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METHODS, SYSTEMS AND DEVICES FOR
MEASURING FINGERTIP HEART RATE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of and claims priority
from co-pending U.S. patent application Ser. No. 14/156,381,
filed on Jan. 15, 2014 and entitled “Methods, Systems and
Devices for Measuring Fingertip Heart Rate,” which is incor-
porated herein by reference in its entirety. This application
also claims priority from U.S. Provisional Patent Application
No. 61/924,547 filed on Jan. 7, 2014 and entitled “Methods,
Systems and Devices for Measuring Fingertip Heart Rate,”
which is incorporated herein by reference in its entirety. This
application also claims priority, through application Ser. No.
14/156,381, from U.S. Provisional Patent Application No.
61/752,826 filed on Jan. 15, 2013 and entitled “Portable
Monitoring Devices and Methods of Operating Same,” which
is incorporated herein by reference in its entirety. This appli-
cation also claims priority through application Ser. No.
14/156,381, from U.S. Provisional Patent Application No.
61/830,600 filed on Jun. 3, 2013 and entitled “Portable Moni-
toring Devices and Methods of Operating Same.” which is
incorporated herein by reference in its entirety.

BACKGROUND

The present disclosure relates to systems and methods for
capturing bodily activity and synchronizing data transfers
between a capture device and a client device.

In recent years, the need for health and fitness has grown
tremendously. The growth has occurred due to a better under-
standing of the benefits of good fitness to overall health and
wellness. Unfortunately, although today’s modern culture has
brought about many new technologies, such as the Internet,
connected devices and computers, people have become less
active. Additionally, many office jobs require people to sit in
front of computer screens for long periods of time, which
further reduces a person’s activity levels. Furthermore, much
of today’s entertainment options involve viewing multimedia
content, computer social networking, and other types of com-
puter involved interfacing. Although such computer activity
can be very productive as well as entertaining, such activity
tends to reduce a person’s overall physical activity.

To provide users concerned with health and fitness a way of
measuring or accounting for their activity or lack thereof,
fitness trackers are often used. Fitness trackers are used to
measure activity, such as walking, motion, running, sleeping,
being inactive, bicycling, exercising on an elliptical trainer,
and the like. Usually, the data collected by such fitness track-
ers can be transferred and viewed on a computing device.
However, such data is often provided as a basic accumulation
of activity data with complicated or confusing interfaces. In
addition, updates between a tracker and a client device usu-
ally require wired connectors and/or complex syncing
schemes.

It is in this context that embodiments described herein
arise.

SUMMARY

Broadly speaking, the present invention fills these needs by
providing a system and method for detecting and measuring a
user’s heart rate. It should be appreciated that the present
invention can be implemented in numerous ways, including
as a process, an apparatus, a system, computer readable
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media, or a device. Several inventive embodiments of the
present invention are described below.

One embodiment provides an activity tracking device hav-
ing a motion sensor and a processor in a housing. The pro-
cessor configured for processing motion data produced by the
motion sensor. A display screen is integrated with the housing
to display metrics that quantify the motion data produced by
the motion sensor. A light source is integrated within the
housing to enable light to be directed out of the housing at a
heart rate monitor location on the housing and a light detector
is integrated within the housing. The light detector configured
to capture an amount of the light that is reflected back to the
light detector, at least a first portion of the light reflected back
to the light detector is reflected from a blood vessel under a
skin of a user when the user places the skin over the heart rate
monitor location on the housing. The processor is also in
communication with the light detector to process the reflected
light to identify heart beats of the user and produce an indi-
cation of a heart rate that can be displayed on the display
screen, as an option, in addition to the metrics that quantify
the motion data.

The processor can differentiate between a baseline light
scattering and reflectance signal detected between the each
one of multiple heart beats and a second light scattering and
reflectance signal corresponding to at least one heart beat in
the blood vessel. The second reflectance signal being less
than the baseline reflectance signal, where the blood vessel
scatters more of the light during the at least one heart beat than
between each one of the multiple heart beats.

The motion sensor can be one of or include an accelerom-
eter, or a global positioning sensor, or a magnetometer, or a
gyroscope, or a rotary encoder, or a calorie measurement
sensor, or a moisture measurement sensor, or a displacement
sensor, or an ultrasonic sensor, or a pedometer, or an altimeter,
or a linear motion sensor, or an angular motion sensor, or a
multi-axis motion sensor, or a combination of two or more
thereof.

The activity tracking device can also include a communi-
cation transceiver configured for communicating via at least
one a wireless network, an ambient light sensor, an indicator
for visually identifying the heart rate monitor location on the
housing and at least one infrared (IR) proximity sensor asso-
ciated with the light source and light detector. The IR prox-
imity sensor can be configured to activate the light source and
light detector upon detecting presence of the skin of the user.
Detecting presence of the skin of the user can also function to
navigate to one or more metrics of the display screen.

The activity tracking device can also include a pressure
detecting system configured for detecting a pressure applied
to the heart rate monitor location on the housing with the skin
ofthe user during the identification of heart beats. The activity
tracking device can output at least one a feedback signal
regarding the detected pressure applied to the heart rate moni-
tor location, the feedback indication being indicative of more
or less pressure desired to produce the heart rate, the feedback
signal including at least one of a visual signal, a graphic
signal, a tactile signal, and an audible signal. The pressure
detecting system can include at least one of processing of the
reflected light to identify one of an excess pressure, an insuf-
ficient pressure or an acceptable pressure from the detected
heart beats of the user, or a pressure sensor in the button.

The activity tracking device can also include a display of
one or both of waveform data or numerical data when the skin
of the user is over the heart rate monitor location and the heart
beats are being identified over a sampling time period and
upon concluding the sampling time period, displaying the
heart rate on the display screen. At least one recalled heart rate
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can be displayed on the display screen. The light detector can
be disposed next to the light source.

The heart rate can be calculated based on an algorithm that
detects multiple heart beats in the light received in the light
detector within a sampling time period, measures a first time
interval between a first beat of the detected heart beats and a
second beat of the detected heart beats and divides the sample
time interval by the first time interval to determine a first
estimate of heart beats detected within the sampling time
period. The first estimate of heart beats is extrapolated within
the sampling time period to a first estimated heart beats per
minute and the first estimate heart beats per minute is output
to the display screen.

The heart rate can be calculated based on an algorithm that
adds at least one beat to the first estimate of heart beats to
produce a second estimate of heart beats and subtracts at least
one beat from the first estimate of beats to produce a third
estimate of heart beats. The first estimate of heart beats, the
second estimate of heart beats and the third estimate of heart
beats are scored and a highest scoring estimate of heart beats
is selected and output to the display screen.

The light source and the reflected light detector can be
selected for any suitable wavelength or suitable band of wave-
lengths of light ranging from between infrared wavelengths
through a human visible spectrum to ultraviolet wavelengths.
The light source includes at least one of an infrared (IR) light
source, wherein the IR light emitted from the light source
produces a deadfront at the heart rate monitor location of the
housing or a green light source and the heart rate monitor
location includes a translucent green window.

The heart rate monitor location includes a cover that
enables infrared (IR) light of the light source or any other
wavelength of light from the light source to pass while block-
ing substantially all light in a human visible spectrum. The
light source and light detector can additionally function as a
proximity sensor to activate the display screen. The heart rate
monitor location can include a button. The button can have an
infrared (IR) light transmitting structure. The light source and
the light detector can be disposed substantially below the
button. The button can also function to navigate to one or
more metrics of the display screen. The functions to navigate
can be enabled while the heart beats are measured. The skin
can be of a finger of a user.

Another embodiment provides a method of tracking activ-
ity including sensing motion with a motion sensor, the motion
sensor including a processor. The processor is configured for
processing motion data produced by the motion sensor. Met-
rics that quantify the motion data produced by the motion
sensing can be displayed on a device display screen integrated
with a housing of the motion sensor. A directed light is emit-
ted from a light source, the light source being included in the
housing at a heart rate monitor location on the housing and an
amount of the light that is reflected back to a light detector is
captured by the light detector integrated within the housing.
At least a first portion of the light reflected back to the light
detector is reflected from a blood vessel disposed under a skin
of a user when the user places the skin over the heart rate
monitor location on the housing. The processor further being
in communication with the light detector to enable processing
of the reflected light to identify heart beats of the user and
produce an indication of a heart rate. The indication of the
heart rate being displayable on the display screen as an
option, in addition to the metrics that quantify the motion
data.

The method can also include detecting a pressure applied
to the heart rate monitor location of the housing with the skin
of the user during the identification of heart beats, the pres-
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sure being detected by a pressure detecting system included
in the housing and outputting a feedback signal regarding the
detected pressure applied to the heart rate monitor location,
the feedback indication being indicative of more or less pres-
sure desired to produce the heart rate. One or both of wave-
form data or numerical data can be displayed when the skin of
the user is over the heart rate monitor location and the heart
beats are being identified over a sampling time period. The
heart rate can be displayed on the display screen upon con-
cluding the sampling time period.

Yet another embodiment provides a heart rate monitor
including a light source and a light detector disposed to
receive light emitted from the light source and reflected from
ablood vessel disposed within in a heart rate monitor subject.
A display screen and a processor coupled to the light source,
the light detector and the display screen, are also included.

Still another embodiment provides an activity tracking
device including a housing including a motion sensor and a
processor. The processor is configured for processing motion
data produced by the motion sensor. A display screen is
integrated with the housing to display metrics that quantify
the motion data produced by the motion sensor. A light source
is also integrated within the housing to enable light to be
directed out of the housing at a heart rate monitor location on
the housing and a light detector is integrated within the hous-
ing. The light detector is configured to capture an amount of
the light that is reflected back to the light detector. At least a
first portion of the light reflected back to the light detector is
reflected from a blood vessel disposed under a skin of a user
when the user places the skin over the heart rate monitor
location on the housing. The processor is also in communi-
cation with the light detector to enable processing of the
reflected light to identify heart beats of the user and produce
an indication of a heart rate that can be displayed on the
display screen, as an option, in addition to the metrics that
quantify the motion data. Other aspects and advantages of the
invention will become apparent from the following detailed
description, taken in conjunction with the accompanying
drawings, illustrating by way of example the principles of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be readily understood by the
following detailed description in conjunction with the accom-
panying drawings.

FIG. 1A shows a block diagram of an activity tracking
device, in accordance with embodiments of the present inven-
tion

FIG. 1B illustrates an example of an activity tracking
device having a housing in the form of a wearable wrist
attachable device.

FIG. 1C llustrates another example of an activity tracking
device, in accordance with embodiments of the present inven-
tion.

FIG. 2A illustrates an example of activity tracking device
of FIG. 1A, showing some additional example components
utilized for tracking activity and motion of the device, and
associated interfaces to display screen.

FIG. 2B illustrates an example of activity tracking device
in communication with a remote device.

FIGS. 3A and 3B illustrate examples of activity tracking
devices having a heart rate measuring system in the form of'a
wearable wrist attachable device, in accordance with embodi-
ments of the present invention.
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FIGS. 3C and 3D illustrate another example of an activity
tracking device, in accordance with embodiments of the
present invention.

FIG. 4A is a flowchart diagram of heart rate measuring
system, in accordance with embodiments of the present
invention.

FIG. 4B is a graphical representation of an example series
of peaks corresponding to detected heart beats captured dur-
ing a sampling time period STP, in accordance with embodi-
ments of the present invention.

FIG. 4C is a graphical representation of the filtering pro-
cess for the above example series of peaks, in accordance with
embodiments of the present invention.

FIG. 5 is a flowchart diagram of the method operations for
detecting a heart rate, in accordance with embodiments of the
present invention.

FIGS. 6A-D illustrate different presentations of the calcu-
lated heart rate on the display screen, in accordance with
embodiments of the present invention.

FIG. 7A is a flowchart diagram of the method operations
for adjusting the user pressure on the activity tracking device
while detecting a heart rate, in accordance with embodiments
of the present invention.

FIGS. 7B and 7C show feedback signals on the activity
tracing device display, in accordance with embodiments of
the present invention.

FIG. 8 illustrates an example where various types of activi-
ties of users can be captured by activity tracking devices, in
accordance with embodiments of the present invention.

DETAILED DESCRIPTION

Several exemplary embodiments for activity tracking
devices and methods capable monitoring and displaying both
a user’s activities and the user’s heart rate will now be
described. [t will be apparent to those skilled in the art that the
present invention may be practiced without some or all of the
specific details set forth herein.

The user’s heart rate can be measured by directing a light of
a suitable wavelength into a user’s skin and capturing a por-
tion of the light reflected from a user’s blood vessel inside the
user’s body. The reflected light includes data corresponding
to the user’s heart beats. Using this heart beat data and filter-
ing methods and systems provide a rapid, accurate measure-
ment of the user’s heart rate. Thereby allowing the user to
monitor both his activity and his heart rate. Motion data from
a motion sensor within the activity tracking device can be
used to identify false heart beats and provide a more accurate
heart rate indication to the user, even while the user is engaged
in a rigorous activity.

Embodiments described in the present disclosure provide
systems, apparatus, computer readable media, and methods
for analyzing tracked activity data and providing navigation
screens and interfaces. Some embodiments are directed to
providing navigation interfaces for an activity tracking
device. The activity tracking device includes sensors for
detecting when physical contact occurs onto the activity
tracking device and logic for providing a display action to the
screen of the activity tracking device. The physical contact, in
one embodiment, can be qualified as an input when the physi-
cal contact has a particular characteristic that is predefined.
The characteristic can be, when the contact is the result of one
or more taps, e.g., physical contact to the activity tracking
device by a finger or hand of the user, or object held by a user
and used to impart the contact.

In other embodiments, the input can be non-physical, such
as proximity sensing input. The proximity sensing input can
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be processed by an infrared proximity sensor, a thermal sen-
sor, etc. The input can also be by way of a button, voice input,
gaze detected input, input processed in response to motion or
motion profiles, etc.

Tt should be noted that there are many inventions described
and illustrated herein. The present inventions are neither lim-
ited to any single aspect nor embodiment thereof, nor to any
combinations and/or permutations of such aspects and/or
embodiments. Moreover, each of the aspects of the present
inventions, and/or embodiments thereof, may be employed
alone or in combination with one or more of the other aspects
of the present inventions and/or embodiments thereof. For the
sake of brevity, many of those permutations and combinations
will not be discussed separately herein.

Further, in the course of describing and illustrating the
present inventions, various circuitry, architectures, structures,
components, functions and/or elements, as well as combina-
tions and/or permutations thereof, are set forth. It should be
understood that circuitry, architectures, structures, compo-
nents, functions and/or elements other than those specifically
described and illustrated, are contemplated and are within the
scope of the present inventions, as well as combinations and/
or permutations thereof.

FIG. 1A shows a block diagram of an activity tracking
device 100, in accordance with embodiments of the present
invention. The activity tracking device 100 is contained in a
housing 101, which may be worn or held by a user. The
housing 101 may be in the form of a wristband, a clip on
device, a wearable device, or may be held by the user either in
the user’s hand or in a pocket or attached to the user’s body.
The activity tracking device 100 includes device components
102, which may be in the form of logic, storage, and glue
logic, one or more processors, microelectronics, and interfac-
ing circuitry. In one example, the components 102 will
include a processor 106, memory 108, a wireless transceiver
110, a user interface 114, biometric sensors 116, and envi-
ronmental sensors 118.

The environmental sensors 118 may be in the form of
motion detecting sensors 118A. In some embodiments, a
motion sensor 118 A can be one or more of an accelerometer,
or a gyroscope, or a rotary encoder, or a calorie measurement
sensor, or a heat measurement sensor, or a moisture measure-
ment sensor, or a displacement sensor, or an ultrasonic sensor,
orapedometer, or an altimeter, or a linear motion sensot, or an
angular motion sensor, or a multi-axis motion sensor, or a
combination thereof.

The biometric sensors 116 can be defined to measure
physiological characteristics of the user that is using the activ-
ity tracking device 100. The user interface 114 provides a way
for communicating with the activity tracking device 100, in
response to user interaction 104. The user interaction 104 can
be in the form of physical contact (e.g., without limitation,
tapping, sliding, rubbing, multiple taps, gestures, etc.). The
biometric sensors 116 can be a one or more proximity sensors
184 capable of detecting the user’s presence or touch within
a predefined distance or proximity. The proximity sensor 184
can be an infrared (IR) proximity sensor associated with the
light source 181 and light detector 182, the IR proximity
sensor configured to activate the light source and light detec-
tor upon detecting presence of the skin of the user.

The light source 181 and the light detector 182 are located
near the external surface of the activity tracking device 100 at
a heart rate monitor location 183. The heart rate monitor
location 183 can include an indicator such as a marking or an
image so the user can easily identify the heart rate monitor
location 183. The marking or image can be a raised dot or
dimple or a depression or an image of the fingerprint or the
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heart or any other suitable indication of the heart rate monitor
location 183. The heart rate monitor location 183 can include
a cover that enables infrared (IR) light of the light source 181
to pass while blocking substantially all light in a human
visible spectrum. The heart rate monitor location 183 can
include the button 126 or be separate from the button. In one
embodiment, the button 126 has an infrared (TR) light trans-
mitting structure and the light source 181 and the light detec-
tor 182 are disposed below the button, inside the housing. The
button 126 can also provide navigation functions to one or
more metrics of the display screen 122.

In some embodiments, the user interface 114 is configured
to receive user interaction 104 that is in the form of noncon-
tactinput. The noncontact input can be by way of one or more
proximity sensors 184, button presses, touch sensitive screen
inputs, graphical user interface inputs, voice inputs, sound
inputs, etc. The activity tracking device 100 can communicate
with a client and/or server 112 using the wireless transceiver
110. The wireless transceiver 110 will allow the activity
tracking device 100 to communicate using a wireless connec-
tion, which is enabled by wireless communication logic. The
wireless communication logic can be in the form of a circuit
having radio communication capabilities. The radio commu-
nication capabilities can be in the form of'a Wi-Fi connection,
a Bluetooth connection, a low-energy Bluetooth connection,
or any other form of wireless tethering or near field commu-
nication. In still other embodiments, the activity tracking
device 100 can communicate with other computing devices
using a wired connection (not shown). As mentioned, the
environmental sensors 118 can detect motion of the activity
tracking device 100.

The motion can be activity of the user, such as walking,
running, stair climbing, etc. The motion can also be in the
form of physical contact received on any surface of the activ-
ity tracking device 110, so long as the environmental sensors
118 can detect such motion from the physical contact. As will
be explained in more detail below, the physical contact may
be in the form of a tap or multiple taps by a finger upon the
housing of the activity tracking device 100.

FIG. 1B illustrates an example of an activity tracking
device 100 having a housing 130 in the form of a wearable
wrist attachable device. The sensors of the activity tracking
device 100 can, as mentioned above, detect motion such as
physical contact that is applied and received on a surface 120
of the housing 130. In the example shown, the physical con-
tact 124 is in the form of a tap or multiple taps on the surface
120. Device components 102 are, in one embodiment, con-
tained within the housing 130. The location at which the
device components 102 are integrated into the housing 130
can vary. For example, the device components 102 can be
integrated throughout various locations around the housing
130, and not limited to the central portion of the wrist attach-
able device. In some embodiments, the device components
102 can be integrated into or with a smart watch device.

In other embodiments, the device components 102 are
positioned substantially in a central position of the wrist
attachable device, such as under or proximate to a location
where a display screen 122 is located. In the illustrated
example, the housing 130 also includes a button 126. The
button 126 can be pressed to activate the display screen 122,
navigate to various metrics displayed on the screen 122, or
turn off the screen 122.

FIG. 1C illustrates another example of an activity tracking
device 100, in accordance with embodiments of the present
invention. The form factor of the activity tracking device 100
is shown as a clickable device that includes a screen 122, a
button 126, and device components 102 integrated within the
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housing 130". The housing 130" can include a clip that allows
for attachment to clothing or articles of the user, or to simply
place the device within a pocket or holder of the user. Accord-
ingly, the physical contact 124 such as a touch or a tap, as
shown with respect to FIG. 1B, can also be implemented upon
the surface 120 of activity tracking device 100 of FIG. 1C. It
should be understood, therefore, that the form factor of the
activity tracking device 100 can take on various configura-
tions and should not be limited to the example configurations
provided herein.

FIG. 2A illustrates an example of activity tracking device
100 of FIG. 1A, showing some additional example compo-
nents utilized for tracking activity and motion of the device,
and associated interfaces to display screen 122. In this
example, the finger of a user can be used to tap and provide
physical contact 124 onto any surface 120 of activity tracking
device 100. The physical contact, when sensed by sensors 184
of the activity tracking device 100, will cause a response by
the activity tracking device 100, and therefore provide some
metric on the display screen 122. In one embodiment,
examples of a display screen 122 can include, but are not
limited to, liquid crystal display (LCD) screens, light emitting
diode (LED) screens, organic light emitting diode (OLED)
screens, plasma display screens, etc.

As shown in FIG. 2A, the activity tracking device 100
includes logic 158. Logic 158 may include activity tracking
logic 140, physical contact logic 142, display interface logic
144, alarm management logic 146, wireless communication
logic 148, processor 106, and sensors 184. Additionally, stor-
age (e.g. memory) 108, and a battery 154 can be integrated
within the activity tracking device 100. The activity tracking
logic 140 can include logic that is configured to process
motion data produced by motion sensors 118, so as to quan-
tify the motion and produce identifiable metrics associated
with the motion.

Some motions will produce and quantify various types of
metrics, such as step count, stairs climbed, distance traveled,
very active minutes, calories burned, etc. The physical con-
tact logic 142 can include logic that calculates or determines
when particular physical contact can qualify as an input. To
qualify as an input, the physical contact detected by biometric
sensors 116 should have a particular pattern that is identifi-
able as input. For example, the input may be predefined to be
a double tap input, and the physical contact logic 142 can
analyze the motion to determine if a double tap indeed
occurred in response to analyzing the sensor data produced by
sensors 116, 118.

In other embodiments, the physical contact logic can be
programmed to determine when particular physical contacts
occurred, the time in between the physical contacts, and
whether the one or more physical contacts will qualify within
predefined motion profiles that would indicate that an input is
desired. If physical contact occurs that is not within some
predefined profile or pattern, the physical contact logic will
not indicate or qualify that physical contact as an input.

The display interface logic 144 is configured to interface
with the processor and the physical contact logic to determine
when specific metric data will be displayed on the display
screen 122 of the activity tracking device 100. The display
interface logic 144 can act to turn on the screen, display
metric information, display characters or alphanumeric infor-
mation, display graphical user interface graphics, or combi-
nations thereof. Alarm management logic 146 can function to
provide a user interface and settings for managing and receiv-
ing input from a user to set an alarm. The alarm management
logic can interface with a timekeeping module (e.g., clock,



US 9,039,614 B2

9

calendar, time zone, etc.), and can trigger the activation of an
alarm. The alarm can be in the form of an audible alarm or a
non-audible alarm.

A non-audible alarm can provide such alarm by way of a
vibration. The vibration can be produced by a motor inte-
grated in the activity tracking device 100. The vibration can
be defined to include various vibration patterns, intensities,
and custom set patterns. The vibration produced by the motor
or motors of the activity tracking device 100 can be managed
by the alarm management logic 146 in conjunction with pro-
cessing by the processor 106. The wireless communication
logic 148 is configured for communication of the activity
tracking device with another computing device by way of a
wireless signal. The wireless signal can be in the form of a
radio signal. As noted above, the radio signal can be in the
form of a Wi-Fi signal, a Bluetooth signal, a low energy
Bluetooth signal, or combinations thereof. The wireless com-
munication logic can interface with the processor 106, stor-
age 108 and battery 154 of device 100, for transferring activ-
ity data, which may be in the form of motion data or processed
motion data, stored in the storage 108 to the computing
device.

In one embodiment, processor 106 functions in conjunc-
tion with the various logic components 140, 142, 144, 146,
and 148. The processor 106 can, in one embodiment, provide
the functionality of any one or all of the logic components. In
other embodiments, multiple chips can be used to separate the
processing performed by any one ofthe logic components and
the processor 106. Sensors 116, 118 can communicate via a
bus with the processor 106 and/or the logic components. The
storage 108 is also in communication with the bus for pro-
viding storage of the motion data processed or tracked by the
activity tracking device 100. Battery 154 is provided for pro-
viding power to the activity tracking device 100.

FIG. 2B illustrates an example of activity tracking device
100 in communication with a remote device 200. Remote
device 200 is a computing device that is capable of commu-
nicating wirelessly with activity tracking device 100 and with
the Internet 160. Remote device 200 can support installation
and execution of applications. Such applications can include
an activity tracking application 202. Activity tracking appli-
cation 202 can be downloaded from a server. The server 220
can be a specialized server or a server that provides applica-
tions to devices, such as an application store. Once the activity
tracking application 202 is installed in the remote device 200,
the remote device 200 can communicate or be set to commu-
nicate with activity tracking device 100 (Device A). The
remote device 200 can be a smartphone, a handheld computer,
a tablet computer, a laptop computer, a desktop computer, or
any other computing device capable of wirelessly interfacing
with Device A 100 and the Internet 160.

In one embodiment, remote device 200 communicates with
activity tracking device 100 over a Bluetooth connection. In
one embodiment, the Bluetooth connection is a low energy
Bluetooth connection (e.g., Bluetooth LE, BLE, or Bluetooth
Smart). Low energy Bluetooth is configured for providing
low power consumption relative to standard Bluetooth cir-
cuitry. Low energy Bluetooth uses, in one embodiment, a 2.4
GHz radio frequency, which allows for dual mode devices to
share a single radio antenna. In one embodiment, low energy
Bluetooth connections can function at distances up to 50
meters, with over the air data rates ranging between 1-3
megabits (Mb) per second. In one embodiment, a proximity
distance for communication can be defined by the particular
wireless link, and is not tied to any specific standard. It should
be understood that the proximity distance limitation will
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change in accordance with changes to existing standards and
in view of future standards and/or circuitry and capabilities.

Remote device 200 can also communicate with the Internet
160 using an Internet connection. The Internet connection of
the remote device 200 can include cellular connections, wire-
less connections such as Wi-Fi, and combinations thereof
(such as connections to switches between different types of
connection links). The remote device, as mentioned above,
can be a smartphone or tablet computer, or any other type of
computing device having access to the Internet and with
capabilities for communicating with the activity tracking
device 100.

A server 220 is also provided, which is interfaced with the
Internet 160. The server 220 can include a number of appli-
cations that service the activity tracking device 100, and the
associated users of the activity tracking device 100 by way of
user accounts. For example, the server 220 can include an
activity management application 224. The activity manage-
ment application 224 can include logic for providing access to
various devices 100, which are associated with user accounts
managed by server 220. Server 220 can include storage 226
that includes various user profiles associated with the various
user accounts. The user account 228a for user A and the user
account 228 for user N are shown to include various infor-
mation.

The information can include, without limitation, data asso-
ciated with a display scroll order 230, user data, etc. As will be
described in greater detail below, the display scroll order 230
includes information regarding a user’s preferences, settings,
and configurations which are settable by the user or set by
default at the server 220 when accessing a respective user
account. The storage 226 will include any number of user
profiles, depending on the number of registered users having
user accounts for their respective activity tracking devices. It
should also be noted that a single user account can have
various or multiple devices associated therewith, and the mul-
tiple devices can be individually customized, managed and
accessed by a user. In one embodiment, the server 220 pro-
vides access to auser to view the user data 232 associated with
activity tracking device.

The user data 232 viewable by the user includes the tracked
motion data, which is processed to identify a plurality of
metrics associated with the motion data. The user data 232
viewable by the user can include user heart beat and heart rate
data 232A, which is processed to identify a plurality of met-
rics associated with the user’s heart beat.

The metrics are shown in various graphical user interfaces
of a website enabled by the server 220. The website can
include various pages with graphical user interfaces for ren-
dering and displaying the various metrics for view by the user
associated with the user account. In one embodiment, the
website can also include interfaces that allow for data entry
and configuration by the user.

The configurations can include defining which metrics will
be displayed on the activity tracking device 100. In addition,
the configurations can include identification of which metrics
will be a first metric to be displayed on the activity tracking
device. The first metric to be displayed by the activity track-
ing device can be in response to a user input at the activity
tracked device 100. As noted above, the user input can be by
way of physical contact. The physical contact is qualified by
the processor and/or logic of the activity tracking device 100
to determine if the physical contact should be treated as an
input. The input can trigger or cause the display screen of the
activity tracking device 100 to be turned on to display a
specific metric, that is selected by the user as the first metric
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to display. In another embodiment, the first metric displayed
in response to the input can be predefined by the system as a
default.

The configuration provided by the user by way of the server
220 and the activity management application 224 can also be
provided by way of the activity tracking application 202 of the
computing device 200. For example, the activity tracking
application 202 can include a plurality of screens that also
display metrics associated with the captured motion data of
the activity tracking device 100. The activity tracking appli-
cation 202 can also allow for user input and configuration at
various graphical user interface screens to set and define
which input will produce display of the first metric. In other
embodiments, in addition to identifying the first metric to be
displayed in response to the input, which may be physical
contact, the configuration can allow an ordering of which
metrics will be displayed in a specific scroll order.

In another embodiment, the scroll order of the metrics is
predefined. In some embodiments, the input provided by the
user by way of the physical contact can be pre-assigned to a
specific metric in the scroll order. For example, the scroll
order can remain the same, while the input can allow the
screen to jump to a specific entry in the scroll order. Jumping
to a specific entry can be viewed as a shortcut to a specific
entry that is desired to be seen first by the user upon providing
physical contact or input to the device 100.

FIGS. 3A and 3B illustrate examples of activity tracking
devices 300, 300" having a heart rate measuring system in the
form of a wearable wrist attachable device, in accordance
with embodiments of the present invention. The form factor
of the activity tracking devices 300, 300' can be similar to the
aboveactivity tracking devices 100 and includes substantially
similar components with the addition of the heart rate mea-
suring system. The user’s finger 302 is shown touching the
activity tracking device at the heart rate monitor location 183.
The light source is emitting light 320 into the user’s skin 306.
A portion 322 of the light 320 is reflected from the user’s
blood vessel 304.

FIGS. 3C and 3D illustrate another example of an activity
tracking device 300", in accordance with embodiments of the
present invention. The form factor of the activity tracking
device 300" is shown as a clipable device that includes a
spring loaded hinge 340, a screen 122, a button 126, and
device components 102 integrated within the housing 190.
The housing 190 can be a shape capable of receiving a user’s
finger 302 and pressing down on the finger from one or both
sides of the finger. Inserting the user’s finger 302 can provide
the physical contact or tap needed to initiate certain functions
of the tracking device 100 as will be described in more detail
below.

The heart rate measuring system includes a light source
181 and a reflected light detector 182. The light source 181
and the reflected light detector 182 are located close together
in the activity tracking devices 300, 300", 300". In one
embodiment the light source 181 and the reflected light detec-
tor 182 canbe immediately adjacent. The light source 181 and
the reflected light detector 182 can be included in a single
package and/or a single integrated circuit. The light source
181 and the reflected light detector 182 can be selected for any
one suitable wavelength or suitable band of wavelengths of
light ranging from between infrared, through a human visible
spectrum to ultraviolet wavelengths. The heart rate monitor
location 183 can include a cover that enables light of the light
source to pass while blocking substantially all light in a
human visible spectrum. The cover can be a smoked filter or
other suitable filter color or shaded plastic or glass or shaded
glass, transparent or translucent glass or plastic or ceramic or
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any other suitable material capable of allowing the desired
wavelengths of light to pass through the cover. In one embodi-
ment, the light source 181 uses an infrared (IR) light and the
IR light produces a deadfront at the heart rate monitor loca-
tion 183. Where a deadfront is defined as a continuous surface
such that the cover is not easily discernable from the remain-
ing surface of the housing. A deadfront cover is substantially
hidden from the user however a light source 181 or the display
screen 122 can emits sufficient light to pass through the cover.
In another embodiment, the light source 181 can be a green
light and the heart rate monitor location 183 can include a
translucent green window.

In operation, the user places the skin 306 of a finger tip 302
or other body part over the light source 181. The light source
181 directs the light 310 into the skin 306. The light 310
passes through the skin 306 to a blood vessel 304 such as an
artery, vein, or a capillary within the finger 302. A reflected
portion 312 of the light 310 is reflected from the blood vessel
304 toward the reflected light detector 182. The light detector
182 outputs a signal corresponding to the reflected portion
312 of the light. The signal is coupled to a processor 106 for
processing configured to identify heart beats of the user and
produce an indication of a heart rate. The indication of the
heart rate can be displayed on the display screen 122.

One embodiment may use a portion of the teachings of
detecting heart beats by reflecting light from a blood vessel,
as taught, in part by “Plug-and-Play, Single-Chip Photopl-
ethysmography” by Deepak Chandrasekar, etal., pages 3243-
3246, presented 34th Annual International Conference of the
IEEE EMBS, San Diego, Calif. USA, 28 Aug.-1 Sep. 2012
which is incorporated by reference herein for all purposes.

Chandrasekar, et al, provides in pertinent part “a digital
OPS can be used as a high-performance, reflectance-mode
PPG sensor . . . LED emits light into the tissue, where it
experiences diffuse reflection from the tissue and capillary
bed. This establishes a baseline reflectance signal which is
detected atthe PD. When a pulse wave propagates through the
capillary bed, the reflectance signal falls slightly (0.5-5%)
due to light scattering. The change is detected by the PD and
processed by embedded amplification and signal processing
circuitry” (Page 3244, column 1, line 34 through column 2,
line 7 and FIG. 2). Where an OPS is defined as an optical
proximity sensor, a PPG sensor is defined as a photoplethys-
mographic sensor and a PD is defined as a photodiode.

It should be understood that the teachings described by are
Chandrasekar, et al only examples and other examples can
include different and additional processes and systems as
described in more detail throughout this disclosure. Further,
Chandrasekar, et al, fails to teach suitable filtering to provide
accurate hear rate indications. Further still, Chandrasekar, et
al, cannot discern motion caused false heart beat detections
from actual hear beat detections.

FIG. 4A is a flowchart diagram of heart rate measuring
system, in accordance with embodiments of the present
invention. The heart rate measuring system detects the heart
beats and interprets the detected heart beats to peaks. The
detected peaks include timing information corresponding to
the time interval between the detected peaks. The detected
peaks also include information of the number of detected
peaks within a selected sampling time period. The sampling
time period can be determined by extent peaks such as the first
detected peak and the last detected peak. The number of
detected peaks within the sampling time period can be used to
calculate an estimated heart rate in the form of beats per
minute. The timing of the detected peaks can be used to
evaluate the estimated heart rate to determine a best guess of
the user’s actual heart rate.
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FIG. 4B is a graphical representation 420 of an example
series of peaks corresponding to detected heart beats captured
during a sampling time period STP, in accordance with
embodiments of the present invention. The solid line peaks A,
B, C, E, G and I the dashed peak F represent the raw data
detected during the sampling time period STP.

The solid linepeaks A, B, C, E, Gand I correspond to actual
detected heart beats. The dashed peak F corresponds to a
phantom beat detection. The phantom peak F can be caused
by movement of the user’s finger or the activity tracking
device 300. The phantom peak F can be caused by noise or
some other cause.

The dotted peaks D and H correspond to approximate
occurrences of heart beats that should have been detected,
based on the timing of the actually detected peaks A, B, C, E,
G and I. The dotted peaks D and H are not actually detected
peaks and are shown in the graphical representation 420 for
reference purposes as will be described in more detail below.

The raw heart beat data is next filtered to determine a best
guess heart rate. FIG. 4C is a graphical representation 450 of
the filtering process for the above example series of peaks, in
accordance with embodiments of the present invention. The
peaks A-I are transferred to FIG. 4C as a reference. Each of
the horizontal lines of small circles represents a different
estimate of peaks. Six actual peaks A, B, C, E, G and I
correspond to six actual heart beats that were detected and one
phantom peak F was detected giving a total of seven detected
peaks.

Human heart beats are typically substantially evenly
spaced, thus the seven detected peaks are separated by even
time intervals across the sampling time period STP as shown
in the estimated 7 peaks detected line. However, the filtering
process evaluates the detection process to determine if the
initial estimate of seven peaks is accurate as described in FIG.
5.

FIG. 5 is a flowchart diagram of the method operations 500
for detecting a heart rate, in accordance with embodiments of
the present invention. In an operation 505, the user touches
the heart rate monitor location 183 and/or presses the button
126 on the activity monitor to initiate the heart rate detection.
The light source 181 and detector 182 are located inside the
activity tracking device near the heart rate detector heart rate
monitor location 183. The heart rate monitor location 183 can
include a proximity sensor and/or the button 126 as described
above.

In an operation 510, the light source 181 emits a light 320
into the user’s skin and at least a portion of the light 322 is
reflected off of a blood vessel 304 inside the user’s skin. The
detector 182 receives the reflected light 322 in an operation
515 and outputs the raw data of the detected beats within a
sampling time period STP, as shown in FIG. 4B, to the pro-
cessor 106 in an operation 520. The raw data of the detected
beats is refined and evaluated to produce a more accurate
heart rate.

As shown in FIG. 4C, the initial estimate of the seven
detected heart beats are illustrated as seven, evenly spaced
peaks. In an operation 525 at least one beat is added to the
initial estimate of seven beats to produce a corresponding at
least one added estimate. In the example above two peaks are
added resulting in corresponding added estimates of an eight
beat estimate and a nine beat estimate. It should be under-
stood that only one or more than two beats could be added.

Inan operation 530, at least one peak is subtracted from the
initial estimate of seven beats to produce a corresponding at
least one subtracted estimate. In the example above two beats
are subtracted resulting in corresponding subtracted esti-
mates of a six beat estimate and a five beat estimate. It should
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be understood that only one or more than two beats could be
subtracted. As shown in the graphical representation 450,
estimated lines of beats corresponding to five, six, eight and
nine peaks are shown evenly distributed across the sampling
time period STP.

Inan operation 535, each ofthe five estimated lines of beats
are compared to the actually detected peaks A, B,C, E, F, G
and I to determine how well each line of beats scores as most
closely matching the actually detected peaks A, B, C, E, F, G
and I. By way of example, the five beats estimate line closely
corresponds to only actually detected peak A and phantom
peak F resulting in a corresponding score of 2. Further, the six
beats estimate line closely corresponds to only actually
detected peaks A, E and G resulting in a corresponding score
of 3. Further, the initial estimate of seven beats estimate line
closely corresponds to only actually detected peaks A, B and
C and phantom peak F resulting in a corresponding score of 4.
The eight beats estimate line closely corresponds to peaks A,
B, C, E, G and I resulting in a corresponding score of 6.
Finally, the nine beats estimate line closely corresponds to
peaks A, B, C and I and phantom peak F resulting in a
corresponding score of 5.

In an operation 540, the eight beats estimate provides the
highest score of 6 and is therefore selected as a potential heart
rate for further evaluation. However, only seven peaks were
detected by the heart rate monitoring system and thus the
eight beats potential heart rate could be an error.

In an operation 545, intervals between the seven detected
beats are measured. Recall that human heart beats are sub-
stantially evenly spaced and there are three substantially
evenly spaced peaks A, B, C in the seven detected beats. The
time interval between the substantially evenly spaced peaks
A, B, C is selected as a potential beat interval.

In an operation 550, the potential beat interval is compared
to the remaining detected beat intervals between peaks C and
E, between peaks E and F, between peaks F and G, and
between peaks G and I to identify any timing intervals closely
corresponding to whole number multiples of the potential
beat interval so as to identify missed beats. In the above
example, missed peak D is found between detected peaks C
and E and missed peak H is found between detected peaks G
and 1. The timing intervals between peaks E and F and
between peaks F and G are substantially less than the poten-
tial beat interval and thus peak F is identified as a phantom
peak and the phantom peak F is eliminated in an operation
555,

In an operation 560, the estimated heart beats are scored
similar to the scoring in operation 535 above. The combina-
tion of the actually detected peaks A, B, C, E, G and [ and the
missed peaks D and H can be evaluated for each of the
estimated lines of beats. The eight beats potential heart rate
would yield aresulting score of 8, which would be higher than
the scores of 3, 2, 3, 4 corresponding to five, six, seven and
nine beats estimate lines, respectively. The eight beats poten-
tial heart rate can therefore be determined as the best guess in
an operation 565.

In an operation 570, the processor 106 calculates the heart
rate. The sampling time period STP is extrapolated to 60
seconds and the corresponding heart rate in heart beats per
minute is output to the display screen. By way of example, the
sampling time period STP is 5.2 seconds in the above
example. And 60 seconds divided by 5.2 seconds is equal to
11.54. And further, 11.54 multiplied by the seven time inter-
vals between the evenly spaced estimated eight beats yields a
calculated heart rate of 81 beats per minute. In an operation
575, the processor 106 outputs the calculated heart rate to the
display screen 122.
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Tt should be noted that the heart rate measuring system can
continue to detect, refine and filter the detected heart beats as
long as the user’s skin is in sufficiently close proximity to the
light source 181 and detector 182.

FIGS. 6A-D illustrate different presentations of the calcu-
lated heart rate on the display screen 122, in accordance with
embodiments of the present invention. By way of example, in
FIG. 6A the initially detected heart beats are displayed as
peaks 602 and the heart rate 610 is displayed numerically “61
HRT”. As the user’s finger remains on the activity tracking
device the heart rate is more accurately detected and the
displayed heart rate 610 is updated as shown in FIG. 6B. As
shown in FIG. 6C the detected heart beats are displayed as
lines 612 and as a sinewave 614 in FIG. 6D. It should be noted
these examples are merely some examples of displaying the
user’s heart rate and others examples could include flashing
aniconoraportion of or the entire the display 122 or vibrating
the activity tracking device in time with the detected heart
beats and combinations thereof.

FIG. 7A is a flowchart diagram of the method operations
for adjusting the user pressure on the activity tracking device
while detecting a heart rate, in accordance with embodiments
of the present invention. FIGS. 7B and 7C show feedback
signals on the activity tracing device display, in accordance
with embodiments of the present invention. The button 126
can also include a pressure sensor that can be used to deter-
mine the user’s pressure on the heart rate monitor location
183. In one embodiment, the pressure sensor can include at
least one of a strain gauge, a push resistance built into the
button 126, or a force sensitive film under, within or on a
surface of the button and combinations thereof and any other
suitable pressure sensor.

Alternatively, the excessive pressure or insufficient pres-
sure can degrade the quality of the heart beat data in the
reflected light 322 to a level that the heart rate cannot be
suitably monitored. Similarly, the user’s motion, such as run-
ning, can interfere with and produce artifacts and false read-
ings. The processor 106 can use the motion sensor to identify
and filter out the falsely detected heartbeats from the detected
heart beats. By way of example, the processor can detect
when the user steps down and the vibration through the user’s
body and identify a detected heart beat coinciding with the
step as a suspected false heart beat.

From operation 520 in FIG. 5 above, the processor may
determine that the detected heart beats are too erratic to accu-
rately measure in an operation 710. The detected heart beats
are too erratic can be too erratic due to pressing the user’s
fingertoo lightly or too hard on the activity tracking device. In
an operation 715, a feedback to the user is provided to
increase pressure on the activity tracking device. As shown in
FIG. 7B the increase pressure feedback can be in the form of
one or more arrows pointing down or toward the user’s finger.
Alternatively, the activity device can flash a portion or all of
the display 122 or display words such as “press down” or
icons, or vibrate or other suitable tactile feedback, visual
feedback, or audible feedback to the user.

The detected heart beats are constantly monitored for
usability, in an operation 720. If increasing the pressure pro-
vides usable heart beat data then the method operations return
to operation 525 in FIG. 5. If increasing the pressure does not
provide usable heart beat data then the method operations
continue in an operation 725 where the user is provided
feedback to decrease the pressure on the activity tracking
device. As shown in FIG. 7C the decrease pressure feedback
can be in the form of one or more arrows pointing up or away
from the user’s finger. Alternatively, the activity device can
flash a portion or all of the display 122 or display icons or
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words such as “lighten up” or vibrate or other suitable tactile
feedback, visual feedback, or audible feedback to the user.

The detected heart beats are constantly monitored for
usability, in an operation 730. If decreasing the pressure pro-
vides usable heart beat data then the method operations return
to operation 525 in FIG. 5. If decreasing the pressure does not
provide usable heart beat data then the method operations
continue in operation 715 as described above.

FIG. 8 illustrates an example where various types of activi-
ties of users 800A-8001 can be captured by activity tracking
devices 100, in accordance with embodiments of the present
invention. As shown, the various types of activities can gen-
erate different types of data that can be captured by the activ-
ity tracking device 100. The data, which can be represented as
motion data (or processed motion data) can be transferred 820
to a network 176 for processing and saving by a server, as
described above. In one embodiment, the activity tracking
device 100 can communicate to a device using a wireless
connection, and the device is capable of communicating and
synchronizing the captured data with an application running
on the server. In one embodiment, an application running on
alocal device, such as a smart phone or tablet or smart watch
can capture or receive data from the activity tracking device
100 and represent the tract motion data in a number of met-
rics.

In one embodiment, the device collects one or more types
of physiological and/or environmental data from embedded
sensors and/or external devices and comniunicates or relays
such metric information to other devices, including devices
capable of serving as Internet-accessible data sources, thus
permitting the collected data to be viewed, for example, using
a web browser or network-based application. For example,
while the user is wearing an activity tracking device, the
device may calculate and store the user’s step count using one
or more sensors. The device then transmits data representa-
tive of the user’s step count to an account on a web service,
computer, mobile phone, or health station where the data may
be stored, processed, and visualized by the user. Indeed, the
device may measure or calculate a plurality of other physi-
ological metrics in addition to, or in place of, the user’s step
count.

Some physiological metrics include, but are not limited to,
energy expenditure (for example, calorie burn), floors
climbed and/or descended, heart rate, heart rate variability,
heart rate recovery, location and/or heading (for example,
through GPS), elevation, ambulatory speed and/or distance
traveled, swimming lap count, bicycle distance and/or speed,
blood pressure, blood glucose, skin conduction, skin and/or
body temperature, electromyography, electroencephalogra-
phy, weight, body fat, caloric intake, nutritional intake from
food, medication intake, sleep periods (i.e., clock time), sleep
phases, sleep quality and/or duration, pH levels, hydration
levels, and respiration rate. The device may also measure or
calculate metrics related to the environment around the user
such as barometric pressure, weather conditions (for
example, temperature, humidity, pollen count, air quality,
rain/snow conditions, wind speed), light exposure (for
example, ambient light, UV light exposure, time and/or dura-
tion spent in darkness), noise exposure, radiation exposure,
and magnetic field.

Still further, other metrics can include, without limitation,
calories burned by a user, weight gained by a user, weight lost
by a user, stairs ascended, e.g., climbed, etc., by a user, stairs
descended by a user, variation in the user’s altitude, steps
taken by a user during walking or running, a number of
rotations of a bicycle pedal rotated by a user, sedentary activ-
ity data, driving a vehicle, a number of golf swings taken by
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a user, a number of forehands of a sport played by a user, a
number of backhands of a sport played by a user. or a com-
bination thereof. In some embodiments, sedentary activity
data is referred to herein as inactive activity data or as passive
activity data. In some embodiments, when a user is not sed-
entary and is not sleeping, the user is active. In some embodi-
ments, a user may stand on a monitoring device that deter-
mines a physiological parameter of the user. For example, a
user stands on a scale that measures a weight, a body fat
percentage, a biomass index, or a combination thereof, of the
user.

Furthermore, the device or the system collating the data
streams may calculate metrics derived from this data. For
example, the device or system may calculate the user’s stress
and/or relaxation levels through a combination of heart rate
variability, skin conduction, noise pollution, and sleep qual-
ity. In another example, the device or system may determine
the efficacy of a medical intervention (for example, medica-
tion) through the combination of medication intake, sleep
and/or activity data. In yet another example, the device or
system may determine the efficacy of an allergy medication
through the combination of pollen data, medication intake,
sleep and/or activity data. These examples are provided for
illustration only and are not intended to be limiting or exhaus-
tive.

This information can be associated to the users account,
which can be managed by an activity management applica-
tion on the server. The activity management application can
provide access to the users account and data saved thereon.
The activity manager application running on the server can be
in the form of a web application. The web application can
provide access to a number of websites screens and pages that
illustrate information regarding the metrics in various for-
mats. This information can be viewed by the user, and syn-
chronmized with a computing device of the user, such as a smart
phone.

In one embodiment, the data captured by the activity track-
ing device 100 is received by the computing device, and the
data is synchronized with the activity measured application
on the server. In this example, data viewable on the computing
device (e.g. smart phone) using an activity tracking applica-
tion (app) can be synchronized with the data present on the
server, and associated with the user’s account. In this way,
information entered into the activity tracking application on
the computing device can be synchronized with application
illustrated in the various screens of the activity management
application provided by the server on the website.

The user can therefore access the data associated with the
user account using any device having access to the Internet.
Data received by the network 176 can then be synchronized
with the user’s various devices, and analytics on the server
can provide data analysis to provide recommendations for
additional activity, and or improvements in physical health.
The process therefore continues where data is captured, ana-
lyzed, synchronized, and recommendations are produced. In
some embodiments, the captured data can be itemized and
partitioned based on the type of activity being performed, and
such information can be provided to the user on the website
via graphical user interfaces, or by way of the application
executed on the users smart phone (by way of graphical user
interfaces).

In an embodiment, the sensor or sensors of a device 100 can
determine or capture data to determine an amount of move-
ment of the monitoring device over a period of time. The
sensors can include, for example, an accelerometer, a mag-
netometer, a gyroscope, or combinations thereof. Broadly
speaking, these sensors are inertial sensors, which capture
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some movement data, in response to the device 100 being
moved. The amount of movement (e.g., motion sensed) may
occur when the user is performing an activity of climbing
stairs over the time period, walking, running, etc. The moni-
toring device may be worn on a wrist, carried by a user, worn
on clothing (using a clip, or placed in a pocket), attached to a
leg or foot, attached to the user’s chest, waist, or integrated in
an article of clothing such as a shirt, hat, pants, blouse,
glasses, and the like. These examples are not limiting to all the
possible ways the sensors of the device can be associated with
a user or thing being monitored.

In other embodiments, a biological sensor can determine
any number of physiological characteristics of a user. As
another example, the biological sensor may determine heart
rate, ahydrationlevel, body fat, bone density, fingerprint data,
sweat rate, and/or a bioimpedance of the user. Examples of
the biological sensors include, without limitation, a biometric
sensor, a physiological parameter sensor, a pedometer, or a
combination thereof.

In some embodiments, data associated with the user’s
activity can be monitored by the applications on the server
and the users device, and activity associated with the user’s
friends, acquaintances, or social network peers can also be
shared, based on the user’s authorization. This provides for
the ability for friends to compete regarding their fitness,
achieve goals, receive badges for achieving goals, get remind-
ers for achieving such goals, rewards or discounts for achiev-
ing certain goals, etc.

In some embodiments the heart beats are detected by pro-
cessing the light received in the light detector, within the
sampling time period. A first time interval between a first beat
of the detected heart beats and a second heart beat is mea-
sured. The sample time interval can be divided by the first
time interval to determine a first estimate of heart beats
detected within the sampling time period and the first esti-
mate of heart beats within the sampling time period can be
extrapolated to a first estimated heart beats per minute. The
first estimate heart beats per minute can be output to the
display screen. At least one beat can be added to the first
estimate of heart beats to produce a second estimate of heart
beats that can be scored with the first estimate of heart beats.
A highest scoring of the first estimate of heart beats and the
second estimate of heart beats can be selected and output to
the display screen.

In another embodiment, at least one beat can be subtracted
from the first estimate of beats to produce a third estimate of
heart beats. The first estimate of heart beats and the third
estimate of heart beats can be scored. A highest scoring of the
first estimate of heart beats and the third estimate of heart
beats can be selected and output to the display screen.

In another embodiment, identifying the heart beats of the
user and producing an indication of a heart rate can include
identifying and filtering a falsely detected heart beat coincid-
ing with motion detected by the motion sensor. By way of
example, a user’s motion may be erroneously identified as a
heart beat. The processor can compare detected motion (i.e.,
motion data, instantaneous shocks, etc.) to the detected heart
beats and identify heart beats that coincide with motion data.
Further, as the motion data and heart beat data are compiled
over time, detected motions that often produce corresponding
erroneously detected heart beats can be identified and filtered
from the detected heart beats.

In another embodiment, activity tracking device includes a
housing including a motion sensor and a processor. The pro-
cessor 1s configured for processing motion data produced by
the motion sensor. A display screen is integrated with the
housing to display metrics that quantify the motion data pro-
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duced by the motion sensor. A light source is integrated
within the housing to enable light to be directed out of the
housing at a heart rate monitor location on the housing. A
light detector is also integrated within the housing. The light
detector is configured to capture an amount of the light that is
reflected back to the light detector, at least a first portion of the
light reflected back to the light detector is reflected from a
blood vessel disposed under a skin of a user when the user
places the skin over the heart rate monitor location on the
housing. The processor can be in communication with the
light detector to enable processing of the reflected light to
identify heart beats of the user and produce an indication of a
heart rate. The indication of the heart rate being displayable
on the display screen as an option, in addition to the metrics
that quantify the motion data. The heart rate can be calculated
based on an algorithm that calculates a first estimate of heart
beats per minute corresponding to detected heart beats in the
light received in the light detector within a sampling time
period. A refined estimate of heart beats per minute can be
calculated by adding at least one beat to the first estimate of
heart beats to produce a second estimate of heart beats and
subtracting at least one beat from the first estimate of beats to
produce a third estimate of heart beats. The first estimate of
heart beats, the second estimate of heart beats and the third
estimate of heart beats are scored and a highest scoring esti-
mate of heart beats is selected and output to the display
screen.

Asnoted, an activity tracking device 100 can communicate
with a computing device (e.g., a smartphone, a tablet com-
puter, a desktop computer, or computer device having wire-
less communication access and/or access to the Internet). The
computing device, in turn, can communicate over a network,
such as the Internet or an Intranet to provide data synchroni-
zation. The network may be a wide area network, a local area
network, or a combination thereof. The network may be
coupled to one or more servers, one or more virtual machines,
or a combination thereof. A server, a virtual machine, a con-
troller of a monitoring device, or a controller of a computing
device is sometimes referred to herein as a computing
resource. Examples of a controller include a processor and a
memory device.

In one embodiment, the processor may be a general pur-
pose processor. In another embodiment, the processor can be
a customized processor configured to run specific algorithms
or operations. Such processors can include digital signal pro-
cessors (DSPs), which are designed to execute or interact
with specific chips, signals, wires, and perform certain algo-
rithms, processes, state diagrams, feedback, detection, execu-
tion, or the like. In some embodiments, a processor can
include or be interfaced with an application specific inte-
grated circuit (ASIC), a programmable logic device (PLD), a
central processing unit (CPU), or a combination thereof, etc.

In some embodiments, one or more chips, modules,
devices, or logic can be defined to execute instructions or
logic, which collectively can be viewed or characterized to be
a processor. Therefore, it should be understood that a proces-
sor does not necessarily have to be one single chip or module,
but can be defined from a collection of electronic or connect-
ing components, logic, firmware, code, and combinations
thereof.

Examples of a memory device include a random access
memory (RAM) and a read-only memory (ROM). A memory
device may be a Flash memory, a redundant array of disks
(RAID), a hard disk, or a combination thereof.

Embodiments described in the present disclosure may be
practiced with various computer system configurations
including hand-held devices, microprocessor systems, micro-
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processor-based or programmable consumer electronics,
minicomputers, mainframe computers and the like. Several
embodiments described in the present disclosure can also be
practiced in distributed computing environments where tasks
are performed by remote processing devices that are linked
through a wire-based or wireless network.

With the above embodiments in mind, it should be under-
stood that a number of embodiments described in the present
disclosure can employ various computer-implemented opera-
tions involving data stored in computer systems. These opera-
tions are those requiring physical manipulation of physical
quantities. Any of the operations described herein that form
part of various embodiments described in the present disclo-
sure are useful machine operations. Several embodiments
described in the present disclosure also relate to a device or an
apparatus for performing these operations. The apparatus can
be specially constructed for a purpose, or the apparatus can be
a computer selectively activated or configured by a computer
program stored in the computer. In particular, various
machines can be used with computer programs written in
accordance with the teachings herein, or it may be more
convenient to construct a more specialized apparatus to per-
form the required operations.

Various embodiments described in the present disclosure
can also be embodied as computer-readable code on a non-
transitory computer-readable medium. The computer-read-
able medium is any data storage device that can store data,
which can thereafter be read by a computer system. Examples
of the computer-readable medium include hard drives, net-
work attached storage (NAS), ROM, RAM, compact disc-
ROMs (CD-ROMs), CD-recordables (CD-Rs), CD-rewrit-
ables (RWs), magnetic tapes and other optical and non-
optical data storage devices. The computer-readable medium
can include computer-readable tangible medium distributed
over a network-coupled computer system so that the com-
puter-readable code is stored and executed in a distributed
fashion.

Although the method operations were described in a spe-
cific order, it should be understood that other housekeeping
operations may be performed in between operations, or
operations may be performed in an order other than that
shown, or operations may be adjusted so that they occur at
slightly different times, or may be distributed in a system
which allows the occurrence of the processing operations at
various intervals associated with the processing.

Although the foregoing embodiments have been described
in some detail for purposes of clarity of understanding, it will
be apparent that certain changes and modifications can be
practiced within the scope of the appended claims. Accord-
ingly, the present embodiments are to be considered as illus-
trative and not restrictive, and the various embodiments
described in the present disclosure are not to be limited to the
details given herein, but may be modified within the scope
and equivalents of the appended claims.

What is claimed is:
1. An activity tracking device, comprising,
a housing, the housing including:

a motion sensor and a processor, the processor config-
ured for processing motion data produced by the
motion sensor;

a display screen integrated with the housing to display
metrics that quantify the motion data produced by the
motion sensor;

a light source integrated within the housing to enable
light to be directed out of the housing at a heart rate
monitor location on the housing; and
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a light detector integrated within the housing, the light
detector configured to capture an amount of the light
thatis reflected back to the light detector, at least a first
portion of the light reflected back to the light detector
is reflected from a blood vessel under a skin of a user
when the user places the skin over the heart rate moni-
tor location on the housing, the processor further
being in communication with the light detector to
enable processing of the reflected light, the process-
ing configured to identify heart beats of the user and
produce an indication of a heart rate, the indication of
the heart rate being displayable on the display screen
as an option, in addition to the metrics that quantify
the motion data, the processor including computer
executable instructions for measuring a baseline
reflectance signal of the light reflected from the blood
vessel between each one of a plurality of heart beats
and for detecting a second reflectance signal corre-
sponding to at least one heart beat in the blood vessel,
the second reflectance signal being less than the base-
line reflectance signal, where the blood vessel scatters
more of the light during the at least one heart beat than
between each one of the plurality of heart beats,
wherein the heart rate monitor location includes a
button and the button has an infrared (IR) light trans-
mitting structure, the light source and the light detec-
tor are disposed substantially below the button.

2. The activity tracking device of claim 1, wherein the
motion sensor is one of or includes an accelerometer, or a
global positioning sensor, or a magnetometer, or a gyroscope,
or a rotary encoder, or a calorie measurement sensor, or a
moisture measurement sensor, or a displacement sensor, or an
ultrasonic sensor, or a pedometer, or an altimeter, or a linear
motion sensor, or an angular motion sensor, or a multi-axis
motion sensor, or a combination of two or more thereof.

3. The activity tracking device of claim 1, further compris-
ing:

a communication transceiver configured for communicat-

ing via at least one a wireless network;

an ambient light sensor; and

an indicator for visually identifying the heart rate monitor

location on the housing.

4. The activity tracking device of claim 1, further compris-
ing, at least one infrared (IR) proximity sensor associated
with the light source and light detector, the IR proximity
sensor configured to activate the light source and light detec-
tor upon detecting presence of the skin of the user, wherein
detecting presence of the skin of the user further functions to
navigate to one or more metrics of the display screen.

5. The activity tracking device of claim 1, further compris-
ing,

apressure detecting system configured for detecting a pres-

sure applied to the heart rate monitor location on the

housing with the skin of the user during the identifica-
tion of heart beats; and

the activity tracking device outputs at least one a feedback

signal regarding the detected pressure applied to the
heart rate monitor location, the feedback indication
being indicative of more or less pressure desired to pro-
duce the heart rate, the feedback signal including at least
one of a visual signal, a graphic signal, a tactile signal,
and an audible signal.

6. The activity tracking device of claim 5, wherein the
pressure detecting system includes at least one of a group
consisting of:
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processing of the reflected light, the processing configured

to identify one of an excess pressure, an insufficient

pressure or an acceptable pressure from the detected
heart beats of the user; or

a pressure sensor disposed near light source and the light

detector.

7. The activity tracking device of claim 1, further compris-
ing, the display screen including one or both of waveform
data or numerical data when the skin of the user is over the
heart rate monitor location and the heart beats are being
identified over a sampling time period; and

upon concluding the sampling time period, displaying the

heart rate on the display screen.

8. The activity tracking device of claim 7, further compris-
ing, at least one recalled heart rate displayed on the display
screen.

9. The activity tracking device of claim 1, wherein the light
detector is disposed next to the light source.

10. An activity tracking device, comprising:

a housing, the housing including:

a motion sensor and a processot, the processor config-
ured for processing motion data produced by the
motion sensor;

a display screen integrated with the housing to display
metrics that quantify the motion data produced by the
motion sensor;

a light source integrated within the housing to enable
light to be directed out of the housing at a heart rate
monitor location on the housing; and

a light detector integrated within the housing, the light

detector configured to capture an amount of the light that
is reflected back to the light detector, at least a first
portion of the light reflected back to the light detector is
reflected from a blood vessel under a skin of a user when
the user places the skin over the heart rate monitor loca-
tion on the housing, the processor further being in com-
munication with the light detector to enable processing
of the reflected light, the processing configured to iden-
tify heart beats of the user and produce an indication of
a heart rate, the indication of the heart rate being dis-
playable on the display screen as anoption, in addition to
the metrics that quantify the motion data, the processor
including computer executable instructions for measur-
ing a baseline reflectance signal of the light reflected
from the blood vessel between each one of a plurality of
heart beats and for detecting a second reflectance signal
corresponding to at least one heart beat in the blood
vessel, the second reflectance signal being less than the
baseline reflectance signal, where the blood vessel scat-
ters more of the light during the at least one heart beat
than between each one of the plurality of heart beats,
wherein the heart rate is calculated based on an algo-
rithm that:

detects the plurality of heart beats in the light received in
the light detector within a sampling time period;

measures a first time interval between a first beat of the
detected plurality of heart beats and a second beat of
the detected plurality of heart beats;

divides the sample time interval by the first time interval
to determine a first estimate of heart beats detected
within the sampling time period;

extrapolates the first estimate of heart beats within the
sampling time period to a first estimated heart beats
per minute;

outputs the first estimate heart beats per minute to the
display screen
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adds at least one beat to the first estimate of heart beats
to produce a second estimate of heart beats;

subtracts at least one beat from the first estimate of beats
to produce a third estimate of heart beats;

scores the first estimate of heart beats, the second esti-
mate of heart beats and the third estimate of heart
beats;

selects a highest scoring of the first estimate of heart
beats, the second estimate of heart beats and the third
estimate of heart beats; and

outputs the selected estimated heart beats per minute to
the display screen.

11. The activity tracking device of claim 1, further com-
prising, two proximity sensors at least one of the two prox-
imity sensors including the light source and light detector.

12. The activity tracking device of claim 1, wherein the
light source and the reflected light detector can be selected for
any suitable wavelength or suitable band of wavelengths of
light ranging from between infrared wavelengths through a
human visible spectrum to ultraviolet wavelengths.

13. The activity tracking device of claim 1, wherein the
light source includes at least one of:

an infrared (IR) light source, wherein the IR light emitted

from the light source produces a deadfront at the heart
rate monitor location of the housing; or

a green light source and the heart rate monitor location

includes a translucent green window.

14. The activity tracking device of claim 1, wherein the
heart rate monitor location includes a cover that enables infra-
red (IR) light of the light source to pass while blocking sub-
stantially all light in a human visible spectrum.
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15. The activity tracking device of claim 1, wherein the
light source and light detector additionally function as a prox-
imity sensor to activate the display screen.

16. The activity tracking device of claim 1, wherein the
button further functions to navigate to one or more metrics of
the display screen and, wherein the functions to navigate are
enabled while the heart beats are measured.

17. The activity tracking device of claim 1, wherein the
skin is of a finger of a user.

18. The activity tracking device of claim 1, wherein the
button includes a pressure sensor configured for detecting a
pressure applied to the button, the pressure sensor consisting
of at least one of a strain gauge, a push resistance, or a force
sensitive film.

19. The activity tracking device of claim 1, wherein the
processing configured to identify heart beats of the user can
also include processing for determining a stress level of the
user corresponding to at least one of a detected heart rate or a
heart rate variation as compared to previously determined
heart rate.

20. The activity tracking device of claim 1, wherein the
processing configured to identify heart beats of the user can
also include processing for determining a number of stairs the
user has ascended and/or descended and/or determining a
user’s change in altitude.

21. The activity tracking device of claim 1, the processing
configured to identify heart beats of the user can also include
processing for determining active minutes of the user.

22. The activity tracking device of claim 1, further com-
prising at least one marking on the housing to identify a
location of the heart rate monitor on the housing.
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