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Description

BACKGROUND

[0001] The paper "Ambulatory Energy Expenditure Es-
timation: A Machine Learning Approach" by Junaith
Ahemed Shahabdeen et al provides a machine learning
approach for accurate estimation of energy expenditure
using a fusion of accelerometer and heart rate sensing.
To address short comings in existing off-the-shelf solu-
tions, Jog Falls, an end to end system for weight man-
agement in collaboration with physicians in India, were
designed. The system is meant to enable people to ac-
curately monitor their energy expenditure and intake and
make educated trade-offs to reach their weight goals.
The paper describes the sensing components of Jog
Falls and focus on the energy expenditure estimation al-
gorithm.

SUMMARY

[0002] According to an aspect of the present disclo-
sure, there is provided a wearable electronic device com-
prising: a processor; and a sensor system providing in-
puts to the processor, the sensor system including a first
sensor and a second sensor, the first sensor being a
heart rate sensor that consumes a greater amount of
power when in operation than the second sensor, which
is an accelerometer; wherein the processor is configured
to operate in a high power mode in which both sensors
are operational and a low power mode in which the sec-
ond sensor is operational and the first sensor is not op-
erational; wherein, in the high power mode, the processor
is configured to compute a calorie expenditure about a
user for a first time period based on first data from the
first sensor; and wherein, in the low power mode, the
processor is configured to compute the calorie expend-
iture for a second time period based on: second data
from the second sensor; and the first data and/or a value
derived from the first data, wherein the value derived from
the first data comprises a first value and a second value,
the first value being a resting heart rate and the second
value being a heart rate recovery rate.
[0003] According to another aspect of the present dis-
closure, there is provided a method for estimating calorie
expenditures with a wearable electronic device, the
method comprising: operating in a high power mode in
which a first sensor and a second sensor are operational,
the first sensor being a heart rate sensor that consumes
a greater amount of power when in operation than the
second sensor, which is an accelerometer; in the high
power mode, computing a calorie expenditure about a
user for a first time period based on first data from the
first sensor; operating in a low power mode in which the
first sensor is not operational and the second sensor is
operational; and in the low power mode, computing the
calorie expenditure for a second time period based on:
second data from the second sensor; and the first data

and/or a value derived from the first data, wherein the
value derived from the first data comprises a first value
and a second value, the first value being a resting heart
rate and the second value being a heart rate recovery
rate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004]

FIGS. 1A and 1B show an example sensory-and-
logic system in the form of a wearable electronic de-
vice.
FIGS. 2A and 2B show the operation of a lifestyle
monitoring program of the wearable electronic de-
vice in a high power mode and a low power mode.
FIG. 3 is a flowchart of a method for estimating life-
style metrics with a wearable electronic device.
FIG. 4 shows a simplified schematic view of the sen-
sory-and-logic system.

DETAILED DESCRIPTION

[0005] In the pursuit of a healthy lifestyle, many people
may find it beneficial to track various lifestyle metrics such
as calories expended, distance traveled, hydration lev-
els, etc. This often may involve sensors collecting data
and a device to calculate an estimation of the lifestyle
metric based on the sensor data. The lifestyle metric may
be tracked continuously or only for a short period of time,
such as during exercise. While such lifestyle metrics pro-
vide powerful information to the user, outfitting sensors
to the human body to track such lifestyle metrics presents
many challenges. One such challenge is that operating
sensors to measure lifestyle metrics consumes power
and may shorten battery life.
[0006] Systems for estimating lifestyle metrics with a
wearable electronic device may include a wearable elec-
tronic device comprising a processor and a sensor sys-
tem providing inputs to the processor. The sensor system
may include a high power sensor that consumes a greater
amount of power when in operation than a low power
sensor. The processor may be configured to operate in
a high power mode in which both sensors are operational
and a low power mode in which the low power sensor is
operational and the high power sensor is not operational.
In the high power mode, the processor may be configured
to compute a lifestyle metric about a user for a first time
period based on first data from the high power sensor.
In the low power mode, the processor may be configured
to compute the lifestyle metric for a second time period
based on second data from the low power sensor and
the first data and/or a derivative of the first data.
[0007] FIGS. 1A and 1B show aspects of an example
sensory-and-logic system in the form of a wearable elec-
tronic device 10. The illustrated device is band-shaped
and may be worn around a wrist. Device 10 includes at
least four flexion regions 12 linking less flexible regions
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14. The flexion regions of device 10 may be elastomeric
in some examples. Fastening componentry 16A and 16B
is arranged at both ends of the device. The flexion regions
and fastening componentry enable the device to be
closed into a loop and to be worn on a user’s wrist. In
other implementations, wearable electronic devices of a
more elongate band shape may be worn around the us-
er’s bicep, waist, chest, ankle, leg, head, or other body
part. The device, for example, may take the form of eye
glasses, a head band, an arm-band, an ankle band, a
chest strap. In another implementation, the device may
be an implantable device to be implanted in tissue.
[0008] Wearable electronic device 10 includes various
functional components integrated into regions 14. In par-
ticular, the electronic device includes a compute system
18, display 20, loudspeaker 22, communication suite 24,
and various sensors. These components draw power
from one or more energy-storage cells 26. A battery--
e.g., a lithium ion battery--is one type of energy-storage
cell suitable for this purpose. Examples of alternative en-
ergy-storage cells include super-and ultra-capacitors. In
devices worn on the user’s wrist, the energy-storage cells
may be curved to fit the wrist, as shown in the drawings.
[0009] In general, energy-storage cells 26 may be re-
placeable and/or rechargeable. In some examples, re-
charge power may be provided through a universal serial
bus (USB) port 30, which includes a magnetic latch to
releasably secure a complementary USB connector. In
other examples, the energy storage cells may be re-
charged by wireless inductive or ambient-light charging.
In still other examples, the wearable electronic device
may include electro-mechanical componentry to re-
charge the energy storage cells from the user’s adventi-
tious or purposeful body motion. For example, batteries
or capacitors may be charged via an electromechanical
generator integrated into device 10. The generator may
be turned by a mechanical armature that turns while the
user is moving and wearing device 10.
[0010] In wearable electronic device 10, compute sys-
tem 18 is situated below display 20 and operatively cou-
pled to the display, along with loudspeaker 22, commu-
nication suite 24, and the various sensors. The compute
system includes a data-storage machine 27 to hold data
and instructions, and a logic machine 28 to execute the
instructions. Aspects of the compute system are de-
scribed in further detail with reference to FIG. 4.
[0011] Display 20 may be any suitable type of display.
In some configurations, a thin, low-power light emitting
diode (LED) array or a liquid-crystal display (LCD) array
may be used. An LCD array may be backlit in some im-
plementations. In other implementations, a reflective
LCD array (e.g., a liquid crystal on silicon, LCOS array)
may be frontlit via ambient light. A curved display may
also be used. Further, AMOLED displays or quantum dot
displays may be used.
[0012] Communication suite 24 may include any ap-
propriate wired or wireless communications componen-
try. In FIGS. 1A and 1B, the communications suite in-

cludes USB port 30, which may be used for exchanging
data between wearable electronic device 10 and other
computer systems, as well as providing recharge power.
The communication suite may further include two-way
Bluetooth, Wi-Fi, cellular, near-field communication
and/or other radios. In some implementations, the com-
munication suite may include an additional transceiver
for optical, line-of-sight (e.g., infrared) communication.
[0013] In wearable electronic device 10, touch-screen
sensor 32 is coupled to display 20 and configured to re-
ceive touch input from the user. The touch sensor may
be resistive, capacitive, or optically based. Pushbutton
sensors may be used to detect the state of push buttons
34, which may include rockers. Input from the pushbutton
sensors may be used to enact a home-key or on-off fea-
ture, control audio volume, turn the microphone on or off,
etc.
[0014] FIGS. 1A and 1B show various other sensors
of wearable electronic device 10. Such sensors include
microphone 36, visible-light sensor 38, ultraviolet sensor
40, and ambient temperature sensor 42. The microphone
provides input to compute system 18 that may be used
to measure the ambient sound level or receive voice com-
mands from the wearer. Input from the visible-light sen-
sor, ultraviolet sensor, and ambient temperature sensor
may be used to assess aspects of the wearer’s environ-
ment--i.e., the temperature, overall lighting level, and
whether the wearer is indoors or outdoors.
[0015] FIGS. 1A and 1B show a pair of contact sensor
modules 44A and 44B, which contact the wearer’s skin
when wearable electronic device 10 is worn. The contact
sensor modules may include independent or cooperating
sensor elements, to provide a plurality of sensory func-
tions. For example, the contact sensor modules may pro-
vide an electrical resistance and/or capacitance sensory
function, which measures the electrical resistance and/or
capacitance of the wearer’s skin. Compute system 18
may use such input to assess whether or not the device
is being worn, for instance. In some implementations, the
sensory function may be used to determine how tightly
the wearable electronic device is being worn. In the illus-
trated configuration, the separation between the two con-
tact-sensor modules provides a relatively long electrical
path length, for more accurate measurement of skin re-
sistance. In some examples, a contact sensor module
may also provide measurement of the wearer’s skin tem-
perature. Arranged inside contact sensor module 44A in
the illustrated configuration is an optical pulse rate sensor
46. The optical pulse-rate sensor may include an LED
emitter and matched photodiode to detect blood flow
through the capillaries in the skin and thereby provide a
measurement of the wearer’s pulse rate.
[0016] Wearable electronic device 10 may also include
motion sensing componentry, such as an accelerometer
48, gyroscope 50, and magnetometer 51. The acceler-
ometer and gyroscope may furnish inertial and/or rotation
rate data along three orthogonal axes as well as rotational
data about the three axes, for a combined six degrees
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of freedom. This sensory data can be used to provide a
pedometer / calorie-counting function, for example. Data
from the accelerometer and gyroscope may be combined
with geomagnetic data from the magnetometer to further
define the inertial and rotational data in terms of geo-
graphic orientation. The wearable electronic device may
also include a global positioning system (GPS) receiver
52 for determining the wearer’s geographic location
and/or velocity. In some configurations, the antenna of
the GPS receiver may be relatively flexible and extend
into flexion regions 12.
[0017] Compute system 18, via the sensory functions
described herein, is configured to acquire various forms
of information about the wearer of wearable electronic
device 10. Such information must be acquired and used
with utmost respect for the wearer’s privacy. Accordingly,
the sensory functions may be enacted subject to opt-in
participation of the wearer. In implementations where
personal data is collected on the device and transmitted
to a remote system for processing, that data may be an-
onymized. In other examples, personal data may be con-
fined to the wearable electronic device, and only non-
personal, summary data transmitted to the remote sys-
tem.
[0018] FIGS. 2A and 2B show an operation of a lifestyle
monitoring program 61 on the wearable electronic device
10 in a high power mode and a low power mode, respec-
tively. The wearable electronic device 10 may comprise
a processor 60, for example of logic machine 28, and a
sensor system providing inputs to the processor 60 via
the lifestyle monitoring program 61. The sensor system
may be the sensor suite 412 described below with refer-
ence to FIG. 4 and may include at least a first sensor and
a second sensor of the various other sensors described
above, for example. The first sensor may be a high power
sensor 62 that consumes a greater amount of power
when in operation than the second sensor, which may
be a low power sensor 64.
[0019] The processor 60 may be configured to operate
the lifestyle monitoring program 61 in a high power mode
in which both sensors 62 and 64 are operational and a
low power mode in which the low power sensor 64 is
operational and the high power sensor 62 is not opera-
tional. Accordingly, the high power sensor 62 may be
intermittently available while the low power sensor 64 is
continuously operated. Because other sensors and com-
ponents of the wearable electronic device 10 may be
running during one or both modes, a power disparity be-
tween modes of the entire device may not be the same
as that between just the high and low power sensors 62
and 64. Furthermore, regardless of the relative power
consumption of the high and low power sensors 62 and
64, more power may be consumed in the high power
mode than in the low power mode because other than
the high power sensor 62, the same sensors in operation
during the low power mode may also be in operation dur-
ing the high power mode, including the low power sensor
64.

[0020] The processor 60 may switch between modes
in response to a signal from a sensor or for various other
reasons. For example, modes may be switched if the
high power sensor 62 is not sensing properly or returns
to proper operation after not sensing properly. The
modes may also be manually switched, for instance by
a user interacting with the GUI or push buttons 34. As
one example, the user may wish to begin a workout and
track one or more lifestyle metrics more closely than dur-
ing the rest of the day when the user is relatively inactive.
[0021] In the high power mode illustrated in FIG. 2A,
the processor 60 may be configured to execute the life-
style monitoring program 61 to compute a lifestyle metric
66 about the user for a first time period based on first
data 68 from the high power sensor 62. The first data 68
may be used to calculate a derivative 70 of the first data
68. Note that the term "derivative" may be used to mean
a value or function derived in any manner from data and
is not limited to a value or function derived by differential
calculus, although a differential calculus derivation is in-
tended to fall within the scope of the word "derivative" as
used herein.
[0022] In the low power mode illustrated in FIG. 2B,
the processor 60 may be configured to compute the life-
style metric 66 for a second time period based on second
data 72 from the low power sensor 64 and the first data
68 and/or the derivative 70 of the first data 68. In both
modes, the first data 68, the derivative 70 of the first data
68, the lifestyle metric 66, and/or second data 72, if avail-
able, may be stored in or retrieved from memory 74 of
the data-storage machine 28, displayed on display 20,
or sent to or retrieved from a cloud 76. For example, in
the low power mode, the first data 68 collected during
the high power mode and/or derivative 70 of the first data
68 may be retrieved from the memory 74 and used when
computing the lifestyle metric 66 for the second time pe-
riod.
[0023] The wearable electronic device 10 may com-
prise a band wearable on a wrist of the user. The band
may be formed at least partially by the flexion regions 12
linking the less flexible regions 14, for example. As de-
scribed above, the wearable electronic device 10 may
alternatively be wearable on other body parts of the user.
[0024] In one implementation outside the scope of the
present invention, the high power sensor 62 may be the
global positioning system (GPS) receiver 52 and the low
power sensor 64 may be the accelerometer 48. The life-
style metric 66 may then be a distance traveled by the
user and the derivative 70 of the first data 68 may be a
stride length of the user. The stride length may be calcu-
lated simply by dividing the distance traveled by the user
as measured by the GPS receiver 52 (from the first data
68) by a number of steps taken as measured by the ac-
celerometer 48 (from the second data 72). In the low
power mode, if no stride length is previously recorded,
the stride length may be estimated using the physical
profile of the user, e.g. age, sex, weight, and/or height.
However, a more accurate distance may be estimated
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by using the stride length derived from the first data 68,
even when the GPS receiver 52 is currently not in oper-
ation. In this manner, the lifestyle metric 66 may be es-
timated based on the individual user rather than average
users.
[0025] The processor 60 may be further configured to
sum the lifestyle metric 66 and a previous total lifestyle
metric to obtain a current total lifestyle metric. For exam-
ple, the processor 60 may be further configured to sum
the distance traveled by the user and a previous total
distance to obtain a current total distance. The current
total distance may include distances measured during
the high and/or low power modes. If the user wishes to
accurately track his movement throughout the day, the
different modes of the wearable electronic device 10 may
allow him to do so without unduly draining the battery or
losing accuracy.
[0026] The stride length may be one of a plurality of
stride lengths, each respective stride length being calcu-
lated for an associated gait of the user. For instance,
once the lifestyle monitoring program 61 determines that
a GPS signal is strong and has minimal error, the lifestyle
monitoring program 61 may be configured to calculate
the stride length while the user is walking, jogging, or
sprinting, and save any of these stride lengths in the
memory 74. Three gaits are given as an example but any
reasonable number of gaits may be used. Each of the
stride lengths may replace an estimated stride length
based on the user’s physical profile, and the lifestyle mon-
itoring program 61 may be configured to verify that the
calculated stride lengths are within a tolerance of the es-
timated stride lengths based on the user’s profile. Then,
when the lifestyle monitoring program 61 is operating in
the low power mode, the stride length corresponding to
the user’s current movement pattern as detected by the
accelerometer 48 or another sensor may be used to bet-
ter estimate the distance traveled by the user.
[0027] One potential benefit of operating in the low and
high power modes may include lowering power con-
sumption of the wearable electronic device 10. However,
this configuration is not limited to this motivation. There
may be times the high power sensor 62 is unavailable or
useless for the situation at hand. For example, the GPS
receiver 52 may not have a strong signal due to, for in-
stance, the user walking in an underground parking ga-
rage. The GPS receiver 52 also may not provide useable
first data 68 if the user is running on a treadmill in one
location, for example. In both cases, if previously collect-
ed first data 68 is available, it may be advantageous to
operate in the low power mode and continue to calculate
the lifestyle metric 66.
[0028] In one embodiment according to the present in-
vention, the high power sensor 62 is a heart rate sensor
and the low power sensor 64 is the accelerometer 48.
The heart rate sensor may be optical pulse rate sensor
46, for example, but may also be any other type of heart
rate sensor. The lifestyle metric 66 is then a calorie ex-
penditure. As with the distance traveled in the above im-

plementation, the calorie expenditure may be summed
with a previous total calorie expenditure to obtain a cur-
rent total calorie expenditure. The current total calorie
expenditure may include calorie expenditures measured
during the high and/or low power modes. If the user wish-
es to accurately track his energy burned throughout the
day, the different modes of the wearable electronic de-
vice 10 may allow him to do so without unduly draining
the battery or losing accuracy.
[0029] The derivative 70 of the first data 68 comprises
a first derivative and a second derivative, the first deriv-
ative being a resting heart rate and the second derivative
being a recovery rate. The resting heart rate or basal
heart rate may typically be a low heart rate measured
while the user is relaxed. A value for the resting heart
rate may initially be inputted by the user before a more
accurate value is derived.
[0030] The processor 60 may be further configured to
compute the resting heart rate by collecting the first data
68 while the user is sleeping, filtering out first data 68
outside a heart rate range, and computing the resting
heart rate based on the filtered first data 68. The heart
rate range may be 35-85 BPM, as one example. In this
manner, the resting heart rate may be more accurately
estimated based on the individual user rather than aver-
age users. Without such prior or derived data, the lifestyle
monitoring program 61 may base calculations on the user
profile data, which may include user inputted values, and
estimate a less accurate heart rate and calorie expend-
iture.
[0031] The recovery rate may typically be a drop in
heart rate, usually measured in beats per minute (bpm),
from a time soon after exercise until the heart rate reach-
es a lower heart rate. More specifically, the lower heart
rate may be the resting heart rate, or the time from soon
after exercise until the lower heart rate is reached may
be a set interval, for instance, two minutes. Both the ex-
tent of the drop in heart rate and the amount of time over
which the heart rate drops may be incorporated into the
recovery rate. For example, the user may go for a run
and experience a reduction in heart rate afterward of 20
bpm over one minute. Obtaining an accurate resting
heart rate and recovery rate may enable the lifestyle mon-
itoring program 61 to more accurately estimate a current
heart rate in the absence of real-time first data 68 from
the heart rate sensor, and from the estimated heart rate,
calculate a more accurate estimate of calorie expendi-
ture. For instance, if the user exercises and then stops,
the recovery rate may determine a smooth and accurate
drop in heart rate rather than assuming a sudden change
or an average user, avoiding under- or overestimating
the calorie expenditure.
[0032] Once derived, derivatives 70 of the first data 68
may replace estimations based on user inputted values,
or even previous derivatives 70. The values may be in-
putted during an initial setup phase of the wearable elec-
tronic device 10, for example. The user may become
more or less fit over time, change environments, become
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injured, age, or otherwise deviate from the derivative 70
such that calculations based on the derivative 70 saved
in the memory 74 are no longer accurate. Likewise, data
such as the first data 68, second data 72, and the lifestyle
metric 66 may also be updated in the memory 74 over
time. In this way, the lifestyle monitoring program 61 may
adapt to changing user conditions over time.
[0033] The processor 60 may be further configured to
operate the lifestyle monitoring program 61 in a remote
mode in which the high power sensor 62 is a remote high
power sensor in a remote device connected by the cloud
76. The processor 60 may be configured to receive the
first data 68 as remote data from the remote high power
sensor and compute the lifestyle metric 66 based on the
remote data. For example, the remote device may be a
smartphone in the user’s hand or pocket. In such a con-
figuration, the wearable electronic device 10 may perform
the same operations as in the high power mode by re-
ceiving remote data from the remote device over Wi-Fi
or Bluetooth, for example, without powering the high pow-
er sensor 62 itself.
[0034] FIG. 3 is a flowchart of a method 300 for esti-
mating lifestyle metrics with a lifestyle monitoring pro-
gram on a wearable electronic device. The following de-
scription of method 300 is provided with reference to the
software and hardware components of the wearable
electronic device described above and shown in FIGS.
1A, 1B, 2A, 2B, and 4. It will be appreciated that method
300 may also be performed in other contexts using other
suitable hardware and software components.
[0035] With reference to FIG. 3, at 302 the method 300
may include operating in a high power mode in which a
first sensor and a second sensor are operational, the first
sensor being a high power sensor that consumes a great-
er amount of power when in operation than the second
sensor, which is a low power sensor.
[0036] At 304 the method 300 may include, in the high
power mode, computing a lifestyle metric about a user
for a first time period based on first data from the high
power sensor. At 306 the method 300 may include op-
erating in a low power mode in which the high power
sensor is not operational and the low power sensor is
operational. By the wearable electronic device switching
between the two modes, the low power sensor may be
continuously operated while the high power sensor is in-
termittently available. Operating in the low power mode
at least part of the time may save battery power without
an accompanying unacceptable drop in accuracy.
[0037] The first data may be used to calculate a deriv-
ative of the first data. At 308 the method 300 may include,
in the low power mode, computing the lifestyle metric for
a second time period based on second data from the low
power sensor and the first data and/or a derivative of the
first data. In both modes, the first data, the derivative of
the first data, the lifestyle metric, and/or second data, if
available, may be stored in or retrieved from memory,
displayed on a display, or sent to or retrieved from a cloud.
For example, in the low power mode, the first data col-

lected during the high power mode and/or derivative of
the first data may be retrieved from the memory and used
when computing the lifestyle metric for the second time
period.
[0038] At 310 the method 300 may include summing
the lifestyle metric and a previous total lifestyle metric to
obtain a current total lifestyle metric. If the user wishes
to accurately track her body’s condition and movement
throughout the day, the different modes of the wearable
electronic device may allow her to do so without unduly
draining the battery or losing accuracy. As mentioned
above, the wearable electronic device may comprise a
band wearable on a wrist of the user. The band may be
formed at least partially by flexion regions linking less
flexible regions, for example, and may allow the user to
wear the wearable electronic device and collect data
throughout the day.
[0039] In one implementation of the method 300 out-
side the scope of the present invention, the high power
sensor may be a global positioning system (GPS) receiv-
er and the low power sensor may be an accelerometer.
The lifestyle metric may be a distance traveled by the
user and the derivative of the first data may be a stride
length of the user. In such an implementation, at 310 the
method 300 may then include summing the distance
traveled by the user and a previous total distance to ob-
tain a current total distance. At 312 the method 300 may
include the stride length being one of a plurality of stride
lengths, each respective stride length being calculated
for an associated gait of the user. The stride length may
be calculated as above.
[0040] In another implementation of the method 300
according to the present invention, the high power sensor
is a heart rate sensor and the low power sensor is an
accelerometer. The lifestyle metric is a calorie expendi-
ture and the derivative of the first data comprises a first
derivative and a second derivative. The first derivative is
a resting heart rate and the second derivative is a recov-
ery rate. A value for the resting heart rate may initially be
inputted by the user before a more accurate value is de-
rived.
[0041] At 314 the method 300 may include computing
the resting heart rate. The resting heart rate may be com-
puted by collecting the first data while the user is sleeping
(316), filtering out first data outside a heart rate range
(318), and computing the resting heart rate based on the
filtered first data (320). In this manner, the resting heart
rate may be more accurately estimated based on the
individual user rather than average users. Without such
prior or derived data, the lifestyle monitoring program
may base calculations on the user profile data, which
may include user inputted values, and estimate a less
accurate heart rate and calorie expenditure. The recov-
ery rate may typically be defined as above.
[0042] The above described systems and methods
may be used to adaptively calculate an estimation of life-
style metrics of a user such as calories expended and
distance traveled. The system and method according to
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the present invention include a high power mode and a
low power mode in which various sensors are or are not
in operation. This approach may have the potential ad-
vantages of improving energy consumption in a wearable
electronic device, possibly leading to extended battery
life or operation time of the device.
[0043] As evident from the foregoing description, the
methods and processes described herein may be tied to
a sensory-and-logic system of one or more machines.
Such methods and processes may be implemented as
a computer-application program or service, an applica-
tion-programming interface (API), a library, firmware,
and/or other computer-program product. FIGS. 1A and
1B show one, non-limiting example of a sensory-and-
logic system to enact the methods and processes de-
scribed herein. However, these methods and process
may also be enacted on sensory-and-logic systems of
other configurations and form factors, as shown sche-
matically in FIG. 4.
[0044] FIG. 4 schematically shows a form-agnostic
sensory-and-logic system 410 that includes a sensor
suite 412 operatively coupled to a compute system 414.
The compute system includes a logic machine 416 and
a data-storage machine 418. The compute system is op-
eratively coupled to a display subsystem 420, a commu-
nication subsystem 422, an input subsystem 424, and/or
other components not shown in FIG. 4.
[0045] Logic machine 416 includes one or more phys-
ical devices configured to execute instructions. The logic
machine may be configured to execute instructions that
are part of one or more applications, services, programs,
routines, libraries, objects, components, data structures,
or other logical constructs. Such instructions may be im-
plemented to perform a task, implement a data type,
transform the state of one or more components, achieve
a technical effect, or otherwise arrive at a desired result.
[0046] Logic machine 416 may include one or more
processors configured to execute software instructions.
Additionally or alternatively, the logic machine may in-
clude one or more hardware or firmware logic machines
configured to execute hardware or firmware instructions.
Processors of the logic machine may be single-core or
multi-core, and the instructions executed thereon may
be configured for sequential, parallel, and/or distributed
processing. Individual components of a logic machine
optionally may be distributed among two or more sepa-
rate devices, which may be remotely located and/or con-
figured for coordinated processing. Aspects of a logic
machine may be virtualized and executed by remotely
accessible, networked computing devices in a cloud-
computing configuration.
[0047] Data-storage machine 418 includes one or
more physical devices configured to hold instructions ex-
ecutable by logic machine 416 to implement the methods
and processes described herein. When such methods
and processes are implemented, the state of the data-
storage machine may be transformed-e.g., to hold differ-
ent data. The data-storage machine may include remov-

able and/or built-in devices; it may include optical mem-
ory (e.g., CD, DVD, HD-DVD, Blu-Ray Disc, etc.), sem-
iconductor memory (e.g., RAM, EPROM, EEPROM,
etc.), and/or magnetic memory (e.g., hard-disk drive,
floppy-disk drive, tape drive, MRAM, etc.), among others.
The data-storage machine may include volatile, nonvol-
atile, dynamic, static, read/write, read-only, random-ac-
cess, sequential-access, location-addressable, file-ad-
dressable, and/or content-addressable devices.
[0048] It will be appreciated that data-storage machine
418 includes one or more physical devices. However,
aspects of the instructions described herein alternatively
may be propagated by a communication medium (e.g.,
an electromagnetic signal, an optical signal, etc.) that is
not held by a physical device for a finite duration.
[0049] Aspects of logic machine 416 and data-storage
machine 418 may be integrated together into one or more
hardware-logic components. Such hardware-logic com-
ponents may include field-programmable gate arrays
(FPGAs), program- and application-specific integrated
circuits (PASIC / ASICs), program- and application-spe-
cific standard products (PSSP / ASSPs), system-on-a-
chip (SOC), and complex programmable logic devices
(CPLDs), for example.
[0050] Display subsystem 420 may be used to present
a visual representation of data held by data-storage ma-
chine 418. This visual representation may take the form
of a graphical user interface (GUI). As the herein de-
scribed methods and processes change the data held by
the storage machine, and thus transform the state of the
storage machine, the state of display subsystem 420 may
likewise be transformed to visually represent changes in
the underlying data. Display subsystem 420 may include
one or more display subsystem devices utilizing virtually
any type of technology. Such display subsystem devices
may be combined with logic machine 416 and/or data-
storage machine 418 in a shared enclosure, or such dis-
play subsystem devices may be peripheral display sub-
system devices. Display 20 of FIGS. 1A and 1B is an
example of display subsystem 420.
[0051] Communication subsystem 422 may be config-
ured to communicatively couple compute system 414 to
one or more other computing devices. The communica-
tion subsystem may include wired and/or wireless com-
munication devices compatible with one or more different
communication protocols. As non-limiting examples, the
communication subsystem may be configured for com-
munication via a wireless telephone network, a local- or
wide-area network, and/or the Internet. Communication
suite 24 of FIGS. 1A and 1B is an example of communi-
cation subsystem 422.
[0052] Input subsystem 424 may comprise or interface
with one or more user-input devices such as a keyboard,
mouse, touch screen, or game controller. In some em-
bodiments, the input subsystem may comprise or inter-
face with selected natural user input (NUI) componentry.
Such componentry may be integrated or peripheral, and
the transduction and/or processing of input actions may
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be handled on- or off-board. Example NUI componentry
may include a microphone for speech and/or voice rec-
ognition; an infrared, color, stereoscopic, and/or depth
camera for machine vision and/or gesture recognition; a
head tracker, eye tracker, accelerometer, and/or gyro-
scope for motion detection and/or intent recognition; as
well as electric-field sensing componentry for assessing
brain activity. Touch-screen sensor 32 and push buttons
34 of FIGS. 1A and 1B are examples of input subsystem
424.
[0053] Sensor suite 412 may include one or more dif-
ferent sensors-e.g., a touch-screen sensor, push-button
sensor, microphone, visible-light sensor, ultraviolet sen-
sor, ambient-temperature sensor, contact sensors, opti-
cal pulse-rate sensor, accelerometer, gyroscope, mag-
netometer, and/or GPS receiver-as described above with
reference to FIGS. 1A and 1B.

Claims

1. A wearable electronic device (10) comprising:

a processor (60); and
a sensor system providing inputs to the proces-
sor (60), the sensor system including a first sen-
sor (62) and a second sensor (64), the first sen-
sor (62) being a heart rate sensor that consumes
a greater amount of power when in operation
than the second sensor (64), which is an accel-
erometer;
wherein the processor (60) is configured to op-
erate in a high power mode in which both sen-
sors (62, 64) are operational and a low power
mode in which the second sensor (64) is oper-
ational and the first sensor (62) is not operation-
al;
wherein, in the high power mode, the processor
(60) is configured to compute a calorie expend-
iture about a user for a first time period based
on first data from the first sensor (62); and
wherein, in the low power mode, the processor
(60) is configured to compute the calorie ex-
penditure for a second time period based on:

second data from the second sensor (64);
and
the first data and/or a value derived from
the first data (68),
wherein the value derived from the first data
(68) comprises a first value and a second
value, the first value being a resting heart
rate and the second value being a heart rate
recovery rate.

2. The wearable electronic device (10) of claim 1, fur-
ther comprising a band wearable on a wrist of the
user.

3. The wearable electronic device (10) of claim 1,
wherein the processor (60) is further configured to
compute the resting heart rate by:

collecting the first data (68) while the user is
sleeping;
filtering out first data (68) outside a heart rate
range; and
computing the resting heart rate based on the
filtered first data (68).

4. The wearable electronic device (10) of claim 1,
wherein the processor (60) is further configured to
operate in a remote mode in which the first sensor
(62) is a remote heart rate sensor in a remote device,
wherein the processor (60) is configured to:

receive remote data from the remote heart rate
sensor; and
compute the caloric expenditure based on the
remote data.

5. A method for estimating calorie expenditures with a
wearable electronic device (10), the method com-
prising:

operating in a high power mode in which a first
sensor (62) and a second sensor (64) are oper-
ational, the first sensor (62) being a heart rate
sensor that consumes a greater amount of pow-
er when in operation than the second sensor
(64), which is an accelerometer;
in the high power mode, computing a caloric ex-
penditure about a user for a first time period
based on first data (68) from the first sensor (62);
operating in a low power mode in which the first
sensor (62) is not operational and the second
sensor (64) is operational; and
in the low power mode, computing the calorie
expenditure for a second time period based on:

second data (72) from the low power sen-
sor; and
the first data (68) and/or a value derived
from
the first data,
wherein the value derived from the first data
comprises a first value and a second value,
the first value being a resting heart rate and
the second value being a heart rate recov-
ery rate.

Patentansprüche

1. Tragbare elektronische Vorrichtung (10) mit:

einem Prozessor (60); und

13 14 



EP 3 148 408 B1

9

5

10

15

20

25

30

35

40

45

50

55

einem Sensorsystem, das Eingaben an den
Prozessor (60) vorsieht, wobei das Sensorsys-
tem einen ersten Sensor (62) und einen zweiten
Sensor (64) enthält, wobei der erste Sensor (62)
ein Herzfrequenzsensor ist, der in Funktion eine
größere Energiemenge verbraucht als der zwei-
te Sensor (64), der ein Beschleunigungsaufneh-
mer ist;
wobei der Prozessor (60) zur Funktion in einem
Hochleistungsmodus, in dem beide Sensoren
(62, 64) funktionsfähig sind, und einem Nieder-
leistungsmodus, in dem der zweite Sensor (64)
funktionsfähig ist, und der erste Sensor (62)
nicht funktionsfähig ist, konfiguriert ist;
wobei in dem Hochleistungsmodus der Prozes-
sor (60) zum Berechnen eines Kalorienauf-
wands über einen Benutzer für einen ersten
Zeitraum, basierend auf ersten Daten von dem
ersten Sensor (62), konfiguriert ist; und
wobei in dem Niederleistungsmodus der Pro-
zessor (60) zum Berechnen des Kalorienauf-
wands für einen zweiten Zeitraum konfiguriert
ist, basierend auf:

zweiten Daten aus dem zweiten Sensor
(64); und
den ersten Daten und/oder einem Wert, ab-
geleitet von den ersten Daten (68),

wobei der von den ersten Daten (68) abgeleitete
Wert einen ersten Wert und einen zweiten Wert
umfasst, wobei der erste Wert eine Herzfre-
quenz im Ruhezustand und der zweite Wert eine
Herzfrequenzerholungsrate ist.

2. Tragbare elektronische Vorrichtung (10) nach An-
spruch 1, die weiter ein an einem Handgelenk des
Benutzers tragbares Band umfasst.

3. Tragbare elektronische Vorrichtung (10) nach An-
spruch 1, wobei der Prozessor (60) weiter zum Be-
rechnen der Herzfrequenz im Ruhezustand konfigu-
riert ist durch:

Sammeln der ersten Daten (68) während der
Benutzer schläft;
Ausfiltern erster Daten (68) außerhalb eines
Herzfrequenzbereichs; und
Berechnen der Herzfrequenz im Ruhezustand,
basierend auf den gefilterten ersten Daten (68).

4. Tragbare elektronische Vorrichtung (10) nach An-
spruch 1, wobei der Prozessor (60) weiter konfigu-
riert ist zur Funktion in einem Fernbetrieb, in dem
der erste Sensor (62) ein ferner Herzfrequenzsensor
in einer fernen Vorrichtung ist, wobei der Prozessor
(60) konfiguriert ist zum:

Empfangen ferner Daten von dem fernen Herz-
frequenzsensor; und
Berechnen des kalorischen Aufwands, basie-
rend auf den fernen Daten.

5. Verfahren zum Schätzen des Kalorienaufwands mit
einer tragbaren elektronischen Vorrichtung (10), wo-
bei das Verfahren umfasst:

Betrieb in einem Hochleistungsmodus, in dem
ein erster Sensor (62) und ein zweiter Sensor
(64) funktionsfähig sind, wobei der erste Sensor
(62) ein Herzfrequenzsensor ist, der in Funktion
eine größere Energiemenge verbraucht, als der
zweite Sensor (64), der ein Beschleunigungs-
aufnehmer ist;
in dem Hochleistungsmodus Berechnen eines
kalorischen Aufwands über einen Benutzer für
einen ersten Zeitraum, basierend auf ersten Da-
ten (68) von dem ersten Sensor (62);
Betrieb in einem Niederleistungsmodus, in dem
der erste Sensor (62) nicht funktionsfähig ist und
der zweite Sensor (64) funktionsfähig ist; und
in dem Niederleistungsmodus Berechnen des
Kalorienaufwands für einen zweiten Zeitraum,
basierend auf:

zweiten Daten (72) von dem Niederleis-
tungssensor; und
den ersten Daten (68) und/oder einem
Wert, abgeleitet von den ersten Daten,
wobei der von den ersten Daten abgeleitete
Wert einen ersten Wert und einen zweiten
Wert umfasst, wobei der erste Wert eine
Herzfrequenz im Ruhezustand ist und der
zweite Wert eine Herzfrequenzerholungs-
rate ist.

Revendications

1. Dispositif électronique portable (10) comprenant:

un processeur (60); et
un système de capteurs fournissant des entrées
au processeur (60), le système de capteurs in-
cluant un premier capteur (62) et un second cap-
teur (64), le premier capteur (62) étant un cap-
teur de fréquence cardiaque qui consomme une
plus grande quantité d’énergie en fonctionne-
ment que le second capteur (64), qui est un ac-
céléromètre;
dans lequel le processeur (60) est configuré
pour fonctionner dans un mode haute puissance
dans lequel les deux capteurs (62, 64) sont opé-
rationnels et un mode faible puissance dans le-
quel le second capteur (64) est opérationnel et
le premier capteur (62) n’est pas opérationnel;
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dans lequel, dans le mode haute puissance, le
processeur (60) est configuré pour calculer une
dépense calorique d’un utilisateur pour une pre-
mière période de temps sur la base de premiè-
res données provenant du premier capteur (62);
et
dans lequel, dans le mode faible puissance, le
processeur (60) est configuré pour calculer une
dépense calorique pour une seconde période
en se basant sur:

de secondes données provenant du second
capteur (64); et
des premières données et/ou d’une valeur
dérivée des premières données (68),
dans lequel la valeur dérivée des premières
données (68) comprend une première va-
leur et une seconde valeur, la première va-
leur étant une fréquence cardiaque au re-
pos et la seconde valeur étant une fréquen-
ce cardiaque de récupération.

2. Dispositif électronique portable (10) selon la reven-
dication 1, comprenant en outre une bande pouvant
être portée sur un poignet de l’utilisateur.

3. Dispositif électronique portable (10) selon la reven-
dication 1, dans lequel le processeur (60) est en
outre configuré pour calculer la fréquence cardiaque
au repos en:

collectant les premières données (68) lorsque
l’utilisateur est endormi ;
filtrant les premières données (68) en dehors de
la plage de la fréquence cardiaque; et
calculant la fréquence cardiaque au repos ba-
sée sur les premières données filtrées (68).

4. Dispositif électronique portable (10) selon la reven-
dication 1, dans lequel le processeur (60) est en
outre configuré pour fonctionner en mode de com-
mande à distance dans lequel le premier capteur
(62) est un capteur à distance de la fréquence car-
diaque dans un dispositif à distance, dans lequel le
processeur (60) est configuré pour:

recevoir des données à distance du capteur à
distance de la fréquence cardiaque;
et
calculer la dépense calorique basée sur les don-
nées à distance.

5. Procédé pour estimer les dépenses caloriques avec
un dispositif électronique portable (10), le procédé
comprenant:

faire fonctionner dans un mode haute puissance
dans lequel un premier capteur (62) et un se-

cond capteur (64) sont opérationnels, le premier
capteur (62) étant un capteur de fréquence car-
diaque qui consomme une plus grande quantité
d’énergie en fonctionnement que le second cap-
teur (64), qui est un accéléromètre;
en mode haute puissance, calculer une dépen-
se calorique d’un utilisateur pour une première
période sur la base de premières données (68)
provenant du premier capteur (62);
faire fonctionner dans un mode faible puissance
dans lequel le premier capteur (62) n’est pas
opérationnel et le second capteur (64) est opé-
rationnel; et
en mode faible puissance, calculer la dépense
calorique pour une seconde période de temps
basée sur:

de secondes données (72) provenant du
capteur de faible puissance; et
les premières données (68) et/ou une va-
leur dérivée des premières données,
dans lequel la valeur dérivée des premières
données comprend une première valeur et
une seconde valeur, la première valeur
étant une fréquence cardiaque au repos et
la seconde valeur étant une fréquence car-
diaque de récupération.
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