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Description

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. Generally, 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 erroneously. Therefore, several non-invasive techniques
for monitoring the physiological parameters have been developed.
[0003] One such non-invasive technique is photoplethysmography (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 various ways for measuring and monitoring physiological pa-
rameters, for example, by contactless recording of videos of the subject whose physiological parameters are to be
measured. Wieringa et al. "Contactless Multiple Wavelength Photoplethysmographic Imaging A First Step Toward "SpO2
Camera" Technology" discloses a contactless video system for PPG.

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.

Fig. 1 illustrates a physiological parameter monitoring device coupled to a modeling system for monitoring physio-
logical parameters associated with a subject, in accordance with an implementation of the present subject matter.

Fig. 2 illustrates a method 200 for performing consistency analysis of a video captured for monitoring the physiological
parameters, in accordance with an implementation of the present subject matter.

Fig. 3 illustrates the method 300 for analyzing consistency of a video capture using the hand held device, for
determining the physiological parameters, in accordance with an implementation of the present subject matter.

Fig. 4 illustrates a method 400 for determining a mathematical model to monitor physiological parameters associated
with a test subject, in accordance with an implementation of the present subject matter.

Fig. 5 illustrates a method 500 for selecting relevant sample PPG features from sample PPG features, according
to an implementation of the present subject matter.

Fig. 6 illustrates a method 600 for monitoring the physiological parameters associated with a test subject, in accord-
ance with an implementation of the present subject matter.

DETAILED DESCRIPTION

[0005] The present subject matter relates to monitoring physiological parameters associated with a subject, using a
hand held device.
[0006] 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 techniques 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
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makes an unwanted movement during measurement of the physiological parameters, say because of shivering or
coughing or sneezing, the physiological parameters measured, thereafter, may be erroneous. In addition, the subject is
not informed of the defect in capturing 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. Furthermore, the equipment
conventionally used for measuring the physiological parameters is bulky and can cause inconvenience for the user in
measuring the physiological parameters.
[0007] 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 parameters 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 parameters 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 waveforms uses
large amounts of computational resources and time, rendering the technique cumbersome and time consuming. There-
fore, the conventional techniques for measuring the physiological parameters lack accuracy and are computationally
resource-intensive.
[0008] 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-invasive techniques for measuring physiological parameters.
The physiological parameters can include, for example, heart or pulse rate, pulse oximetry (SpO2) which indicates blood
oxygen level, respiration rate, blood pressure, or heart condition based on an electrocardiograph (ECG) features. In an
example, the hand held device can be a smart phone or a tablet personal computer (PC).
[0009] 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
mathematical model is determined. The mathematical model is deployed in a device, such as a hand-held device, for
monitoring the physiological parameters in real time. In an example, the relevant sample PPG features can be those
features which share a discernible relation with the physiological parameter to be monitored, and are distinguishably
indicative of the physiological parameter.
[0010] 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.
[0011] 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
waveform, 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 pre-
determined number of windows is performed to determine consistency of the video. Subsequently, one or more physi-
ological parameters associated with the subject are determined when the video is determined to be consistent.
[0012] In an implementation, while processing and preparing 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, the quantized colour value can be an average value
of any one of the hue, saturation, or value components of the colour model.
[0013] 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 prede-
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termined 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 reference
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.
[0014] 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
technique for determining peak frequencies can facilitate in determining 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 waveform.
[0015] As mentioned previously, the predetermined number 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 implementation, 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 deter-
minant windows. Further, if the frequency drift is beyond a threshold frequency drift, then it indicates that the determinant
windows and, therefore, the video, are inconsistent.
[0016] In an aspect, 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 physiological parameters. In case the captured video is determined to be inconsistent, a feedback can be provided
to the subject for capturing a new video.
[0017] 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 features 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 waveform, 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 frequency and the immediate peak fre-
quency, spectral centroid, and width of dominant peak frequency region. According to an example, physical character-
istics, such as weight of the subject, height of the subject, and age of the subject, associated with the subject can also
be taken into account as some of the sample PPG features.
[0018] 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 features and actual known values of the physio-
logical parameter, referred to as ground truth values, is determined. In the second 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.
[0019] 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 relevance of the selected sample PPG features and the
accuracy of the selection, in the training phase, the sample PPG features and the ground truth values of the physiological
parameters are known, and on the basis of the sample PPG features and the ground truth values, values of the correlation
coefficient 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
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for determining 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 factors can be multiplied by the respective Sample PPG features to estimate the physiological parameters.
[0020] 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 correlation coefficient can be a maximum information coefficient (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 determined. Accordingly, 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.
[0021] 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 relevant samples.
[0022] 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. 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 multi-
plication, 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.
[0023] Further, according to an implementation, the relevant samples selected above are deployed for estimating and
monitoring the physiological parameter in real time. Accordingly, 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 mathe-
matical model captures the relationship between the relevant sample PPG features and the ground truth values of the
physiological 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 mathematical model, so determined, can be used for estimating the ground truth values for the physiological pa-
rameter based on a PPG waveform and Sample PPG features, and vice-versa.
[0024] 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
physiological 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.
[0025] In an embodiment, the mathematical model can be provided on the physiological parameter monitoring device,
referred to as the device hereinafter, for monitoring the physiological parameter associated with a test subject. In an
implementation, 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 subsequently processed by the device to obtain a test PPG waveform 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.
[0026] In an implementation, 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
windows covering, in total, last 512 frames of the consistent windows are selected for measuring the physiological
parameters. Further, the present subject matter provides for performing an additional step to check whether the selected
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determinant windows are effective for determining the physiological 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.
[0027] 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
Transform (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, considering 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 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.
[0028] 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 model can be indicative in nature, instead of being
quantitative measurement. In such a case, the estimation in accordance with the present subject matter provides for a
methodology 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.
[0029] 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 physiological parameters, and the consequences thereof, are
prevented. 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.
[0030] 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.
Consequently, the monitoring of the physiological parameters in accordance with the present subject matter is easily
scalable and can be made highly available.
[0031] In addition, the inclusion of the physical characteristics of the sample subject further enhances the accuracy
in estimation of the 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 accurate 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 for an accurate monitoring of the physiological parameters and, at the same time, the equipment used
for such monitoring can be provided as being portable and easy to handle, say in a hand held device such as a mobile
phone.
[0032] 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 systems 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).
[0033] Fig. 1 illustrates a modeling system 100 coupled for facilitating monitoring of physiological parameters associated
with a subject, in accordance with an embodiment of the present subject matter. In an implementation, the modeling
system 100, based on photoplethysmographic (PPG) techniques 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
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a workstation, a personal computer, say a desktop computer or a laptop, a multiprocessor system, a network computer,
a minicomputer, or a server.
[0034] 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 in-
structions stored in the memory 104. The memory 104 may be coupled to the processor 102 and can include any
computer-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 memories, hard disks, optical disks, and magnetic tapes.
[0035] Further, the modeling system 100 may include module(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.
[0036] 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 modeling 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
modeling system 100. Additionally, in said implementation, the data 108 includes a processing data 122, a consistency
analysis 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 understood that the data 108 can reside in an external repository (not shown in the figure), which may be
operably coupled to the modeling system 100. Accordingly, the modeling system 100 may be provided with interface(s)
(not shown) to communicate with the external repository to obtain information from the data 108.
[0037] In addition, 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 modeling system 100 interfaces with a physiological parameter
monitoring device 134 which uses the correlation and monitors the physiological parameters for a test subject, such as
a patient. In an example, the physiological parameter monitoring device 134 can be a hand held device having a processor
for providing processing capabilities. For instance, the physiological parameter monitoring device 134 can be a mobile
phone, personal digital assistant (PDA), smart phone, or a tablet personal computer.
[0038] 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 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 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.
[0039] 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 sampling 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).
[0040] Further, the video can be processed and checked for consistency analysis, and subsequently, used for deter-
mining 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.
[0041] 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 consistency of the video. \
[0042] 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
processes 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
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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.
[0043] 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 processing 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.
[0044] 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 imple-
mentation, 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 determine 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 quantized colour values of saturation components
and hue components for 8 consecutive frames of the video for determining the blood signal.
[0045] 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 generate 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.
[0046] As mentioned previously, once the acquiring state is completed, the state changes to analysis state and the
consistency 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 consistency 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 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.
[0047] Accordingly, the consistency analysis module 112 can obtain a few windows from the plurality of windows,
referred to as determinant windows, and perform the consistency 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 determinant windows are obtained for which the quantized colour
values of frames is within the predetermined range. Therefore, 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.
[0048] 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.
[0049] 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.
[0050] Accordingly, in an implementation, the consistency analysis module 112 can determine a signal amplitude of
the quantized colour value, for example, amplitude of the quantized colour value, for each frame in the determinant
windows, and compares the signal amplitude against a threshold signal amplitude. In case the consistency analysis
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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 determined to be inconsistent, the consistency analysis module 112 can provide a feedback to the subject for
capturing a new video.
[0051] As will be understood from the foregoing description, 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
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
module 118 can model the mathematical model from the processed consistent video.
[0052] 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 waveform 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.
[0053] 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. Consider a case in which the sample PPG features are obtained
for determining a model for estimating blood pressure of a subject. In such a case, for obtaining the Sample PPG features,
from the sample PPG waveform a systolic peak (Tsn, Asn), a valley point (Tvn, Avn), and a dicrotic notch (Tdn, Adn) 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 systolic
peak and the valley point based on local maxima and minima points from the PPG waveform, say a function representative
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.
[0054] 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 (Avn) measured at the valley
point, a systolic peak amplitude (Asn) measured at the systolic peak, a dicrotic notch amplitude (Adn) 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 respective equations:

where P denotes the equation for the PPG waveform.
[0055] In addition, in said example, the sample PPG features 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, a pulse 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 adjacent PPG waveform peaks. In one example, the
total area, the ration of area, the peak interval, the pulse height, and the pulse interval are determined based on the
following respective equations:
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[0056] Furthermore, in an example, the sample PPG features can include a crest time determined as the time difference
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 following equations as an example:

[0057] 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 (Tsn, Asn), a valley point (Tvn, Avn), and a dicrotic notch (Tdn, Adn) are determined from
the sample PPG waveform, where T denotes time instant and A denotes the amplitude for the above mentioned features
of the 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.
[0058] In an example, in such a case of ECG feature estimation, 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
interval 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
difference 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 respective equations as mentioned above.
[0059] 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 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
waveform 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 equations, respectively:
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[0060] Further, according to an aspect, physical characteristics associated with the sample subject can also be taken
into account as the sample PPG features. For instance, the physical 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 processing 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 features in the frequency domain, say
from the amplitude-frequency 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 processing data 122.
[0061] 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 implementation, 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 surroundings 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 processing 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 apply k-means algorithm to obtain the cluster centroids. Further, the processing module
110 can employ Xie-Beni index for removing the incorrect Sample PPG features and obtaining the set of Sample PPG
features which can be used for selection of the relevant samples.
[0062] 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.
[0063] 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 features selection module 114 can select the relevant
PPG features based on the strength of correlation between the PPG feature and ground truth values of the physiological
parameter.
[0064] 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 selection of the relevant PPG features.
[0065] 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
coefficient, 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 I is the mutual information for a grid G, then MIC of a set D of pair-wise data
with sample size n and 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: 

[0066] 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
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sample size and can be, for example, provided by the following relation: 

[0067] Further, for different distributions of the grid G, M(D) can be provided by the following expression as an example: 

[0068] Once the MIC values of the PPG features are determined, 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 correlation coefficient and a gain function.
[0069] In an example, the gain function can be a sigmoid gain function and can translate the values of the PPG features
ranging from -∞ to ∞ 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: 

[0070] 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 coefficient 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 function 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.
[0071] 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 increments in order to determine an optimal value of m,
and therefore, an optimal value of the gain function for each of the PPG features. Such incrementing of the slope constant
m in predetermined steps is referred to as tuning of the slope constant m.
[0072] According to an implementation, to determine the optimal value of the gain function, the feature selection module
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
the PPG features. Further, the gain factor for the accurately determined PPG features can be selected as the optimal
gain factor.
[0073] In another example, based on the accurately determined 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.
[0074] Further, once the gain factor is determined, the feature selection module 114 can select the PPG features
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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
multiplies 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.
[0075] 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.
[0076] 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 features are selected as the relevant PPG features from the testing set, as those selected from the training set.
[0077] 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 phys-
iological parameter. As will be understood, the mathematical model so determined captures the relationship between
the relevant sample PPG features and the physiological 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. 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.
[0078] 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 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. 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.
[0079] 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.
[0080] Although the above description is provided with the sample PPG waveform being obtained for one sample
subject, 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 mathematical 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 physiological parameter.
[0081] In an implementation, before the mathematical model is deployed further for estimating and monitoring phys-
iological 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 is deployed in a development environment. In one case, the modeling module 118 can provide a set
of PPG features obtained from the PPG waveform for a subject for whom the ground truth values of the physiological
parameter are known, to the mathematical model. The mathematical model can, in turn, estimate a physiological pa-
rameter bin, i.e., a range of values within which the measured value of the physiological parameter lies. The modeling
module 118 can further compare the estimated physiological parameter bin to the actual known value of the physiological
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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 mathematical
model to enhance accuracy of the mathematical model.
[0082] 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 physiological parameter includes ECG features for mon-
itoring 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.
[0083] In an implementation, for monitoring the physiological parameter using the device 134 having the mathematical
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 frequencies 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 stabi-
lization of the flash light of the camera 138, which may adversely affect accuracy of measurement of the physiological
parameters, are prevented.
[0084] Further, the monitoring module 146 can provide for performing an additional step to check whether the selected
determinant windows are effective for determining the physiological parameters. Accordingly, in an implementation, the
monitoring module 146 can perform a peak frequency detection 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 determining the consistency of the peak frequency in the selected
determinant windows.
[0085] 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 parameters
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 capturing a new video for analysis. In another implementation, the 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.
[0086] Subsequent to performing the peak frequency detection 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 features determined earlier by the processing module 110. In such a case, for instance, the modeling system 100
can provide the relevant sample PPG features stored in a feature selection data 148 to the sampling device 132, and
the monitoring 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 estimate the physiological parameter and monitor
the same.
[0087] In an example, for monitoring the physiological parameter, the monitoring module 146 can estimate the phys-
iological parameter bin indicating a range of values within which the physiological parameter may lie. Therefore, in said
example, the estimation and monitoring of the physiological parameter by the monitoring module 146 can be indicative
in nature, instead of being quantitative measurement. In such a case, the monitoring module 146 can provide a mode
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.
[0088] In one example, in which the monitoring module 146 monitors the BP values for the test subject, the physiological
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
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the diastolic pressure lies approximately in the range of about 90 to 100 mmHg or the systolic pressure lies approximately
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 pressure is above about 160 mmHg.
[0089] 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 physiological parameter bins can again be termed as "very low", "low",
"normal", "high", and "very high". In one example, the monitoring 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 less than about 350 ms, or the RR interval is approximately within a range of about 0.6 to 0.8 m. Further, in said
example, the ECG features for the test subject can fall within the "normal" bin when the PR interval is approximately
within a range of about 120 to 200 ms, the QRS interval is approximately 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 1 to 1.2 s, and within the "very
high" bin when the RR interval is greater than about 1.2 s.
[0090] 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 estimate and monitor the physiological parameters in
real time.
[0091] 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 implement par-
ticular 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 distributed computing
environment, computer executable instructions may be located in both local and remote computer storage media, in-
cluding memory storage devices.
[0092] 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 implemented in any suitable hardware, software, firmware,
or combination thereof.
[0093] 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 physiological parameters monitoring device 134 for determining
the physiological parameters associated with the subject, are not discussed here. Such details can be understood as
provided in the description provided with reference to figure 1.
[0094] Fig. 2 illustrates a method 200 for performing consistency analysis of a video captured for monitoring the
physiological parameters, in accordance with an implementation 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 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.
[0095] At block 204, a plurality of windows, each having a predetermined number of frames, is obtained from the
captured 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. For instance, each window can have 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.
[0096] At block 206, at least one quantized colour value for each frame in the plurality of windows can be determined
for a colour model. Accordingly, for instance, 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, or a combination
thereof. In another example, in case the colour model is the Hue-Saturation-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.
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[0097] At block 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 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 sampling
device 132, can be provided to the sample subject to reposition 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.
[0098] 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.
[0099] 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.
[0100] Further, in case the video is determined to be consistent (’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
selected for determining the physiological parameters are referred to as selected determinant windows.
[0101] In addition, at block 216, 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 selected determinant windows for consistency of the peak frequency. The
peak frequency 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 parameters or not. In an example, the peak frequency detection
check can be indicative of a periodicity of the pulse of the sample subject.
[0102] 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 detection
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 predetermined number of frames can be selected at block 214 to
determine the physiological parameters.
[0103] 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 determinant 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 values of the frames covered by the selected determinant windows.
[0104] Fig. 3 illustrates the method 300 for analyzing consistency 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.
[0105] 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 predetermined
number of determinant windows have been obtained.
[0106] 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.
[0107] 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 determinant windows can indicate that whether the position of
the 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 frequency in one window to the position of peak frequency in every
other window, for all the determinant windows.
[0108] Subsequently, the determinant windows are analyzed based on the frequency drift to determine consistency
of the video. Accordingly, at block 308 the determined frequency drift is compared against a threshold frequency drift to
determine whether the frequency drift across the determinant 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 windows.
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[0109] In case the frequency drift is greater than the threshold (’Yes’ branch from block 308), it indicates that the
determinant 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.
[0110] For the 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 inconsistent and, subsequently, at block 310, a feedback can be
provided to the sample subject for capturing a new video.
[0111] 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 indicative of the consistency of the video for determining the phys-
iological parameters. Accordingly, from block 314, the plurality of determinant windows covering a predetermined number
of selected frames is chosen from among the determinant windows at block 214.
[0112] Fig. 4 illustrates a method 400 for determining a mathematical model to monitor physiological parameters
associated with a test subject, in accordance with an implementation of the present subject matter. As will be understood,
method 400 continues after block 220 of Fig. 2.
[0113] Referring to Fig. 4, at block 402 sample PPG features 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 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. 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, the physical characteristics weight of the subject, height of the subject, age of the subject, and
other such physical characteristics associated with the sample subject.
[0114] At block 404, one or more relevant sample PPG features are selected from the sample PPG features. The
relevant 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 understood 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.
[0115] At block 406, a mathematical model for each physiological parameter is determined, based on relevant sample
PPG features and the ground truth values for that physiological 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 math-
ematical model may be determined using supervised learning techniques. For instance, the supervised learning tech-
niques can include regression-based learning techniques, support vector machine (SVM)-based learning techniques,
and artificial neural network (ANN)-based learning techniques.
[0116] At block 408, the mathematical model is checked for accuracy, say of estimating and monitoring the physiological
parameter. In an example, the mathematical model can be used, in a trial environment, for estimating a physiological
parameter bin. The physiological parameter bin indicates 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 may be achieved to enhance accuracy.
[0117] At block 410, the mathematical model is provided for deployment, say at the physiological parameter monitoring
device 134, subsequent to passing the accuracy check.
[0118] 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.
[0119] Referring to Fig. 5, at block 502, noisy and incorrect sample PPG features can be removed from the extracted
sample PPG features.
[0120] At block 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
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testing set can be used for determining the relevance of the selected sample PPG features and the accuracy of the
selection.
[0121] At block 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 correlation coefficient can capture a relation between the
sample PPG feature and the ground truth value of the physiological parameter. In an example, the correlation coefficient
can be a maximum information coefficient (MIC) value and can be determined based on the MIC techniques.
[0122] 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 constant 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.
[0123] 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, a k-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 classifier model can be is one of a 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.
[0124] In said implementation, based on the accuracy of the sample PPG features determined, the value of the gain
function 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
accurately determined PPG features can be selected as the optimal gain factor. In another example, based on the
accurately determined 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.
[0125] At block 512, each sample PPG feature is multiplied with the respective optimal gain factor for carrying out
selection of the relevant sample PPG features.
[0126] 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 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 relevant sample PPG features.
In one example, the threshold value of the product of the sample PPG feature with the gain factor can be about 0.001.
[0127] At block 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 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. 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.
[0128] Fig. 6 illustrates a method 600 for monitoring the physiological parameters associated with a test subject using
the physiological parameter monitoring device 134, according to an implementation of the present subject matter. As
will be understood, method 600 continues after block 410 of Fig. 4.
[0129] 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.
[0130] 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.
[0131] 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.
[0132] At block 608, at least one of physiological parameter is estimated and monitored based on the extracted relevant
test PPG features and the mathematical model corresponding 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 physiological
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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.
[0133] Although implementations for methods and systems 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.

Claims

1. A method for monitoring a physiological parameter associated with a subject using a hand held device (134), the
method comprising:

capturing a video of a body part (136), in particular a fingertip, of a sample subject using the hand held device;
obtaining by a processor a plurality of windows from the video, wherein each of the windows includes a prede-
termined number of frames;
determining by the processor at least one quantized colour value for one or more colour models, for each frame
in the plurality of windows; and
determining by the processor consistency of the video by performing consistency 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 performed, in response to obtaining the predetermined
number of the determinant windows, and wherein in particular the determining comprises assessing whether
the at least one quantized colour value is in a predetermined range of quantized colour values, the consistency
analysis being achieved based on the assessing;
obtaining, by the processor (102), a plurality of sample photoplethysmographic (PPG) features associated with
the sample subject, from a sample PPG waveform based on the consistency analysis;
selecting, by the processor (102), 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 sample subject; and
determining, by the processor (102), 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 relevant sample PPG feature and the physiological parameter, 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 and/or the
plurality of sample PPG features comprise a set of at least one of the time domain features and the frequency domain
features.

3. The method as claimed in claim 1, wherein the determining the mathematical model is based on a supervised
learning technique.

4. 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 (140) of the test subject; and
monitoring the physiological parameter for the test subject, based on the test PPG features and the mathematical
model.

5. 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 features 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.

6. The method as claimed in claim 1 further comprising:

obtaining, by the processor (102), from among the determinant windows, a plurality of selected determinant
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windows covering a predetermined number of frames, in response to the achieving; and
performing, by the processor (102), a peak frequency detection check for each of the plurality of selected
determinant windows, wherein the at least one physiological parameter is ascertained based on the performing.

7. The method as claimed in claim 6, wherein the performing 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 determinants.

8. The method as claimed in claim 6, further comprising providing, by the processor (102), 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 detection check.

9. The method as claimed in claim 1, wherein the determining the consistency comprises:

determining a position of peak frequency of the at least one quantized colour value for each of the determinant
windows;
assessing a frequency drift for peak frequencies across the determinant windows, wherein the frequency drift
is indicative of variation in the 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.

10. The method as claimed in claim 1, wherein the determining the consistency comprises:

determining a signal amplitude for the at least one quantized colour value in each frame in the determinant
windows; and
comparing the signal amplitude with a threshold signal amplitude, wherein the at least one physiological pa-
rameter is ascertained in response to the comparing.

11. The method as claimed in claim 1, wherein the selecting comprises:

determining, by the processor (102), 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;
ascertaining, by the processor (102), a gain factor for each of the plurality of Sample PPG features, based on
the correlation coefficient; and
selecting, by the processor (102), 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, wherein in particular the correlation coefficient is a maximum information
coefficient (MIC) and/or the ascertaining the gain factor is based on a sigmoid gain function or the ascertaining
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.

12. The method as claimed in claim 11, wherein the regression model is one of a linear regression model, a non-linear
regression model, and a polynomial regression model.

13. The method as claimed in claim 11, wherein the classifier models is one of a support vector machine (SVM)-based
model and an adaptive neural network (ANN)-based model.

14. The method as claimed in claim 11, wherein the selecting 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
threshold value of each multiplied Sample PPG feature.

15. The method as claimed in claim 11 further comprising ascertaining, by the processor (102), actual relevance of each
of the relevant Sample PPG features based on the respective gain factor.

16. The method as claimed in claim 11, further comprising:
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obtaining, by the processor (102), test PPG features associated with the test subject from the video of the body
part (140) of the test subject; and
monitoring, by the processor (102), the physiological parameter for the test subject, based on the test PPG
features and the relevant Sample PPG features.

17. The method as claimed in claim 1, wherein the physiological parameter being at least one of a blood pressure (BP)
and an electrocardiograph (ECG) features.

18. A modeling system (100) for monitoring physiological parameters, using a hand held device (134), associated with
a sample subject, the modeling system (100) comprising:

a processor (102);
a sampling device (132) to capture a video of a body part (136), in particular a fingertip, of the sample subject;
a consistency analysis module (112) to,
obtain a plurality of windows from the video, wherein each of the windows includes a predetermined number of
frames;
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 consistency 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 de-
terminant windows;
a processing module (110) coupled to the processor (102) to obtain a plurality of sample photoplethysmographic
(PPG) features associated with the sample subject, wherein the sample PPG features are extracted from a
video of the body part (136) of the sample subject;
a feature selection module (114) coupled to the processor (102) to select at least one relevant sample PPG
feature associated with the physiological parameter, from among the plurality of sample PPG features, based
on a ground truth value of the physiological parameter; and
a modeling module (118) coupled to the processor (102) to 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
correlation between the relevant sample PPG feature and the physiological parameter, wherein the mathematical
model is adapted for monitoring the physiological parameter in real time.

19. The modeling system (100) as claimed in claim 18, wherein the processing module (110) is adapted to:

obtain the video of the body part (136) of the subject from a sampling device (132); and
process the video to determine a sample PPG waveform.

20. The modeling system (100) as claimed in claim 18, wherein the processing module (110) is adapted to obtain the
plurality of Sample PPG features from the video in at least one of a time domain and a frequency domain.

21. The modeling system (100) as claimed in claim 18, wherein the modeling module (114) is adapted to determine the
mathematical model based on supervised learning techniques.

22. The modeling system (100) as claimed in claim 18, wherein the feature selection module (114) is adapted to:

determine 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
compare 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.

23. The modeling system (100) as claimed in claim 18, wherein the processing module (110) is adapted to assess
whether the at least one quantized colour value is in a predetermined range of quantized colour values.

24. The modeling system (100) as claimed in claim 23, wherein the consistency analysis module (112) is adapted to
provide a feedback to the subject to capture a new video in response to the assessment by the processing module
(110) and/or is adapted to achieve the consistency analysis in response to the assessment by the processing module
(110).
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25. The modeling system (100) as claimed in claim 18, wherein the consistency analysis module (112) is adapted to:

determine a position of peak frequency of the at least one quantized colour value for each of the determinant
windows;
assess 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
compare the frequency drift and a threshold frequency drift to determine the at least one physiological parameter
in response to the comparison.

26. The modeling system (100) as claimed in claim 18, wherein the consistency analysis module (112) is adapted to:

determine a signal amplitude for the at least one quantized colour value in each frame in the determinant
windows; and
compare the signal amplitude with a threshold signal amplitude to ascertain the physiological parameter in
response to the comparison.

27. The modeling system (100) as claimed in claim 18, wherein the feature selection module (114) is adapted to:

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
select 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.

28. The modeling system (100) as claimed in claim 27 further comprising a testing module (116) coupled to the processor
(102) to ascertain actual relevance of each of the relevant Sample PPG features based on the respective gain factor.

29. The modeling system (100) as claimed in claim 27, wherein the feature selection module (114) is adapted to:

multiply each of the plurality of Sample PPG features with the respective gain factor; and
select the relevant Sample PPG features from among the plurality of Sample PPG features based on a threshold
value of each multiplied Sample PPG feature.

30. The modeling system (100) as claimed in claim 27, wherein the correlation coefficient is a maximum information
coefficient (MIC).

31. The modeling system (100) as claimed in claim 27, wherein the feature selection module (114) is adapted to ascertain
the gain factor based on a sigmoid gain function.

32. The modeling system (100) as claimed in claim 27, wherein the feature selection module (114) is adapted to tunes
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.

33. The modelling system (100) as claimed in claim 18, wherein
the processor (102) is configured to:

obtain a mathematical model indicative of a correlation between relevant sample PPG feature and the physio-
logical parameter to be monitored, wherein the relevant sample PPG features are selected from among the
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 (140) of the test subject,
the video being captured using a camera (140) of the physiological parameter monitoring device (134); and
monitor the physiological parameter for the test subject, based on the test PPG features and the mathematical
model.

34. The modelling system (100) as claimed in claim 18, wherein the monitoring module (146) is adapted to:
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obtain at least one relevant Sample PPG feature having a correlation with a ground truth value of the physiological
parameter to be monitored, wherein the relevant sample PPG features are selected from among the plurality
of sample PPG features based on a correlation between the Sample PPG feature and the ground truth value
of the physiological parameter, and the gain factor determined based on the correlation; and
monitor the physiological parameter for the test subject, based on the test PPG features and the relevant PPG
features.

35. A non-transitory computer-readable medium comprising instructions executable by a processing resource to:
capturing a video of a body part (136), in particular a fingertip, of a sample subject using a hand held device;

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 consistency 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, and wherein in particular the determining comprises assessing whether the at least one
quantized colour value is in a predetermined range of quantized colour values, the consistency analysis being
achieved based on the assessing;
obtain a plurality of sample photoplethysmographic (PPG) features associated with the sample subject, from a
sample PPG waveform based on the consistency analysis;
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 correlation between the relevant sample PPG feature and the
physiological parameter, wherein the mathematical model is adapted for monitoring the physiological parameter
in real time.

36. The non-transitory computer readable medium as claimed in claim 35, 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
number of determinant windows from the plurality of windows; and
performing consistency analysis for the determinant windows, based on the position of the peak frequency
across the determinant windows.

37. The non-transitory computer readable medium as claimed in claim 35, wherein the non- transitory computer-readable
medium further comprises instructions executable by the processor to:

determine a correlation coefficient for each of the plurality of Sample PPG features, indicative of a relation
between the Sample PPG feature and the 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 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.

Patentansprüche

1. Verfahren zum Überwachen eines physiologischen Parameters, der einem Probanden zugeordnet ist, unter Ver-
wendung einer tragbaren Vorrichtung (134), wobei das Verfahren umfasst:
Aufnehmen eines Videos eines Körperteils (136), insbesondere einer Fingerkuppe, eines Probanden mit Hilfe der
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tragbaren Vorrichtung;

Erhalten einer Vielzahl von Fenstern aus dem Video durch einen Prozessor, wobei jedes der Fenster eine
vorbestimmte Anzahl von Einzelbildern aufweist;
Ermitteln mindestens eines quantisierten Farbwertes für ein oder mehrere Farbmodelle für jedes Einzelbild in
der Vielzahl von Fenstern durch den Prozessor; und
Ermitteln durch den Prozessor der Konsistenz des Videos durch Durchführen einer Konsistenzanalyse für eine
vorbestimmte Anzahl von determinanten Fenstern aus der Vielzahl von Fenstern, basierend auf dem mindestens
einen quantisierten Farbwert eines jeden Einzelbildes, wobei die Konsistenzanalyse als Reaktion auf das Er-
halten der vorbestimmten Anzahl der determinanten Fenster durchgeführt wird, und wobei insbesondere das
Ermitteln das Auswerten umfasst, ob der mindestens eine quantisierte Farbwert in einem vorbestimmten Bereich
von quantisierten Farbwerten liegt, wobei die Konsistenzanalyse basierend auf der Auswertung erreicht wird;
Erhalten einer Vielzahl von photoplethysmografischen (PPG) Merkmalen der Probe, die dem Probanden zu-
geordnet sind, durch den Prozessor (102) aus einer Probe-PPG-Wellenform basierend auf der Konsistenza-
nalyse;
Auswählen mindestens eines relevanten PPG-Probenmerkmals durch den Prozessor (102) aus der Vielzahl
der PPG-Merkmale, das dem physiologischen Parameter zugeordnet ist, basierend auf einem Grundwahrheits-
wert des physiologischen Parameters für den Probanden; und
Festlegen eines mathematischen Modells, das eine Korrelation zwischen dem mindestens einen relevanten
PPG-Probenmerkmal und dem physiologischen Parameter anzeigt, durch den Prozessor (102), basierend auf
dem mindestens einen relevanten PPG-Probenmerkmal und dem Grundwahrheitswert des physiologischen
Parameters, wobei das mathematische Modell zum Überwachen des physiologischen Parameters in Echtzeit
eingesetzt wird.

2. Verfahren nach Anspruch 1, wobei das Erhalten der Vielzahl der PPG-Probenmerkmale das Extrahieren der Vielzahl
von Sample-PPG-Merkmale aus dem Video in entweder einem Zeitbereich oder einem Frequenzbereich umfasst
und/oder die Vielzahl von PPG-Probenmerkmalen einen Satz von mindestens einem der Zeitbereichsmerkmale
und der Frequenzbereichsmerkmale umfasst.

3. Verfahren nach Anspruch 1, wobei das Festlegen des mathematischen Modells auf einer überwachten Lerntechnik
basiert.

4. Verfahren nach Anspruch 1, weiterhin umfassend:

Erhalten von PPG-Testmerkmalen, die einem Probanden zugeordnet sind, aus einem Video eiens Körperteils
(140) des Probanden; und
Überwachen der physiologischen Parameter für den Probanden, basierend auf den PPG-Testmerkmalen und
dem mathematischen Modell.

5. Verfahren nach Anspruch 1, wobei das Auswählen umfasst:

Bestimmen einer Relevanzbewertung für jedes der Vielzahl der PPG-Probenmerkmale, wobei die Relevanz-
bewertung eine Relation jedes der Vielzahl von PPG-Probenmerkmalen mit dem physiologischen Parameter
anzeigt; und
Ermitteln des mindestens einen relevanten PPG-Probenmerkmals aus der Vielzahl der PPG-Probenmerkmale,
basierend auf der Relevanzbewertung jedes der Vielzahl der PPG-Probenmerkmale und einer Schwellenrele-
vanzbewertung.

6. Verfahren nach Anspruch 1, weiterhin umfassend:
Erhalten einer Vielzahl von ausgewählten determinanten Fenstern durch den Prozessor (102), die eine vorbestimmte
Anzahl von Einzelbildern abdecken, aus den determinanten Fenstern als Reaktion darauf; und Durchführen einer
Spitzenfrequenz-Erfassungsprüfung durch den Prozessor (102) für jedes der Vielzahl von ausgewählten determi-
anten Fenstern, wobei der mindestens eine physiologische Parameter basierend auf der Durchführung bestimmt
wird.

7. Verfahren nach Anspruch 6, wobei das Durchführen das Bestimmen einer Spitzenfrequenz von mindestens einem
quantisierten Farbwert in jedem der Vielzahl von ausgewählten determianten Fenstern durch Anwenden der schnel-
len Fourier-Transformation (FFT) auf den mindestens einen quantisierten Farbwert aller durch die Vielzahl von
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ausgewählten determinanten abgedeckten Einzelbilder umfasst.

8. Verfahren nach Anspruch 6, ferner umfassend das Bereitstellen einer Rückmeldung an den Probanden durch den
Prozessor (102) zum Aufnehmen eines neuen Videos, wenn mindestens eines der Vielzahl von ausgewählten
determianten Fenstern die Spitzenfrequenz-Erfassungsprüfung nicht besteht.

9. Verfahren nach Anspruch 1, wobei das Bestimmen der Konsistenz umfasst:

Bestimmen einer Position der Spitzenfrequenz des mindestens einen quantisierten Farbwertes für jedes der
determianten Fenster;
Feststellen einer Frequenzabweichung für Spitzenfrequenzen zwischen den determianten Fenster, wobei die
Frequenzabweichung eine Änderung der Position von Spitzenfrequenzen innerhalb der determianten Fenster
anzeigt; und
Vergleichen der Frequenzabweichung und einer Schwellenfrequenz-Abweichung, wobei der mindestens eine
physiologische Parameter als Reaktion auf den Vergleich ermittelt wird.

10. Verfahren nach Anspruch 1, wobei das Ermitteln der Konsistenz umfasst:

Bestimmen einer Signalamplitude für den mindestens einen quantisierten Farbwert in jedem Einzelbild im de-
termianten Fenster; und
Vergleichen der Signalamplitude mit einer Schwellenwert-Signalamplitude, wobei der mindestens eine physi-
ologische Parameter als Reaktion auf den Vergleich ermittelt wird.

11. Verfahren nach Anspruch 1, wobei das Auswählen umfasst:

Bestimmen eines Korrelationskoeffizienten für jedes der Vielzahl von Sample-PPG-Merkmalen durch den Pro-
zessor (102), der eine Relation zwischen einem Sample-PPG-Merkmal und einem Grundwahrheitswert des
physiologischen Parameters anzeigt;
Ermitteln eines Verstärkungsfaktors für jedes der Vielzahl von Sample-PPG-Merkmalen durch den Prozessor
(102), basierend auf dem Korrelationskoeffizienten; und
Auswählen relevanter Sample-PGG-Merkmale durch den Prozessor (102) aus der Vielzahl der Sample-PPG-
Merkmale, basierend auf dem Verstärkungsfaktor, wobei die relevanten PPG-Probemerkmale zum Überwachen
des physiologischen Parameters in Echtzeit eingesetzt werden, wobei insbesondere der Korrelationskoeffizient
ein maximaler Informationskoeffizient (MIC) ist und/oder die Bestimmung des Verstärkungsfaktors auf einer
sigmoidalen Verstärkungsfunktion basiert, oder das Bestimmen des Verstärkungsfaktors das Einstellen einer
dem Verstärkungsfaktor zugeordneten Steigungskonstante (m) basierend auf der Genauigkeit einer k-fachen
Validierungstechnik umfasst, wobei die Einstellung unter Verwendung eines Regressionsmodells bzw. eines
Klassifizierungsmodells durchgeführt wird.

12. Verfahren nach Anspruch 11, wobei das Regressionsmodell eines von einem linearen Regressionsmodell, einem
nichtlinearen Regressionsmodell und einem polynomialen Regressionsmodell ist.

13. Verfahren nach Anspruch 11, wobei das Klassifizierungsmodell entweder ein Support Vector Machine (SVM)-ge-
stütztes Modell oder ein auf einem Adaptiven Neuronalen Netzwerk (ANN) basierendes Modell ist.

14. Verfahren nach Anspruch 11, wobei das Auswählen umfasst:

Multiplizieren jedes der Vielzahl von Sample-PPG-Merkmalen mit dem jeweiligen Verstärkungsfaktor; und
Auswählen der relevanten Sample-PPG-Merkmale aus der Vielzahl der Sample- PPG-Merkmale basierend auf
einem Schwellenwert jedes multiplizierten Sample-PPG-Merkmals.

15. Verfahren nach Anspruch 11, ferner umfassend das Ermitteln der tatsächlichen Relevanz jedes der relevanten
Sample-PPG-Merkmale durch den Prozessor (102) basierend auf dem jeweiligen Verstärkungsfaktor.

16. Verfahren nach Anspruch 11, ferner umfassend:

Erhalten von PPG-Testmerkmalen, die dem Probanden zugeordnet sind, durch den Prozessor (102) aus dem
Video des Körperteils (140) des Probanden; und
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Überwachen des physiologischen Parameters für den Probanden durch den Prozessor (102), basierend auf
den PPG-Probemerkmalen und den relevanten Sample-PPG-Merkmalen.

17. Verfahren nach Anspruch 1, wobei der physiologische Parameter mindestens eines der Merkmale Blutdruck (BP)
und Elektrokardiogramm (EKG) ist.

18. Modellierungssystem (100) zum Überwachen physiologischer Parameter unter Verwendung einer tragbaren Vor-
richtung (134), die einem Probanden zugeordnet ist, wobei das Modellierungssystem (100) umfasst:

einen Prozessor (102);
eine Probenahmevorrichtung (132) zum Aufnehmen eines Videos eines Körperteils (136), insbesondere einer
Fingerspitze, des Probanden;
ein Konsistenzanalysemodul (112),
zum Erhalten einer Vielzahl von Fenstern aus dem Video, wobei jedes der Fenster eine vorbestimmte Anzahl
von Einzelbilder umfasst;
zum Bestimmen mindestens eines quantisierten Farbwertes für ein oder mehrere Farbmodelle für jedes Ein-
zelbild in der Vielzahl von Fenstern, und
zum Bestimmen der Konsistenz des Videos durch Durchführen einer Konsistenzanalyse für eine vorbestimmte
Anzahl von determianten Fenstern aus der Vielzahl von Fenstern, basierend auf dem mindestens einen quan-
tisierten Farbwert jedes Einzelbildes, wobei die Konsistenzanalyse als Reaktion auf das Erhalten der vorbe-
stimmten Anzahl der determianten Fenster durchgeführt wird;
ein Verarbeitungsmodul (110), das mit dem Prozessor (102) gekoppelt ist, um eine Vielzahl von photoplethys-
mografischen (PPG) Merkmalen der Probe zu erhalten, die dem Probanden zugeordnet sind, wobei die PPG-
Probemerkmale aus einem Video des Körperteils (136) des Probanden extrahiert werden;
ein mit dem Prozessor (102) gekoppeltes Modul zur Merkmalsauswahl (114), um mindestens ein dem physio-
logischen Parameter zugeordnetes relevantes PPG-Probenmerkmal aus der Vielzahl der PPG-Probenmerk-
male basierend auf einem Grundwahrheitswert des physiologischen Parameters auszuwählen; and
ein Modellierungsmodul (118), das mit dem Prozessor (102) gekoppelt ist, um basierend auf dem mindestens
einen relevanten PPG-Probenmerkmal und dem Grundwahrheitswert des physiologischen Parameters ein ma-
thematisches Modell zu bestimmen, das eine Korrelation zwischen dem relevanten PPG-Probenmerkmal und
dem physiologischen Parameter anzeigt, wobei das mathematische Modell zum Überwachen des physiologi-
schen Parameters in Echtzeit ausgebildet ist.

19. Modellierungssystem (100) nach Anspruch 18, wobei das Verarbeitungsmodul (110) ausgebildet ist zum:

Erhalten des Videos des Körperteils (136) des Probanden von einer Probenahmevorrichtung (132); und
und Verarbeiten des Videos zum Bestimmen einer Probe-PPG-Wellenform.

20. Modellierungssystem (100) nach Anspruch 18, wobei das Verarbeitungsmodul (110) angepasst ist, um die Vielzahl
von Sample-PPG-Merkmalen aus dem Video in einem Zeitbereich und/oder einem Frequenzbereich zu erhalten.

21. Modellierungssystem (100) nach Anspruch 18, wobei das Modellierungsmodul (118) angepasst ist, um das mathe-
matische Modell basierend auf überwachten Lerntechniken zu bestimmen.

22. Modellierungssystem (100) nach Anspruch 18, wobei das Modul zur Merkmalsauswahl (114) angepasst ist, um:

eine Relevanzbewertung für jedes der Vielzahl von PPG-Probenmerkmale zu bestimmen, wobei die Relevanz-
bewertung eine Relation jedes PPG-Probenmerkmals zu dem physiologischen Parameter anzeigt; und
die Relevanzbewertung jeder der Vielzahl von PPG-Probenmerkmale mit einer Schwellenrelevanzbewertung
zu vergleichen, um das mindestens eine relevante PPG-Probenmerkmal auszuwählen.

23. Modellierungssystem (100) nach Anspruch 18, wobei das Verarbeitungsmodul (110) angepasst ist, zu beurteilen,
ob der mindestens eine quantisierte Farbwert in einem vorbestimmten Bereich von quantisierten Farbwerten liegt.

24. Modellierungssystem (100) nach Anspruch 23, wobei das Konsistenzanalysemodul (112) dazu ausgebildet ist, dem
Probanden eine Rückmeldung zu liefern, um ein neues Video als Reaktion auf die Bewertung durch das Verarbei-
tungsmodul (110) aufzunehmen und/oder dazu ausgebildet ist, die Konsistenzanalyse als Reaktion auf die Bewer-
tung durch das Verarbeitungsmodul (110) zu erhalten.
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25. Modellierungssystem (100) nach Anspruch 18, wobei das Konsistenzanalysemodul (112) dazu ausgebildet ist,
eine Position einer Spitzenfrequenz des mindestens einen quantisierten Farbwertes für jedes der determianten
Fenster zu bestimmen;
eine Frequenzabweichung für Spitzenfrequenzen über die determianten Fenster zu bestimmen, wobei die Fre-
quenzabweichung eine Änderung der Position der Spitzenfrequenzen innerhalb der determianten Fenster anzeigt;
und
die Frequenzabweichung und eine Schwellen-Frequenzabweichung zu vergleichen, um den mindestens einen phy-
siologischen Parameter als Reaktion auf den Vergleich zu bestimmen.

26. Modellierungssystem (100) nach Anspruch 18, wobei das Konsistenzanalysemodul (112) dazu ausgebildet ist,
eine Signalamplitude für den mindestens einen quantisierten Farbwert in jedem Einzelwert im determianten Fenster
zu bestimmen; und
die Signalamplitude mit einer Schwellenwert-Signalamplitude zu vergleichen, um den physiologischen Parameter
als Reaktion auf den Vergleich zu ermittelt.

27. Modellierungssystem (100) nach Anspruch 18, wobei das Modul zur Merkmalsauswahl (114) dazu ausgebildet ist,
einen Korrelationskoeffizienten für jedes der Vielzahl von Sample-PPG-Merkmalen zu bestimmen, der eine Relation
zwischen einem Sample-PPG-Merkmal und einem Grundwahrheitswert des physiologischen Parameters anzeigt;
einen Verstärkungsfaktors für jedes der Vielzahl von Sample-PPG-Merkmalen basierend auf dem Korrelationsko-
effizienten zu ermitteln; und
relevante Sample-PGG-Merkmale aus der Vielzahl der Sample-PPG-Merkmale basierend auf dem Verstärkungs-
faktor auszuwählen, wobei die relevanten PPG-Probemerkmale zum Überwachen des physiologischen Parameters
in Echtzeit eingesetzt werden.

28. Modellierungssystem (100) nach Anspruch 27, ferner umfassend: ein Testmodul (116), das mit dem Prozessor
(102) gekoppelt ist, um die tatsächliche Relevanz jedes der relevanten Sample-PPG-Merkmale basierend auf den
jeweiligen Verstärkungsfaktor zu ermitteln.

29. Modellierungssystem (100) nach Anspruch 27, wobei das Modul zur Merkmalsauswahl (114) angepaßt ist,
jedes der Vielzahl von Sample-PPG-Merkmale mit dem jeweiligen Verstärkungsfaktor zu multiplizieren; und
die relevanten Sample-PPG-Merkmale aus der Vielzahl der Sample-PPG-Merkmale basierend auf einen Schwel-
lenwert jedes multiplizierten Sample-PPG-Merkmals auszuwählen.

30. Modellierungssystem (100) nach Anspruch 27, wobei der Korrelationskoeffizient ein maximaler Informationskoeffi-
zient (MIC) ist.

31. Modellierungssystem (100) nach Anspruch 27, wobei das Modul zur Merkmalsauswahl (114) angepasst ist, den
Verstärkungsfaktor auf Grundlage einer sigmoidalen Verstärkungsfunktion zu ermitteln.

32. Modellierungssystem (100) nach Anspruch 27, wobei das Modul zur Merkmalsauswahl (114) angepasst ist, eine
dem Verstärkungsfaktor zugeordnete Steigungskonstante (m) einzustellen, basierend auf der Genauigkeit einer k-
fachen Validierungstechnk, wobei die Einstellung unter Verwendung eines Regressionsmodells bzw. eines Klassi-
fizierungsmodells durchgeführt wird.

33. Modellierungssystem (100) nach Anspruch 18, wobei der Prozessor (102) konfiguriert ist:

ein mathematisches Modell zu erhalten, das eine Korrelation zwischen dem relevanten PPG-Probenmerkmal
und dem zu überwachenden physiologischen Parameter anzeigt, wobei die relevanten PPG-Probenmerkmale
aus der Vielzahl der PPG-Probenmerkmale ausgewählt sind, basierend auf dem Einfluss des physiologischen
Parameters auf die Vielzahl der PPG-Probenmerkmale;
PPG-Testmerkmale, die einer Versuchsperson zugeordnet sind, aus einem Video eines Körperteils (140) des
Probanden zu bestimmen, wobei das Video mit einer Kamera (140) der Vorrichtung zur Überwachung des
physiologischen Parameters (134) aufgenommen wird; und
die physiologischen Parameter für den Probanden auf Grundlage der PPG-Testmerkmale und dem mathema-
tischen Modell zu überwachen.

34. Modellierungssystem (100) nach Anspruch 18, wobei das Überwachungsmodul (146) dazu ausgebildet ist,
mindestens ein relevantes Sample-PPG-Merkmal, das eine Korrelation mit einem Grundwahrheitswert des zu über-
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wachenden physiologischen Parameters aufweist, zu erhalten, wobei die relevanten PPG-Probenmerkmale aus
der Vielzahl der PPG-Probenmerkmale ausgewählt sind, basierend auf einer Korrelation zwischen dem PPG-Pro-
benmerkmal und dem Grundwahrheitswert des physiologischen Parameters, und dem auf Grundlage der Korrelation
ermittelten Verstärkungsfaktor; und
den physiologischen Parameter des Probanden zu überwachen, basierend auf den PPG-Testmerkmalen und den
relevanten PPG-Merkmalen.

35. Nicht-transitorisches, computerlesbares Medium, umfassend Anweisungen, die von einer Verarbeitungseinrichtung
ausgeführt werden können, zum:
Aufnehmen eines Videos eines Körperteils (136), insbesondere einer Fingerkuppe, eines Probanden mit einer
tragbaren Vorrichtung;

Erhalten einer Vielzahl von Fenstern aus dem Video, wobei jedes der Fenster eine vorbestimmte Anzahl von
Einzelbildern umfasst;
Bestimmen mindestens eines quantisierten Farbwertes für ein oder mehrere Farbmodelle für jedes Einzelbild
in der Vielzahl von Fenstern; und
Bestimmen der Konsistenz des Videos durch Durchführen einer Konsistenzanalyse für eine vorbestimmte An-
zahl von determianten Fenstern aus der Vielzahl von Fenstern, basierend auf dem mindestens einen quanti-
sierten Farbwert jedes Einzelbildes, wobei die Konsistenzanalyse als Reaktion auf das Erhalten der vorbe-
stimmten Anzahl der determianten Fenster durchgeführt wird, wobei die Konsistenzanalyse als Reaktion auf
das Erhalten der vorbestimmten Anzahl der determinanten Fenster durchgeführt wird, und wobei insbesondere
das Bestimmen das Auswerten umfasst, ob der mindestens eine quantisierte Farbwert in einem vorbestimmten
Bereich von quantisierten Farbwerten liegt, wobei die Konsistenzanalyse basierend auf der Auswertung erreicht
wird;
Erhalten einer Vielzahl von photoplethysmografischen (PPG) Merkmalen der Probe, die dem Probanden zu-
geordnet sind, aus einer Probe-PPG-Wellenform basierend auf der Konsistenzanalyse;
Auswählen mindestens eines relevanten PPG-Probenmerkmals aus der Vielzahl der PPG-Merkmale, das dem
physiologischen Parameter zugeordnet ist, basierend auf einem Grundwahrheitswert des physiologischen Pa-
rameters für den Probanden; und
Festlegen eines mathematischen Modells, das eine Korrelation zwischen dem mindestens einen relevanten
PPG-Probenmerkmal und dem physiologischen Parameter anzeigt, basierend auf dem mindestens einen re-
levanten PPG-Probenmerkmal und dem Grundwahrheitswert des physiologischen Parameters, wobei das ma-
thematische Modell zum Überwachen des physiologischen Parameters in Echtzeit eingesetzt wird

36. Nicht-transitorisches, computerlesbares Medium nach Anspruch 35, wobei das nicht-transitorische computerlesbare
Medium ferner von dem Prozessor ausführbare Anweisungen umfasst, zum:

Erhalten einer Vielzahl von Fenstern aus dem Video, wobei jedes der Fenster eine vorbestimmte Anzahl von
Einzelbildern aufweist;
Ermitteln mindestens eines quantisierten Farbwertes für ein oder mehrere Farbmodelle für jedes Einzelbild in
der Vielzahl von Fenstern;
Bestimmen einer Position der Spitzenfrequenz des mindestens einen quantisierten Farbwertes für jedes der
vorbestimmten Anzahl von determianten Fenstern aus der Vielzahl von Fenstern; und
Durchführen einer Konsistenzanalyse für die determianten Fenster, basierend auf der Position der Spitzenfre-
quenz innerhalb der determianten Fenster.

37. Nicht-transitorisches, computerlesbares Medium nach Anspruch 35, wobei das nicht-transitorische computerlesbare
Medium ferner von dem Prozessor ausführbare Anweisungen umfasst, zum:

Bestimmen eines Korrelationskoeffizienten für jedes der Vielzahl von Sample-PPG-Merkmalen, der eine Rela-
tion zwischen dem Sample-PPG-Merkmal und dem Grundwahrheitswert des physiologischen Parameters an-
zeigt;
Bestimmen eines Verstärkungsfaktors für jedes der Vielzahl von Sample-PPG-Merkmalen, basierend auf dem
Korrelationskoeffizienten und einer sigmoidalen Verstärkungsfunktion; und
Auswählen relevanter Sample-PPG-Merkmale aus der Vielzahl von Sample-PPG-Merkmalen, basierend auf
dem Verstärkungsfaktor, wobei die relevanten Sample-PPG-Merkmale zur Überwachung des physiologischen
Parameters in Echtzeit eingesetzt werden.
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Revendications

1. Procédé de surveillance d’un paramètre physiologique associé à un sujet utilisant un dispositif tenu à la main (134),
le procédé comprenant les étapes consistant à :

capturer une vidéo d’une partie de corps (136), en particulier d’un bout de doigt, d’un sujet échantillon en utilisant
le dispositif portatif ;
obtenir au moyen d’un processeur une pluralité de fenêtres à partir de la vidéo, dans lesquelles chacune des
fenêtres comprend un nombre prédéterminé de trames ;
déterminer au moyen du processeur au moins une valeur de couleur quantifiée pour un ou plusieurs modèles
de couleur, pour chaque trame dans la pluralité des fenêtres ; et
déterminer au moyen du processeur la cohérence de la vidéo en effectuant une analyse de cohérence pour un
nombre prédéterminé de fenêtres déterminantes à partir de la pluralité de fenêtres, sur la base de ladite au
moins une valeur de couleur quantifiée de chaque trame, dans lequel l’analyse de cohérence est effectuée, en
réponse à l’obtention du nombre prédéterminé des fenêtres déterminantes, et dans lequel en particulier la
détermination consiste à évaluer si ladite au moins une valeur de couleur quantifiée est dans une plage prédé-
terminée de valeurs de couleur quantifiées, l’analyse de cohérence étant réalisée sur la base de cette évaluation ;
obtenir au moyen du processeur (102), une pluralité de caractéristiques photoplethysmographiques d’échantillon
(PPG) associées au sujet échantillon, à partir d’une forme d’onde d’échantillon PPG basée sur l’analyse de
cohérence ;
sélectionner au moyen du processeur (102), parmi la pluralité de caractéristiques PPG d’échantillon, au moins
une caractéristique PPG d’échantillon pertinente associée au paramètre physiologique, basée sur une valeur
de véracité de base du paramètre physiologique pour le sujet échantillon ; et
déterminer au moyen du processeur (102), sur la base de ladite au moins une caractéristique PPG d’échantillon
pertinente et de la valeur de véracité de base du paramètre physiologique, un modèle mathématique indicatif
d’une corrélation entre ladite au moins une caractéristique PPG d’échantillon pertinente et le paramètre phy-
siologique, le modèle mathématique étant utilisé pour surveiller le paramètre physiologique en temps réel.

2. Procédé selon la revendication 1, dans lequel l’obtention de la pluralité de caractéristiques PPG d’échantillon com-
prend l’extraction de la pluralité de caractéristiques PPG d’échantillon de la vidéo soit dans un domaine temporel
soit dans un domaine de fréquence et/ou la pluralité de caractéristiques PPG d’échantillon comprend un ensemble
d’au moins une des caractéristiques du domaine temporel et les caractéristiques du domaine de fréquence.

3. Procédé selon la revendication 1, dans lequel la détermination du modèle mathématique est basée sur une technique
d’apprentissage supervisée.

4. Procédé selon la revendication 1, comprenant en outre les étapes consistant à :

obtenir des caractéristiques PPG de test associées à un sujet test à partir d’une vidéo d’une partie du corps
(140) du sujet test ; et
surveiller le paramètre physiologique pour le sujet test, sur la base des caractéristiques PPG de test et du
modèle mathématique.

5. Procédé selon la revendication 1, dans lequel la sélection comprend les étapes suivantes :

déterminer un taux de pertinence pour chacune de la pluralité des caractéristiques PPG d’échantillon, dans
lequel le taux de pertinence est indicatif d’une relation de chacune de la pluralité des caractéristiques PPG
d’échantillon avec le paramètre physiologique ; et
constater ladite au moins une caractéristique PPG d’échantillon pertinente parmi la pluralité de caractéristiques
PPG d’échantillon, sur la base du taux de pertinence de chacune de la pluralité de caractéristiques PPG d’échan-
tillon et d’un taux de pertinence seuil.

6. Procédé selon la revendication 1, comprenant en outre les étapes consistant à :

obtenir au moyen du processeur (102), parmi les fenêtres déterminantes, une pluralité de fenêtres déterminantes
sélectionnées couvrant un nombre prédéterminé de trames, en réponse à la réalisation ; et
exécuter au moyen du processeur (102), un contrôle de détection de fréquence de crête pour chacune de la
pluralité de fenêtres déterminantes sélectionnées, dans lequel ledit au moins un paramètre physiologique est
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déterminé sur la base de l’exécution.

7. Procédé selon la revendication 6, dans lequel l’exécution comprend la détermination d’une fréquence de crête d’au
moins une valeur de couleur quantifiée dans chacune de la pluralité de fenêtres déterminantes sélectionnées en
appliquant une transformée de Fourier rapide (FFT) à ladite au moins une valeur de couleur quantifiée de toutes
les trames couvertes par la pluralité de déterminants sélectionnés.

8. Procédé selon la revendication 6, comprenant en outre le fait de fournir au moyen du processeur (102) une rétroaction
au sujet échantillon pour capturer une nouvelle vidéo, lorsqu’au moins une de la pluralité de fenêtres déterminantes
sélectionnées échoue lors du contrôle de détection de fréquence de crête.

9. Procédé selon la revendication 1, dans lequel la détermination de cohérence comprend les étapes suivantes con-
sistant à :

déterminer une position de fréquence de crête de ladite au moins une valeur de couleur quantifiée pour chacune
des fenêtres déterminantes ;
évaluer une dérive de fréquence pour les fréquences de crête à travers les fenêtres déterminantes, dans laquelle
la dérive de fréquence est indicative de la variation de la position des fréquences de crête à travers les fenêtres
déterminantes ; et
comparer la dérive de fréquence et une dérive de fréquence seuil, dans laquelle ledit au moins un paramètre
physiologique est déterminé en réponse à la comparaison.

10. Procédé selon la revendication 1, dans lequel la détermination de la cohérence comprend les étapes consistant à :

déterminer une amplitude de signal pour ladite au moins une valeur de couleur quantifiée dans chaque trame
dans les fenêtres déterminantes ; et
comparer l’amplitude du signal avec une amplitude de signal seuil, ledit au moins un paramètre physiologique
étant déterminé en réponse à la comparaison.

11. Procédé selon la revendication 1, dans lequel la sélection comprend les étapes consistant à :

déterminer au moyen du processeur (102) un coefficient de corrélation pour chacune de la pluralité de carac-
téristiques PPG d’échantillon, indiquant une relation entre une caractéristique PPG d’échantillon et une valeur
de véracité de base du paramètre physiologique ;
constater au moyen du processeur (102) un facteur de gain pour chacune de la pluralité de caractéristiques
PPG de l’échantillon, sur la base du coefficient de corrélation ; et
sélectionner au moyen du processeur (102) des caractéristiques PPG d’échantillon pertinentes parmi la pluralité
de caractéristiques PPG d’échantillon, sur la base du facteur de gain, les caractéristiques PPG d’échantillon
pertinentes étant déployées pour surveiller le paramètre physiologique en temps réel, le coefficient de corrélation
étant notamment un coefficient d’information maximum (MIC) et/ou la constatation du facteur de gain est basée
sur une fonction de gain sigmoïde ou la constatation du facteur de gain comprend l’accord d’une constante de
pente (m) associée au facteur de gain, sur la base de l’exactitude d’une technique de validation répétée k-fois,
l’accord étant exécuté en utilisant soit un modèle de régression soit un modèle de classification.

12. Procédé selon la revendication 11, dans lequel le modèle de régression est un modèle parmi un modèle de régression
linéaire, un modèle de régression non linéaire et un modèle de régression polynomiale.

13. Procédé selon la revendication 11, dans lequel le modèle de classification est un modèle parmi un modèle basé
sur une machine à vecteur support (SVM) et un modèle basé sur un réseau neuronal adaptatif (ANN).

14. Procédé selon la revendication 11, dans lequel la sélection comprend les étapes consistant à :

multiplier chacune de la pluralité de caractéristiques PPG d’échantillon par le facteur de gain respectif ; et
sélectionner les caractéristiques PPG d’échantillon pertinentes parmi la pluralité de caractéristiques PPG
d’échantillon sur la base d’une valeur seuil de chaque caractéristique PPG d’échantillon multipliée.

15. Procédé selon la revendication 11, comprenant en outre l’étape consistant à constater au moyen du processeur
(102), la pertinence réelle de chacune des caractéristiques pertinentes de l’échantillon PPG sur la base du facteur
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de gain respectif.

16. Procédé selon la revendication 11, comprenant en outre les étapes consistant à :

obtenir au moyen du processeur (102), des caractéristiques PPG de test associées au sujet test à partir de la
vidéo de la partie de corps (140) du sujet test ; et
surveiller au moyen du processeur (102), du paramètre physiologique pour le sujet test, sur la base des carac-
téristiques PPG de test et des caractéristiques PPG pertinentes de l’échantillon.

17. Procédé selon la revendication 1, dans lequel le paramètre physiologique est au moins un paramètre parmi une
tension artérielle (TA) et des caractéristiques d’électrocardiographe (ECG).

18. Système de modélisation (100) pour surveiller des paramètres physiologiques, en utilisant le dispositif tenu à la
main (134), associé à un sujet échantillon, le système de modélisation (100) comprenant :

un processeur (102) ;
un dispositif d’échantillonnage (132) pour capturer une vidéo d’une partie de corps (136), en particulier un bout
de doigt, du sujet échantillon ;
un module d’analyse de cohérence (112) pour
obtenir une pluralité de fenêtres de la vidéo, dans lesquelles chacune des fenêtres comprend un nombre
prédéterminé de trames :

déterminer au moins une valeur de couleur quantifiée pour un ou plusieurs modèles de couleurs, pour
chaque trame de la pluralité de fenêtres, et
déterminer la cohérence de la vidéo en effectuant une analyse de cohérence pour un nombre prédéterminé
de fenêtres déterminantes de la pluralité de fenêtres, sur la base de ladite au moins une valeur de couleur
quantifiée de chaque trame, l’analyse de cohérence étant effectuée en réponse à l’obtention du nombre
prédéterminé des fenêtres déterminantes ;

un module de traitement (110) couplé au processeur (102) pour obtenir une pluralité de caractéristiques pho-
toplethysmographiques d’échantillon (PPG) associées au sujet échantillon, dans lequel les caractéristiques
PPG d’échantillon sont extraites d’une vidéo de la partie du corps (136) du sujet échantillon ;
un module de sélection de caractéristiques (114) couplé au processeur (102) pour sélectionner au moins une
caractéristique PPG d’échantillon pertinente associée au paramètre physiologique, parmi la pluralité de carac-
téristiques PPG d’échantillon, sur la base d’une valeur de véracité de base du paramètre physiologique ; et
un module de modélisation (118) couplé au processeur (102) pour déterminer, sur la base de ladite au moins
une caractéristique PPG d’échantillon pertinente et de la valeur de véracité de base du paramètre physiologique,
un modèle mathématique indiquant une corrélation entre la caractéristique PPG d’échantillon pertinente et le
paramètre physiologique, dans lequel le modèle mathématique est adapté pour surveiller le paramètre physio-
logique en temps réel.

19. Système de modélisation (100) selon la revendication 18, dans lequel le module de traitement (110) est adapté pour :

obtenir la vidéo de la partie du corps (136) du sujet à partir d’un dispositif d’échantillonnage (132) ; et
traiter la vidéo pour déterminer une forme d’onde PPG d’échantillon.

20. Système de modélisation (100) selon la revendication 18, dans lequel le module de traitement (110) est adapté
pour obtenir la pluralité de caractéristiques PPG d’échantillon de la vidéo dans au moins un domaine parmi un
domaine temporel et un domaine de fréquence.

21. Système de modélisation (100) selon la revendication 18, dans lequel le module de modélisation (114) est adapté
pour déterminer le modèle mathématique sur la base de techniques d’apprentissage supervisé.

22. Système de modélisation (100) selon la revendication 18, dans lequel le module de sélection de caractéristiques
(114) est adapté pour :

déterminer un taux de pertinence pour chacune de la pluralité de caractéristiques PPG d’échantillon, dans
lequel le taux de pertinence est indicatif d’une relation de chaque caractéristique PPG d’échantillon avec le
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paramètre physiologique ; et
comparer le taux de pertinence de chacune des caractéristiques d’échantillon de la pluralité de caractéristiques
de PPG avec un taux de pertinence seuil pour sélectionner ladite au moins une caractéristique de PPG d’échan-
tillon pertinente.

23. Système de modélisation (100) selon la revendication 18, dans lequel le module de traitement (110) est adapté
pour évaluer si ladite au moins une valeur de couleur quantifiée est dans une plage prédéterminée de valeurs de
couleur quantifiées.

24. Système de modélisation (100) selon la revendication 23, dans lequel le module d’analyse de cohérence (112) est
adapté pour fournir une rétroaction au sujet pour capturer une nouvelle vidéo en réponse à l’évaluation par le module
de traitement (110) et/ou est adapté pour réaliser l’analyse de cohérence en réponse à l’évaluation par le module
de traitement (110).

25. Système de modélisation (100) selon la revendication 18, dans lequel le module d’analyse de cohérence (112) est
adapté pour :

déterminer une position de fréquence de crête de ladite au moins une valeur de couleur quantifiée pour chacune
des fenêtres déterminantes ;
évaluer une dérive de fréquence pour les fréquences de crête à travers les fenêtres déterminantes, dans laquelle
la dérive de fréquence est indicative de la variation de la position des fréquences de crête à travers les fenêtres
déterminantes ; et
comparer la dérive de fréquence et une dérive de fréquence seuil pour déterminer ledit au moins un paramètre
physiologique en réponse à la comparaison.

26. Système de modélisation (100) selon la revendication 18, dans lequel le module d’analyse de cohérence (112) est
adapté pour :

déterminer une amplitude de signal pour ladite au moins une valeur de couleur quantifiée dans chaque trame
des fenêtres déterminantes ; et
comparer l’amplitude de signal à une amplitude de signal seuil pour déterminer le paramètre physiologique en
réponse à la comparaison.

27. Système de modélisation (100) selon la revendication 18, dans lequel le module de sélection de caractéristiques
(114) est adapté pour :

déterminer un coefficient de corrélation pour chacune de la pluralité de caractéristiques PPG d’échantillon,
indiquant une relation entre une caractéristique PPG d’échantillon et une valeur de véracité de base du paramètre
physiologique ;
déterminer un facteur de gain pour chacune de la pluralité de caractéristiques PPG d’échantillon, sur la base
du coefficient de corrélation ; et
sélectionner les caractéristiques PPG d’échantillon pertinentes parmi la pluralité de caractéristiques PPG
d’échantillon, sur la base du facteur de gain, dans lequel les caractéristiques PPG d’échantillon pertinentes
sont déployées pour surveiller le paramètre physiologique en temps réel.

28. Système de modélisation (100) selon la revendication 27, comprenant en outre un module de test (116) couplé au
processeur (102) pour déterminer la pertinence réelle de chacune des caractéristiques PPG pertinentes de l’échan-
tillon sur la base du facteur de gain respectif.

29. Système de modélisation (100) selon la revendication 27, dans lequel le module de sélection de caractéristiques
(114) est adapté pour :

multiplier chacune de la pluralité des caractéristiques PPG d’échantillon par le facteur de gain respectif ; et
sélectionner les caractéristiques PPG d’échantillon pertinentes parmi la pluralité de caractéristiques PPG
d’échantillon sur la base d’une valeur seuil de chaque caractéristique PPG d’échantillon multipliée.

30. Système de modélisation (100) selon la revendication 27, dans lequel le coefficient de corrélation est un coefficient
d’information maximal (MIC).



EP 2 829 223 B1

33

5

10

15

20

25

30

35

40

45

50

55

31. Système de modélisation (100) selon la revendication 27, dans lequel le module de sélection de caractéristiques
(114) est adapté pour constater le facteur de gain basé sur une fonction de gain sigmoïde.

32. Système de modélisation (100) selon la revendication 27, dans lequel le module de sélection de caractéristiques
(114) est adapté pour accorder une constante de pente (m) associée au facteur de gain, sur la base de la précision
d’une technique de validation répétée k-fois, l’accord étant effectué en utilisant soit un modèle de régression soit
un modèle de classification.

33. Système de modélisation (100) selon la revendication 18, dans lequel le processeur (102) est configuré pour :

obtenir un modèle mathématique indicatif d’une corrélation entre la caractéristique PPG d’échantillon pertinente
et le paramètre physiologique à surveiller, dans lequel les caractéristiques PPG d’échantillon pertinentes sont
sélectionnées parmi la pluralité de caractéristiques PPG d’échantillon basées sur l’influence du paramètre
physiologique, sur la pluralité des caractéristiques PPG d’échantillon ;
déterminer les caractéristiques PPG de test associées à un sujet test à partir d’une vidéo d’une partie du corps
(140) du sujet test, la vidéo étant saisie à l’aide d’une caméra (140) du dispositif de surveillance des paramètres
physiologiques (134) ; et
surveiller le paramètre physiologique pour le sujet test, en se basant sur les caractéristiques PPG test et sur
le modèle mathématique.

34. Système de modélisation (100) selon la revendication 18, dans lequel le module de surveillance (146) est adapté
pour :

obtenir au moins une caractéristique PPG d’échantillon pertinente ayant une corrélation avec une valeur de
véracité de base du paramètre physiologique à surveiller, dans lequel les caractéristiques PPG d’échantillon
pertinentes sont sélectionnées parmi la pluralité de caractéristiques PPG d’échantillon sur la base d’une cor-
rélation entre la caractéristique PPG d’échantillon et la valeur de véracité de base du paramètre physiologique,
et le facteur de gain déterminé sur la base de cette corrélation ; et
surveiller le paramètre physiologique pour le sujet test, sur la base des caractéristiques PPG de test et des
caractéristiques PPG pertinentes.

35. Support non transitoire lisible par ordinateur comprenant des instructions exécutables par une ressource de traite-
ment pour :

capturer une vidéo d’une partie du corps (136), en particulier du bout d’un doigt, d’un sujet échantillon utilisant
un dispositif tenu à la main ;
obtenir une pluralité de fenêtres à partir de la vidéo, dans lesquelles chacune des fenêtres comprend un nombre
prédéterminé de trames ;
déterminer au moins une valeur de couleur quantifiée pour un ou plusieurs modèles de couleurs, pour chaque
cadre dans la pluralité de fenêtres ; et
déterminer au moins une valeur de couleur quantifiée pour un ou plusieurs modèles de couleur, pour chaque
trame de la pluralité de fenêtres ; et
déterminer la cohérence de la vidéo en effectuant une analyse de cohérence pour un nombre prédéterminé de
fenêtres déterminantes de la pluralité de fenêtres, sur la base de ladite au moins une valeur de couleur quantifiée
de chaque trame, dans lequel l’analyse de cohérence est réalisée, en réponse à l’obtention du nombre prédé-
terminé des fenêtres déterminantes, et dans lequel en particulier la détermination comprend une évaluation si
ladite au moins une valeur de couleur quantifiée est dans une gamme prédéterminée de valeurs de couleur
quantifiées, l’analyse de cohérence étant réalisée sur la base de l’évaluation ;
obtenir une pluralité de caractéristiques photoplethysmographiques (PPG) d’échantillon associées au sujet
échantillon, à partir d’une forme d’onde PPG d’échantillon basée sur l’analyse de cohérence ;
sélectionner parmi la pluralité de caractéristiques PPG d’échantillon au moins une caractéristique PPG d’échan-
tillon pertinente associée au paramètre physiologique, sur la base d’une valeur de véracité de base du paramètre
physiologique pour le sujet ; et
déterminer sur la base de ladite au moins une caractéristique PPG d’échantillon pertinente et de la valeur de
véracité de base du paramètre physiologique, un modèle mathématique indiquant une corrélation entre la
caractéristique PPG d’échantillon pertinente et le paramètre physiologique, dans lequel le modèle mathématique
est adapté pour surveiller le paramètre physiologique en temps réel.
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36. Support lisible par ordinateur non transitoire selon la revendication 35, dans lequel le support lisible par ordinateur
non transitoire comprend en outre des instructions exécutables par le processeur pour :

obtenir une pluralité de fenêtres à partir de la vidéo, dans lesquelles chacune des fenêtres comprend un nombre
prédéterminé de trames ;
déterminer au moins une valeur de couleur quantifiée pour un ou plusieurs modèles de couleurs, pour chaque
trame dans la pluralité de fenêtres ;
déterminer une position de fréquence de crête de ladite au moins une valeur de couleur quantifiée pour chacune
d’un nombre prédéterminé de fenêtres déterminantes de la pluralité de fenêtres ; et
effectuer une analyse de cohérence des fenêtres déterminantes, sur la base de la position de la fréquence
crête à travers les fenêtres déterminantes.

37. Support lisible par ordinateur non transitoire selon la revendication 35, dans lequel le support lisible par ordinateur
non transitoire comprend en outre des instructions exécutables par le processeur pour :

déterminer un coefficient de corrélation pour chacune de la pluralité de caractéristiques PPG d’échantillon,
indiquant une relation entre la caractéristique PPG d’échantillon et la valeur de véracité de base du paramètre
physiologique ;
constater un facteur de gain pour chacune de la pluralité de caractéristiques PPG d’échantillon, basé sur le
coefficient de corrélation et une fonction de gain sigmoïde; et
sélectionner des caractéristiques PPG d’échantillon pertinentes parmi la pluralité de caractéristiques PPG
d’échantillon, basées sur le facteur de gain, les caractéristiques PPG d’échantillon pertinentes étant utilisées
pour surveiller le paramètre physiologique en temps réel.
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