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SIGNALS WITH REDUCED ERROR

(57) A method and system for deriving physiological
parameters from pulsating signals with reduced error is
provided. The method is performed by extracting pulsat-
ing signals, removing spurious perturbations in the ex-
tracted pulsating signals for smoothening of said extract-
ed pulsating signals, deriving local minima points in the
smoothened pulsating signal, deriving systolic maxima
point between two derived local minimas, deriving most
probable pulse duration and most probable peak-to-peak
distance using the derived local minima points and the
derived systolic maxima points, deriving dicrotic minima
while ensuring that every dicrotic minima is preceded by
a systolic maxima point and followed by a beat start point
of said systolic maxima, deriving diastolic peak while en-
suring that every dicrotic maxima is preceded by a di-
astolic notch and followed by next beat start point of that
maxima and deriving physiological parameters from the
derived local minima points, systolic maxima points, di-
crotic notch and diastolic peak.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS AND PRIORITY

[0001] The patent application claims to India Application No. 20162108713, filed on 31/05/2016.

FIELD OF THE INVENTION

[0002] The present application generally relates to biomedical signal processing. More particularly, the application
provides a method and system for deriving physiological parameters from pulsating signals with reduced error.

BACKGROUND

[0003] Huge number of lIoT devices are available to promote health care management and wellness. It is undoubted
that loT Healthcare solutions can provide remote monitoring to support patients suffering from various diseases and
disorders. But, a gamut of expensive sensor devices, sophisticated, periodic setup, maintenance and calibration as well
as up-to-date training are required for such purpose to come to fruition. In order to promote widespread usage and
affordability, such costly and extensive intricacies do not work positively towards the ubiquity and success of mobile and
preventable health care, specifically in developing countries. As a result, deriving various physiological parameters of
a person in a noninvasive and affordable manner is a significant task and challenge.

[0004] Pulsating signals have gained high importance for the purpose of derivation of various physiological parameters
of a person. As a result, extracting the various time series features of pulsating signals like photoplethysmogram (PPG)
signal and then co-relating them with physiological parameters is a necessity to create noninvasive and affordable
healthcare analytics applications. However, in the majority of cases, a pulsating signal like photoplethysmogram (PPG)
signal has lot of noise and the analytics to be performed are mostly run on low power battery operated devices like
mobile phones. Therefore, a feature derivation mechanism with reduced errors and reduced resource usage is an
important requirement for effectively deriving various physiological parameters of a person in a noninvasive and affordable
manner. Thereby, deriving physiological parameters from pulsating signals with reduced error while requiring low com-
putational power is still considered to be one of the biggest challenges of the technical domain.

OBJECTIVES OF THE INVENTION

[0005] In accordance with the present invention, an objective is to provide for a method and system for deriving
physiological parameters from pulsating signals with reduced error.

[0006] Another objective of the invention is to derive physiological parameters from pulsating signals while requiring
low computational power.

[0007] Yet another objective of the invention is to derive physiological parameters from pulsating signals while main-
taining an extremely low level of false negatives.

SUMMARY OF THE INVENTION

[0008] Before the present methods, systems, and hardware enablement are described, it is to be understood that this
invention is not limited to the particular systems, and methodologies described, as there can be multiple possible em-
bodiments of the present invention which are not expressly illustrated in the present disclosure. It is also to be understood
that the terminology used in the description is for the purpose of describing the particular versions or embodiments only,
and is not intended to limit the scope of the present invention which will be limited only by the appended claims.
[0009] The present disclosure envisages a method and system which can derive physiological parameters from pul-
sating signals with reduced error.

[0010] In an embodiment of the invention, a method for deriving a plurality of physiological parameters from pulsating
signals with reduced error for monitoring cardiac health of a patient is provided. The method comprises extracting
pulsating signals from the patient, removing spurious perturbations in the extracted pulsating signals using two different
time window lengths for smoothening of said extracted pulsating signals, deriving local minima points in the smoothened
pulsating signals based on the discrete nature of said pulsating signals and strictly rising and falling edge of said pulsating
signals and union of minima points derived from the smoothened pulsating signals with two different sizes, deriving
systolic maxima point between two derived local minimas based on the discrete nature of said pulsating signals, strictly
rising and falling edge of said pulsating signals and union of maxima points derived from the smoothened pulsating
signals with two different sizes, deriving most probable pulse duration and most probable peak-to-peak distance using
the derived local minima points and the derived systolic maxima points and based on the univariate nature of said
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pulsating signals, deriving dicrotic minima based on the discrete nature of said pulsating signals, strictly rising and falling
edge of said pulsating signals and union of the local minima points derived from two different smoothened pulsating
signals with two different sizes ensuring that every dicrotic minima is preceded by a systolic maxima point and followed
by a beat start point of said systolic maxima, deriving diastolic peak based on the discrete nature of said pulsating signals,
strictly rising and falling edge of said pulsating signals and union of the systolic maxima points derived from two different
smoothened pulsating signals with two different sizes ensuring that every dicrotic maxima is preceded by a diastolic
notch and followed by next beat start point of that maxima and deriving physiological parameters from the derived local
minima points, systolic maxima points, dicrotic notch and diastolic peak.

[0011] In another embodiment of the invention, a system (200) for deriving a plurality of physiological parameters from
pulsating signals for monitoring cardiac health of a patient is provided. The system (200) comprises of a signal extraction
module (202), a smoothening module (204), a minima derivation module (206), a maxima derivation module (208), a
statistical learning module (210), a dicrotic minima derivation module (212), a diastolic peak derivation module (214)
and a physiological parameter derivation module (216).

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The foregoing summary, as well as the following detailed description of preferred embodiments, are better
understood when read in conjunction with the appended drawings. For the purpose of illustrating the invention, there is
shown in the drawings exemplary constructions of the invention; however, the invention is not limited to the specific
methods and system disclosed. In the drawings:

Fig 1 shows a flow chart illustrating method for physiological parameter derivation from pulsating signal with reduced
error.

Fig. 2 shows a block diagram of a system for physiological parameter derivation from pulsating signal with reduced
error.

Fig. 3 shows an exemplary embodiment of physiological parameter derivation from pulsating signal with reduced
error.

DETAILED DESCRIPTION OF THE INVENTION

[0013] Some embodiments of this invention, illustrating all its features, will now be discussed in detail.

[0014] The words "comprising," "having," "containing," and "including," and other forms thereof, are intended to be
equivalent in meaning and be open ended in that an item or items following any one of these words is not meant to be
an exhaustive listing of such item or items, or meant to be limited to only the listed item or items.

[0015] It must also be noted that as used herein and in the appended claims, the singular forms "a," "an," and "the"
include plural references unless the context clearly dictates otherwise. Although any systems and methods similar or
equivalent to those described herein can be used in the practice or testing of embodiments of the present invention, the
preferred, systems and methods are now described. In the following description for the purpose of explanation and
understanding reference has been made to numerous embodiments for which the intent is not to limit the scope of the
invention.

[0016] One or more components of the invention are described as module for the understanding of the specification.
For example, a module may include self-contained component in a hardware circuit comprising of logical gate, semi-
conductor device, integrated circuits or any other discrete component. The module may also be a part of any software
programme executed by any hardware entity for example processor. The implementation of module as a software
programme may include a set of logical instructions to be executed by a processor or any other hardware entity.
[0017] The disclosed embodiments are merely exemplary of the invention, which may be embodied in various forms.
[0018] The elements illustrated in the Figures interoperate as explained in more detail below. Before setting forth the
detailed explanation, however, it is noted that all of the discussion below, regardless of the particular implementation
being described, is exemplary in nature, rather than limiting. For example, although selected aspects, features, or
components of the implementations are depicted as being stored in memories, all or part of the systems and methods
consistent with the natural disaster prediction system and method may be stored on, distributed across, or read from
other machine-readable media.

[0019] Method steps of the invention may be performed by one or more computer processors executing a program
tangibly embodied on a computer-readable medium to perform functions of the invention by operating on input and
generating output. Suitable processors include, by way of example, both general and special purpose microprocessors.
Generally, the processor receives (reads) instructions and data from a memory (such as a read-only memory and/or a
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random access memory) and writes (stores) instructions and data to the memory. Storage devices suitable for tangibly
embodying computer program instructions and data include, for example, all forms of non-volatile memory, such as
semiconductor memory devices, including EPROM, EEPROM, and flash memory devices; magnetic disks such as
internal hard disks and removable disks; magneto-optical disks; and CD-ROMs. Any of the foregoing may be supple-
mented by, or incorporated in, specially-designed ASICs (application-specific integrated circuits) or FPGAs (Field-Pro-
grammable Gate Arrays). A computer can generally also receive (read) programs and data from, and write (store)
programs and data to, a non-transitory computer-readable storage medium such as an internal disk (not shown) or a
removable disk.

[0020] The present disclosure provides a method and system for deriving physiological parameters from pulsating
signals with reduced error.

[0021] In an aspect of the invention, photoplethysmogram (PPG) signals can be used as the pulsating signal. The
different features derived from PPG signal can be used to detect various parameters to detect physiological issues in a
patient.

[0022] In an exemplary aspect, once the pulse peak amplitude (PPA) and the systolic amplitude is derived from the
PPG signal, premature ventricular contraction in a patient’s body can be detected. The height of AC component of the
photoplethysmogram is proportional to the pulse pressure, the difference between the systolic and diastolic pressure in
the arteries. The PPG pulse for the cardiac cycle with the PVC results in lower amplitude blood pressure and a PPG.
Ventricular tachycardia and ventricular fibrillation can also be detected.

[0023] In another exemplary aspect, once the PDT (Pulse Duration Time) amplitude is derived from the PPG signal,
heart rate variability (HRV) in a patient’s body can be detected. It has been suggested that ratio of pulse interval to its
systolic amplitude could provide an understanding of the properties of the patient’s cardiovascular system. When the
HRYV derived using the pulse interval in PPG signals have been compared with the HRV using R-R intervals in ECG
signals, the results have demonstrated that HRV in PPG and ECG signals are highly correlated. They strongly suggested
that PPG signals could be used as an alternative measurement of HRV.

[0024] In another exemplary aspect, once the SDPT (Systolic to diastolic peak difference) is derived from the PPG
signal, the Large Artery Stiffness Index in a patient’s body can be detected. Time delay between the systolic and diastolic
peaks, or, in the absence of a second peak, the point of inflection is related to the transit time of pressure waves from
the root of the subclavian artery to the apparent site of reflection and back to the subclavian artery. This path length can
be assumed to be proportional to subject height.

[0025] Referring to Figure 1, it is a flow chart illustrating a method for deriving physiological parameters from pulsating
signals with reduced error.

[0026] The process starts at step 102, pulsating signals are extracted from a patient. At the step 104, spurious per-
turbations in the extracted pulsating signals are removed. At step 106, local minima points are derived in the smoothened
pulsating signal. At step 108, systolic maxima point between two derived local minimas are derived. At step 110, most
probable pulse duration and most probable peak-to-peak distance are derived using the derived local minima points
and the derived systolic maxima points. At step 112, dicrotic minima is derived while ensuring that every dicrotic minima
is preceded by a systolic maxima point and followed by a beat start point of said systolic maxima. At step 114, diastolic
peak is derived while ensuring that every dicrotic maxima is preceded by a diastolic notch and followed by next beat tart
point of that maxima and at step 116, physiological parameters are derived from the derived local minima points, systolic
maxima points, dicrotic notch and diastolic peak.

[0027] Referring to Figure 2, it is a block diagram illustrating system architecture for deriving physiological parameters
from pulsating signals with reduced error.

[0028] In an embodiment of the present invention, a system (200) for deriving a plurality of physiological parameters
from pulsating signals with reduced error for monitoring cardiac health of a patient comprises of a signal extraction
module (202), a smoothening module (204), a minima derivation module (206), a maxima derivation module (208), a
statistical learning module (210), a dicrotic minima derivation module (212), a diastolic peak derivation module (214)
and a physiological parameter derivation module (216).

[0029] The method described herein is applicable for any pulsating signals. The method derives various time series
and signal properties and co-relates them with various physiological parameters. It indicates physiological abnormality
in a noninvasive way and performs analytics with reduced errors and optimized resource usage. Thus, in an exemplary
embodiment, the applicable pulsating signal is selected from photoplethysmogram (PPG) signals and arterial blood
pressure (ABP) signals.

[0030] In another embodiment of the present invention, the signal extraction module (202) consists of a mobile com-
munication device or a wearable device. In an exemplary embodiment of the present invention, wherein photoplethys-
mogram (PPG) signalis used as the pulsating signal, animage capturing device is coupled with the mobile communication
device for extracting photoplethysmogram (PPG) signals from the patient. The photoplethysmogram (PPG) signals are
extracted from patient’s peripheral body parts selected from a group comprising but not limited to finger, ear, forehead
and toe. The mobile communication device captures photoplethysmogram signal in reflective mode and the mobile
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communication device is selected from a group comprising of smart phone, mobile phone, laptop, tablet, and personal
digital assistant. The image capturing device coupled with the mobile communication device is a camera and has a light
emitting source for extracting photoplethysmogram signals from the patient’s peripheral body parts selected from a group
comprising but not limited to finger, ear, toe; forehead, thereby, obtaining a video sequence of the light, reflected from
patient’s peripheral body parts.

[0031] In another embodiment of the present invention, in the smoothening module (204), spurious perturbations in
the extracted pulsating signals are removed by using two different time window lengths for smoothening of said extracted
pulsating signals. Smoothening is performed to remove inequalities in the said extracted pulsating signals by taking
union of two MA (moving average) windows (MA= 5 and MA= 7) instead of a single window, in accordance with figure 3.
Signals with union operation after MA (moving average):

SI=X1,X2, i, e XM;

set of Local Minima obtained taking T1=5

S2=Y1L,Y2, o YN;

set of Local Minima obtained taking T1=7

S=S1U S2

[0032] Arranging S in increasing order.

If (Ja; — a1 [<=2)

{
Replace both points (aj, ai11) by ((a;i +aj+1)/2)

[0033] In another embodiment of the present invention, in the minima derivation module (206), local minima points
are derived in the smoothened pulsating signals based on the discrete nature of said pulsating signals and strictly rising
and falling edge of said pulsating signals and union of minima points derived from the smoothened pulsating signals
with two different window sizes, in accordance with figure 3. Derivation of Local Minima is based T2= (Fs * k); k= 300
milliseconds. Mathematical equations to derive local minima:

YTO-IO>Yto-'[9>'°"""""""" >Yt0< Yt0+1<.................< Yt0+10

Consecutive local minima’s |Ytn-1- Y| >T3; T3=(F * k) ; k = 300 milliseconds where T3 denotes the threshold.
The local minima is derived by using the following method:

Input:

T2: Window size

T3: Distance between two minima

EMA : Smoothed signal x, with k = 1,2,3, ...N: N: length(D)
Output: MI: Minima location.

M:= Detecting Indices of D such that:

A
e |
b2 )
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MI := Discard indices M, in M such that |M, - M,_4| < T3

[0034] In another embodiment of the present invention, in the maxima derivation module (208), systolic maxima point
between two derived local minimas are derived based on the discrete nature of said pulsating signals, strictly rising and
falling edge of said pulsating signals and union of maxima points derived from the smoothened pulsating signals with
two different window sizes instead of one window as used in the traditional methods, in accordance with figure 3. The
derivation of Local Maximas based on deriving a local maxina between two local minimas with same best-fit detection
window T2 (300 milliseconds). The systolic maxima point between two derived local minima points is derived and similar
steps are performed as obtaining local minima points to result in the final set of systolic maxima points.

[0035] In another embodiment of the present invention, in the statistical learning module (210), most probable pulse
duration and most probable peak-to-peak distance are derived using the derived local minima points and the derived
systolic maxima points, in accordance with figure 3. The said derivation of most probable pulse duration and most
probable peak-to-peak distance is based on the univariate nature of said pulsating signals. In this module, first pulse
duration is derived based on local minima. Next, most probable pulse duration is derived based on statistical learning
based on clustering (k = 3) while exploiting the uni-dimensional nature of the signal.

[0036] In another embodiment of the present invention, in the dicrotic minima derivation module (212), dicrotic minima
is derived based on the discrete nature of said pulsating signals, strictly rising and falling edge of said pulsating signals
and union of the local minima points derived from two different smoothened pulsating signals with two different sizes
ensuring that every dicrotic minima is preceded by a systolic maxima point and followed by a beat start point of said
systolic maxima. The following method is followed for dicrotic minima derivation:

Function p = Detect dicrotic minima
Input: @i, Pmax:
win;: Window size on the left
wins: Window size on the right
Dyya : Smoothed signal x, with k = 1,2,3..... N; N: length (Dg,,;,: Final set of minima obtained

Output:

DI: Dicrotic indices
M,.:= Find Indices of D such that:

M. = Filter M to ensure that every dicrotic minima is preceded by a maxima in ¢,,,, and followed by the next
minima in ¢,,;, of that maxima.

DI=M 4, — @pin

[0037] In another embodiment of the present invention, in the diastolic peak derivation module (214), diastolic peak
is derived based on the discrete nature of said pulsating signals, strictly rising and falling edge of said pulsating signals
and union of the systolic maxima points derived from two different smoothened pulsating signals with two different sizes
ensuring that every dicrotic maxima is preceded by a diastolic notch and followed by next beat start point of that maxima.
Every diastolic peak should be situated between a dicrotic minima and the immediately following minima point and
derived by using the similar steps as in dicrotic minima points.

[0038] In another embodiment of the present invention, in the physiological parameter derivation module (216), phys-
iological parameters are derived from the derived local minima points, systolic maxima points, dicrotic notch and diastolic
peak. The physiological parameter derivation module (216) further consists of marking physiological abnormalities based
on the derived physiological parameters and the marking of physiological abnormalities is performed using a predefined
set of rules. The predefined set of rules is used to classify between abnormalities arising out of physiological parameter
disorder and anomaly outliers, wherein the physiological parameter disorders are repetitive in nature.
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Claims

1.

10.

1.

12.

A method for deriving a plurality of physiological parameters from pulsating signals for monitoring cardiac health of
a patient; said method comprising

a. extracting pulsating signals from the patient using a signal extraction module (202);

b. removing spurious perturbations in the extracted pulsating signals using two different time window lengths
for smoothening of said extracted pulsating signals by using a smoothening module (204);

c. deriving local minima points in the smoothened pulsating signals based on the discrete nature of said pulsating
signals and strictly rising and falling edge of said pulsating signals and union of minima points derived from the
smoothened pulsating signals with two different sizes using a minima derivation module (206);

d. deriving systolic maxima point between two derived local minimas based on the discrete nature of said
pulsating signals, strictly rising and falling edge of said pulsating signals and union of maxima points derived
from the smoothened pulsating signals with two different sizes using a maxima derivation module (208);

e. deriving most probable pulse duration and most probable peak-to-peak distance using the derived local
minima points and the derived systolic maxima points and based on the univariate nature of said pulsating
signals by using a statistical learning module (210);

f. deriving dicrotic minima based on the discrete nature of said pulsating signals, strictly rising and falling edge
of said pulsating signals and union of the local minima points derived from two different smoothened pulsating
signals with two different sizes ensuring that every dicrotic minima is preceded by a systolic maxima point and
followed by a beat start point of said systolic maxima by using a dicrotic minima derivation module (212);

g. deriving diastolic peak based on the discrete nature of said pulsating signals, strictly rising and falling edge
of said pulsating signals and union of the systolic maxima points derived from two different smoothened pulsating
signals with two different sizes ensuring that every dicrotic maxima is preceded by a diastolic notch and followed
by next beat start point of that maxima by using a diastolic peak derivation module (214); and

h. deriving physiological parameters from the derived local minima points, systolic maxima points, dicrotic notch
and diastolic peak using a physiological parameter derivation module (216);

The method as claimed in claim 1, wherein said pulsating signals is selected from photoplethysmogram (PPG)
signals and arterial blood pressure (ABP) signals.

The method as claimed in claim 1, wherein the signal extraction module (202) consists of a mobile communication
device or a wearable device.

The method as claimed in claim 1, wherein the smoothening of the extracted pulsating signals is performed by taking
union of two moving average windows.

The method as claimed in claim 1, wherein the derivation of local minima points in the smoothened pulsating signals
is a time window based process.

The method as claimed in claim 1, wherein the derivation of best fit window is used as 300 milliseconds.

The method as claimed in claim 1, wherein the derivation of systolic maxima between two derived local minimas is
a time window based process.

The method as claimed in claim 1 further consists of marking physiological abnormalities based on the derived
physiological parameters.

The method as claimed in claim 8, wherein said marking of physiological abnormalities is performed using a pre-
defined set of rules.

The method as claimed in claim 9, the predefined set of rules is used to classify between abnormalities arising out
of physiological parameter disorder and anomaly outliers.

The method as claimed in claim 10, the physiological parameter disorders are repetitive in nature.

A system for deriving a plurality of physiological parameters from pulsating signals for monitoring cardiac health of
a patient; said system comprising:
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a. a signal extraction module (202) adapted for extracting pulsating signals from the patient;

b. a smoothening module (204) adapted for removing spurious perturbations in the extracted pulsating signals
using two different time window lengths for smoothening of said extracted pulsating signals;

c. a minima derivation module (206) adapted for deriving local minima points in the smoothened pulsating
signals based on the discrete nature of said pulsating signals and strictly rising and falling edge of said pulsating
signals and union of minima points derived from the smoothened pulsating signals with two different sizes;

d. a maxima derivation module (208) adapted for deriving systolic maxima point between two derived local
minimas based on the discrete nature of said pulsating signals, strictly rising and falling edge of said pulsating
signals and union of maxima points derived from the smoothened pulsating signals with two different sizes;

e. a statistical learning module (210) adapted for deriving most probable pulse duration and most probable
peak-to-peak distance using the derived local minima points and the derived systolic maxima points and based
on the univariate nature of said pulsating signals;

f. a dicrotic minima derivation module (212) adapted for deriving dicrotic minima based on the discrete nature
of said pulsating signals, strictly rising and falling edge of said pulsating signals and union of the local minima
points derived from two different smoothened pulsating signals with two different sizes ensuring that every
dicrotic minima is preceded by a systolic maxima point and followed by a beat start point of said systolic maxima;
g. a diastolic peak derivation module (214) adapted for deriving diastolic peak based on the discrete nature of
said pulsating signals, strictly rising and falling edge of said pulsating signals and union of the systolic maxima
points derived from two different smoothened pulsating signals with two different sizes ensuring that every
dicrotic maxima is preceded by a diastolic notch and followed by next beat start point of that maxima; and

h. a physiological parameter derivation module (216) adapted for deriving physiological parameters from the
derived local minima points, systolic maxima points, dicrotic notch and diastolic peak;
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