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(7) ABSTRACT

Disclosed systems and methods relate to determining an
intensity level of an exercise using a photoplethysmogram
(PPG) sensor. A method of determining an intensity level of
an exercise for a user according to one embodiment of the
present disclosure includes detecting, by a device, body
signals from the user using a PPG sensor. The method
includes determining, by the device, a heart rate of the user
based on the body signals. The method includes determin-
ing, by the device, an error in the heart rate. The method also
includes determining, by the device, the intensity level of the
exercise for the user based at least on the error.
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SYSTEMS AND METHODS FOR
DETERMINING AN INTENSITY LEVEL OF
AN EXERCISE USING
PHOTOPLETHYSMOGRAM (PPG)

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority of and the benefit
of U.S. Provisional Application No. 62/382,576, titled “Sys-
tem and methods for determining an intensity level of an
exercise using photoplethysmogram (PPG)”, which was
filed on Sep. 1, 2016 and is incorporated by reference herein
in its entirety.

FIELD

[0002] The present disclosure relates to determining an
intensity level of an exercise using a photoplethysmogram
(PPG) sensor.

BACKGROUND

[0003] Aheart rate can be measured using various mecha-
nisms, including electrocardiogram (ECG) and photopl-
ethysmogram (PPG). ECG sensors use electrical activity of
a heart to measure the heart rate. PPG sensors use an optical
technology to measure the rate of blood flow and derive the
heart rate.

[0004] A person’s heart rate can be measured using ECG
or PPG while the person performs an exercise. The person
can exercise at various intensity levels. Generally, the higher
the intensity level, the higher the heart rate becomes. The
person can benefit by knowing the intensity level at which
the person exercises. Accordingly, it is desirable to provide
methods and systems of determining the intensity level for
a person performing an exercise.

SUMMARY

[0005] The present disclosure relates to a method for
improving an accuracy of a wearable device while calculat-
ing an intensity level of an exercise for a user during an
exercise session. The method can include: measuring, by a
first heart rate sensor of the wearable device, a first heart rate
of the user during the exercise session, wherein the first heart
rate sensor can include a photoplethysmogram (PPG) sensor
and the PPG sensor is configured to be worn adjacent to the
user’s skin; measuring, by a second heart rate sensor of a
chest strap device, a second heart rate of the user during the
exercise session, wherein the second heart rate sensor com-
prises an electrocardiogram (ECG) sensor; determining, by
a processor circuit of the wearable device, an error in the first
heart rate based on the measured first heart rate and the
second heart rate; identifving, by the processor circuit,
experimental data from a library of experimental data,
wherein the identified experimental data is associated with a
heart rate error similar to the determined error in the first
heart rate; calculating, by the processor circuit, an intensity
level of the exercise for the user based on the determined
error in the first heart rate and the identified experimental
data; and outputting, by the processor circuit, the determined
intensity level of the exercise.

[0006] In some embodiments, the method can include
determining, by the processor circuit, a similarity between
shapes of a first group of curves associated with the first
heart rate and the second heart rate and shapes of a second
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group of curves associated with the experimental data from
the library of experimental data.

[0007] In some embodiments, the method can include
determining the intensity level of the exercise based on at
least one of the user’s age, gender, or weight. In some
embodiments, the method can include determining the inten-
sity level of the exercise based on motion data received from
at least one of an accelerometer, a gyroscope, or a barometer.
[0008] The present disclosure also relates to a method for
improving an accuracy of a wearable device while calculat-
ing an intensity level of an exercise for a user. The method
can include: detecting, by one or more motion sensors of a
wearable device, one or more body movements of the user;
analyzing, by a processor circuit of the wearable device, the
detected one or more body movements of the user; measur-
ing, by a heart rate sensor of the wearable device, a heart rate
of the user, wherein the heart rate sensor can include a
photoplethysmogram (PPG) sensor and the PPG sensor is
configured to be worn adjacent to the user’s skin; identify-
ing, by the processor circuit, experimental data from a
library of experimental data, wherein the identified experi-
mental data is associated with a heart rate similar to the
measured heart rate; calculating, by the processor circuit, an
intensity level of the exercise based on the analysis of the
detected one or more body movements, the measured heart
rate and the identified experimental data; and outputting, by
the processor circuit, the determined intensity level of the
exercise. In some embodiments, the one or more motion
sensors can include at least one of an accelerometer, a
gyroscope, or a magnetometer.

[0009] In some embodiments, the method can include
determining, by the processor circuit, a type of exercise that
the user is performing based on the detected one or more
body movements; and determining, by the processor circuit,
a skill level of the user for the type of exercise that the user
is performing based on the detected one or more body
movements.

[0010] In some embodiments, the method can include
providing, by the processor circuit, coaching information to
the user based on at least one of the determined intensity
level, the user’s age, gender, experience level, activity level,
physical condition, medical history, training history, or train-
ing goals.

[0011] In some embodiments, the library of experimental
data can include a person’s heart rate and exercise intensity
levels associated with the heart rates. In some embodiments,
the library of experimental data can include at least one of
ages, genders, physical conditions, medical history, weights,
heights, body mass indexes, types of exercise, duration of
exercise, fitness levels, experience levels, body tempera-
tures, external temperatures, or external humidity levels. In
some embodiments, the method can include comparing a
first signature of the measured heart rate to a second signa-
ture of a heart rate associated with experimental data from
the library of experimental data.

[0012] In some embodiments, the first signature can
include a shape of a data curve.

[0013] The present disclosure also relates to a system for
improving an accuracy of a wearable device while calculat-
ing an intensity level of an exercise for a user. The system
can include: one or more motion sensors configured to detect
one or more body movements of the user; a heart rate sensor
configured to measure a heart rate of the user, wherein the
heart rate sensor can include a photoplethysmogram (PPG)
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sensor and the PPG sensor is configured to be worn adjacent
to the user’s skin; a processor circuit in communication with
the one or more motion sensor and the heart rate sensor and
configured to execute instructions causing the processor
circuit to: analyze the detected one or more body movements
of the user; compare the heart rate with a library of experi-
mental data; identify experimental data from a library of
experimental data, wherein the identified experimental data
is associated with a heart rate similar to the measured heart
rate; calculating an intensity level of the exercise based on
the analysis of the detected one or more body movements,
the measured heart rate and the identified experimental data;
and output the determined intensity level of the exercise.

[0014] Other features and advantages will become appar-
ent from the following detailed description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Various objects, features, and advantages of the
present disclosure can be more fully appreciated with ref-
erence to the following detailed description of the present
disclosure when considered in connection with the following
drawings, in which like reference numerals identify like
elements.

[0016] FIG. 1 shows an example of a wearable device (or
a “user device”) according to some embodiments of the
present disclosure.

[0017] FIG. 2 depicts a block diagram of exemplary
components that may be found within the wearable device
according to some embodiments of the present disclosure.
[0018] FIG. 3 shows an example of a companion device
according to some embodiments of the present disclosure.
[0019] FIG. 4 illustrates a method for creating and ana-
lyzing data from experiments according to some embodi-
ments of the present disclosure.

[0020] FIG. 5 illustrates a method for determining an
intensity level according to some embodiments of the pres-
ent disclosure.

[0021] FIG. 6 illustrates a method for determining and
utilizing an intensity level according to some embodiments
of the present disclosure.

[0022] FIGS. 7-13 show graphs drawn using experimental
data associated with performing a bench press exercise.
[0023] FIGS. 14-20 show graphs drawn using experimen-
tal data associated with performing a military press exercise.
[0024] FIGS. 21-27 show graphs drawn using experimen-
tal data associated with performing a lat pulldowns exercise.
[0025] FIGS. 28-34 show graphs drawn using experimen-
tal data associated with performing a dumbbell curls exer-
cise.

DETAILED DESCRIPTION

[0026] In the following description, numerous specific
details are set forth regarding the systems, methods and
media of the present disclosure and the environment in
which such systems, methods and media may operate, etc.,
in order to provide a thorough understanding of the present
disclosure. It will be apparent to one skilled in the art,
however, that the present disclosure may be practiced with-
out such specific details, and that certain features, which are
well known in the art, are not described in detail in order to
avoid complication of the present disclosure. In addition, it
will be understood that the examples provided below are
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exemplary, and that it is contemplated that there are other
systems, methods, and media that are within the scope of the
present disclosure.

[0027] Electrocardiogram (ECG) provides a mechanism
that can be used to determine a person’s heart rate by
monitoring the heart’s electrical signals and measuring
heartbeats over a period of time. ECG can be implemented
in many different types of devices in various forms and
shapes. For example, ECG sensors can be implemented in a
chest strap, which a user can wear around the chest.
[0028] Photoplethysmogram (PPG) provides another
mechanism that can be used to measure a person’s heart rate.
PPG can derive the heart rate by optically measuring
changes in the person’s blood flow at a specific location.
PPG can be implemented in many different types of devices
in various forms and shapes. For example, a PPG sensor can
be implemented in a wearable device in the form of a wrist
strap, which a user can wear around the wrist. The PPG
sensor can optically measure the blood flow at the wrist.
Based on the blood flow information, the wrist strap or
another connected device can derive the person’s heart rate.
[0029] Generally, ECG can determine heart rates more
accurately than PPG. This is because ECG directly measures
the heart rate using the heart’s electric signals, whereas PPG
derives the heart rate using other signals, such as changes in
the blood flow. Consequently, ECG is less susceptible to
external or internal interferences than PPG. Unlike ECG, the
accuracy of PPG’s heart rate measurements can vary
depending on many conditions. Thus, the ECG-measured
heart rate can be used as the reference for comparing to heart
rates measured using other mechanisms, including PPG.
[0030] One of the conditions that can affect the accuracy
of PPG-measured heart rate is called the “white knuckle”
effect, which is related to physiologic response, where the
peripheral blood is pushed out of the vasculature due to the
maximal contraction of surrounding muscles. “White
knuckle” describes vascular occlusion due to active muscle
groups. The “white knuckle” effect can typically occur when
an individual grips tightly on an object, such as a dumbbell,
bicycle handle, or T-bar for rowing. One area where this
effect can be easily observed is around the knuckles (inter-
phalangeal and metacarpophalangeal joints) when perform-
ing activities requiring intense gripping. The knuckles turn
white because of the lack of blood in the capillaries near the
skin. The “white knuckle” effect in the context of detecting
the heart rate using PPG is analogous to the same term that
is used to describe a person’s knuckles that whiten or turn
pale when the person grips or clenches the first tightly,
causing the blood to leave the hand. When the person
releases the grip, the knuckles turn red again, after blood has
flowed back into them. A similar “white knuckle” effect can
occur in various parts of a human body, such as the tendons,
ligaments, muscles and skin, when a person is engaged in an
exercise, such as weight training. The “white knuckle” effect
can create noise artifacts that can interfere with heart rate
detection by PPG because these artifacts can limit the ability
to detect the influx and outflow of blood among the various
tissues being analyzed.

[0031] Moreover, the “white knuckle” effect can be
observed in cardiovascular exercises, such as cycling, row-
ing, treadmill with hands on crossbar, elliptical, or stair
master. It can also be observed in exercise routines, such as
yoga and body weight exercises (e.g., pushups, burpees,
etc.). These exercise routines can include exercises that are
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part of classes like CrossFit™. As peripheral circulation is
diminished during performing these exercises, the “white
knuckle” effect can be observed, and thus, the PPG sensor
cannot accurately detect heart rate. The effect on the PPG
sensor can also depend on where the PPG sensor is located.
For example, on some areas other than the wrist on the body
(e.g., forearm, forehead, and ear) that contract typically,
blood flow near the skin is not affected by, for example, the
“white knuckle” effect. As a result, PPG signal in these areas
will not be affected.

[0032] Other scalar intensity measurements can also be
used to correlate to the “white knuckle” effect. For example,
heart rate recovery (and potential variation) can be com-
pared. Other potential scalers can include EMG or maximal
contractile force applied. Exercise blood pressure dynamics
(specifically intrathoracic pressure) can also be considered.
[0033] During a weight training exercise, the amount of
the “white knuckle” effect can be a function of the amount
of weight being pushed or pulled. In some cases, this
relationship can be directly proportional. When a person
pushes or pulls on extremely light weight that the person is
lightly gripping, the amount of the “white knuckle” effect
may be either nonexistent or very small, and the blood flow
in the hand remains normal or close to normal. The condition
for using a PPG device on or near the hand to measure the
heart rate can be optimal when the blood flow in the hand
remains normal. As the amount of weight that is being
pushed or pulled increases, the demands placed on the hand
grip can increase in direct proportion, causing the knuckles
to whiten up. As the knuckles whiten up, the accuracy in
determining the heart rate by the PPG device can also
decrease. In other words, the errors in PPG’s heart rate
measurements can be attributed to the “white knuckle”
effect.

[0034] One way to measure an intensity level of an
exercise is observing the amount of weight or resistance to
which the person is subjected, and how heavy the person
perceives that weight under tension. The intensity level can
be expressed as a percentage of maximum and range from
0% to 100%. When the amount of weight being pushed or
pulled is increased, the intensity level also increases. When
the amount of weight being pushed or pulled is decreased,
the intensity level also decreases. Even with the same
amount of weight, the intensity level can vary from one
person to another, and also for the same person depending on
various factors. For example, performing a dumbbell mili-
tary press with 60 1bs can be at 100% intensity for person X,
while it can be at 50% for person Y who is more fit than
person X. As another example, the same person X can
perceive the same exercise at 30% intensity after spending
a year in weight training. A person can benefit by knowing
intensity levels while or after performing different exercises,
as the person can often exercise more effectively and effi-
ciently by adjusting the intensity levels in response. In some
cases, intensity can be modeled with heart rate recovery that
can describe how quickly the heart rate returns to the resting
state.

[0035] There is a relationship between the amount of the
“white knuckle effect” and the intensity level. The amount of
the “white knuckle” effect can have a maximum point,
where the knuckles can become as white as possible. At or
close to this maximum point, the amount of error in PPG-
measured heart rate can level off. If the person attempts to
push or pull beyond this maximum point, the person would
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likely struggle to handle and grip the weight. This can be
when the person has exceeded the point of maximum
intensity.

[0036] The rate at which the knuckles turn red again after
they have whitened is also a function of the gripping
intensity or the intensity level of the exercise. For example,
the white knuckles can take longer to return to red if the
person has lifted the heavier weight. Consequently, the PPG
device can take longer to measure the heart rate accurately
after the user has exercised with heavy weights than had the
user exercised with lighter weights.

[0037] The amount of increasing degrees of white knuck-
les between zero intensity and maximum intensity can be
captured as the amount of increasing error that the PPG
device generates when compared to the chest strap monitor
that uses ECG.

[0038] The present disclosure describes a wearable device
that can be configured to determine the intensity level of an
exercise. In some embodiments, the wearable device can
leverage experimental data created from experiments pet-
formed with a chest strap device with an ECG sensor and a
wrist strap with a PPG sensor. In some embodiments, the
wearable device can leverage experimental data that can
show a correlation between the intensity level of an exercise
and the amount of error in the PPG-measured heart rate.

[0039] FIG. 1 shows an example of a wearable device (or
a “user device”) 100 according to some embodiments of the
present disclosure. In some embodiments, wearable device
100 may be any suitable wearable device, such as a watch
and/or a fitness band configured to be worn around an
individual’s wrist.

[0040] FIG. 2 depicts a block diagram of exemplary
components that may be found within wearable device 100
according to some embodiments of the present disclosure.
Wearable device 100 can include a main processor 210 (or
an “application processor”), a motion co-processor 215, a
memory 220, one or more motion sensors 240, a display
270, an interface 280, and a heart rate sensor 290. Wearable
device 100 may include additional modules, fewer modules,
or any other suitable combination of modules that perform
any suitable operation or combination of operations.

[0041] In some embodiments, main processor 210 can
include one or more cores and can accommodate one or
more threads to run various applications and modules.
Software can run on main processor 210 capable of execut-
ing computer instructions or computer code. Main processor
210 might also be implemented in hardware using an
application specific integrated circuit (ASIC), program-
mable logic array (PLA), field programmable gate array
(FPGA), or any other integrated circuit.

[0042] In some embodiments, wearable device 100 also
includes motion co-processor 215 which may draw less
power than the main processor 210. Whereas the main
processor 210 may be configured for general purpose com-
putations and communications, the motion co-processor 215
may be configured to perform a relatively limited set of
tasks, such as receiving and processing data from motion
sensor 240, heart rate sensor 290, and other modules within
the wearable device 100. In many embodiments, the main
processor 210 may be powered down at certain times to
conserve power, while the motion co-processor 215 remains
powered on. Thus, the motion co-processor 215 is some-
times referred to as an “always-on” processor (AOP).
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Motion co-processor 215 may control when the main pro-
cessor 210 is powered on or off.

[0043] Memory 220 can be a non-transitory computer
readable medium, flash memory, a magnetic disk drive, an
optical drive, a programmable read-only memory (PROM),
a read-only memory (ROM), or any other memory or
combination of memories. Memory 220 can include one or
more modules 230.

[0044] Main processor 210 or motion co-processor 215
can be configured to run module 230 stored in memory 220
that is configured to cause main processor 210 or motion
co-processor 215 to perform various steps and/or operations
that are discussed throughout the present disclosure, such as,
for example, the methods described in connection with
FIGS. 4, 5, and 6. In some embodiments, wearable device
100 can include one or more motion sensors 240. For
example, motion sensors 240 can include a gyroscope 250
and an accelerometer 260. In some embodiments, acceler-
ometer 260 may be a three-axis accelerometer that measures
linear acceleration in up to three-dimensions (for example,
X-axis, y-axis, and z-axis). In some embodiments, gyroscope
250 may be a three-axis gyroscope that measures rotational
data, such as rotational movement and/or angular velocity, in
up to three-dimension (for example, yaw, pitch, and roll). In
some embodiments, accelerometer 260 may be a microelec-
tromechanical system (MEMS) accelerometer, and gyro-
scope 250 may be an MEMS gyroscope. Main processor 210
or motion co-processor 215 of wearable device 100 may
receive motion information from one or more motion sen-
sors 240 to track acceleration, rotation, position, or orien-
tation information of wearable device 100 in six degrees of
freedom through three-dimensional space.

[0045] In some embodiments, wearable device 100 may
include other types of sensors in addition to accelerometer
260 and gyroscope 250. For example, wearable device 100
may include an altimeter or barometer, or other types of
location sensors, such as a GPS sensor. As another example,
wearable device 100 may include a light sensor. In some
embodiments, sensor fusion can be implemented in wear-
able device 100 and/or another device for the purpose of
leveraging data from various sensors in wearable device
100.

[0046] Wearable device 100 may also include display 270.
Display 270 may be a screen, such as a crystalline (e.g.,
sapphire) or glass touchscreen, configured to provide output
to the user and/or receive input from the user via touch. For
example, display 270 may be configured to display a current
heart rate, intensity level, and/or a daily average energy
expenditure. Display 270 may receive input from the user to
select, for example, which information should be displayed,
or whether the user is beginning a physical activity (e.g.,
starting a session) or ending a physical activity (e.g., ending
a session), such as weight training, swimming session, a
running session, or a cycling session. In some embodiments,
wearable device 100 may present output to the user in other
ways, such as by producing sound with a speaker (not
shown), and wearable device 100 may receive input from the
user in other ways, such as by receiving voice commands via
a microphone (not shown).

[0047] In some embodiments, wearable device 100 may
communicate with external devices via interface 280,
including a configuration to present output to a user or
receive input from a user. Interface 280 may be a wireless
interface. The wireless interface may be a standard Blu-
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etooth® (IEEE 802.15) interface, such as Bluetooth® v4.0,
also known as “Bluetooth® low energy.” In other embodi-
ments, the interface may operate according to a cellphone
network protocol such as Long Term Evolution (LTE) or a
Wi-Fi (IEEE 802.11) protocol. In other embodiments, inter-
face 280 may include wired interfaces, such as a headphone
jack or bus connector (e.g., Lightning, Thunderbolt, USB,
etc.).

[0048] Wearable device 100 can measure an individual’s
current heart rate from heart rate sensor 290. Heart rate
sensor 290 may also be configured to determine a confidence
level indicating a relative likelihood of an accuracy of a
given heart rate measurement. In other embodiments, a
traditional heart rate monitor may be used and may com-
municate with wearable device 100 through a near field
communication method (e.g., Bluetooth®). In some
embodiments, heart rate sensor 290 includes a PPG sensor.
In some embodiments, heart rate sensor 290 includes an
ECG sensor.

[0049] Wearable device 100 may be configured to com-
municate with a companion device 300 (FIG. 3), such as a
smartphone, as described in more detail herein. In some
embodiments, wearable device 100 may be configured to
communicate with other external devices, such as a note-
book or desktop computer, tablet, headphones, Bluetooth®
headset, etc.

[0050] The modules described above are examples, and
embodiments of wearable device 100 may include other
modules not shown. For example, some embodiments of
wearable device 100 may include a rechargeable battery
(e.g., a lithium-ion battery), a microphone or a microphone
array, one or more cameras, one or nmore speakers, a watch-
band, water-resistant casing or coating, etc. In some embodi-
ments, all modules within wearable device 100 can be
electrically and/or mechanically coupled together. In some
embodiments, main processor 210 can coordinate the com-
munication among each module.

[0051] FIG. 3 shows an example of a companion device
300 according to some embodiments of the present disclo-
sure. Wearable device 100 may be configured to communi-
cate with companion device 300 via a wired or wireless
communication channel (e.g., Bluetooth®, Wi-Fi, etc.). In
some embodiments, companion device 300 may be a smart-
phone, tablet computer, or similar portable computing
device. Companion device 300 may be carried by the user,
stored in the user’s pocket, strapped to the user’s arm with
an armband or similar device, placed in a mounting device,
or otherwise positioned within communicable range of
wearable device 100. In some embodiments, companion
device 300 may be a personal computer, such as a desktop
and a notebook, that provides less portability than a smart-
phone or a tablet computer.

[0052] In some embodiments, companion device 300 may
include a variety of sensors, such as location and motion
sensors (not shown). When companion device 300 is avail-
able for communication with wearable device 100, wearable
device 100 may receive additional data from companion
device 300 to improve or supplement its calibration or
calorimetry processes. For example, in some embodiments,
wearable device 100 may not include a GPS sensor as
opposed to an alternative embodiment in which wearable
device 100 may include a GPS sensor. In the case where
wearable device 100 may not include a GPS sensor, a GPS
sensor of companion device 300 may collect GPS location
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information, and wearable device 100 may receive the GPS
location information via interface 280 (FIG. 2) from com-
panion device 300.

[0053] In another example, wearable device 100 may not
include an altimeter or barometer, as opposed to an alterna-
tive embodiment in which wearable device 100 may include
an altimeter or barometer. In the case where wearable device
100 may not include an altimeter or barometer, an altimeter
or barometer of companion device 300 may collect altitude
or relative altitude information, and wearable device 100
may receive the altitude or relative altitude information via
interface 280 (FIG. 2) from the companion device 300.

[0054] In another example, wearable device 100 may
receive motion information from companion device 300.
Wearable device 100 may compare the motion information
from companion device 300 with motion information from
one or more motion sensors 240 of wearable device 100.
Motion information such as data from accelerometer 260
and/or gyroscope 250 may be filtered (e.g., by a high-pass,
low-pass, band-pass, or band-stop filter) in order to improve
the quality of motion information. For example, a low-pass
filter may be used to remove some ambient noise.

[0055] Wearable device 100 may use sensed and collected
motion information to predict a user’s activity. Examples of
activities may include, but are not limited to, weight train-
ing, walking, running, cycling, swimming, etc. Wearable
device 100 may also be able to predict or otherwise detect
when a user is sedentary (e.g., sleeping, sitting, standing
still, driving or otherwise controlling a vehicle, etc.). Wear-
able device 100 may use a variety of motion information,
including, in some embodiments, motion information from
a companion device.

[0056] Wearable device 100 may use a variety of heuris-
tics, algorithms, or other techniques to predict the user’s
activity. Wearable device 100 may also estimate a confi-
dence level (e.g., percentage likelihood, degree of accuracy,
etc.) associated with a particular prediction (e.g., 90%
likelihood that the user is running) or predictions (e.g., 60%
likelihood that the user is running and 40% likelihood that
the user is walking).

[0057] FIG. 4 illustrates a method 400 for creating and
analyzing data from experiments according to some embodi-
ments of the present disclosure. In some embodiments,
method 400 can be modified by, for example, having blocks
combined, divided, rearranged, changed, added. and/or
removed. At block 402, a person subject to an experiment
can perform an exercise while wearing one or more devices
that can measure the person’s heart rate. In some embodi-
ments, the person can wear a device (e.g., a chest strap
device) that includes an ECG sensor. In some embodiments,
the person can wear another device (e.g., wearable device
100 in FIG. 1) that includes a PPG sensor. In some embodi-
ments, one device can include both an ECG sensor and a
PPG sensor.

[0058] At block 404, the device(s) that the person wears
can measure the person’s heart rate. For example, the chest
strap device can measure the person’s heart rate using the
ECG sensor, while wearable device 100 can measure the
person’s heart rate using the PPG sensor. The heart rate
measurements from different types of sensors may or may
not be the same. The person’s heart rate can be measured at
different time intervals while performing different types of
exercises.
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[0059] At block 406, the measured heart rate data is
analyzed. In some embodiments, the heart rate data from one
person is analyzed at a time. In other embodiments, the heart
rate data from more than one person can be analyzed
together. For example, heart rates from two or more people
can be compared, summed, and/or averaged. Statistical
analysis can be performed on the heart rate data. In some
embodiments, the ECG-measured heart rate is compared
with the PPG-measured heart rate. For example, the differ-
ence between the ECG-measured heart rate and the PPG-
measured heart rate at or at nearly the same point in time is
calculated. In some embodiments, the ECG-measured heart
rate can be the reference heart rate, and some or all of the
difference can be attributed to an error in the PPG-measured
heart rate. In some embodiments, an absolute value of this
difference can be calculated. In some embodiments, this
absolute value can be added to other absolute values of
errors that were previously analyzed. In some embodiments,
a heart rate graph can be drawn using heart rate data that has
been collected from one or more persons. Examples of this
graph are shown in FIGS. 7-10, 14-17, 21-24, and 28-31.
Each of these heart rate graphs includes two curves—one
curve for the ECG-measured heart rate and another curve for
the PPG-measured heart rate. Other types of graphs, such as
11-13, 18-20, 25-27, and 32-34, can also be drawn. In some
embodiments, statistical analysis can be performed on the
heart rate data based on different factors, including demo-
graphic information related to the persons subject to the
experiments.

[0060] At block 408, a signature can be determined for
heart rate data. For example, a signature can be associated
with the shape of a curve or the shape of the combination of
the curves in each heart rate graph. As another example, a
signature can be associated with the area between the
ECG-measured heart rate curve and the PPG-measured heart
rate curve. Such an area can represent the difference between
the ECG-measured data and the PPG-measured data. Yet in
another example, a signature can be associated with the area
underneath one of the curves in the heart rate graph. Each
signature can uniquely identify the origin of the data. By
knowing the origin of the data, the variables and conditions
that were used in the experiment can be determined.
[0061] At block 410, the heart rate data can be categorized
using different criteria. For example, the heart rate data can
be categorized based on the person’s age, gender, physical
condition, medical history, weight, height, body mass index,
type of exercise, duration of exercise, fitness level, level of
experience for the specific exercise performed, body tem-
perature, external temperature, and/or external humidity
level.

[0062] At block 412, the heart rate data and any related
analyzed data can be stored in a library of experimental data.
In some embodiments, this library can be stored in a
non-volatile medium in storage that resides locally to and/or
remotely from any of the above-mentioned devices. For
example, the storage can reside remotely in a cloud data
center, which can be accessed via the internet and/or
intranet. As another example, some or all of the library data
can reside in wearable device 100 and/or companion device
300.

[0063] FIG. 5 illustrates a method 500 for determining an
intensity level according to some embodiments of the pres-
ent disclosure. In some embodiments, method 500 can be
modified by, for example, having blocks combined, divided,
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rearranged, changed, added, and/or removed. At block 502,
a person’s heart rate can be determined using a PPG sensor.
For example, the person can wear wearable device 100 (FIG.
1) that includes a PPG sensor, and wearable device 100 can
measure the person’s heart rate. At block 504, the person’s
heart rate can be determined using an ECG sensor. For
example, the person can wear a chest strap device with an
ECG sensor. In some embodiments, the person’s heart rate
can be measured in block 502 and block 504 at or nearly at
concurrent points in time, such that the two measurements
can be compared. In some embodiments, the heart rate
measured in block 502 and/or block 504 can be sent to
another device (e.g., companion device 300 (FIG. 3)) for
storage and/or analysis. In other embodiments, the device
with the PPG sensor or the ECG sensor may not calculate the
heart rate; this device may instead send raw data to another
device (e.g., companion device 300) for determining the
heart rate.

[0064] At block 506, the PPG-measured heart rate can be
compared with the corresponding ECG-measured heart rate.
There may or may not be a difference between these two
heart rates. At block 508, an error in the PPG-measured heart
rate can be determined. In some embodiments, the ECG-
measured heart rate from block 504 can be used as the
reference heart rate. If the PPG-measured heart rate from
block 502 is different from the reference heart rate, some or
all of this difference can be attributed to an error in the
PPG-measured heart rate.

[0065] At block 510, an intensity level can be determined.
For example, an exercise intensity level for a person
engaged in weight training can be determined. In some
embodiments, the error in the PPG-measured heart rate can
be analyzed based on the library of experimental data (e.g.,
data from block 412 in FIG. 4). For example, the heart rate
data from blocks 502 and/or 504 can be compared with
experimental data to find similar data and determine the
intensity level. In some embodiments, the person’s infor-
mation, such as person’s age, gender, and weight, can be
used in determining the intensity level. In some embodi-
ments, this information can be read from HealthKit made by
Apple™, Inc. (Cupertino, Calif.). In some embodiments, the
accelerometer, gyroscope and/or barometer can be used to
determine relative intensity level automatically. In some
embodiments, the shapes of the curves drawn using the
PPG-measured heart rate and the ECG-measured heart rate
are compared to the curves in the library of experimental
data to determine the intensity level. In some embodiments,
other measures in addition to, or in place of the intensity
level can be determined. For example, a level of efforts can
be determined.

[0066] FIG. 6 illustrates a method 600 for determining and
utilizing an intensity level according to some embodiments
of the present disclosure. In some embodiments, method 600
can determine the intensity level of an exercise which a
person performs based on the person’s heart rate measured
by a PPG sensor. In some embodiments, method 600 can be
modified by, for example, having blocks combined, divided,
rearranged, changed, added, and/or removed.

[0067] At block 602, a body movement(s) is detected. For
example, one or more sensors (e.g., gyroscope 250 and
accelerometer 260 in motion sensor 240 (FIG. 2)) can detect
a person’s body movements.

[0068] At block 604, the detected body movements can be
analyzed. In some embodiments, the body movement infor-
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mation can be used to determine whether the person has
started to exercise. In some embodiments, the body move-
ment information can be used to determine the type of
exercise that the person is performing. For example, the
person can perform a barbell bench press while wearing
wearable device 100 (FIG. 1). Based on the body movement
information, wearable device 100 or another device (e.g.,
companion device 300 (FIG. 3)) can determine that the
person is performing or has performed a barbell bench press.

[0069] In some embodiments, the body movement infor-
mation can be used to determine the skill level or experience
level of the person for the exercise that the person is
performing. For example, if the person is a novice in weight
training and performs a barbell bench press, the person is
likely to be wobbly when pushing and pulling the weight.
Motion sensor 240 can detect that the person is being
wobbly, and wearable device 100 or another device (e.g,,
companion device 300) can determine that the person is a
novice in weight training and/or in the barbell bench press
exercise. As another example, if the person is more experi-
enced or advanced, the person is likely to be stable in
performing a barbell bench press. In this case, motion sensor
240 can detect the stability in performing the barbell bench
press, and wearable device 100 or another device can
determine that the person is experienced or advanced in
weight training and/or in the barbell bench press exercise. In
some embodiments, the level of the person’s skills or
experience can be determined based on the amount of the
stability that motion sensor 240 detects. In some embodi-
ments, the rate at which the user performs the two phases of
the exercise can determine how familiar the user is with the
exercise. For example, if the ratio of concentric to eccentric
contraction is less than 1:2, then the user is likely a novice.
As another example, if the ratio is 1:2, it can be determined
that the intensity is likely less and/or the user is warming up.
In some embodiments, motion sensor 240 may need to be
calibrated. For example, motion sensor 240 can be calibrated
by the person lifting a dumbbell as directed. In some
embodiments, the person can manually enter information
related to when the exercise has started or ended, and/or
information related to the person’s experience level.

[0070] At block 606, the person’s heart rate can be deter-
mined using a PPG sensor. For example, the person can wear
wearable device 100 with heart rate sensor 290 (FIG. 2)
using PPG to determine the person’s heart rate. In some
embodiments, the person’s heart rate can be determined
periodically.

[0071] At block 608, the determined heart rate can be
analyzed. In some embodiments, a PPG graph can be drawn,
where the person’s heart rate is plotted against the time
period. In some embodiments, the PPG graph can be com-
pared with other graphs or data in a library of experimental
data (e.g., as described in block 412 (FIG. 4)). For example,
the library can be searched to determine whether there is a
graph whose shape is the same or similar to the shape of the
PPG graph. In some embodiments, this search can involve
analyzing the signatures of the graphs in the library and
comparing them with the signature of the PPG graph. As
another example, a lag in detecting a change in the heart rate
by the PPG sensor can be analyzed. For example, in the
experimental data shown in FIGS. 7-10, 14-17, 21-24, and
28-31, there is generally a lag in detecting an increase in the
heart rate by the PPG sensor compared to the ECG sensor.
The amount of this lag can be dependent on various factors,
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including the exercise type and the intensity level. In some
embodiments, the shape of the PPG curve can determine the
type of exercise performed. In some embodiments, the heart
rate recovery, which can be the time to baseline after the
exercise is completed, can be indicative of the overall fitness
level of the user. In some embodiments, the determined heart
rate can be analyzed in the same way as described in the
present disclosure without using any graphs. For example,
when the determined heart rate is compared with other data
(e.g., data in the library of experimental data), analytical
techniques, such as numerical analysis and statistical analy-
sis, can be used. In some embodiments, a person’s heart rate
can be determined periodically over a period of time before
the analysis is performed on a set of the determined heart
rates. For example, a person’s heart rate can be determined
every second for a five-minute period. In this example, there
would be 300 determined heart rates that can be analyzed
together. The length of this period can be set manually or
automatically. In some embodiments, the length can be
automatically set such that the analysis can provide optimal
results.

[0072] At block 610, an intensity level can be determined
based at least on the analysis of the heart rate. In some
embodiments, the intensity level of the exercise can be
determined based on the intensity level associated with the
matching graph found in the library of experimental data.
For example, a person can perform a bench press and the
person’s heart rate measured by the PPG sensor may show
a curve whose shape is similar to a portion of lighter curve
704 in FIG. 7. A system or device can recognize this
similarity and determine that the person is performing the
bench press at 40% intensity. As another example, the lag
shown in the PPG-measured heart rate from block 606 can
be determined to be similar to the lag shown in lighter curve
704 in FIG. 7. A system or device can recognize this
similarity and determine that the person is performing the
bench press at 40% intensity. In some embodiments, the
intensity level determination can take other factors into
account. These other factors can include the person’s age,
gender, weight, height, skill level for the given exercise,
experience level for the given exercise, medical history, and
current physical condition. In some embodiments, the inten-
sity level determination can also take the following factors
into account: the determined skill level and/or the deter-
mined experience level from block 604. In some embodi-
ments, statistical analysis can be performed to determine a
confidence level for the determined intensity level. For
example, during the initial stage of an exercise, the confi-
dence level can be low because the amount of PPG-mea-
sured heart rate data is small. In some embodiments, other
measures in addition to, or in place of the intensity level can
be determined. For example, a level of efforts can be
determined.

[0073] At block 612, coaching information can be pro-
vided. This coaching information can help a person with an
exercise program by, for example, providing a training
methodology that can be more efficient and/or effective. For
example, if a person wants to build strength and the person
is not training at an optimal intensity level, the person can
be provided with information on whether the intensity level
should be increased or decreased. In some embodiments, the
coaching information can be produced based at least on the
determined intensity level. For example, if the optimal
intensity level for an exercise for a person is 90% but the
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person is currently performing the exercise at 30%, the
person can be coached to increase the intensity level to 90%.

[0074] In some embodiments, the person can be coached
by sound and/or visual display that is provided by a device
(s), such as wearable device 100 (FIG. 1) and companion
device 300 (FIG. 3). The coaching information can also be
provided based on one or more of other factors, such as the
person’s age, gender, experience level, activity level, medi-
cal condition, medical history, training history, or training
goals. For example, a person can be in a specific training
program that lasts between eight and twenty-six weeks.
During various points in the training period, specific inten-
sity levels may be desired to meet the training goals. The
person can be provided with coaching information that fits
the training program. In some embodiments, coaching infor-
mation can be used to support a rehabilitation program. In
some embodiments, methods for providing coaching infor-
mation can be implemented as an application that can be
installed and executed on one or more devices, such as
wearable device 100 and companion device 300.

[0075] Experiments have been performed on various exer-
cise types to test the relationship between the PPG-measured
heart rate and the intensity level. The data gathered from
these experiments can be used in implementing a system or
method of using the PPG-measured heart rate as an intensity
indicator. Twelve people participated in these experiments.
Three of them were novices (i.e. they had not performed
weight training before), three of them were at an interme-
diate level (i.e. they had performed weight training for a
short period of time), and the remaining three were at an
advanced level (i.e. they had performed weight training for
along period of time). The experiments involved performing
four different types of exercises—bench press, military
press, lat pulldowns, and dumbbell curls—at eleven different
intensities while wearing a chest strap device with an ECG
sensor and also wearing a wrist strap device with a PPG
sensor on the left wrist. For each exercise type at each
intensity, each person performed a five-minute test, where
three sets of eight reps at the specific intensity were per-
formed over a five-minute period. The first set was per-
formed at minute 1, the second set was performed at minute
2.5, and the third set was performed at minute 4. The person
performed the specific exercise for each intensity for the
five-minute period from the lowest intensity level to the
highest intensity level, with five-minute breaks in between
tests. Heart rates were measured at one-second intervals.
The reference devices (heart rate sensor) reported heart rate
at an interval of 1 second. Initial data collected from these
experiments on one person is described below in connection
with FIGS. 7-34. These figures show four of the eleven
intensities for illustrative purposes.

[0076] FIGS.7,8,9,10,14,15, 16,17, 21, 22,23, 24, 28,
29, 30, and 31 show graphs 700, 800, 900, 1000, 1400, 1500,
1600, 1700, 2100, 2200, 2300, 2400, 2800, 2900, 3000, and
3100, respectively. In each of these graphs, the darker curve
(702, 802, 902, 1002, 1402, 1502, 1602, 1702, 2102, 2202,
2302, 2402, 2802, 2902, 3002, and 3102) represents the
heart rate measured using the chest strap device with the
ECG sensor. The lighter curve (704, 804, 904, 1004, 1404,
1504, 1604, 1704, 2104, 2204, 2304, 2404, 2804, 2904,
3004, and 3104) represents the heart rate measured using the
wrist strap device with the PPG sensor. The ECG-measured
heart rate provides the reference heart rate, to which the
PPG-measured heart rate is compared. Thus, in each of these
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figures, the difference between the two curves can show the
error in the PPG-measured heart rate.

[0077] FIGS.7,8,9, and 10 show experimental data from
both the chest strap and wrist strap devices for bench press
performed with 74 1bs, 111 lbs, 148 Ibs, and 185 Ibs of
weights, respectively. These weights respectively represent
the intensity levels of 40%, 60%, 80%, and 100%. The
absolute value error sums in FIGS. 7, 8, 9, and 10 are 582
beats per minute (BPM), 857 BPM, 1292 BPM, and 1709
BPM, respectively. FIG. 11 shows a graph 1100 illustrating
experimental data from the chest strap device for bench
press performed at 40% (1102), 60% (1104), 80% (1106),
and 100% (1108) intensity. FIG. 12 shows a graph 1200
illustrating experimental data from the wrist strap device for
bench press performed at 40% (1202), 60% (1204), 80%
(1206), and 100% (1208) intensity. FIG. 13 shows a graph
1300 with a regression curve 1302 (dotted line) and a curve
1304 (solid line) that is created by plotting the error in the
PPG-measured heart rate against the intensity level. The
R-squared value is 0.99098.

[0078] FIGS. 14, 15. 16, and 17 show experimental data
from both the chest strap and wrist strap devices for military
press performed with 24 lbs, 36 1lbs, 48 Ibs, and 60 lbs of
weights, respectively. These weights respectively represent
the intensity levels of 40%, 60%, 80%, and 100%. The
absolute value error sums in FIGS. 14, 15, 16, and 17 are 720
BPM, 1231 BPM, 2784 BPM, and 3551 BPM, respectively.
FIG. 18 shows a graph 1800 illustrating experimental data
from the chest strap device for military press performed at
40% (1802), 60% (1804), 80% (1806), and 100% (1808)
intensity. FIG. 19 shows a graph 1900 illustrating experi-
mental data from the wrist strap device for military press
performed at 40% (1902), 60% (1904), 80% (1906), and
100% (1908) intensity. FIG. 20 shows a graph 2000 with a
regression curve 2002 (dotted line) and a curve 2004 (solid
line) that is created by plotting the error in the PPG-
measured heart rate against the intensity level. The
R-squared value is 0.96492.

[0079] FIGS. 21, 22, 23, and 24 show experimental data
from both the chest strap and wrist strap devices for lat
pulldowns performed with 60 Ibs, 90 Ibs, 120 1bs, and 150
Ibs of weights, respectively. These weights respectively
represent the intensity levels of 40%, 60%, 80%, and 100%.
The absolute value error sums in FIGS. 21, 22, 23, and 24
are 1392 BPM, 1959 BPM, 2078 BPM, and 3184 BPM,
respectively. FIG. 25 shows a graph 2500 illustrating experi-
mental data from the chest strap device for lat pulldowns
performed at 40% (2502), 60% (2504), 80% (2506), and
100% (2508) intensity. FIG. 26 shows a graph 2600 illus-
trating experimental data from the wrist strap device for lat
pulldowns performed at 40% (2602), 60% (2604), 80%
(2606), and 100% (2608) intensity. FIG. 27 shows a graph
2700 with a regression curve 2702 (dotted line) and a curve
2704 (solid line) that is created by plotting the error in the
PPG-measured heart rate against the intensity level. The
R-squared value is 0.89581.

[0080] FIGS. 28, 29, 30, and 31 show experimental data
from both the chest strap and wrist strap devices for dumb-
bell curls performed with 12.5 Ibs, 18 Ibs, 25 Ibs, and 31 lbs
of weights, respectively. These weights respectively repre-
sent the intensity levels of 40%, 60%, 80%, and 100%. The
absolute value error sums in FIGS. 28, 29, 30, and 31 are
1642 BPM, 1806 BPM, 2286 BPM, and 3687 BPM, respec-
tively. FIG. 32 shows a graph 3200 illustrating experimental
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data from the chest strap device for dumbbell curls per-
formed at 40% (3202), 60% (3204), 80% (3206), and 100%
(3208) intensity. FIG. 33 shows a graph 3300 illustrating
experimental data from the wrist strap device for dumbbell
curls performed at 40% (3302), 60% (3304), 80% (3306),
and 100% (3308) intensity. FIG. 34 shows a graph 3400 with
a regression curve 3402 (dotted line) and a curve 3404 (solid
line) that is created by plotting the error in the PPG-
measured heart rate against the intensity level. The
R-squared value is 0.84516.

[0081] These and other experiments have shown that there
is a correlation between the error in the PPG-measured heart
rate and the intensity level at which the exercise is per-
formed. This correlation varies between different types of
exercises. Generally, as the intensity level increases, the
error also increases. Also, as the intensity level decreases,
the error also decreases. For example, a similar experiment
with lat pulldowns as above was performed, except that the
intensity level started at 100% and was decreased to 80%,
then to 60%, and then to 40%. The results showed a direct
correlation with an R-squared value of 0.94164.

[0082] A correlation between the error and the intensity
level was also observed with exercises that did not require
hand-grip pushing or pulling. For example, when barbell
squats were performed, a direct correlation between the error
in the PPG-measured heart rate and the intensity level was
observed. It is believed that tension in the upper extremities
also plays a factor along with hand grip and wrist movement.
[0083] Additional adjustments can be made to the data.
For example, the data can be normalized for time under
tension for each set. As another example, the error can be
taken over the start of a set up to a specified time frame after
completion of the set to ensure that PPG is captured within
that timeframe. These example adjustments can significantly
improve the correlation.

[0084] The above-described experimental data is provided
for illustrative purposes only. Different kinds of experiments
can be designed and performed to produce new or different
data. For example, the following variables in the experi-
ments can be changed: the traits of the person(s) subject to
the experiments (e.g., age, gender, weight, height, skill level
for the given exercise, medical history, current physical
condition); the intensity levels; the number of intensity
levels; the types of exercise; the number of sets; the number
of reps; the duration of the exercise; the order, in which the
exercise at different intensities is performed; the location;
the exercise room temperature; the humidity level; and the
time and date. In some cases, different data may result even
if all the controllable variables are set to the same values
because of the natural variability in human bodies.

[0085] In some embodiments, an intensity level as
described in the present disclosure can be supplemented or
replaced with other types of measures. For example, a level
of efforts (e.g., amount of efforts applied) can be considered.
In some embodiments, a level of efforts can be from
maximal muscle contraction and/or muscular fatigue. In
some embodiments, the ability to quantify efforts can
increase efficacy of treatment of physical/occupational
therapy and help with body weight training. This can further
help with monitoring training adaptations to give user feed-
back to change the user’s routine. The use of these other
types of measures can apply not only to exercise but also to
potential disease states where the physiological effort by
change can be due to the disease. This can provide quanti-
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fiable information compared to perceived effort. This can
also lead to understanding recovery as well as understanding
how work or muscular exertion someone is applying. A
foundation can be laid with analysis of the PPG error that
can lead to characterizing the morphology of the error/
estimate curves to many activities and many different popu-
lations.

[0086] While some of the data analyses in the present
disclosure have been discussed in terms of drawing and
using graphs, the visual representations of these graphs may
not be necessary in implementing systems and methods for
these analyses. For example, a system or method can use
hardware and/or software to programmatically analyze heart
rate related data without drawing any graph. Also, the graphs
discussed in the present disclosure can be drawn using other
forms, such as a line graph, bar graph, 2D graph, 3D graph,
scatterplot, pictograph, pie graph, time series graph, stem
and leaf plot, histogram, and dot plot.

[0087] Itis to be understood that the present disclosure is
not limited in its application to the details of construction
and to the arrangements of the components set forth in the
description or illustrated in the drawings. The present dis-
closure is capable of other embodiments and of being
practiced and carried out in various ways. In addition, it is
to be understood that the phraseology and terminology
employed herein are for the purpose of description and
should not be regarded as limiting.

[0088] As such, those skilled in the art will appreciate that
the conception, upon which this disclosure is based, may
readily be utilized as a basis for the designing of other
structures, systems, methods and media for carrying out the
several purposes of the present disclosure. It is important,
therefore, that the claims be regarded as including such
equivalent constructions insofar as they do not depart from
the spirit and scope of the present disclosure.

[0089] Although the present disclosure has been described
and illustrated in the foregoing exemplary embodiments, it
is understood that the present disclosure has been made only
by way of example, and that numerous changes in the details
of implementation of the present disclosure may be made
without departing from the spirit and scope of the present
disclosure, which is limited only by the claims which follow.

What is claimed is:

1. A wearable device for improving an accuracy of a
wearable device while calculating an intensity level of an
exercise for a user during an exercise session, the device
comprising:

a first heart rate sensor configured to measure a first heart

rate of the user, wherein the heart rate sensor comprises
a photoplethysmogram (PPG) sensor and the PPG
sensor is configured to be worn adjacent to the user’s
skin;

a processor circuit in communication with the heart rate
sensor and configured to execute instructions causing
the processor circuit to:
receive measurements of a second heart rate from a

second heart rate sensor attached to the user’s chest;
determine an error in the first heart rate based on the
first heart rate and the second heart rate;
identify experimental data from a library of experimen-
tal data, wherein the identified experimental data is
associated with a heart rate error similar to the
determined error in the first heart rate;
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calculate an intensity level of the exercise for the user
based on the determined error in the first heart rate
and the identified experimental data; and

output, by the processor circuit, the determined inten-
sity level of the exercise.

2. The device of claim 1, wherein the second heart rate
sensor comprises an electrocardiogram (ECG) sensor.

3. The device of claim 1, wherein the instructions causing
the processor circuit to identify the experimental data from
the library of experimental data comprise instructions caus-
ing the processor circuit to:

determine a similarity between shapes of a first group of

curves associated with the first heart rate and the
second heart rate and shapes of a second group of
curves associated with the experimental data from the
library of experimental data.

4. The device of claim 1, wherein the instructions causing
the processor circuit to determine the intensity level of the
exercise for the user comprise instructions causing the
processor circuit to:

determine the intensity level of the exercise based on at

least one of the user’s age, gender, or weight.

5. The device of claim 1 comprising one or more motion
sensors configured to detect one or more body movements of
the user, the instructions causing the processor circuit to
determine the intensity level of the exercise for the user
comprise instructions causing the processor circuit to:

determine the intensity level of the exercise based on the

motion data received, wherein the one or more motion
sensors comprise at least one of an accelerometer, a
gyroscope, ot a barometer.
6. A method for improving an accuracy of a wearable
device while calculating an intensity level of an exercise for
a user, the method comprising:
detecting, by one or more motion sensors of the wearable
device, one or more body movements of the user;

determining, by the processor circuit, at least one of a type
of exercise that the user is performing or a skill level of
the user based on the detected one or more body
movements;

measuring, by a heart rate sensor of the wearable device,

a heart rate of the user, wherein the heart rate sensor
comprises a photoplethysmogram (PPG) sensor and the
PPG sensor is configured to be worn adjacent to the
user’s skin;

identifying, by the processor circuit, experimental data

from a library of experimental data, wherein the iden-
tified experimental data is associated with a heart rate
similar to the measured heart rate;

calculating, by the processor circuit, an intensity level of

the exercise based on the at least one of the type of
exercise or the skill level, the measured heart rate, and
the identified experimental data; and

outputting, by the processor circuit, the determined inten-

sity level of the exercise.

7. The method of claim 6, wherein the one or more motion
sensors comprise at least one of an accelerometer, a gyro-
scope, or a magnetometer.

8. The method of claim 6, wherein outputting the deter-
mined intensity level of the exercise comprises:

providing, by the processor circuit, coaching information

to the user based on at least one of the determined
intensity level, the user’s age, gender, experience level,
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activity level, physical condition, medical history,
training history, or training goals.

9. The method of claim 6, wherein the library of experi-
mental data comprises heart rates and exercise intensity
levels associated with the heart rates.

10. The method of claim 9, wherein the library of experi-
mental data further comprises at least one of ages, genders,
physical conditions, medical history, weights, heights, body
mass indexes, types of exercise, duration of exercise, fitness
levels, experience levels, body temperatures, external tem-
peratures, or external humidity levels.

11. The method of claim 6, wherein identifying the
experimental data from the library of experimental data
comprises:

comparing a first signature of the measured heart rate to
a second signature of a heart rate associated with the
experimental data from the library of experimental
data.

12. The method of claim 11, wherein the first signature

comprises a shape of a data curve.

13. A system for improving an accuracy of a wearable
device while calculating an intensity level of an exercise for
a user, the system comprising:

one or more motion sensors configured to detect one or
more body movements of the user;

a heart rate sensor configured to measure a heart rate of
the user, wherein the heart rate sensor comprises a
photoplethysmogram (PPG) sensor and the PPG sensor
is configured to be worn adjacent to the user’s skin;

a processor circuit in communication with the one or more
motion sensor and the heart rate sensor and configured
to execute instructions causing the processor circuit to:
determine at least one of a type of exercise that the user

is performing or a skill level of the user based on the
detected one or more body movements;
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compare the heart rate with a library of experimental
data;

identify experimental data from a library of experimen-
tal data, wherein the identified experimental data is
associated with a heart rate similar to the measured
heart rate;

calculate an intensity level of the exercise based on the
at least one of the type of exercise or skill level, the
measured heart rate, and the identified experimental
data; and

output the determined intensity level of the exercise.

14. The system of claim 13, wherein the one or more
motion sensors comprise at least one of an accelerometer, a
gyroscope, or a magnetometer.

15. The system of claim 13, wherein the instructions
further cause the processor circuit to:

provide coaching information to the user based on at least
one of the determined intensity level, the user’s age,
gender, experience level, activity level, physical con-
dition, medical history, training history, or training
goals.

16. The system of claim 13, wherein the library of
experimental data comprises heart rates and exercise inten-
sity levels associated to the heart rates.

17. The system of claim 16, wherein the library of
experimental data further comprises at least one of ages,
genders, physical conditions, medical history, weights,
heights, body mass indexes, types of exercise, duration of
exercise, fitness levels, experience levels, body tempera-
tures, external temperatures, or external humidity levels.

18. A mobile device comprising the system of claim 13.
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