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1
DETECTING UNMEASURABLE LOADS
USING HEART RATE AND WORK RATE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of U.S.
Provisional Application No. 62/380,623 filed on Aug. 29,
2016, the disclosure of which is incorporated by reference
herein in its entirety.

FIELD

The present disclosure relates generally to improving
calorie expenditure prediction and tracking and, more pat-
ticularly, to techniques for determining energy expenditure
by detecting unmeasurable loads using heart rate and work
rate.

BACKGROUND

When walking or running without any additional loads,
calorie burn can be accurately and robustly predicted from
mechanics (e.g., gait speed and terrain incline). Speed and
incline can be sensed using accelerometer, barometer, and
GPS signals. However, if there are any additional loads that
cannot be observed with these sensors (such as treadmill
incline, a backpack, a heavy stroller, or inefficient movement
patterns due to pathology) or if one of these sensors is not
available (e.g., a user does not have a barometric sensor or
is on an inclined treadmill where elevation is not actually
changing with incline) then estimation of calories burn will
be inaccurate.

SUMMARY

The present disclosure relates to a method for improving
an accuracy of a wearable device while calculating an
energy expenditure of a user. In some embodiments, the
method can include: determining, by a processor circuit of
the wearable device, a start of an exercise session for the
user; detecting, by the processor circuit, an exercise type
associated with the exercise session wherein the exercise
type is walking or running; measuring, by a heart rate
sensing module of the wearable device, heart rate data of the
user, wherein the heart rate sensing module comprises a
photoplethysmogram (PPG) sensor and the PPG sensor is
configured to be worn adjacent to the user’s skin; applying,
by the processor circuit, a first time stamp to the measured
heart rate data; collecting, by one or more work rate sensing
modules of the wearable device, work rate data of the user;
applying, by the processor circuit, a second time stamp to the
collected work rate data; calculating, by the processor cir-
cuit, a heart rate-based energy expenditure based on the
heart rate data measured at the first time stamp; calculating,
by the processor circuit, a work rate-based energy expendi-
ture based on the work rate data collected at the second time
stamp; determining, by the processor circuit, an energy
expenditure of the user based on the calculated heart rate-
based energy expenditure and the calculated work rate-based
energy expenditure; and outputting the energy expenditure
of the user.

In some embodiments, the method can include: determin-
ing, by the processor circuit, a heart rate confidence param-
eter based on the collected measured heart rate data; mea-
suring, by the heart rate sensing module a maximum heart
rate and a resting heart rate; calculating, by the processor
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circuit, a fraction of heart rate reserve (FHR) based on the
collected measured heart rate data, the maximum heart rate,
and the resting heart rate; and calculating, by the processor
circuit, the heart rate-based energy expenditure based on the
FHR.

In some embodiments, the method can include: determin-
ing the energy expenditure of the user as the calculated work
rate-based energy expenditure when the determined heart
rate confidence parameter is less than a pre-defined heart
rate confidence threshold, the detected exercise type is
running and the calculated fraction of heart rate reserve is
greater than a pre-defined fraction of heart rate reserve
threshold, or the detected exercise type is walking and a
heart rate-based metabolic equivalents of task is greater than
a pre-defined metabolic equivalents of task threshold; and
determining the energy expenditure of the user as the greater
of the calculated heart rate-based energy expenditure and the
calculated work rate-based energy expenditure when the
determined heart rate confidence parameter is greater than or
equal to a pre-defined heart rate confidence threshold, the
detected exercise type is running and the calculated fraction
of heart rate reserve is less than or equal to a pre-defined
fraction of heart rate reserve threshold, or the detected
exercise type is walking and a heart rate-based metabolic
equivalents of task is less than or equal to a pre-defined
metabolic equivalents of task threshold.

In some embodiments, the pre-defined metabolic equiva-
lents of task threshold is between 0 and 50.

In some embodiments, the wearable device can received
an input from the user indicating a start of an exercise
session.

In some embodiments, the one or more work rate sensing
module can include a motion sensing module. In some
embodiments, the motion sensing module can include at
least one of an accelerometer, a gyroscope, a magnetometer,
an altimeter, a barometer, or a GPS sensor.

The present disclosure also relates to a system for improv-
ing the accuracy of a wearable device while calculating an
energy expenditure of a user. In some embodiments, the
system can include: a heart rate sensing module configured
to measure heart rate data of the user, wherein the heart rate
sensing module comprises a photoplethysmogram (PPG)
sensor and the PPG sensor is configured to be worn adjacent
to the user’s skin; one or more work rate sensing modules
configured to collect work rate data of the user; and a
processor circuit in communication with the heart rate
sensing module and the one or more work rate sensing
modules. The processor circuit is configured to execute
instructions causing the processor circuit to: determine a
start of an exercise session for the user; detect an exercise
type associated with the exercise session wherein the exer-
cise type is walking or running; apply a first time stamp to
the measure heart rate data; apply a second time stamp to the
collected work rate data; calculate a heart rate-based energy
expenditure based on the heart rate data measured at the first
time stamp; calculating a work rate-based energy expendi-
ture based on the work rate data collected at the second time
stamp; determine an energy expenditure of the user based on
the calculated heart rate-based energy expenditure and the
calculated work rate-based energy expenditure; and output
the energy expenditure of the user.

Other features and advantages will become apparent from
the following detailed description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Various objectives, features, and advantages of the dis-
closed subject matter can be more fully appreciated with
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reference to the following detailed description of the dis-
closed subject matter when considered in connection with
the following drawings, in which like reference numerals
identify like elements.

FIG. 1 shows an example of a fitness tracking device 100,
according to some embodiments of the present disclosure.

FIG. 2 depicts a block diagram of example components
that may be found within the fitness tracking device 100,
according to some embodiments of the present disclosure.

FIG. 3 shows an example of a companion device 300,
according to some embodiments of the present disclosure.

FIG. 4 is a graph showing the effect of incline on the
number of calories burned, according to some embodiments
of the present disclosure.

FIG. 5 is a graph 500 showing an error on mean METs
using work rate and heart rate models versus grade for 65
users participating in a walking experiment, according to
some embodiments of the present disclosure.

FIG. 6 is a graph 600 showing an error on mean METs
using work rate and heart rate models versus grade for 55
users participating in a running experiment, according to
some embodiments of the present disclosure.

FIG. 7 is a graph 700 showing an error on mean METs
using work rate and heart rate models versus effort for 65
users participating in a walking experiment, according to
some embodiments of the present disclosure.

FIG. 8 is a graph 800 showing an error on mean METs
using work rate and heart rate models versus effort for 65
users participating in a running experiment, according to
some embodiments of the present disclosure.

FIG. 9 is a flowchart showing a hybrid algorithm, accord-
ing to some embodiments of the present disclosure.

FIG. 10A is a graph 1002 showing an error on mean METs
using work rate and heart rate models versus grade for 65
users participating in a walking experiment, according to
some embodiments of the present disclosure.

FIG. 10B is a graph 1004 showing an error on mean METs
using work rate and heart rate models versus grade for 55
users participating in a running experiment, according to
some embodiments of the present disclosure.

DETAILED DESCRIPTION

Systems and methods are disclosed herein to determine
energy expenditure by detecting unmeasurable loads using
heart rate and work rate. As described above, unmeasurable
loads, such as added weight or inclines that are not easily
measured using position-based techniques, can skew a
caloric estimation based on measured heart rate and posi-
tional data. To account for the unmeasurable loads, in some
embodiments, the number of calories burned as predicted by
mechanics, is simultaneously monitored, with heart rate. A
dynamic comparison of the calories burned and heart rate
can then be used as an indicator of load that is unmeasured
by body mechanics. This indicator enables an intelligent
selection of mechanics or heart rate based models to maxi-
mize accuracy, precision, and robustness of calorie predic-
tion.

FIG. 1 shows an example of a fitness tracking device 100,
according to some embodiments of the present disclosure. In
some embodiments, the fitness tracking device 100 may be
a wearable device, such as a watch configured to be worn
around an individual’s wrist. As described in more detail
below, the fitness tracking device 100 may be calibrated
according to physical attributes of the individual and physi-
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cal activity by the individual user who is wearing the fitness
tracking device 100, including, for example, heart rate
statistics.

FIG. 2 depicts a block diagram of example components
that may be found within the fitness tracking device 100,
according to some embodiments of the present disclosure.
These components may include a heart rate sensing module
210, a motion sensing module 220, a display module 230,
and an interface module 240.

The heart rate sensing module 210 may include or may be
in communication with a photoplethysmogram “PPG” sen-
sor 212 as previously described. The fitness tracking device
100 can measure an individual’s current heart rate from the
PPG 212. The heart rate sensor 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 communicate with the fitness tracking device 100
through a near field communication method (e.g., Blu-
etooth®).

The fitness tracking device 100 may include an LED and
a photodiode or the equivalent to obtain a PPG 212. The
fitness tracking device 100 may subsequently determine the
user’s current heart rate based on the PPG data.

To conserve battery power on the fitness tracking device
100, the LED may be a relatively low-power LED, such as
a green LED. In some embodiments, to further conserve
power on the fitness tracking device 100, the fitness tracking
device 100 may be configured to check heart rate at periodic
intervals (e.g., once per minute, or once per three minutes).
The period for checking heart rate may change dynamically.
For example, if the fitness tracking device 100 automatically
detects or receives input from the user that the user is
engaged in a certain level, intensity, or type of physical
activity (e.g., “in session”), the fitness tracking device may
check heart rate more frequently (e.g., once per thirty
seconds, once per minute, etc.). The fitness tracking device
100 may use, for example, machine learning techniques,
battery power monitoring, or physical activity monitoring to
balance the frequency of heart rate samples for accurate
calorimetry with power optimization.

In addition to the heart rate sensing module 210, the
fitness tracking device 100 may also include the motion
sensing module 220. The motion sensing module 220 may
include one or more motion sensors 222, such as an accel-
erometer 223 or a gyroscope 224. In some embodiments, the
accelerometer 222 may be a three-axis, microelectrome-
chanical system (MEMS) accelerometer 222, and the gyro-
scope 223 may be a three-axis MEMS gyroscope 223. A
microprocessor (not shown) or motion coprocessor (not
shown) of the fitness tracking device 100 may receive
motion information from the motion sensors 222 of the
motion sensing module 220 to track acceleration, rotation,
position, or orientation information of the fitness tracking
device 100 in six degrees of freedom through three-dimen-
sional space.

In some embodiments, the motion sensing module 220
may include other types of sensors 222 in addition to
accelerometers 223 and gyroscopes 224. For example, the
motion sensing module 220 may include a magnetometer
225, an altimeter 226, or a barometer 227, or other types of
location sensors, such as a GPS sensor 228. A barometer 227
(also referred to herein as a barometric sensor) can detect
pressure changes and correlate the detected pressure changes
to an altitude.

In some embodiments, the fitness tracking device 100
may take advantage of the knowledge that the heart rate
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sensing module 210 and the motion sensing module 220 are
approximately collocated in space and time to combine data
from each module 210 and 220 to improve the accuracy of
its calorimetry functionality. Depending on the current activ-
ity and a determination of a confidence of current heart rate
and motion data, the fitness tracking device 100 may also
rely on one of either the heart rate or a motion-derived work
rate to estimate energy expenditure more accurately.

The fitness tracking device 100 may also include a display
module 230. Display module 230 may be a screen, such as
a crystalline (e.g., sapphire) or glass touchscreen, configured
to provide output to the user as well as receive input form the
user via touch. For example, display 230 may be configured
to display a current heart rate or a daily average energy
expenditure. Display module 230 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 a running session or a
cycling session. In some embodiments, the fitness tracking
device 100 may present output to the user in other ways,
such as by producing sound with a speaker (not shown), and
the fitness tracking device 100 may receive input from the
user in other ways, such as by receiving voice commands via
a microphone (not shown).

In some embodiments, the fitness tracking device 100
may communicate with external devices via interface mod-
ule 240, including a configuration to present output to a user
or receive input from a user. Interface module 240 may be
a wireless interface. The wireless interface may be a stan-
dard Bluetooth® (IEEE 802.15) interface, such as Blu-
etooth® v4.0, also known as “Bluetooth® low energy.” In
other embodiments, the interface may operate according to
a cellphone network protocol such as LTE or a Wi-Fi (IEEE
802.11) protocol. In other embodiments, interface module
240 may include wired interfaces, such as a headphone jack
or bus connector (e.g., Lightning, Thunderbolt, USB, etc.).

The fitness tracking device 100 may be configured to
communicate with a companion device 300 (FIG. 3), such as
a smartphone, as described in more detail herein. In some
embodiments, the fitness tracking device 100 may be con-
figured to communicate with other external devices, such as
a notebook or desktop computer, tablet, headphones, Blu-
etooth® headset, etc.

The modules described above are examples, and embodi-
ments of the fitness tracking device 100 may include other
modules not shown. For example, the fitness tracking device
100 may include one or more microprocessors (not shown)
for processing heart rate data, motion data, other information
in the fitness tracking device 100, or executing instructions
for firmware or apps stored in a non-transitory processor-
readable medium such as a memory module (not shown).
Additionally, some embodiments of the fitness tracking
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 more speakers, a watchband, a
crystalline (e.g., sapphire) or glass-covered scratch-resistant
display, water-resistant casing or coating, etc.

FIG. 3 shows an example of a companion device 300,
according to some embodiments of the present disclosure.
The fitness tracking device 100 may be configured to
communicate with the companion device 300 via a wired or
wireless communication channel (e.g., Bluetooth®, Wi-Fi,
etc.). In some embodiments, the companion device 300 may
be a smartphone, tablet, or similar portable computing
device. The companion device 300 may be carried by the
user, stored in the user’s pocket, strapped to the user’s arm

20

25

40

45

60

65

6

with an armband or similar device, placed on a table, or
otherwise positioned within communicable range of the
fitness tracking device 100.

The companion device 300 may include a variety of
sensors, such as location and motion sensors (not shown).
When the companion device 300 may be optionally avail-
able for communication with the fitness tracking device 100,
the fitness tracking device 100 may receive additional data
from the companion device 300 to improve or supplement
its calibration or calorimetry processes. For example, in
some embodiments, the fitness tracking device 100 may not
include a GPS sensor as opposed to an alternative embodi-
ment in which the fitness tracking device 100 may include
a GPS sensor. In the case where the fitness tracking device
100 may not include a GPS sensor, a GPS sensor of the
companion device 300 may collect GPS location informa-
tion, and the fitness tracking device 100 may receive the
GPS location information via interface module 240 (FIG. 2)
from the companion device 300.

In another example, the fitness tracking device 100 may
not include an altimeter, as opposed to an alternative
embodiment in which the fitness tracking device 100 may
include an altimeter. In the case where the fitness tracking
device 100 may not include an altimeter or barometer, an
altimeter or barometer of the companion device 300 may
collect altitude or relative altitude information, and the
fitness tracking device 100 may receive the altitude or
relative altitude information via interface module 240 (FIG.
2) from the companion device 300.

FIG. 4 is a graph 400 showing the effect of incline on the
number of calories burned, according to some embodiments
of the present disclosure. FIG. 4 shows percentage grade
402, gradient multiplier 404, walking curve 406, and a
running curve 408.

Percentage (%) grade 402 refers to a level of incline. 0%
grade is associated with a flat surface, a negative % grade
indicates a downward incline (e.g., a user walking down-
hill), and a positive % grade indicates an upward incline
(e.g., a user walking uphill). The higher the percentage,
either positive or negative, reflects a larger incline.

Gradient multiplier 404 indicates a factor by which calo-
rie expenditure increases or decreases due to incline. For
example, as shown with respect to both the walking and
running curves 406, 408, a positive % grade is associated
with a gradient multiplier greater than 1. That is, for a user
running or walking on an upward incline, the amount of
calories calculated is adjusted by a factor greater than 1.

As shown in FIG. 4, a percentage grade 402 can have a
significant effect on calorie estimation. Assuming a perfect
work rate estimation, calorie estimation performance
degrades at 5% for walking and 1% at running. As described
in more detail below, the work rate alone does not capture
the amount of work done in the vertical axis, increasingly as
a function of grade.

Various techniques exist for determining calorie estima-
tion using measured heart rate or work rate. One technique
15 to use measured heart rate, maximum heart rate, and
resting heart rate to determine a fraction of heart rate reserve
(FHR) (referred to herein also as heart rate). Energy expen-
diture (EE), which is associated with calorie estimation, can
be determined based on a calorimetry model using a calo-
rimetry model with a parameterized function of FHR:

EE=V0,maxf{FHR) (Eq. 1)

where VO,max refers to a maximal oxygen uptake.
Energy expenditure can also be determined as a function
of work rate (WR):
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EE=(4+B*load*WR)/(efliciency) (Eq. 2)

where load refers to a resistance associated with exercise,
and efficiency refers to a ratio of work output to work input
during exercise. The values “A” and “B” can be fixed or
otherwise determined. For example, A and B can both be
obtained using statistical fits given a measured EE and a
load. The load term might take the form of sin(\theta) where
\theta corresponds to an inclination angle. The efficiency
term 1is often bundled on an average into A and B across the
fit data. In some embodiments, there is a dynamic efficiency
parameter that can be estimated as the ration of HR esti-
mated calories to the work rate estimated calories under
nominal load. Another expression of energy expenditure is
metabolic rate. Metabolic rate may be expressed in Meta-
bolic Equivalents of Task, or METs. METs indicates how
many calories a “typical” individual burns per unit of body
mass per unit of time. Calculating energy expenditure and
METs is further described in U.S. application Ser. No.
15/061,653, filed on Mar. 23, 2016 and U.S. application Ser.
No. 15/466,397, filed on Mar. 22, 2017, the contents of
which are incorporated herein in their entirety.

FIG. 5 is a graph 500 showing an error on mean METs
using work rate and heart rate models versus grade for 65
users participating in a walking experiment, according to
some embodiments of the present disclosure. FIG. 5 shows
a percentage grade 402, a percentage error from an actual
number of METs expended during the experiment 504, work
rate-METs range 506, and heart rate-METs range 508.

For the experiment used to generate the data in F1G. 5, 70
subjects participated in a walking experiment. The experi-
ment was conducted in three 5-minute segments, with speed
adjustments permitted. 65 of the 70 subjects had complete
walking data, with data sparser at grades 6% and higher.
Complete walking data here refers to data with speed, grade,
heart rate and measured EE.

For the sample of 65 subjects, a mean and standard
deviation of a percentage error of each of a work rate-based
METs calculation and heart rate-based METs calculation
from an actual number of METs expended during the
experiment 504 was calculated. The mean and two standard
deviations of error from the actual (also referred to herein as
real) METs expended is shown for each of a work rate-METs
range 506 and a heart rate-METs range 508. As shown in
FIG. 5, the higher the percentage grade, the less reliable the
work rate-based calorie expenditure estimate. The errors are
computed as a percentage of the actual EE from a metabolic
cart.

FIG. 6 is a graph 600 showing an error on mean METs
using work rate and heart rate models versus grade for 55
users participating in a running experiment, according to
some embodiments of the present disclosure. FIG. 6 shows
a percentage grade 402, a percentage error from an actual
number of METs expended during the experiment 504, work
rate-METs range 506, and heart rate-METs range 508.

For the experiment used to generate the data in F1G. 6, 62
subjects participated in a running experiment. The experi-
ment was conducted in three 5-minute segments, with speed
adjustments permitted. 55 of the 62 subjects had complete
running data, with data sparser at grades 6% and higher.
Complete running data here refers to data with speed, grade,
heart rate and measured EE.

For the sample of 55 subjects, a mean and standard
deviation of a percentage error of each of a work rate-based
METs calculation and heart rate-based METs calculation
from an actual number of METs expended during the
experiment 504 was calculated. The mean and two standard
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deviations of error from the actual (also referred to herein as
real) METs expended is shown for each of a work rate-METs
range 506 and a heart rate-METs range 508. As shown in
FIG. 6, the work rate-METs ranges 506 and heart rate-METs
ranges 508 are more accurate for running than for walking.

FIG. 7 is a graph 700 showing an error on mean METs
using work rate and heart rate models versus effort for 65
users participating in a walking expetiment, according to
some embodiments of the present disclosure. FIG. 7 shows
effort 702, a percentage error from an actual number of
METs expended during the experiment 504, work rate range
506, and heart rate range 508.

Effort 702 refers to an observed user exertion level such
as FHR (fractional heart rate reserve). As shown in FIG. 7,
a percentage error from an actual number of METs expended
during the experiment 504 associated with heart rate-METs
ranges 508 is generally over biased with increasing effort
702. The percentage error from an actual number of METs
expended during the experiment 504 associated with work
rate-METs ranges 506 is generally under biased with
increasing effort 702.

FIG. 8 is a graph 800 showing an error on mean METs
using work rate and heart rate models versus effort for 65
users participating in a running experiment, according to
some embodiments of the present disclosure. FIG. 8 shows
effort 702, a percentage error from an actual number of
METs expended during the experiment 504, work rate-
METs range 506, and heart rate-METs range 508.

As shown in FIG. 8, work rate-METs 506 appear to more
accurate than heart rate-METs 508 at lower effort levels 702.
For runners, work rate-METs 506 and heart rate-METs 508
appear to be similarly accurate.

As shown in FIGS. 5-8, computing METs using only heart
rate or work rate measurements does not accurately reflect
actual METs when an undetectable load or incline is present.
A solution is needed that makes adjustments based on
incline, load, and/or effort to gain an accurate calorie deter-
mination.

FIG. 9 is a flowchart showing a hybrid algorithm, accord-
ing to some embodiments of the present disclosure. As
shown and described above with respect to FIGS. 5-8, work
rate- and heart rate-based METs calculations display certain
patterns for different combinations of effort, grade, and type
of physical activity. As such, based on the observations
described FIGS. 5-8, a hybrid approach using both work
rate- and heart rate-based METs calculations can yield a
more accurate METs calculation for situations when the load
is unmeasurable.

Referring to step 902, the start of an exercise session is
determined. In some embodiments, the start of the exercise
session is determined by the processor of the fitness tracking
device 100 or of the companion device 300. The start of the
exercise session can be triggered by a user, or detected by
either the fitness tracking device 100 or the companion
device 300.

Referring to step 904, heart rate (HR) data and work rate
(WR) data is received. The heart rate data and work rate data
can include time stamped HR values and time stamped WR
values. In some embodiments, time-stamped WR values
refer to serial measurements of speed, power, or effort
exerted as part of an aerobic activity. That is, in some
embodiments, work rate refers to a measurement of the
physical work done as a result of the exercise. As described
above, the received heart rate data can be used to calculate
FHR. HR and WR data is received for at least a pre-
determined amount of time or periods of time. For example,
the fitness tracking device can be programmed to collect
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three periods of one minute intervals before moving to the
next step. The sampling rate can be adapted for protocol
being performed such as interval training. In some embodi-
ments, the rate is at a Nvquist rate or larger to account for
change in load. Workouts entailing more rapid load changes
can require larger sampling frequency. while more steady
state workouts can accommodate lower sampling rates. In
some embodiments, the sampling rates are chosen to be 2.56
s for the work rate and 5 s (interpolated to 2.56 s) for heart
rate.

Referring to step 906, the fitness tracking device 100 can
determine whether a HR confidence parameter is less than
0.7. HR confidence parameter (HR conf) is a quality indi-
cator obtained from the heart rate estimation algorithm. It is
a scalar value in the range 0-1.0, larger values indicating
more confident estimates of heart rate. A threshold of 0.7
was chosen to ensure optimal quality and availability of
heart rate samples. Higher thresholds could lead to fewer
samples. If so, the fitness tracking device 100 calculates a
METs value based off the measured work rate 908. If not, the
fitness tracking device 100 proceeds to the next step.

Referring to step 910, the fitness tracking device 100
determines whether a user is running and whether the user’s
FHR is greater than 0.4 or a different parameter tuned to the
fitness level of the population. In some embodiments, the
fitness tracking device 100 can determine a user is running
using the motion sensing module 220 or based on a param-
eter entered by a user. If the user is running and the user’s
FHR is greater than 0.4, the fitness tracking device 100
calculates a METs value based off the measured work rate
912. If not, the fitness tracking device 100 proceeds to the
next step.

Referring to step 914, the fitness tracking device 100
determines whether a user is walking and whether the user’s
HR-based METs is greater than 12 or a threshold chosen
based on the subject’s fitness level. If the user is walking and
the user’s HR-based METs is greater than 12, the fitness
tracking device 100 calculates a METs value based off the
measured work rate 916. If not, the fitness tracking device
100 uses the larger of the work rate-based METs calculation
and the heart rate-based METs calculation 918.

FIG. 10A is a graph 1002 showing an error on mean METs
using work rate and heart rate models versus grade for 65
users participating in a walking experiment, according to
some embodiments of the present disclosure. FIG. 10B is a
graph 1004 showing an error on mean METs using work rate
and heart rate models versus grade for 55 users participating
in a running experiment, according to some embodiments of
the present disclosure. Taken together, FIGS. 10A and 10B
show a percentage grade 402, a percentage error from an
actual number of METs expended during the experiment
504, work rate-METs range 506, heart rate-METs range 508,
and a hybrid METs range 1006.

As shown in FIGS. 10A and 10B, the hybrid METs range
is generally more accurate for both runners and walkers
across different grades than heart rate-based METs or work
rate-based METs taken individually. As such, the hybrid
approach as described herein provides for a technique to
calculate an unmeasurable load based on observations made
about measured heart rate and work rate data.

Systems and methods are disclosed herein for determining
a calorie expenditure value during an exercise session. In
some embodiments, the systems and methods include deter-
mining, by a processor of a fitness tracking device, a start of
an exercise session associated with a user; measuring, by at
least one sensor of the fitness tracking device, heart rate
values and work rate values during the exercise session;
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determining, by the at least one sensor of the fitness tracking
device, a type of exercise associated with the exercise
session, wherein the type of exercise includes running and
walking; determining, by the processor of the fitness track-
ing device, an amount of heart rate values and work rate
values being measured exceeds a threshold; calculating, by
the processor of the fitness tracking device, a heart rate-
calorie expenditure associated with the measured heart rate
values and a work rate-calorie expenditure associated with
the measured work rate values; setting, by the processor of
the fitness tracking device, a hybrid calorie expenditure
value for the exercise session based on a combination of the
measured heart rate values, the measured work rate values,
the heart rate-calorie expenditure, and the work rate-calorie
expenditure, wherein the hybrid calorie expenditure value
comprises: the work rate-calorie expenditure when: a HR
conf is less than 0.7, the type of exercise is associated with
the user running and FHR is greater than 0.4, or the type of
exercise is associated with the user walking and a METs
value associated with the heart rate-calorie expenditure is
greater than 12; a greater expenditure value of the work
rate-calorie expenditure and the heart rate-calorie expendi-
ture when: the HR conf is greater or equal than 0.7, the type
of exercise is associated with the user running and FHR is
less than or equal than 0.4, and the type of exercise is
associated with the user walking and a METs value associ-
ated with the heart rate-calorie expenditure is less than or
equal to 12.

The subject matter described herein can be implemented
in digital electronic circuitry, or in computer software,
firmware, or hardware, including the structural means dis-
closed in this specification and structural equivalents
thereof, or in combinations of them. The subject matter
described herein can be implemented as one or more com-
puter program products, such as one or more computer
programs tangibly embodied in an information carrier (e.g.,
in a machine readable storage device), or embodied in a
propagated signal, for execution by, or to control the opera-
tion of, data processing apparatus (e.g., a programmable
processor, a computer, or multiple computers). A computer
program (also known as a program, software, software
application, or code) can be written in any form of program-
ming language, including compiled or interpreted lan-
guages, and it can be deployed in any form, including as a
stand-alone program or as a module, component, subroutine,
or other unit suitable for use in a computing environment. A
computer program does not necessarily correspond to a file.
A program can be stored in a portion of a file that holds other
programs or data, in a single file dedicated to the program in
question, or in multiple coordinated files (e.g., files that store
one or more modules, sub programs, or portions of code). A
computer program can be deployed to be executed on one
computer or on multiple computers at one site or distributed
across multiple sites and interconnected by a communication
network.

The processes and logic flows described in this specifi-
cation, including the method steps of the subject matter
described herein, can be performed by one or more pro-
grammable processors executing one or more computer
programs to perform functions of the subject matter
described herein by operating on input data and generating
output. The processes and logic flows can also be performed
by, and apparatus of the subject matter described herein can
be implemented as, special purpose logic circuitry, e.g., an
FPGA (field programmable gate array) or an ASIC (appli-
cation specific integrated circuit).
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Processors suitable for the execution of a computer pro-
gram include, by way of example, both general and special
purpose microprocessors, and any one or more processor of
any kind of digital computer. Generally, a processor will
receive instructions and data from a read only memory or a
random access memory or both. The essential elements of a
computer are a processor for executing instructions and one
or more memory devices for storing instructions and data.
Generally, a computer will also include, or be operatively
coupled to receive data from or transfer data to, or both, one
or more mass storage devices for storing data, e.g., mag-
netic, magneto optical disks, or optical disks. Information
carriers suitable for embodying computer program instruc-
tions and data include all forms of nonvolatile memory,
including by way of example semiconductor memory
devices, (e.g., EPROM, EEPROM, and flash memory
devices); magnetic disks, (e.g., internal hard disks or remov-
able disks); magneto optical disks; and optical disks (e.g.,
CD and DVD disks). The processor and the memory can be
supplemented by, or incorporated in. special purpose logic
circuitry.

To provide for interaction with a user, the subject matter
described herein can be implemented on a computer having
a display device, e.g., a CRT (cathode ray tube) or LCD
(liquid crystal display) monitor, for displaying information
to the user and a keyboard and a pointing device, (e.g., a
mouse or a trackball), by which the user can provide input
to the computer. Other kinds of devices can be used to
provide for interaction with a user as well. For example,
feedback provided to the user can be any form of sensory
feedback, (e.g., visual feedback, auditory feedback, or tactile
feedback), and input from the user can be received in any
form, including acoustic, speech, or tactile input.

The subject matter described herein can be implemented
in a computing system that includes a back end component
(e.g., a data server), a middleware component (e.g., an
application server), or a front end component (e.g., a client
computer having a graphical user interface or a web browser
through which a user can interact with an implementation of
the subject matter described herein), or any combination of
such back end, middleware, and front end components. The
components of the system can be interconnected by any
form or medium of digital data communication, e.g., a
communication network. Examples of communication net-
works include a local area network (“LLAN”) and a wide area
network (“WAN”), e.g., the Internet.

It is to be understood that the disclosed subject matter is
not limited in its application to the details of construction
and to the arrangements of the components set forth in the
following description or illustrated in the drawings. The
disclosed subject matter is capable of other embodiments
and of being practiced and carried out in various ways. Also,
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.

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,
methods, and systems for carrying out the several purposes
of the disclosed subject matter. It is important, therefore, that
the claims be regarded as including such equivalent con-
structions insofar as they do not depart from the spirit and
scope of the disclosed subject matter.

Although the disclosed subject matter 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
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of implementation of the disclosed subject matter may be
made without departing from the spirit and scope of the
disclosed subject matter.

What is claimed is:
1. A method for determining an energy expenditure of a
user with a wearable device, the method comprising:
determining, by a processor circuit of the wearable
device, a start of an exercise session for the user;
detecting, by the processor circuit, an exercise type asso-
ciated with the exercise session wherein the exercise
type is walking or running;
measuring, by a heart rate sensing module of the wearable
device, heart rate data of the user, wherein the heart rate
sensing module comprises a photoplethysmogram
(PPG) sensor and the PPG sensor is configured to be
worn adjacent to the user’s skin;
applying, by the processor circuit, a first time stamp to the
measured heart rate data;
collecting, by one or more work rate sensing modules of
the wearable device, work rate data of the user;
applying, by the processor circuit, a second time stamp to
the collected work rate data;
calculating, by the processor circuit, a heart rate-based
energy expenditure based on the heart rate data mea-
sured at the first time stamp;
calculating, by the processor circuit, a work rate-based
energy expenditure based on the work rate data col-
lected at the second time stamp;
determining, by the processor circuit, an energy expen-
diture of the user based on the calculated heart rate-
based energy expenditure and the calculated work
rate-based energy expenditure; and
outputting the energy expenditure of the user.
2. The method of claim 1, wherein calculating the heart
rate-based energy expenditure comprises:
measuring, by the heart rate sensing module, a maximum
heart rate and a resting heart rate;
determining, by the processor circuit, a heart rate confi-
dence parameter based on the measured heart rate data;
calculating, by the processor circuit, a fraction of heart
rate reserve (FHR) based on the measured heart rate
data, the maximum heart rate, and the resting heart rate;
and
calculating, by the processor circuit, the heart rate-based
energy expenditure based on the FHR.
3. The method of claim 2, wherein determining the energy
expenditure of the user comprises:
determining the energy expenditure of the user as the
calculated work rate-based energy expenditure when:
the determined heart rate confidence parameter is less
than a pre-defined heart rate confidence threshold,
the detected exercise type is running and the calculated
fraction of heart rate reserve is greater than a pre-
defined fraction of heart rate reserve threshold, or
the detected exercise type is walking and a heart
rate-based metabolic equivalents of task is greater
than a pre-defined metabolic equivalents of task
threshold; and
determining the energy expenditure of the user as the
greater of the calculated heart rate-based energy expen-
diture and the calculated work rate-based energy
expenditure when:
the determined heart rate confidence parameter is
greater than or equal to a pre-defined heart rate
confidence threshold,
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the detected exercise type is running and the calculated
fraction of heart rate reserve is less than or equal to
a pre-defined fraction of heart rate reserve threshold,
or

the detected exercise type is walking and a heart
rate-based metabolic equivalents of task is less than
or equal to a pre-defined metabolic equivalents of
task threshold.
4. The method of claim 3, wherein the pre-defined meta-
bolic equivalents of task threshold is between 0 and 50.
5. The method of claim 1, wherein determining the start
of the exercise session comprises determining the start of the
exercise session in response to receiving an input from the
user.
6. The method of claim 1, wherein the one or more work
rate sensing modules comprises a motion sensing module.
7. The method of claim 6, wherein the motion sensing
module comprises at least one of an accelerometer, a gyro-
scope. a magnetometer, an altimeter, a barometer, or a GPS
sensor.
8. A system for determining an energy expenditure of a
user with a wearable device, the system comprising:
a heart rate sensing module configured to measure heart
rate data of the user, wherein the heart rate sensing
module comprises a photoplethysmogram (PPG) sen-
sor and the PPG sensor is configured to be worn
adjacent to the user’s skin;
one or more work rate sensing modules configured to
collect work rate data of the user; and
a processor circuit in communication with the heart rate
sensing module and the one or more work rate sensing
modules and configured to execute instructions causing
the processor circuit to:
determine a start of an exercise session for the user;
detect an exercise type associated with the exercise
session, wherein the exercise type is walking or
running;

apply a first time stamp to the measured heart rate data;

apple a second time stamp to the collected work rate
data;

calculate a heart rate-based energy expenditure based
on the heart rate data measured at the first time
stamp;

calculate a work rate-based energy expenditure based
on the work rate data collected at the second time
stamp;

determine an energy expenditure of the user based on
the calculated heart rate-based energy expenditure
and the calculated work rate-based energy expendi-
ture; and

output the energy expenditure of the user.

9. The system of claim 8, wherein the heart rate sensing
module is configured to measure a maximum heart rate and
a resting heart rate, and the instructions further cause the
processor circuit to:

determine a heart rate confidence parameter based on the
collected heart rate data;

calculate a fraction of heart rate reserve (FHR) based on
the collected heart rate data, the maximum heart rate,
and the resting heart rate; and

calculate a heart rate-based energy expenditure based on
the FHR.

10. The system of claim 8, wherein the instructions further

cause the processor circuit to:
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determine the energy expenditure of the user as the
calculated work rate-based energy expenditure when:
the determined heart rate confidence parameter is less
than a pre-defined heart rate confidence threshold,

the detected exercise type is running and the calculated
fraction of heart rate reserve is greater than a pre-
defined fraction of heart rate reserve, or

the detected exercise type is walking and a heart
rate-based metabolic equivalents of task is greater
than a pre-defined metabolic equivalents of task
threshold; and
determine the energy expenditure of the user as the greater
of the calculated heart rate-based energy expenditure
and the calculated work rate-based energy expenditure
when:
the determined heart rate confidence parameter is
greater than or equal to a pre-defined heart rate
confidence threshold,

the detected exercise type is running and the calculated
fraction of heart rate reserve is less than or equal to
a pre-defined fraction of heart rate reserve, or

the detected exercise type is walking and a heart
rate-based metabolic equivalents of task is less than
or equal to a pre-defined metabolic equivalents of
task threshold.

11. The system of claim 10, wherein the pre-defined

metabolic equivalents of task threshold is between 0 and 50.

12. The system of claim 8, wherein the one or more work

rate sensing modules comprises a motion sensing module.

13. The system of claim 12, wherein the motion sensing

module comprises at least one of an accelerometer, a gyro-
scope, a magnetometer, an altimeter, a barometer, or a GPS
Sensor.
14. A mobile device comprising:
a wearable case;
a heart rate sensing module disposed in the wearable case
and configured to measure heart rate data of the user,
wherein the heart rate sensing module comprises a
photoplethysmogram (PPG) sensor and the PPG sensor
is configured to be worn adjacent to the user’s skin;
one or more work rate sensing modules configured to
collect work rate data of the user; and
a processor circuit in communication with the heart rate
sensing module and the one or more work rate sensing
modules and configured to execute instructions causing
the processor circuit to:
determine a start of an exercise session for the user;
detect an exercise type associated with the exercise
session, wherein the exercise type is walking or
running;

apply a first time stamp to the measured heart rate data;

apple a second time stamp to the collected work rate
data;

calculate a heart rate-based energy expenditure based
on the heart rate data measured at the first time
stamp;

calculate a work rate-based energy expenditure based
on the work rate data collected at the second time
stamp;

determine an energy expenditure of the user based on
the calculated heart rate-based energy expenditure
and the calculated work rate-based energy expendi-
ture; and

output the energy expenditure of the user.
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