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Description
Title of Invention: APPARATUS AND METHOD FOR

DETECTION OF CHRONOTROPIC INCOMPETENCE
Technical Field

This disclosure relates to detecting cardiac disease within individuals and, more par-
ticularly, to detecting chronotropic incompetence.
Background Art

Chronotropic incompetence (CI), broadly speaking, is the inability of the heart to
increase its heart rate commensurate with increased activity or demand. Cl is a
problem that affects patients suffering from a variety of different cardiovascular
diseases. For example, CI can affect approximately a third or more of heart-failure
patients. CI can affect an even larger percentage of patients that have a pacemaker.

When an individual has a chronotropically competent heart rate response (e.g., the
individual does not have CI), cardiac output is increased in response to exertion to
meet the increased metabolic demands of the body. When an individual has CI, cardiac
output is limited and unable to meet the increased metabolic demands of the body from
exertion. CI can limit the amount of activity, whether exercise or daily tasks, a person
can undertake without feeling tired. As such, CI can significantly limit the quality of

one's life. Cl is also correlated with cardiovascular mortality.
Disclosure of Invention

Technical Problem

Aspects of the present disclosure are to address at least the above-mentioned
problems and/or disadvantages and to provide at least the advantages described below.
Accordingly, an aspect of the present disclosure is to provide an apparatus and method
for detecting chronotropic incompetence.
Solution to Problem

One or more embodiments are directed to methods of detecting chronotropic in-
competence (CI). In one aspect, a method can include determining a baseline cardiac
health measure for a user based upon an estimate of activity level for the user,
validating the estimate of activity level for the user with a validation factor determined
from sensor data, and determining a cardiac health measure for the user from the
sensor data. The method can include providing, using the processor, a signal indicating
CI for the user based upon a comparison of the cardiac health measure for the user with
the baseline cardiac health measure.

In another aspect, a method can include determining a baseline cardiac health

measure for a user, determining a cardiac health measure for the user from the sensor
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data, and providing, using the processor, a signal indicating CI for the user based upon
a comparison of the cardiac health measure for the user with the baseline cardiac health
measure.

In one or more embodiments, the baseline cardiac health measure and the cardiac
health measure each includes a covariance. The covariances may involve, for example,
heart rate of the user, a measure of total activity for a user determined from the sensor
data, a rating of perceived exertion for the user, heart rate recovery of the user, and so
forth.

One or more embodiments are directed to apparatus for detecting CI. In one aspect,
an apparatus includes a sensor configured to generate sensor data, a memory
configured to store the sensor data, and a processor, coupled to the memory and the
sensor, configured to determine a baseline cardiac health measure for a user based
upon an estimate of activity level for the user, validate the estimate of activity level for
the user with a validation factor determined from the sensor data, and determine a
cardiac health measure for the user from the sensor data. The processor is further
configured to provide a signal indicating CI for the user based upon a comparison of
the cardiac health measure for the user with the baseline cardiac health measure.

One or more embodiments are directed to computer program products for detecting
CI. In one aspect, a computer program product includes a computer readable storage
medium having program code stored thereon. The program code is executable by a
processor to perform executable operations. The executable operations can include de-
termining a baseline cardiac health measure for a user based upon an estimate of
activity level for the user, validating the estimate of activity level for the user with a
validation factor determined from sensor data, and determining a cardiac health
measure for the user from the sensor data. The executable operations can include
providing a signal indicating CI for the user based upon a comparison of the cardiac
health measure for the user with the baseline cardiac health measure.

In accordance with another aspect of the present disclosure, a method for detecting
chronotropic incompetence in an electronic device is provided. The method includes
determining a baseline cardiac health measure for a user of the electronic device, based
upon an estimate of activity level for the user, validating the estimate of activity level
for the user with a validation factor determined from sensor data, determining a cardiac
health measure for the user from the sensor data, and providing a signal indicating
detection of chronotropic incompetence for the user based upon a comparison of the
cardiac health measure for the user with the baseline cardiac health measure.

In accordance with another aspect of the present disclosure, an apparatus for
detecting chronotropic incompetence is provided. The apparatus includes at least one

sensor configured to generate sensor data, at least one memory configured to store the
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sensor data, at least one processor, coupled to the at least one memory and the at least
one sensor. The at least one processor is configured to determine a baseline cardiac
health measure for a user of the apparatus, based upon an estimate of activity level for
the user, validate the estimate of activity level for the user with a validation factor de-
termined from the sensor data, determine a cardiac health measure for the user from
the sensor data, and provide a signal indicating detection of chronotropic incompetence
for the user based upon a comparison of the cardiac health measure for the user with

the baseline cardiac health measure.
This Summary section is provided merely to introduce certain concepts and not to

identify any key or essential features of the claimed subject matter. Many other
features and embodiments of the invention will be apparent from the accompanying

drawings and from the following detailed description.

Advantageous Effects of Invention

The present disclosure is to provide an apparatus and method for detecting
chronotropic incompetence (CI). Thus, it is possible to provide an apparatus and a
method for detecting chronotropic incompetence by using user device, and provide
accurate and timely detection of CI so as to reduce cardiac mortality.
Brief Description of Drawings

The accompanying drawings show one or more embodiments; however, the ac-
companying drawings should not be taken to limit the invention to only the em-
bodiments shown. Various aspects and advantages will become apparent upon review
of the following detailed description and upon reference to the drawings.

FIG. 1 illustrates an example architecture for an electronic device.

FIG. 2 illustrates an example method of detecting chronotropic incompetence (CI).

FIG. 3 illustrates an example of baseline generation for CI detection.

FIG. 4 illustrates another example method of detecting CI.
Best Mode for Carrying out the Invention

While the disclosure concludes with claims defining novel features, it is believed that
the various features described herein will be better understood from a consideration of
the description in conjunction with the drawings. The process(es), machine(s), man-
ufacture(s) and any variations thereof described within this disclosure are provided for
purposes of illustration. Any specific structural and functional details described are not
to be interpreted as limiting, but merely as a basis for the claims and as a representative
basis for teaching one skilled in the art to variously employ the features described in
virtually any appropriately detailed structure. Further, the terms and phrases used
within this disclosure are not intended to be limiting, but rather to provide an under-

standable description of the features described.
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This disclosure relates to detecting cardiac disease within individuals and, more par-
ticularly, to detecting chronotropic incompetence or "CL." In view of the significant
effect CI may have upon cardiac mortality, accurate and timely detection of CI is of
utmost importance. With accurate and timely detection of CI, medical care providers
may be alerted to an individual's condition. Suitable medical intervention may then be
initiated for the individual such as addressing CI through a rehabilitation program or
the like.

Accordingly, one or more embodiments described within this disclosure relate to
apparatus such as a device and/or system capable of detecting CI, method(s) of
detecting CI, and computer readable storage media implementing the various methods
described herein. The apparatus is capable of using an estimate of activity level for an
individual to determine a baseline cardiac health measure, e.g., a baseline heart rate
(HR) for the individual. The apparatus is further capable of analyzing sensor data for
the individual to validate the estimate of activity level. Validation allows the apparatus
to ensure the accuracy of what is a subjective determination on the part of the in-
dividual. The apparatus is further capable of determining a cardiac health measure,
e.g., HR, for the individual from the sensor data and performing a comparison of the
cardiac health measure rate from the sensor data to the baseline cardiac health measure
to detect CI in the individual.

In one or more other embodiments, the apparatus is capable of accounting for one or
more confounders. A confounder is a confounding variable or a confounding factor in
an unambiguous determination of whether an individual has CI. Examples of con-
founders include, but are not limited to, any of a variety of behaviors, medical
conditions, or other data items that define a context for the individual. More specific
examples of confounders can include, but are not limited to, stress, fatigue, sleep
disorder(s) or disturbances, medications being taken, medication regimen, or other
pathological conditions that would affect the normal response of heart rate to physical
exertion.

One or more of the embodiments described within this disclosure may be used or in-
corporated into various rehabilitation programs. For example, the rehabilitation
program may be a cardiac rehabilitation program. As an illustrative example, upon
intake of an individual into a rehabilitation program, one or more baselines for the in-
dividual can be established. The baseline(s) may include information relating to health
of the individual and, in particular, cardiac health of the individual. The baseline(s)
may be determined as the individual performs various exercises, performs day-to-day
activities, etc. while undergoing evaluation. The baseline(s) may be used to ascertain
general levels of cardiac fitness and/or for determining whether the individual has CI.

In generating the baseline(s), validation factors may be included therewith to aid in ac-
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curately assessing whether the individual has CI.

Further aspects and details of the inventive arrangements are described below with
reference to the figures. For purposes of simplicity and clarity of illustration, elements
shown in the figures have not necessarily been drawn to scale. For example, the di-
mensions of some of the elements may be exaggerated relative to other elements for
clarity. Further, where considered appropriate, reference numbers are repeated among
the figures to indicate corresponding, analogous, or like features. In addition, it should
be appreciated that while cardiac rehabilitation is provided for purposes of illustration
throughout this document, the examples provided herein are not intended to be limiting
of the inventive arrangements described.

FIG. 1 illustrates an example of an electronic device 100 for a device. The electronic
device 100 can include a memory interface 102, one or more processors 104 (e.g.,
image processors, digital signal processors, data processors, etc.), and an interface 106.
Memory interface 102, processor(s) 104, and/or interface 106 can be separate
components or can be integrated in one or more integrated circuits. The various
components in the electronic device 100, for example, can be coupled by one or more
communication buses or signal lines (e.g., interconnects and/or wires).

Sensors, devices, subsystems, and input/output (I/0) devices can be coupled to
interface 106 to facilitate the functions and/or operations described herein including
the generation of sensor data. The various sensors, devices, subsystems, and/or I/O
devices may be coupled to interface 106 directly or through one or more intervening 1/
O controllers (not shown).

For example, motion sensor 110, light sensor 112, and proximity sensor 114 can be
coupled to interface 106 to facilitate orientation, lighting, and proximity functions of
the electronic device 100. Location processor 115 (e.g., a global positioning system
(GPS) receiver) can be connected to interface 106 to provide geo-positioning sensor
data. Electronic magnetometer 116 (e.g., an integrated circuit chip) can also be
connected to interface 106 to provide sensor data that can be used to determine the
direction of magnetic North. Thus, electronic magnetometer 116 can be used as an
electronic compass. Accelerometer 117 can also be connected to interface 106 to
provide sensor data that can be used to determine change of speed and direction of
movement of the electronic device 100 in 3-dimensions. Heart rate sensor 118 can be
connected to interface 106 to generate sensor data and facilitate measurement of a
heartbeat and the determination of a heart rate.

Camera subsystem 120 can be coupled to an optical sensor 122. Optical sensor 122
can be implemented as a charged coupled device (CCD), a complementary metal-oxide
semiconductor (CMOS) optical sensor, etc. Camera subsystem 120 and optical sensor

122 can be used to facilitate camera functions, such as recording images and video
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clips (hereafter "image data"). For purposes of this disclosure, image data is a subset of
sensor data.

Communication functions can be facilitated through one or more wireless commu-
nication subsystems 124, which can include radio frequency receivers and transmitters
and/or optical (e.g., infrared) receivers and transmitters. The specific design and imple-
mentation of communication subsystem 124 can depend on the communication
network(s) over which the electronic device 100 is intended to operate. For example,
wireless communication subsystem(s) 124 may be designed to operate over a global
system for mobile communication (GSM) network, a general packet radio service
(GPRS) network, an enhanced data rates for GSM evolution (EDGE) network, a long
term evolution (LTE) network, a long term evolution-advanced (LTE-A) network, a
WiFi or WiMax network, a Bluetooth network, a 5 generation (5G) network, and/or
any combination of the foregoing. Wireless communication subsystem(s) 124 can
include hosting protocols such that the electronic device 100 can be configured as a
base station for other wireless devices.

Audio subsystem 126 can be coupled to a speaker 128 and a microphone 130 to fa-
cilitate voice-enabled functions, such as voice recognition, voice replication, digital
recording, and telephony functions. Audio subsystem 126 is capable of generating
audio type sensor data.

I/O devices 146 can be coupled to interface 106. Examples of I/0 devices 146 can
include, but are not limited to, display devices, touch sensitive display devices, track
pads, keyboards, pointing devices, communication ports (e.g., universal serial bus
(USB) ports), buttons or other physical controls, and so forth. A touch sensitive device
such as a display screen and/or a pad is configured to detect contact, movement, breaks
in contact, etc., using any of a variety of touch sensitivity technologies. Example touch
sensitive technologies include, but are not limited to, capacitive, resistive, infrared, and
surface acoustic wave technologies, as well as other proximity sensor arrays or other
elements for determining one or more points of contact with a touch sensitive device.
One or more of /0 devices 146 may be adapted to control functions of sensors,
subsystems, and such of the electronic device 100.

The electronic device 100 further includes a power source 180. Power source 180 is
capable of providing electrical power to the various elements of the electronic device
100. In one embodiment, power source 180 is implemented as one or more batteries.
The batteries may be implemented using any of a variety of different battery tech-
nologies whether disposable (e.g., replaceable) or rechargeable. In another em-
bodiment, power source 180 is configured to obtain electrical power from an external
source and provide power (e.g., DC power) to the elements of the electronic device

100. In the case of a rechargeable battery, power source 180 further may include
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circuitry that is capable of charging the battery or batteries when coupled to an external
power source.

Memory interface 102 can be coupled to memory 150. Memory 150 can include
high-speed random access memory (e.g., volatile memory) and/or non-volatile
memory, such as one or more magnetic disk storage devices, one or more optical
storage devices, and/or flash memory (e.g., NAND, NOR). Memory 150 can store
operating system 152, such as LINUX, UNIX, a mobile operating system, an
embedded operating system, etc. Operating system 152 may include instructions for
handling basic system services and for performing hardware dependent tasks.

Memory 150 may also store other program code 154 such as communication in-
structions to facilitate communicating with one or more additional devices, one or
more computers and/or one or more servers; graphical user interface instructions to fa-
cilitate graphic user interface processing; sensor processing instructions to facilitate
sensor-related processing and functions; phone instructions to facilitate phone-related
processes and functions; electronic messaging instructions to facilitate electronic-
messaging related processes and functions; Web browsing instructions to facilitate
Web browsing-related processes and functions; media processing instructions to fa-
cilitate media processing-related processes and functions; GPS/Navigation instructions
to facilitate GPS and navigation-related processes and functions; security instructions
to facilitate security functions; camera instructions to facilitate camera-related
processes and functions including Web camera and/or Web video functions; and so
forth. Memory 150 may also store one or more other application(s) 162.

Memory 150 may store cardiac health program code 156 to facilitate detection of
cardiac disease such as CI within users. Cardiac health program code 156 is capable of
analyzing sensor data, querying a user for input such as an estimate of activity level,
and performing comparisons of sensor data and/or user input with baseline in-
formation. Further aspects of operations performed through execution of cardiac health
program code 156 are described herein with reference to the remaining figures.
Memory 150 may also store various types of data (not shown) such as sensor data and/
or data obtained by way of received user input(s).

Each of the above identified instructions and applications can correspond to a set of
instructions for performing one or more functions described above. These instructions
may or may not implemented as separate software programs, procedures, or modules.
Memory 150 can include additional instructions or fewer instructions. Furthermore,
various functions of the electronic device 100 may be implemented in hardware and/or
in software, including in one or more signal processing and/or application specific in-
tegrated circuits.

Program code stored within memory 150 and any data items used, generated, and/or
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operated upon by a device utilizing an architecture the same as or similar to that of ar-
chitecture of the electronic device 100 are functional data structures that impart func-
tionality when employed as part of the device. Further examples of functional data
structures include, but are not limited to, sensor data, data obtained via user input,
baselines, and so forth. As defined within this disclosure, a "data structure" is a
physical implementation of a data model's organization of data within a physical
memory. As such, a data structure is formed of specific electrical or magnetic
structural elements in a memory. A data structure imposes physical organization on the
data stored in the memory as used by an application program executed using a
processor.

In one or more other embodiments, one or more of the various sensors and/or
subsystems described with reference to the electronic device 100 may be separate
devices that are coupled or communicatively linked to the electronic device 100
through wired or wireless connections. For example, one or more or all of ac-
celerometer 117, location processor 115, magnetometer 116, motion sensor 110, light
sensor 112, proximity sensor 114, camera subsystem 120, audio subsystem, heart rate
sensor 118, and so forth may be implemented as separate systems or subsystems that
couple to processor 104, memory interface 102, and/or interface 106 via a wired or
wireless connection(s). In some embodiments, such sensors and/or subsystems are
configured to generate sensor data that is stored in a memory external to the electronic
device 100. In that case, the electronic device 100, e.g., processors 104, may access the
sensor data for use and/or analysis as described herein.

The electronic device 100 may include fewer components than shown or additional
components not illustrated in FIG. 1 depending upon the particular type of device that
is implemented. In addition, the particular operating system and/or application(s) and/
or other program code included may also vary according to device type. Further, one or
more of the illustrative components may be incorporated into, or otherwise form a
portion of, another component. For example, a processor may include at least some
memory.

While a device configured to perform the operations described herein may utilize ar-
chitecture of the electronic device 100, the electronic device 100 is provided for
purposes of illustration and not limitation. A device configured to perform the op-
erations described herein may have a different architecture than illustrated in FIG. 1.
The architecture may be a simplified version of architecture of the electronic device
100 and include a processor and memory storing instructions. The architecture may
include one or more sensors as described herein. The electronic device 100 or a device
using an architecture similar thereto is capable of collecting data using the various

sensors of the device or sensors coupled thereto. Within this disclosure, data generated
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by a sensor is called "sensor data."

Examples of the electronic device 100 or devices that may utilize another computing
architecture as described for detecting CI may include, but are to limited to, a smart
phone or other mobile device, a wearable computing device (e.g., smart watch, fitness
tracker, patch, etc.), a dedicated medical device, a computer (e.g., desktop, laptop,
tablet computer, other data processing system, etc.), and any suitable electronic device
capable of sensing and processing the sensor data. Furthermore, it will be appreciated
that embodiments can be deployed as a standalone device or deployed as multiple
devices in a distributed client-server networked system.

FIG. 2 illustrates an example method 200 of detecting CI. Method 200 may be
performed by a device or system having an architecture as described within this
disclosure. Method 200 may begin in a state where sensor data has been collected for
the user over time, e.g., a period of time, and is available for analysis. In one or more
embodiments, the device collects the sensor data. In one or more other embodiments,
one or more items of sensor data or all of the sensor data may be generated from other
system(s) and/or device(s) and be read and/or processed by the device performing
method 200.

In block 205, the device determines the total activity or "TA" of a user based on
sensor data. The device is capable of determining the total activity for the user using
accelerometer data. In one example, the device is capable of determining the total
activity for the user based on the power of the accelerometer output.

In block 210, the device optionally determines one or more confounders based on
sensor data. A more detailed description of confounders and the automatic detection of
such confounders by the device is provided herein in connection with FIG. 4.

In block 215, the device optionally receives a user input indicating an estimate of
activity level for the user. In one or more embodiments, the estimate of the user's
activity level is a rating of perceived exertion or RPE. RPE is a measure of physical
activity intensity level. RPE is based upon somatic or psychosomatic sensations related
to difficulty of exertion that a user experiences during physical activity which lead to
symptoms such as increased heart rate, increased perspiration or breathing rate,
increased sweating, muscle fatigue, and so forth. In any event, the RPE is generally
considered a subjective measure of exertion on the part of the user at least when
received as a user input in response to querying the user. The device is capable of
receiving a user input specifying an RPE value.

In one or more embodiments, the RPE is expressed using the Borg scale. Table 1

below illustrates the scoring of RPE on the Borg scale.
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Number Level of Exertion
6
7 Very, Very Light
8
9 Very Light
10
11 Fairly Light
12
13 Somewhat hard
14
15 Hard
16
17 Very Hard
18
19 Very, Very Hard
20
[48] In one or more other embodiments, a different scale for measuring RPE may be used.

[49]

[50]

In this regard, the inventive arrangements are not intended to be limited to using one
particular scale for RPE. It should be appreciated that in an effort to ensure consistent
results, users may be trained in estimating activity level using an appropriate scale. For
example, within a hospital setting, in a rehabilitation setting, or anywhere working
with trained medical staff, the user may be instructed in how to properly estimate
activity level using the selected scale.

In one or more other embodiments, the estimate of activity level may be determined
in an automated manner by the device without querying the user for such information.
In that case, querying the user for an estimate of activity level need not be performed.
The device can be adapted to determine an estimate of activity level, e.g., an RPE,
from sensor data. In one example, the device is capable of determining or estimating
activity level such as RPE by detecting respiration (ventilation) related sound from the
user related to exertion from audio sensor data. The device may estimate activity level
or RPE by comparing progressive changes in the respiratory related sounds of the user
from audio sensor data that are indicative of exertion. Detecting respiratory sound is
described herein in greater detail with reference to FIG. 3.

In block 220, the device optionally receives a user input indicating one or more con-
founders. The device, for example, may query the user for a list of confounders or to

select those confounders applicable to the user from a list of confounders presented to
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the user. For example, the device may query the user about medication intake. In one
example, the device queries or asks the user whether the user is taking any beta blocker
medication or any other drug that changes chronotropic nature of the function of the
heart. Such medications and/or drugs may affect the measurements described below.
As such, depending upon the medication and/or drugs indicated, the threshold for de-
termining CI may be adjusted or changed.

In block 225, the device determines a heart rate (HR) for the user based upon the
sensor data. In block 230, the device determines a covariance COV(RPE, HR) between
RPE and the HR. In block 235, the device determines a covariance COV(TA, HR)
between the measured TA from block 205 and the HR of block 225. For example,
referring to blocks 230 and 235, the device is capable of calculating covariances
between any pair of the following: an HR time series, a TA time series, and RPE.

In block 240, the device determines one or more baseline cardiac health measures for
comparing trends. In one or more embodiments, baseline cardiac health measures (or
baselines) may be determined with the user at rest and/or for one or more or each of
the possible RPE values. The baselines may be stored for subsequent comparison with
newly collected sensor data and/or user input. Example baselines include, but are not
limited to:

@ a covariance COV(RPEg.,, HRg.) between RPEg.; and HRg.;

@ a covariance between RPE and HR during exertion which can be denoted by
COV(RPEscriion, HRexertion)s

@ a covariance COV(HRg.y, TAges) between HRy. and TAg. at rest;

@ a covariance COV(HRR, HR) between HRR (heart rate recovery) and HRp,
where subscript "D" indicates deceleration trend (post-exertion) for HR with effort
level and with total activity level as measured by sensors;

@ a covariance COV(EEE, RPE) between EEE (exercise energy expended), as may
be measured using accelerometer activity, and RPE; and/or

@ a respiration related sound recorded or observed at different RPE levels.

In one or more embodiments, a baseline cardiac health measure is determined from
sensor data as described within this disclosure. For example, baseline cardiac health
measures may be determined while the user is at rest or in a known state. In one or
more other embodiments, a baseline cardiac health measure is a reference state or data,
e.g., predetermined or fixed data, that is specified by a physician, obtained from a
standard, or the like and used for purposes of comparison as described herein.

In block 245, the device optionally determines an HRR and the HRR trend post-
exertion. The device further is capable of correlating the HR change trend (e.g., the de-
celeration trend) with the RPE and with the measured TA of block 205. In one aspect,

the device is capable of determining whether the heart rate recovery has a bi-
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exponential trend. For example, the device is capable of examining the logarithm of
HRR for bi-exponentiality. The absence of a bi-exponential trend indicates CI. In block
250, the device optionally correlates HR change trend with RPE and total activity.

In block 255, the device is capable of analyzing one or more of the determined co-
variances and/or sensor data with respect to baselines. For example, the device is
capable of detecting an anomaly such as a difference by more than a threshold from the
baseline or an expected value. The lack of an expected covariance suggests detection
of CI. In one embodiment, the device is capable of determining that an individual has
Cl responsive to determining that the covariance between energy expanded and RPE
remains the same with the HR not being elevated. In other cases, where the covariance
between EEE and RPE remains the same with EEE being low and RPE being high, the
device is capable of determining that the individual has a reduced fitness level (e.g.,
not CI). The device is capable of calculating a cardiac health measure, including any of
the covariances described herein, from sensor data to compare with a baseline cardiac
health measure (e.g., a baseline covariance) to determine or estimate whether the user
has CI.

In one or more embodiments, the threshold for CI is adjusted based upon medication
intake or other confounders as determined in block 220. In one or more other em-
bodiments, the threshold for CI is adjusted based upon one or more confounders
detected within the sensor data from block 210. Examples of confounders include, but
are not limited to, stress; sleep deprivation; tiredness; depression (mood); consumption
of stimulants (caffeine, intoxicants etc.); any other drug that may have an effect on
blood pressure and/or HR; state of health including fever, dehydration, or any other
condition where HR and/or blood pressure, or other autonomic nervous system (ANS)
markers can be reasonably expected to undergo significant change; and so forth. In one
or more embodiments, the threshold for detecting CI is adjusted upward or downward
based upon whether one or more of the confounders are detected within the sensor
data. Confounders and the automated detection thereof from sensor data are discussed
in further detail in connection with FIG. 4.

In one or more embodiments, the device is capable of accounting for confounders by
computing the relative increase in HR (RIHR). RIHR is also called Increment% from
HR at rest to Peak HR. RIHR may be calculated using the expression [(Peak HR - HR
at Rest)/(HR at Rest)] x 100.

In some cases, for individuals with CI that are taking beta blockers, a modified HR
reserve may be used to account for confounders. The modified HR reserve (MHRR)
may be calculated using the expression [(Increment% from HR at rest to peak
HR)/(220 - Age - HR at rest)] x 100. Typically, HR reserve is calculated using the ex-
pression [(Peak HR - HR at rest)/(220 - Age - HR at rest)] x 100. The device further is
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capable of computing MHRR in one or more embodiments. It should be appreciated
that HR reserve can also be calculated by estimating the Peak HR via any other
varieties of accepted formulas that correlate expected peak HR with a person's age.

Using either RIHR or MHRR moves from an absolute calculation to a relative cal-
culation for instances where HR may be depressed due to confounders. These relative
calculations facilitate accurate detection of CI in instances where the HR increase is
supposed to be larger if the HR at rest in the RIHR and/or MHRR expressions is
modified to reflect or imply a baseline HR for a given instance. The device, for
example, may calculate a baseline HR (e.g., the HR at rest) by measuring HR for an
appropriate period of rest preceding the given exercise at a reasonably close time
interval.

Using the RIHR and/or MHRR, CI detection may be performed subject to any con-
founders. It should be appreciated that the techniques described herein may be further
modified to account for one or more confounders responsive to determining an ap-
proximation of the impact the confounder may have. For example, if the HR of an in-
dividual is typically elevated by 5 beats per minute (BPM) after caffeine consumption,
then even without determining the baseline HR for a given instance, the HR may be
selected from historical data. The device is capable of adding the 5 BPM to the
historical HR to account for the caffeine consumption.

In block 260, the device determines whether one or more indicators of CI are
detected. If so, method 200 proceeds to block 265. If not, method 200 may loop back
to block 205 to continue processing. In block 265, the device generates a signal or noti-
fication that is output indicating that CI is detected. In one or more embodiments, re-
sponsive to detecting CI, the device is capable of providing an indication to a remote
system. For example, the device is capable of providing a message or indication to a
healthcare provider server based on the computed information.

While the above description is described in the context of computing covariance, al-
ternative embodiments can use other similarity measures or dissimilarity measures,
such as correlation or distance functions. Further, one or more or each of the cal-
culations described in connection with FIG. 2 can be contextual. For example, the CI
of a user may be different in morning vs. in evening due to the circadian rhythm of
various hormones secreted by the user's endocrine system. In this regard, the CI
threshold that is used may be varied according to context such as morning vs. evening.

FIG. 3 illustrates an example of baseline generation for CI detection. Baseline
generation may be performed at any of a variety of different times in order to establish
one or more baselines for purposes of detecting CI in a user. In one or more em-
bodiments, baseline generation may be performed as part of an intake or onboarding

process of a rehabilitation program. For example, a user may be asked to perform one
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or more tasks, activities, or exercises. During that time, baseline 325 may be generated
or otherwise determined. The baselines determined may be stored in the user's device
for purposes of later comparison.

As shown, one or more sensors 305 are capable of generating sensor data 310.
Example sensors 303, as discussed with reference to FIG. 1, include, but are not
limited to, an accelerometer, a heart rate sensor, a microphone, and so forth. Sensor
data 310 is generated over a period of time. Accordingly, for the various values and/or
quantities described, it should be appreciated that sensor data 310 includes a time
series of such data. Sensor data 310 may be stored in a memory (not shown). As such,
processor 106 may access (read and/or write) sensor data 310.

Processor 106 is also capable of receiving an estimate of activity level (EAL) 320 for
the user. EAL 320 may be provided by way of a received user input. As noted, a device
may query a user for EAL 320. In another aspect, EAL 320 may be entered by the user
or an administrator responsive to asking the user. As discussed, in one or more em-
bodiments, EAL 320 is a rating of perceived exertion or RPE.

Processor 106 is capable of operating on sensor data 310 and EAL 320 to generate a
baseline 325. In the example of FIG. 3, baseline 325 includes a baseline cardiac health
measure 335 and baseline EAL 340. Processor 106 is capable of determining a cardiac
health measure for the user from sensor data 310 as generated by a sensor at or about
the time that EAL 320 is received. Processor 106 stores the determined cardiac health
measure as baseline cardiac health measure 335 in association with EAL 320 as part of
baseline 325. EAL 320, when stored as part of baseline 325, is referred to as the
"baseline EAL" 340.

In one or more embodiments, the baseline cardiac health measure is HR. In one or
more other embodiments, the baseline cardiac health measure is one or more of the co-
variances described herein. In one or more other embodiments, the baseline cardiac
health measure is one or more or a combination of HR and one or more of the co-
variances.

In one or more embodiments, processor 106 is capable of determining one or more
baseline validation factors 330 from sensor data 310 for the time period within sensor
data 310 for which baseline HR 335 is determined. A "validation factor," as defined
herein, for example, is one or more items of data determined from sensor data 310
other than items of sensor data used to determine baseline cardiac health measure 335,
that is used to validate an EAL received from the user. Appreciably, the time and/or
time period for which a baseline validation factor 330 is determined for baseline 325 is
the same time and/or time period for which baseline HR 335 and baseline EAL 340 are
determined for baseline 325.

One example of a validation factor, including a baseline validation factor, is TA. TA,
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which indicates energy expended by the user, can be measured by accelerometer data
that is included in sensor data 310. TA may be determined as previously described
herein with reference to FIG. 2, for example. Processor 106 operates on accelerometer
data to measure the energy expended, e.g., an amount of work for a given time or
period of time, performed by the user. In one or more embodiments, processor 106 is
configured to include or read additional attributes of the user such as height, weight,
and age in order to more accurately calculate the expended energy of the user as a
baseline validation factor 330.

Another example of a validation factor, including a baseline validation factor, is res-
piratory sound indicating exertion. The respiratory sound may indicate a level of
exertion for a user indicating a level of difficulty. The microphone generates audio data
that is included in sensor data 310. Processor 106 operates on the audio data to
measure respiratory indications for exertion for a given time or period of time, for the
user. For example, processor 106 is capable of detecting breathing sounds (e.g., breath,
wheezing, coughing, etc.) within the audio data and determining the characteristics of
the breathing sounds as a baseline validation factor 330. The respiratory sound may be
analyzed for different RPE to determine baselines for the different RPE.

Accordingly, baseline validation factor(s) 330 may be stored with baseline cardiac
health measure 335 and baseline EAL 340 within baseline 325. By storing baseline
validation factor(s) 330 as part of baseline 325, when baseline 325 is later used for
purposes of evaluating cardiac health of the user, newly determined validation factors
may be compared with baseline validation factors 330 for a given EAL and/or cardiac
health measure. The validation process is described in greater detail with reference to
FIG. 4.

In the example of FIG. 3, while one baseline is illustrated, it should be appreciated
that the operations described may be performed one or more additional times in order
to generate further baselines. In one example, a baseline may be generated for one or
more or for each possible value of the estimate of activity level or RPE. Referring to
Table 1, for example, a baseline may be generated for each possible score for the RPE
from 6 to 20.

FIG. 4 illustrates is another example method 400 of detecting CI. Method 400 may
be performed by a device or system having a computing architecture as described
within this disclosure. Method 400 may begin in a state where one or more baselines as
described herein with reference to FIGs. 2 and 3 are generated and stored. The
baselines are available for use by the device in detecting CI.

In block 4035, the device generates or receives sensor data. As noted, in one or more
embodiments, the device collects the sensor data. In one or more other embodiments,

one or more items of sensor data or all of the sensor data may be generated from other
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system(s) and/or device(s) and be read or received by the device performing method
400. In block 410, the device determines an EAL. In one or more embodiments, the
device queries the user for an EAL. The device receives a user input specifying the
EAL. In one or more other embodiments, the device is capable of estimating an EAL
based upon respiratory sounds as previously described.

In block 415, the device determines whether the EAL is in a defined range. If so,
method 400 continues to block 420. If not, method 400 loops back to block 405 to
continue processing. In one or more embodiments, the EAL must be within a particular
range in order to detect CI. In one example, the range is an RPE of 13 or 14. In that
case, if the EAL specifies an RPE of 13 or 14, method 400 continues to block 420. If
not, method 400 loops back to block 405 to continue processing.

In block 420, the device determines the baseline cardiac health measure for the user
based upon the EAL determined in block 410. For example, the device uses the EAL
determined in block 410 and locates a matching baseline EAL within the baselines. As
discussed with reference to FIG. 3, for example, each baseline stores a baseline EAL.
If, for example, the EAL of block 410 is an RPE value of 13, the device looks up the
baseline having a baseline EAL with an RPE value of 13. If, for example, the EAL of
block 410 is an RPE value of 14, the device looks up the baseline having a baseline
EAL with an RPE value of 13. For purposes of discussion, the device is capable of
looking up baseline 325 using the EAL determined in block 410 as the baseline EAL
and determining the baseline cardiac health measure from baseline 325. As noted, in
one or more embodiments, the baseline cardiac health measure is HR, but may be or
include one or more of the covariances described.

In block 425, the device is capable of determining one or more validation factors
from the sensor data. The validation factors may be determined for the same time and/
or same period of time to which the EAL determined in block 410 corresponds. For
example, the device is capable of determining the validation factor of activity level
from accelerometer sensor data and/or characteristics of respiratory sound indicating
exertion from audio sensor data.

In block 430, the device is capable of validating the EAL received in block 410. In
one or more embodiments, the device validates the EAL of block 410 by comparing
one or more of the validation factors determined in block 425 with the corresponding
baseline validation factor(s), e.g., validation factor(s) of the same type, from the
baseline used to determine the baseline cardiac health measure. For example, the
device may compare one or more of the validation factors determined in block 425
using current sensor data with the stored baseline validation factor(s) 330 of baseline
325.

As an illustrative example, the device may validate the EAL of block 410 by de-
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termining that the characteristics of respiratory sound indicating exertion determined in
block 425 are within a predetermined threshold of, or match, baseline characteristics of
respiratory sound indicating exertion specified in baseline validation factor(s) 330. As
another illustrative example, the device may validate the EAL of block 410 by de-
termining that the TA determined in block 425 is within a predetermined threshold or
amount of a baseline TA specified in baseline validation factor(s) 330.

In still another illustrative example, the device may validate the EAL of block 410 by
determining that the characteristics of respiratory sound determined in block 425 is/are
the same as or similar to the characteristics of respiratory sound specified in baseline
validation factor(s) 330 and that the total activity determined in block 425 is within a
predetermined threshold or amount of a baseline total activity specified in baseline
validation factor(s) 330.

In one or more embodiments, where the EAL is determined automatically from res-
piratory sound, the device may utilize a validation factor other than respiratory sound
to perform validation.

Block 430 ensures that the EAL provided by the user is consistent. In the event that
the user begins to provide inconsistent EALSs, one or more of the validation factors will
likely mismatch the baseline validation factors. For example, in the case where the user
over estimates the EAL, the validation factors will likely be lower than the baseline
validation factors obtained from baseline 325, e.g., lower than the predetermined
threshold or amount.

In any case, if the EAL is validated, method 400 may continue to block 440. If the
EAL is not validated, method 400 may proceed to block 435. In block 435, the device
may generate a message or notification that the EAL was not validated or that
validation was not successful. In one or more embodiments, after block 435, method
400 may loop back to block 405 to continue processing. In one or more other em-
bodiments, after block 435, method 400 may continue to block 440. For example,
method 400 may continue to block 440 to detect CI despite the unsuccessful validation
of the EAL. In that case, where CI is detected, the signal indicating detection of CI in
block 455 may further indicate that while CI is detected, validation of the EAL was un-
successful.

In block 440, the device is capable of determining a cardiac health measure for the
user from the sensor data. In one embodiment, the cardiac health measure is HR. The
device is capable of determining the HR for the user from the sensor data for the same
time or same time period as the EAL received in block 420. In one or more other em-
bodiments, the cardiac health measure is one or more covariances and/or a com-
bination of HR and one or more covariances.

In block 445, the device optionally detects one or more confounders from the sensor
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data and adjusts a CI threshold. In one or more embodiments, the device is capable of
detecting one or more confounders from the sensor data. Responsive to detecting a
confounder in the sensor data, the device adjusts the CI threshold. In one or more em-
bodiments, the CI threshold specifies how far the user's HR, as determined in block
440, must be from a baseline HR (e.g., the baseline cardiac health measure) of block
420 for the device to detect CI. The CI threshold may be expressed as a percentage, a
predetermined amount, or the like.

In one example, the device is capable of detecting, from the sensor data, the
confounder of sleep deprivation. For example, the device is capable of measuring sleep
of the user using HR data and accelerometer data. The device is capable of determining
the amount of time that the user sleeps and comparing the amount of time spent
sleeping with a baseline amount of time (whether personal to the user or a generalized
baseline determined across one or more other users) to determine sleep deprivation for
the user. The device is capable of determining a measure of sleep deprivation
expressed as a confounding factor.

In another example, the device is capable of detecting, from the sensor data, the
confounder of stress. When under stress, for example, the user's ANS arousal and
valence are typically in the second quadrant of the Circumplex Model of Emotions,
which can be determined by HR and HR variability (HRV) analysis where both trend
down at the same time. In one embodiment, the device is capable of using HR and/or
HRY to determine whether the user is under stress and/or the amount of stress. For
example, the device is capable of determining whether the user is subject to stress and
whether the amount of stress exceeds a baseline amount of stress based upon HR (e.g.,
energy) and HRV (e.g., mood) of the user both being low (e.g., below a baseline for
HR and/or a baseline for HRV) at the same time and/or remaining low (concurrently)
for at least a minimum amount of time. The baseline may be specific to the user or
generalized across one or more different users. Responsive to determining that the HR
and HRV both are low for at least the minimum amount of time, for example, the
device determines that the user is experiencing stress. A measure of stress may be
expressed as a confounding factor.

Responsive to detecting one or more of the confounding factors, the device adjusts
the CI threshold. For example, the device increases the CI threshold. In one or more
embodiments, the device increases the CI threshold a predetermined amount or
percentage for each confounder detected. The device is further capable of increasing
the CI threshold based upon the amount of one or more or each of the confounders
detected. In one or more other embodiments, the device increases the CI threshold only
responsive to determining that the, or each, confounder, while detected for the time or

time period corresponding to the EAL received in block 410, was not present for the
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determination of the baseline HR.

In one or more other embodiments, the device is capable of using recent exertion
history of the user into account. As an illustrative example, if the user has endured sig-
nificant exertion in comparison to the user's baseline level of exertion in a preceding
time period that is sufficiently close to the time period being evaluated for CI, the user
is likely tired. As such, the user is likely to indicate a high RPE despite the effort level
for that given instance or period of time not really being high. Thus, in one or more
embodiments, the device is capable of excluding instances of higher than baseline level
of exertion that occur within a threshold or predetermined amount of time of an earlier
period or instance of higher than baseline level of exertion from consideration in CI
detection.

In block 450, the device determines whether CI is detected for the user. In one or
more embodiments, the device compares the HR determined in block 440 with the
baseline HR determined in block 420. The device is capable of determining whether
the HR is within the CI threshold of the baseline HR. In one example, the CI threshold
is 80% of the baseline HR. If the HR is within the threshold or predetermined amount
of the baseline HR, the device does not detect CI for the user. Accordingly, method
400 may loop back to block 405. If the HR is not within the threshold or predetermined
amount of the baseline HR, the device detects CI for the user. In that case, method 400
continues to block 455.

In some cases, the device is configured to adjust the CI threshold. In one or more em-
bodiments, the device is capable of measuring fraction of HR reserve achieved after
exercise. In that case, where the user is starting with a higher HR than the user's HR at
rest, rather than using HR at rest, the device may compute the fraction of HR increase
achieved by using the HR (during an inactive period) immediately prior to the period
of exercise.

In other cases, the HR increase experienced by a user may be affected by stress, a
medical condition, and/or a medication. These effects may be determined by using a
circadian baseline of the user that is annotated with events and times. The circadian
baseline, for example, may indicate events such as ingestion of caffeine and/or
medication and times. Stress may be detected automatically. In one or more em-
bodiments, the device is capable of receiving data indicating stress, medical condition,
and/or medication from a medical provider and/or medical provider system.

In block 455, the device generates a signal or notification that is output indicating
that CI is detected. In one or more embodiments, responsive to detecting CI, the device
is capable of providing an indication to a remote system. For example, the device is
capable of providing a message or indication to a healthcare provider server based on

the computed information.
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Referring to FIGs. 2 and 4, based upon the above calculations such as the presence
and/or lack of covariance and/or the comparisons described, the device is capable of
not only detecting CI, but also of detecting or determining improvement in CI. Im-
provement in CI can be a significant marker of improved health, and reduced mortality
and morbidity. Conversely, worsening CI can imply a greater risk of mortality and
morbidity and thus requires additional and appropriate clinical attention from the
caretaking staff.

In one or more other embodiments, additional sensors may be incorporated to
provide measurements that, if available, may be used as validation factors and/or to
detect confounders. For example, if electroencephalogram (EEG) and/or electrocar-
diography (ECG) data may be used to detect confounders. Visual images and/or video
as may be obtained from a camera sensor may be used to aid in detecting sleep de-
privation.

In another embodiment, the CI techniques described herein are implemented as a
feature within a wearable device and/or smartphone. In one aspect, data may first be
validated by a medical professional to validate or ensure accuracy of any CI estimation
performed by the device. The medical professional may be a doctor or other individual
with expertise in diagnosing and/or recognizing CI, cardiac conditions, etc. For
example, the data and/or CI estimation may be validated by a doctor at a hospital or
other medical facility where the doctor/medical professional uses clinical acumen and/
or any associated testing. The validation may be performed using, or along, a scale of
"quality of estimation." In one example, the scale for quality of estimation may range
from A+ to D-, where A+ indicates a most believable and robust estimation. Once an
estimate is obtained for a user, going forward, the significance of any feedback about
health including any alarm generated by the device may be interpreted accordingly.
The indication of chronotropic incompetence is validated by an expert using the scale
for a quality of estimation

In another embodiment, the "quality of estimation" may be generalized to additional
patients, e.g., all patients, having a profile similar to the profile of the user. For
example, the relevant guidelines may be programmed on the device prior to sale or
availability of the device. Once a device for a patient has collected sufficient data for
the patient, based upon the user's bio-markers and historic profile, the device is capable
of performing the CI (or fitness) interpretation accordingly.

The terminology used herein is for the purpose of describing particular embodiments
only and is not intended to be limiting. Notwithstanding, several definitions that apply
throughout this document now will be presented.

"o

As defined herein, the singular forms "a," "an," and "the" are intended to include the

plural forms as well, unless the context clearly indicates otherwise.
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As defined herein, the term "another" means at least a second or more.

"o

As defined herein, the terms "at least one," "one or more," and "and/or," are open-
ended expressions that are both conjunctive and disjunctive in operation unless ex-
plicitly stated otherwise. For example, each of the expressions "at least one of A, B,
and C," "at least one of A, B, or C,"” "one or more of A, B, and C," "one or more of A,
B, or C," and "A, B, and/or C" means A alone, B alone, C alone, A and B together, A
and C together, B and C together, or A, B and C together.

As defined herein, the term "automatically” means without user intervention.

As defined herein, the term "computer readable storage medium" means a storage
medium that contains or stores program code for use by or in connection with an in-
struction execution system, apparatus, or device. As defined herein, a "computer
readable storage medium" is not a transitory, propagating signal per se. A computer
readable storage medium may be, but is not limited to, an electronic storage device, a
magnetic storage device, an optical storage device, an electromagnetic storage device,
a semiconductor storage device, or any suitable combination of the foregoing. Memory
and/or memory elements, as described herein, are examples of a computer readable
storage medium. A non-exhaustive list of more specific examples of a computer
readable storage medium may include: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory (ROM), an erasable pro-
grammable read-only memory (EPROM or Flash memory), a static random access
memory (SRAM), a portable compact disc read-only memory (CD-ROM), a digital
versatile disk (DVD), a memory stick, a floppy disk, or the like.

As defined herein, the term "coupled" means connected, whether directly without any
intervening elements or indirectly with one or more intervening elements, unless
otherwise indicated. Two elements may be coupled mechanically, electrically, or com-
municatively linked through a communication channel, pathway, network, or system.

As defined herein, the terms "includes," "including,” "comprises,"” and/or
"comprising," specify the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements, components, and/or groups
thereof.

As defined herein, the term "if" means "when" or "upon" or "in response to" or "re-
sponsive to," depending upon the context. Thus, the phrase "if it is determined" or "if
[a stated condition or event] is detected" may be construed to mean "upon de-
termining" or "in response to determining" or "upon detecting [the stated condition or
event]" or "in response to detecting [the stated condition or event]" or "responsive to
detecting [the stated condition or event]" depending on the context.

"o

As defined herein, the terms "one embodiment,” "an embodiment,"” or similar
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language mean that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment described
within this disclosure. Thus, appearances of the phrases "in one embodiment," "in an
embodiment," and similar language throughout this disclosure may, but do not nec-
essarily, all refer to the same embodiment. The terms "embodiment” and "ar-
rangement" are used interchangeably within this disclosure.

As defined herein, the term "output" means storing in physical memory elements,
e.g., devices, writing to display or other peripheral output device, sending or
transmitting to another system, exporting, or the like.

As defined herein, the term "plurality” means two or more than two.

As defined herein, the term "processor” means at least one hardware circuit
configured to carry out instructions contained in program code. The hardware circuit
may be an integrated circuit. Examples of a processor include, but are not limited to, a
central processing unit (CPU), an array processor, a vector processor, a digital signal
processor (DSP), a field-programmable gate array (FPGA), a programmable logic
array (PLA), an application specific integrated circuit (ASIC), programmable logic
circuitry, and a controller.

As defined herein, the term "real time" means a level of processing responsiveness
that a user or system senses as sufficiently immediate for a particular process or deter-
mination to be made, or that enables the processor to keep up with some external
process.

As defined herein, the term "responsive to" means responding or reacting readily to
an action or event. Thus, if a second action is performed "responsive to" a first action,
there is a causal relationship between an occurrence of the first action and an oc-
currence of the second action. The term "responsive to" indicates the causal rela-
tionship.

As defined herein, the term "user" means a human being. The term user and "patient”
are used interchangeably within this disclosure from time to time.

The terms first, second, etc. may be used herein to describe various elements. These
elements should not be limited by these terms, as these terms are only used to dis-
tinguish one element from another unless stated otherwise or the context clearly
indicates otherwise.

A computer program product may include a computer readable storage medium (or
media) having computer readable program instructions thereon for causing a processor
to carry out aspects of the present invention. Within this disclosure, the term "program
code" is used interchangeably with the term "computer readable program instructions."
Computer readable program instructions described herein may be downloaded to re-

spective computing/processing devices from a computer readable storage medium or to
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an external computer or external storage device via a network, for example, the
Internet, a LAN, a WAN and/or a wireless network. The network may include copper
transmission cables, optical transmission fibers, wireless transmission, routers,
firewalls, switches, gateway computers and/or edge devices including edge servers. A
network adapter card or network interface in each computing/processing device
receives computer readable program instructions from the network and forwards the
computer readable program instructions for storage in a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out operations for the inventive
arrangements described herein may be assembler instructions, instruction-
set-architecture (ISA) instructions, machine instructions, machine dependent in-
structions, microcode, firmware instructions, or either source code or object code
written in any combination of one or more programming languages, including an
object oriented programming language and/or procedural programming languages.
Computer readable program instructions may specify state-setting data. The computer
readable program instructions may execute entirely on the user's computer, partly on
the user's computer, as a stand-alone software package, partly on the user's computer
and partly on a remote computer or entirely on the remote computer or server. In the
latter scenario, the remote computer may be connected to the user's computer through
any type of network, including a LAN or a WAN, or the connection may be made to an
external computer (for example, through the Internet using an Internet Service
Provider). In some cases, electronic circuitry including, for example, programmable
logic circuitry, an FPGA, or a PLA may execute the computer readable program in-
structions by utilizing state information of the computer readable program instructions
to personalize the electronic circuitry, in order to perform aspects of the inventive ar-
rangements described herein.

Certain aspects of the inventive arrangements are described herein with reference to
flowchart illustrations and/or block diagrams of methods, apparatus (systems), and
computer program products. It will be understood that each block of the flowchart il-
lustrations and/or block diagrams, and combinations of blocks in the flowchart illus-
trations and/or block diagrams, may be implemented by computer readable program in-
structions, €.g., program code.

These computer readable program instructions may be provided to a processor of a
computer, special purpose computer, or other programmable data processing apparatus
to produce a machine, such that the instructions, which execute via the processor of the
computer or other programmable data processing apparatus, create means for im-
plementing the functions/acts specified in the flowchart and/or block diagram block or

blocks. In this way, operatively coupling the processor to program code instructions
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transforms the machine of the processor into a special-purpose machine for carrying
out the instructions of the program code. These computer readable program in-
structions may also be stored in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/or other devices to function
in a particular manner, such that the computer readable storage medium having in-
structions stored therein comprises an article of manufacture including instructions
which implement aspects of the operations specified in the flowchart and/or block
diagram block or blocks.

The computer readable program instructions may also be loaded onto a computer,
other programmable data processing apparatus, or other device to cause a series of op-
erations to be performed on the computer, other programmable apparatus or other
device to produce a computer implemented process, such that the instructions which
execute on the computer, other programmable apparatus, or other device implement
the functions/acts specified in the flowchart and/or block diagram block or blocks.

The flowchart and block diagrams in the figures illustrate the architecture, func-
tionality, and operation of possible implementations of systems, methods, and
computer program products according to various aspects of the inventive ar-
rangements. In this regard, each block in the flowchart or block diagrams may
represent a module, segment, or portion of instructions, which comprises one or more
executable instructions for implementing the specified operations. In some alternative
implementations, the operations noted in the blocks may occur out of the order noted
in the figures. For example, two blocks shown in succession may be executed sub-
stantially concurrently, or the blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be noted that each block of the
block diagrams and/or flowchart illustration, and combinations of blocks in the block
diagrams and/or flowchart illustration, may be implemented by special purpose
hardware-based systems that perform the specified functions or acts or carry out com-
binations of special purpose hardware and computer instructions.

The corresponding structures, materials, acts, and equivalents of all means or step
plus function elements that may be found in the claims below are intended to include
any structure, material, or act for performing the function in combination with other
claimed elements as specifically claimed.

The description of the embodiments provided herein is for purposes of illustration
and is not intended to be exhaustive or limited to the form and examples disclosed. The
terminology used herein was chosen to explain the principles of the inventive ar-
rangements, the practical application or technical improvement over technologies
found in the marketplace, and/or to enable others of ordinary skill in the art to un-

derstand the embodiments disclosed herein. Modifications and variations may be
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apparent to those of ordinary skill in the art without departing from the scope and spirit
of the described inventive arrangements. Accordingly, reference should be made to the
following claims, rather than to the foregoing disclosure, as indicating the scope of

such features and implementations.
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Claims

A method for detecting chronotropic incompetence in an electronic
device, the method comprising:

determining a baseline cardiac health measure for a user of the
electronic device, based upon an estimate of activity level for the user;
validating the estimate of activity level for the user with a validation
factor determined from sensor data;

determining a cardiac health measure for the user from the sensor data;
and

providing a signal indicating detection of chronotropic incompetence
for the user based upon a comparison of the cardiac health measure for
the user with the baseline cardiac health measure.

The method of claim 1, wherein the estimate of activity level for the
user is determined based on at least one of respiratory sound, a received
input from the user or a rate of perceived exertion for the user.

The method of claim 1, further comprising:

adjusting the comparison based on a confounder determined from the
sensor data.

The method of claim 3, wherein the confounder comprises at least one
of sleep deprivation or high stress.

The method of claim 1, wherein the validation factor comprises at least
one of expended energy of the user or respiratory sound.

The method of claim 1, wherein each of the baseline cardiac health
measure and the cardiac health measure comprise a covariance
involving heart rate of the user.

The method of claim 6, wherein each of the covariance for the baseline
cardiac health measure and the covariance for the cardiac health
measure involves at least one of a rating of perceived exertion for the
user or heart rate recovery of the user.

The method of claim 1, further comprising:

in response that the validation of the estimate of activity level is
successful, providing a notification that the validation of the estimate of
activity level is successful, and

in response that the validation of the estimate of activity level is un-
successful, providing a notification that the validation of the estimate of
activity level is unsuccessful.

An apparatus for detecting chronotropic incompetence, the apparatus
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comprising:

at least one sensor configured to generate sensor data;

at least one memory configured to store the sensor data; and

at least one processor, coupled to the at least one memory and the at
least one sensor, configured to:

determine a baseline cardiac health measure for a user of the apparatus,
based upon an estimate of activity level for the user;

validate the estimate of activity level for the user with a validation
factor determined from the sensor data;

determine a cardiac health measure for the user from the sensor data;
and

provide a signal indicating detection of chronotropic incompetence for
the user based upon a comparison of the cardiac health measure for the
user with the baseline cardiac health measure.

The apparatus of claim 9, wherein the estimate of activity level for the
user is determined based on at least one of respiratory sound, a received
input from the user or a rate of perceived exertion for the user.

The apparatus of claim 9, wherein the at least one processor is further
configured to adjust the comparison based on a confounder determined
from the sensor data.

The apparatus of claim 11, wherein the confounder comprises at least
one of sleep deprivation or high stress.

The apparatus of claim 9, wherein the validation factor comprises at
least one of expended energy of the user or respiratory sound.

The apparatus of claim 9, wherein each of the baseline cardiac health
measure and the cardiac health measure comprise a covariance
involving heart rate of the user, and

wherein each of the covariance for the baseline cardiac health measure
and the covariance for the cardiac health measure involves at least one
of arating of perceived exertion for the user or heart rate recovery of
the user.

The apparatus of claim 9, wherein the at least one processor is further
configured to:

in response that the validation of the estimate of activity level is
successful, provide a notification that the validation of the estimate of
activity level is successful; and

in response that the validation of the estimate of activity level is un-

successful, provide a notification that the validation of the estimate of
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activity level is unsuccessful.



1/4

WO 2017/146512 PCT/KR2017/002039
[Fig. 1]
100
Accelerometer
<—>
Other Application(s) 17
162 Location Processor
Cardiac Health Program > 115
Code
156 Magn<13t1o6meter
Other Program Code —
154 Mot|o1n1%ensor
Operating System T ht?
152 ig ﬁnsor
Proximity Sensor
Memory 106 <> 114
150 Vo
Heart Rate Sensor
' <> " i
Memory Interface
102 > Camera152u(;)system <> 122
c Wireless
Processor(s) ¢ } — ommunication
104 Subsystem(s)
124
: <> 128
« 3 Audio ?g%system =2
= <>» 130
Power Source 1/0 Device(s
80 - > T (s)




2/4

WO 2017/146512 PCT/KR2017/002039

[Fig. 2]
200
START a
205 v ¢ 240
DETERMINE TOTAL ACTIVITY (TA) DETERMINE ONE OR MORE

OF USER BASED ON SENSOR DATA ] BASELINES FOR COMPARING TRENDS

(210 (245
DETERMINE CONFOUNDERS BASED DETERMINE A HEART RATE RESERVE
ON SENSOR DATA AND POST EXERTION TREND
g 215 250
RECEIVE USER INPUT INDICATING CORRELATE HEARTRATE CHANGE
ESTIMATE OF ACTIVITY LEVEL TREND WITH RPE AND TOTAL

(220

RECEIVE USER INPUT INDICATING
CONFOUNDER(S)

(255

ANALYZE COVARIANCES AND/OR
SENSOR DATA WITH RESPECT TO
BASELINE(S)

(225

DETERMINE HEART RATE (HR) FOR
USER BASED ON SENSOR DATA

£230
DETERMINE COVARIANCE BETWEEN
RPE AND HR YES
(265
(235 GENERATE SIGNAL INDICATING

DETERMINE COVARIANCE BETWEEN DETECTION OF CI
TOTAL ACTIVITY AND HR




WO 2017/146512

[Fig.

3]

[

Estimate of Activity

Level
320

3/4

[

Sensor Data

310

J

‘ Sensor
| 305

Processor
106

PCT/KR2017/002039

Baseline
325

( Baseline Validation
Factor(s)
330

~

rBaseline Cardiac Health A
Measure
335

{ I
Baseline Estimate of
Activity Level

340




4/4

WO 2017/146512 PCT/KR2017/002039

START /}’9
(405
5| GENERATE/RECEIVE SENSORDATA e — —  ____ ;
v A0

DETERMINE EAL

[Fig. 4]

DETERMINE BASELINE CARDIAC
HEALTH MEASURE FOR USER BASED
UPON EAL OF BLOCK 410

Baseline
325

DETERMINE VALIDATION FACTOR(S)

FROM SENSOR DATA
430 435
GENERATE MESSAGE THAT EAL
EAL VALIDATED? WAS NOT VALIDATED |

VES a4 |

|

DETERMINE CARDIAC HEALTH |
MEASURE FROM SENSOR DATA  f&————————~- -

445

OPTIONALLY DETECT
CONFOUNDER(S) FROM SENSOR
DATA AND ADJUST CI THRESHOLD

YES (455

GENERATE SIGNAL INDICATING
DETECTION OF (I




INTERNATIONAL SEARCH REPORT

International application No.
PCT/KR2017/002039

A. CLASSIFICATION OF SUBJECT MATTER
A61B 5/0464(2006.01)i, A61B 5/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
AG61B 5/0464;, HO4Q 7/00;, GO6F 15/00; A61B 5/0245; A61B 5/11;, GO8B 21/04; A61B 5/00

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: chronotropic, incompetence, baseline, activity, cardiac

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2014-0371604 A1 (CORVENTIS, INC.) 18 December 2014 1-5,8-13,15
See paragraphs [28],[78]-[186] and claims 9,12.

Y 6,7,14

Y US 2008-0150714 A1 (BAUER et al.) 26 June 2008 6,7,14
See paragraphs [46]-[60] and claim 1.

A WO 2014-147496 A1 (KONINKLIJKE PHILIPS N.V.) 25 September 2014 1-15
See page 12, line 16-page 13, line 30 and claims 1-13.

A US 2013-0261479 A1 (KEMPPAINEN et al.) 03 October 2013 1-15
See paragraphs [23]-[31] and claim 1.

A US 2014-0100822 A1 (TEKTRONIX, INC.) 10 April 2014 1-15
See paragraphs [21]-[25] and claims 1-3.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

carlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later
than the priority date claimed

i

K

nQr

npr

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

'

myn

ng"

Date of the actual completion of the international search
23 May 2017 (23.05.2017)

Date of mailing of the international search report

23 May 2017 (23.05.2017)

Name and mailing address of the [SA/KR
4 International Application Division
Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer

%
? &
/$

L,

Zir
7
7

Oy 2%

,,,,,
//I %

KIM, Yeon Kyung

b,
Z
57
i
e

A

/’/Ill
g
L
7
»
2,

“Z
Y

Telephone No. +82-42-481-3325

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/KR2017/002039
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2014-0371604 Al 18/12/2014 US 2011-0270049 Al 03/11/2011
US 8790259 B2 29/07/2014
WO 2011-050283 A2 28/04/2011
WO 2011-050283 A3 14/07/2011
US 2008-0150714 Al 26/06/2008 US 7948373 B2 24/05/2011
WO 2014-147496 Al 25/09/2014 AU 2014-233947 Al 12/11/2015
CN 105051799 A 11/11/2015
EP 2976756 Al 27/01/2016
JP 2016-512777 A 09/05/2016
US 2016-0038061 Al 11/02/2016
US 2013-0261479 Al 03/10/2013 CN 103356182 A 23/10/2013
US 8838224 B2 16/09/2014
US 2014-0100822 Al 10/04/2014 CN 103713174 A 09/04/2014
EP 2720048 A2 16/04/2014
JP 2014-077791 A 01/05/2014

Form PCT/ISA/210 (patent family annex) (January 2015)




THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

EHA

IPCHRS

L 5ER

H 20T S0k
ShEREELE

BEG®F)

ATRNENMEET 2N EEMNS

EP3402398A1 K (2E)R
EP2017756850 iR
ZEEFHA &

SAMSUNG ELECTRONICS CO. , LTD.

SAMSUNG ELECTRONICS CO. , LTD.

JAIN JAWAHAR
WORTHAM CODY
YOUNG JAMES
SADI SAJID
MISTRY PRANAV

JAIN, JAWAHAR
WORTHAM, CODY
YOUNG, JAMES
SADI, SAJID
MISTRY, PRANAV

A61B5/0464 A61B5/00

62/300024 2016-02-25 US
15/296689 2016-10-18 US

EP3402398A4

Espacenet

—HATRABFREDVERMLTRNGEZSE  ETHAFNED
KEHME, BERTREFRENAFNELOERENE , RBEN
BINR FREA - 8E KPR, kB & RB[BIEHBEAL BB
EHREAFHOERRVEE, TUETHAFPHOERRIEESES
NI R B BEM L BRREMREESRNAF N ERENETENES

2018-11-21

2017-02-24

patsnap


https://share-analytics.zhihuiya.com/view/360e1411-9fed-4f13-9519-d3a25819fd71
https://worldwide.espacenet.com/patent/search/family/059679112/publication/EP3402398A1?q=EP3402398A1

