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(7) ABSTRACT

A method for monitoring physiological parameters associ-
ated with a subject using a hand held device is described
herein. In an implementation, the method includes obtaining
a plurality of sample photoplethysmographic (PPG) features
associated with a sample subject, from a video of a body part
of the sample subject. From among the plurality of sample
PPG features, at least one relevant sample PPG feature asso-
ciated with the physiological parameter, is selected based on
a ground truth value of the physiological parameter for the
subject. Further, based on the at least one relevant sample
PPG feature and the ground truth value of the physiological
parameter, a mathematical model indicative of a correlation
between the relevant sample PPG feature and the physiologi-
cal parameter, is determined. The mathematical model can be
deployed for monitoring the physiological parameter in real
time.

MODELING SYSTEM 100

[ PROCESSOR(S) 102

[ MEMORY 104

MODULE(S) 106

PROCESSING MODULE 11

CONSISTENCY ANALYSIS MODULE 112

FEATURE SELECTION MODULE 114

TESTING MODULE 11

MODELING MODULE 11

NN N N
e’ e’ S’ Y’ Y’ N

OTHER MODULE(S) 120

DATA 108

PROCESSING DATA 122

CONSISTENCY ANALYSIS DATA 124

MODELING DATA 128

' S ey ' —

[
[
[ FEATURE DATA 126
[
[

OTHER DATA 130

([ wooeuneoaTA1as )
)

[ MONITORING MODULE 146

[FEATURE SELECTION DATA ﬂ]




US 2015/0031965 A1

Jan. 29, 2015 Sheet 1 of 6

Patent Application Publication

8P1 v1vd NOILD3 T3S m_N_D._.<m_nL

97T ITNAON ONIFOLINOW u

Pl v1vd ONIM3dONW

)

(
(
U

N

€l V1va ¥3HLO

Zl ¥V1vd SNIT3dOn

921 V1vad 3dNiv3ad

2l Y1vAa SISATYNY ADNILSISNOD

'ann Wonn Ve e e

21 ¥Y1vad ONISS3D0Hd

e’ N N Nt el

0l v1vd

021 (8)31NAOW ¥3IHLO

L1 3TNAON ©NIT3A0ON

11 I1NAON ONILSTL

L1 371NAON NOILDO3T13S 3dN1vY3d

Z1T ITNAON SISATYNY AONILSISNOD

p— — f— p— p— p—

L1 ITNACIN ONISSIOCHd

e N N N\ N\ e

901 (S)31Nnaown

PO AJOWN3IN

207 (8)40883D0Hd

00T WILSAS DONITIAOW




Patent Application Publication  Jan. 29,2015 Sheet 2 of 6 US 2015/0031965 A1

200 \ r 202

—:( CAPTURE A VIDEO OF A BODY PART OF A SUBJECT THROUGH A CAMERA OF A )

HAND HELD DEVICE

v

( OBTAIN APLURALITY OF WINDOWS FROM THE VIDEO, EACH WINDOW HAVING A

204

PREDETERMINED NUMBER OF FRAMES

A

DETERMINE AT LEAST ONE QUANTIZED COLOUR VALUE FOR ONE OR MORE
COLOUR MODELS, FOR EACH FRAME IN THE PLURALITY OF WINDOWS

208

IS THE
QUANTIZED COLOUR VALUE WITHIN A
PREDETERMINED RANGE?

NO

210

™

DETERMINANT WINDOWS FROM THE PLURALITY OF WINDOWS TO DETERMINE

PERFORM CONSISTENCY ANALYSIS FOR A PREDETERMINED NUMBER OF
CONSISTENCY OF THE VIDEO

212

IS EACH
DETERMINANT WINDOW
CONSISTENT?

NO

NUMBER OF FRAMES, FOR HEART RATE MEASUREMENT

T /-216

[PERFORM A PEAK FREQUENCY DETECTION CHECK FOR EACH OF THE SELECTED)

(SELECT A PLURALITY OF DETERMINANT WINDOWS COVERING A PREDETERMINED)

DETERMINANT WINDOWS

218

DOES EACH OF
THE SELECTED DETERMINANT WINDOWS PASS PEAK
FREQUENCY DETECTION CHECK?

NO

/— 220
)

[ OBTAIN A SAMPLE PPG WAVEFORM FOR THE SAMPLE OBJECT

Fig. 2




US 2015/0031965 A1

Jan. 29, 2015 Sheet 3 of 6

Patent Application Publication

¢ B4

SANVHA 40 39NN
A3ININYT13AdTHd ¥V ONIHIAOCD SMOANIM LNVYNINYEI13Ad 40 ALINMVENTd vV LO313S
14%4

¢3AANLINdNY TYNDIS
ATOHSTHHL ¥V NVHL H31v3yHO JANLINdIANVY TVNDIS
3H1 si

143

HOV3 NI INTVA dNOT00 d3ZILNVYND IHL HO4 3ANLITdANY TYNDIS v INING313d

\H SMOANIM LNVYNIWYILIA IHL NI TNV u
ZIg

Y

O3dIA M 3N V FHN1dY0
01 123rans IHlL
O1 XMOvad3a3ad 3ainodd

/ 0] 25

&141dd AONINO3HA
ATOHSTHHL ¥ NYHL H31VIHO 1d414a ADNINDOIHA
3H1 Si

80¢

SMOANIM LNVYNINYG313d
JH1 SSOHOV ADNINDTHA HMV3Id FHL HOH 14140 ADNINDIH4 INIWSETL3A

)

SMOANIM INVYNING3 134
IHL 40 HOVI HO4 NIVWOd INIL NI ADNINOIHH Mv3d 40 NOILISOd ININYILIA

)

JNVHEH HOVE Y04 daNIng313d
INTIVA HNOT00 dIZILNVNO FHL OL WHO4SNVAHL ¥318N0CH WHIL-LHOHS AlddV

oo¢ |\

90¢

\

14U

N

= M M

20€



v b1

US 2015/0031965 A1

ININAO1dIA JO4 13AO0N TVIILVIWIHLVYIN JHL FAINOYL

»

ADVHNIOV HO4 T3A0N TVIILYINIHLIYN daNING3L3Aa IHL ¥O3HD

*

HLNA1l ANNOYD FHL ANV STdN1VIHd Odd FTdNVS LNVATTIH IHL NO d3svd
HILINVHV TVIIDOTI0ISAHA HOVI HO4 13AON TvIILYANIHIVIN V ANINYI L3d

J/

Jan. 29, 2015 Sheet 4 of 6

»

103rdNs 3NdAvS 3HL HLIM a31VIO0SSY H313NVHVYd TVIID0T0ISAH
INO 1SV3T LV 40 STANTVA HLNYL ANNOYD NO d3sve 'STUNLVYIL Odd
FATdNVS FHL WOHd STFHNLVIH Odd F1dNVS LNVATTIH FHONW 0O INO 103713S

J

*

WNHOJdIAVM Odd T TdAVS FHL WOHH STFANLVId Odd F1dINVYS 10vd1X3

Kﬁ HILINVEHVC TVIIDOTOISAHL LVHL 04 SINTVA

00v I\

Patent Application Publication




Patent Application Publication  Jan. 29,2015 Sheet 5 of 6 US 2015/0031965 A1

/— 500

502
,
REMOVE NOISY FEATURES FROM THE EXTRACTED PPG FEATURES Y
\

A
- 504
DIVIDE THE PPG FEATURES INTO ONE OR MORE TRAINING SETS AND A TESTING }f

SET
.
( FOR EACH PPG FEATURE IN A TRAINING SET, DETERMINE A MAXIMUM N/— 506

INFORMATION COEFFICIENT (MIC) VALUE BASED ON CORRELATION BETWEEN THE
PPG FEATURE AND A GROUND TRUTH VALUE

L]

( BASED ON THE MIC VALUE AND A PREDEFINED THRESHOLD MIC VALUE, N/_ 508
DETERMINE A GAIN FACTOR FOR EACH PPG FEATURE USING A SIGMOID GAIN
FUNCTION

L]

( DETERMINE AN OPTIMAL GAIN FACTOR FOR EACH PPG FEATURE, BASED ON \/- 510
TUNING OF A PARAMETER ASSOCIATED WITH THE SIGMOID GAIN FUNCITON USING
\ A K-FOLD CROSS VALIDATION TECHNIQUE

s y 1/—512

MULTIPLY EACH PPG FEATURE WITH THE RESPECTIVE OPTIMAL GAIN FACTOR

L]

- ~\ 514
SELECT RELEVANT PPG FEATURES FROM THE EXTRACTED FEATURES BASED ON A f
PRODUCT OF THE OPTIMAL GAIN FACTOR WITH EACH PPG FEATURE

L]

-
TEST EACH OF THE RELEVANT PPG FEATURES BASED ON THE GAIN FACTOR AND
THE GROUND TRUTH VALUE FOR THE RESPECTIVE PPG FEATURE

\|

\\

\

\\

516

o

Fig. 5



US 2015/0031965 A1

Jan. 29, 2015 Sheet 6 of 6

Patent Application Publication

9 "bi4

d313NvVdvd
TVOIDO0TOISAHd 1VHL HO4 13dON TVOILVYINGHLYIN 3HL ANV S3dNL1v3d ©dd
d310vy1X3 IH1L NO d3SVvE H313dNWVHVYd TVOIDOT0ISAHd ANO 1SVY31 1V HOLINOW

*

WHOHIAAVM Odd 1S3d1 dHL WOdH S3ddNLVYdd Odd 1S3l 10vVd1Xd

*

Kﬁ NHO4IAVM (Ddd) DIHAVYHDOONWSAHLITAOLOHd 1S3L VY ONINIANYILIA

d0O4d SANVHA 40 439NNN A3INING313d3dd V NIVLEO OL1 O3dINA 3HL SS300dd

*

30IA3A ATAH ANVH V 40 VH3INVO u

/

Y HONOYHHL 103rdNs 1S31 3NO 1Sv31 1V 40 1dVd AAOd V 40 O3dIA V FdNLdVD

009 I\



US 2015/0031965 A1l

MONITORING PHYSIOLOGICAL
PARAMETERS

TECHNICAL FIELD

[0001] The present subject matter relates, in general, to
measurement of physiological parameters and, particularly
but not exclusively, to monitoring physiological parameters
using a hand held device.

BACKGROUND

[0002] Monitoring of certain physiological parameters and
vital signs of a person, such as respiration rate, pulse rate, and
blood pressure, may be achieved in a clinical setting. Gener-
ally, it has been observed that if a person is aware that his or
her physiological parameters are being monitored, it may
cause the person to become conscious. Consequently, one or
more of the physiological parameters may be reported erro-
neously. Therefore, several non-invasive techniques for
monitoring the physiological parameters have been devel-
oped.

[0003] One such non-invasive technique is photoplethys-
mography (PPG). PPG involves an optical methodology,
which can be unobtrusive in certain cases, working on the
basis of dynamics of blood volume changes in the vasculature
under the skin. Conventionally, PPG is implemented in vari-
ous ways for measuring and monitoring physiological param-
eters, for example, by contactless recording of videos of the
subject whose physiological parameters are to be measured.

BRIEF DESCRIPTION OF DRAWINGS

[0004] The detailed description is described with reference
to the accompanying figures. In the figures, the left-most
digit(s) of a reference number identifies the figure in which
the reference number first appears. The same numbers are
used throughout the drawings to reference like features and
components.

[0005] FIG. 1 illustrates a physiological parameter moni-
toring device coupled to a modeling system for monitoring
physiological parameters associated with a subject, in accor-
dance with an implementation of the present subject matter.

[0006] FIG. 2 illustrates a method 200 for performing con-
sistency analysis of a video captured for monitoring the
physiological parameters, in accordance with an implemen-
tation of the present subject matter.

[0007] FIG. 3 illustrates the method 300 for analyzing con-
sistency of a video capture using the hand held device, for
determining the physiological parameters, in accordance
with an implementation of the present subject matter.

[0008] FIG. 4 illustrates a method 400 for determining a
mathematical model to monitor physiological parameters
associated with a test subject, in accordance with an imple-
mentation of the present subject matter.

[0009] FIG.5illustrates amethod 500 for selecting relevant
sample PPG features from sample PPG features, according to
an implementation of the present subject matter.

[0010] FIG. 6 illustrates a method 600 for monitoring the
physiological parameters associated with a test subject, in
accordance with an implementation of the present subject
matter.
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DETAILED DESCRIPTION

[0011] The present subject matter relates to monitoring
physiological parameters associated with a subject, using a
hand held device.

[0012] Conventionally, photoplethysmography (PPG) is
implemented in various ways for measuring and monitoring
physiological parameters. In few conventional techniques, a
video of the subject whose physiological parameters are to be
measured is captured from a distance and the video is, then,
analyzed for determining the physiological parameters. In
such techniques, other objects and persons in the field of view
may cause the measurement of the physiological parameters
to be erroneous. Accordingly, certain other conventional tech-
niques may involve positioning a part of the body of the
subject in contact with the camera and, then, using the video
for measuring the physiological properties. For measuring the
physiological parameters, conventional techniques usually
involve a video recording device for recording the video to
obtain the PPG waveform. Such techniques, however, involve
the subject to be substantially motionless, so that the contact
between the subject and the camera is maintained throughout
the procedure. In case the subject makes an unwanted move-
ment during measurement of the physiological parameters,
say because of shivering or coughing or sneezing, the physi-
ological parameters measured, thereafter, may be erroneous.
In addition, the subject is not informed of the defect in cap-
turing of the video or the erroneous measurement of the
physiological parameters, and as a result of the erroneous
measurement, the subject may be incorrectly diagnosed. Fur-
thermore, the equipment conventionally used for measuring
the physiological parameters is bulky and can cause inconve-
nience for the user in measuring the physiological param-
eters.

[0013] To enhance the accuracy of measurement of the
physiological parameters, conventionally, a sensing device,
such as a pulse oximeter or a sound-based sensor, say for
measuring heart rate, is usually used in conjunction with the
video recording device for monitoring the physiological
parameters, and characteristics measured by the sensing
device are used in combination with the PPG waveform.
However, while the measurement of the physiological param-
eters is considerably accurate with the use of the sensing
device in addition to the PPG waveform, the cost associated
with the apparatus for monitoring the physiological param-
eters in such a way is high. Further, the apparatus is not
portable and may not be usable for mobile implementations.
In addition, the processing and analysis of the PPG wave-
forms uses large amounts of computational resources and
time, rendering the technique cumbersome and time consum-
ing. Therefore, the conventional techniques for measuring the
physiological parameters lack accuracy and are computation-
ally resource-intensive.

[0014] The present subject matter describes methods and
devices to determine physiological parameters associated
with a subject using a hand held device. According to an
aspect, the present subject matter can be an implementation of
photoplethysmographic techniques which involve non-inva-
sive techniques for measuring physiological parameters. The
physiological parameters can include, for example, heart or
pulse rate, pulse oximetry (SpO,) which indicates blood oxy-
gen level, respiration rate, blood pressure, or heart condition
based on an electrocardiograph (ECG) features. In an
example, thehand held device can be a smart phone or a tablet
personal computer (PC).
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[0015] The present subject matter involves the determining
of physiological parameters with substantial accuracy. For
the purpose of accurately determining the physiological
parameters, according to an implementation of the present
subject matter, a sample video captured for determining the
physiological parameters is checked for consistency. Once
the sample video is determined to be consistent, a set of
relevant sample PPG features are extracted from the sample
video, and, based on the relevant sample PPG features and
ground truth values of the physiological parameter, a math-
ematical model is determined. The mathematical model is
deployed in a device, such as a hand-held device, for moni-
toring the physiological parameters in real time. In an
example, the relevant sample PPG features can be those fea-
tures which share a discernible relation with the physiological
parameter to be monitored, and are distinguishably indicative
of the physiological parameter.

[0016] According to an implementation, a video of a body
part of the subject is captured using the hand held device, for
example, a camera of the hand held device. In said example,
the video of the body part is captured while the body part is
abutted against a lens of the camera. For instance, a video of
a finger tip of the subject can be captured for measuring the
physiological parameters. Further, the video is processed to
obtain a sample PPG waveform. In one example, the sample
PPG waveform can be obtained by processing the video for
quantized colour value of each frame in the video, and then
determining a frequency of the quantized colour value in each
frame in a predetermined set of frames. The sample PPG
waveform is then determined based on the frequency of the
frames in the set. Further, in one case, a consistency analysis
of the sample PPG waveform can be achieved to determine
whether the sample PPG waveform is consistent or not, and
whether the sample PPG waveform can be used for modeling
or not.

[0017] In an implementation, the video is processed to
obtain a sample PPG waveform. In one example, the sample
PPG waveform can be obtained by processing the video for
quantized colour value of each frame in the video, and then
determining a frequency of the quantized colour value in each
frame in a predetermined set of frames. The sample PPG
waveform is then determined based on the frequency of the
frames in the set. As part of obtaining the sample PPG wave-
form, a plurality of windows is obtained from the video and
each window includes a predetermined number of frames. In
an example, the windows can be so obtained that certain
frames of one window overlap certain frames of the adjacent
windows. As would be understood, the term adjacent as used
above is in context to the windows lying on a time axis.
Further, a predetermined number of windows, when
obtained, are used for consistency analysis of the predeter-
mined number of windows is performed to determine consis-
tency of the video. Subsequently, one or more physiological
parameters associated with the subject are determined when
the video is determined to be consistent.

[0018] Inanimplementation, while processing and prepar-
ing the video for consistency analysis, one or more quantized
colour value for each frame in the plurality of windows can be
determined. In an example, the quantized colour value can
belong to a colour model. Accordingly, in case in which the
colour model is the Red-Green-Blue (RGB) colour model, the
quantized colour value can be an average value of any one of
the red, blue, or green component. In another example, in case
the colour model is the Hue-Saturation-Value (HSV) model,
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the quantized colour value can be an average value of any one
of the hue, saturation, or value components of the colour
model.

[0019] Further, according to said implementation, the
quantized colour value for each frame can be compared to a
predetermined range of quantized colour values, say to check
whether the quantized colour value is within the predeter-
mined range. In case the quantized colour value is within the
predetermined range, then it indicates that the captured
frames are ineffective for determining the physiological
parameters. Accordingly, a feedback, say in the form of a
pop-up message on the screen of the hand held device, can be
provided to the subject to reposition the camera with refer-
ence the body part, or vice-versa, to capture a new video for
analysis and for determining the physiological parameters.
On the other hand, if the quantized colour value lies outside
the predetermined range, then the captured video can be
further used for consistency analysis and, subsequently, for
determining the physiological parameters.

[0020] According to an aspect, the consistency analysis can
be performed based on peak frequency of the quantized value
of colours in the windows of the video. In an example, a
Short-Term Fourier Transform (STFT) can be applied to the
quantized colour value of the frames to determine the peak
frequencies, for consistency analysis. Employing STFT tech-
nique for determining peak frequencies can facilitatein deter-
mining the peak frequencies with considerable accuracy. In
another example, a Fast Fourier Transform (FFT) technique
can be applied to the quantized colour value of the frames to
determine the peak frequencies, for consistency analysis. In
the above examples, applying the STFT or FFT techniques to
the quantized colour values generates the sample PPG wave-
form.

[0021] As mentioned previously, the predetermined num-
ber of consistent windows having the quantized colour values
within the range is used for consistency analysis. In other
words, the consistency analysis can be performed when the
predetermined number of windows having quantized colour
values of frames within the predetermined range is obtained.
Such windows from the plurality of windows for which the
quantized values of frames are within the predetermined
range are referred to as determinant windows. In an imple-
mentation, a position of peak frequency of the quantized
colour value for each determinant window can be determined
based on the quantized value of colours in the frames of the
respective determinant window. For instance, the position of
the peak frequencies is determined from the sample PPG
waveform for the determinant window. Further, a frequency
drift for the peak frequencies across the determinant windows
is ascertained. In an example, the frequency drift is indicative
of variation in position of peak frequency across the determi-
nant windows. Further, if the frequency drift is beyond a
threshold frequency drift, then it indicates that the determi-
nant windows and, therefore, the video, are inconsistent.
[0022] Inanaspect, in case the frequency drift is within the
threshold frequency drift, then another step is performed to
check whether the video is consistent or not. Accordingly, in
an implementation, a signal amplitude of the quantized colour
value, for example, amplitude of the quantized colour value,
is determined in each frame in the determinant windows and
the signal amplitude is checked against a threshold signal
amplitude. The signal amplitude of all the frames being
greater than the threshold signal amplitude is indicative of the
consistency of the video captured for determining the physi-
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ological parameters. In case the captured video is determined
to be inconsistent, a feedback can be provided to the subject
for capturing a new video.

[0023] Once the PPG waveform, or in other words, the
video, is determined to be consistent, a plurality of sample
PPG features is extracted from the sample PPG waveform. In
an example, the sample PPG features can be extracted in time
domain; however, in another example, the sample PPG fea-
tures can be extracted in frequency domain. In yet another
example, the sample PPG features can be extracted in the time
domain as well as frequency domain. Further, in case the
sample PPG features are extracted from the sample PPG
waveform in the time domain, the sample PPG features
extracted in the time domain, also referred to as time domain
features, can include features, such as a peak-to-peak time
interval for the peaking frequencies in the sample PPG wave-
form, pulse interval, crest time indicative of the time taken for
the sample PPG waveform to reach the peaking frequencies,
diastolic time indicative of a time difference between a peak
and a next peak minima, height of the pulse, and area under
the sample PPG waveform. Further, in an example, the
sample PPG features extracted in the frequency domain, also
referred to as frequency domain features, can include location
of peak frequency, distance between the dominant peak fre-
quency and the immediate peak frequency, spectral centroid,
and width of dominant peak frequency region. According to
an example, physical characteristics, such as weight of the
subject, height of the subject, and age of the subject, associ-
ated with the subject can also be taken into account as some of
the sample PPG features.

[0024] According to an aspect of the present subject matter,
once the sample PPG features have been extracted, a two-step
approach is followed for selecting the relevant sample PPG
features from the entire set of extracted sample PPG features.
In the first step, a correlation between the sample PPG fea-
tures and actual known values of the physiological parameter,
referred to as ground truth values, is determined. In the sec-
ond step, the relevant sample PPG features can be selected
based on the strength of correlation between the sample PPG
feature and the ground truth values of the physiological
parameter.

[0025] As part of selection of the relevant samples, the
entire set of extracted sample PPG features can be divided in
to one or more training sets and a testing set. In an example,
the relevant samples can be extracted from the training set,
whereas the testing set can be used for determining the rel-
evance of the selected sample PPG features and the accuracy
of the selection. in the training phase, the sample PPG fea-
tures and the ground truth values of the physiological param-
eters are known, and on the basis of the sample PPG features
and the ground truth values, values of the correlation coeffi-
cient for each sample PPG feature is determined. The value of
the correlation coefficient of a sample PPG feature is then
used to determine the gain factor for that sample PPG feature.
In an example, a gain function curve can be used for deter-
mining the value of the gain factor. In said example, a slope of
the gain function curve can be tuned for determining an
optimal value of the gain factor for each sample PPG feature.
The optimal gain factors so obtained are used in the testing
phase. In the training phase, the Sample PPG features are
multiplied by their optimal gain factors and then used for
training classifier models for estimating the physiological
parameter. On the other hand, during testing, the optimal gain
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factors can be multiplied by the respective Sample PPG fea-
tures to estimate the physiological parameters.

[0026] Accordingly, in an implementation, a correlation
coefficient for each of the plurality of Sample PPG features in
the training set, based on the Sample PPG features and the
ground truth values. The correlation coefficient can capture a
relation between the Sample PPG feature and the ground truth
value of the physiological parameter. In an example, the cor-
relation coefficient can be a maximum information coeffi-
cient (MIC) value and can be determined based on the MIC
techniques. Once the MIC values of the Sample PPG features
are determined, strength of the correlation of between each
Sample PPG feature and the ground truth values can be deter-
mined. Accordingly, a gain factor for each of the plurality of
Sample PPG features can be determined, based on the corre-
lation coeflicient and a gain function. In an example, the gain
function can be a sigmoid gain function.

[0027] As would be understood, the gain function, and
therefore, the gain factor, can emphasize or highlight the
Sample PPG features for which the strength of correlation is
high, say based on a threshold value of the MIC value of the
Sample PPG feature. Accordingly, in an implementation,
each Sample PPG feature is multiplied with the respective
gain factor for selecting the relevant samples. In an example,
the Sample PPG features can be selected based on a threshold
value of the gain factor. In another case, the Sample PPG
features can be selected based on a threshold value of the
Sample PPG feature. In both the above cases, when the
Sample PPG feature is multiplied to the gain factor having a
low value, say below the threshold value of the gain factor, the
value of the Sample PPG feature is suppressed, i.e., falls
below the threshold value of the Sample PPG feature, and
such Sample PPG features can be discarded. Accordingly, the
Sample PPG features for which the value is greater than the
threshold value, or for which the value of the gain factor is
greater than the threshold value, can be selected as the rel-
evant samples.

[0028] Subsequently, the testing of the selected relevant
features is carried out using the testing set, say previously
selected from among the extracted Sample PPG features. In
an implementation, the gain factor selected for each Sample
PPG feature is employed with the Sample PPG features in the
testing set for testing whether the Sample PPG features
selected as relevant based on the gain factor are accurately
selected or not. Inan example, the Sample PPG features inthe
testing set can be multiplied with the respective gain factors
determined for the training set. Based on the multiplication, it
can be determined whether the same Sample PPG features are
selected as the relevant samples from the testing set, as those
selected from the training set.

[0029] Further, according to an implementation, the rel-
evant samples selected above are deployed for estimating and
monitoring the physiological parameter in real time. Accord-
ingly, in an embodiment, based on the relevant sample PPG
features and the ground truth values of the physiological
parameter, a mathematical model is determined. The math-
ematical model captures the relationship between the relevant
sample PPG features and the ground truth values of the physi-
ological parameter. According to an aspect, the mathematical
model can be determined based on the relevant sample PPG
features and the ground truth values of the physiological
parameter, using supervised learning techniques. The math-
ematical model, so determined, can be used for estimating the
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ground truth values for the physiological parameter based on
a PPG waveform and Sample PPG features, and vice-versa.
[0030] In an implementation, before the mathematical
model is deployed further, the mathematical model can be
checked for accuracy. In an example, the mathematical model
can be used, in a trial environment, for estimating a physi-
ological parameter bin indicating a range of values within
which the measured value of the physiological parameter lies.
The estimated physiological parameter bin can be compared
to an actual known value of the physiological parameter to
determine whether the mathematical model is accurate or not.
In case the mathematical model is not accurate, training of the
mathematical model is achieved to enhance accuracy. For
instance, further PPG waveforms for various sample subjects
can be obtained, and processed in the same manner as
described above, to refine the mathematical model.

[0031] Inan embodiment, the mathematical model can be
provided on the physiological parameter monitoring device,
referred to as the device hereinafter, for monitoring the physi-
ological parameter associated with a test subject. In an imple-
mentation, for monitoring the physiological parameter using
the device having the mathematical model deployed therein,
a video of the test subject can be captured using a camera of
the device. In an implementation, the video can be subse-
quently processed by the device to obtain a test PPG wave-
form from which the test Sample PPG features are extracted.
In one example, the test PPG waveform is obtained from the
video in the same manner as described for obtaining the
sample PPG waveform. In addition, the test Sample PPG
features can be the same as the sample PPG features. In
another case, the device can extract the Sample PPG features
corresponding to the relevant sample PPG features.

[0032] Inanimplementation, to ascertain the physiological
parameters, a plurality of determinant windows covering a
predetermined number frames is chosen from among the
determinant windows. In an example, the determinant win-
dows covering, in total, last 512 frames of the consistent
windows are selected for measuring the physiological param-
eters. Further, the present subject matter provides for per-
forming an additional step to check whether the selected
determinant windows are effective for determining the physi-
ological parameters. Accordingly, in an implementation, a
peak frequency detection check is performed for each of the
selected determinant windows. In an example, in case the
physiological parameter being measured is the heart rate, the
peak frequency detection check is performed to check the
frames for consistency of the peak frequency. In an example,
the peak frequency detection check can be indicative of a
periodicity of the pulse of the subject.

[0033] Once the above mentioned check is performed and
the selected determinant windows pass the peak frequency
detection check, the peak frequency of the quantized colour
value for each selected determinant window is determined. In
an example, the peak frequency for each selected determinant
window can be determined by applying Fast Fourier Trans-
form (FFT) to the quantized colour value of each frame in the
selected windows. In another example, the peak frequency for
each of the selected determinant window can be determined
by applying STFT technique to the quantized colour values of
the respective frames in the selected windows. Accordingly,
the peak frequencies of the quantized colour value, consider-
ing all the frames in the selected determinant windows, are
used to determine the physiological parameters associated
with the subject. On the other hand, if one or more selected
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determinant windows fail the peak frequency detection
check, then a prompt or a feedback can be provided to the
subject for capturing a new video.

[0034] Further, in case the video is consistent, the device
can estimate the physiological parameter and monitor the
same, based on the test features and the mathematical model.
In an example, the device, and the mathematical model
deployed therein, can indicate the physiological parameter
bin estimated for the physiological parameter. Therefore, in
said example, the estimation done based on the mathematical
mode] can be indicative in nature, instead of being quantita-
tive measurement. In such a case, the estimation in accor-
dance with the present subject matter provides for a method-
ology by way of which the physiological parameters and
conditions of the subject can be monitored, for example, to
keep a track of the medical condition of the subject so that
appropriate medical aid can be provided to the subject in due
time.

[0035] The present subject matter provides for an accurate
determination of the physiological parameters at the same
time involving less temporal and computational resources for
measuring the physiological parameters. For example, the
measurement of the physiological parameters is substantially
devoid of inaccuracies because of movement of the subject,
since the video is checked for consistency. In addition, when
the video is determined to be inconsistent, the subject is
notified and informed of the error. Accordingly, the subject
can recapture the video for determining the physiological
parameters. As a result, erroneous measurement of the physi-
ological parameters, and the consequences thereof, are pre-
vented. In addition, since the measurement can be done by a
hand held device, which is convenient for using. For example,
the present subject matter is convenient in measuring the
physiological parameters for aged persons or those in an
immovable condition.

[0036] Further, with the selection of few relevant sample
PPG features from the entire set of Sample PPG features
extracted from the video, the accuracy of estimation of the
physiological parameter and the monitoring thereof is con-
siderably high. In addition, since during the estimation of the
physiological parameter a less number of features are to be
analyzed and processed, the computational resources and
time involved in monitoring the physiological parameter are
substantially less. Therefore, such a model can even be
deployed on devices having low processing capabilities. Con-
sequently, the monitoring of the physiological parameters in
accordance with the present subject matter is easily scalable
and can be made highly available.

[0037] In addition, the inclusion of the physical character-
istics of the sample subject further enhances the accuracy in
estimation ofthe physiological parameters, since such factors
affecting the physiological parameters are taken into account
while estimating the physiological parameters. Further, the
use of such physical characteristics in combination with the
features extracted from the PPG waveform provides for accu-
rate estimation of physiological parameters, such as blood
pressure and ECG features, as inputs from other sensing
devices are not required. Accordingly, in an aspect of the
present subject matter, the physiological parameters can be
estimated and monitored on the basis of only relevant sample
PPG features. For example, the mathematical model can be
determined based on only the relevant sample PPG features
and the ground truth values of the physiological parameter to
be monitored. As a result, the present subject matter provides
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for an accurate monitoring of the physiological parameters
and, at the sametime, the equipment used for such monitoring
can be provided as being portable and easy to handle, say ina
hand held device such as a mobile phone.

[0038] These and other advantages of the present subject
matter would be described in greater detail in conjunction
with the following figures. While aspects of described sys-
tems and methods for monitoring physiological parameters
can be implemented in any number of different computing
systems, environments, and/or configurations, the embodi-
ments are described in the context of the following device(s).
[0039] FIG. 1illustrates amodeling system 100 coupled for
facilitating monitoring of physiological parameters associ-
ated with a subject, in accordance with an embodiment of the
present subject matter. In an implementation, the modeling
system 100, based on photoplethysmographic (PPG) tech-
niques and known values of the physiological parameters, can
determine a correlation between a PPG waveform and the
physiological parameters. This correlation can then used for
monitoring physiological parameters in real time. In an
example, the modeling system 100 can be implemented as a
workstation, a personal computer, say a desktop computer or
a laptop, a multiprocessor system, a network computer, a
minicomputer, or a server.

[0040] In one implementation, the modeling system 100
includes processor(s) 102 and memory 104. The processor
102 may be implemented as one or more Microprocessors,
microcomputers, microcontrollers, digital signal processors,
central processing units, state machines, logic circuitries,
and/or any devices that manipulate signals, based on opera-
tional instructions. Among other capabilities, the processor
(s) is provided to fetch and execute computer-readable
instructions stored in the memory 104, The memory 104 may
be coupled to the processor 102 and can include any com-
puter-readable medium known in the art including, for
example, volatile memory, such as Static Random Access
Memory (SRAM) and Dynamic Random Access Memory
(DRAM), and/or non-volatile memory, such as Read Only
Memory (ROM), erasable programmable ROM, flash memo-
ries, hard disks, optical disks, and magnetic tapes.

[0041] Further, the modeling system 100 may include mod-
ule(s) 106 and data 108. The modules 106 and the data 108
may be coupled to the processors 102. The modules 106,
amongst other things, include routines, programs, objects,
components, data structures, etc., which perform particular
tasks or implement particular abstract data types. In addition,
the modules 106 may be implemented as signal processor(s),
state machine(s), logic circuitries, and/or any other device or
component that manipulate signals based on operational
instructions.

[0042] In an implementation, the module(s) 106 include a
processing module 110, a consistency analysis module 112,
feature selection module 114, a testing module 116, a mod-
eling module 118, and other module(s) 120. The other module
(s) 120 may include programs or coded instructions that
supplement applications or functions performed by the mod-
eling system 100. Additionally, in said implementation, the
data 108 includes a processing data 122, a consistency analy-
sis data 124, a feature data 126, a modeling data 128, and
other data 130. The other data 130 amongst other things, may
serve as a repository for storing data that is processed,
received, or generated, as a result of the execution of one or
more modules in the module(s). Further, although the data
108 is shown internal to the modeling system 100, it may be
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understood that the data 108 can reside in an external reposi-
tory (notshownin the figure), which may be operably coupled
to the modeling system 100. Accordingly, the modeling sys-
tem 100 may be provided with interface(s) (not shown) to
communicate with the external repository to obtain informa-
tion from the data 108.

[0043] Inaddition, for operation, the modeling system 100
can be coupled to a sampling device 132 to obtain the PPG
waveform associated with a sample subject. Further, the mod-
eling system 100 interfaces with a physiological parameter
monitoring device 134 which uses the correlation and moni-
tors the physiological parameters for a test subject, such as a
patient. In an example, the physiological parameter monitor-
ing device 134 can be a hand held device having a processor
for providing processing capabilities. For instance, the physi-
ological parameter monitoring device 134 can be a mobile
phone, personal digital assistant (PDA), smart phone, or a
tablet personal computer.

[0044] In operation, the sampling device 132 captures a
video of the sample subject for whom ground truth values of
a physiological parameter for which the correlation is to be
modeled are known. As will be understood, the ground truth
values are the actual known values of the physiological
parameter. In an example in which the physiological param-
eterisblood pressure, the ground truth values can be values of
systolic blood pressure and diastolic blood pressure. In
another example in which the physiological parameter is the
ECG features for monitoring heart condition, the ground truth
values can be values of ECG features, say QRS complex, PR
interval, RR interval, and QT interval.

[0045] In an example, for capturing the video, the subject
can position a body part 136 in contact with a lens of a camera
138, or vice-versa, while a flash light of the camera 138 is
switched on. For instance, the subject can position a finger tip
of his hand on the camera 138 for capturing the video. In
another example, the video can be captured from an ear lobe
of the subject. In such position, the video of the body part 136
of the subject is captured using the camera 138 of the sam-
pling device 132. In an example, the flash light can be a
light-emitting diode (LED) type of flash light and can provide
appropriate illumination to the body part 136 for effectively
capturing the video for further processing. In one example,
the camera 138 of the sampling device 132 can capture the
video at a rate of about 30 frames per second (fps).

[0046] Further, the video can be processed and checked for
consistency analysis, and subsequently, used for determining
the physiological parameters. In one example, the sampling
device 132 can provide the video to the modeling system 100
and the video can be processed by the processing module 110.
[0047] According to an implementation, the processing
module 110 and the consistency analysis module 112 can be
together implemented as a finite state machine (FSM) for
determining the consistency of the video. Accordingly, the
processing module 110 can be in an acquiring state in which
the processing module 110 obtains a video from the sampling
device 132 for further analysis. Once the video is obtained,
the state of the FSM can change to an analysis state, during
which the processing module 110 can process the video and
the consistency analysis module 112 determines the consis-
tency of the video.\

[0048] In an implementation, the processing module 110
processes and analyzes the video to obtain a plurality of
windows and each window includes a predetermined number
of frames. In an example, the processing module 110 pro-
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cesses the video to obtain such windows that certain frames of
one window overlap certain frames of the adjacent windows.
As would be understood, the term adjacent as used above is in
context to the windows lying on a time axis. For instance, the
processing module 110 obtains 12 consecutive windows each
having 64 frames from the video, and each window of 64
frames is shifted by 48 frames which means that 16 frames of
one window overlap 16 frames of consecutively succeeding
window.

[0049] In an implementation, as part of processing of the
video, the processing module 110 can determine one or more
quantized colour value for each frame in the plurality of
windows. In an example, the processing module 110 can
determine the quantized colour value for a certain colour
model. For instance, in which the colour model is the Red-
Green-Blue (RGB) colour model, the processing module 110
can determine an average value of any one of the red, blue, or
green component for each frame and that value can be the
quantized colour value. In another case, in which the colour
model is the Hue-Saturation-Value (HSV) model, the pro-
cessing module 110 can determine the average value of any
one of the hue, saturation, or value components of the colour
model for each frame, and such average value can be the
quantized colour value. The quantized colour values of the
frames can be stored in the processing data 122.

[0050] In addition, the processing module 110 can check
the captured video for effectiveness, for example, whether the
video has sufficient clarity and illumination for determining
the physiological parameters. According to said implementa-
tion, the processing module 110 can compare the quantized
colour value for each frame to a predetermined range of
quantized colour values to, say check whether the quantized
colour value is within the predetermined range. For instance,
from the comparison, the processing module 110 can deter-
mine a first occurrence of a blood signal in the frames, the
blood signal being indicative of blood pulsating in blood
vessels under the skin of the body part, say the finger tip. In an
example, the processing module 110 can determine the quan-
tized colour values of saturation components and hue com-
ponents for 8 consecutive frames of the video for determining
the blood signal.

[0051] In case the quantized colour value is within the
predetermined range, then it indicates that the captured
frames are ineffective for determining the physiological
parameters. Accordingly, the processing module 110 can gen-
erate a feedback, say in the form of a pop-up message on a
screen of the device 132, for the subject to reposition the
camera 138 or the body part 136 with respect to the other, to
capture a new video for analysis and for determining the
physiological parameters. On the other hand, if the quantized
colour value is beyond the predetermined range, then the
consistency analysis module 112 can use the captured video
further analysis. The predetermined range of quantized
colour values can be stored in the processing data 122.
[0052] As mentioned previously, once the acquiring state is
completed, the state changes to analysis state and the consis-
tency analysis module 112 can determine the consistency of
the video. According to an aspect, the consistency analysis
module 112 can perform the consistency analysis for the
video, on the basis of peak frequency of the quantized value of
colours in the frames of the video. In an example, the consis-
tency analysis module 112 can apply Short-Term Fourier
Transform (STFT) technique to the quantized colour value of
the frames to determine the peak frequencies, for consistency
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analysis. In the above examples, the consistency analysis
module 112 can apply the STFT or FFT techniques to the
quantized colour values to generate a sample PPG waveform.
[0053] Accordingly, the consistency analysis module 112
can obtain a few windows from the plurality of windows,
referred to as determinant windows, and perform the consis-
tency analysis for the determinant windows. In an example, in
which 12 windows of 64 frames shifted by 48 are obtained
from the video, the consistency analysis module 112 can
analyze the consistency of the video once 11 such determi-
nant windows are obtained for which the quantized colour
values of frames is within the predetermined range. There-
fore, in one example, such windows, from the plurality of
windows, for which the quantized values of frames are within
the predetermined range, can be used further for consistency
analysis can be referred to as determinant windows. In said
implementation, the consistency analysis module 112 can
determine a position of peak frequency of the quantized
colour value for each determinant window for consistency
analysis.

[0054] In one example, the consistency analysis module
112 can determine the position of peak frequency in each
determinant window based on the quantized value of colours
in the frames of the respective determinant window. The
positions of peak frequencies determined for the frames are
stored in the consistency analysis data 124. Subsequently, for
analyzing the video, the consistency analysis module 112 can
assess a frequency drift for the peak frequencies across the
determinant windows. In an example, the frequency drift is
indicative of variation in position of peak frequency across
the determinant windows. In one case, the frequency drift for
the peak frequencies across the determinant windows can be
determined by comparing the position of peak frequency in
one window to the position of peak frequency in every other
window, for all the determinant windows.

[0055] Further, the consistency analysis module 112 can
compare the determined frequency drift against a threshold
frequency drift, and in case the frequency drift is beyond the
threshold, it indicates that the determinant windows and,
therefore, the video, are inconsistent. On the other hand, in
case the consistency analysis module 112 ascertains that the
frequency drift is within the threshold frequency drift, the
condition referred to as frequency lock, then according to an
aspect of the present subject matter, the consistency analysis
module 112 can perform another check to corroborate the
consistency of the video. The threshold frequency drift is
stored in the consistency analysis data 124.

[0056] Accordingly, in an implementation, the consistency
analysis module 112 can determine a signal amplitude of the
quantized colour value, for example, amplitude of the quan-
tized colour value, for each frame in the determinant win-
dows, and compares the signal amplitude against a threshold
signal amplitude. In case the consistency analysis module 112
determines that the signal amplitude of all the frames is
greater than the threshold signal amplitude, it is indicative of
the consistency of the video captured for determining the
physiological parameters. In case the captured video is deter-
mined to be inconsistent, the consistency analysis module
112 can provide a feedback to the subject for capturing a new
video.

[0057] As will be understood from the foregoing descrip-
tion, as long as the consistency of the video is not established,
the FSM, comprised of the processing module 110 and the
consistency analysis module 112, continuously shuffles
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between the acquiring state and the analysis state. Once the
consistency of the video is established, FSM changes the state
to the model state. In the model state, the feature selection
module 114, the testing module 116, and the modeling mod-
ule 118 can model the mathematical model from the pro-
cessed consistent video.

[0058] Further, the processing module 110 can analyze the
sample PPG waveform and obtain a plurality of sample PPG
features from the sample PPG waveform. In an example, the
sample PPG features extracted from the sample PPG wave-
form can include a set of time domain features or a set of
frequency domain features, or both. For instance, the set of
time domain features can include a peak-to-peak time interval
for the peaking frequencies in the sample PPG waveform,
pulse interval, crest time indicative of the time taken for the
sample PPG waveform to reach the peaking frequencies,
diastolic time, height of the pulse, and area under the sample
PPG waveform.

[0059] The determination of the sample PPG features from
the PPG waveform by the processing module 110 can be
understood with the help of the following illustrations. Con-
sider a case in which the sample PPG features are obtained for
determining a model for estimating blood pressure of a sub-
ject. In such a case, for obtaining the Sample PPG features,
from the sample PPG waveform a systolic peak (T,,, A,,), a
valley point (T,,,, A,,), and a dicrotic notch (T,,, A,,) are
determined, say in the time domain. In said example, T
denotes time instant and A denotes the amplitude for the
above mentioned features of the sample PPG waveform. For
instance, the processing module 110 can determine the sys-
tolic peak and the valley point based on local maxima and
minima points from the PPG waveform, say a function rep-
resentative of the PPG waveform. Further, in said example,
the processing module 110 can determine the dicrotic notch
by first determining a derivative of the function representing
the PPG waveform and then identifying a first local maxima
between the systolic peak of one PPG waveform and the
valley point of the adjacent PPG waveform peak.

[0060] Based on the aforementioned parameters associated
with the PPG waveform, various sample PPG features are
determined. Such sample PPG features can include, for
example, a valley amplitude (A,,) measured at the valley
point, a systolic peak amplitude (A,,) measured at the systolic
peak, a dicrotic notch amplitude (A,,) measured at the
dicrotic notch, and a systolic area which is indicative of an
area under the PPG waveform between the systolic peak and
the dicrotic notch, and a dicrotic notch area which is an area
under the PPG waveform between the dicrotic notch of one
PPG waveform peak and a valley point of the subsequent PPG
waveform peak. In an example, the systolic area and the
dicrotic area can be determined using the following respec-
tive equations:

Systolic area=%, P,

Dicrotic area=Sr,, T™1P, where P denotes the equa-
tion for the PPG waveform.

[0061] In addition, in said example, the sample PPG fea-
tures obtained based on the aforementioned parameters can
include a total area under the PPG waveform, say measured as
a summation of the systolic area and the dicrotic area, and a
ratio of area, say measured as ratio of dicrotic area to the
systolic area. Further, the sample PPG features can include,
for example, a peak interval determined as time interval
between systolic peaks of two adjacent PPG waveform peaks,
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apulse height determined as an amplitude of the systolic peak
measured from the valley of the PPG waveform, and a pulse
interval measured as time between the valley points of adja-
cent PPG waveform peaks. In one example, the total area, the
ration ofarea, the peak interval, the pulse height, and the pulse
interval are determined based on the following respective
equations:

Total area=Systolic area+Dicrotic area
Ratio of area=Dicrotic area/Systolic area

Peak interval=T,

sn+l

Ty
Pulse height=4,,-4,,,

Pulse interval=T,

i+l

[0062] Furthermore, in an example, the sample PPG fea-
tures can include a crest time determined as the time differ-
ence between the systolic peak and the valley point of the
same PPG waveform peak, a delta time indicative of a time
difference between the dicrotic notch and the systolic peak of
the same PPG waveform peak. In addition, the sample PPG
features can include an augmentation index and a reflection
index. The crest time, the delta time, the augmentation index,
and the reflection index can be determined using the follow-
ing equations as an example:

- Tvn

Crest time=T,,-T,,
Delta time=14,- T,
Augmentation index=(4,,,-4,,,)/(4,,~4.,.)

Reflection index=1-augmentation index

[0063] Consider another case in which the sample PPG
features are obtained for determining a model for estimating
ECG features of the subject. In an example, in such a case
also, for obtaining the Sample PPG features, from the sample
PPG waveform a systolic peak (T, A ), a valley point (T,
A,,), and a dicrotic notch (T, A,;,) are determined from the
sample PPG waveform, where T denotes time instant and A
denotes the amplitude for the above mentioned features ofthe
sample PPG waveform. Based on coordinates of the systolic
peak, the valley point, and the dicrotic notch, various sample
PPG features associated with the PPG waveform are
obtained.

[0064] In an example, in such a case of ECG feature esti-
mation, the sample PPG features can include a peak to peak
interval which is determined as time interval between systolic
peaks of two adjacent PPG waveform peaks, the pulse inter-
val measured as time between the valley points of adjacent
PPG waveform peaks, the pulse height determined as an
amplitude of the systolic peak measured from the valley of the
PPG waveform, the crest time indicative of the time differ-
ence between the systolic peak and the valley point of the
same PPG waveform peak, the delta time measured as the
time difference between the dicrotic notch and the systolic
peak of the same PPG waveform peak. In one example, such
sample PPG features are determined using the same respec-
tive equations as mentioned above.

[0065] In addition, in case of ECG features estimation, the
sample PPG features can include a dicrotic time which is
determined as a time interval between the valley point and the
dicrotic notch of the same PPG waveform peak, a falling time
indicative of a time interval between the systolic peak of one
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PPG waveform peak and the valley point of the adjacent PPG
waveform peak, a dicrotic to minima time indicative of the
time interval between the dicrotic notch of one PPG wave-
form peak and the valley point of the adjacent PPG waveform
peak, a rising slope of the PPG waveform measured for the
rising portion of the PPG waveform from the valley point to
the systolic peak, and a falling slope of the PPG waveform
measured for the falling portion of the PPG waveform from
the systolic peak to the valley point of the adjacent PPG
waveform peak. In an example, the dicrotic time, the falling
time, the dicrotic to minima time, the rising slope, and the
falling slope are determined based on the following equa-
tions, respectively:

Dicrotic time=1,-T,,,
Falling time=T,,, -7,

Dicrotic to minima time=7, -7,

Rising slope=(4,,,-4,,)(T,~T,)
Falling slope=(d 1 =4 (Tyns =T

[0066] Further, according to an aspect, physical character-
istics associated with the sample subject can also be taken into
account as the sample PPG features. For instance, the physi-
cal characteristics can include weight of the subject, height of
the subject, and age of the sample subject. In said example, as
would be understood from the foregoing description, the pro-
cessing module 110 can obtain the sample PPG features in
time domain or in the frequency domain or both. For instance,
the processing module 110 can extract the Sample PPG fea-
tures in the frequency domain, say from the amplitude-fre-
quency curve. In an example, the processing module 110 can
extract location of dominant peak frequency, distance
between the dominant peak frequency and the immediate
peak frequency, spectral centroid, and width of dominant
peak frequency region, as the frequency domain features. In
an example, for obtaining the frequency domain features, the
processing module 110 can segment the frames in the sample
video into non-overlapping rectangular windows of 1024 or
256 samples, to obtain sample PPG waveform in the manner
as described above. Further, the processing module 110 can
store the extracted sample PPG features, the extracted sample
PPG features forming the set of sample PPG features
obtained or extracted from the sample video, in the process-
ing data 122.

[0067] Further, in an implementation, the feature selection
module 114 can select one or more relevant sample PPG
features from the set of sample PPG features. In an imple-
mentation, before the relevant sample PPG features are
selected from the set of sample PPG features, the processing
module 110 can remove intermediate false peaks or trough
points from the Sample PPG features to remove noise from
the Sample PPG features. Otherwise, actual peaks or trough
points may be completely missed out due to noisy surround-
ings and may result in the incorrect calculation of Sample
PPG features during extraction of the Sample PPG features.
In an example, the processing module 110 can create two
clusters of the Sample PPG features. Further, based on a
histogram analysis, the processing module 110 can initialize
the centroids for the cluster analysis. Subsequently, the pro-
cessing module 110 can apply a 2-Means clustering followed
by cluster density estimation to remove the incorrect Sample
PPG features. In another case, the processing module 110 can
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apply k-means algorithm to obtain the cluster centroids. Fur-
ther, the processing module 110 can employ Xie-Beni index
for removing the incorrect Sample PPG features and obtain-
ing the set of Sample PPG features which can be used for
selection of the relevant samples.

[0068] Further, in accordance with an aspect of the present
subject matter, the feature selection module 114 can select
one or more relevant sample PPG features from the plurality
of sample PPG features.

[0069] In accordance with an aspect of the present subject
matter, the feature selection module 114 can follow a two-
step approach for selecting the relevant PPG features from the
entire set of extracted PPG features. In the first step, the
feature selection module 114 can determine the correlation
between the PPG features and the ground truth values of the
physiological parameter. Further, in the second step, the fea-
tures selection module 114 can select the relevant PPG fea-
tures based on the strength of correlation between the PPG
feature and ground truth values of the physiological param-
eter.

[0070] According to an implementation, as part of selection
of the relevant PPG features, the feature selection module 114
can divide the entire set of extracted PPG features into one or
more training sets and a testing set and store the same in the
feature data 126. In an example, the feature selection module
114 can extract the relevant PPG features from the training
set, and use the testing set to determine accuracy of the selec-
tion of the relevant PPG features.

[0071] Accordingly, the feature selection module 114 can
determine a correlation coefficient for each of the plurality of
PPG features in the training set, based on the PPG features
and the ground truth values. The correlation coefficient can
capture a relation between the PPG feature and the ground
truth value of the physiological parameter. In an example, the
feature selection module 114 can determine a maximum
information coefficient (MIC) value as the correlation coef-
ficient, based on the MIC techniques. In an example, the
feature selection module 114 can construct grids with various
sizes to find the largest mutual information between the data
pair, i.e., between the PPG feature and the ground truth value.
For each pair of data (x, y), if | is the mutual information for
a grid G, then MIC of a set D of pair-wise data with sample
size nand grid size (xy), the feature selection module 114 can
determine the correlation coefficient, i.e., the MIC value
based on the following relation as an example:

MIC(D)=maX, 5 {M(D),.,. } €}

[0072] In the above mentioned relation (1), the expression
{M(D)x, y} measures a normalized mutual information
between the data pair (x, y). In addition, in relation (1), the
grid size (xy) is less than B(n), where B(n) is a function of the
sample size and can be, for example, provided by the follow-
ing relation:

B(m)=n®¢
[0073] Further, for different distributions of the grid G,

M(D) can be provided by the following expression as an
example:

_ max{/(D|G)}

MD, = logmin(x, y)



US 2015/0031965 A1l

[0074] Once the MIC values of the PPG features are deter-
mined, the feature selection module 114 can determine the
strength of the correlation of between each PPG feature and
the ground truth values. Accordingly, according to an aspect,
the feature selection module 114 can determine a gain factor
for each of the plurality of PPG features, based on the corre-
lation coefficient and a gain function.

[0075] In an example, the gain function can be a sigmoid
gain function and can translate the values of the PPG features
ranging from —oo to oo to between 0 and 1. In said example, the
feature selection module 114 can determine the gain factor
(Gn) based on the following sigmoid function as an example:

1

n = 1 + @m0 —0.5)

[0076] In the above expression, wn can be the correlation
coefficient, say the MIC value, of a PPG feature associated
with the ECG and 0.5 can be a threshold value of the coeffi-
cient correlation. While, in the above case, the threshold value
is selected to be the midway of the maximum MIC value, i.e.,
1, in other examples, the threshold values can be selected to be
other than 0.5. In said example, the gain factor can assign a
weightage to each of the PPG features with respect to the
ground truth based on the MIC values obtained. For instance,
if the MIC value is obtained high, i.e., greater than about 0.5,
then according to the equation for Gn, the gain factor
becomes close to 1 and if'the obtained MIC value is low, that
is less than about 0.5, the gain factor for that PPG features is
close to zero. Further, the constant m controls a slope or
steepness of a curve of the gain function, i.e., when the gain
factor is plotted against the correlation coefficient. In effect,
as is evident from the above relation, the value of m can
determine the value of the gain factor. For example, the func-
tion forms a horizontal line at m=0, resulting in a gain factor
of 0.5 for all values of the correlation coefficient. This can be
understood to be equivalent to a no feature selection criteria.
[0077] Accordingly, in an implementation, the feature
selection module 114 can multiply each PPG feature with the
respective gain factor for selecting the relevant PPG features.
Considering the above example of the relation, the gain factor
is dictated by the selection of the slope constant m of the gain
function curve. In said implementation, the feature selection
module 114 can increase the value by predetermined incre-
ments in order to determine an optimal value of m, and there-
fore, an optimal value of the gain function for each of the PPG
features. Such incrementing of the slope constant m in pre-
determined steps is referred to as tuning of the slope constant
m.

[0078] According to an implementation, to determine the
optimal value of the gain function, the feature selection mod-
ule 114 can employ a k-fold validation technique. According
to said technique, in an example, the feature selection module
114 can use the training data set to determine the PPG features
by tuning the value of the slope constant m, i.e., based on
different values of the slope constant m, using a classifier
model. In an example, the classifier model can be is one of a
support vector machine (SVM)-based model and an adaptive
neural network (ANN)-based model. In said example, based
on the accuracy of the PPG features determined, the value of
the gain function can be determined. In said example, the
determined PPG features can be compared with a known
ground truth values to determine the accuracy of determining
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the PPG features. Further, the gain factor for the accurately
determined PPG features can be selected as the optimal gain
factor.

[0079] In another example, based on the accurately deter-
mined PPG features, the optimal value of the slope constant m
can be determined. In such a case, based on the optimal value
of the slope constant m, the value of the gain factor can be
determined from the equation for gain factor Gn. Further, in
another implementation, the feature selection module 114
can use a regression model as a predictor model instead of a
classifier model, for predicting the values of the physiological
parameters to determine the values of PPG features by tuning
the values of the slope constant m. In one case, the regression
model can be one of a linear regression model, a non-linear
regression model, and a polynomial regression model.
[0080] Further, once the gain factor is determined, the fea-
ture selection module 114 can select the PPG features
selected based on a threshold value of the gain factor. In
another case, the feature selection module 114 can select the
PPG features based on a threshold value of the PPG feature.
For example, when the feature selection module 114 multi-
plies the PPG feature to the gain factor having a low value, say
below the threshold value of the gain factor, the value of the
PPG feature is suppressed, i.e., falls below the threshold value
of the PPG feature, and such PPG features can be discarded.
Accordingly, the feature selection module 114 can select
those PPG features as the relevant PPG features for which the
value is greater than the threshold value, or for which the
value of the gain factor is greater than the threshold value. In
an example, while the strength of the correlation between the
PPG features and the ground truth values is given by the
correlation coefficient, the gain factor amplifies the strength
value and provides a convenient and accurate manner of
selecting the relevant PPG features based on the strength of
the correlation.

[0081] While in the above description, the selection of the
relevant sample PPG features by the feature selection module
114 is described based on maximal information coefficient
(MIC) concept, the feature selection module 114 may select
the relevant sample PPG features using other techniques also.
For example, the feature selection module 114 can employ
Pearson product-moment correlation coefficient (PPMCC)
concept for selecting the relevant sample PPG features. In
another case, the feature selection module 114 can determine
any linear or non-linear relationship between the sample PPG
features and the ground truth values, and accordingly select
the relevant samples. In addition, in an example, the feature
selection module 114 can employ statistical analysis tools for
relevant sample selection. For instance, the statistical analysis
tools can use maximum asymmetry score (MAS) technique,
maximum edge value (MEV) technique, and minimum cell
value (MCV) technique.

[0082] Subsequently, the testing module 116 can achieve
the testing of the selected relevant features using the testing
set, say previously selected from among the extracted PPG
features. In an implementation, the testing module 116 can
use the gain factor selected for each PPG feature by the
feature selection module 114 with the PPG features in the
testing set for testing whether the PPG features selected as
being relevant are accurately selected or not. In an example,
the testing module 116 can multiply the PPG features in the
testing set with the respective gain factors determined for the
PPG features in the training set. Based on the multiplication,
the testing module 116 can determine whether the same PPG
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features are selected as the relevant PPG features from the
testing set, as those selected from the training set.

[0083] After the relevant sample PPG features have been
selected, in an embodiment, the modeling module 118 can
determine a mathematical model based on the relevant
sample PPG features and the ground truth values of the physi-
ological parameter. As will be understood, the mathematical
model so determined captures the relationship between the
relevant sample PPG features and the physiological param-
eter. According to an aspect, the mathematical model can be
determined based on the relevant sample PPG features and
the ground truth values of the physiological parameter, using
supervised learning techniques. In the present case, since no
direct relation exists between the ground truth values and the
PPG features, supervised learning techniques are employed
for modeling the relationship between the two. In one
example, the modeling module 118 can use regression-based
learning techniques, support vector machine (SVM)-based
learning techniques, artificial neural network (ANN)-based
learning techniques, or any other such learning technique for
determining the mathematical model.

[0084] Further, as mentioned previously, in an example in
which the physiological parameter is blood pressure, the
ground truth values can be values of systolic blood pressure
and diastolic blood pressure. In another example in which the
physiological parameter includes ECG features for monitor-
ing heart condition, the ground truth values can be values of
the ECG features, such as QRS complex, PR interval, RR
interval, and QT interval. The modeling module 118 can store
the mathematical model in the modeling data 128. According
to another implementation, instead of using the exact ground
truth values for feature selection, the modeling module 118
can break the entire set of ground truth values into ranges or
bins and determine the mathematical model based on the bins.
[0085] Further, the mathematical model can be used for
estimating the ground truth values for the physiological
parameter based on a PPG waveform and PPG features.
[0086] Although the above description is provided with the
sample PPG waveform being obtained for one sample sub-
ject, in another implementation, the modeling system 100 can
obtain the sample PPG waveforms for a plurality of sample
subjects, and use the different sample PPG waveforms in the
same manner as described above, to determine the math-
ematical model. In such a case, since the mathematical model
is determined based on the ground truth values and PPG
waveforms associated with different sample subjects, the
adaptability of the mathematical model is high and can be
used for accurately estimating and monitoring the physiologi-
cal parameter.

[0087] In an implementation, before the mathematical
model is deployed further for estimating and monitoring
physiological parameters, the modeling module 118 can
ascertain an accuracy of the mathematical model. In an
example, the check of accuracy of the mathematical model
can be conducted in a trial environment, for example, the
modeling system 100 which 1s deployed in a development
environment. In one case, the modeling module 118 can pro-
vide a set of PPG features obtained from the PPG waveform
for a subject for whom the ground truth values of the physi-
ological parameter are known, to the mathematical model.
The mathematical model can, in turn, estimate a physiologi-
cal parameter bin, i.e.. a range of values within which the
measured value ofthe physiological parameter lies. The mod-
eling module 118 can further compare the estimated physi-
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ological parameter bin to the actual known value of the physi-
ological parameter to determine whether the mathematical
model is accurate or not. In case the mathematical model is
not accurate, the modeling system 100 obtains further PPG
waveforms for various sample subjects to train the math-
ematical model to enhance accuracy of the mathematical
model.

[0088] Further, for deployment, the mathematical model is
provided at the physiological parameter monitoring device
134, hereinafter referred to as the device 134, for monitoring
the physiological parameter associated with a test subject. In
other examples, the mathematical model can be provided as
an application, say a downloadable application, which can be
installed on a hand held device, such as the device 134.
Further, as mentioned previously, in an example in which the
physiological parameter is blood pressure, the ground truth
values can be values of systolic blood pressure and diastolic
blood pressure. In another example in which the physiologi-
cal parameter includes ECG features for monitoring heart
condition, the ground truth values can be values of the ECG
features, such as QRS complex, PR interval, RR interval, and
QT interval. Further, in an example, the device 134 can store
the mathematical model in a modeling data 144 of the device
134.

[0089] In an implementation, for monitoring the physi-
ological parameter using the device 134 having the math-
ematical model deployed therein, a video of a body part 140,
such as a finger or an ear lobe, of the test subject can be
captured using a camera 142 of the device 134. Further, a
monitoring module 146 of the device 134 can process the
video to obtain a test PPG waveform in the same manner as
described above with reference to the sampling device 132,
say based on the quantized colour values and peak frequen-
cies thereof. For instance, the monitoring module 146 can
obtain, from among the determinant windows for which the
frequency lock condition is determined to be true, a plurality
of determinant windows having, in total, a predetermined
number of frames. In an example, the monitoring module 146
selects those determinant windows which cover the last 512
frames of the consistent determinant windows, for measuring
the physiological parameters. Selecting such frames from the
consistent windows ensures that any errors due to stabiliza-
tion of the flash light of the camera 138, which may adversely
affect accuracy of measurement of the physiological param-
eters, are prevented.

[0090] Further, the monitoring module 146 can provide for
performing an additional step to check whether the selected
determinant windows are effective for determining the physi-
ological parameters. Accordingly, in an implementation, the
monitoring module 146 can perform a peak frequency detec-
tion check for each of the plurality of selected determinant
windows. In an example, in case the physiological parameter
being measured is the heart rate, the monitoring module 146
can perform the peak frequency detection check for determin-
ing the consistency of the peak frequency in the selected
determinant windows.

[0091] In an example, the peak frequency detection check
can be indicative of a periodicity of the pulse of the subject.
The periodicity of the pulse, in turn, can be indicative of a
video which can be effectively used for physiological param-
eters measurement. In case the one or more of the frames fail
the peak frequency detection check, then the monitoring
module 146 can provide a feedback to the subject for captur-
ing a new video for analysis. In another implementation, the
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monitoring module 146 can select another set of determinant
windows covering the predetermined number of frames, in
the event of the frames failing the peak frequency detection
check.

[0092] Subsequent to performing the peak frequency detec-
tion check, the monitoring module 146 can extract the test
PPG features from the test PPG waveform. In an example, the
test PPG features can be the same as the sample PPG features.
In another case, the monitoring module 146 can extract the
PPG features corresponding to the relevant sample PPG fea-
tures determined earlier by the processing module 110. In
such a case, for instance, the modeling system 100 can pro-
vide the relevant sample PPG features stored in a feature
selection data 148 to the sampling device 132, and the moni-
toring module 146 can obtain those PPG features from the test
PPG waveform. Further, based on the test features and the
mathematical model, the monitoring module 146 can esti-
mate the physiological parameter and monitor the same.
[0093] In an example, for monitoring the physiological
parameter, the monitoring module 146 can estimate the
physiological parameter bin indicating a range of values
within which the physiological parameter may lie. Therefore,
in said example, the estimation and monitoring of the physi-
ological parameter by the monitoring module 146 can be
indicative in nature, instead of being quantitative measure-
ment. In such a case, the monitoring module 146 can provide
amode of monitoring a medical condition of the subject, say
over a prescribed period of time, based on the range of value
in which the physiological parameter lies. Accordingly, in
one example, the medical condition of the subject can be
tracked so that appropriate medical aid can be provided to the
subject in due time.

[0094] In one example, in which the monitoring module
146 monitors the BP values for the test subject, the physi-
ological parameter bins can be “very low”, “low”, “normal”,
“high”, and “very high”. In said example, the monitoring
module 146 monitors the BP level of the test subject to fall
within the “very low” bin when the diastolic pressure is less
than about 50 millimeters of mercury (mmHg) or the systolic
pressure is less than about 70 mmHg. Further, the BP of the
test subject falls in the “low” bin when the diastolic pressure
lies approximately in the range of about 50 to 65 mmHg or the
systolic pressure lies approximately within the range of about
70 to 100 mmHg, and in the “normal” bin when the diastolic
pressure lies approximately in the range of about 65 to 90
mmHg or the systolic pressure lies approximately within the
range of about 100 to 135 mmHg. In addition, the BP level of
the test subject can be considered to fall within the “high” bin
when the diastolic pressure lies approximately in the range of
about 90 to 100 mmHg or the systolic pressure lies approxi-
mately within the range of about 135 to 160 mmHg, and
within the “very high” bin when the diastolic pressure is
greater than about 100 mmHg or the systolic pressureis above
about 160 mmHg.

[0095] Considering another case in which the monitoring
module 146 estimates the ECG features as part of monitoring
the physiological parameters. In such a case, the physiologi-
cal parameter bins can again be termed as “very low”, “low”,
“normal”, “high”, and “very high”. In one example, the moni-
toring module 146 can determine the ECG features associated
with the test subject to be “very low” when the RR interval is
less than about 0.6 milliseconds (ms), and the ECG features
can be “low” when the PR interval is less than about 120 ms,
the QRS interval is less than about 60 ms, the QT interval is
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less than about 350 ms, or the RR interval is approximately
within arange of about 0.6 to 0.8 m. Further, in said example,
the ECG features for the test subject can fall within the “nor-
mal” bin when the PR interval is approximately within a
range of about 120 to 200 ms, the QRS interval is approxi-
mately within the range of about 60 to 100 ms, the QT interval
is approximately within the range of about 350-470 ms, or the
RR interval is approximately within the range of about 0.8 to
1 second (s). In addition, the ECG features for the test subject
are determined to fall within the “high” bin when the PR
interval is greater than about 200 ms, the QRS interval is
greater than about 100 ms, the QT interval is greater than
about 470 ms, or the RR interval is approximately within the
range of about 1to 1.2 s, and within the “very high” bin when
the RR interval is greater than about 1.2 s.

[0096] Further, while the estimation of the physiological
parameters is described with reference to the physiological
parameter monitoring device 134, the monitoring of the
physiological parameters can also be achieved in real-time at
the modeling system 100. In such a case, the modeling system
100 having the mathematical model stored thereon, receives
the PPG features extracted from the test video, and can esti-
mate and monitor the physiological parameters in real time.
[0097] FIG. 2, FIG. 3, FIG. 4, FIG. 5, and FIG. 6 illustrate
methods for monitoring physiological parameters of a subject
using a hand held device, according to an implementation of
the present subject matter. In one example, the methods are
carried out by the modeling system 100 and the physiological
parameters monitoring device 134, such as the hand held
device, used for determining the physiological parameters.
The methods may be described in the general context of
computer executable instructions. Generally, computer
executable instructions can include routines, programs,
objects, components, data structures, procedures, modules,
functions, etc., that perform particular functions or imple-
ment particular abstract data types. The methods may also be
practiced in a distributed computing environment where
functions are performed by remote processing devices that
are linked through a communications network. In a distrib-
uted computing environment, computer executable instruc-
tions may be located in both local and remote computer
storage media, including memory storage devices.

[0098] The order in which the methods are described is not
intended to be construed as a limitation, and any number of
the described method blocks can be combined in any order to
implement the methods, or alternative methods. Additionally,
individual blocks may be deleted from the methods without
departing from the spirit and scope of the subject matter
described herein. Furthermore, the methods can be imple-
mented in any suitable hardware, software, firmware, or com-
bination thereof.

[0099] With reference to the description of FIG. 2, FIG. 3,
FIG. 4, FIG. 5, and FIG. 6 for the sake of brevity, the details
of the components of the modeling system 100 and the physi-
ological parameters monitoring device 134 for determining
the physiological parameters associated with the subject, are
not discussed here. Such details can be understood as pro-
vided in the description provided with reference to FI1G. 1.
[0100] FIG. 2illustrates a method 200 for performing con-
sistency analysis of a video captured for monitoring the
physiological parameters, in accordance with an implemen-
tation of the present subject matter. Referring to FIG. 2, at
block 202, a video of a body part 136 of the sample subject is
captured using a camera 138 of a sampling device 132, which
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can be a hand held device. In an example, the video of a finger
tip can be captured by positioning the finger tip against a lens
of the camera 138 and having the flash light of the camera 138
switched on. Further, in case the camera 138 captures the
video at a rate of 30 frames per second, the video can be
captured for about 2 seconds.

[0101] At block 204, a plurality of windows, each having a
predetermined number of frames, is obtained from the cap-
tured video. In an example, 12 windows each having 64
frames can be obtained from the video. For instance, the
number of frames in each window can be based on the rate of
video recording of the camera 138. Further, in one case, the
windows from the video can be so obtained that certain
frames of one window overlap certain frames of the adjacent
windows. Forinstance, each window canhave 64 frames with
16 frames overlapping with 16 frames of the consecutively
succeeding or preceding window. As will be understood, the
term adjacent is used in context of the time domain.

[0102] Atblock 206, at least one quantized colour value for
each frame in the plurality of windows can be determined for
acolour model. Accordingly, for instance, in which the colour
model is the Red-Green-Blue (RGB) colour model, the quan-
tized colour value can be an average value of any one of the
red, blue, or green component, or a combination thereof. In
another example, in case the colour model is the Hue-Satu-
ration-Value (HSV) model, the quantized colour value can be
an average value of any one of the hue, saturation, or value
components of the colour model, or a combination thereof.

[0103] Atblock 208, it is determined whether the quantized
colour value for each frame is greater than a predetermined
range of quantized colour values. If the quantized colour
value for one or more frames is within the predetermined
range of values (‘No’ branch from block 208), then it indi-
cates that the captured frames are ineffective for determining
the physiological parameters. Accordingly, a feedback, say in
the form of a pop-up message on the screen of the sampling
device 132, can be provided to the sample subject to reposi-
tion the body part 136 with reference to the camera 138, or
vice-versa, and a new video can be captured as described in
block 202.

[0104] However, in case the quantized colour value for each
frame is beyond the predetermined range of values (“Yes’
branch from block 208), then at block 210 a consistency
analysis is performed for a selected set of windows from the
plurality of windows, to determine the consistency of the
video. In an example, the windows from the plurality of
windows for which the quantized values of frames are within
the predetermined range are obtained for consistency analysis
and are referred to as determinant windows. The consistency
analysis of such windows is explained in detail with reference
to FIG. 3.

[0105] At block 212, it is determined whether each of the
determinant window is consistent, i.e., whether the video is
consistent. If, block 212, it is determined that the video is
inconsistent (‘No’branch from block 212), then a notification
can be provided as feedback to the sample subject to capture
another video, as described at block 202.

[0106] Further, in case the video is determined to be con-
sistent (“Yes’ branch from block 212), then the physiological
parameters of the subject can be determined. Accordingly, at
block 214, a plurality of determinant windows covering a
predetermined number of selected frames is chosen from
among the determinant windows. Such determinant windows
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selected for determining the physiological parameters are
referred to as selected determinant windows.

[0107] Inaddition,atblock 216, a peak frequency detection
check is performed for each of the selected determinant win-
dows. In an example, in case the physiological parameter
being measured is the heart rate, the peak frequency detection
check is performed to check the selected determinant win-
dows for consistency of the peak frequency. The peak fre-
quency detection check can be performed at block 216 to
determine whether the selected determinant windows of the
video can be used for determining the physiological param-
eters or not. In an example, the peak frequency detection
check can be indicative of a periodicity of the pulse of the
sample subject.

[0108] Accordingly, at block 218, it is determined whether
each of the selected determinant windows passes the peak
frequency detection check or not. If one or more of the
selected determinant windows fail the peak frequency detec-
tion check (“No” branch from block 218), then a notification
or a pop-up message can be provided on the hand held device
for the sample subject to capture another video as described
with respect to the block 202. In another implementation,
another set of determinant windows covering the predeter-
mined number of frames can be selected at block 214 to
determine the physiological parameters.

[0109] On the other hand, in case the selected determinant
windows pass the peak frequency detection check (“Yes’
branch from block 218), then at block 220 a sample PPG
waveform is obtained for the sample subject. In an implemen-
tation, the sample PPG waveform for each selected determi-
nant window can be ascertained by applying Fast Fourier
Transform (FFT) to the quantized colour values of the frames
covered by the selected determinant windows. In another
implementation, the sample PPG waveform for each selected
determinant window can be ascertained by applying Short-
term Fourier Transform (STFT) to the quantized colour val-
ues of the frames covered by the selected determinant win-
dows.

[0110] FIG. 3 illustrates the method 300 for analyzing con-
sistency of a video capture using the hand held device, for
determining the physiological parameters, in accordance
with an implementation of the present subject matter. As will
be understood, the method 300 explains block 210 of FIG. 2
in detail.

[0111] As mentioned previously, the consistency analysis
is performed on the basis of the sample PPG waveform, for
example, peak frequencies of the quantized value of colours
in the sample PPG waveform, obtained from the video.
Accordingly, at block 302, a Short-Term Fourier Transform
(STFT) can be applied to the quantized colour value of each
frame of the determinant windows, say to determine the
sample PPG waveform and the peak frequencies in the
sample PPG waveform, for consistency analysis. In an
example, the consistency analysis commences when a prede-
termined number of determinant windows have been
obtained.

[0112] At block 304, a position of peak frequency in time
domain is determined for each determinant window, based on
the peak frequencies determined at block 302 for each frame
in the respective window.

[0113] Further, at block 306, a frequency drift for the peak
frequencies across the determinant windows is determined.
The frequency drift for the peak frequencies across the deter-
minant windows can indicate that whether the position of the
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peak frequency in each window is stable or not. In an
example, the frequency drift across the determinant windows
can be determined by comparing the position of peak fre-
quency in one window to the position of peak frequency in
every other window, for all the determinant windows.
[0114] Subsequently, the determinant windows are ana-
lyzed based on the frequency drift to determine consistency of
the video. Accordingly, at block 308 the determined fre-
quency drift is compared against a threshold frequency drift
to determine whether the frequency drift across the determi-
nant windows is greater than the threshold frequency drift or
not. In an example, as mentioned above, the comparison of
the threshold frequency drift can be done with respect to the
frequency drift determined for each pair of determinant win-
dows.

[0115] Incase the frequency drift is greater than the thresh-
old (“Yes’ branch from block 308), it indicates that the deter-
minant windows and, therefore, the video, are inconsistent.
Accordingly, at block 310, a feedback can be provided to the
sample subject to capture a new video for determining the
physiological parameters. In case, it is determined that the
frequency drift is less than the threshold frequency drift (“No’
branch from block 308), then another check can be performed
for determining the consistency of the video.

[0116] Forthe other check, at block 312, a signal amplitude
of the quantized colour value, for example, amplitude of the
quantized colour value, for each frame in the determinant
windows is determined. Further, at block 314, the signal
amplitude for each frame of the determinant windows is
compared against a threshold signal amplitude. In case the
signal amplitude for one or more frames of the determinant
windows is less than the threshold signal amplitude (‘No’
branch from block 314), it indicates that the video is incon-
sistent and, subsequently, at block 310, a feedback can be
provided to the sample subject for capturing a new video.
[0117] However, in case the signal amplitude for each
frame in the determinant window is greater than the threshold
signal amplitude (“Yes’ branch from block 314), it is indica-
tive of the consistency of the video for determining the physi-
ological parameters. Accordingly, from block 314, the plu-
rality of determinant windows covering a predetermined
number of selected frames is chosen from among the deter-
minant windows at block 214.

[0118] FIG. 4 illustrates a method 400 for determining a
mathematical model to monitor physiological parameters
associated with a test subject, in accordance with an imple-
mentation of the present subject matter. As will be under-
stood, method 400 continues after block 220 of FIG. 2.
[0119] Referring to FIG. 4, at block 402 sample PPG fea-
tures associated with the sample subject are extracted from
the sample PPG waveform obtained at block 220 of FIG. 2. In
an example, the sample PPG features can include a set of time
domain features or a set of frequency domain features, or
both. For instance, the set of time domain features can include
apeak-to-peak time interval for the peaking frequencies in the
sample PPG waveform, pulse interval, crest time indicative of
the time taken for the sample PPG waveform to reach the
peaking frequencies, diastolic time, height of the pulse, and
area under the sample PPG waveform. In said example, the
sample PPG features can be extracted in time domain. In
another example, the sample PPG features can be extracted in
frequency domain. Alternatively or additionally, physical
characteristics associated with the sample subject can be
taken into account as the sample PPG features. For instance,
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the physical characteristics weight of the subject, height of
the subject, age of the subject, and other such physical char-
acteristics associated with the sample subject.

[0120] At block 404, one or more relevant sample PPG
features are selected from the sample PPG features. The rel-
evant PPG features may be selected based on the influence of
physiological parameter on the PPG features and vice-versa.
In addition, in one example, ground truth values of at least one
physiological parameter associated with the sample subject
may also be taken into consideration for selecting the relevant
sample PPG features. The ground truth values may be under-
stood as actual known values of the physiological parameter
to be monitored. In an example in which the physiological
parameter is blood pressure, the ground truth values can be
values of systolic blood pressure and diastolic blood pressure.
In another example in which the physiological parameter
being monitored includes ECG features for monitoring heart
condition, the ground truth values can be values of the ECG
features, such as QRS complex, PR interval, RR interval, and
QT interval.

[0121] At block 406, a mathematical model for each physi-
ological parameter is determined, based on relevant sample
PPG features and the ground truth values for that physiologi-
cal parameter. The mathematical model is indicative of a
correlation between the relevant sample PPG features and the
ground truth values. Further, in an example, the mathematical
mode] may be determined using supervised learning tech-
niques. For instance, the supervised learning techniques can
include regression-based learning techniques, support vector
machine (SVM)-based learning techniques, and artificial
neural network (ANN)-based learning techniques.

[0122] At block 408, the mathematical model is checked
for accuracy, say of estimating and monitoring the physi-
ological parameter. In an example, the mathematical model
can be used, in a trial environment, for estimating a physi-
ological parameter bin. The physiological parameter bin indi-
cates arange of values within which the measured value of the
physiological parameter lies. The estimated physiological
parameter bin can be compared to an actual known value of
the physiological parameter to determine whether the math-
ematical model is accurate or not. In case the mathematical
model is not accurate, training of the mathematical model
may be achieved to enhance accuracy.

[0123] At block 410, the mathematical model is provided
for deployment, say at the physiological parameter monitor-
ing device 134, subsequent to passing the accuracy check.
[0124] FIG. 5 illustrates a method 500 for selecting the
relevant sample PPG features from the sample PPG features,
according to an implementation of the present subject matter.
As will be understood, the method 500 explains block 404 of
FIG. 4 in detail and is in continuation from block 402 of FIG.
4.

[0125] Referring to FIG. 5, at block 502, noisy and incor-
rect sample PPG features can be removed from the extracted
sample PPG features.

[0126] Atblock 504, the entire set of extracted sample PPG
features can be divided into one or more training sets and a
testing set. In an example, the relevant sample PPG features
can be extracted from the training set, whereas the testing set
can be used for determining the relevance of the selected
sample PPG features and the accuracy of the selection.
[0127] Atblock 506, a correlation coefficient for each of the
plurality of sample PPG features in the training set, based on
the sample PPG features and the ground truth values. The
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correlation coefficient can capture a relation between the
sample PPG feature and the ground truth value of the physi-
ological parameter. In an example, the correlation coefficient
can be a maximum information coefficient (MIC) value and
can be determined based on the MIC techniques.

[0128] At block 508, a gain factor for each of the plurality
of sample PPG features can be determined, based on the
correlation coefficient and a gain function. In an example, the
gain function can be a sigmoid gain function. Further, the gain
factor can be selected based on the selection of a slope con-
stant of the gain function. In said implementation, an optimal
value of gain function can be determined based on an optimal
value of the slope of the gain function.

[0129] At block 510, an optimal gain factor is determined
for each sample PPG feature by tuning a parameter associated
with the sigmoid gain function determined above. In an
example, ak-fold cross validation technique can be employed
to determine the optimal gain function. According to said
technique, in an example, the training data set can be used to
determine the sample PPG features by tuning the value of the
slope constant m, i.e., based on different values of the slope
constant m, using a classifier model. In an example, the clas-
sifier model canbeis one ofa support vector machine (SVM)-
based model and an adaptive neural network (ANN)-based
model. In another example, the classifier model can be a
regression model.

[0130] Insaidimplementation, based onthe accuracy ofthe
sample PPG features determined, the value of the gain func-
tion can be determined. In said example, the determined
sample PPG features can be compared with a known ground
truth values to determine the accuracy of determining the
sample PPG features. Further, the gain factor for the accu-
rately determined PPG features can be selected as the optimal
gain factor. In another example, based on the accurately deter-
mined sample PPG features, the optimal value of the slope
constant m can be determined. In such a case, based on the
optimal value of the slope constant m, the value of the gain
factor can be determined from the equation for gain factor Gn.
[0131] Atblock 512, eachsample PPG feature is multiplied
with the respective optimal gain factor for carrying out selec-
tion of the relevant sample PPG features.

[0132] At block 514, the relevant sample PPG features can
be selected from the extracted features based on a product of
the optimal gain factor with each sample PPG feature. In an
example, the sample PPG features can be selected based on a
threshold value of the gain factor. In another case, the sample
PPG features can be selected based on a threshold value of the
PPG feature. In both the above cases, when the sample PPG
feature is multiplied to the gain factor having a low value, say
below the threshold value of the gain factor, the value of the
sample PPG feature is suppressed, i.e., falls below the thresh-
old value of the sample PPG feature, and such sample PPG
features can be discarded. Accordingly, the sample PPG fea-
tures for which the value is greater than the threshold value, or
for which the value of the gain factor is greater than the
threshold value, can be selected as the relevant sample PPG
features. Inone example, the threshold value of the product of
the sample PPG feature with the gain factor can be about
0.001.

[0133] Atblock 516, testing of the selected relevant sample
features can be carried out using the testing set, say previously
selected from among the extracted sample PPG features,
based on the gain factor and the ground truth value. In an
implementation, the gain factor selected for each sample PPG
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feature is employed with the sample PPG features in the
testing set for testing whether the sample PPG features
selected as relevant based on the gain factor are accurately
selected ornot. In an example, the sample PPG features in the
testing set can be multiplied with the respective gain factors
determined for the training set. Based on the multiplication, it
can be determined whether the same sample PPG features are
selected as the relevant sample PPG features from the testing
set, as those selected from the training set.

[0134] FIG. 6 illustrates a method 600 for monitoring the
physiological parameters associated with a test subject using
the physiological parameter monitoring device 134, accord-
ing to an implementation of the present subject matter. As will
be understood, method 600 continues after block 410 of FIG.
4.

[0135] Referring to FIG. 6, at block 602, a video of body
part 140 of at least one test subject is captured through a
camera 142 of the physiological parameter monitoring device
134. In an example, the video of a finger tip or an ear lobe can
be captured by positioning the finger tip or the ear lobe against
a lens of the camera 142 and having the flash light of the
camera 142 switched on.

[0136] At block 604, the video is processed to determine a
test photoplethysmographic (PPG) waveform from the video.
In an example, the test PPG waveform is obtained from the
video in the same manner as described for obtaining the
sample PPG waveform at block 402 and with reference to
FIG. 4.

[0137] At block 606, relevant test PPG features are
extracted from the test PPG waveform. In an example, the
relevant test PPG features may be the same as the relevant
sample PPG features. In another example, the PPG features
corresponding to the relevant sample PPG features may be
extracted.

[0138] At block 608, at least one of physiological param-
eter is estimated and monitored based on the extracted rel-
evant test PPG features and the mathematical model corre-
sponding to the at least one physiological parameter. In an
example, the physiological parameter bin indicative of the
range of values within which the measured value of the physi-
ological parameter lies, can be estimated for the physiological
parameter. Therefore, in said example, the estimation done
based on the mathematical model can be indicative in nature,
instead of being quantitative measurement.

[0139] Although implementations for methods and sys-
tems for monitoring physiological parameters of a subject
using a hand held device are described, it is to be understood
that the present subject matter is not necessarily limited to the
specific features or methods described. Rather, the specific
features and methods are disclosed as implementations for
monitoring physiological parameters of a subject using a
hand held device.

I/We claim:

1. A method for monitoring a physiological parameter
associated with a subject using a hand held device, the method
comprising:

obtaining, by a processor, a plurality of sample photopl-

ethysmographic (PPG) features associated with a
sample subject, from a video of abody part ofthe sample
subject;

selecting, by the processor, from among the plurality of

sample PPG features, at least one relevant sample PPG
feature associated with the physiological parameter,
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based on a ground truth value of the physiological
parameter for the sample subject; and
determining, by the processor, based on the at least one
relevant sample PPG feature and the ground truth value
of the physiological parameter, a mathematical model
indicative of a correlation between the at least one rel-
evant sample PPG feature and the physiological param-
eter, wherein the mathematical model is deployed for
monitoring the physiological parameter in real time.
2. The method as claimed in claim 1, wherein the obtaining
the plurality of sample PPG features comprises extracting the
plurality of Sample PPG features from the video in one of a
time domain and a frequency domain.
3. The method as claimed in claim 1, wherein the physi-
ological parameter comprises at least one of a blood pressure,
an electrocardiograph (ECG) indicative of heart condition,
blood oxygen level, and a respiration rate.
4. The method as claimed in claim 1, wherein the plurality
of sample PPG features comprise a set of at least one of time
domain features and frequency domain features.
5. The method as claimed in claim 1, wherein the plurality
of sample PPG features comprise physical characteristics
associated with the sample subject.
6. The method as claimed in claim 5, wherein the physical
characteristics include height of the sample subject, weight of
the sample subject, and age of the sample subject.
7. The method as claimed in claim 1, wherein the deter-
mining the mathematical model is based on a supervised
learning technique.
8. The method as claimed in claim 1 further comprising:
obtaining test PPG features associated with a test subject
from a video of a body part of the test subject; and

monitoring the physiological parameter for the test subject,
based on the test PPG features and the mathematical
model.
9. The method as claimed in claim 1, wherein the selecting
comprises:
determining a relevance rating for each of the plurality of
sample PPG features, wherein the relevance rating is
indicative of a relation of each of the plurality of sample
PPG feature with the physiological parameter; and

ascertaining the at least one relevant sample PPG feature
from among the plurality of sample PPG features, based
on the relevance rating of each of the plurality of sample
PPG features and a threshold relevance rating.

10. The method as claimed in claim 1, wherein the obtain-
ing comprises:

obtaining a plurality of windows from the video, wherein

each of the windows includes a predetermined number
of frames;

determining at least one quantized colour value for one or

more colour models, for each frame in the plurality of
windows; and

determining consistency of the video by performing con-

sistency analysis for a predetermined number of deter-
minant windows from the plurality of windows, based
on the at least one quantized colour value of each frame,
wherein the consistency analysis is performed, in
response to obtaining the predetermined number of the
determinant windows.

11. The method as claimed in claim 10, wherein the deter-
mining comprises assessing whether the at least one quan-
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tized colour value is in a predetermined range of quantized
colour values, the consistency analysis being achieved based
on the assessing.

12. The method as claimed in claim 10 further comprising:

obtaining, by the processor, from among the determinant

windows, a plurality of selected determinant windows
covering a predetermined number of frames, in response
to the achieving; and

performing, by the processor, a peak frequency detection

check for each of the plurality of selected determinant
windows, wherein the at least one physiological param-
eter is ascertained based on the performing.

13. The method as claimed in claim 12, wherein the pet-
forming comprises determining a peak frequency of at least
one quantized colour value in each of the plurality of selected
determinant windows by applying Fast Fourier Transform
(FFT) to the at least one quantized colour value of all the
frames covered by the plurality of selected determinant.

14. The method as claimed in claim 12 further comprising
providing, by the processor, a feedback to the sample subject
for capturing a new video. when at least one of the plurality of
selected determinant windows fails the peak frequency detec-
tion check.

15. The method as claimed in claim 10, wherein the deter-
mining the consistency comprises:

determining a position of peak frequency of the at least one

quantized colour value for each of the determinant win-
dows;

assessing a frequency drift for peak frequencies across the

determinant windows, wherein the frequency drift is
indicative of variation in position of peak frequencies
across the determinant windows; and

comparing the frequency drift and a threshold frequency

drift, wherein the at least one physiological parameter is
ascertained in response to the comparing.

16. The method as claimed in claim 10, wherein the deter-
mining the consistency comprises:

determining a signal amplitude for the at least one quan-

tized colour value in each frame in the determinant win-
dows; and

comparing the signal amplitude with a threshold signal

amplitude, wherein the at least one physiological param-
eter is ascertained in response to the comparing.
17. The method as claimed in claim 10 further comprising
providing, by the processor, a feedback to the sample subject
for capturing a new video, when the captured video is incon-
sistent.
18. The method as claimed in claim 1, wherein the body
part is a finger tip of a hand of the sample subject.
19. The method as claimed in claim 1, wherein the select-
ing comprises:
determining, by the processor, a correlation coefficient for
each of the plurality of Sample PPG features, indicative
of arelation between a Sample PPG feature and a ground
truth value of the physiological parameter;

ascertaining, by the processor, a gain factor for each of the
plurality of Sample PPG features, based on the correla-
tion coefficient; and

selecting, by the processor, relevant sample PPG features

from among the plurality of Sample PPG features, based
on the gain factor, wherein the relevant sample PPG
features are deployed for monitoring the physiological
parameter in real time.
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20. The method as claimed in claim 19, wherein the corre-
lation coefficient is a maximum information coefficient
(MIC).

21. The method as claimed in claim 19, wherein the ascer-
taining the gain factor is based on a sigmoid gain function.

22. The method as claimed in claim 19, wherein the ascer-
taining the gain factor comprises tuning a slope constant (m)
associated with the gain factor, based on accuracy of a k-fold
validation technique, the tuning being performed using one of
a regression model and a classifier model.

23. The method as claimed in claim 22, wherein the regres-
sion model is one of a linear regression model, a non-linear
regression model, and a polynomial regression model.

24. The method as claimed in claim 22, wherein the clas-
sifier models is one of a support vector machine (SVM)-based
model and an adaptive neural network (ANN)-based model.

25. The method as claimed in claim 19, wherein the select-
ing comprises:

multiplying each of the plurality of Sample PPG features
with the respective gain factor; and

selecting the relevant Sample PPG features from among
the plurality of Sample PPG features based on a thresh-
old value of each multiplied Sample PPG feature.

26. The method as claimed in claim 19 further comprising
ascertaining, by the processor, actual relevance of each of the
relevant Sample PPG features based on the respective gain
factor.

27. The method as claimed in claim 19, further comprising:

obtaining, by the processor, test PPG features associated
with a test subject from a video of a body part of the test
subject; and

monitoring, by the processor, the physiological parameter
for the test subject, based on the test PPG features and
the relevant Sample PPG features.

28. A method for monitoring a physiological parameter
associated with a subject using a hand held device, the method
comprising:

obtaining a plurality of sample photoplethysmographic
(PPG) features associated with a sample subject, from a
video of a body part of the sample subject;

selecting, from among the plurality of sample PPG fea-
tures, at least one relevant sample PPG feature associ-
ated with the physiological parameter, based on a
ground truth value of the physiological parameter for the
subject; and

determining, based on only the at least one relevant sample
PPG feature and the ground truth value of the physi-
ological parameter, a mathematical model indicative ofa
correlation between the relevant sample PPG feature and
the physiological parameter, wherein the mathematical
model is deployed for monitoring the physiological
parameter in real time, the physiological parameter
being at least one of a blood pressure (BP) and electro-
cardiograph (ECG) features.

29. A modeling system for monitoring physiological
parameters associated with a subject, the modeling system
comprising:

a processor;

a processing module coupled to the processor to obtain a
plurality of sample photoplethysmographic (PPG) fea-
tures associated with a sample subject, wherein the
sample PPG features are extracted from a video of a
body part of the sample subject;
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a feature selection module coupled to the processor to
select at least one relevant sample PPG features associ-
ated with the physiological parameter, from among the
plurality of sample PPG features, based on a ground
truth value of the physiological parameter; and

amodeling module coupled to the processor to determine,
based on the at least one relevant sample PPG feature
and the ground truth value of the physiological param-
eter, a mathematical model indicative of a correlation
between the relevant sample PPG feature and the physi-
ological parameter, wherein the mathematical model is
adapted for monitoring the physiological parameter in
real time.

30. The modeling system as claimed in claim 29, wherein

the processing module:
obtains the video of the body part of the subject from a
sampling device; and
processes the video to determine a sample PPG waveform.
31. The modeling system as claimed in claim 29, wherein
the processing module obtains the plurality of Sample PPG
features from the video in at least one of a time domain and a
frequency domain.
32. The modeling system as claimed in claim 29, wherein
the modeling module determines the mathematical model
based on supervised learning techniques.
33. The modeling system as claimed in claim 29, wherein
the feature selection module:
determines a relevance rating for each of the plurality of
sample PPG features, wherein the relevance rating is
indicative of a relation of each sample PPG feature with
the physiological parameter; and
compares the relevance rating of each of the plurality of
sample PPG features with a threshold relevance rating to
select the at least one relevant sample PPG feature.
34. The modeling system as claimed in claim 29, wherein
the processing module obtains a plurality of windows from
the video, wherein each of the windows includes a predeter-
mined number of frames, the modeling system further com-
prising
a consistency analysis module coupled to the processor to,
determine at least one quantized colour value for one or
more colour models, for each frame in the plurality of
windows; and

determine consistency of the video by performing con-
sistency analysis for a predetermined number of
determinant windows from the plurality of windows,
based on the at least one quantized colour value of
each frame, wherein the consistency analysis is per-
formed in response to obtaining the predetermined
number of the determinant windows.

35. The modeling system as claimed in claim 34, wherein
the processing module assesses whether the at least one quan-
tized colour value in a predetermined range of quantized
colour values.

36. The modeling system as claimed in claim 35, wherein
the consistency analysis module provides a feedback to the
subject to capture a new video in response to the assessment
by the processing module.

37. The modeling system as claimed in claim 35, wherein
the consistency analysis module achieves the consistency
analysis in response to the assessment by the processing
module.

38. The modeling system as claimed in claim 34, wherein
the consistency analysis module:
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determines a position of peak frequency of the at least one
quantized colour value for each of the determinant win-
dows;

assesses a frequency drift for peak frequencies across the

determinant windows, wherein the frequency drift is
indicative of variation in position of peak frequencies
across the determinant windows; and

compares the frequency drift and a threshold frequency

drift to determine the at least one physiological param-
eter in response to the comparison.

39. The modeling system as claimed in claim 34, wherein
the consistency analysis module:

determines a signal amplitude for the at least one quantized

colour value in each frame in the determinant windows;
and

compares the signal amplitude with a threshold signal

amplitude to ascertain the physiological parameter in
response to the comparison.

40. The modeling system, wherein the feature selection
module:

determines a correlation coefficient for each of the plurality

of Sample PPG features, indicative of a relation between
a Sample PPG feature and a ground truth value of the
physiological parameter;
ascertains a gain factor for each of the plurality of Sample
PPG features, based on the correlation coefficient; and

selects the relevant Sample PPG features from among the
plurality of Sample PPG features, based on the gain
factor, wherein the relevant Sample PPG features are
deployed for monitoring the physiological parameter in
real time.

41. The modeling system as claimed in claim 40 further
comprising a testing module coupled to the processor to
ascertaining actual relevance of each of the relevant Sample
PPG features based on the respective gain factor.

42. The modeling system as claimed in claim 40, wherein
the feature selection module:

multiplies each of the plurality of Sample PPG features

with the respective gain factor; and

selects the relevant Sample PPG features from among the

plurality of Sample PPG features based on a threshold
value of each multiplied Sample PPG feature.

43. The modeling system as claimed in claim 40, wherein
the correlation coefficient is a maximum information coeffi-
cient (MIC).

44. The modeling system as claimed in claim 40, wherein
the feature selection module ascertains the gain factor based
on a sigmoid gain function.

45. The modeling system as claimed in claim 40, wherein
the feature selection module tunes a slope constant (m) asso-
ciated with the gain factor, based on accuracy of a k-fold
validation technique, the tuning being performed using one of
a regression model and a classifier model.

46. A physiological parameter monitoring device for moni-
toring physiological parameters associated with a subject, the
physiological parameter monitoring device comprising:

a processor;

a monitoring module coupled to the processor to,

obtain a mathematical model indicative of a correlation
between relevant sample PPG feature and the physi-
ological parameter to be monitored, wherein the rel-
evant sample PPG features are selected from among a
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plurality of sample PPG features based on influence
of the physiological parameter on the plurality of
sample PPG features;

ascertain test PPG features associated with a test subject
from a video of a body part of the test subject, the
video being captured using a camera of the physi-
ological parameter monitoring device; and

monitor the physiological parameter for the test subject,
based on the test PPG features and the mathematical
model.

47. The physiological parameter monitoring device as
claimed in claim 46, wherein the monitoring module:

obtains at least one relevant Sample PPG feature having a

correlation with a ground truth value of the physiologi-
cal parameter to be monitored, wherein the relevant
sample PPG features are selected from among a plurality
of sample PPG features based on a correlation between
a Sample PPG feature and a ground truth value of the
physiological parameter, and a gain factor determined
based on the correlation; and

monitors the physiological parameter for the test subject,

based on the test PPG features and the relevant PPG
features.

48. The physiological parameter monitoring device as
claimed in claim 46, wherein the monitoring module provides
a feedback to the subject for capturing a new video, when at
least one of a video is inconsistent.

49. A non-transitory computer-readable medium compris-
ing instructions executable by a processing resource to:

obtain a plurality of sample photoplethysmographic (PPG)

features associated with a sample subject, from a video
of a body part of the sample subject;
select, from among the plurality of sample PPG features, at
least one relevant sample PPG feature associated with
the physiological parameter, based on a ground truth
value of the physiological parameter for the subject; and

determine, based on the at least one relevant sample PPG
feature and the ground truth value of the physiological
parameter, a mathematical model indicative of a corre-
lation between the relevant sample PPG feature and the
physiological parameter, wherein the mathematical
model is adapted for monitoring the physiological
parameter in real time.

50. The non-transitory computer readable medium as
claimed in claim 49, wherein the non-transitory computer-
readable medium further comprises instructions executable
by the processor to:

obtain a plurality of windows from the video, wherein each

of the windows includes a predetermined number of
frames;

determining at least one quantized colour value for one or

more colour models, for each frame in the plurality of
windows;

determining a position of peak frequency of the at least one

quantized colour value for each of a predetermined num-
ber of determinant windows from the plurality of win-
dows; and

performing consistency analysis for the determinant win-

dows, based on the position of peak frequency across the
determinant windows.

51. The non-transitory computer readable medium as
claimed in claim 49, wherein the non-transitory computer-
readable medium further comprises instructions executable
by the processor to:
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determine a correlation coefficient for each of the plurality
of Sample PPG features, indicative of a relation between
a Sample PPG feature and a ground truth value of the
physiological parameter;

ascertain a gain factor for each of the plurality of Sample
PPG features, based on the correlation coefficient and a
sigmoid gain function; and

select relevant Sample PPG features from among the plu-
rality of Sample PPG features, based on the gain factor,
wherein the relevant Sample PPG features are deployed
for monitoring the physiological parameter in real time.
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