
WO 2012/099534PCT/SG2011/000424 1 Method and Apparatus For Deriving A
Health Index For Determining Cardiovascular Health Background and Field of
the Invention 5 This invention relates to a method and apparatus for
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's health. Such a scoring or charting
system might be able to provide general health information of a patient or
user but is unable to provide specific health information. Further, such a
scoring system requires the 15 information to be interpreted by a health
care practitioner 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 20interpretation 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 30a 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 5p02 and at least one other
parameter;         (ii) assigning a score based on the values of the at
least two parameters from a reference scoring system; and 35(iii) deriving
the health index based on the assigned score.  2 An advantage of the
described embodiment is that the at least two parameters of the PPG signal
of the subject are functionally put together since the health index is
derived based on the assigned score of the collective combination of
parameters and this provides a much simpler and more efficient way of
determining an overall health 5condition of a subject, in particular the
cardiovascular health. It should be appreciated that the described
embodiment may be used for human and/or animal subjects. 



10Preferably, the PPG signal is measured or obtained non-invasively.
Preferably, the at least one other parameter is selected from the group
consisting of heart rate and respiratory rate. The assigned score of the
collective combination of parameters may be used to derive the health index
to represent the cardiovascular 15 health of the subject. Specifically, the
assigned 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 from a matrix
of the at least two 20 parameters, wherein values of the at least two
parameters are mapped to respective 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 (iii) may include deriving a preliminary health index from the
groupings for each parameter based on the obtained values and verifying if
combination of the groupings is medically possible. The method may further
comprise adding up the assigned scores to derive the preliminary health
index.  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 preliminary health index requires adjustment. If
adjustment is needed, the 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 the combination of
groupings with a reference list of parameter criteria or 10parameter
combination. Advantageously, the at least one other parameter is
categorized based on the subject's age group and gender. The health index
may be associated with clinical interpretation of the cardiovascular health
of the person, and the method further includes displaying 15the clinical
interpretation as part of the health index. 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 30pressures 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 35comprising  4
(i) 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
parameter;         (ii) 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 assigned scores. In accordance with
a third aspect of the invention, there is provided apparatus for deriving a
health index for determining cardiovascular health of a subject, the
apparatus comprising a processor configured to obtain values of at least
two 10 parameters from a PPG signal of the subject, the at least two
parameters including Sp02 and at least one other parameter; to assign a
score based on the values of the at least two parameters from a reference
scoring system; and to derive the health index based on the assigned 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;        (ii) 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 25Sp02 levels
of subjects; wherein each category of a said array is associated with a
score; and wherein the combinations of each of the categories of heart
rate, respiratory rate and Sp02 when combined together is associated with a
health index for determining the cardiovascular health of the subject. 



30 In accordance with a fifth aspect of the invention, there is provided a
reference scoring system for determining cardiovascular health of a
subject, the system comprising         (i) a first array of categories with
each category representing a range of typical heart rates of subjects;
35(ii) a second array of categories with each category representing a range
of typical respiratory rates of subjects;  5  (iii) a third array of
categories with each category representing a range of typical Sp02 levels
of subjects;   wherein combinations of the categories of the first, second
and third arrays are associated with respective scores; and wherein each
score provides a health index for 5determining the cardiovascular health of
the subject. Indeed, either of the above reference scoring systems may be
used as part of a method for deriving a health index and this form a sixth
aspect of the invention in which there is provided, a computer implemented
method of deriving a health index for 10determining cardiovascular health
of a subject, the method comprising         (i) obtaining values of Sp02,
heart rate and respiratory rate from one or more PPG signals of the
subject,         (ii) 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, 20each 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; 



25manipulating 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. 30It should
be apparent that features applicable for one aspect may also be applicable
for the other aspects.  6 An example of the invention will now be described
with reference to the accompanying drawings, in which:             Figure 1
illustrates a system/apparatus for deriving a health index/indication for
5determining cardiovascular health of a person according to a preferred
embodiment which is based on respiratory rate, blood oxygen saturation Sp02
level and heart rate of the person;       Figure 2 illustrates a block
diagram representation of the system of Figure 1; Figure 3 is a table which
list features of OLTP Tables and OLAP Tables used in 10a database of
Figures 1 and 2;         Figure 4 is a flow diagram illustrating
respiratory response of a user to decreased Sp02 level;        Figure 5 is
graph illustrating relationship between Sp02 levels and respiratory
response of a person; 15Figure 6 is a table to illustrate categorization or
grouping of 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 20categorization 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; 



25Figure 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; 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 the OLTP
and OLAP tables;             Figure 15 is an illustration of a
cross-section of a blood vessel when a low 35external pressure is applied;
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 illustration of an amplitude of a PPG signal received during
increasing amounts of external pressure in a state of zero transmural
pressure; 5  Figure 18A is an illustration of an optical measurement
device, according to an exemplary embodiment, and Figure 18B is an exploded
view of the optical measurement device of 18A, including an illumination
and detection assembly and a pressure detection assembly;          Figures
19A and 19B are expanded view illustrations of the illumination and
rndetection assembly and pressure detection assembly of the optical
measurement device of Figure 18B and a method of use with a human finger;
Figure 20 is a graphical comparison of a graph of measured voltage of a PPG
signal over time as it corresponds to a graph of an applied amount of
pressure over time; 15Figures 21A and 21B 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 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 20graphical 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 21Al21 B;          Figure 24 illustrates an optical
measurement device integrated with a touch screen display of a portable
device, which is a further variation of the feedback unit of 25Figure
21Al21B;        Figures 25A and 25B illustrate 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; 



30Figures 26A and 26B illustrate a portable device integrated with a
plurality of optical measurement devices in a landscape orientation and a
user's interaction therewith respectively, which is an even further
variation of the feedback unit of Figure 21A/21B;          Figures 27A and
27B illustrate a portable device integrated with a plurality of 35optical
measurement devices located on a side portion of the portable device, which
are variations of the feedback unit of Figure 21Al21B;  8        Figures
28A and 28B are expanded view illustrations of an alternate embodiment of a
method of using the optical measurement device with the human finger to
detect the blood pressure of the human, according to one exemplary
embodiment; 5Figure 29 is a block diagram of the optical measurement device
of Figure 21Al21 B;        Figures 30A, 30B and 30C are graphical
illustrations of signals used in the process of obtaining a direct current
(DC) component of the PPG signal obtained by the optical measurement device
of Figure 21A; 10Figure 31 is an illustration of a sequence of data
collection performed during the process of obtaining the PPG signal using
the optical measurement device of Figure 21A;          Figure 32 is a flow
chart illustrating a method of measuring the PPG signal on the optical
measurement device of Figure 21A using feedback from the pressure
15detection assembly;         Figures 33A, 33B and 330 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 25according to a second embodiment;        Figure 37 is a
table to illustrate categorization or groupings of readings of reference
Sp02 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 30categorization 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 illustrating
how values of the parameters of Figures 36-38 are associated with each
other; 



Figure 40 is a table illustrating how values of the parameters of Figures
36-38 35are 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 permutations of the combinations
of the parameters of Figures 36-38 and including Score and Band variables;
Figure 42 is a health indication table providing preliminary health
indications for corresponding score values and bands of the Score and Band
variables of Figure 41; Figure 43 is a table of a legend describing the
preliminary health indications of Figure 42;        Figure 44 is a table
showing permutations, including those not shown in Figure 41, of the
parameters which results in impossible or atypical iocombinations;
Figure 45 is a flow chart illustrating steps of a method to provide the
health indication using the table of Figure 41; Figure 46 is a schematic
diagram of deriving a reference scoring table of Figure 41; and 15Figures
47a-47c illustrate 3-axis matrices to show association between parameters
of Figures 36-38 in order to derive the 3-axis table of Figure 41. Detailed
Description of Preferred Embodiment 20 Figure 1 shows a system 100 for
determining cardiovascular health of a user according to a preferred
embodiment. The system 100 includes an electronic device such as a mobile
telephone 102 and a web server 104 communicatively coupled to the mobile
telephone 102 via HTTP protocol or other wireless transmission protocol.
The web 25 server 104 is communicatively coupled to a primary database 106.
Figure 2 is a block diagram representation of Figure 1 and shows a
configuration of the primary database 106. It should 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 35to a
measurement unit to obtain a physiological signal from the user and an
example of such a signal is photoplethysmography (PPG) signal. An example
of such a mobile  



10 telephone 102 is disclosed in US Patent Application No. 13/010,705 the
content of which is incorporated herein by reference. It is also envisaged
that the measurement unit may be integrally formed with the mobile
telephone. 5When the PPG signal of the user is obtained, parameters from
the PPG signal are derived from the PPG signal and the parameters are
transmitted to the web server 104 using the HTTP protocol. The mobile
telephone 102 as the client retrieves information using for example, a
'GET' method and transfers information (i.e. including the parameters) to
the web server 104 using for example, a 'POST' method. 10 In this
embodiment, the web server 104 is a Windows ServerTM 2008 and the primary
database 106 is 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 requested by the user. An advantage of using such web
services to communicate 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 20the results back to the client i.e. mobile telephone 102. As
shown in Figure 2, the database 106 is configured with OLTP (Online
Transactional Processing) Tables for instantaneous or rapid data processing
to respond immediately to user requests and OLAP (Online Analytical
Processing) Tables which stores 25 historical data and enables large
amounts of data to be accessed in an intuitive and rapid manner. In this
way, the system 100 is simple and efficient when responding to user
requests. Figure 3 is a table which list the features of the OLTP Tables
and OLAP Tables. 30 The database 106 may be configured to serve multiple
users, typically in thousands, who may be asynchronously communicating with
the database (via the web server 104) to store and retrieve data at any
time of the day. The database 106 is therefore able to instantaneously
allow a user to obtain his/her data or parameters e.g. Heart 35rate,
Respiratory rate, SPO2 readings and his/her current standing in the social
11 network. Further, the database 106 may also provide the user with
historical information such that he/she can identify his health trend. It
should be appreciated that a variety of parameters may be obtained from the
user to 5 provide information regarding the user's health and this may be
the user's heart rate, respiratory rate, blood oxygen saturation level
(Sp02), blood pressure and body temperature etc. These parameters may be
individually monitored and readings obtained to provide information on the
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 in order to provide meaningful health information to the user. 



As a result, in this embodiment, it is proposed to provide a reference
scoring system or chart which bridges the gap between selected parameters
of the user and meaningful 15health information for the user to rely on by
collectively analyzing values of the parameters in order to provide the
meaningful health information.    In this embodiment, the reference scoring
system is based on three parameters of the user: Sp02, respiratory rate and
heart rate, and realization of how these parameters 20are related which is
discussed below: Sp02 and Respiratory Rate Blood oxygen saturation level
(Sp02) depends on partial pressure of oxygen in the atmosphere. If the Sp02
level is decreased, the body's physiologic system responds in 25order to
maintain the normal level of Sp02 level in the blood, ensuring sufficient
oxygen supply to the vital organs and peripheral tissues. One physiologic
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
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 Sp02 level is as shown in Figure 4.  12 oxygen saturation is
decreased due to decrease in atmospheric oxygen, the chemoreceptors are
activated and they discharge impulses to stimulate the respiratory centers
in the person's brain, causing increased ventilation. As a result, Sp02
returns to normal. 5 Therefore, there is an inverse relationship between
Sp02 levels and respiratory rate when Sp02 level is below the normal values
and this is illustrated in a graph of Figure 5. 10As shown in Figure 5,
when there is decreased alveolar P02, arterial P02 falls and in response,
the respiratory minute volume is stimulated to increase. The stimulation is
slight when the P02 of the inspired air is more than 60 mmHg. At lower P02
values, the stimulated respiration rate is appreciably increased for the
same decrease in P02 levels. 15 Sp02 and Heart Rate 



The cardiovascular system and the respiratory system are connected to each
other via blood gases such as blood oxygen level, carbon dioxide level,
etc. Low Sp02 causes 20hypoxic stimulation of the peripheral chemoreceptors
in carotid and aortic bodies which in turn causes an increase in heart
rate, when the ventilation is allowed to increase. Therefore, there is also
an inverse relationship between Sp02 levels and heart rate. 25Three way
relationship of three parameters It is realized that the heart rate and
respiratory rate are not directly related to each other. However, given
that both heart and respiratory rates are respectively related to Sp02,
Sp02 may act as a link between heart rate and respiratory rate, in order to
30create a balanced physiological environment for body organs and system.
Reference scoring system based on three parameters for PPG reading  13 An
example categorization process for the respiratory rate, heart rate and
Sp02 is as follows: i) Respiratory Rate 5 For respiratory rate, in this
embodiment, the readings of respiratory rates are divided into a number of
different 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 respiratory rate and Group I defines the poorest
respiratory rate. 10Groups I and II are in the zone of abnormal RR, where
it is not healthy, while groups III, IV, and V are normal ranges of RR. ii)
Sp02 15Categorization of Sp02 readings is based on partial pressure of
oxygen (Pa02) and the corresponding levels of Sp02, and level of sensory
and mental impairment. Clinically, Pa02 of 80-100 mmHg is the normal level
which corresponds to Sp02 of 95- 100%. Therefore, this range of Sp02 is
defined as the acceptable range. Further, to extract good and above average
health conditions, the 95-100% range is broken into 



20 smaller categories, where Sp02 of 97-98% and SPO2 of 99-100% are grouped
into respective categories. At lower than 95% Sp02 levels, sensory and
mental impairments may occur. At Sp02 levels of between 91-94%, minimal
sensory impairment may occur. . At 90% or lower Sp02 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 Sp02 are divided into different categories or bands to
derive a Sp02 table as shown in Figure 7, which has five groups comprising
Groups I to V, where group V defines the best Sp02 measurement and group I
defines the poorest Sp02 measurement. Similar to RR, groups I and II of
Sp02 are abnormal and may be harmful to a person's health, while groups
III, IV, and 30 V are considered as normal and healthy Sp02. iii) Heart
Rate  14 Heart rate varies with age and gender. As such, categorizations
are provided for various age groups and gender accordingly. Generally,
normal heart rate is 20 bpm higher than the resting heart rate. Normal
heart rate charts for men and women is divided into seven groups as shown
in Figures 8a and 8b which comprises Groups I to 5VII. For HR, Groups I and
II, as well as group III, are considered to be not so healthy, while groups
IV, V, VI, and VII are the normal and healthy ranges. As it can be
appreciated from Figures 8a and 8b, the values are normalized between the
men and women so that they share the same grouping (for example, Group IV
for 10 ages between 18-25 for men corresponds to a heart rate of 86-89
(which is regarded as Above Average), whereas for women, this corresponds
to a heart rate of 90-93 to be Above Average. In this way, the reference
scoring system below is applicable for both men and women. 15After the data
or values of each of the parameters, respiratory rate, Sp02 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 heart rate 20have 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, 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 topmost row representing scores 0 to 7 with
each score being associated with at least one group of the three parameters
respiratory rate (RR), Sp02 and heart rate (HR). 30 As an example, a 30
year old male subject with a RR of 18, Sp02 of 96% and HR of 70 (see Figure
8a which corresponds to Group VII) is given scores of 3 for RR, 3 for Sp02
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.  15 



From Figure 9, it may be observed that the RR scores range from 0-4, Sp02
scores range from 0-5, while HR scores range from 1-7. HR has a wider score
range as it is possible to determine a broader range of health from HR
alone. In contrast, Sp02 has a narrower range as it is not possible to
determine excellent health from very good 5 health based on Sp02. 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 15 is better than RR of 13 or 17. As it
can be appreciated from the reference scoring system as shown in Figure 9,
the 10 total score ranges between 1 and 16. From the final score obtained,
a preliminary health indication is determined based on a health indication
table of Figure 10. For example, a total score of 1-2 yields a grade F with
a health indication as "dangerous" whereas, a total score of 13-14 yields a
grade of A+ and health indication of "Very Good". In other words, based on
the health indication of "dangerous", the user may be 15advised to seek
immediate medical attention, whereas "Very Good" means that the user has
very good cardiovascular health. 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 20users
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 email message may be sent e.g. via the mobile phone 102 or the web
server 104. In the example embodiment, the user may be a part of a social
network, wherein the user has a social network account, and 30other users
within the social network may be informed accordingly via the social
network service provider. The health indication with corresponding "Grades"
of Figure 10 is obtained in line with several rules, some of which are
shown below:  16 1) If all three parameters are of the same score, an
associated health indication result is returned. For example, if all three
parameters have a score of 1 (II, II, I, in the order of RR, Sp02 and HR as
shown in Figure 9), the total score of 3 returns a health indication of
Very Poor. If all three parameters have score of 2 (III, Ill, II), the
total score 5 of 6 would return a health indication of Poor. If all three
parameters have a score of 3 (IV, IV, Ill), the total score of 9 returns a
health indication of Average. If all three parameters have a score of 4 (V,
V, IV), the total score of 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 RR
and Sp02 has a score of "1" each, and HR has a score of "2" (II, II, II),
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 scores away from the score
column of the two parameters, the health indication is determined from the
intermediate grade. For example, supposing RR and Sp02 each has a score of
"1", while HR has a score of "3" (i.e. 20groups II, II and III 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 two 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 30the
"below average" health interpretation would result as shown in Figure 10
(e.g. III, III, III).  5) If all the parameters are under their respective
highest possible score, an indication of "Excellent" is obtained. In the
example embodiment, this occurs for example, when 35RR has a score of 4,
Sp02 has a score of 5, and HR has a score of 7. In the example embodiment,
an "excellent" health indication is also determined when RR is given a  17
score of 4, Sp02 is given a score of 5, and HR is given a score of 6 (V,
VI, VII or V, VI, VI).    6) If one or two parameters achieve a score of
"0" with the remaining one or two 5parameters under the adjacent score of
"1", an overall F grade of Figure 10 would always be determined because of
the dangerous health situation (e.g. I, I, l).  7) To provide a more
accurate health indication, an intermediate range between A and A* range
for scores of 13-14 is introduced and which is associated with the Grade
A+. 10 For example, this is achieved when the parameters fall within groups
V, VI, IV respectively for RR, Sp02 and HR which provides total score of
13, which corresponds to Grade A+ in Figure 10.    It will be appreciated
that the rules governing the table are not exhaustive and may be
15determined otherwise. Special combinations of grades/scores may require
adjustments in order to provide medically accurate health indications.
Further, it should be appreciated that the rules discussed above provide a
framework which validates the grading system. In other words, the "grades"
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 enough to provide
more details which enable 25 medical practitioners to perform follow-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 30condition of the user or patient. Thus, it is preferred to check
the validity of the combinations of the parameters. This is achieved by
working out the possible combinations or permutations in the table of
Figure 9 and combining them with the different health indications/grades of
Figure 10 35and 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.  18 Figure 11 is a non-exhaustive
table illustrating some of the possible combinations. Figure 12 is a legend
which explains what each of the characters under "Interpretations"
represents. 5For example, with reference to numeral 1102 of Figure 11, for
the RR, Sp02 and HR combination of I, I and I, a corresponding
interpretation "d" and Grade (or group) "F" is obtained. Based on the
Figure 12, an interpretation "d" indicates that for such a combination, the
Sp02 is on the low range and HR is increased to compensate for the
condition. Numeral 1104 of Figure 11 shows combination I, ll and IV having
an 10interpretation of "Imp", which from Figure 12 indicates that the
combination is an impossible one, and that no defined group and
interpretation may be provided. Numeral 1106 of Figure 11 shows an example
combination with an associated interpretation "a", and a Grade "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 respiratory
rate (RR) is detected with heart rate (HR) on the low side. An
interpretation of "y" suggests that Sp02 is on the low side and both HR and
the RR are detected to be increasing to compensate for the condition. An
example of this is illustrated at numeral 1108, where the combination of
RR-II, Sp02 - II and HR - I or II is associated 20with a Grade "ID" and an
interpretation of "y". Numeral 1110 of Figure 11, shows an example
combination of parameters associated with the interpretation "N/C" which
represents that a normal compensatory process is in 



place (see Figure 12). The combination represented by numeral 1110 is also
given a 25grade "C". An interpretation of "f" indicates that the user may
be in a dangerous condition since all the parameters are detected to be on
the low side and an example is shown at 1112 for groups III, III and II.
The combination is also given a grade "C". 30 An interpretation of "II"
indicates that the parameter combinations show that the user is in a calm
condition and an example is shown at 1114 corresponding to III, IV and VII
respectively for RR, Sp02 and HR. The combination is also given a grade
"A".  19 with parameters RR, Sp02 and HR having values which fall within
the groups V, VI and VI respectively. In another example, the symbol "cr is
also used to represent parameters having groups V, V and IV, as shown in
numeral 1118. In this combination, a grade A is given. 5 As it can be
appreciated, the grades from Figure 10 and the permutations of the
parameters are analysed to provide the medical interpretation illustrated
in Figure 11 and the above are examples of those grades which may not be
adjusted or manipulated by the system. On the other hand, the following
examples are grades 10which are adjusted accordingly. Combinations being
auto manipulated by the system 100  1) For interpretations of d', the upper
limit of the health indication cannot exceed C. Therefore, the system
subtracts the final score accordingly if the final score points 15 exceed
the upper limit of 'C' band and the maximum health band would be 'C' band.
For example, take the combination RR(Group l), Sp02 (Group II) 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 I which is considered "dangerous"),
the system downgrades the grade to a lower health grade automatically
before presenting the revised grade C to the user. 252) For interpretations
of "a", the upper limit of the health indication cannot exceed B-,
Therefore, the system 100 subtracts the final score accordingly if the
final score points exceed the upper limit of the `B-' band. The maximum
health band thus will be the `B-' band (e,g. I, VI, VII = 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, II = 11 points, but
subtracted into the B grade at 1124 of Figure 11). In 35another example,
for RR=group IV, Sp02=group IV and HR=group II which gives a score of 8,
this converts to a grade of "B-" in Figure 10 and as shown in Figure 11 at 



20 1126, there is no adjustment made since the grade is within the upper
limit of the "B" grade. 4) For interpretations of WI, the health indication
must be B-`. Therefore, the system 5 100 subtracts the final score
accordingly if the final score points exceed the upper limit of the `B-'
band so as to avoid in giving wrong interpretations. (e.g. III, III, VII =
10 points, which is Grade B from Figure 10, but this is downgraded or
subtracted to the B-grade at 1128 of Figure 11) 10These considerations are
based on the possible physiology responses of body. Automanipulation of
algorithm by the software As described above, it is recognized that simply
counting the total scores may result in 15 inaccurate determination of the
health indication and interpretation. As such, the software algorithm
should 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 the
combination is a 20 "normal combination" where no manipulation is needed or
the combination falls within a "special combination" which 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 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. 5bpm, while the Sp02 is normal
e.g. in the >95% range. 30If 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 35health
information will now be described using Figure 1 and Figure 13, which
illustrates a method 1300 illustrating various steps to provide the health
index.  21 Referring to Figure 1, and at step 1302 of Figure 13, the user
obtains his one or more PPG signals using known means, for example a
measurement unit coupled to the mobile telephone 102. The mobile telephone
102 at step 1304 extracts the user's 5 respiratory rate RR, Sp02 and heart
rate HR from the one or more PPG signals, and at step 1306, the mobile
telephone 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 system of Figure 9 at the mobile 10phone
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). Based
on the respective scores associated with each parameter from Figure 9, a
preliminary health index based on Figure 10 is derived at step 1308.
Specifically, 15assume that the values of RR, Sp02 and HR obtained by the
mobile telephone 102 fall within the following groups: RR - Group II -
score 1 Sp02 - Group II - score 1 HR - Group III - score 3. 20 These give a
total score of 5 which means that the Grade from Figure 10 is "C" with a
poor Health Indication, this being the preliminary health index. The mobile
phone 102 next checks the validity of the parameter combinations at step 25
1310 from Figure 11 and in this 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 increasing to compensate for the condition. 30In
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 3510 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  22 may also comprise the grade and/or the
corresponding medical interpretation which is presented to the user. On the
other hand, instead of Group II, Group II and Group III for RR, Sp02 and HR
5 respectively, another set of readings are obtained instead. For example,
assuming that the readings of RR, Sp02 and HR give the following groups:
Group I, Group III and Group V. These give scores of 0+2+5 = 7. According
to Figure 10, this should give a Grade of "B-" i.e. below average. However,
based on Figure 11 at 1132, the Grade of "B-" is not consistent with the
Grade "C" given in Figure 11 for the same combination of 10 groups of
parameters and thus, the method 1300 goes to step 1316 which falls within
the "Special Combination". At step 1318, the method 1300 manipulates the
preliminary health index obtained at step 1308 by downgrading this to Grade
"C", consistent with that shown in Figure 11, and displays this to the user
at step 1314. In this way, the health index is adjusted accordingly to
better reflect the user's health condition. 



15 In a further alternative, it is assumed that the readings of RR, Sp02
and HR give the groupings: Group I, Group I and Group III and according to
Figure 10, the Grade is "D" - very poor - since the total score is "3".
However, at step 1310 when this is checked against Figure 11 at step 1134,
it is noted that such a combination is "Impossible" and 20thus, the method
1300 branches to step 1320 and eventually to step 1322 to display an error
message to the user. As it can be appreciated from the above, these three
parameters RR, Sp02 and HR are combined to 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 also
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.  23
via e.g. publications on social networking websites or via direct messages
as shown at steps 1328 and 1330. Alternatively, the user may elect to keep
his identity secret, but can retrieve scores of other anonymous users such
that he can compare his scores with other users. The individual's score may
be presented as a percentile of the 5population's scores. In such an
embodiment, all scores may be stored anonymously in the database 106. 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 10the same age group, or both. The user may also elect to
add his score to the central database.    As described in the above
embodiment, after each data or values of each parameter, respiratory rate,
Sp02, and heart rate are categorized into their respective groupings, a
15score is assigned based on the combination of parameters. It is
appreciated that each of the parameters, eg respiratory rate, Sp02, 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 health 



20 significance of the manner of combination of parameters or when the
parameters are considered collectively. Thus, a reference scoring system
according to a second embodiment is envisaged which embody this variation
and is independent from that proposed above, although elements described
below may also be applicable for the one described earlier. 25 Figure 36 is
a table to illustrate categorization or grouping of readings of reference
respiratory rates of subjects as part of the reference scoring system
according to the second embodiment. Comparing Figure 36 with Figure 6, it
should be appreciated that both figures are similar except that the values
of the respiratory rates are slightly 30revised in Figure 36. It should be
appreciated that the values and ranges shown in Figure 36 may also be used
for Figure 6 and vice versa.    Figure 37 is a table to illustrate
categorization or groupings of readings of reference Sp02 levels of
subjects as part of the reference scoring system. Again, the content of
35Figure 37 is similar to the one shown in Figure 7, but consists one less
group, and the  24 values are of the Sp02 are also revised. Again, values
of such a table may also be used for the table of Figure 7, and vice versa.
Figure 38 comprises Figures 38a and 38b which are tables illustrating
categorization or 5 groupings of readings of heart rates for male and
female respectively as part of the reference scoring system of the second
embodiment. In addition to the fields and rows shown in Figure 8,
additional sub-groups Vila and VIlb, for heart rate Group VII for both men
and women 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 10heart rates in the range of 50 to 60bpm. These
sub-groups thus enable further distinction between the very 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 significance,
with "RR" being respiratory rate, and "HR" being heart rate. In Figure 39,
an index of "1" is associated with RR of =5 and =25, Sp02 of =90, and HR 20
is based on Groups 1 & 2 of Figure 8 (It should be apparent that although
different conventions are used, Groups 1, 2 etc in Figure 39 correspond to
Groups I, II etc of Figure 38). On the other hand, an index of "5" is
associated with RR of 6 to 9, Sp02 of 99 to 100, and Group 6 of Figure 39.
For example, based on Figure 39, RR of 17 would be deemed to have equal
health significance as Sp02 of 95 and HR belonging to 25Group 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 Sp02 and HR. When both Sp02 and HR
are in the normal range, i.e. Sp02 having 95% to 100% (i.e. having any of
the scores 3 to 5) and HR with Group 4 and above, 35RR 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
maximising  25 oxygenation from each breath. For this reason, Figure 39 is
catered for the healthier group of users, with RR 6 to 9 being placed on
the better end of the scoring spectrum. On the other hand, for the less
healthy, RR of 6 to 9 may be an indication of ill health. The segregating
factor here would be if either parameter of Sp02 or HR is below normal.
When Sp02 and/or HR are outside of the defined normal range, RR of 6 to 9
is taken to be below normal as well, as shown in Figure 40. This would
place RR 6 to 9 in a position slightly better than RR of 21 to 24, but
still not good enough to be considered in the normal ranges of RR. 10 From
Figures 36 and 37, it may be observed that RR and Sp02 have five categories
each, while HR has six categories (or different indexes). HR has a wider
scoring range as it is possible to determine a broader range of health from
HR alone. In contrast, Sp02 has a narrower scoring range as firstly, the
range of normal Sp02 in a person is 15 rather limited, and also because it
is hard to determine very good health based on Sp02 alone. For example, it
is hard to conclude that an individual with Sp02 of 98% is necessarily
healthier than 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. 20Based
on these correlation factors, a three-axis 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 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 matrix 4800, where
three axes 4802,4804,4806 represent the respective three parameters of RR,
Sp02, 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 =90
and HR Groups 1&2, while cell F represents the score associated with RR
21-24, Sp02 91-94 and HR Groups 1&2.  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 of cell C, cell C -3 of cell D, and so on. This is repeated for
every cell in each axis' direction, for example score of cell B of Figure
47b is -5 of cell F, and cell K of Figure 47c may be -3 of cell L, until
the entire matrix is populated 5 with scores. By this method of
calculation, the score in cell A will always be the lowest score,
corresponding to the combination of parameters RR =5 & =25, Sp02 =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 from Figures 47a-47c, and each
of these range of values are associated with respective Interpretation,
Score and Band. The Interpretation column provides a medical interpretation
symbol for each 



combination of RR, Sp02 and HR, and likewise, the Score provides a score
from 0 to 15 100, and the Band provides a corresponding band from 1 to 8.
The provision of a band and its associated score allows a useful and more
meaningful indication to the user of his/her overall cardiovascular health
status. For example, the score may 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 health and 20the
associated band may help to clarify this. However, the person would know
that his/her health would be better 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 92 out of 100. 25 As it can be appreciated from the reference
scoring system discussed above, the total scores are on a scale of 0 to
100. From this score, a preliminary health indication is determined based
on a health indication table as shown in Figure 42, where each score range
is associated with a band, with band 1 being the best, and band 8 the 30
worst. For example, a score of 36 will be placed in band 8, giving a health
indication of "Critically unhealthy", whereas a score of 93 will yield the
health indication of "Very healthy". In other words, based on the health
indication of "Critically unhealthy", the user may be advised to seek
immediate medical attention, whereas "Very healthy" suggests that the user
is in good cardiovascular health and should aim to maintain or 35further
improve on his or her health.  27 Also depicted in Figure 41, each
combination of the parameters is associated with one of the medical
interpretation symbols, based on the medical nature of each specific
combination. Figure 43 is a 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 index, 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
telephone of the user (see Figure 1). An advantage is that users are thus
no longer required to monitor and compare individual 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. Alternatively, or in addition, a local
hospital or family 15 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 or the web server. In the
example embodiment, the user may be part of a social network, wherein the
user has a social network account, and other users within the social
network may be informed accordingly via the social network service
provider. 20 An advantage of the present system 100 is that the health
indication which is understandable by the user is presented as an
indication of the user's cardiovascular health and yet the system 100 is
flexible enough to provide more details which enable medical practitioners
to perform follow-up actions based on the total score and/or 25 health
indication. However, it has been found that simply having the health
indication from the scores may not be an accurate representation of the
user's cardiovascular health since there may be permutations which do not
make medical sense or there may be a need to revise the health indications
to more appropriately define the health condition of the user or patient.
Thus, it is preferred to check the validity of the 



30combinations 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- 35exhaustive) which
includes those not shown in Figure 41, and Figure 44 illustrates
combinations of the parameters, RR, HR and Sp02 which result in impossible
or  28 atypical combinations and a corresponding band. In short, there are
two broad classes of combinations which may be considered as abnormal, the
impossible combinations and the atypical combinations. 5For the impossible
combinations, these are defined by the criteria stated as medically
impossible. For example, it is medically impossible to have RR of 17, with
heart rate of 80 (i.e. Group 4), and Sp02 of 88%. The only chances of these
combinations occurring would be if the user was voluntarily manipulating
his or her bodily functions or if something highly unusual was going on in
the user's cardiovascular system. In these 10 cases, the system will prompt
the user to retake their measurements by perhaps showing an appropriate
message on the mobile phone 102. A band "Imp" is allocated to define the
impossible 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 fact, when all three parameters are looked at together,
taking into consideration their manner of correlation, the combination may
be rather unhealthy, or vice versa. Thus for these combinations in the
atypical zone, the bands or corresponding health indications, would have to
be manipulated in order to depict a more accurate interpretation. 20
Examples of combinations being auto manipulated by the system  Based on the
criteria list shown in the table of Figure 44, the affected combinations
need to have their health bands manipulated by the system. 25For the
impossible combinations, all combinations that come under the impossible
criteria would have their respective health band set to "Imp", and no score
is assigned to the combination. As an example, the first 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 3900 of Figure 41, it can be seen that 30the combination of RR 10 to
14, Sp02 91 to 94, and HR of Group 6 has been set to impossible, as
stipulated by the impossible criteria. The manipulation of atypical
combinations involves more steps. Firstly, the health band 



will have to be modified to the appropriate band based on the criteria
specified in 35Figure 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  29 44, then the 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, since this combination of RR =5, =25, Sp02 5 99
to 100, and HR of Group 7 is one of the criteria in the atypical
combinations criteria list, its initial health band of band 4 has now been
set to band 5. Its score has also been adjusted such that it fits into the
range of band 5 scores. In another example of RR 6 to 9, Sp02 =90, and HR
group 7, the initial scoring would 10 have placed this combination in band
5. However, crosschecking with the atypical criteria list in Figure 44,
this particular combination should be a band 8. Thus, Figure 41 shows the
already manipulated band of band 8, and the score that has been adjusted
accordingly to 39, which falls into the band 8 scoring range. 15As it can
be appreciated, in this second embodiment, the manipulation of any bands
and/or scores is performed earlier and the 3-axis table of Figure 41
already includes the manipulated bands and/or scores. This is different
from the earlier embodiment in which manipulation is performed each time
measurements are taken and their associated scores calculated. 20 Using
another example of using the table of Figure 44 to change or manipulate the
bands, assuming the combination of RR of 6-9, HR in group 3 and Sp02 of
99-100. Figure 44 stipulates that this combination needs to be in band 5.
Thus, if the system detects that such a combination is not in band 5, the
band is manipulated so that in the 25table of Figure 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 II of Figure 38b),
based on the initially assigned score, she would have been assigned 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.  30 combinations that are not
defined in the criteria list of impossible or atypical combinations. Thus
no manipulation is needed for these normal combinations. Automanipulation
of algorithm by the software  



5As described above, it is recognized that simply using a generic scoring
reference table may result in inaccurate determination of the health
indication and interpretation. As such, the software algorithm should take
into account these atypical combinations of scores and perform the
necessary score adjustments, in order for a more accurate representation.
In the example embodiment, the software will first identify if the
10combinations of the three parameters fall into the criteria 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-47c as explained earlier. 20After 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 Sp02 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 normal combinations which require
no amendments as shown at step 4418.  31 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 accordingly
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 manipulated 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: 101. 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 1542. 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 Vila and VIlb for heart rate of Group VII. These sub-tables
are applicable where combinations involving HR Group 7 have RR and Sp02
that are within normal ranges. This then 20completes 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 25table 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 step 4302 extracts the user's respiratory rate RR, Sp02 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.  32 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). Based on groupings in the table of Figure 41, it is checked
if the combination of the parameters falls within valid or invalid
combinations at step 4308. For example, if the combination falls within any
of the impossible combinations defined in Figure 44, the mobile phone 102
returns an impossible combination at step 4310 and displays an error
message at step 4312 perhaps to ask the user to recapture his PPG signal
and 10the flow goes back to Start and eventually to step 4300 again. At
step 4308, if the validation returns a possible combination, the method
goes to step 4314 to obtain the corresponding scores and band
classification from Figure 41 and the clinical interpretation from Figure
42. 15 Next, at step 4316, the score, band classification and the
interpretation as obtained from Figures 42 and 43 are displayed as the
health index to the user via the mobile phone 102. It is possible the
health index is represented by any of these elements, for example, only the
score, or a combination of the score and band classification and how
20detail 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 to provide various features to assist the user. 30 For example,
the user may be provided with options to share his score with other users
via e.g. publications on social networking websites or via direct messages
as shown at steps 4322 and 4324. Alternatively, the user may elect to keep
his identity secret, but can retrieve scores of other anonymous users such
that he can compare his scores with other users. The individual's score may
be presented as a percentile of the 35population's scores. In such an
embodiment, all scores may be stored anonymously in the database 106. 



33 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 5database. 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
10other 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 tables and allows user information to be effectively archived
for future analysis and to e.g. identify the trend of the user's health. As
explained earlier, the PPG signal may be obtained using any known means.
Also, 20 the parameters may be derived from one or more PPG signals derived
from respective sources. Further, it is preferred to obtain the PPG signal
based on the device as proposed in US Patent Application No. 13/010,705 for
better accuracy, the content of which is incorporated herein by reference.
25The 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 30good 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 35external
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  34 



obtained. On the contrary, as illustrated in Figure 16, the application of
too much external force causes the blood vessel 300 to be occluded at the
measurement site 302 where the pressure is applied, resulting in resistance
of regular blood flow and generating skewed PPG signal data. If the
external pressure is too small or too high, 5 the reaction pressure at the
wall of the blood vessel 300 is low, and thus a small PPG signal will be
observed. Figure 17 is a graphical illustration of the amplitude 502 of a
measured PPG signal in comparison with an amount of applied external
pressure. With a low applied pressure in range A, the amplitude 502 is
correspondingly low. As the applied pressure is increased, in range B, the
amplitude also increases. However, 10  when the applied pressure increases
beyond a certain point, the amplitude decreases again, as shown in range C.
To obtain a strong PPG signal, the external pressure should be sufficient
to minimize transmural pressure such that the external pressure is equal to
the internal pressure. 15 Further illustrated in Figure 17 is a range 504
within range B where the amplitude of the PPG signal is at its peak. Within
this range 504, an externally-applied pressure is instantaneously balanced
with the internal arterial pressure, thus resulting in a state of zero
transmural pressure. At zero transmural pressure, the arterial walls are
unloaded and the arteries will not change in size. Consequently, the blood
volume within the 20  arteries at the measured region will not change and
can be accurately measured to provide a good quality PPG signal. In this
exemplary embodiment, the pressure assembly seeks to achieve and to
maintain an optimal pressure for obtaining an optimum PPG signal over an
extended 25 period of time. By providing real-time, instantaneous feedback
to a user being measured, the user is able to instantly adjust the amount
of pressure being applied to the device in order to obtain an optimum PPG
signal. However, the optimum pressure may not only be a result of a state
of zero transmural pressure, but may also result from the effects of
absorption and scattering paths of light as light travels in and out of 30
a portion of tissue of a user being measured. For example, where the
pressure is too low, a light source may not be able to penetrate the tissue
surrounding the blood vessel which is being measured. Therefore, light may
not travel in and out of the finger effectively enough for a good PPG
signal to be detected. Where the pressure is too high, light may be
absorbed or scattered such that the amount of light detected is
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 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 amount of pressure being applied to the device. In a
variation, the feedback may be in the form of tactile feedback, wherein the
device produces e.g. a small vibration when the applied pressure is at an
optimum range. 10 Figure 18A illustrates one exemplary embodiment of an
optical measurement device 600, and Figure 18B illustrates an exploded view
of the optical measurement device 600, showing the arrangement of an
illumination and detection assembly 602 and a pressure detection assembly
604. As illustrated in Figure 18A, the illumination and 15 detection
assembly 602 and pressure detection assembly 604 may be integrated as a
single, compact optical measurement device 600 surrounded by a housing 601
for portable use. In the exploded view in Figure 18B, the housing 601 is
shown divided into a top casing 603 and a base casing 605, with the
illumination and detection assembly 602 and pressure detection assembly 604
enclosed therein. The integration 20 of the pressure detection assembly 604
with the illumination and detection assembly 602 provides a simple,
comfortable interaction for the user, and the use of a pressure detection
assembly 604 which provides real-time feedback to the user improves the
quality, or amplitude, of the received PPG signals. The optical measurement
device 600 is connected with a feedback unit 606 (see Figure. 21A), which
receives the PPG 25 signals and pressure measurements from the optical
measurement device 600 and provides feedback to the user regarding the
amount of pressure being applied. As it can be appreciated, in this
embodiment, the feedback unit 606 is in the form of the mobile telephone
102 of Figure 1 (shown enlarged in Figures 21A and 21B). 30The 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 35portion of living tissue of
the user.  36 In one exemplary embodiment, the pressure detection assembly
604 is a pressure sensor that detects the amount of pressure that has been
applied by a body part of the user, such as a finger. The pressure sensor
may be a thin film flexible printed circuit. Nevertheless, any other force
measuring device that is capable of sensing an applied 5 contact force may
be used. As illustrated in the exploded view of the optical measurement
device in Figure 19A, the pressure sensor 604 may be positioned below the
PPG sensor 602, so that the force applied by a user's finger 612 is
translated through the PPG sensor 602 to the pressure sensor 604. The
pressure sensor 604 then gathers and tracks the external force exerted by
the user's finger 612. Figure 19B 10 illustrates an assembled view of the
pressure sensor 604 together with the PPG sensor 602 in operation, where
the user's finger 606 is placed in contact with the PPG sensor 602. Instead
of a mobile telephone 102, the feedback unit 606 may be a computer
including 15 a processor, a memory and optionally a display, as is further
described below with regard to Figure 34. The feedback unit 606 receives a
PPG signal and pressure measurements from the optical measurement device
600, and temporally correlates the PPG signal with the pressure
measurements in order to determine an optimal amount of pressure that
provides an optimal PPG signal, as shown in the comparison 20  PPG signal
graph 802 and applied pressure graph 804, illustrated in Figure 20 and
described in more detail below. The feedback unit 606 may be provided with
a display 614, as illustrated in Figures 21A and 21B. The display 614 may
provide visual feedback to the user in the form of a 25 graphical user
interface (GUI) during the process of measuring the PPG signal. The visual
feedback may be a real-time display of the detected PPG signal 616 so that
the user can instantly see the effect of varying the amount of pressure
being applied to the optical measurement device and adjust the amount of
pressure until an optimum PPG signal is displayed. The display 614 may also
provide a real-time graphical 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 35by 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,  37 by
displaying the detected PPG signal 616 and possibly the pressure status bar
620, the feedback unit 606 is not required to compute an amount of pressure
that provides an optimum PPG signal, as the user is performing this step
manually by analyzing the displayed PPG signal 616 and making adjustments
without guidance by the device. 5 FIG. 21B illustrates the feedback unit
606 and the optical measurement device 600 in operation, where a user's
finger 612 is positioned on the optical measurement device 600. In an
exemplary embodiment illustrated in Figure 22, the feedback unit 606 may 10
generate and display a GUI with a more simplified indication of whether the
user should adjust the amount of pressure to provide more, less or the same
amount. There may be any number of ways to provide this type of GUI. For
example, symbols or shapes - perhaps even color-coded in a traffic-light
colored display - may be displayed to tell the user to adjust the amount of
force being applied. Similarly, the GUI may simply display 



15 words telling the user to "Apply More Pressure, "Apply Less Pressure,"
or "Apply the Same Amount of Pressure." In Figure 22, a highlighted box 622
may be placed over the pressure status bar 620 to identify an optimum range
at which pressure should be applied for a particular user. In this
embodiment, the feedback unit 606 analyzes and compares the measured PPG
signal and corresponding applied pressures in real-time 20 in order to
determine a range of applied pressure which provides the highest amplitude
of PPG signal - usually a state of zero transmural pressure. The feedback
unit 606 then provides corresponding indicators to the user on the display
614 depending on whether the user is applying pressure within, above or
below the determined range. 25In an exemplary embodiment, the feedback unit
606 may not require a display, as it could provide audible commands to the
user through a speaker or other audio output component. For example, the
audio device could simply talk to the user to say "Apply More Pressure,"
"Apply Less Pressure," or "Apply the Same Amount of Pressure." The audio
feedback could also be in the form of musical tones of different pitches or
sounds 30  - 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 35out. This may
involve asking the user to apply a variety of different pressures to the
38 device during a fixed period of time, during which the feedback unit
measures the PPG signal detected during that time period and determines a
range of applied pressure which obtains an optimal PPG signal. For example,
the user may be asked to exert pressure while following a profile of
pressure ranges over a period of time, such as the 5 force profile 808 in
the applied pressure graph 804 in Figure 20. As a result of the
calibration, the device 600 is able to obtain a range of applied pressure
for each individual user, rather than a generalized range which will not be
accurate depending on the individual user being measured. 10Instead of a
mobile telephone, it should be appreciated that the feedback unit 606 may
be any portable device, such as a smartphone, personal digital assistant
(PDA), tablet, netbook or laptop, although this list is not exhaustive by
any means. However, the feedback unit 606 may not need to be 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, 20processing and display for
an Apple@ iPhone@, although one of skill in the art will recognize that
other portable devices may be used as described above. The illumination and
detection assembly 602 may be connected with the feedback unit 606, in this
case a portable device such as an iPhone@, using the 30 pin connector at 25
the base of the feedback unit 606. After establishing physical connection
of the illumination and detection assembly 602 with the feedback unit 606
or any other form of processing device, a microcontroller unit (MCU) 640
(see FIG. 17) in the illumination and detection assembly 602 extracts
information for authentication purposes prior to sending of data to the
feedback unit 606 or any other form of processing device. This
30authentication process may be specific to the iPhone@, as Apple@ requires
that any device using the 30 pin connector purchase an authentication token
from Apple(r).  WO 2012/099534PCT/SG2011/000424 



39  iPhone(r). Strings of data are sent to UART every 8 milliseconds from
the MCU of the 'illumination and detection assembly 602 to the iPhone(r).
The data is comprised of 2 bytes of header and 10 bytes of payload. The
payload is 5 sub-divided into 5 parts, each comprising 2 bytes of data:
DC1(IR), DC2(Red), PPG1 (IR), PPG2 (Red) and FS (Force Sensor). This data
is obtained in a HEX file format and is then converted to back to voltage
(V). Referring back to Figure 35, DC1 and DC2 provide information for the
DC component 10 104 of the PPG waveform, thus enabling calculation for
saturation of peripheral oxygen, or Sp02. PPG1 and PPG2 establish the
actual PPG waveform and provide information for the AC component 102 of the
PPG waveform. FS sets out to provide information of the amount of pressure
applied to the illumination and detection assembly 602. An example of the
data decoding format is show in Table 2, below. Time (ms) D ata from Device
DC1 (Hex) DC2 (Hex) PPG1 (Hex) PPG2 (Hex) FS (Hex) DC1 (V) DC2 (V) PPG1 (V)



PPG2 (V) FS (V) 0 F0E20A01023A01F00350055E 0701 023A 01F0 0350 055E 2.8905
0.9189 0.7996 1.3671 22150 8 F0E20A01023A02A80347056D 0701 023A 02A8 0347 



056D 2.8905 0.9189 1.0962 1.3526 2.2392 16 F0E20A01023A03180287057A 0701
023A 0318 0287 057A 2.8906 0.9189 12768 1.1204 2.2602 24
F0E20A01023A0314026D0584 0701 023A 



0314 0260 0584 2.8905 0.9189 1.2703 1.0011 2.2763 32
F0E20A01023A029E02D0058C 0701 023A 029E 02D0 0580 2.8905 0,9189 1.0801
1.1607 2_2892 40 F0E20A01023A01E303550591 



0701 023A 01E3 0355 0591 2.8905 0.9189 0.7787 1.3751 2.2973 48
FOE20A01023A012003400592 0701 023A 012D 0340 0592 2.8905 0.9189 0.4852
1.3413 2.2989 



56 FOE20A01023A00C402AE0591 0701 023A 0004 02AE 0591 2.8905 0.9189 0_3160
1.1059 2.2973 64 FOE20A01023A00D0026E058D 0701 023A OODO 026E 058D 2.8905
0.9189 0.3353 



1.0027 22908 72 F0E20A01023A014D02DB0685 0701 023A 014D 02DB 0585 2.8905
0.9189 0_5368 1.1785 2.2779 80 FOE20A01023A0209035A057B 0701 023A 0209 035A
0576 2.8905 



0.9189 0_8399 1.3832 2.2618 88 F0E20A01023A02BCO338056E 0701 023A 0260 0338
056E 2.8905 0.9189 1.1285 1.3284 2.2408 96 F0E20A01023A031F02A5055F 0701
023A 031F 02A5 



055F 2.8905 0.9189 1.2881 1.0914 2.2167 104 FOE 20A01023A03 OB0270054 E
0701 023A 0306 0270 054E 2.8905 0.9189 1.2558 1_0060 2.1893 112
F0E20A01023A028802E-5053B 0701 023A 



0288 02E5 053B 2.8905 0.9189 1.0447 1.1946 2.1586 120
F0E20A01023A01F00350055E 0701 023A 0109 035E 0526 2.8905 0.9189 0.7367
1.3896 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 29.      To determine the DC component of the
PPG signal, the raw signal 642 obtained from a 25photodetector 610 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 before sending collated data to the processor 650. Using
the raw samples, a baseline DC component can be determined by the processor
650. At the processor 650, the digital values for Vsub (IR) and Vsub (RED)
(i.e. the DC 5components) are calculated. The Vsub signals 652 are
subsequently converted by a digital-to-analog converter (DAC) 654. The
determined DC component (Vsub) is then subtracted from the raw signal, Vraw
to obtain Vac 656. The new raw signal, Vac 656, then undergoes a second
stage 10amplification at a second stage amplifier 658 to obtain Vppg 660,
where the signal to noise ratio is improved compared with Vraw 642.    The
resolution of the new raw signal 660 is thus enhanced substantially when
digitized at ADC2 662, as can be seen from the graphical representations of
the Vraw signal 15642 in Figure 30A, Vac 656 in Figure 30B, and Vppg 660 in
Figure 30C. Referring to Figure 31, in order to collect the data, an MCU
clock 1200 is set to toggle at a predetermined interval to accommodate
retrieving results from both LED(IR) and LED(RED) (not shown) during a
respective first interval 1202 and second interval 1204. 20 In the
non-limiting embodiment shown in Figure 31, the interval 1210 is set to 4
milliseconds. The data collection sequence is then repeated in the third
interval 1206 and fourth interval 1208. Before each toggle between the two
LEDs, data from ADC1 644 and ADC2 662 are taken and sent to UART. 25A
method of using the optical measurement device 600 is described herein with



reference to Figure 32, with a corresponding exemplary GUI illustrated in
Figures 33A - 330. A user seeking to obtain his or her PPG signals will
first place a body part, such as a finger, on the sensor surface of the
optical measurement device (S1402). Calibration of the device to the
individual user may be performed (S1404), where the 30 user is asked to
apply an amount of pressure over a specific period of time, corresponding
to a force profile 804, (see FIG. 20). In other words, the user is asked to
vary the applied pressure such that the system can determine an optimum
pressure for the user by analyzing the resulting PPG waveforms that result
from the variety of applied pressures (S1406). The user may also be
presented with at least one 35measured PPG waveform generated by a
particular amount of applied pressure, as  41 illustrated in the graphical
displays in Figures 33B and 330. FIG. 33A is a graphical display 2106 which
shows the relationship of a calculated area 2110 under the curve in Figures
33B and 330 with respect to applied pressure 2108. Figures 33B and 330 are
graphical displays 2102 and 2104, respectively, which illustrate the
different PPG 5 waveforms at different applied pressures, and how the area
under curve of the PPG waveform is computed. As shown in FIG. 33A, the
optimum pressure 2118 applied in FIG. 330, 299 mmHg, corresponds to the
largest area 2110 of PPG waveform detected during the calibration (S1404).
Once this optimum pressure is determined, a subsequent measurement period
begins, during which the user is asked to apply 10 pressure within an
optimum range above and below the optimum pressure (S1408). As previously
described with regard to Figure 21A, the amount of pressure being applied
by the user may be displayed in a graph 618 on the display 614 so that the
user can see the amount of pressure being applied in real-time. The graph
618 may also be displayed using the pressure status bar 620. If the amount
of force being 15 applied by the user falls outside of the optimum range,
the system can detect this in real-time and will ask the user to increase
or decrease the applied pressure in order to remain within the range of
optimum pressure and record the best possible PPG signal quality (S1410).
20Optimum pressure is determined as the pressure at which the measured PPG
signal has the largest waveform amplitude, or area 2112 under the PPG
waveform, as shown in Figure 33B by the area 2112 bounded by the PPG signal
2114 and baseline 2116. Figure 33A then graphs the variation of the area
2112 under the PPG waveform with respect to the pressure 2108 applied on
the sensor. As may be observed in this 25  example, the optimum pressure
2118 is at 299 mmHg, where area 2112 under the curve is at its maximum of
11.63. Figure 34 is a block diagram that illustrates an embodiment of a
computer/server system 2200 as the feedback unit 606 upon which an
embodiment of the inventive 30 methodology may be implemented. The system
2200 includes a computer/server platform 2201 including a processor 2202
and memory 2203 which operate to execute instructions, as known to one of
skill in the art. The term "computer-readable medium" as used herein refers
to any medium that participates in providing instructions to processor 2202
for execution. Additionally, the computer platform 2201 receives input
35from a plurality of input devices 2204, such as a keyboard, mouse, touch
device or  42 verbal command. The computer platform 2201 may additionally
be connected to a removable storage device 2205, such as a portable hard
drive, optical media (CD or DVD), disk media or any other medium from which
a computer can read executable code. The computer platform may further be
connected to network resources 2206 5 which connect to the Internet or
other components of a local public or private network. The network
resources 2206 may provide instructions and data to the computer platform
from a remote location on a network 2207. The connections to the network
resources 2206 may be via wireless protocols, such as the 802.11 standards,
Bluetooth(r) or cellular protocols, or via physical transmission media,
such as cables or 10 fiber optics. The network resources may include
storage devices for storing data and executable instructions at a location
separate from the computer platform 2201. The computer interacts with a
display 2208 to output data and other information to a user, as well as to
request additional instructions and input from the user. The display 2208
may therefore further act as an input device 2204 for interacting with a
user. 15 



The monitoring of (i) the PPG signal from the illumination and detection
assembly and (ii) the amount of force exerted by an individual from the
pressure assembly thus enables the optical measurement device to obtain an
optimum PPG signal with a high signal to noise ratio. The signal to noise
ratio is augmented in an optical signal. The 20  optical measurement device
provides for a PPG signal to be acquired at a zero transmural pressure that
is unique to each user using the device. It should be appreciated that the
embodiment described herein aims to provide a device and method capable of
augmenting signal to noise ratio in an optical signal of an illuminated
region at a measuring site of a body part of a user. The embodiment also
provides for detecting the optical response formed by both light reflected
from the measuring site and the light transmitted through the measuring
site. The embodiment described herein utilize redirecting reflections of
light on its way towards the measuring site (i.e. blood vessels) back to
the region of interest. 30 In an additional exemplary embodiment, the
device may perform a series of calibration steps for each individual user
in order to determine an optimum range of pressure for each individual. The
subsequent steps of capturing the PPG signal will then use the
predetermined optimum range as the benchmark for obtaining an optimum PPG
signal. 35The described embodiment is not to be construed as 'imitative.
For example, the described embodiment describes the use of three parameters
RR, Sp02 and 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" or human
subject but it should be appreciated that the embodiment may be adapted to
apply to other subjects such as animals. The reference scoring system is
illustrated as a chart in Figure 9 but the system may 10 take other forms,
especially if the method is implemented by a computer. In other words, the
described method need not be implemented by a computer and may be
implemented by manual means. In the described embodiment, the optical
measurement device 600 is separate from the 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 detection device 600 is incorporated within
a housing 624 of a portable device 606; in this case located near a menu
button 626 of the portable device 606 and separate from a display 614. With
such a configuration, 20 the portable device 606 is capable of carrying out
processing functions for the optical detection device 600, such as signal
conditioning and signal processing. As described below with regard to the
block diagram in FIG. 29, the optical detection device 600 integrated with
the portable device 606 would only require a sensing portion 628, while 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 35the pressure detection assembly
can be provided by the touch screen display 614 directly, thereby
eliminating the need for a separate pressure detection assembly. 



44 Therefore, only the illumination and detection assembly of the optical
detection device would be separately required, such as red and infrared
(IR) LED light sources and a photodetector. In another exemplary
embodiment, the illumination and detection assembly may comprise a camera
and flash of a smartphone or other portable device, such that the camera
functions as the photodetector while the flash functions as the light
source. The flash and camera would be located proximate to each other on
the portable device, and the flash would be configured with a red LED and
infrared LED to output the 10  required wavelengths of light. In this
exemplary embodiment, the pressure detection assembly would be the only
significant modification required on the portable device. Figures 25A and
25B 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 600 and more easily view a
larger time period of the PPG signal 616. Figures 26A and 26B illustrate
another exemplary 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 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 600B may be located on a
side portion 636 of the portable device 606, 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
portable 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 illustrated in Figures
26Al26B and 27Al27B, because there are a plurality 35of optical detection
devices 600A and 600B, there may also be a corresponding  45 plurality of
PPG signals 616A and 616B and pressure status bars 620A and 620B
accordingly. The feedback unit may also include software or other computer
programmable 5 instructions which 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 correlation of the
detected PPG signal and pressure measurements. As described herein, the
resulting optimal PPG signal provides a highly accurate 10 measurement of
various physiological parameters detected by photoplethysmography, such as
a saturation level of oxygen in blood (i.e. Sp02). 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 blood 15 pressure involves placing
the side 638 of the finger 612 where the digital artery lies onto the
illumination and detection assembly 602, as illustrated in Figures 28A and
28A. As shown in Figure 20, a PPG signal 806 in the PPG signal graph 802 is
monitored while the user applies vertical downward force onto the pressure
sensor 604 following a pre-determined applied force profile 808 with
respect to time, as shown in 20 the applied pressure graph 804. The basic
fundamental behind this analysis is to identify when the PPG signal 806
begins to display a PPG waveform (point 810) and when the PPG signal
finally dies off (point 812), as these points are indirectly associated
with the highest and lowest point of the blood pressure. In addition, with
this analysis, the external pressure needed to achieve zero transmural
pressure can be 25 determined. When zero transmural pressure is achieved,
the PPG waveform reflects the highest amplitude, as shown at area 814 in
the PPG signal graph 802. In Figure 20, as the amount of applied pressure
follows the profile 808 of rapid increase and gradual decrease over time,
the PPG waveform 806 changes in amplitude accordingly. Thus, looking at the
entire range of PPG waveform from 810 to 812 with respect to 30 applied
force 808, the highest amplitude PPG waveform 814 provides an indication of
the corresponding position on the applied pressure graph 804 where an
amount of applied pressure results in zero transmural pressure state. 



Having now fully described the invention, it should be apparent to one of
ordinary skill 35in the art that many modifications can be made hereto
without departing from the scope as claimed.  46 CLAIMS  1. A computer
implemented method of deriving a health index for determining
cardiovascular health of a subject; the method comprising 5(i) obtaining
values of at least two parameters from one or more PPG signals of the
subject, the at least two parameters including Sp02 and at least one other
parameter;        (ii) assigning a score based on the values of the at
least two parameters from a reference scoring system; and 10(iii) deriving
the health index based on the assigned score.  2. A computer implemented
method according to claim 1, wherein the at least one other parameter is
selected from the group consisting of heart rate and respiratory rate.
153.A computer implemented method according to claim 1 or 2, the reference
scoring system includes 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. 204.A computer implemented method according to
claim 3, wherein the score is assigned based on a combination of the values
of the at least two parameters.    5. A computer implemented method
according to claim 3 or 4, wherein the reference scoring system further
includes respective band classifications associated 25with each
corresponding score.  6. A computer implemented method according to claim
any of claims 3 to 5, each corresponding score is associated with clinical
interpretation of the cardiovascular health of the subject. 30  7. A
computer implemented method according to any of claims 3 to 6, further
includes deriving a preliminary health indication based on the score.    8.
A computer implemented method according to any preceding claim, wherein the
35reference scoring system is derived from a matrix of the at least two
parameters,  



47 wherein values of the at least two parameters are mapped to respective
cells associated with respective preliminary scores.  9. A computer
implemented method according to claim 8, wherein the preliminary 5 scores
are associated with respective preliminary bands; and the method further
include adjusting the preliminary scores and/or preliminary bands to derive
the reference scoring system. 10. A computer implemented method according
to claim 3, further comprising 10adding the assigned scores together to
derive the health index to represent the cardiovascular health of the
subject.  11. A computer implemented method according to claim 3 or 10,
wherein (iii) deriving the health index includes deriving a preliminary
health index from the 15groupings for each parameter based on the obtained
values and verifying if combination of the groupings is medically possible.
12A computer implemented method according to claim 11, further comprising
adding up the assigned scores to derive the preliminary health index. 20
13. A computer implemented method according to claim 11 or 12 wherein if
the combination of the groupings is medically not possible, displaying an
error message as the health index.  14. A computer implemented method
according to any of claims 11 to 13, wherein if the combination of the
groupings is medically possible, the method further includes verifying if
the preliminary health index requires adjustment.  15. A computer
implemented method according to claim 12, wherein if adjustment 30is
needed, adjusting the preliminary health index to a revised health index
and using the revised health index as the health index.    16. A computer
implemented method according to claim 14, wherein verifying if the
preliminary health index requires adjustment includes comparing the
combination of 35groupings with a reference list of combinations.  WO
2012/099534PCT/SG2011/000424 48 



17.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. 518.A computer 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. 1019.A computer implemented method according to any preceding
claim, wherein the at least two parameters are obtained from more than one
PPG signals.  20. A computer implemented method according to any preceding
claim, wherein the score is based on relative health significance of the
parameters considered collectively, 15  21. A computer implemented method
according to any preceding claim, wherein (i) further includes:
illuminating a portion of living tissue of the subject and detecting
transmitted or reflected light as a signal using an illumination and
detection assembly; 20detecting an amount of pressure applied by the
portion of living tissue of the subject to the illumination and detection
assembly; correlating the quality of the detected signal with the amount of
applied pressure; and providing feedback related to the correlation to the
subject. 25  22. A computer implemented method according to claim 21,
further comprising providing an indication of whether the amount of
pressure being applied to the illumination and detection assembly should be
adjusted. 3023.A computer implemented method according to claim 21 or 22,
further comprising displaying a range of optimal applied pressures along
with actual applies pressure being applied by the subject. 24.A computer
implemented method according to any of claims 21-23, further 



35comprising displaying a range of optimal applied pressures which
corresponds to a state of zero transmural pressure.  49 25.A computer
implemented method according to any of claims 21-23, wherein the PPG signal
is obtained when the applied pressure is at its optimal. 526.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;
(ii) a second array of categories with each category representing a range
of 10typical respiratory rates of subjects;  (iii) a third array of
categories with each category representing a range of typical Sp02 levels
of subjects; wherein each category of a said array is associated with a
score; and wherein the scores corresponding to each of the categories of
heart rate, respiratory rate and Sp02 15when combined together provides a
health index for determining the cardiovascular health of the subject. 27.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;
(ii) 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 25Sp02
levels of subjects; wherein combinations of the categories of the first,
second and third arrays are associated with respective scores; and wherein
each score provides a health index for determining the cardiovascular
health of the subject. 3028.A computer implemented method of deriving a
health index for determining 



cardiovascular health of a subject, the method comprising         (i)
obtaining values of Sp02, heart rate and respiratory rate from one or more
PPG signals of the subject,              (ii) assigning a scored based on
the obtained values from a reference scoring 35system of claim 26 or claim
27; and         (iii) deriving the health index based on the assigned
score.  50 29. A method of deriving a reference scoring system for
determining cardiovascular health, the method including         listing all
possible permutations of at least two parameters for a PPG in a list, 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; 10manipulating 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. 1530.A
method of deriving a health index for determining cardiovascular health of
a subject; the method comprising         (i) obtaining values of at least
two parameters from a PPG signal of the subject, the at least two
parameters including Sp02 and at least one other parameter;
(ii) assigning a score based on the values of the at least two parameters
from a 20reference scoring system; and         (iii) deriving the health
index based on the assigned scores.  31. Apparatus for deriving a health
index for determining cardiovascular health of a subject, the apparatus
comprising 25a processor configured to obtain 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 parameter; to assign a score based on
the values of the at least two parameters from a reference scoring system;
and to derive the health index based on the assigned scores. 30 



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


