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7) ABSTRACT

System and method for determining a heart rate and a heart
rate variability of an individual is disclosed. An audio signal
of heart sound is amplified. Subsequently, an envelope of the
amplified audio signal is detected by squaring of the ampli-
fied audio signal to obtain emphasized high amplitude
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DETERMINING A HEART RATE AND A
HEART RATE VARIABILITY

PRIORITY CLAIM

[0001] This U.S. patent application claims priority under
35 U.S.C. §119 to: India Application No. 1544/MUM/2015
filed on 14 Apr. 2015. The entire contents of the aforemen-
tioned application are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure in general relates to a field
of determining heart rate and heart rate variability. More
particularly, the present disclosure relates to a system and a
method for determining a heart rate and a heart rate vari-
ability using a microphone of an electronic device.

BACKGROUND

[0003] Heart rate is a speed of heart beat measured by
number of poundings of the heart per unit of time. Typically,
the heart rate is measured in Beats per Minute (BPM). The
heart rate may vary according to body of an individual,
including absorption of oxygen and excretion of carbon
dioxide. Heart rate variability (HRV) is a physiological
phenomenon of variation in a time interval between the
heartbeats. Typically, the HRV may be measured by the
variation in the beat-to-beat interval.

[0004] There exist solutions to determine heart rate and
heart rate variability (HRV) of the individual using an
electronic device. Typically, the existing solutions use a
concept of photoplethysmography or ECG to determine
heart rate and heart rate variability (HRV). Generally, the
photoplethysmography is well suited for determining the
heart rate, however fails to determine the HRV accurately
due to low temporal resolution. Another solution offered is
use of a digital stethoscope to capture the heartbeat sounds
for extracting the heart rate and HRV of the individual. In
spite of providing high temporal resolution (44.1 kHz sam-
pling rate), the solution is susceptible to mechanical friction,
ambient sounds, audio feedback and noise is generated by
the electronic circuits. In order to eliminate the noise, noise
cancellation technique is used by applying a low-pass filter
on an audio signal. However, the noise cancellation tech-
nique cannot eliminate the noise components present in the
pass band. Therefore, frequency domain representation often
fails to detect the heart rate accurately due to abrupt change
in dominant peak location.

SUMMARY

[0005] Embodiments of the present disclosure present
technological improvements as solutions to one or more of
the above-mentioned technical problems recognized by the
inventors in conventional systems.

[0006] In oneimplementation, a method for determining a
heart rate and a heart rate variability of an individual is
disclosed. The method comprises capturing heart sound of
an individual. The method further comprises amplifying, by
a processor, an audio signal of the heart sound. The method
further comprises detecting, by the processor, an envelope of
the amplified audio signal. The envelope of the amplified
audio signal is detected by squaring of the amplified audio
signal to obtain emphasized high amplitude components and
diminished low amplitude components of the audio signal,
applying a band pass filter on the audio signal upon squaring
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and applying a Teager-Kaiser Energy Operator (TKEO) on
the audio signal filtered. The method further comprises
detecting, by the processor, peaks in the envelope of the
audio signal. The peaks are detected by calculating differ-
ence in magnitude of a point in the audio signal with an
average of magnitude of earlier points in the audio signal
from last detected peak or initial sample value in processing
window of the audio signal when no peak is detected. The
method further comprises determining, by the processor, a
heart rate and a heart rate variability for the individual using
the peaks detected. The method further comprises classify-
ing the peaks detected into three clusters using a k-means
clustering algorithm. The heart rate of the individual is
determined based on the difference of consecutive peaks.
The difference corresponds to an average time period of
heart beat. The heart rate is determined by calculating an
inverse of the difference of consecutive peaks. The heart rate
variability is determined based on the difference of consecu-
tive peaks.

[0007] In one implementation, a system for determining a
heart rate and a heart rate variability of an individual is
disclosed. The system comprises a memory and a processor
coupled to the memory. The processor executes program
instructions stored in the memory to capture heart sound of
an individual. The processor further executes the program
instructions to amplify an audio signal of the heart sound.
The processor further executes the program instructions to
detect an envelope of the amplified audio signal. The enve-
lope of the amplified audio signal is detected by squaring the
amplified audio signal to obtain emphasized high amplitude
components and diminished low amplitude components of
the audio signal, applying a band pass filter on the audio
signal upon squaring and applying the Teager-Kaiser Energy
Operator (TKEO) on the audio signal filtered to obtain the
envelope of the audio signal. The processor further executes
the program instructions to detect peaks in the envelope of
the audio signal. The peaks are detected by calculating
difference in magnitude of a point in the audio signal with
an average of magnitude of earlier points in the audio signal
from last detected peak or initial sample value in processing
window of the audio signal when no peak is detected. The
processor further executes the program instructions to deter-
mine a heart rate and a heart rate variability for the indi-
vidual using the peaks detected. The heart rate of the
individual is estimated based on the difference of consecu-
tive peaks. The heart rate variability is determined based on
the difference of consecutive peaks. The processor further
executes the program instructions to cluster a distance
between the peaks detected using a Fuzzy C Means (FCM)
clustering algorithm. The FCM clustering algorithm is used
to remove false positive peaks and to add false negative
peaks. The false negative peaks are removed by calculating
a mean and a standard deviation corresponding to the
distance between the peaks. The processor further executes
the program instructions to classify the peaks detected into
three clusters using a k-means clustering algorithm.

[0008] In one implementation, a computer program prod-
uct comprising a non-transitory computer readable medium
having a computer readable program embodied therein is
disclosed, wherein the computer readable program, when
executed on a computing device, causes the computing
device to: capture heart sound of an individual; amplify an
audio signal of the heart sound; detect an envelope of the
amplified audio signal, wherein the envelope of the ampli-
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fied audio signal is detected by; squaring of the amplified
audio signal to obtain emphasized high amplitude compo-
nents and diminished low amplitude components of the
audio signal; applying a band pass filter (0.7-3.6 Hz) on the
audio signal upon squaring; and applying a Teager-Kaiser
Energy Operator (TKEQO) on the audio signal filtered to
obtain the envelope of the audio signal; detect peaks in the
envelope of the audio signal, wherein the peaks are detected
by calculating difference in magnitude of a point in the audio
signal with an average of magnitude of earlier points in the
audio signal from last detected peak or initial sample value
in the processing window of the audio signal when no peak
is detected; and determine a heart rate and a heart rate
variability for the individual using the peaks detected.
[0009] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only and are not restrictive of
the invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The detailed description is described with refer-
ence 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 refer like/similar fea-
tures and components.

[0011] FIG. 1 illustrates a network implementation of a
system for determining a heart rate and a heart rate vari-
ability of an individual, in accordance with an embodiment
of the present disclosure.

[0012] FIG. 2 illustrates the system, in accordance with an
embodiment of the present disclosure.

[0013] FIG. 3 shows heart sound captured without ampli-
fication, in accordance with an embodiment of the present
disclosure.

[0014] FIG. 4 shows the amplified audio signal after
squaring, in accordance with an embodiment of the present
disclosure.

[0015] FIG. 5 shows the audio signal after applying band
pass filter, in accordance with an embodiment of the present
disclosure.

[0016] FIG. 6 shows the audio signal after applying the
TKEOQ, in accordance with an embodiment of the present
disclosure.

[0017] FIG. 7 shows peaks detected on the envelope of the
time domain audio signal, in accordance with an embodi-
ment of the present disclosure.

[0018] FIG. 8 shows peaks after peak correction on the
time domain audio signal envelope, in accordance with an
embodiment of the present disclosure.

[0019] FIG. 9 shows a flowchart for determining a heart
rate and a heart rate variability of an individual, in accor-
dance with an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0020] Exemplary embodiments are described with refer-
ence to the accompanying drawings. In the figures, the
left-most digit(s) of a reference number identifies the figure
in which the reference number first appears. Wherever
convenient, the same reference numbers are used throughout
the drawings to refer to the same or like parts. While
examples and features of disclosed principles are described
herein, modifications, adaptations, and other implementa-
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tions are possible without departing from the spirit and
scope of the disclosed embodiments. It is intended that the
following detailed description be considered as exemplary
only, with the true scope and spirit being indicated by the
following claims.

[0021] The present disclosure relates to a system and a
method for determining a heart rate and a heart rate vari-
ability of an individual. At first, heart sound of the individual
may be captured. The heart sound may be captured using a
microphone of a smart phone. After capturing the heart
sound, an audio signal of the heart sound may be amplified
to make the audio signal audible. The audio signal may be
amplified as the amplitude of the heart sound may be low.
Subsequently, an envelope of the amplified audio signal may
be detected. The envelope of the amplified audio signal may
be detected by taking a square of the audio signal in order
to emphasize high amplitude components and diminish low
amplitude components of the amplified audio signal. Fur-
ther, a band pass filter may be applied on the audio signal.
Specifically, a second order Butterworth band pass filter may
be applied on the audio signal. Subsequently, a Teager-
Kaiser Energy Operator (TKEO) may be applied on the
audio signal amplified, squared and band passed.

[0022] After detecting the envelope of the audio signal, an
average of magnitude of all earlier points is calculated.
Subsequently, a magnitude of a current point subsequent to
the magnitude of points averaged in the audio signal is
detected from the last detected peak or the initial sample
value in the processing window when no peak is detected.
Further, difference in the magnitude of the current point and
the average of the earlier points is calculated to detect the
peaks in the envelope. If the difference is greater than zero
and the amplitude of a subsequent point following the
current point’s amplitude is equal or less, the current point
is considered as the peak.

[0023] After the peaks are detected, the peaks may be
enumerated and an FCM clustering algorithm is run on the
peak to peak distance to classify the peak to peak distances.
Specifically, the peaks are classified as a cluster comprising
of smaller peak to peak distances and a cluster comprising
of higher peak to peak distances. Subsequently, false nega-
tive peaks are removed from the detected peaks. After
removing the false negative peaks, differences in consecu-
tive peaks are detected. The average consecutive difference
corresponds to an average time period of heart beat. After
obtaining the average time period of heart beat, a reciprocal
of the average time period of heart beat may be calculated
to estimate the average heart rate of the individual.

[0024] Further, a heart rate variability may be determined
based on the difference of the consecutive peaks detected.
Specifically, the heart rate variability may be determined
using time domain metrics on the peaks detected.

[0025] While aspects of described system and method for
determining a heart rate and a heart rate variability of an
individual may be implemented in any number of different
computing systems, environments, and/or configurations,
the embodiments are described in the context of the follow-
ing exemplary system.

[0026] Referring now to FIG. 1, a network implementation
100 of a system 102 for determining a heart rate and a heart
rate variability of an individual is illustrated, in accordance
with an embodiment of the present disclosure. The system
102 may capture heart sound of an individual. The system
102 may amplify an audio signal of the heart sound cap-
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tured. Based on the audio signal amplified, the system 102
may detect an envelope of the amplified audio signal. The
system 102 may detect the envelope of the audio signal by
squaring of the amplified audio signal to obtain emphasized
high amplitude components and diminished low amplitude
components of the audio signal, applying a band pass filter
on the audio signal upon squaring and applying a Teager-
Kaiser Energy Operator (TKEO) on the filtered audio signal.
Further, the system 102 may detect peaks in the envelope of
the audio signal. The system 102 may detect the peaks in the
envelope of the audio signal by calculating difference in
magnitude of a point in the audio signal with an average of
magnitude of earlier points in the audio signal from the last
detected peak or initial sample value in processing window
of the audio signal when no peak is detected. Based on the
peaks detected, the system 102 may calculate a heart rate
and a heart rate variability for the individual. Specifically,
the system 102 may determine the heart rate and the heart
rate variability based on differences of consecutive peaks
detected.

[0027] Although the present disclosure is explained by
considering that the system 102 is implemented on a server,
it may be understood that the system 102 may also be
implemented in a variety of computing systems, such as a
laptop computer, a desktop computer, a notebook, a work-
station, a mainframe computer, a server, a network server,
cloud, and the like. It will be understood that the system 102
may be accessed by multiple users through one or more user
devices 104-1, 104-2 . . . 104-N; collectively referred to as
user devices 104 hereinafter, or applications residing on the
user devices 104. Examples of the user devices 104 may
include, but are not limited to, a portable computer, a
personal digital assistant, a handheld device, and a work-
station. The user devices 104 are communicatively coupled
to the system 102 through a network 106.

[0028] In one implementation, the network 106 may be a
wireless network, a wired network or a combination thereof,
The network 106 can be implemented as one of the different
types of networks, such as intranet, local area network
(LAN), wide area network (WAN), the internet, and the like.
The network 106 may either be a dedicated network or a
shared network. The shared network represents an associa-
tion of the different types of networks that use a variety of
protocols, for example, Hypertext Transfer Protocol
(HTTP), Transmission Control Protocol/Internet Protocol
(TCP/TP), Wireless Application Protocol (WAP), and the
like, to communicate with one another. Further the network
106 may include a variety of network devices, including
routers, bridges, servers, computing devices, storage
devices, and the like.

[0029] Referring now to FIG. 2, the system 102 is illus-
trated in accordance with an embodiment of the present
disclosure. In one embodiment, the system 102 may include
at least one processor 202, an input/output (I/O) interface
204, and a memory 206. The at least one processor 202 may
be implemented as one or more microprocessors, microcom-
puters, microcontrollers, digital signal processors, central
processing units, state machines, logic circuitries, and/or any
devices that manipulate signals based on operational instruc-
tions. Among other capabilities, the at least one processor
202 is configured to fetch and execute computer-readable
instructions stored in the memory 206.

[0030] The I/O interface 204 may include a variety of
software and hardware interfaces, for example, a web inter-
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face, a graphical user interface, and the like. The /O
interface 204 may allow the system 102 to interact with a
user directly or through the user devices 104. Further, the /O
interface 204 may enable the system 102 to communicate
with other computing devices, such as web servers and
external data servers (not shown). The I/O interface 204 may
facilitate multiple communications within a wide variety of
networks and protocol types, including wired networks, for
example, LAN, cable, etc., and wireless networks, such as
WLAN, cellular, or satellite. The I/O interface 204 may
include one or more ports for connecting a number of
devices to one another or to another server.

[0031] The memory 206 may include any computer-read-
able 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.

[0032] Inoneimplementation, at first, the user may use the
client device 104 to access the system 102 via the I/O
interface 204. The working of the system 102 may be
explained in detail using FIG. 3 to FIG. 8. The system 102
may be used for determining a heart rate and a heart rate
variability of an individual. For determining the heart rate
and the heart rate variability, heart sound of the individual
may be captured. The heart sound may be captured using an
electronic device. Specifically, the electronic device may
capture the heart sound using a microphone embedded in it.
In one example, the electronic device may include, but not
limited to, a smartphone, a tablet, a computer, and a wrist
band such as a wrist watch. It should be understood that any
electronic device that comprises a microphone may be used
to capture the heart sound. Further, a digital stethoscope may
be used to capture the heart sound.

[0033] In order to capture the heart sound, the electronic
device may be placed close to heart of the individual.
Specifically, the electronic device, e.g., a smartphone may be
positioned slightly inward to mid-clavicular line on the third
or fifth intercostal region on chest of the individual. When
the electronic device is placed close to the third or fifth
intercostal region on the chest, the microphone of the
electronic device may capture the heart sound. The micro-
phone may capture the first heart sound that is louder than
the second heart sound if the phone is positioned at the fifth
intercostal space and vice-versa when the microphone is
positioned at third intercostal space. As the heart sound is
captured when the electronic device is kept close to the
chest, the heart sound captured may have noise and the heart
sound may be low in amplitude. The noise may be an
ambience noise. Due to the noise, it may be difficult to hear
the heart sound. In order to capture the heart sound, i.e.,
heart beating sound, LUBB and DUB properly, an audio
signal of the heart sound may need to be amplified. Spe-
cifically, the audio signal may be amplified in software level
such that the audio signal does not exceed an audio bit depth
supported by an audio file format in the capturing device,
such as the electronic device. Further, the audio signal may
be amplified for guiding the individual to place the micro-
phone of the electronic device approximately about a region
close to the heart where the heart sound can be heard
appropriately. In order to illustrate capturing of the audio
signal and amplifying the audio signal, FIG. 3 and FIG. 4
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may be used as an example. Referring to FIG. 3, the heart
sound captured without amplification, i.e., raw audio signal
is shown.

[0034] After the audio signal is amplified, the audio signal
may be further processed to detect an envelope of the
amplified audio signal. In order to detect the envelope, the
amplified audio signal may be squared. The audio signal
may be squared in order to emphasize high amplitude
components and diminish low amplitude components of the
audio signal. For the amplified audio signal as shown in FIG.
3, upon squaring, the audio signal may be presented as
shown in FIG. 4. After squaring the amplified audio signal,
the audio signal may be filtered by applying a band pass
filter.

[0035] As the audio signal is captured externally, the audio
signal comprises of all the frequencies in the human audible
range (20 Hz to 20 kHz). Since, the frequency of the human
heart beat sound is in a range of 0.7 Hz to 3.6 Hz in any
circumstances, the signal is passed through a 2" order
Butterworth band pass filter to capture the frequency present
only in the range, 1.e., 0.7 Hz to 3.66 Hz. For the audio signal
squared, the audio signal after band pass filtering may be
presented as shown in FIG. 5.

[0036] Subsequently, a Teager-Kaiser Energy Operator
(TKEO) may be applied on the audio signal amplified upon
squaring and applying the 2" order Butterworth band pass
filter. The Teager-Kaiser energy operator is a nonlinear
operator that calculates the energy of mono component
audio signals as a product of the square of the amplitude and
the frequency of the audio signal.

[0037] The energy of the audio signal, i.e., x(t) may be
given by an equation

E=[ Ax()Pdt

[0038] The energy of the audio signal may be obtained
over a time 2T. Further, the energy of the audio signal may
be estimated by using squared absolute value of the different
frequency bands of Fourier transformed signal as a measure
of the energy levels of respective bands. In order to estimate
an instantaneous energy of the audio signal, an energy
tracking operator, i.e., Teager-Kaiser Energy Operator
(TKEO) may be used.
YexO]D]2-%()"x(2)

where x(t) is the audio signal and x'(t) and x"(t) are its first
and second derivatives respectively. The audio signal after
applying the TKEO is shown in FIG. 6.

[0039] After applying the TKEO on the amplified audio
signal and band passed, the envelope of the amplified audio
signal may be detected. From the envelope, peaks of the
audio signal, ie., the energy spikes/magnitude may be
detected. For calculating the peaks, an average of all earlier
points from previously detected peak to current point is
estimated. Subsequently, the magnitude of the current point
is obtained. After obtaining the magnitude of the current
point, the difference of the magnitude of the current point
and the average of all earlier points from previous peak to
the current point is calculated. In other words, the average of
the all previous points is calculated from the previously
detected peak. In another implementation, if the peak is not
detected in the earlier points, an average of magnitude of
points in the audio signal from initial value in processing
window of the audio signal is considered. After calculating
the difference, if the difference is greater than zero and the
amplitude of the point subsequent to amplitude of the
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current point is equal or less, then the current point is
considered to be a peak for the audio signal in time domain.
Subsequently, the average is reset from the current point to
detect new peak for subsequent magnitude of the points in
the audio signal. Similarly, all the peaks are detected in the
audio signal. The initial peaks detected on the envelope of
the time domain audio signal are shown in FIG. 7.

[0040] After the peaks are detected, the peaks may have
additional peaks. The peaks may be false positive peaks. In
order to detect false positive peaks in the audio signal, a
Fuzzy ¢ Means (FCM) clustering algorithm may be used.
The positive peaks may appear due to ambient noise iden-
tified as a peak that corresponds to the first heart sound, i.e.,
LUBB. The FCM clustering algorithm may be run to clas-
sify the peak to peak distances into two clusters. One cluster
may comprise smaller peak to peak distance and second
cluster may comprise higher peak to peak distance. The
cluster comprising the higher peak to peak distance may
correspond to correct peak to peak distances. The cluster
comprising smaller peak to peak distance may correspond to
the detection of false positives.

[0041] The positive peaks may appear due to ambient
noise identified as a peak that corresponds to the louder heart
sound, i.e., LUBB or DUB depending upon the positioning
of the electronic device. In order to correct the false positive
peaks, a mean and a standard deviation of all the peak to
peak distances that is present in the cluster having greatest
compaction are calculated. Subsequently, every peak from a
common peak that has an adjoining correct peak to peak
distance may be inspected. After inspection, if the next
detected peak value is less than the difference of the mean
and the standard deviation, the next detected peak may be
discarded as the false positive peak. Further, the mean and
standard deviation of all peak to peak distances are calcu-
lated until a peak with the desired value greater than the
(mean-standard deviation) is obtained. After identifying a
true peak, the mean and standard deviation of all peak to
peak distances are re-calculated and the process is again
repeated from the next peak having an adjoining true peak
and a false peak

[0042] Further, from the cluster comprising the higher
peak to peak distance, false negative peaks may be identi-
fied. The missed peaks may result in false negatives peaks.
The missed peaks may occur when a louder heart sound or
noise being followed by a less loud heart sound, due to
difference in pressure applied on the chest while holding the
electronic device by hand. In order to correct the false
negative peaks, the region between the peaks, among which
the distance has fallen in the cluster having highest centroid
value, is identified. The peak detection is calculated between
the two immediate local troughs following the points iden-
tified as peaks, between which the false peak is estimated to
occur. FIG. 8 may be used to illustrate the peaks after peak
correction on the time domain audio signal envelope.
[0043] Subsequently, a standard deviation D, of the
entire dataset may be caluclated. Based on the difference of
the consecutive peaks detected, the heart rate of the indi-
vidual may be determined. The consecutive difference of the
detected peaks may correspond to an average time period of
the heart beat. Subsequently, a reciprocal of the consecutive
difference of the detected peaks may be calculated to deter-
mine the average heart rate of the individual.

[0044] Furthermore, based on the difference of the con-
secutive peaks detected, the heart rate variability of the
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individual may be determined. Specifically, the heart rate
variability may be determined using time domain metrics of
the audio signal. The heart rate variability may be deter-
mined by calculating a standard deviation of the consecutive
peak to peak time differences. Further, a root mean square of
the successive peak to peak time differences may be calcu-
lated. Further, a standard deviation between the successive
differences of the consecutive peak to peak time differences
may be calculated. Further, number of pairs of the succes-
sive peak to peak time difference that differ by more than 50
milliseconds may be calculated. Further, a proportion of the
number of pairs of successive peak to peak time difference
that differ by more than 50 milliseconds divided by the total
number of peak to peak differences may be calculated.
Further, the number of pairs of the successive peak to peak
time difference that differ by more than 20 milliseconds may
be calculated. Further, a proportion of the number of pairs of
successive peak to peak time difference that differ by more
than 20 milliseconds divided by the total number of peak to
peak differences may be calculated. Based on the above
conditions, the heart rate variability may be determined.
[0045] Referring now to FIG. 9, a method 900 for deter-
mining a heart rate and a heart rate variability of an
individual is shown, in accordance with an embodiment of
the present disclosure. The method 900 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 particular abstract data types. The
method 900 may also be practiced in a distributed comput-
ing environment where functions are performed by remote
processing devices that are linked through a communica-
tions network. In a distributed computing environment,
computer executable instructions may be located in both
local and remote computer storage media, including
memory storage devices.

[0046] The order in which the method 900 is described
and 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 method 900 or alternate meth-
ods. Additionally, individual blocks may be deleted from the
method 900 without departing from the spirit and scope of
the disclosure described herein. Furthermore, the method
may be implemented in any suitable hardware, software,
firmware, or combination thereof. However, for ease of
explanation, in the embodiments described below, the
method 900 may be implemented in the above-described
system 102.

[0047] At step/block 902, heart sound of an individual
may be captured.

[0048] At step/block 904, an audio signal of the heart
sound captured may be amplified.

[0049] At step/block 906, an envelope of the amplified
audio signal may be detected. The envelope of the amplified
audio signal may be detected by squaring of the audio signal
amplified to obtain emphasized high amplitude components
and diminished low amplitude components of the audio
signal, applying a band pass filter on the audio signal
(0.7-3.6 Hz) upon squaring, and applying a Teager-Kaiser
Energy Operator (TKEQ) on the audio signal filtered to
obtain the envelope of the audio signal.

[0050] At step/block 908, peaks in the envelope of the
audio signal may be detected. The peaks may be detected by
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calculating difference in magnitude of a point subsequent in
the audio signal with an average of magnitude of eatlier
points in the audio signal from the last detected peak or the
initial sample value in processing window of the audio
signal when no peak is detected.

[0051] At step/block 910, a heart rate and a heart rate
variability for the individual may be determined using the
peaks detected.

[0052] Although implementations of system and method
for determining a heart rate and a heart rate variability of an
individual have been described in language specific to
structural features and/or methods, it is to be understood that
the appended claims are not necessarily limited to the
specific features or methods described. Rather, the specific
features and methods are disclosed as examples of imple-
mentations for determining a heart rate and a heart rate
variability of an individual.

What is claimed is:

1. A method (1000) for determining a heart rate and a
heart rate variability of an individual, the method (1000)
comprising:

capturing heart sound of an individual:

amplifying, by a processor (202), an audio signal of the

heart sound;

detecting, by the processor (202), an envelope of the

amplified audio signal, wherein the envelope of the

amplified audio signal is detected by;

squaring of the amplified audio signal to obtain empha-
sized high amplitude components and diminished
low amplitude components of the audio signal;

applying a band pass filter (0.7-3.6 Hz) on the audio
signal upon squaring; and

applying a Teager-Kaiser Energy Operator (TKEO) on
the audio signal filtered to obtain the envelope of the
audio signal,

detecting, by the processor (202), peaks in the envelope of

the audio signal, wherein the peaks are detected by
calculating difference in magnitude of a point subse-
quent in the audio signal with an average of magnitude
of earlier points in the audio signal from last detected
peak or initial sample value in processing window of
the audio signal when no peak is detected; and

determining, by the processor (202), a heart rate and a

heart rate variability for the individual using the peaks
detected.

2. The method (1000) of claim 1, further comprising
clustering the distances between the peaks detected using a
Fuzzy C Means (FCM) clustering to remove false positive
peaks and to add false negative peaks.

3. The method (1000) of claim 2, wherein the false
negative peaks are removed by calculating a mean and a
standard deviation corresponding to the distance between
the peaks.

4. The method (1000) of claim 2, further comprising
classifying the peaks detected into three clusters using a
k-means clustering algorithm.

5. The method (1000) of claim 4, further comprising
determining a centroid for each cluster in the three clusters
to calculate difference between the at least three cluster
centroids from each other.

6. The method (1000) of claim 1, wherein the heart rate
of the individual is determined based on the difference of
consecutive peaks, wherein the difference corresponds to an
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average time period of heart beat, and wherein the heart rate
is determined by calculating an inverse of the difference of
consecutive peaks.

7. The method (1000) of claim 1, wherein the heart rate
variability is determined based on the difference of consecu-
tive peaks.

8. The method (1000) of claim 7, wherein the heart rate
variability is determined by calculating one of a standard
deviation of difference in the consecutive peaks, a root mean
square of difference in successive peaks, a standard devia-
tion between successive differences of the consecutive peak
to peak time differences, number of pairs of successive peak
to peak time difference differing by more than 50 millisec-
onds, a proportion of the number of pairs of successive peak
to peak time difference differing by more than 50 millisec-
onds over a total number of peak to peak differences, a
number of pairs of successive peak to peak time difference
that differ by more than 20 milliseconds, and a proportion of
the number of pairs of successive peak to peak time differ-
ence that differ by more than 20 milliseconds divided by the
total number of peak to peak differences.

9. A system (102) for determining a heart rate and a heart
rate variability of an individual, the system (102) compris-
ing:

a memory (206); and

a processor (202) coupled to the memory (206), wherein

the processor (202) executes program instructions
stored in the memory (206), to:
capture heart sound of an individual;
amplify an audio signal of the heart sound;
detect an envelope of the amplified audio signal,
wherein the envelope of the amplified audio signal is
detected by;
squaring of the amplified audio signal to obtain
emphasized high amplitude components and
diminished low amplitude components of the
audio signal;
applying a band pass filter (0.7-3.6 Hz) on the audio
signal upon squaring; and
applying a Teager-Kaiser Energy Operator (TKEO)
on the audio signal filtered to obtain the envelope
of the audio signal;
detect peaks in the envelope of the audio signal,
wherein the peaks are detected by calculating differ-
ence in magnitude of a point in the audio signal with
an average of magnitude of earlier points in the audio
signal from last detected peak or initial sample value
in the processing window of the audio signal when
no peak is detected; and
determine a heart rate and a heart rate variability for the
individual using the peaks detected.

10. The system (102) of claim 9, wherein the processor
further executes the program instruction to cluster the dis-
tances between the peaks detected using a Fuzzy C Means
(FCM) clustering algorithm to remove false positive peaks
and to add false negative peaks.

11. The system (102) of claim 10, wherein the false
negative peaks are removed by calculating a mean and a
standard deviation corresponding to the distance between
the peaks.
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12. The system (102) of claim 10, wherein the processor
further executes the program instruction to classify the peaks
detected into three clusters using a k-means clustering
algorithm.

13. The system (102) of claim 12, wherein the processor
further executes the program instruction to determine a
centroid for each cluster in the three clusters to calculate
difference between the at least three cluster centroids from
each other.

14. The system (102) of claim 9, wherein the heart rate of
the individual is determined based on the difference of
consecutive peaks, wherein the difference corresponds to an
average time period of heart beat, and wherein the heart rate
is determined by calculating an inverse of the difference of
consecutive peaks.

15. The system (102) of claim 9, wherein the heart rate
variability is determined based on the difference of consecu-
tive peaks.

16. The system (102) of claim 15, wherein the heart rate
variability is determined by calculating one of a standard
deviation of difference in the consecutive peaks, a root mean
square of difference in successive peaks, a standard devia-
tion between successive differences of the consecutive peak
to peak time differences, number of pairs of successive peak
to peak time difference differing by more than 50 millisec-
onds, a proportion of the number of pairs of successive peak
to peak time difference differing by more than 50 millisec-
onds over a total number of peak to peak differences, a
number of pairs of successive peak to peak time difference
that differ by more than 20 milliseconds, and a proportion of
the number of pairs of successive peak to peak time differ-
ence that differ by more than 20 milliseconds divided by the
total number of peak to peak differences.

17. The system (102) of claim 9, wherein the heart sound
is captured using a microphone.

18. A computer program product comprising a non-
transitory computer readable medium having a computer
readable program embodied therein, wherein the computer
readable program, when executed on a computing device,
causes the computing device to:

capture heart sound of an individual;

amplify an audio signal of the heart sound;

detect an envelope of the amplified audio signal, wherein

the envelope of the amplified audio signal is detected

by;

squaring of the amplified audio signal to obtain empha-
sized high amplitude components and diminished
low amplitude components of the audio signal;

applying a band pass filter (0.7-3.6 Hz) on the audio
signal upon squaring; and

applying a Teager-Kaiser Energy Operator (TKEO) on
the audio signal filtered to obtain the envelope of the
audio signal,

detect peaks in the envelope of the audio signal, wherein

the peaks are detected by calculating difference in
magnitude of a point in the audio signal with an average
of magnitude of earlier points in the audio signal from
last detected peak or initial sample value in the pro-
cessing window of the audio signal when no peak is
detected; and

determine a heart rate and a heart rate variability for the

individual using the peaks detected.

L S T T



patsnap

LT RBFROF) BEOERMOLETRM
NIF(2E)E US20160302732A1 RF( = 2016-10-20
HiES US15/098254 HiEA 2016-04-13
B (E R AGR) EERARSERAR
HHEHB(ZRAR)AE) EBEZARSERAT
[FR]R A A MISRA ADITI
SINHA ANIRUDDHA
GHOSE AVIK
DUTTA CHOUDHURY ANIRBAN
BANERJEE ROHAN
KA MISRA, ADITI
SINHA, ANIRUDDHA
GHOSE, AVIK
DUTTA CHOUDHURY, ANIRBAN
BANERJEE, ROHAN
IPCH %5 A61B5/00 A61B7/04 A61B5/024
CPCH %S A61B5/7225 A61B5/02405 A61B5/7282 A61B5/7235 A61B7/045
£ £ 1544MUM2015 2015-04-14 IN
H T 3Rk US10420527
INEPeELE Espacenet  USPTO
HE({‘%) 300

N TRATHEMBMOERNOEERENREN S E, OENFME
SHWHMA, BE , BINRANSIRESETEAREUBANZMNE
SHE% , MREBBRANSIRES EMH NS RESHEREDE
T 5 a3 F90E 5 B A R8I 88 7 B Teager- Kaiser Energy
Operator ( TKEO ) MiEKENZMES. BREITEZIMES PN INIE
EEZRRXRNSTMESHIEFNEE P REZERNVEIMNIEEN
FMESPHNRESNEHESLES OFNNRERENTEEE, &
MENEE, BEFRUFNIEE , BEMOOEMLET RN,

202
[ Capture heart sound of an individual }f
1 204
[ Amplify an audio signal of the heart sound f
i - " . 906
Determine an envelope of the amplified andio /
signal
l’ 268
[ Detect peaks in the envelope of the audio signal J,'

l

Determine a heart rate and a heart rate f 918
variability for the individual using the peaks
detected



https://share-analytics.zhihuiya.com/view/c6eb4371-ad79-4b7e-8fb0-78ff47581dc1
https://worldwide.espacenet.com/patent/search/family/057128131/publication/US2016302732A1?q=US2016302732A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160302732%22.PGNR.&OS=DN/20160302732&RS=DN/20160302732

