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(57) ABSTRACT

A system for monitoring a cardiac health of a subject by
measuring an indicator of the cardiac health of a subject is
disclosed. In some embodiments, the system comprises a
wearable device configured for being detachably attached to
a thoracic region of the subject, the subject being ambulatory
or at rest, a communication device and a network server. In
one embodiment, the wearable device is configured for
sensing and communicating at least one of the electrocar-
diogram signals and sensor data representing the one or
more clinically relevant health parameters of the subject to
the communication device. Further, the communication
device is configured for communicating at least the electro-
cardiogram signal and the sensor data representing the one
or more clinically relevant health parameters of the subject
to the network server using a first communication channel
and a second communication channel.
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METHOD AND SYSTEM FOR CARDIAC
HEALTH MONITORING

FIELD OF THE INVENTION

[0001] The present disclosure relates to medical electron-
ics and more particularly relates to a method and system for
cardiac health monitoring.

BACKGROUND TO THE INVENTION

[0002] The dynamic growth of technology has played a
significant role in automating most of the activities that are
part of our daily life. One such field where technology has
been employed for human aid is health management, where
systems are used for monitoring, diagnosing, and treatment
purposes. Medical electronics is a dedicated area of elec-
tronics which focuses on health management related sys-
tems.

[0003] Cardiac monitoring, wherein subject condition is
assessed relative to their cardiac function, is a main focus of
medical electronics systems. Systems that are employed in
this domain collect data that represent state of health of
subjects, and present this data to physicians or other quali-
fied personnel for further analysis.

[0004] However, systems that are currently being used for
the cardiac health monitoring purpose have certain disad-
vantages. First of all, conventional systems require user
intervention at various stages of operation. Further, the
existing cardiac monitoring systems collect data only upon
detecting occurrence of a predefined event and hence miss
other events of importance that are not predefined events.
Some of the existing systems also require manual trigger for
monitoring and recording the data, which means a caretaker
or the subject himself needs to activate the system. Another
disadvantage is that the existing systems collect data upon
identifying occurrence of an event in isolation and hence
miss a correlation with other events or conditions that may
have a bearing on the event.

[0005] As is well known in the art, electrocardiograph
(ECG) techniques monitor the electrical activity of the heart.
A typical ECG tracing of the cardiac cycle (heartbeat)
consists of a P wave, a QRS complex and a T wave. For ECG
interpretation, the P, QRS and T waves are analysed in terms
of amplitude, duration, intervals between peaks and valleys
and changes over time. Very often, rhythm events do not
occur continuously, but require long observation time (pet-
haps one or more days). For such observation, wearable
ECG monitors (also called Holter monitors) are used, which
collect ECG data, store the collected ECG data on-board the
wearable device and the wearable device is collected from
the subject for accessing and analysing the stored data.
Further, some advanced wearable devices communicate the
ECG data to a networked server through a wired or wireless
communication channels. However, such communication
often involves network related data drops and critical data
may be lost during communication. Hence conventional
systems fail to assure reliability and robustness of data
transfer.

SUMMARY OF THE INVENTION

[0006] Thus there exists a need for a system and method
which mitigates at least some of the disadvantages of the
state of the art.
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[0007] This summary is provided to introduce a selection
of concepts in a simple manner that are further described in
the detailed description of the disclosure. This summary is
not intended to identify key or essential inventive concepts
of the subject matter nor is it intended for determining the
scope of the disclosure.

[0008] A system for monitoring a cardiac health of a
subject by measuring an indicator of the cardiac health of a
subject is disclosed. In some embodiments of the present
disclosure, the system comprises a wearable device config-
ured for being detachably attached to a thoracic region of the
subject, the subject being ambulatory or at rest, a commu-
nication device and a network server. In one embodiment of
the present disclosure, wearable device comprises one or
more sensors including one or more electrostatic sensors for
sensing at least an electrocardiogram signal of the subject,
and a communication module for communicating sensor
data from the one or more sensors to a communication
device. In another embodiment, the one or more sensors
comprise sensors for measuring one or more clinically
relevant health parameters of the subject. In yet another
embodiment, the communication device configured for
receiving the sensor data from the wearable device and
communicating the sensor data with a network server using
a first communication channel and a second communication
channel. In yet another embodiment, the network server
being configured for receiving the sensor data from the
communication device through the first communication
channel and the second communication channel, processing
the sensor data received from the first communication chan-
nel in real-time or near-real-time for performing one or more
actions, comparing the sensor data received through the first
communication channel and the second communication
channel, storing the resulting sensor data, and processing the
resultant sensor data for extracting information on the car-
diac activity of the subject over a defined period of time.
[0009] In yet another embodiment of the present disclo-
sure, the network server is further configured for processing
the sensor data representing one or more clinically relevant
health parameters of the subject and performing the one or
more actions in real-time or near real-time, wherein the one
or more actions comprise identifying a symptomatic event,
notifying the symptomatic event to a pre-defined set of users
and displaying the processed sensor data on a user device for
viewing by a viewer. To further clarify advantages and
features of the present disclosure, a more particular descrip-
tion of the disclosure will be rendered by reference to
specific embodiments thereof, which is illustrated in the
appended figures. It is to be appreciated that these figures
depict only typical embodiments of the disclosure and are
therefore not to be considered limiting of its scope. The
disclosure will be described and explained with additional
specificity and detail with the accompanying figures.

BRIEF DESCRIPTION OF THE FIGURES

[0010] The disclosure will be described and explained
with additional specificity and detail with the accompanying
figures in which:

[0011] FIG. 1is a block diagram of an exemplary system
for monitoring cardiac health of a subject in accordance with
an embodiment of the present disclosure.; and

[0012] FIG. 2A is a block diagram of an exemplary
wearable device in accordance with an embodiment of the
present disclosure.
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[0013] FIG. 2B is a block diagram of the system specifi-
cally illustrating the sensor data communication in accot-
dance with an embodiment of the present disclosure;
[0014] FIG. 3 illustrates an exemplary block diagram of
the network server 120 in accordance with an embodiment
of the present disclosure; and

[0015] FIG. 4 illustrates an exemplary deployment of the
system in a hospital environment in accordance with an
embodiment of the present disclosure.

[0016] Further, persons skilled in the art to which this
disclosure belongs will appreciate that elements in the
figures are illustrated for simplicity and may not have
necessarily been drawn to scale. Furthermore, in terms of the
construction of the device, one or more components of the
device may have been represented in the figures by conven-
tional symbols, and the figures may show only those specific
details that are pertinent to understanding the embodiments
of the present disclosure so as not to obscure the figures with
details that will be readily apparent to those of ordinary skill
in the art having benefit of the description herein.

DESCRIPTION OF THE INVENTION

[0017] For the purpose of promoting an understanding of
the principles of the disclosure, reference will now be made
to the embodiment illustrated in the figures and specific
language will be used to describe them. It will nevertheless
be understood that no limitation of the scope of the disclo-
sure is thereby intended. Such alterations and further modi-
fications to the disclosure, and such further applications of
the principles of the disclosure as described herein being
contemplated as would normally occur to one skilled in the
art to which the disclosure relates are deemed to be a part of
this disclosure.

[0018] It will be understood by those skilled in the art that
the foregoing general description and the following detailed
description are exemplary and explanatory of the disclosure
and are not intended to be restrictive thereof.

[0019] The terms “comprises”, “comprising”, or any other
variations thereof, are intended to cover a non-exclusive
inclusion, such that a process or method that comprises a list
of steps does not include only those steps but may include
other steps not expressly listed or inherent to such a process
or a method. Similarly, one or more devices or sub-systems
or elements or structures or components preceded by “com-
prises . . . a” does not, without more constraints, preclude the
existence of other devices, other sub-systems, other ele-
ments, other structures, other components, additional
devices, additional sub-systems. additional elements, addi-
tional structures, or additional components. Appearances of
the phrase “in an embodiment”, “in another embodiment”
and similar language throughout this specification may, but
do not necessarily, all refer to the same embodiment.
[0020] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosure belongs. The system, methods, and examples
provided herein are illustrative only and not intended to be
limiting.

[0021] Embodiments of the present disclosure will be
described below in detail with reference to the accompany-
ing figures.

[0022] The embodiments herein disclose a method and
system for monitoring cardiac health of a subject in real-
time or near real-time by measuring an indicator of the
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cardiac health of the subject. In one embodiment of the
present disclosure, the system comprises a wearable device,
a communication device and a network server, wherein the
wearable device comprises one or more sensors including
one or more electrostatic sensors for sensing at least an
electrocardiogram signal of the subject, when detachably
attached to a thoracic region of the subject. Further, the one
or more sensors comprise sensors for monitoring clinically
relevant health parameters of the subject. The sensor data is
communicated to the communication device preferably
using short range communication such as Bluetooth. In
another embodiment of the present disclosure, the commu-
nication device communicates the received sensor data to
the network server through a first communication channel
and a second communication channel, wherein the first
communication channel is a non-reliable communication
channel and the second communication channel is a reliable
communication channel.

[0023] The first communication channel ensures minimal
lag for real-time processing and display of the sensor data
and the second communication channel ensures that any
dropped sensor data (data packets) find their final resting
location on a database associated with the network server.
The network server stores or organizes the sensor data
received through the first communication channel and the
second communication channel separately in a database.
[0024] In one embodiment of the present disclosure, the
network server (preferably a cloud server) processes the
sensor data received through the first communication chan-
nel in real-time or near real-time for performing one or more
actions. That 1s, the network server generates an electrocar-
diogram signal based on the sensor data received from the
first communication channel and analyses the cardiogram
signal to determine one or more parameters. Then the
network server performs one or more actions in real-time or
near real-time, wherein the one or more actions include but
not limited to identifying a cardiac event, notifying the
cardiac event to a pre-defined set of users and displaying the
electrocardiogram signal on a user device for viewing by a
viewer.

[0025] Further, the network server processes the sensor
data received through first communication channel and the
second communication channel, wherein the processing
comprises, comparing the sensor data received through the
first communication channel and the second communication
channel, storing the resulting sensor data, wherein the resul-
tant sensor data comprises all the data packets set by the
communication device, and processing the resultant sensor
data for extracting information on the cardiac activity of the
subject over a defined period of time. That is, the network
server identifies the missing sensor data (data packets) by
comparing sensor data received from the first communica-
tion channel and the second communication channel, and
generates resultant sensor data. Then the network server
generates an electrocardiogram signal based on the resultant
sensor data, extracts one or more parameters from the
generated electrocardiogram signal. Further, the network
server determines one or more cardiac events, a pattern in a
variation of the electrocardiogram signals over time, a
statistical mean and standard deviation of one or more
parameters of the electrocardiogram signals, and correlation
between the activity and stance of the subject.

[0026] Hence, the system provides cardiac health data of
the subject in real-time or near real-time to any pre-defined
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user(s) wherein the user may be a doctor or a hospitalist or
to any person in charge of a patient (subject). Further, the
system stores resultant sensor data for performing analytics
on historical data, thereby enabling robust analysis.

[0027] FIG. 1is a block diagram of an exemplary system
for monitoring cardiac health of a subject in accordance with
an embodiment of the present disclosure. As shown, the
system 100 comprises a wearable device 105, a communi-
cation device 110, a communication network 115, a network
server 120 and a user device 125. In one embodiment of the
present disclosure, the wearable device 105 is communica-
tively connected to the communication device 110 using
near field communication technology, and the communica-
tion device 110, the network server 120 and the user device
125 are communicatively connected via the communication
network 115.

[0028] The wearable device 105 is configured for being
detachably attached to a thoracic region of a subject, the
subject being ambulatory or at rest. In one embodiment of
the present disclosure, the wearable device 105 comprises
one or more sensors configured for measuring electrocar-
diogram signal of the subject and one or more of physi-
ological and physical parameters of the subject such as but
not limited to blood pressure, oxygen saturation in the blood
of the subject, activity of the subject, stance, temperature,
etc.

[0029] 1In a preferred embodiment of the present disclo-
sure, the wearable device 105 comprises one or more
electrostatic sensors for sensing at least an electrocardio-
gram signal of the subject. For example, the wearable device
105 may include three sensors (3 electrodes) for generating
three bipolar leads and three augmented leads for measuring
electrical activity of the heart over a period of time. How-
ever, the wearable device 105 may be configured to generate
S-lead or 12-lead electrocardiogram (ECG) signal. In one
implementation, each sensor is a dry sensor, i.e., the sensors
does not require a silicone gel or any conductive gel for their
reliable operation in sensing the ECG signal. The wearable
device 105 further comprises a controller for processing and
communicating the sensor data to the communication device
and storage means for storing the sensor data and associated
secondary information temporarily, wherein the storage
means may be any one of a RAM, a ROM, or a Flash
memory device.

[0030] The communication device 110 may be one of a
smartphone, tablet, personal digital assistant, and the like. In
one embodiment of the present disclosure, the communica-
tion device 110 is configured to communicate with the
wearable device 105 for receiving the sensor data and the
network server 120 to communicate the sensor data using at
least one wired or wireless communication channel. For
example, the communication device 110 may configured to
communicate with the wearable device 105 using wireless
technologies such as Bluetooth, Wi-Fi, ANT, ANTH+, etc. In
a preferred embodiment, the communication device 110
communicates with the wearable device 105 using Blu-
etooth. Further, the communication device 110 is configured
to communicate with the network server 120 through the
communication network 115 in one or more ways such as
wired, wireless connections or a combination thereof. It will
be appreciated by those skilled in the art that the commu-
nication device 210 includes one or more processors for
processing data, one or more memory units for instructions
and data storage and other known functional units enabling
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commuication between the communication device 110 and
the network server 120 for data exchange. It will be appre-
ciated by those skilled in the art that the communication
device 110 comprises one or more processors for processing
sensor data, one or more memory units for instructions and
data storage. Further, the communication device 110 com-
prises one or more communication units and SDKs enabling
communication with the wearable device 105 and the net-
work server 120 for sensor data exchange.

[0031] The communication network 115 may be one of the
different types of networks, such as intranet, local area
network (LAN), wide area network (WAN), the internet, and
the like. The communication network 115 may either be a
dedicated network or a shared network. The shared network
represents an association of the different types of networks
that use a variety of protocols, for example, Hypertext
Transfer Protocol (HTTP), Transmission Control Protocol/
Internet Protocol (TCP/IP), Wireless Application Protocol
(WAP), and the like. Further the communication network
115 may include a variety of network devices, including
routers, bridges, servers, modems, computing devices, stor-
age devices, and the like. In one implementation, the com-
munication network 115 is the internet which enables com-
munication between the communication device 110, the
network server 120 and the user device 125.

[0032] The network server 120 may be one of a computer
server or a network of computers or a virtual server which
provides functionalities or services for other programs or
devices such as for the communication device 110 and the
user device 125. In one implementation, the network server
120 is a cloud server comprising one or more processors,
associated processing modules, interfaces and storage
devices communicatively interconnected to one another
through one or more communication means for communi-
cating information. The storage devices within the network
server 120 may include volatile and non-volatile memory
devices for storing information/data and instructions to be
executed by the one or more processors and for storing
temporary variables or other intermediate information dur-
ing processing.

[0033] In one embodiment of the present disclosure, the
network server 120 receives the sensor data from the com-
munication device 110 through a first communication chan-
nel and a second communication channel. The sensor data
received through the first communication channel and the
second communication channel are recorded or organized
separately in a database (preferably SQL database) using
custom APIs. Further, the network server 120 hosts an
algorithm customized for sensor data processing and pet-
forming the one or more actions in real-time or near real-
time, wherein the one or more actions comprise identifying
a cardiac event, notifying the cardiac event to a pre-defined
set of users, for example, a physician, caretaker, family,
friends or any such person, and displaying the electrocar-
diogram signal on one or more user devices (for example
user device 125) for viewing by the user. The manner in
which the network server 120 receives the sensor data,
processes the sensor data and performs the one or more
actions in real-time or near real-time is explained in detail
further in the present disclosure.

[0034] The user device 125 may be one of a smartphone,
tablet, personal digital assistant, laptop, and the like. In one
embodiment of the present disclosure, the user device 125 is
configured to communicate with the network server 120
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using at least one wired or wireless communication channel.
Typically, the user device 125 may be any electronic com-
munication device associated with the user (a physician,
caretaker, hospitalist or any person) using which the user
may access data stored in the network server 120. It has to
be noted that the access to the network server 120 and hence
to the data stored in the network server 120 is limited to each
individual user or set of users and the same may be defined
by an administrator or an authorized person of the system
100. For example, physician(s) may be provided with com-
plete access to the network server 120, i.e., the physician(s)
may receive notification sent by the network server 120, the
physician(s) may login to the network server 120 to manage
data, as well as control settings, and to view and analyse
data. However, a caretaker may have limited access, for
example, the user device associated with the caretaker may
only receive notification sent by the network server 120. In
one embodiment of the present disclosure, a client applica-
tion may be provided which provides an interface for the
physician(s) to access and manage data stored in the network
server 120. The data as described herein refers to at least one
of sensor data, ECG signal, parameters associated with the
ECG signal, physical or physiological parameters, etc.
[0035] FIG. 2A is a block diagram of an exemplary
wearable device in accordance with an embodiment of the
present disclosure. As shown, the wearable device 105
comprises one or more sensors 205, a memory module 210,
a signal conditioning module 215, an analog front end 220,
a microcontroller 225, a Bluetooth module 230, one or more
symptom reporting switches 235 and a power management
module 240.

[0036] In one embodiment of the present disclosure, the
one or more sensors 205 comprises an electrocardiograph
(ECG) sensor 245 (or one or more electrostatic sensors) for
sensing at least an electrocardiogram signal of the subject
and other sensors 250 configured for measuring one or more
of physiological and physical parameters (clinically relevant
health parameters) of the subject from a group of parameters
comprising, but not limited to, blood pressure, oxygen
saturation in the blood of the subject, activity of the subject,
stance, temperature, etc. In a preferred embodiment of the
present disclosure, an ultra-high impedance solid state dry
contact ECG sensor is used for measuring the ECG signal of
the subject.

[0037] The memory module 210 may include any known
storage means for storing the sensor data and associated
secondary information temporarily, wherein the storage
means may be any one of a RAM, a ROM, or a Flash
memory device. Further, the memory module 210 stores
information/data and instructions to be executed by the
microcontroller 225 and may store temporary variables or
other intermediate information during processing.

[0038] In one embodiment of the present disclosure, the
signal conditioning module 215 filters the ECG signal
(sensor data) measured by the ECG sensor 245 and hence
removes unwanted frequencies and breathing muscle arte-
facts, if any. Further, the signal conditioning module 215 is
configured to amplify the received ECG signal. In other
words, the signal conditioning module 215 manipulates the
ECG signal to meet the requirement of the next stage of
processing by the analog front end 220.

[0039] The analog front end 220 converts the analog
signal received from the signal conditioning module 215 to
digital signal which is fed to the microcontroller 225 for
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further processing. The analog front end 220 may include
one or more of a instrumentation amplifiers, dc blocking
filters, gain amplifiers, anti-aliasing filters and analog to
digital converter configured for converting the analog signal
to the digital signal.

[0040] The microcontroller 225 may be one of a general
purpose microcontroller, a digital signal processor or a
dedicated controller (ASIC) configured for processing the
sensor data. In one embodiment of the present disclosure,
the microcontroller 225 receives sensor data from the analog
front end 220 and generates data packets suitable for trans-
mission, wherein the each data packet comprises sensor data
and control information including unique packet identifier
(packet ID). Thus generated data packets comprising the
sensor data are communicated to the communication device
110 using the Bluetooth module 230. In some other imple-
mentations, the data packets may be communicated using
any known wireless technology. The wireless communica-
tion offers the added advantage that the subject may move
around without any hindrance.

[0041] In some implementation, the microcontroller is
further configured to receive and process the data from other
sensors 250, wherein the other sensors may include but not
limited to a body temperature sensor, peripheral capillary
oxygen saturation (SPO,) sensor for measuring the amount
of oxygen in the blood, an accelerometer, etc. Thus pro-
cessed other sensor data is communicated to the communi-
cation device 110 using the Bluetooth module 230.

[0042] In one embodiment of the present disclosure, the
one or more symptom reporting switches 235 are provided
on the wearable device 105 using which the patient may
trigger alerts or send notifications to the doctors, hospitalists
or any caretaker (user) during an emergency. Upon activat-
ing the switch, the wearable device 105 triggers the com-
munication device 110 which is turn sends the notifications
to the user device 125 associated with the user.

[0043] The power management module 240 comprises
one or more rechargeable batteries that power the wearable
device 105. In one embodiment of the present disclosure, the
power management module 220 may be configured to
generate energy from mechanical movements of the patient/
subject to charge the one or more re-chargeable batteries that
powers the wearable device 105.

[0044] Hence, the wearable device 105 comprising the one
or more sensors measures at least one of the electrocardio-
gram signal of the subject and one or more clinically
relevant health parameters of the subject. Further, the wear-
able device 105 processes the sensor data and communicates
the sensor data to the communication device 110 via the
Bluetooth. The manner in which the system 100 monitors
the cardiac health of a subject by measuring an indicator of
the cardiac health of the subject is described in detail further
below. The indicator as described herein refers to the one or
more sensor data including at least one of the ECG signal
and other sensor data.

[0045] FIG. 2B is a block diagram of the system specifi-
cally illustrating the sensor data communication in accor-
dance with an embodiment of the present disclosure.
[0046] As described, the wearable device 105 measures at
least one of the ECG signals of the subject and one or more
clinically relevant health parameters of the subject. Refer-
ring to FIG. 2B, the wearable device 105 communicates the
sensor data comprising at least one of the ECG signals and
other sensor data representing the one or more clinically
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relevant health parameters of the subject to the communi-
cation device 110 preferably via Bluetooth.

[0047] In one embodiment of the present disclosure, the
communication device 110 communicates the sensor data
received from the wearable device 105 to the network server
120 using a first communication channel and the second
communication channel as shown through the communica-
tion network 115 (not shown), wherein the first communi-
cation channel is a reliable communication channel (fast
channel) and the second communication channel is a non-
reliable communication channel (slow channel).

[0048] In a preferred embodiment of the present disclo-
sure, the first communication channel is a CoAP channel,
wherein the sensor data is communication in real-time or
near real-time ensuring minimal lag and the second com-
munication channel is a HTTP channel which ensures com-
plete data transmission without any loss. In embodiment, the
communication device 110 communicates the sensor data
(data packets) in real-time using CoAP channel and tempo-
rarily stores the senor data in a local memory. It has to be
noted that the communication device 110 may be configured
to resend the sensor data using the CoAP channel for a user
specified number of retry events. Upon communicating the
sensor data using CoAP channel, the communication device
110 communicates the sensor data to the network server 120
using HT'TP channel. That is, HTTP post service routinely
checks for the sensor data stored in the communication
device 110 and transfers all the senor data (data packets) to
the network server 120. Upon receiving sensor data recep-
tion acknowledgment from the network server 120, the
sensor data is deleted from the local memory of the com-
munication device 110. However, the sensor data may be
communicated using both CoAP and HTTP channel simul-
taneously. In an alternate embodiment, the communication
device 110 may be configured to display the ECG signal on
a display module associated with the communication device
110. The manner in which the network server 120 processes
sensor data is described in detail further below.

[0049] In various embodiments, operations and function-
alities of the wearable device 105 and hence the sensor
module 205 may be remotely controlled. A few examples of
functionalities of the one or more sensors that may be
controlled remotely include activation of monitoring and
data collection, termination of monitoring and data collec-
tion, detection of peeling off of the one or more sensors or
the wearable device 105, configuration of the wearable
device 105, wherein the configuration refers to configuration
of parameters such as sampling rate, gain, bandwidth, filter
options, etc.

[0050] FIG. 3 illustrates an exemplary block diagram of
the network server 120 in accordance with an embodiment
of the present disclosure. As shown, the network server 120
(server) comprises a communication module 305, a sensor
data refining module 310, an analytics module 315, proces-
sor(s) 320 and a database(s) 325. The communication mod-
ule 305 enables communication between the communication
device 110, user device 125 and the network server 120. As
described in FIG. 2B, the network server 120 receives the
sensor data using the first and the second communication
channels, wherein the sensor data may include at least one
of the ECG sensor data (ECG signal of the subject) and other
sensor data representing the one or more clinically relevant
health parameters of the subject. . In one embodiment of the
present disclosure, the sensor data 325 received using the
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first communication channel (for example, CoAP) and the
second communication channel (for example, HTTP) are
separately stored in the database 320 using customer APTs,
as shown, sensor data 325 and sensor data 330.

[0051] In one embodiment of the present disclosure, the
analytics module 315 processes the received sensor data,
wherein the sensor data received using the first communi-
cation channel (sensor data 325 received using CoAP) is
processed in real-time or near real-time for performing one
or more actions in real-time or near real-time. That is, the
analytics module 315 generates the electrocardiogram signal
from the sensor data 325 and analyses the generated car-
diogram signal to determine one or more parameters,
wherein the one or more parameters may include QRS
complexes, P-R interval, S-T interval, etc. Thus generated
cardiogram signal and the determined one or more param-
eters are displayed in real-time or near real-time on the user
device 125 for viewing by the user. In another embodiment
of the present disclosure, values of the one or more deter-
mined parameters are compared with pre-defined thresholds
to identify a cardiac event and upon occurrence of any event,
the same is notified to a pre-defined set of users, for
example, to a physician, hospitalist, caretaker, etc.

[0052] In another embodiment of the present disclosure,
the sensor data refining module 310 generates a resultant
sensor data 335, wherein the resultant sensor data 335
comprises all the data packets including data packets missed
during non-reliable communication, i.e., CoAP communi-
cation. In some implementations, the sensor data refining
module 310 compares the sensor data 325 (received using
first communication channel, CoAP) and the sensor data 330
(received using second communication channel, HTTP) and
deletes the duplicate data packets to generate the resultant
sensor data 335. Hence any dropped data packets during
CoAP communication find their final resting location on the
database 320.

[0053] In one embodiment of the present disclosure, the
analytics module 315 processes the resultant data 335 for
extracting information on the cardiac activity of the subject
over a time pre-defined time period. That is, the analytics
module 315 generates an electrocardiogram signal based on
the resultant sensor data 335 and extracts one or more
parameters from the generated cardiogram signal, wherein
the one or more parameters may include QRS complexes,
P-R interval, S-T interval, etc. It has to be noted that the
QRS complexes may be determined or extracted using any
known algorithms from the field of artificial neural net-
works, genetic algorithms, wavelet transforms or filter bank
approaches, adaptive threshold techniques, etc.

[0054] Thus generated cardiogram signal and associated
one or more parameters are stored in the database 320 for
future reference and analysis by the user. In another embodi-
ment of the present disclosure, the analytics module 315 is
further configured for determining one or more of a cardiac
event, a pattern in a variation of the electrocardiogram
signals over time, a statistical mean and standard deviation
of one or more parameters of the electrocardiogram signals,
and correlation between the activity and stance of the
subject, etc. Further, based on the cardiac event, the analyt-
ics module 315 may perform one or more actions, wherein
the one or more actions may include but not limited to,
notifying the cardiac event to the pre-defined set of users and
displaying the electrocardiogram signal on the user device
for viewing by a viewer, etc. In one embodiment of the
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present disclosure, the functionalities of the sensor data
refining module 310 and the analytics module 315 may be
implemented on one or more processors 320.

[0055] It has to be noted that the other sensor data (rep-
resenting the one or more clinically relevant health param-
eters of the subject) is stored independently in the database
320 and processed to identify various physiological and
physical parameters of the subject from a group of param-
eters comprising, but not limited to, blood pressure, oxygen
saturation in the blood of the subject, activity of the subject,
temperature, stance, etc. For example, measured values of
the clinically relevant parameters (for example, blood pres-
sure value) are compared with pre-defined threshold values
to identify one or more symptomatic events and upon
occurrence of any such event, the same is notified to a
pre-defined set of users, for example, to a physician, hos-
pitalist, caretaker, etc. In some implementations, the values
of the one or more clinically relevant parameters are com-
municated to the user device along with the ECG signal. For
example, variation in oxygen level in blood may be indica-
tive of a cardiac event and may indicate the need for
supplemental oxygen. Hence, the values indicating the oxy-
gen level may be displayed on the user device 125 along
with the ECG signal.

[0056] In some implementations, the network server 120
is further configured to host at least one mechanism and
associated hardware and software means for detecting peel-
ing off of the one or more sensor of the wearable device 105
or the loss of contact between the one or more sensors and
the body of the subject. The network server 120 may also be
configured to stop/pause data recording, upon detecting the
peeling off of the one or more sensors, or any other case
which results in which the network server 120 not receiving
sensor data from the communication device 110, for more
than a predefined time period.

[0057] In some other implementations, the network server
120 comprises at least one suitable User Interface (UI),
preferably a Graphical User Interface (GUI) (not shown) for
the physician or any authorized person to access data stored
in the network server 120. The physician or any authorized
person may interact with cardiac health monitoring system
100 through the GUI or through the user device 125 for
configuring necessary settings and/or alerts required to man-
age the cardiac monitoring process in a desired manner. The
UI or GUI may allow the user to customize the way the
sensor data is presented at the backend, for further analysis.
In an embodiment, the GUI may provide option for the
physician and/or any such authorized person to login to the
cardiac health monitoring system 100 to manage sensor
data, as well as control settings, and to view and analyse
sensor data.

[0058] As described, the network server 120 is configured
for receiving the sensor data using the first non-reliable
communication channel and the second reliable communi-
cation channel. The sensor data received using first non-
reliable communication channel is processed in real-time or
near-real-time and the result of processing is provided to the
user in real-time or near-real-time. This enables real-time or
near-real-time plotting of ECG data on the user device 125.
However, in the real-time plotting, it is acceptable to occa-
sionally lose data packets and this is displayed using a blank
space between a continuous signals. However, such data
may be critical during detailed analysis by the network
server 120 or by the users. Hence, the network server 120
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identifies the missing data packets in the non-reliable com-
munication by comparing the data packets received using
first and the second communication channel and generates
the resultant sensor data which may be processed further to
provide detailed analytics. This assures reliability and
robustness of data transfer between the wearable device 105
and the network server 120.

[0059] In various embodiments, the network server 120
may be configured to provide all collected sensor data,
processed data, or only selected portions of the sensor data
or processed data (which shows the detected anomaly) to the
user, as pre-configured. The network server 120 may be
further configured to have at least one of the additional
features mentioned below:

[0060] Predictive Analysis

[0061] The predictive analysis feature may allow the net-
work server 120 to predict, by processing sensor data being
collected from the subject, likelihood of occurrence of any
adverse cardiac event within a specific time period. The
network server 120 may use suitable pattern forming and
pattern matching algorithms for this purpose.

[0062] Activity Correlation

[0063] The network server 120 may, with the help of an
embedded activity monitor, collect information pertaining to
various activities (detected by one or more sensors) the
subject is involved in, while being monitored. Further, by
mapping the cardiac data with corresponding activity, the
network server 120 may help the physician to understand
which activity results in a particular health state of the
subject.

[0064] Collaborative Diagnosis

[0065] The collaborative diagnosis feature may help the
network server 120 to provide the physician to collaborate
with other professionals, share subject data, and do online
diagnosis of the subject’s health condition. The collabora-
tion feature may also provide a social sharing platform
where experts may discuss cases and seck support to effi-
ciently diagnose medical condition of subjects.

[0066] FIG. 4 illustrates an exemplary deployment of the
system in a hospital environment in accordance with an
embodiment of the present disclosure. In one embodiment,
a single interface (dashboard) 405 may be provided for
monitoring cardiac health of plurality of patients INP101,
INP102, INP 103, etc. During such implementations, the
sensor data of each patient among the plurality of patients
are communicated to the network server 120 through the
communication device using the first and second commu-
nication channel. It has to be noted that each patient and the
sensor data associated with each patient may be identified
based the communication device ID or a unique ID associ-
ated with the wearable device 105. The network server 120
processes the sensor data received using the first communi-
cation channel and displays on the user interface 405 in
real-time or near-real-time, wherein the processed data com-
prises cardiac signal 410, one or more parameters 415, etc.,
as shown. Further, the network server 120 generates resul-
tant data, processes the resultant data and stores in the
database for future reference and analysis as described.
Hence, a hospitalist or a physician may monitor cardiac
health of the plurality of the patients simultaneously on a
single screen.

[0067] While specific language has been used to describe
the disclosure, any limitations arising on account of the same
are not intended. As would be apparent to a person skilled
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in the art, various working modifications may be made to the
method in order to implement the inventive concept as
taught herein.
[0068] The figures and the foregoing description give
examples of embodiments. Those skilled in the art will
appreciate that one or more of the described elements may
well be combined into a single functional element. Alterna-
tively, certain elements may be split into multiple functional
elements. Elements from one embodiment may be added to
another embodiment. For example, orders of processes
described herein may be changed and are not limited to the
manner described herein. Moreover, the actions of any flow
diagram need not be implemented in the order shown; nor do
all of the acts necessarily need to be performed. Also, those
acts that are not dependent on other acts may be performed
in paralle]l with the other acts. The scope of embodiments is
by no means limited by these specific examples. Numerous
variations, whether explicitly given in the specification or
not, such as differences in structure, dimension, and use of
material, are possible. The scope of embodiments is at least
as broad as given by the following claims.
1. A system for monitoring a cardiac health of a subject by
measuring an indicator of the cardiac health of a subject, the
system comprising:
a wearable device configured for being detachably
attached to a thoracic region of the subject, the subject
being ambulatory or at rest
the wearable device comprising
one or more sensors including one or more electrostatic
sensors for sensing at least an electrocardiogram
signal of the subject; and

a communication module for communicating sensor
data from the one or more sensors to a communica-
tion device;

the communication device configured for
receiving the sensor data from the wearable device,
communicating the sensor data with a network server

using a first communication channel and a second
communication channel; and
the network server being configured for
receiving the sensor data from the communication
device through the first communication channel and
the second communication channel;

processing the sensor data received from the first
communication channel in real-time or near-real-
time for performing one or more actions;

comparing the sensor data received through the first
communication channel and the second communica-
tion channel;

storing the resulting sensor data; and

processing the resultant sensor data for extracting infor-
mation on the cardiac activity of the subject over a
defined period of time.

2. The wearable device of claim 1, wherein the one or
more electrostatic sensors are disposed on a face of the
wearable device, for being in direct contact with the thoracic
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region of the subject when detachably attached to the
subject, for sensing electrocardiogram signals of the subject.

3. The wearable device of claim 1, wherein the one or
more sensors are configured for measuring one or more of
physiological and physical parameters of the subject from a
group of parameters comprising, but not limited to, blood
pressure, Oxygen Saturation in the blood of the subject,
activity of the subject, temperature and stance.

4. The wearable device of claim 1 further comprising a
signal processing means for processing the sensor data, the
signal processing means comprising one or more of devices
from a group comprising, but not limited to, a microcon-
troller, a digital signal processor and an ASIC.

5. The system as claimed in claim 1, wherein the first
communication channel is a non-reliable communication
channel and the second communication channel is a reliable
communication channel.

6. The system as claimed in claim 1, wherein the network
server further comprises:

one or more databases for storing the sensor data received

from the communication device through the first com-
munication channel and the second communication
channel; and

a processor configured for:

generating an electrocardiogram signal based on the
sensor data received from the first communication
channel;

determining one or more parameters by analysing the
electrocardiogram signal; and

performing the one or more actions in real-time or near
real-time, wherein the one or more actions comprise
identifying a cardiac event, notifying the cardiac
event to a pre-defined set of users and displaying the
electrocardiogram signal on a user device for view-
ing by a viewer.

7. The network server of claim 1, wherein the processing
of the resultant sensor data comprises:

generating an electrocardiogram signal based on the resul-

tant sensor data;

extracting one or more parameters from the generated

electrocardiogram signal; and

determining one or more of a cardiac event, a pattern in

a variation of the electrocardiogram signals over time,
a statistical mean and standard deviation of one or more
parameters of the electrocardiogram signals, and cor-
relation between the activity and stance of the subject.
8. The system as claimed in claim 1, wherein the network
server is further configured for :
processing the sensor data representing one or more
clinically relevant health parameters of the subject; and

performing the one or more actions in real-time or near
real-time, whetein the one or more actions comprise
identifying a symptomatic event, notifying the symp-
tomatic event to a pre-defined set of users and display-
ing the processed sensor data on a user device for
viewing by a viewer.
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