(i)
obtaining vdigesies S2reaserrerighiarferiss ﬁ%@n ipriBincATSrOFaes HgAaR Beirbiie&26ne at least
two parameigesinehisingePp0 506 hat eaphrie PUieENAEAMEte! 4elatesh toudip@2onfiguditiarsigning a

score using the v of the ast two e lated arameters from a reference scoring system, the
referefice sé%?r?é’ é?/%f FincT aé#%g 2 P uraqu c?f uplnggof%)ersg’g]&sugc%?ﬁgteorr g%’dalz{tcépgroupmg
includes a rastpsiidneiadion) §00r susiaxpeignz: qsmcahqveteg and mignigrraessingh Aceasasingdding

score for asgigpinGith @éﬁ%&egﬁm@mwﬂﬁa@mmé valiegeanghical adilidiiarivingdhediealth

index based on the assigned score; wherein the health index is derived b derlvmg1 %2orellm nary
health mde%'ﬁsgﬁafﬁg g taﬁgg%p@aeﬁwce 606 would only require a sensing portio & wh

a processing portion 630 would be provided by hardware and firmware of the of the

25  portable device 606. The sensing portion 628 would include the illumination and
detection assembly 602 and the pressure detection assembly 604, as illustrated in FIG.
29.

in another exemplary embodiment illustrated in Figure 24, the optical detection device
30 600 may be integrated with the display 614 when the display is a touch screen display.
Two openings may be created in the touch screen display to permit the transmission of
light from the LED light sources and to the photodetector. The components of the touch
screen display 614 would have accurate pressure-sensing capabilities to detect 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.



15 parameter based on the obtained values and verifying If combination of the groupings are medically
possible, and If medically possible, further verifying if the preliminary health index requires adjustment
based on th‘élg&mﬁllp%?ﬁ% of the groupings. 2.A computer implemented methol e Hﬂ%‘% claim 1, -
wherein the at least one 20other parameter is selecigd from the group consisting of heart rate and
respiratory rate. 3.A computer implemented method according to claim 1 or 2, wherein the score is
assigned frdinesetmm binbtithe dfuhenzioesnd tecatimassssmplrafibécostildl dsfectiompdésice

implementegdyead ascRIring o apuc esaing saidnd Rl e eletenge: Seoriag system further

Includes respective band classifications associated with each corresponding score. 5. A computer
implemente@lr}?f@?r%%cﬁ?fcording to any preceding claim, each 30corresponding score is associated
with clinical interpretation of the cardiovascular health of the subject. 6. A computer Implemented

method, accpyding:fo A Breseding Clal-hersi e reference scodad systemLis dgylyed fiom a
matrix Of the at least two param ters, whnerein values o e af least two parame ersare apped to
respective c¥IBRISSOR i SBREHARTE SRS 08 P AsiaTRRAPe retieMBSaPIP devigen simpasthe

implem_enteearr;ast_aqdr@éﬁ@a?m ﬁm&ﬁw@ﬁiﬁm pf@émm;w?&@?ﬁeaﬂ?@ﬁgﬁ@i%@with "
respective preliminary bands; and the method fyrther.include adjusti e prelimin cares and/or
remnary LERAESD 478 CE et RE OSEISH g SYEN 16 SeLORTLeP B SRy
according t@asyherdestingocliairhefoehéig wemhpriting sedlihgEheras sidraeetistBiz sdogetihdr trederive the
health jpdexdq fiRRy erardidhgRarBonasCUlArthr alkeRidRR SERIBGkiment, the pressure detection

assembly would be the only significant modification required on the portable device.

Figures 25A and 258 illustrate yet another exemplary embodiment, where the portable
device 606 may be oriented in a landscape configuration such that the user views the -

15  display 614 horizontally and interacts with the optical detection device 600 in a way that
is easier for the user to hold the portable device 606 in the user's hands. In landscape
orientation, the user can place a finger 612 on the optical detection device 800 and
more easily view a larger time period of the PPG signal 616.

20 Figures 26A and 26B illustrate another exempiary embodiment, where a plurality of
optical detection devices 600A and 600B are integrated with the portable device 606
for interaction with the user in a landscape orientation. The use of more than one
optical detection device will allow measurement of additional physiological properties.
As shown in Figure 26B, the user can easily hold the portable device 606 with both

25 hands 632A and 632B while also placing their thumbs 634A and 634B on the
corresponding optical detection devices 600A and 600B. in a similar exemplary
embodiment illustrated in Figures 27A and 27B, the optical detection devices 600A and
B00B may be located on a side portion 636 of the portable device 608, so that the user
can place index fingers 612A and 612B in contact with the corresponding optical

30  detection devices 600A and 600B in a natural configuration. In this embodiment, the
user's thumbs 634A and 634B are then free to operate the portabie device by
interacting with the touch screen display 614 or menu button 626 while the index
fingers are being sensed by the optical detection devices 600A and 600B. In the
embodiments iliustrated in Figures 26A/26B and 27A/27B, because there are a piurality

35  of optical detection devices 600A and 600B, there may also be a corresponding



9A computer implemented method according to any preceding claim, further comprising adding up the
assigned somesozdersse the preliminary health index.  10. A computer ImpleseEntadmethod
according to any preceding claim wherein if 15the combination of the groupings Is medically not
possible, displaying an error message as the healthindex.  11. A computer implemented method -

according g, anyHreFeshing Siaim)s VE181eiak a6 BRBRA! freasarediAMUSHRI ébe Aralimisgsy health

index to a revised health index 20and using the revised health index as the health index. 12. A
computer iABRMAEIM¥d method according to claim 1, wherein verifying if the preliminary health index
requires adjustment includes compar;ng the combination of groupings with a reference list of

combinationg. 2238 COMPUiel, R metied Mekhd accerding e ghu LT RaR AR pherein the
at least one Other parameter is ce?lyegorlzed ased on the subject's age group an r%;en er. 3014.A
computer irsevsiarsawhisthearacestdnsiustiong préaiswiig @aplvingraneiprasesagrhadexGs
associated yyifhaglifisabinistipeetatinsurinatsatioaesuby breakhautioesubiscsantimgethod
further |ncluge dis Iia In t? ‘cIi igl in Baatalltirc]) as arré osfutrge h%aéllgh Inqgeg.. 3515.A computer
|mplementet ?rfé’ﬂ%%&%S EWQC?F(? gl’ﬁftgr[eceaﬁga c anﬁ?w E1EiN the at leaet two parameters are
obtained from more than one PPG signals. MCSLI_P 48 16.A computer implemented method
according tp, any.piaeedingAlgMnaheRiRigestarall Phesesyan rplalivederlfigigniicansg of the
parameters considered collectively. = | :

10  measurement of various physiological parameters detected by photoplethysmography,
such as a saturation leve! of oxygen in blood (i.e. 8p02). However, other parameters
may be obtained and us in the derivation of the health index. For example, the optical
measurement device may further include acquisition of systolic and diastolic blood
pressure parameters. One option for detecting the parameters to determine biood

15 pressure involves placing the side 638 of the finger 612 where the digital artery lies
onto the illumination and detection assembly 602, as illusirated 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 signa! 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 fo

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.



517.A computer implemented method according to any preceding claim, wherein (1) further ifgudess
illuminating a portion of living tissue of the subject and detecting transmitted or reflected light as a
signal using an illumination and detection assembly; detecting an amount of pressure applied by the
portion of living tissue of the subject 10to the illumination and detection assembly; correlating the
guality of the detected signal with the amount of applied pressure; and providing feedback related to
the correlation to the subject. 1518.A computer impleasented method according to claim 17, further
comprising pro&@gﬁém indication of whether the amount of pressure being applied to the illumination
and detection assembly should be adjusted. 19. A coMputer implemented method according to
claim 17 or 18, further 20comprising displaying a range of optimal applied pressures along with actual
applies pressute being apphetbbyripisisbjedt metABd At dempiigranheemantes metbesmeaspgling to

any of claims 119, fiuther ﬁgg&grgfig%p@gem%m&mpgg Imal applied pressures which

corresponds to a 25state of zero transmural pressure. 21. A'computer implemented method according

to any of claims 17-18) QaRing yRlusp el aldrat i MuheamREe S RdFPIR % BlidtP Bt E82E 983k /5 optimal.
3022.A three-dhes mbieistidheleriviegsd twerparenetensnipeydiegn SpO8etaunitingasardievatizerar health
of a subject, thearaaisksGamRAIH8p02; (i) a first axis of categories with each category representing a
range of typical heart rates of subjects: . i) a_ second axis,of categories with each category
representing a range%?ggst%'ggl %egﬁrrgtgrs):/n?a{ég) 3?@36;8?@9 at leagt ° re?aygé paramelers

from a reference scoring system, the reference scoring system including a plurality of

10  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; and
(iii) deriving the health index based on the assigned score; wherein the health
index is derived by deriving a preliminary heaith index from the groupings for each
15 parameter based on the obtained values and verifying if combination of the groupings
are medically possible, and if medically possible, further verifying if the preliminary
health index requires adjustment based on the combinétion of the groupings. -

2. A computer implemented method according to claim 1, wherein the at least one
20 other parameter is selected from the group consisting of heart rate and respiratory rate.

3. A computer implemented method according to claim 1 or 2, wherein the score is
assigned from a combination of the values of the at least two parameters.

25 4, A computer implemented method according to any preceding claim, wherein the
reference scoring system further includes respective band classifications associated
with each corresponding score.

5. A computer implemented method according to any preceding claim, each
30 corresponding score is associated with clinical interpretation of the cardiovascular
heaith of the subject.

6. A computer implemented method according to any preceding claim, wherein the
reference scoring system is derived from a matrix of the at least two parameters,

35  wherein values of the at least two parameters are mapped to respective cells
associated with respective preliminary scores.

AMENDED SHEET
IPEA/AU



MCSLLP 49 (iii) a third axis of categories with each category representing a range of typical SBTQ\?SLLFji
levels of subjects; and (iv) a plurality of 3-dimensional cells, each cell correspondingto
respective values of each category at each axis and being associated with respective scores, the
5association being used to derive the reference scoring system. 23. 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 g#ist, 10each 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 antl marliérmgmuieicimifienngriedinethnstactonding iodaiip Batimg e thermrallmssfication of
the atypical comkisaiionss Lastrpirdlaling faspeeares HelrsrRRNHaL. theamapinwaled haad:
classifications b%%‘?u% onargsc{'%fin%gesc?rﬁs iﬁnd bsand classéﬁcation.rejationé%%n nd ferivin‘g the
reference scoring sysefem 2584 On-tHe Tisr of B/ossc%’l%sp%?mﬁxfaﬁéﬂfgné%ﬂh iafﬁ.ll ?&{{ cofes and
bands. 2024.A FREBF&FBEERIRARYESHRalth 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 lgast twg %mmgpqﬁjmmﬁgg%g@g@oﬁgﬁg eaagﬁpe%%@ﬁgegéﬁl?&?g etp Sp02;

25(ii) assigning a score using the values of the at least two d p eters ffom a reference
scoring system, THERETER AT B s PR S RRER R thss tn drgvertirdimaiti iasda sarrsesatheter,
and each groupthg taclin¥esculeamgelibf obthdingfsidfict the respective parameter and is associated with a
corresponding score for assigning to, and dependence on, the obtained values; and 30(iii) deriving the

health index based on the assi ne.%b%:ores%her%n he health index is derived by deriving a
preliminary health indéx SRR d rea ﬂ‘i)gfﬁmgféq BARY eReHIRHRE VIR and

verifying if comisipmnasing @ﬁéi@p&mhﬁgésai@ﬁﬁemgwgﬁ@dséﬂdehapwwmmMe, further
verifying if the preliminary hearth index requires adjustment based on the combination of the

groupings. 10. A computer implemented method according to any preceding claim wherein if
15 the combination of the groupings is medically not possible, displaying an ermor
message as the health index.

11. A computer imp!emented method according to any preceding claim, wherein if
adjustment is needed, adjusting the preliminary health index to a revised health index
20  and using the revised health index as the health index.

12. A computer implemented method according to claim 1, wherein verifying if the
preliminary health index requires adjustment inciudes comparing the combination of
groupings with a reference list of combinations.

25
13. A computer implemented method according to any preceding claim, wherein the
at least one other parameter is categorized based on the subject's age group and
gender.

30 14.  Acomputer implemented method according to any preceding claim, wherein the
health index is associated with clinical interpretation of the cardiovascular health of the
subject, and the method further include displaying the clinical interpretation as part of
the health index.

35 15. A computer implemented method according to any preceding claim, wherein the
at least two parameters are obtained from more than one PPG signals.

AMENDED SHEET
IPEA/AU



35 MCSLLP 50 25.Apparatus for deriving a health index for determining cardiovascular heﬂtg of a
subject, the apparatus comprising a processor configured to (i) obtain values of at least two
parameters from a PPG signal of the subject, the at 5least two parameters including Sp02 and at least
one other parameter related to Sp02; (ii) assign a score using the values of the at least two
parameters from a reference scoring system, the reference scoring system including a plurality of
groupings for each parameter, and each grouping in fides a range of readings for the respective 10
parameter and is associated with a corresponding score for assigning to, and dependence on, the

obtained valuf andx Uik RIS ARRISREAS 857 HELARO Sl WFiALR I oAl

Index is derived by derivin aprellmlnar health ndex rom th egrouplngs fOr each parameter based
o the obtainetF A RS RERITF LR ERLEP T O R ER R 5 E FRIRERGH of tne

groupings are medically possible, and if medically possible, to further verify if the preliminary health

index requjres adjusimesthpaee thitilefiertadNhsIRAP BROFIR G 18 Ui BreRiiNg ARPAAIETSEFRrding to

claim 25, Wherfgr%gg?nae.aratus is in the form of a 20mobile phone.

illuminating a portion of living tissue of the subject and detecting transmitted or

reflected light as a signal using an illuminaﬂon and detection assembly;

detecting an amount of pressure applied by the portion of living tissue of the subject
10 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 comrelation to the subject.

15 18, A computer implemented method according to claim 17, further comprising
providing an indication of whether the amount of pressure being applied to the
illumination and detection assembly should be adjusted.

18, A computer impiemented method according to ciaim 17 or 18, further
20  comprising displaying a range of optimal applied pressures along with actual applies
pressure being applied by the subject.

20. A computer implemented method according to any of claims 17-19, further
comprising displaying a range of optimal appiied pressures which corresponds to a
25  state of zero transmural pressure.

21. A computer implemented method according to any of claims 17-19, wherein the
PPG signal is obtained when the applied pressure is at its optimal.

30 22, A three-axis matrix for deriving a reference scoring system for d etermining
cardiovascular health of a subject, the matrix comprising
() a first axis of categories with each category representing a range of typical
heart rates of subjects;
. (ii) a second axis of categories with each category representing a range of
35 typical respiratory rates of subjects; -
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(iif) a third axis of categories with each category representing a range of typical

SpO2 levels of subjects; and

(iv) a plurality of 3-dimensional cells, each cell corresponding to respective
values of each category at each axis and being associated with respective scores, the
association being used to derive the reference scoring system.

23. 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,
gach 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; _
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.

24, A method of deriving a health index for determining cardiovascutar 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 related o
Sp02;

(i) assigning a score using the values of the at least two reiated parameters
from a reference scdring system, the reference scoring system including 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; and

(iii) deriving the health index based on the assigned scores; wherein the health
index is derived by deriving a preliminary health index from the groupings for each
parameter based on the obtained values and verifying if combination of the groupings
are medically possible, and if medically possible, further verifying if the preliminary
health index requires adjustment based on the combination of the groupings.
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25, Apparatus for deriving a health index for determining cardiovascular health of a
subject, the apparatus comprising
a processor configured to
(i) 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 reiated to

- Sp02;

(ii) assign a score using the values of the at least two parameters‘ from a reference
scoring system, the reference scoring system including a plurality of groupings for each
parameter, and each grouping includes a range of readings for the respective
parameter and is associated with a comresponding score for assigning to, and
depéndence on, the obtained values; and

(iil) derive the health index based on the assigned scores, wherein the health index is
derived by deriving a preliminary health index from the groupings for each parameter
based on the obtained values; and wherein the processor is configured to verify if
combination of the groupings are medically possible, and if medically possible, to
further verify if the preliminary health index requires adjustment based on the

combination of the groupings.

26.  An apparatus according o claim 25, wherein the apparatus is in the form of a

mobile phone.
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