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(7) ABSTRACT

One or more sensors and/or sensing techniques are used
individually or in combination to detect and/or measure
heart rate and/or heart rate variability. The sensors may be
wearable and/or portable and may operate on different
principles and may include different power profiles. The
sensors and/or sensing techniques may be used at the same
time or at different times that may overlap partially or
completely, or may be mutually exclusive. A controller may
select one or more sensors and/or sensing techniques based
on operating conditions and/or based on conservation of
powet.
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DEVICE FOR DETECTING HEART RATE
AND HEART RATE VARIABILITY

TECHNICAL FIELD

[0001] The present disclosure relates to methods and appa-
ratuses for detecting heart rate and/or heart rate variability.

BACKGROUND

[0002] Heart rate (HR) and heart rate variability (HRV) are
measurable quantities that help to assess the health and/or
fitness of a living subject. For example, HRV measurements
may be used in the detection of stress in humans. One device
used to measure or obtain these parameters is a photopl-
ethysmograph (PPG), which illuminates skin and detects
changes in skin volume by inspecting transmitted or
reflected light. Changes in volume caused by skin or blood
vessels being enlarged or shrunk by heart beats can be
measured to detect the heart beats. The HR and/or HRV can
be determined from the detection of heart beats and intervals
between heart beats, sometimes referred to as an inter-beat
interval (IBI). PPG devices can be relatively compact, and
can be portable or can be worn by an individual subject.
[0003] When a living subject is in motion, the accuracy of
a PPG device is diminished. Noise in the form of motion
artifacts is introduced in the sensor readings. Accordingly, it
may be difficult to reliably measure or obtain the IBI of a
subject in motion using a PPG device. Robust measurement
of HRV becomes challenging in such circumstances.
[0004] Artifacts introduced by movement can partially be
countered by increasing the light output of the light source
in the PPG device. High power use of the light source in this
manner causes the battery life of these wrist-worn PPG
devices to be significantly reduced.

[0005] Artifacts may also be countered with the use of
accelerometers that can detect motion of the PPG device and
provide compensation estimates for signals obtained from
the PPG device. However, use of one or more accelerom-
eters to detect motion for motion artifact compensation tends
to increase cost, size and power consumption of the overall
device.

[0006] Another technique that can be used to measure HR
and HRV is based on skin conductance (SC). An SC-based
device measures electrical characteristics of an area of skin
to determine various quantities of interest, including HR
and/or HRV. For example, during physical activity, SC is
attenuated by the beating of the heart, which permits detec-
tion of HR and/or HRV. However, SC devices sometimes
encounter accuracy challenges in the absence of physical
activity.

SUMMARY

[0007] This summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description section. This summary is
not intended to identify key features or essential features of
the claimed subject matter, nor is it intended to be used as
an aid in determining the scope of the claimed subject
matter.

[0008] The techniques and implementations discussed
herein relate to methods and apparatuses for sensing cardiac
or cardiovascular events in a subject entity. In particular,
detection and/or measurement of heartbeats, heart rate (HR)
and/or heart rate variability (HRV) is discussed. One or more
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sensors or sensing techniques may be employed to detect
and/or measure these quantities, and the sensor(s) may be
wearable and/or portable. The sensor(s) may operate using a
limited power source, such as one or more batteries, a solar
energy power source, or any other type of portable or
wearable power source. The sensors and/or sensing tech-
niques may operate on different principles and may include
different power profiles. The sensors and/or sensing tech-
niques may be used at the same time or at different times that
may overlap partially or completely, or may be mutually
exclusive.

[0009] A controller may be employed to provide commu-
nication and/or control functions for the sensors and/or
sensing techniques. The controller may be implemented as a
processor that accesses instructions from storage and
executes the instructions to carry out communication and/or
control functions. The controller may be analog or digital
and may include a number of components such as storage,
input/output control and/or management, one or more cen-
tral processing units and/or arithmetic processing units, a
communication interface, a user interface, and may include
other components that contribute to implementing methods
and/or apparatuses in accordance with the present disclo-
sure. The controller may be sufficiently small to be portable
or worn by an individual.

[0010] The methods and/or apparatuses according to the
present disclosure may be implemented with a wearable
device for detecting HR and/or HRV. According to some
embodiments, the device may be worn on an appendage of
the subject, such as on a human wrist. The device may
include one or more photoplethysmograph (PPG) sensors
and/or one or more skin conductance (SC) sensors. The PPG
sensor(s) and/or SC sensor(s) may have ranges of operation
that are the same, at least partially overlapping and/or
mutually exclusive or non-overlapping, for the same or
different types of sensors collectively. According to an
example, one or more PPG sensors are used to detect
heartbeats during periods of low activity of the subject.
According to another example, one or more SC sensors are
used to detect heartbeats during high activity periods of the
subject. The PPG sensor may consume more energy than the
SC sensor during active heartbeat detection.

[0011] According to some embodiments, the controller
controls the PPG sensor(s) and/or the SC sensor(s) to detect
HR and/or HRV over different ranges of physical activity or
conditions of a subject being monitored by the sensor(s). For
example the controller may turn on or turn off one or more
sensors. The controller may provide signaling to the sensor
(s) to cause the sensors to change their range of operation,
for example by causing the sensor(s) to be more or less
sensitive to certain phenomena that may impact detection of
HR and/or HRV. The controller may use the data obtained
from the sensor(s) to determine HR and/or HRYV, and so may
selectively use data from one or more sensors. The selection
of data from one or more sensors may include turning a
sensor on or off, putting a sensor in a lower or higher power
mode, blocking or receiving data from a sensor, applying
different algorithms to condition or analyze data from a
sensor, or any other action that causes data to be selectively
obtained from one or more sensors. The selection of data
from one or more sensors may be based on signal quality of
the signals provided by the sensor(s). Other criteria for
selection may be derived from other sources, such as one or
more accelerometers, time of day, table lookup or algorithm
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application for sensor signals with certain characteristics,
and any other source that may indicate a preference for a
certain sensing technique or a sensor to obtain useful data to
detect or determine HR and/or HRV.

[0012] According to some embodiments, an accelerometer
may be used or not. For example, an accelerometer may be
present in an embodiment of the disclosed apparatus or not,
or may be present and turned on or off. According to some
configurations, an accelerometer is not used to switch sen-
sors or to reduce motion artifacts. The controller may
execute instructions (software), in accordance with an algo-
rithm, to assess signal quality from a given sensor and may
select one sensor over the other to measure heartbeats. The
controller may also or otherwise control sensor usage or
implement sensing techniques to reduce battery power con-
sumption.

[0013] The disclosed methods and/or apparatuses may
measure SC with relatively high precision and/or at a
relatively high rate. An SC sensor may include skin sensing
electronics, an anti-aliasing filter and/or a balanced floating
design. The controller and/or SC sensor may include filter-
ing of the raw sensor signal, and may include a digital filter
for the analog to digital converter output. A signal may be
obtained from the SC sensor that yields a waveform from
which peaks caused by the heartbeats can be extracted. HR
and/or HRV may be obtained from the timestamps of the
peaks. An SC sensor is shown in European patent applica-
tion no. 14 18 6956, the entire disclosure of which is hereby
incorporated herein by reference.

[0014] According to an embodiment, the data related to
HR and/or HRV may be stored, for example using a micro
SD card, and/or may be transmitted, for example via a
Bluetooth link, to a receiving station such as a mobile phone
or other communication/network device.

[0015] These and other features and advantages, which
characterize the present non-limiting embodiments, will be
apparent from a reading of the following detailed description
and a review of the associated drawings. It is to be under-
stood that both the foregoing general description and the
following detailed description are explanatory only and are
not restrictive of the non-limiting embodiments as claimed.

BRIEF DESCRIPTION OF DRAWINGS

[0016] The methods and apparatuses of the present dis-
closure are discussed in greater detail below. Non-limiting
and non-exhaustive examples are described with reference
to the accompanying drawings, in which:

[0017] FIG. 1 is a block diagram of a heartbeat detection
device;
[0018] FIG. 2is a chart of an output of a skin conductance

sensor under different stimuli;

[0019] FIG. 3 is a flowchart of a heartbeat detection
method;

[0020] FIG. 4 is a flowchart of a heartbeat detection
method; and

[0021] FIG. 5isa block diagram of a computer system that
may be used to implement techniques discussed herein.

[0022] In the drawings, like reference characters generally
refer to corresponding parts throughout the different views.
The drawings are not necessarily to scale, emphasis instead
being placed on the principles and concepts of operation.
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DETAILED DESCRIPTION

[0023] Various embodiments are described more fully
below with reference to the accompanying drawings, which
form a part hereof, and which show specific example
embodiments. However, the concepts of the present disclo-
sure may be implemented in many different forms and
should not be construed as limited to the embodiments set
forth herein; rather, these embodiments are provided as part
of a thorough and complete disclosure, to fully convey the
scope of the concepts, techniques and implementations of
the present disclosure to those skilled in the art. Embodi-
ments may be practiced as methods, systems or devices.
Accordingly, embodiments may take the form of a hardware
implementation, an entirely software implementation or an
implementation combining software and hardware aspects.
The following detailed description is, therefore, not to be
taken in a limiting sense.

[0024] Reference in the specification to “one embodi-
ment” or to “an embodiment” means that a particular
feature, structure, or characteristic described in connection
with the embodiments is included in at least one example
implementation or technique in accordance with the present
disclosure. The appearances of the phrase “in one embodi-
ment” in various places in the specification are not neces-
sarily all referring to the same embodiment.

[0025] Some portions of the description that follow are
presented in terms of symbolic representations of operations
on non-transient signals stored within a computer memory.
These descriptions and representations are used by those
skilled in the data processing arts to most effectively convey
the substance of their work to others skilled in the art. Such
operations typically require physical manipulations of
physical quantities. Usually, though not necessarily, these
quantities take the form of electrical, magnetic or optical
signals capable of being stored, transferred, combined, com-
pared and otherwise manipulated. It is convenient at times,
principally for reasons of common usage, to refer to these
signals as bits, values, elements, symbols, characters, terms,
numbers, or the like. Furthermore, it is also convenient at
times, to refer to certain arrangements of steps requiring
physical manipulations of physical quantities as modules or
code devices, without loss of generality.

[0026] However, all of these and similar terms are to be
associated with the appropriate physical quantities and are
merely convenient labels applied to these quantities. Unless
specifically stated otherwise as apparent from the following
discussion, it is appreciated that throughout the description,
discussions utilizing terms such as “processing” or “com-
puting” or “calculating” or “determining” or “displaying” or
the like, refer to the action and processes of a computer
system, or similar electronic computing device, that manipu-
lates and transforms data represented as physical (electronic)
quantities within the computer system memories or registers
or other such information storage, transmission or display
devices. Portions of the present disclosure include processes
and instructions that may be embodied in software, firmware
or hardware, and when embodied in software, may be
downloaded to reside on and be operated from different
platforms used by a variety of operating systems.

[0027] The present disclosure also relates to an apparatus
for performing the operations herein. This apparatus may be
specially constructed for the required purposes, or it may
comprise a general-purpose computer selectively activated
or reconfigured by a computer program stored in the com-
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puter. Such a computer program may be stored in a computer
readable storage medium, such as, but is not limited to, any
type of disk including floppy disks, optical disks, CD-
ROMs, magnetic-optical disks, read-only memories
(ROMs), random access memories (RAMs), EPROMs,
EEPROMs, magnetic or optical cards, application specific
integrated circuits (ASICs), or any type of media suitable for
storing electronic instructions, and each may be coupled to
a computer system bus. Furthermore, the computers referred
to in the specification may include a single processor or may
be architectures employing multiple processor designs for
increased computing capability.

[0028] The processes and displays presented herein are not
inherently related to any particular computer or other appa-
ratus. Various general-purpose systems may also be used
with programs in accordance with the teachings herein, or it
may prove convenient to construct more specialized appa-
ratus to perform one or more method steps. The structure for
a variety of these systems is discussed in the description
below. In addition, any particular programming language
that is sufficient for achieving the techniques and implemen-
tations of the present disclosure may be used. A variety of
programming languages may be used to implement the
present disclosure as discussed herein.

[0029] In addition, the language used in the specification
has been principally selected for readability and instruc-
tional purposes and may not have been selected to delineate
or circumscribe the disclosed subject matter. Accordingly,
the present disclosure is intended to be illustrative, and not
limiting, of the scope of the concepts discussed herein.
[0030] The present disclosure relates to sensors and/or
sensing techniques for detecting heart rate (HR) and/or heart
rate variability (HRV). Some embodiments of the present
disclosure use multiple sensors and/or sensing techniques
for sensing heartbeats, which may be used to determine HR
and/or HRV. According to some embodiments, one or more
skin conductance (SC) sensors are employed, and may be
used with one or more photoplethysmograph (PPG) sensors
to detect and/or measure heartbeats and/or heart inter-beat
intervals of a living subject, such as a mammal, including a
human. These embodiments may be wearable and/or por-
table with the subject. For example, the disclosed methods
and apparatuses may be implemented by attachments to a
subject’s body, including implementation as bands around
an appendage, such as wristbands for a human. The methods
and apparatuses may be implemented with electronics and/
or software, and may be optimized for accurately measuring
inter-beat intervals (IBIs) while minimizing power usage.
For example, during high activity episodes of the subject,
SC may be used to detect heartbeats. During low activity
episodes of the subject, photoplethysmography may be used
to detect heartbeats. Embodiments discussed herein may
alter the operation of one or more sensors to have greater or
lesser sensitivity, power usage and/or sensing range. For
example, in the case of a PPG sensor, the light output,
spectrum or sensitivity of one or more PPG sensors may be
modified, such as by being decreased or increased, during
periods of low activity. Such modifications may be made
while maintaining a certain level of accuracy, and/or without
loss of accuracy.

[0031] Some embodiments of the present disclosure may
include a motion sensor such as, e.g., an accelerometer. The
motion sensor may be capable of sensing motion in one or
more dimensions. The motion sensor may be used to capture
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data that may be used to reduce motion artifacts from PPG
HR sensing or measurements. Other embodiments may omit
such a motion sensor, or forego the use of such a motion
sensor. According to some embodiments, a controller may
be used to switch from PPG sensing or measurements to SC
sensing or measurements when motion artifacts are detected.
Motion artifacts may be detected from the signal provided
by the PPG sensor.

[0032] The SC sensor is adapted to measure skin conduc-
tance response rise times, which are a proxy for sensing
blood pressure. For example, skin conductance can be used
to detect cardiovascular events that can be used to determine
blood pressure, including diastolic blood pressure. The SC
sensor typically samples skin conductance from tens to
hundreds of times per second, with an accuracy of less than
one nanoSiemens. In some embodiments, the output of the
SC sensor may be filtered with, e.g., a low-pass filter having
a cutoff frequency on the order of the sampling rate of the
SC sensor.

[0033] Referring to FIG. 1, a device 100 for sensing HR
and/or HRV is illustrated in block diagram form. Device 100
includes a processor 110, a PPG sensor 112, an SC sensor
114, a storage 116 and a user interface 120. Storage 116 may
be any type of media that is usable with device 100, and may
store software 118. Software 118 may include instructions
that can be executed by processor 110 to implement HR
and/or HRV sensing functions, as well as other functions.
PPG sensor 112 and SC sensor 114 each may be composed
of one or more constituent sensors. Device 100 may option-
ally include an accelerometer 122, which is shown in dashed
lines to indicate that it is optional.

[0034] Processor 110 may operate as a controller for PPG
sensor 112, SC sensor 114 and/or user interface 120. Pro-
cessor 110 may receive signals from and send signals to PPG
sensor 112, SC sensor 114 and/or user interface 120. For
example, processor 110 may receive raw sensor data from
PPG sensor 112 and/or SC sensor 114, and/or may receive
signals that represent filtered or processed sensor data from
these sensors. Processor 110 may store the signals from PPG
sensor 112 and/or SC sensor 114 in storage 116. Software
118 may be accessed and used by processor 110 to perform
the functions desired with respect to controlling PPG sensor
112 and/or SC sensor 114 and/or processing signals or data,
including those used in conjunction with storage 116 and/or
user interface 120. Processor 110 may control PPG sensor
112 and/or SC sensor 114 to achieve various functions,
including obtaining sensing data, turning on or off function-
ality within the sensors or turning the sensors on or off. In
cases where accelerometer 122 is included in device 100,
processor 110 may send signals to and receive signals from
accelerometer 122. The signals received from accelerometer
122 may include raw sensor data and/or filtered or processed
sensor data. According to an example implementation, data
from accelerometer 122 may be used to cause a switch
between sensors or to reduce the impact of motion artifacts.
[0035] Processor 110 can execute software 118 to cause a
change in operation of device 100 based on signals received
from PPG sensor 112 and/or SC sensor 114 and/or acceler-
ometer 122. For example, processor 110 can analyze signals
from PPG sensor 112 and determine the presence of motion
artifacts or the loss of a reliable signal for determining HR
and/or HRV. Upon such a determination, processor 110 can
disregard signals from PPG sensor 112 in determining HR
and/or HRV, and/or can disable output from the sensor, shut
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PPG sensor 112 off or place it in a low power mode to
conserve power. Processor 110 may begin using SC sensor
114 as a primary source for signals used to determine HR
and/or HRV, which may include turning SC sensor 114 on,
enabling an output of the sensor, changing from low power
to high power mode, or any other change or switch operation
to utilize signals from SC sensor 114 when PPG sensor 112
may provide an unreliable signal.

[0036] The switching operation undertaken by processor
110 is a controlled change in the operation of device 100 to
meet design goals. According to an example, the controlled
change may be turning one or more of PPG sensor 112
and/or SC sensor 114 on or off, or putting one or more
sensors in a low power mode. The controlled change may be
selecting which sensor, sensor signal, or sensing technique
may be used to detect and/or measure heartbeats. The design
goals may be obtaining a high degree of reliability, opti-
mized power consumption, or any other goal with respect to
desired operation of device 100.

[0037] The switching operation can be implemented
according to a number of techniques and/or criteria. Accord-
ing to one example, processor 110 monitors the signals from
PPG sensor 112 and/or SC sensor 114 and determines HR
and/or HRV from the signals obtained from one or both
sensors. Processor 110 can determine when the signals from
one or more of PPG sensor 112 and/or SC sensor 114
become unreliable for detecting and/or measuring heart-
beats, or unreliable for use in calculating HR and/or HRV.
For example, processor 110 can determine when an output
signal from PPG sensor 112 may include motion artifacts
that may distort the output signal. The determination of
reliability of a sensor signal by processor 110 can be
achieved by analyzing the signals from the sensors for
criteria indicative of poor signal quality or loss of a reliable
signal according to the sensing technique that can be used to
calculate HR and/or HRV.

[0038] Referring to FIG. 2, a trace waveform 200 of an
output of a skin conductance sensor is illustrated. Waveform
200 may be obtained from SC sensor 114. From a time
period of 0 to 150 on the x-axis, which corresponds to 0 to
15 seconds, the subject to which the skin conductance sensor
is applied is at rest. At around 150 on the x-axis, the subject
begins to move and walks at a steady pace. A ripple in the
signal caused by heartbeats becomes pronounced over the
timeframe of about 175 to 500 on the x-axis as the subject
continues to move. Processor 110 (FIG. 1) may receive a
signal from SC sensor 114, which may represented by
waveform 200, and perform processing on the signal to
obtain an indication of a heartbeat, from which HR and/or
HRV may be determined. Alternatively, or in addition, SC
sensor 114 may process a raw sensor signal and provide
processor 110 with a signal that represents a heartbeat, when
such can be detected by SC sensor 114.

[0039] In an example implementation, SC sensor 114
detects and/or measures skin conductance with high preci-
sion and at a relatively high rate. SC sensor 114 may be
designed with custom sensing electronics that include an
anti-aliasing filter and/or a balanced, floating design that
may include differential detection and/or measurement. A
digital filter may be employed by SC sensor 114 to convert
a raw analog signal to a digital signal, which may be
implemented with an analog to digital converter. The digital
and/or filtered signal includes peaks that are related to
heartbeats, and thus represents a signal from which heart-
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beats can be extracted. HR and/or HRV may be obtained
from the timestamps of the peaks.

[0040] As the subject to which SC sensor 114 is applied
begin to move, e.g., walks, the ripple caused by the subject’s
heartbeat becomes more pronounced in the output signal of
SC sensor 112. A high-pass filter can be applied to the output
signal, with a cutoff’ frequency approximating a normal
human heartbeat, e.g. about 1 Hz. This or other filtering may
separate the slower skin conductance level variations from
the heartbeat events under inspection. Signal processing
techniques may be applied to the filtered signal to obtain
timestamps of the minima of the heartbeat valleys, which
may be use to derive IBIs. The HR and/or HRV can be
deduced from the IBIs. The filtering, signal processing,
calculations and/or other functions discussed above may be
performed by SC sensor 114 or may be performed concur-
rently or separately by processor 110 or another component
or combination of components. The thus obtained data for
heartbeats, IBIs, HR and/or HRV can be stored in storage
116 and/or on other mediums, such as a micro SD card. The
data may also or alternatively be transmitted via a commu-
nication link, such as a wireless link, which may be, for
example, a Bluetooth link, to a receiving station, such as a
Bluetooth equipped mobile phone.

[0041] During low activity periods, such as during sleep
cycles, the heart beat attenuation of skin conductance
becomes relatively very small. Heartbeats may be detected
using skin conductance during such periods, however, the
ripple in the sensor signal used to detect heartbeats may be
more difficult to detect. During such periods, embodiments
of the present disclosure may switch from the use of SC
sensor 114 to the use of PPG sensor 112 to determine IBI.
This switch may reduce power consumed and may contrib-
ute to extending the life of a battery in device 100 or
otherwise extend the life of device 100.

[0042] PPG sensor 112 may operate in a low power mode
when motion artifacts are not present. Typically, PPG sens-
ing reliability may be diminished by being changed in
position with respect to the subject being observed. As the
subject moves, motion artifacts may appear in an output
signal of PPG sensor 112. Thus, when the subject is in
motion, corrections or compensation may be applied to
remove or diminish the impact of motion artifacts in an
output signal of PPG sensor 112. The corrections or com-
pensation may be derived from accelerometer 122, which
can detect motion and supply a signal to processor 110 to
indicate a time, a direction and/or a magnitude of motion of
device 100. When PPG sensor 112 is used with a subject that
is not in motion, the corrections or compensation may be
unnecessary, thus leading to lower power usage. According
to an example implementation, processor 110 analyzes an
output signal from PPG sensor 112, and upon detection of
motion artifacts, selects an output signal from SC sensor 114
to detect and/or measure heartbeats. Thus, in this example
implementation, PPG sensor 112 is used to detect heartbeats
when the subject is at rest, and SC sensor 114 is used to
detect heartbeats when the subject is in motion.

[0043] Other types of switching or changes to the opera-
tion of device 100 may be implemented. For example,
processor 110 may analyze an output signal from SC sensor
114 and determine the presence or absence of waveform
ripples that would be indicative of heartbeats. Such an
analysis may be carried out by filtering the output signal as
discussed above and detecting peaks or valleys in the filtered
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signal. In the absence of detection of peaks and/or valleys in
the filtered signal, processor 110 may begin using an output
signal from PPG sensor 112 to detect heartbeats from the
subject. Processor 110 may also turn SC sensor 114 off, or
place the sensor in a low power mode.

[0044] Referring to FIG. 3, a flowchart 300 illustrates an
example process for detecting and/or measuring heartbeats.
The process begins with obtaining an output from a PPG
sensor, which may be PPG sensor 112, as shown with a
block 310. The output of the PPG sensor may be filtered or
have some type of compensation applied, such as processing
for detecting motion artifacts, as illustrated in a block 312.
If motion artifacts are detected in the output of the PPG
sensor, the device for detecting heartbeats can change its
operation. The determination of whether motion artifacts are
detected in the output of the PPG sensor is illustrated with
a decision block 314. If no motion artifacts are detected, the
PPG sensor is selected for further heartbeat sensing, as
illustrated by a block 326 being reached from the No branch
from decision block 314.

[0045] If motion artifacts are detected in the output of the
PPG sensor, the output of an SC sensor is read, as illustrated
with a block 316 being reached from a Yes branch of
decision block 314. The SC sensor may be implemented as
SC sensor 114. The output of the SC sensor may be filtered
or have some type of compensation applied, such as pro-
cessing to detect waveform ripples that may be indicative of
heartbeats, as is illustrated in a block 318. The determination
of whether the SC censor output includes waveform ripples
is illustrated in a decision block 320. If no waveform ripples
are detected in the SC sensor output, the PPG sensor is
selected for detecting and/or measuring heartbeats, as illus-
trated with block 326 being reached from the No branch of
decision block 320. Otherwise, if waveform ripples are
detected in its output, the SC sensor is selected for further
heartbeat sensing, as illustrated by a block 322 being
reached via the Yes branch of decision block 320. After the
selection of the heartbeat sensor, either at block 326 or at
block 322, the heartbeat sensing process detects and/or
measures the heartbeat from the selected sensor, as illus-
trated in a block 324. The process continues by looping back
to read the PPG sensor, as illustrated with the flowchart path
from block 324 2 block 310.

[0046] The process illustrated in flowchart 300 may tend
to favor use of the PPG sensor, since that sensor is tested first
for motion artifacts, as illustrated in decision block 314.
According to other examples, the process illustrated in
flowchart 300 can be rearranged to cause the SC sensor to be
tested first, or concurrently with the PPG sensor. A switch
between sensors can be undertaken when motion artifacts, or
the lack thereof, are sensed in the output of the PPG sensor,
or when waveform ripples, or lack thereof, are sensed in the
output of the SC sensor. In addition, the selection of a sensor
in the process illustrated in flowchart 300 may be imple-
mented as turning the sensor(s) on, and/or turning the
sensor(s) off, or changing from a low-power mode to a
high-power mode, or vice versa. For example, selection of
the PPG sensor illustrated in block 326 may be implemented
by turning off the SC sensor, by placing the SC sensor in a
low-power mode or by ignoring the output of the SC sensor
for the purpose of detecting and/or measuring heartbeats.
Selection of the SC sensor illustrated in block 322 may be
implemented by turning off the PPG sensor. by placing the
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PPG sensor in a low-power mode or by ignoring the output
of the PPG sensor for the purpose of detecting and/or
measuring heartbeats.

[0047] Referring now to FIG. 4, a flowchart 400 illustrates
an example process for detecting and/or measuring heart-
beats. The process begins with obtaining an output from a
PPG sensor, which may be PPG sensor 112, as shown with
a block 410, and obtaining an output from an SC sensor,
which may be SC sensor 114, as shown with a block 430.
The output of the PPG sensor may be filtered or have some
type of compensation applied, such as processing for detect-
ing motion artifacts, as illustrated in a block 412. Detection
and/or measurement of heartbeats using the PPG sensor is
attempted, as illustrated with a block 414. If motion artifacts
are detected in the output of the PPG sensor, the device for
detecting heartbeats can change its operation. The determi-
nation of whether motion artifacts are detected in the output
of the PPG sensor is illustrated with a decision block 416. If
no motion artifacts are detected, further heartbeat detection
and/or measurement may be made using the PPG sensor, as
illustrated by the No branch from decision block 416 being
directed back to block 410 to obtain further PPG sensor
readings.

[0048] When the SC sensor is read, as illustrated with
block 430, the output of the SC sensor may be filtered or
have some type of compensation applied, such as processing
to detect waveform ripples that may be indicative of heart-
beats, as is illustrated in a block 432. Detection and/or
measurement of heartbeats using the SC sensor is attempted,
as illustrated with a block 434. A determination of whether
the SC sensor output includes waveform ripples is illustrated
in a decision block 434. If waveform ripples are detected,
further heartbeat detection and/or measurement may be
made using the SC sensor, as illustrated by the Yes branch
from a decision block 436 being directed back to block 430
to obtain further SC sensor readings.

[0049] If motion artifacts are detected in the output of the
PPG sensor, the operation of the heartbeat sensing device
can be changed. In the process illustrated in flowchart 400,
the PPG sensor is placed in a low-power mode, or powered
off, as illustrated with a block 418 being reached from the
Yes branch of decision block 416. In addition, the SC sensor
is powered up, as illustrated in a block 420. Powering up the
SC sensor may be implemented by changing from a low-
power mode to a higher power mode, or by turning the
sensor on, or by enabling an output of the SC sensor to be
used to detect and/or measure heartbeats. Following power
up of the SC sensor, the sensor output is read, as illustrated
with the path from block 420 to block 430 in flowchart 400.

[0050] With respect to the SC sensor, if waveform ripples
are not detected in the output of the sensor, the operation of
the heartbeat sensing device can be changed. In the process
illustrated in flowchart 400, the SC sensor is placed in a
low-power mode, or powered off, as illustrated with a block
438 being reached from the No branch of decision block
436. In addition, the PPG sensor is powered up, as illustrated
in a block 440. Powering up the PPG sensor may be
implemented by changing from a low-power mode to a
higher power mode, or by turning the sensor on, or by
enabling an output of the PPG sensor to be used to detect
and/or measure heartbeats. Following power up of the PPG
sensor, the sensor output is read, as illustrated with the path
from block 440 to block 410 in flowchart 400.
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[0051] The process illustrated in flowchart 400 can pro-
vide different modes of operation for the heartbeat sensing
device, which modes of operation may be implemented in
device 100 (FIG. 1). In one mode, when there are no motion
artifacts in the output of the PPG sensor and there are
waveform ripples in the output of the SC sensor, each sensor
can operate independently and concurrently to provide
heartbeat data. In a second mode, motion artifacts are
observed in the output of the PPG sensor, leading to the PPG
sensor being turned off, or being placed in a low-power state,
while waveform ripples are observed in the output of the SC
sensor, which continues to operate in a normal state. In a
third mode, motion artifacts are not observed in the output
of the PPG sensor, which continues to operate in a normal
state, while waveform ripples are absent from the output of
the SC sensor, leading to the SC sensor being turned off, or
being placed in a low-power state. In a fourth mode, motion
artifacts are observed in the output of the PPG sensor and
waveform ripples are absent from the output of the SC
sensor, leading to the sensors being alternately switched
between being powered up or powered down. This switching
state continues either until motion artifacts are not observed
in the output of the PPG sensor, or until waveform ripples
are observed in the output of the SC sensor. Accordingly, the
process illustrated in flowchart 400 uses the output of the
sensor that is best able to provide heartbeat data, and
switches between the sensors until a better heartbeat data
source can be identified.

[0052] A computer system as illustrated in FIG. 5 may
incorporate or implement some of the previously described
devices or methods. FIG. 5 provides a schematic illustration
of one embodiment of a computer system 500 that can
perform the methods provided by various other embodi-
ments, as described herein, and/or can function as the host
computer system, a remote kiosk/terminal, a point-of-sale
device, a mobile device, and/or a computer system. It should
be noted that FIG. 5 is meant only to provide a generalized
illustration of various components, any or all of which may
be utilized as appropriate. FIG. 5, therefore, broadly illus-
trates how individual system elements may be implemented
in a relatively separated or relatively more integrated man-
ner.

[0053] The computer system 500 is shown comprising
hardware elements that can be electrically coupled via a bus
505 (or may otherwise be in communication, as appropri-
ate). The hardware elements may include one or more
processors 510, including without limitation one or more
general-purpose processors and/or one or more special-
purpose processors (such as digital signal processing chips,
graphics acceleration processors, and/or the like); one or
more input devices 515, which can include without limita-
tion a mouse, a keyboard and/or the like; and one or more
output devices 520, which can include without limitation a
display device, a printer and/or the like.

[0054] The computer system 500 may further include
(and/or be in communication with) one or more non-transi-
tory storage devices 525, which can comprise, without
limitation, local and/or network accessible storage, and/or
can include, without limitation, a disk drive, a drive array, an
optical storage device, solid-state storage device such as a
random access memory (“RAM”) and/or a read-only
memory (“ROM”), which can be programmable, flash-
updateable and/or the like. Such storage devices may be
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configured to implement any appropriate data stores, includ-
ing without limitation, various file systems, database struc-
tures, and/or the like.

[0055] The computer system 500 might also include a
communications subsystem 530, which can include without
limitation a modem, a network card (wireless or wired), an
infrared communication device, a wireless communication
device and/or chipset (such as a Bluetooth™ device, an
802.11 device, a WiFi device, a WiMax device, cellular
communication facilities, etc.), and/or the like. The com-
munications subsystem 530 may permit data to be
exchanged with a network (such as the network described
below, to name one example), other computer systems,
and/or any other devices described herein. In many embodi-
ments, the computer system 500 will further comprise a
working memory 535, which can include a RAM or ROM
device, as described above.

[0056] The computer system 500 also can comprise soft-
ware elements, shown as being currently located within the
working memory 535, including an operating system 540,
device drivers, executable libraries, and/or other code, such
as one or more application programs 545, which may
comprise computer programs provided by various embodi-
ments, and/or may be designed to implement methods,
and/or configure systems, provided by other embodiments,
as described herein. Merely by way of example, one or more
procedures described with respect to the method(s) dis-
cussed above might be implemented as code and/or instruc-
tions executable by a computer (and/or a processor within a
computer); in an aspect, then, such code and/or instructions
can be used to configure and/or adapt a general purpose
computer (or other device) to perform one or more opera-
tions in accordance with the described methods.

[0057] A set of these instructions and/or code might be
stored on a computer-readable storage medium, such as the
storage device(s) 525 described above. In some cases, the
storage medium might be incorporated within a computer
system, such as the system 500. In other embodiments, the
storage medium might be separate from a computer system
(e.g., a removable medium, such as a compact disc), and/or
provided in an installation package, such that the storage
medium can be used to program, configure and/or adapt a
general purpose computer with the instructions/code stored
thereon. These instructions might take the form of execut-
able code, which is executable by the computer system 500
and/or might take the form of source and/or installable code,
which, upon compilation and/or installation on the computer
system 500 (e.g., using any of a variety of generally avail-
able compilers, installation programs, compression/decom-
pression utilities, etc.) then takes the form of executable
code.

[0058] It will be apparent to those skilled in the art that
substantial variations may be made in accordance with
specific requirements. For example, customized hardware
might also be used, and/or particular elements might be
implemented in hardware, software (including portable soft-
ware, such as applets, etc.), or both. Further, connection to
other computing devices such as network input/output
devices may be employed.

[0059] As mentioned above, a computer system (such as
the computer system 500) may be employed to perform
methods in accordance with various embodiments. Accord-
ing to a set of embodiments, some or all of the procedures
of such methods are performed by the computer system 500
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in response to processor 510 executing one or more
sequences of one or more instructions (which might be
incorporated into the operating system 540 and/or other
code, such as an application program 545) contained in the
working memory 535. Such instructions may be read into
the working memory 535 from another computer-readable
medium, such as one or more of the storage device(s) 525.
Merely by way of example, execution of the sequences of
instructions contained in the working memory 535 might
cause the processor(s) 510 to perform one or more proce-
dures of the methods described herein.

[0060] The terms “machine-readable medium” and “com-
puter-readable medium,” as used herein, refer to any
medium that participates in providing data that causes a
machine to operate in a specific fashion. In some embodi-
ments of the present disclosure, a machine-readable medium
contains machine-executable instructions for performing a
function, such as a method, for detecting heart rate and/or
heart rate variability. In an embodiment implemented using
the computer system 500, various computer-readable media
might be involved in providing instructions/code to proces-
sor(s) 510 for execution and/or might be used to store and/or
carry such instructions/code (e.g., as signals). In many
implementations, a computer-readable medium is a physical
and/or tangible storage medium. Such a medium may take
many forms, including but not limited to, non-volatile
media, volatile media, and transmission media. Non-volatile
media include, for example, optical and/or magnetic disks,
such as the storage device(s) 525. Volatile media include,
without limitation, dynamic memory, such as the working
memory 535. Transmission media include, without limita-
tion, coaxial cables, copper wire and fiber optics, including
the wires that comprise the bus 505, as well as the various
components of the communication subsystem 530 (and/or
the media by which the communications subsystem 530
provides communication with other devices). Hence, trans-
mission media can also take the form of waves (including
without limitation radio, acoustic and/or light waves, such as
those generated during radio-wave and infrared data com-
munications).

[0061] Various forms of computer-readable media may be
involved in carrying one or more sequences of one or more
instructions to the processor(s) 510 for execution. Merely by
way of example, the instructions may initially be carried on
a magnetic disk and/or optical disc of a remote computer. A
remote computer might load the instructions into its
dynamic memory and send the instructions as signals over a
transmission medium to be received and/or executed by the
computer system 500. These signals, which might be in the
form of electromagnetic signals, acoustic signals, optical
signals and/or the like, are all examples of cartier waves on
which instructions can be encoded and that may be
employed in some embodiments in accordance with the
present disclosure.

[0062] The communications subsystem 530 (and/or com-
ponents thereof) generally will receive the signals, and the
bus 505 then might carry the signals (and/or the data,
instructions, etc. carried by the signals) to the working
memory 535, from which the processor(s) 505 retrieves and
executes the instructions. The instructions received by the
working memory 535 may optionally be stored on a storage
device 525 either before or after execution by the processor
(s) 510.
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[0063] The present application hereby incorporates by
reference European patent application no. 14 18 6956 filed
on Sep. 30, 2014, the entire disclosure of which is hereby
incorporated by reference as if set forth in its entirety herein.
[0064] The methods, systems, and devices discussed
above are examples. Various configurations may omit, sub-
stitute, or add various procedures or components as appro-
priate. For instance, in alternative configurations, the meth-
ods may be performed in an order different from that
described, and that various steps may be added, omitted, or
combined. Also, features described with respect to certain
configurations may be combined in various other configu-
rations. Different aspects and elements of the configurations
may be combined in a similar manner. Also, technology
evolves and, thus, many of the elements are examples and do
not limit the scope of the disclosure or claims.

[0065] Also, configurations may be described as a process
that is depicted as a flow diagram or block diagram.
Although each may describe the operations as a sequential
process, many of the operations can be performed in parallel
or concurrently. In addition, the order of the operations may
be rearranged. A process may have additional stages or
functions not included in the figure.

[0066] A statement that a value exceeds (or is more than)
a first threshold value is equivalent to a statement that the
value meets or exceeds a second threshold value that is
slightly greater than the first threshold value, e.g., the second
threshold value being one value higher than the first thresh-
old value in the resolution of a relevant system. A statement
that a value is less than (or is within) a first threshold value
is equivalent to a statement that the value is less than or
equal to a second threshold value that is slightly lower than
the first threshold value, e.g., the second threshold value
being one value lower than the first threshold value in the
resolution of the relevant system.

[0067] Specific details are given in the description to
provide a thorough understanding of example configurations
(including implementations). However, configurations may
be practiced without these specific details. For example,
well-known circuits, processes, algorithms, structures, and
techniques have been shown without unnecessary detail in
order to avoid obscuring the configurations. This description
provides example configurations only, and does not limit the
scope, applicability, or configurations of the claims. Rather,
the preceding description of the configurations will provide
those skilled in the art with an enabling description for
implementing described techniques. Various changes may
be made in the function and arrangement of elements
without departing from the spirit or scope of the disclosure.
[0068] Furthermore, examples of the methods may be
implemented by hardware, software, firmware, middleware,
microcode, hardware description languages. or any combi-
nation thereof. When implemented in software, firmware,
middleware, or microcode, the program code or code seg-
ments to perform the necessary tasks may be stored in a
non-transitory computer-readable medium such as a storage
medium. Processors may perform the described tasks.
[0069] Having described several example configurations,
various modifications, alternative constructions, and equiva-
lents may be used without departing from the spirit of the
disclosure. For example, the above elements may be com-
ponents of a larger system, wherein other rules may take
precedence over or otherwise modify the application of
various implementations or techniques of the present dis-
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closure. Also, a number of steps may be undertaken before,
during, or after the above elements are considered. Accord-
ingly, the above description does not bound the scope of the
claims.
[0070] Embodiments of the present disclosure, for
example, are described above with reference to block dia-
grams and/or operational illustrations of methods, systems,
and computer program products according to embodiments
of the present disclosure. The functions/acts noted in the
blocks may occur out of the order as shown in any flowchart.
For example, two blocks shown in succession may in fact be
executed substantially concurrent or the blocks may some-
times be executed in the reverse order, depending upon the
functionality/acts involved. Additionally, or alternatively,
not all of the blocks shown in any flowchart need to be
performed and/or executed. For example, if a given flow-
chart has five blocks containing functions/acts, it may be the
case that only three of the five blocks are performed and/or
executed. In this example, any of the three of the five blocks
may be performed and/or executed.
[0071] The description and illustration of one or more
embodiments provided in this application are not intended to
limit or restrict the scope of the present disclosure as claimed
in any way. The embodiments, examples, and details pro-
vided in this application are considered sufficient to convey
possession and enable others to make and use the best mode
of the claimed embodiments. The claimed embodiments
should not be construed as being limited to any embodiment,
example, or detail provided in this application. Regardless of
whether shown and described in combination or separately,
the various features (both structural and methodological) are
intended to be selectively included or omitted to produce an
embodiment with a particular set of features. Having been
provided with the description and illustration of the present
application, one skilled in the art may envision variations,
modifications, and alternate embodiments falling within the
general inventive concept discussed in this application that
do not depart from the scope of the accompanying claims.
1. An apparatus, comprising;
a photoplethysmograph sensor configured to detect a
heartbeat of a subject and provide a first signal asso-
ciated with the detected heartbeat;
a skin conductance sensor configured to detect skin con-
ductance of the subject and provide a second signal
associated with the detected skin conductance; and
a processing unit configured to:
receive the first and second signals;
analyze one or more of the first or second signals and
determine reliability of the one or more of the first or
second signals for use in determinations of heart rate
or heart rate variability of the subject, the first and
second signals for heart rate or heart rate variability
determinations, the analysis of the second signal
comprising inspection for waveform ripple; and

select based on the determined reliability one or more
of the first signal or the second signal to determine
the heart rate or the heart rate variability of the
subject.

2. The apparatus of claim 1, wherein the processing unit
is configured to determine the reliability of the first signal
based on a determined presence or absence of motion
artifacts associated with the first signal.

3. The apparatus of claim 1, wherein the processing unit
is configured to determine the reliability of the second signal
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based on a determined presence or absence of the waveform
ripple indicative of a heartbeat and associated with the
second signal.

4. The apparatus of claim 1, wherein the processing unit
is further configured to apply a digital filter to one or more
of the first signal or the second signal.

5. The apparatus of claim 1, wherein the skin conductance
sensor is configured to detect skin conductance response
times and is responsive to frequencies over 100 Hz.

6. The apparatus of claim 1, wherein the processing unit
is further configured to selectively enable or disable one or
more of the photoplethysmograph sensor or the skin con-
ductance sensor to manage power consumption.

7. The apparatus of claim 1, further comprising an accel-
erometer, and wherein the processing unit is configured to
enable or disable one or more of the photoplethysmograph
sensor or the skin conductance sensor in response to an
output of the accelerometer.

8. The apparatus of claim 1, wherein the processing unit
is further configured to compute one or more of the heart rate
or the heart rate variability from one or more of the first
signal or the second signal.

9. The apparatus of claim 1, wherein the processing unit
is further configured to switch between use of either the first
signal or the second signal for heart rate or heart rate
variability determinations based on the determination that
the switched-from signal is unreliable.

10. A method, comprising:

receiving a first signal comprising an indicia of a heart-

beat of a subject;

receiving a second signal comprising skin conductance

information for the subject;

analyzing one or more of the first or second signals and

determining reliability of the one or more of the first or
second signals for use in determinations of heart rate or
heart rate variability of the subject, the first and second
signals for heart rate or heart rate variability determi-
nations, the analysis of the second signal comprising
inspection for waveform ripple; and

selecting based on the determined reliability one or more

of the first signal or the second signal to determine the
heart rate or the heart rate variability of the subject.

11. The method of claim 10, further comprising deter-
mining the reliability of the first signal based on a deter-
mined presence or absence of motion artifacts associated
with the first signal.

12. The method of claim 10, further comprising deter-
mining the reliability of the second signal based on a
determined presence or absence of the waveform ripple
associated with the second signal.

13. The method of claim 10, further comprising digitally
filtering one or more of the first signal or the second signal.

14. The method of claim 10, wherein receiving the second
signal comprises receiving skin conductance response times
with frequencies over 100 Hz.

15. The method of claim 10, further comprising selec-
tively enabling or disabling one or more of a photoplethys-
mograph sensor or a skin conductance sensor to manage
power consumption.

16. The method of claim 10, further comprising receiving
motion information, and further comprising enabling or
disabling one or more of a photoplethysmograph sensor or
a skin conductance sensor in response to an output of the
motion information.
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17. The method of claim 10, further comprising comput-
ing one or more of the heart rate or the heart rate variability
from one or more of the first signal or the second signal.

18. The method of claim 10, further comprising switching
between use of either the first signal or the second signal for
heart rate or heart rate variability determinations based on
the determination that the switched-from signal is unreli-
able.

19. A non-transitory computer readable storage medium
comprising executable code that, when executed by a pro-
cessor unit causes the processor unit to:

receive a first signal comprising an indicia of a heartbeat

of a subject;

receive a second signal comprising skin conductance

information for the subject;

analyze one or more of the first or second signals and

determine reliability of the one or more of the first or
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second signals for use in determinations of heart rate or
heart rate variability of the subject, the first and second
signals for heart rate or heart rate variability determi-
nations, the analysis of the second signal comprising
inspection for waveform ripple; and

select based on the determined reliability one or more of
the first signal or the second signal to determine the
heart rate or the heart rate variability of the subject.

20. The non-transitory computer readable storage medium
of claim 19, wherein the executable code, when executed by
the processor unit, causes the processor unit to switch
between use of either the first signal or the second signal for
heart rate or heart rate variability determinations based on
the determination that the switched-from signal is unreli-
able.
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