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1
BIOMETRIC MONITORING DEVICE WITH
HEART RATE MEASUREMENT ACTIVATED
BY A SINGLE USER-GESTURE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. applica-
tion Ser. No. 13/924,784, filed Jun. 24, 2013, which claims
the benefit under 35 U.S.C. §119(e)(1) of both U.S. Provi-
sional Patent Application No. 61/662,961, filed Jun. 22,2012,
and U.S. Provisional Patent Application No. 61/752,826, filed
Jan. 15,2013 this application also claims the benefit under 35
U.S.C. §119(e)(1) of U.S. Provisional Patent Application No.
61/830,600, filed Jun. 3, 2013. The above-listed applications
are hereby incorporated by reference in their entirety.

BACKGROUND

Recent advances in sensor, electronics, and power source
miniaturization have allowed the size of personal health
monitoring devices, also referred to herein as “biometric
tracking” or “biometric monitoring” devices, to be offered in
small sizes. These biometric monitoring devices may collect,
derive, and/or provide one or more of the following types of
information: heart rate, calorie burn, floors climbed and/or
descended, location and/or heading, elevation, ambulatory
speed and/or distance traveled, etc. One piece ofuseful physi-
ological information measured by biometric monitoring
devices relates to heart rate. As biometric monitoring devices
are trending to integrate multiple sensors to measure various
types of physiological and environmental information, exist-
ing devices that measure momentary heart rate require cum-
bersome user interaction to take the measurement, display the
measured information and/or provide other user feedback.
This disclosure provides biometric monitoring devices with
convenient and user-friendly heart rate monitoring function.

SUMMARY

Details of one or more implementations of the subject
matter described in this specification are set forth in the
accompanying drawings and the description below. Other
features, aspects, and advantages will become apparent from
the description, the drawings, and the claims. Note that the
relative dimensions of the following figures may not be drawn
to scale unless specifically indicated as being scaled draw-
ings.

In some embodiments, the device provides user feedback
regarding the collected heart rate data without requiring fur-
ther user input beyond activating the heart rate sensor. Heart
rate monitoring activated by a single user-gesture is desirable.
For instance, a single touch of the activator surface area can
provide a signal to activate the heart rate sensor without
requiring any other user input. This is advantageous because
it simplifies the process to activate a heart rate sensor from an
off state to an on state. It is desirable to activate the sensor on
demand, because it reduces energy consumption compared to
continual, continuous, or regularly intermittent activation.
The present inventors have realized that this energy conser-
vation is important for portable devices with multiple func-
tions and miniaturized size. Furthermore, the present inven-
tors have realized that it is desirable to activate the sensor
using only a single user-gesture as opposed to multiple ges-
tures, e.g., separate gestures to turn on the heart rate sensor,
start heart rate data collection, provide user feedback based
on heart rate data. The simplification of the process to obtain
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a heart rate measure and/or providing feedback allows users
to obtain heart rate measurement and/or receive feedback
under circumstances that are otherwise impossible, imprac-
tical, or inconvenient to obtain the measure and/or receive the
feedback.

In some implementations, an apparatus is provided as a
biometric monitoring device with heart rate measuring func-
tion activated by a single user-gesture. The apparatus may
include: one or more biometric sensors comprising a heart
rate sensor, an activator of the heart rate sensor, a heart rate
sensor surface area through which the heart rate sensor can
collect heart rate data from a user, an activator surface area
through which the activator can receive activation signals
from the user, at least one processor, and a memory. In these
implementations, the one or more biometric sensors, the acti-
vator, the at least one processor, and the memory are commu-
nicatively connected. Furthermore, the memory stores com-
puter-executable instructions for controlling the at least one
processor to cause the heart rate sensor to start collecting
heart rate data through the heart rate sensor surface area in
response to the activator receiving an activation signal
through the activator surface area caused by a single user-
gesture. Additionally, the heart rate sensor is configured to
automatically stop collecting heart rate data after a defined
criterion is met and remain in a state that does not collect heart
rate data until another activation signal caused by a new
user-gesture is received without requiring further user-ges-
tures in addition to the single user-gesture. In some embodi-
ments, the defined criterion is a defined period of time for
heart rate data collection or a defined quality of heart rate
reading.

In some implementations, a different biometric monitoring
device is provided in an apparatus. In these embodiments,
compared to the embodiments described above, the apparatus
comprises an optical heart rate sensor instead of a general
heart rate sensor, and the apparatus additionally includes a
feedback mechanism. In these embodiments, the optical heart
rate sensor, the activator, the at least one processor, and the
memory are communicatively connected. The memory stores
computer-executable instructions for controlling the at least
one processor to cause the optical heart rate sensor to start
collecting heart rate data through the heart rate sensor surface
area in response to the activator receiving an activation signal
through the activator surface area caused by a single user-
gesture. Furthermore, the apparatus is configured to provide
user feedback, through the feedback mechanism, with refer-
ence to the collected heart rate data without requiring further
user-gestures in addition to the single user-gesture.

In some embodiments, the biometric monitoring device
further includes an altimeter communicatively connected
with the heart rate sensor, the activator, the at least one pro-
cessor, and the memory. The memory further stores com-
puter-executable instructions for controlling the at least one
processor to obtain altitude data from the altimeter.

In some embodiments, the heart rate sensor is configured to
only collect data when the single user-gesture is occurring
and only from a body part of the user used to provide the
single user-gesture.

In some embodiments, the heart rate sensor surface area
and the activator surface area are arranged on a substantially
flat plane, thereby allowing a single body part of a user to
simultaneously interact with the activator and the heart rate
Sensor.

In some embodiments, the memory further stores com-
puter-executable instructions for controlling the at least one
processor to cause the heart rate sensor to stop collecting heart
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rate data after a defined criterion is met without requiring
further user gestures in addition to the single user-gesture.

In some embodiments, the apparatus further comprises a
vibration motor as a feedback mechanism and the feedback to
the user is provided as haptic vibration.

In some embodiments, the apparatus further comprises a
housing that houses at least the heart rate sensor and the
activator. The heart rate sensor surface area and the activator
surface area are on located on the housing. In various embodi-
ments, they are less than about 2, 1, 0.5, 0.2, 0r 0.1 centimeters
apart as measured by the distance along the exterior surface of
the housing. This design allows a single body part of a user to
simultaneously interact with the activator and the heart rate
sensor. In some embodiments, the heart rate sensor surface
area and the activator surface area overlap along the exterior
surface of the housing. In some embodiments, the heart rate
sensor surface area and/or the activator surface area is a
seamless portion of the surface of the housing. In some
embodiments, the apparatus has only one heart rate sensor
surface area. In other embodiments, the apparatus has two or
more heart rate sensor surface areas. In some embodiments,
the heartrate sensor surface area and the activator surface area
form one continuous surface area.

In some embodiments, the activator of the heart rate sensor
is a proximity sensor. In some embodiments, the single uset-
gesture providing the activation signal to the heart rate sensor
activator consists of the user bringing a body part into prox-
imity with the activator surface area.

In some embodiments, the single user-gesture consists of a
touch of the activator surface area using a single body part.

In some embodiments, the apparatus is configured to be
removably attachable to a wearable accessory, and the acti-
vator surface area and heart rate sensor surface area are con-
figured to be accessible for user interaction when attached to
the wearable accessory.

In some embodiments, the heart rate sensor, the activator,
the at least one processor, and the memory are communica-
tively connected to a user interface on the apparatus. In some
embodiments, the heart rate sensor, the activator, the at least
one processor, and the memory are communicatively con-
nected to a user interface on a linked smartphone, tablet, or
computer. In some embodiments, the user interface includes
one or more of the following: the heart rate sensor surface
area, the activator surface area, a touch screen, a display, an
LED, a button, an accelerometer, a gyroscope, a finger print
reader, a vibration motor, a proximity sensor, and a speaker.

In some implementations, an apparatus is provided as a
biometric monitoring device with heart rate measuring func-
tion activated by a single user-gesture. The apparatus may
include: two or more biometric sensors comprising a heart
rate sensor and an altimeter, an activator of the heart rate
sensor, a heart rate sensor surface area through which the
heart rate sensor can collect heart rate data from a user, at least
oneprocessor, and amemory. The heart rate sensor, the altim-
eter, the activator, the at least one processor, and the memory
are communicatively connected. The memory stores com-
puter-executable instructions for controlling the at least one
processor to cause the heart rate sensor to start collecting
heart rate data through the heart rate sensor surface area in
response to the activator receiving an activation signal caused
by a single user-gesture. In some implementations, the
memory further stores computer-executable instructions for
controlling the at least one processor to obtain altitude data
from the altimeter. In some implementations, the altitude data
includes atmosphere pressure data or environmental pressure
data, or relative changes thereof.
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In some implementations, biometric monitoring device
includes a heart rate sensor and an electromyographic sensor,
a heart rate sensor surface area, at least one processor, and a
memory. The heart rate sensor, the electromyographic sensor,
the at least one processor, and the memory are communica-
tively connected. The memory stores computer-executable
instructions for controlling the at least one processor to cause
the heart rate sensor to start collecting heart rate data through
the heart rate sensor surface area in response to the elec-
tromyographic sensor receiving an activation signal caused
by a single user-gesture. In some implementations, the single
user-gesture includes clenching the first of the hand wearing
the apparatus. In some implementations, the device is config-
ured to provide user feedback with reference to the collected
heart rate data without requiring further user-gesture in addi-
tion to the single user-gesture.

In some implementations, an apparatus is provided as a
biometric monitoring device with heart rate measuring func-
tion activated by a single user-gesture. The apparatus may
include: one or more biometric sensors comprising an optical
heart rate sensor, an activator of the optical heart rate sensor,
a heart rate sensor surface area through which the optical
heart rate sensor can collect heart rate data from a user, a
feedback mechanism, at least one processor, and a memory.
The optical heart rate sensor, the activator, the feedback
mechanism, the at least one processor, and the memory are
communicatively connected. In some implementations,
instead of or in addition to local memory, the apparatus com-
municatively connects with a memory remotely linked to the
apparatus, such as a memory on a server computer or a smart
phone. The memory stores computer-executable instructions
for controlling the at least one processor to cause the optical
heart rate sensor to start collecting heart rate data through the
heart rate sensor surface area in response to the activator
receiving an activation signal caused by a single user-gesture.
The device is configured to provide user feedback, through
the feedback mechanism, with reference to the collected heart
rate data without requiring further user-gestures in addition to
the single user-gesture.

In some implementations, the optical heart rate sensor is
configured to automatically stop collecting heart rate data
after a defined criterion is met without requiring further user
gestures in addition to the single user-gesture. In some imple-
mentations, the optical heart rate sensor is configured to, after
it stops collecting heart rate data, remain in a state that does
not collect heart rate data until another activation signal
caused by a new user-gesture is received.

In some implementations, the activator comprises at least
one sensor includes one or more of single-axis or multi-axis
gyroscopes and/or single-axis or multi-axis accelerometers.
The single user-gesture consists of a user moving or interact-
ing with the apparatus in a defined motion pattern. The
memory further stores computer-executable instructions for
controlling the atleast one processor to cause the optical heart
rate sensor to start collecting heart rate data in response to a
detection of the defined motion pattern using data obtained by
the activator. In some implementations, moving or interacting
with the apparatus ina defined motion patternis selected from
one or more of the following: twisting the wrist wearing the
apparatus, shaking the apparatus, bringing a wrist wearing the
apparatus from a resting position to a watch-viewing position,
moving the apparatus in a “figure 8" motion, and any combi-
nations thereof. In some implementations, the apparatus is
configured to be wearable as a wrist-band.

In some implementations, the feedback to the user with
reference to the collected heart rate data includes one or more
of the following: average heart rate, minimum heart rate,
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maximum heart rate, heart rate variability, heart rate relative
to target heart rate zone, heart rate relative to resting heart
rate, change in heart rate, decrease in heart rate, increase in
heart rate, training advice with reference to heart rate, and a
medical condition with reference to heart rate. In some imple-
mentations, the apparatus is configured to automatically
authenticate the user based on the collected heart rate data.

In some implementations, the optical heart rate sensor
comprises an optical heart rate sensor for the visible light
spectrum. In some implementations, the optical heart rate
sensor comprises an optical heart rate sensor for infrared
light. In some implementations, the optical heart rate sensor
comprises a photoplethysmograph (PPG) sensor or pulse
oximetry sensor.

In some implementations, the one or more biometric sen-
sors further includes one or more of the following: GPS,
proximity sensor, gyroscope, magnetometer, accelerometer,
ambient light sensor, touch screen, temperature sensor, gal-
vanic skin response sensor, fingerprint reader, electromyo-
graphic sensor, altimeter, pressure transducer, and force
transducer, audio sensor, bioelectrical impedance sensor,
blood pressure sensor, moisture sensor, and blood glucose
sensor. In some implementations, the apparatus includes a
motion sensor providing motion data to compensate for dis-
ruptions caused by arm movements that would otherwise
interfere with the heart rate data. In some implementations,
the apparatus has two or more heart rate sensors.

In some implementations, the apparatus has feedback
mechanism including a display. The feedback to the user is
provided as a visual feedback through the display. In some
implementations, the visual feedback through the display
includes causing the display and/or a display backlight to turn
on from an off or standby state.

In some implementations, the apparatus is configured to
show, through the feedback mechanism, information derived
from one or more of'the following with or without further user
input: calorie burn, floors climbed and/or descended, location
and/or heading, 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 data, electroencepha-
lography data, weight, body fat, caloric intake, nutritional
intake from food, medication intake, sleep periods, sleep
phases, sleep quality and/or duration, pH levels, hydration
levels, and respiration rate, barometric pressure, temperature,
humidity, pollen count, air quality, rain/snow conditions,
wind speed, ambient light, UV light exposure, time and/or
duration spent in darkness, noise exposure, radiation expo-
sure, and magnetic field.

In some embodiments, the apparatus is configured to pro-
vide feedback indicating that heart rate collection has started,
succeeded, ended, and/or failed.

In some embodiments, a method for monitoring heart rate
using a biometric monitoring device is provided. In some
embodiments, the method involves receiving, by an activator,
an activation signal representing a single user-gesture by a
user. The method further involves activating a heart rate sen-
sor, in response to the activation signal, to start collecting
heart rate data from the user. The method also involves pro-
viding user feedback, through a feedback mechanism, with
reference to the collected heart rate data without requiring
further user-gestures in addition to the single user-gesture. In
some embodiments, the user feedback is provided by haptic
vibration. In some embodiments, the user feedback includes
an indication that heart rate data collection is successful and/
or an indication that heart rate data collection has failed. In
some embodiments, the user feedback includes one or more
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of the following: average heart rate, minimum heart rate,
maximum heart rate, heart rate variability, heart rate relative
to target heart rate zone, heart rate relative to resting heart
rate, change in heart rate, decrease in heart rate, increase in
heart rate, training advice with reference to heart rate, and a
medical condition with reference to heart rate.

In some embodiments, the method additionally involves
causing the heart rate sensor to stop collecting heart rate data
after a defined criterion is met without requiring further user-
gestures in addition to the single user-gesture. In some
embodiments, the method further includes causing the heart
rate sensor to remain in a state that does not collect heart rate
data until another activation signal caused by a new user-
gesture is received.

In some embodiments, the heart rate sensor only collects
data when the single user-gesture is occurring and from a
body part of the user used to provide the single user-gesture.
In some embodiments, the defined criterion relates to a time
period of heart rate data collection and/or quality of heart rate
data collected.

These and other implementations are described in further
detail with reference to the Figures and the detailed descrip-
tion below.

BRIEF DESCRIPTION OF THE DRAWINGS

The various implementations disclosed herein are illus-
trated by way of example, and not by way of limitation, in the
figures of the accompanying drawings, in which like refer-
ence numerals may refer to similar elements.

FIG. 1 depicts a generalized schematic of an example com-
puting device that may be used to implement a portable bio-
metric monitoring device or other device with which the heart
rate monitoring and various other operations described herein
may be executed.

FIGS. 2A and 2B depict two examples of biometric moni-
toring devices with heart rate monitoring function and having
a button and a display.

FIG. 3 depicts an example of a wrist-mounted biometric
monitoring device with heart rate monitoring function having
a button, a display, and a band to secure the biometric moni-
toring device to a user’s forearm.

FIG. 4 depicts another example of a wrist-mounted bio-
metric monitoring device with heart rate monitoring function
having a button, a display, a touch sensitive area, and a band
to secure the biometric monitoring device to a user’s forearm.

FIG. 5 provides another cross-sectional view of a PPG
sensor. Of note in this PPG sensor is the lack of a protrusion.
Additionally, a liquid gasket and/or a pressure sensitive adhe-
sive are used to prevent liquid from entering the device body.

FIG. 6 provides a view of a portable monitoring device
which shows the skin-facing portion of the device. On this
side, a sensor protrusion and recess for mating a charger
and/or data transmission cable can be seen.

FIG. 7 provides a cross-sectional view of a portable moni-
toring device. This cross-section is through the electronics
package. Of note are the sensor protrusion, main PCB board
and display.

FIG. 8 provides a cross sectional view of a sensor protru-
sion of a portable monitoring device. Two light sources (e.g.
LED’s) are placed on either side of a photodetector to enable
PPG sensing. A light-blocking material is placed between the
light sources and the photodetector to prevent any light from
the light sources from going through the device body and
being detected by the photodetector. A flexible transparent
layer may be placed on the lower surface of the sensor pro-
trusion to form a seal. This transparent layer may serve other
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functions such as preventing liquid from entering the device
where the light sources or photodetectors are placed. This
transparent layer may be formed through in-mold labeling or
“IML”. The light sources and photodetector are placed on a
flexible PCB.

FIG. 9 depicts a flow diagram showing a process of a
biometric monitoring device collecting heart rate data and
providing feedback with reference to the collected heart rate
data.

FIG. 10 depicts a flow diagram showing a process of a
biometric monitoring device collecting heart rate data from
the same body part that has interacted with the device to
initiate data collection, and providing visual feedback show-
ing information derived from the heart rate data.

FIG. 11 depicts a flow diagram showing a process of a
biometric monitoring device collecting heart rate data and
providing feedback when data collection starts and stops.

FIG. 12 illustrates an optimized PPG detector that has a
protrusion with curved sides so as not to discomfort the user.
Additionally, the surface of light pipes which connect the
photodetector and LEDs to the user’s skin are contoured to
maximize light flux coupling between the LED’s and photo-
detectors to the light pipes. The ends of the light pipes which
face the user’s skin are also contoured. This contour may
provide focusing or defocusing to optimize the PPG signal.
For example, the contour may focus light to a certain depth
and location which coincides with an area where blood flow is
likely to occur. Also note that the vertex of these foci overlap
or are very close together so that the photodetector receives
the maximum possible amount of scattered light.

FIG. 13 illustrates a PPG sensor which has a light source,
light detector, ADC, processor, DAC/GPIOs, and light source
intensity and on/off control.

FIG. 14 illustrates a PPG sensor similar to that of FIG. 13
which additionally uses a sample and hold circuit as well as
analog signal conditioning.

FIG. 15 illustrates a PPG having multiple switchable light
sources and detectors, light source intensity/on and off con-
trol, and signal conditioning circuitry.

FIG. 16 depicts a person’s arm, forearm, and hand with a
biometric monitoring device worn on the forearm.

FIG. 17 depicts a flow diagram for a technique that may be
used to cause a biometric monitoring device to activate the
heart rate sensor responsive to data received from biometric
sensors indicating motion of defined patterns.

DETAILED DESCRIPTION
Introduction

Previously available biometric monitoring devices
(BMDs) (also referred to herein as “biometric tracking
devices” or simply as “devices”) capable of measuring vari-
ous types of information tend to use cumbersome approaches
to gather and provide the information. For instance, a biomet-
ric monitoring device (BMD) may require a user to interrupt
what she is doing to take or display a heart rate measurement.
Itis desirableto haveheart rate measuring devices that require
minimal involvement by user in order to obtain on-demand
HR measurement. Such devices allow the person to take
and/or display aheart rate reading by a simple user interaction
with the device, e.g., by simply touching a heart rate sensor
surface area. Some embodiments of this disclosure provide
biometric monitoring devices that allow a person to get a
quick heart rate reading without removing the device or inter-
rupting their other activities. Some embodiments provide
heart rate monitoring with other desirable features. In some
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implementations, the biometric monitoring device (BMD)
provides heart rate monitoring functions that are user friendly
and simple to perform. In some implementations, a single
user-gesture causes the device to collect heart rate data. In
some embodiments, a single user-gesture also causes the
device to provide feedback to a user with regard to the heart
rate data. Various embodiments with heart rate monitoring
functions activated by a single user-gesture are further
described herein after.

In some implementations, a biometric monitoring device
may be designed such that it may be inserted into, and
removed from, a plurality of compatible cases’housings/hold-
ers, e.g., a wristband that may be worn on a person’s forearm
or a belt clip case that may be attached to a person’s clothing.
In some embodiments, the biometric monitoring system may
also include other devices or components communicatively
linked to the biometric monitoring device. The communica-
tive linking may involve direct or indirect connection, as well
as wired and wireless connections. Components of said sys-
tem may communicate to one another over a wireless con-
nection (e.g. Bluetooth) or a wired connection (e.g. USB).
Indirect communication refers to the transmission of data
between a first device and a secondary device with the aid of
one or multiple intermediary third devices which relay the
data.

FIG. 1 depicts a generalized schematic of an example por-
table biometric monitoring device, also simply referred to
herein as “biometric monitoring device,” or other device with
which the various operations described herein may be
executed. The portable biometric monitoring device 102 may
include a processing unit 106 having one or more processors,
a memory 108, a user interface 104, one or more biometric
sensors 110, and input/output 112. The processing unit 106,
the memory 108, the user interface 104, the one or more
biometric sensors 110, and the input/output interface 112 may
be communicatively connected via communications path(s)
114. Itis to be understood that some of these components may
also be connected with one another indirectly. In some
embodiments, components of FIG. 1 may be implemented as
an external component communicatively linked to other
internal components. For instance, in one embodiment, the
memory 108 may be implemented as a memory on a second-
ary device such as a computer or smart phone that communi-
cates with the device wirelessly or through wired connection
via the I/O interface 112. In another embodiment, the User
Interface may include some components on the device such as
a button, as well as components on a secondary device com-
municatively linked to the device via the 1/O interface 112,
such as a touch screen on a smart phone.

The portable biometric monitoring device may collect one
or more types of biometric data, e.g., data pertaining to physi-
cal characteristics of the human body (such as heartbeat,
perspiration levels, etc.) and/or data relating to the physical
interaction of that body with the environment (such as accel-
erometer readings, gyroscope readings, etc.), from the one or
more sensors 110 and/or external devices (such as an external
blood pressure monitor). In some embodiments, the one or
more sensors 110 include a heart rate sensor that is configured
to be activated by an activator 116 of the heart rate sensor. In
some embodiments, the activator 116 is also a biometric
sensor, such as an accelerometer serving as both an activator
of the heart rate sensor and as a motion sensor. In other
embodiments, the activator may be a single-purpose device,
e.g., a touch sensor or button. The activator, in general, is a
mechanism through which a user input or activation signal
may be received or recognized by the device in order to
initiate heart rate measurement via the heart rate sensor. In
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some embodiments, the device stores collected information
in memory 108 for later use, e.g., for communication to
another device via the /O interface 112, e.g., a smartphone or
to a server over a wide-area network such as the Internet.

Biometric information, as used herein, refers to informa-
tion relating to the measurement and analysis of physical or
behavioral characteristics of human or animal subjects. Some
biometric information describes the relation between the sub-
ject and the external environment, such as altitude or course
of a subject. Other biometric information describes the sub-
ject’s physical condition without regard to the external envi-
ronment, such as the subject’s heart rate. The information
concerning the subject is generally referred to as biometric
information. Similarly, sensors for collecting the biometric
information are referred to herein as biometric sensors. In
contrast, information about the external environment regard-
less of the subject’s condition is referred to as environmental
information, and sensors for collecting such information are
referred to herein as environmental sensors. It is worth noting
that sometimes the same sensor may be used to obtain both
biometric information and environmental information. For
instance, a light sensor worn by the user may function as part
of a photoplethysmography (PPG) sensor that gathers bio-
metric information based on the reflection of light from the
subject (such light may originate from a light source in the
device that is configured to illuminate the portion of the
person that reflects the light). The same light sensor may also
gather information regarding ambient light when the device is
not illuminating the portion of the person. In this disclosure,
the distinctions between biometric and non-biometric infor-
mation and sensors are drawn for organizational purposes
only. This distinction is not essential to the disclosure, unless
specified otherwise.

The processing unit 106 may also perform an analysis on
the stored data and may initiate various actions depending on
the analysis. For example, the processing unit 106 may deter-
mine that the data stored in the memory 108 indicates that a
goal threshold has been reached and may then display content
ona display of the portable BMD celebrating the achievement
of the goal. The display may be part of the user interface 104
(as may be a button or other control, not pictured, that may be
used to control a functional aspect of the portable biometric
monitoring device). In some embodiments, the user interface
104 includes components in or on the device. In some
embodiments, the user interface 104 also includes compo-
nents external from the device that are nonetheless commu-
nicatively linked to the device. For instance, a smartphone or
acomputer communicatively linked to the BMD may provide
user interface components through which a user can interact
with the BMD.

In general, BMDs may incorporate one or more types of
user interfaces including but not limited to visual, auditory,
touch/vibration, or combinations thereof. The BMD may, for
example, display information relating to one or more of the
data types available and/or being tracked by the biometric
monitoring device through, for example, a graphical display
or through the intensity and/or color of one or more LEDs.
The user interface may also be used to display data from other
devices or internet sources. The device may also provide
haptic feedback through, for instance, the vibration of a motor
or a change in texture or shape of the device. In some imple-
mentations, the biometric sensors themselves may be used as
part of the user interface, e.g., accelerometer sensors may be
used to detect when a person taps the housing of the biometric
monitoring unit with a finger or other object and may then
interpret such data as a user input for the purposes of control-
ling the biometric monitoring device. For example, moving
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the BMD in a “figure 8 motion or double tapping the BMD
may be recognized by the biometric monitoring device as a
user input that will cause the display of the biometric moni-
toring device to turn on from an off state or that will cause the
biometric monitoring device to transition between different
monitoring states, e.g., transitioning a heart rate sensor from
an “off” to an “on” state.

In one example, while the user is wearing the biometric
monitoring device 102, the biometric monitoring device 102
may measure and store a user’s heart rate while the user is
wearing the biometric monitoring device 102 and then sub-
sequently transmit data representative of heart rate to the
user’saccount on a web service like fitbit dot com, to amobile
computational device, e.g., a phone, paired with the portable
biometric monitoring unit, and/or to a standalone computer
where the data may be stored, processed, and visualized by
the user. Such data transmission may be carried out via com-
munications through I/O interface 112. The device can also
derive and/or provide information related to heart rate, such
as average heart rate, minimum heart rate, maximum heart
rate, heart rate variability, heart rate relative to target heart rate
zone, heart rate relative to resting heart rate, change in heart
rate, heart rate recovery, training advice with reference to
heart rate, a medical condition with reference to heart rate. In
addition, the device may measure, calculate, or use a plurality
of other physiological metrics other than the user’s heart rate.
These include, but are not limited to, step count, caloric
energy expenditure, floors climbed or descended, location
and/or heading (e.g., 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
data, electroencephalographic data, weight, body fat, and
respiration rate. Some of this data may be provided to the
biometric monitoring device from an external source, e.g., the
user may input their height, weight, and stride in a user profile
on a fitness-tracking website and such information may then
be communicated to the biometric monitoring device via the
1/O interface 112 and used to evaluate, in tandem with data
measured by the sensors 110, the distance traveled or calories
burned by the user. The device may also measure or calculate
metrics related to the environment around the user such as
barometric pressure, weather conditions, light exposure,
noise exposure, and magnetic field.

As mentioned previously, collected biometric data from
the biometric monitoring device may be communicated to
external devices through the communications or I/O interface
112. The I/O or communications interface may include wire-
less communication functionality so that when the biometric
monitoring device comes within range of a wireless base
station or access point, the stored data automatically uploads
to an Internet-viewable source such as a website, e.g., fitbit
dot com. The wireless communications functionality may be
provided using one or more communications technologies
known in the art, e.g., Bluetooth, RFID, Near-Field Commu-
nications (NFC), Zigbee, Ant, optical data transmission, etc.
The biometric monitoring device may also contain wired
communication capability, e.g., USB.

Other implementations regarding the use of short range
wireless communication are described in U.S. patent appli-
cation Ser. No. 13/785,904, titled “Near Field Communica-
tion System, and Method of Operating Same” filed Mar. 5,
2013 which is hereby incorporated herein by reference in its
entirety.

It is to be understood that FIG. 1 illustrates a generalized
implementation of a biometric monitoring device 102 that
may be used to implement a portable biometric monitoring
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device or other device in which the various operations
described herein may be executed. It is to be understood that
in some implementations, the functionality represented in
FIG. 1 may be provided in a distributed manner between, for
example, an external sensor device and communication
device, e.g., an external blood pressure meter that may com-
municate with a biometric monitoring device.

Moreover, it is to be understood that in addition to storing
program code for execution by the processing unit to effect
the various methods and techniques of the implementations
described herein, the memory 108 may also store configura-
tion data or other information used during the execution of
various programs or instruction sets or used to configure the
biometric monitoring device. The memory 108 may also store
biometric data collected by the biometric monitoring device.
In some embodiments, the memory may be distributed on
more than one devices, e.g., spanning both the BMD and an
external computer connected through the I/O 112. In some
embodiments, the memory may be exclusively located on an
external device. With regard to the memory architecture, for
example, multiple different classes of storage may be pro-
vided within the memory 108 to store different classes of data.
For example, the memory 108 may include non-volatile stor-
age media such as fixed or removable magnetic, optical, or
semiconductor-based media to store executable code and
related data and/or volatile storage media such as static or
dynamic RAM to store more transient information and other
variable data.

It is to be further understood that the processing unit 106
may be implemented by a general or special purpose proces-
sor (or set of processing cores) and thus may execute
sequences of programmed instructions to effectuate the vari-
ous operations associated with sensor device syncing, as well
as interaction with a user, system operator or other system
components. In some implementations, the processing umit
may be an application-specific integrated circuit.

Though not shown, numerous other functional blocks may
be provided as part of the biometric monitoring device 102
according to other functions it may be required to perform,
e.g., environmental sensing functionality, etc. Other func-
tional blocks may provide wireless telephony operations with
respect to a smartphone and/or wireless network access to a
mobile computing device, e.g., a smartphone, tablet com-
puter, laptop computer, etc. The functional blocks of the
biometric monitoring device 102 are depicted as being
coupled by the communication path 114 which may include
any number of shared or dedicated buses or signaling links.
More generally, however, the functional blocks shown may be
interconnected using a variety of different architectures and
may be implemented using a variety of different underlying
technologies and architectures. The various methods and
techniques disclosed herein may be implemented through
execution of one or more a sequences of instructions, €.g.,
software programs, by the processing unit 106 or by a cus-
tom-built hardware ASIC (application-specific integrated cir-
cuit) or programmed into a programmable hardware device
such as an FPGA (field-programmable gate array), or any
combination thereof within or external to the processing unit
106.

Further implementations of portable biometric monitoring
devices can be found in U.S. patent application Ser. No.
13/156,304, titled “Portable Biometric Monitoring Devices
and Methods of Operating Same” filed Jun. 8, 2011, which is
hereby incorporated herein by reference in its entirety.

In some implementations, the biometric monitoring device
may include computer-executable instructions for controlling
one or more processors of the biometric monitoring device to
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obtain biometric data from one or more biometric sensors.
The instructions may also control the one or more processors
to receive a request, e.g., an input from a button or touch
interface on the biometric monitoring device, a particular
pattern of biometric sensor data (e.g., a double-tap reading),
etc., to display an aspect of the obtained biometric data on a
display of the biometric monitoring device. The aspect may
be a numerical quantity, a graphic, or simply an indicator (a
goal progress indicator, for example). In some implementa-
tions, the display may be an illuminable display so as to be
visible when displaying data but otherwise invisible to a
casual observer. The instructions may also cause the one or
more processors to cause the display to turn on from an off
state in order to display the aspect of the biometric data. The
instructions may also cause the display to turn off from an on
state after a predefined time period elapses without any user
interaction with the biometric monitoring device; this may
assist in conserving power.

Due to the small size of many biometric monitoring
devices, many biometric monitoring devices may have lim-
ited space to accommodate various user interface compo-
nents. For example, Fitbit makes a variety of extremely com-
pact biometric tracking units that each incorporates a
biometric sensor suite, a battery, a display of some sort, a
charging interface, and one or more wireless communications
interfaces. In some such examples, the biometric tracking
units also incorporate a vibramotor and/or a button. These
components may be housed, for example, within housings
measuring approximately 2" long, 0.75" wide, and 0.5" thick
(Fitbit ULTRA™); approximately 1.9" in length, 0.75" wide,
and 0.375" thick (Fitbit ONE™); approximately 1.4" long,
1.1" wide, and 0.375" thick (Fitbit ZIP™); and approximately
1.3" in length, 0.5" wide, and 0.25" thick (Fitbit FLEX™), Of
course, housings of other sizes may be used in other imple-
mentations of biometric monitoring devices; the above list is
merely intended to illustrate the small size of many such
biometric monitoring devices.

Despite the small sizes of the above-listed Fitbit devices,
each includes a display of some type—the Fitbit UULTRA™,
Fitbit ONE™, and Fitbit ZIP™, for example, all include
small pixelated display screens capable of outputting text,
numbers, and graphics. The Fitbit FLEX™, due to its smaller
size, uses discrete light-emitting diode (LED) indicators, e.g.,
5 LEDs arranged in a row, to convey information visually.
Each of the above-listed Fitbit devices also has an input
mechanism that allows a user to affect some aspect of the
device’s operation. For example, the Fitbit ULTRA™ and
Fitbit ONE™ each include a discrete pushbutton that allows
a user to affect how the device operates. The Fitbit ZIP™ and
Fitbit FLEX™, by contrast, do not have a discrete pushbutton
but are instead each configured to detect, using their biomet-
ric sensors, when the user taps the housing of the device; such
events are construed by the processor or processors of such
devices as signaling a user input, i.e., acting as the input
mechanism. In some implementations of biometric monitor-
ing devices described herein, the biometric monitoring
devices may have only one mechanism, e.g., biometric sen-
sors, for receiving input from a wearer (other than wireless or
wired links to other devices). In some other implementations,
the biometric monitoring device may include only one
mechanism, e.g., a touch sensitive area, other than the bio-
metric sensors in the biometric monitoring device for receiv-
ing input from a wearer. For instance, in some embodiments,
the biometric monitoring device includes a heart rate sensor
and a touch sensitive area. The touch sensitive area functions
as an activator for the heart rate sensor, such that when a user
touches the area, an activation signal is detected, which trig-
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gers the heart rate sensor to collect heart rate related data from
the user. In some embodiments, the heart rate related data is
collected through the same touch sensitive area, such that a
singletouch-and-hold user gesture triggers the data collection
and allows data to be collected from the body part that triggers
the data collection.

In some implementations, one or more components of 102
may be distributed across multiple devices, forming a bio-
metric monitoring system 102 spanning multiple devices.
Such implementations are also considered to be within the
scope of this disclosure. For instance, the user interface 104
on a first device may not have any mechanism for receiving
physical input from a wearer, but the user interface 104 may
include a component on a second, paired device, e.g., a smart
phone, that communicates wirelessly with the first device.
The user interface 104 on the smart phone allows a user to
provide input to the first device, such as providing user names
and current location. Similarly, in some implementations, a
biometric monitoring device may not have any display at all,
i.e., be unable to display any biometric data directly—bio-
metric data from such biometric monitoring devices may
instead be communicated to a paired electronic device, e.g., a
smartphone, wirelessly and such biometric data may then be
displayed on data display screens shown on the paired elec-
tronic device. Such implementations are also considered to be
within the scope of this disclosure, i.e., such a paired elec-
tronic device may act as a component of the biometric moni-
toring system 102 configured to communicate with biometric
sensors located internal or external to the paired electronic
device (such biometric sensors may be located in a separate
module worn elsewhere on the wearer’s body).
Single-Gesture Heart Rate Monitoring

In some embodiments, the biometric monitoring device
provides a heart rate monitoring function requiring only a
single user-gesture in order to collect heart rate data. In some
embodiments, the heart rate monitoring function initiates
heart rate data collection in response to a single user-gesture.
In some embodiments, the device provides user feedback
regarding the collected heart rate data without requiring fur-
ther user input. The present inventors have realized that heart
rate monitoring activated by a single user-gesture is desirable.
As used herein, a “single user-gesture” is an action of a user
relative to a single part of the apparatus, wherein the action is
interpreted by the apparatus as a single behavioral pattern.
Examples of a single user-gesture includes, but are not limited
to, a single touch of a surface of an apparatus, touching and
holding a button, adoubletap on the same part of a device that
is interpreted as a single behavioral pattern indicating a single
command, shaking of the device, moving the device in a
certain trajectory, e.g., a “figure 8” trajectory, staring at the
apparatus or a particular portion of the apparatus (when the
apparatus has gaze detection function), bringing a body part
into proximity with the apparatus, bringing an arm wearing a
wristband-type BMD from a downwards-extended position
to a viewing position, twisting the wrist wearing a BMD
implemented as wrist band, etc. One example that is not a
single user-gesture is touching a button of a device twice
wherein each touch is interpreted by the device as a separate
behavioral pattern, each pattern indicating a command, e.g., a
command to activate a function or advance a display from one
screen of information to a next. Another example of an action
that is not a single user-gesture is touching two different parts
of adevice, for example, touching a button with one body part
while touching a sensor component with another body part
(or touching two separate sensor components with two dif-
ferent body parts). Yet another exaniple of an action that is not
asingle user-gesture or interaction is to scroll through a touch
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screen and then tap an icon or contact the device to activate
data collection. It is also to be understood that the mere act of
normally wearing a BMD is not a “user-gesture” as used
herein, e.g., strapping or wearing a wristband BMD onto
one’s wrist is not a user-gesture as used herein.

The single user-gesture may cause the biometric monitor-
ing device to obtain a heart rate measurement regardless, or
largely regardless, of what mode the biometric monitoring
device is in at the time the single user-gesture is detected by
the biometric monitoring device. For example, the biometric
monitoring device may be in a state where the display is off,
and the biometric monitoring device may receive the single
user-gesture and take a heart rate measurement. In another
example, the biometric monitoring device may be in a state
where the display is displaying a biometric performance mea-
surement, e.g., steps taken or distance traveled, and the bio-
metric monitoring device may receive the single user-gesture
and take a heart rate measurement without requiring the that
user first change screens or otherwise interact with the bio-
metric monitoring device (aside from providing the single
user-gesture). Generally speaking, during normal operation
of the biometric monitoring device, receipt of a single user-
gesture may, without requiring any further or preparatory
interaction of the user with the biometric monitoring device,
cause the biometric monitoring device to obtain a heart rate
measurement, as discussed herein.

As mentioned above, various implementations of portable
biometric monitoring devices described herein may have
shapes and sizes adapted for coupling to the body or clothing
of a user (e.g., secured to, worn, borne by, etc.). Various
examples of such portable biometric monitoring devices are
shown in FIGS. 2-5. FIGS. 2A-2B depict two biometric
monitoring devices 200 and 201 similar in shape to a Fitbit
ONE™, which may be inserted into a holder with a belt clip
or into a pocket on a wristband. As used herein, the term
“wristband” may refer to a band that is designed to fully or
partially encircle a person’s forearm near the wrist joint. The
band may be continuous, e.g., without any breaks (it may
stretch to fit over a person’s hand or have an expanding
portion similar to a dress watchband), or may be discontinu-
ous, e.g., having a clasp or other connection allowing the band
to be closed similar to a watchband or may be simply open,
e.g., having a C-shape that clasps the wearer’s wrist.

Biometric monitoring device 200 in FIG. 2A includes a
housing 202 that contains the electronics associated with the
biometric monitoring devices 200. Among other sensors, the
housing 202 includes a heart rate sensor and an activator of
the heart rate sensor. The heart rate sensor is an optical sensor
such as the optical sensor assembly 500 shown in FIG. 5. The
optical sensor may be configured as a photoplethysmography
(PPG) sensor or pulse oximetry sensor. The activator can be a
pressure or touch sensitive sensor, e.g., capacitive touch,
resistive touch, ultrasonic touch, etc., or a proximity sensor,
e.g., infrared, capacitive, etc., as described in the sensor sec-
tion of the disclosure. Notably, the heart rate sensor collects
data through a heart rate sensor surface area located in the
area of button 204. Therefore, the button has a surface that is
optically transparent for the optical sensor, e.g., infrared
transparent for an infrared sensor. Furthermore, the activator
receives input through an activator surface area, which also is
located in the area of button 204. The collocation of the sensor
surface area and the activator surface area allows the same
body part that touches button 204 to provide activation signal
to the activator and heart rate related blood volume signal to
the optical sensor. This is design allows a single user-gesture
of pressing the button 204 to send an activation signal to the
activator, which causes the heart rate sensor to collect heart
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rate data from the same body part that presses the button 204,
eliminating the complication of using multiple user gestures
to activate the heart rate sensor and to provide physiological
data to the sensor. Biometric monitoring device 200 also
includes a display 206 that may be accessible/visible through
the housing 202. In some embodiments, the display automati-
cally shows measured heart rate related information without
requiring further user input. This further simplifies the user
experience to get a heart rate reading. Biometric monitoring
devices 200 and 201 are similar except that device 200 has a
button 204 for user input, while device 201 has a touch sen-
sitive surface 205 that merges seamlessly with the device
housing 202. The touch sensitive surface 205 provides a sig-
nal path for an activator, such as an IR-based proximity detec-
tor or a capacitive touch/proximity detector.

When the heart rate sensor that is used in such embodi-
ments is a PPG sensor (or other single-point-of-measurement
heart rate sensor), then such embodiments may not only ini-
tiate heart rate collection responsive to a single user-gesture,
but they may also allow for the collection of heart rate data
without any further interaction of the user with the device.
This is because a PPG sensor may detect heart rate through
taking measurements from a single body part, e.g., a wrist or
a finger. In contrast, an electrocardiograph (EKG) heart rate
sensor requires that measurements be taken from multiple
electrodes, each in contact with a different part of the body.
Thus, a PPG-based embodiment may be particularly well-
suited to measuring data from a single user-gesture and a
single body part. While an EKG-based embodiment may be
able to initiate a measurement based on a single gesture, it
requires contact of multiple body parts (usually on opposite
sides of the heart from one another) with the EKG sensor
electrodes in order to function. Thus, if a user wished to take
a heart rate measurement while the device is in their pocket,
they would easily be able to do so with a PPG-based, single
gesture heart rate measurement device, but would find it very
difficult or impossible to do so with an EKG-based, single
gesture heart rate measurement device since they would be
unable to fit two both hands in their pocket (and would look
ungainly in trying to do so).

In some embodiments, the heart rate sensor surface area
and the activator surface area are less than 2, or less than 1, or
less than 0.5 centimeters apart as measured by the distance
along the exterior surface of the housing, thereby allowing a
single body part of a user to simultaneously interact with the
activator and the heart rate sensor. In some embodiments, the
heart rate sensor surface area and the activator surface area
overlap as measured by the distance along the exterior surface
of the housing. In some embodiments, the heart rate sensor
surface area seamlessly joins the surface of the housing. In
some embodiments, the activator surface area secamlessly
joins the surface of the housing. In some embodiments, the
apparatus has only one heart rate sensor surface area. In other
embodiments, the apparatus has two or more heart rate sensor
surface areas and two or more heart rate sensors.

In some embodiments, the heart rate sensor surface area
and the activator surface area are arranged on a substantially
flat plane or a nominally common surface, thereby allowing a
single body part of a user to simultaneously interact with the
activator and the heart rate sensor. Many BMDs feature
“organic” shapes, e.g., smoothly rounded or blended exterior
surfaces, which may make it difficult to define where one
surface begins and another ends. Thus, it may be more useful
to describe a nominally common surface in the negative—for
example, surfaces that, for the most part, face in completely
opposite directions (e.g., a front surface and a back surface)
are not, for the purposes of this disclosure, considered to be a
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nominally common surface. The term “substantially flat
plane” may refer to both a true flat plane as well as a
smoothly-curved surface that is largely free of drastic curva-
ture (the display and button area of a Fitbit One™ BMD
provides one example of a “substantially flat plane.”

FIG. 3 depicts a biometric monitoring device that may be
worn on a person’s forearm like a wristwatch, much like a
Fitbit FLEX™ or FORCE™. Biometric monitoring device
300 has a housing 302 that contains the electronics associated
with the biometric monitoring device 300. A button 304 and
a display 306 may be accessible/visible through the housing
302. A wristband 308 may be integrated with the housing 302.
In some embodiments, the button 304 may be implemented
similarly as the button 204 of FIG. 2A, which provides a
mechanism to activate a heart rate sensor to collect heart rate
data in response to a single user-gesture. In some embodi-
ments, the display 306 may be implemented similarly as the
touch sensitive surface 205 of FIG. 2B, providing a mecha-
nism to activate a heart rate sensor to collect heart rate data in
response to a single user-gesture.

FIG. 4 depicts another example of a biometric monitoring
device that may be worn on a person’s forearm like a wrist-
watch, although with a bigger display than the biometric
monitoring device of FIG. 3. Biometric monitoring device
400 has a housing 402 that contains the electronics associated
with the biometric monitoring device 400. A button 404 and
a display 406 may be accessible/visible through the housing
402. A wristband 408 may be integrated with the housing 402,
which includes a touch sensitive area 410 similar to the touch
sensitive area 205 described above, providing a mechanism to
activate a heart rate sensor to collect heart rate data in
response to a single user-gesture. In some embodiments, the
button 404 may be implemented in the same manner as the
button of 204, providing a mechanism to activate a heart rate
sensor to collect heart rate data in response to a single user-
gesture.

In some embodiments such as those shown in FIGS. 2 to 4,
the biometric monitoring devices include an optical sensor
under a flat optical sensor area. FIG. 5 shows one implemen-
tation of such an optical sensor. The optical sensor includes
two LEDs 504 as light sources. The optical sensor also
includes a photodetector 502. An optically transparent layer
covers the LEDs 504 in the photo detector 502, providing
protection to the elements. The optically transparent layer
508 serves as the sensor surface area through which the pho-
todetector collects heart rate data. Furthermore, the optically
transparent layer also serves as the activator surface area,
through which an activation signal indicating a single user
gesture can be detected by activator. In some embodiments,
the photodetector 502 can function as an activator by detect-
ing ambient light, wherein an ambient light drop indicates the
user has covered the activator surface area. Upon such signal,
the LEDs 504 are activated to emit light, and the photodetec-
tor collects reflection from the user’s skin and tissue indicat-
ing heart rate information. In other embodiments, a separate
sensor is implemented as the activator, such as an infrared
proximity sensor or a capacitive touch sensor (not shown).

In addition to the optical sensor elements, the biometric
monitoring device also includes a printed circuit board (PCB)
510, atop which the photodetector 502 and the LEDs 504
reside. In some embodiments, the optically transparent layer
508 is secured to the device body 512 by pressure sensitive
adhesives 516 and liquid gaskets 514. In other embodiments,
the optically transparent layer is seamlessly merged with the
top layer of the device body (not shown). This latter embodi-
ment provides a more aesthetic appearance and a better seal,
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but it will not allow the optically transparent layer 508 to
depress relative to the device body.

The biometric monitoring device is adapted to be worn or
carried on the body of a user. In some embodiments including
the optical heart rate monitor, the device may be a wrist-worn
or arm-mounted accessory such as a watch or bracelet. In one
embodiment, optical elements of the optical heart rate sensor
are located on the interior or skin side of the biometric moni-
toring device, for example, in a sensor protrusion 614 facing
and adjacent to the top of the wrist when the device 600 of
FIG. 6 is wrist mounted. Biometric monitoring device 600
also includes a device housing 602, buttons 604 that are
similar to button 204 of FIG. 4, which is implemented as a
mechanism for collecting data in response to a single user-
gesture. Furthermore, biometric monitoring device 600 also
includes securing method 612 such as a hook and loop or
clasp. The device also includes an attachment band 608 and a
charger mating recess 616.

In some embodiments, the optical heart rate monitor is
located on one or more external surfaces of the biometric
monitoring device that do not substantially contact the wear-
er’s body when worn, such as the one or more buttons 604 of
device 600. In this embodiment, the user may touch an optical
window on a button 604 (behind which optical elements of
the optical heart rate monitor are located) with a finger on the
opposing hand to initiate a heart rate measurement (and/or
other metrics related to heart rate such as heart rate variabil-
ity) and/or collect data which may be used to determine the
user’s heart rate (and/or other metrics related to heart rate) In
some embodiments, a biometric monitoring device need not
be worn on the wrist in order to engage the heart rate mea-
surement since the heart rate may be obtained through the
single user-interaction with the button). In one embodiment,
the biometric monitoring device 600 may trigger or initiate
the measurement(s) by detecting a (sudden) drop in incident
light on the photodiode—for example, when the user’s finger
is placed over the optical window. In this embodiment, the
incident light sensor functions as the activator of the heart rate
sensor. In addition thereto, or in lieu thereof, a heart rate
measurement (or other such metric) may be trigged by an
IR-based proximity detector and/or capacitive touch/proxim-
ity detector (which may be separate from other detectors)
functioning as activator of the heart rate sensor. Such IR-
based proximity detector and/or capacitive touch/proximity
detector may be disposed in or on and/or functionally, elec-
trically and/or physically coupled to the optical window to
detector determine the presence of a single user-gesture, such
as a finger touching or in proximity of the buttons 604.

In one embodiment, the biometric monitoring device may
include a button which, when depressed, triggers or initiates
heart rate measurement (and/or other metrics related to heart
rate). The button may be disposed in close proximity of the
optical window to facilitate the user pressing the button while
the finger is disposed on the optical window. In one embodi-
ment, the optical window may be embedded in a push button.
Thus, when the user presses the button, it could trigger a
measurement via theuser’s finger which depresses the button.
Indeed, the button may be given a shape and/or resistance to
pressing that enhances or optimizes a pressure profile against
the finger to provide high SNR during measurement or data
acquisition. In other embodiments (not illustrated), the bio-
metric monitoring device may take the form of a clip, smooth
object, pendant, anklet, belt, etc. that is adapted to be worn on
the body, clipped or mounted to an article of clothing, depos-
ited in clothing (e.g., pocket), or deposited in an accessory
(e.g., handbag).
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In one specific embodiment, the biometric monitoring
device includes a protrusion 614 on the skin- or interior-side
of the device. When contacting the user, the protrusion 614
engages the skin with more force than the surrounding device
body. In this embodiment, an optical window or light trans-
missive structure may form or be incorporated in a portion of
the protrusion. The light emitter(s) and/or detector(s) of the
optical sensor may be disposed or arranged in the protrusion
juxtaposed the window or light transmissive structure. As
such, when attached to the user’s body, the window portion of
the protrusion of the biometric monitoring device engages the
user’s skin with more force than the surrounding device
body—thereby providing a more secure physical connection
between the user’s skin and the optical window. That is, a
protrusion improves sustained contact between the biometric
monitoring device and the user’s skin which may reduce the
amount of stray light measured by the photodetector,
decrease motion between the biometric monitoring device
and the user, and/or provide improved local pressure to the
user’s skin; all of which may increase the quality of the
cardiac signal of interest. Notably, the protrusion may contain
other sensors that benefit from close proximity and/or secure
contact to the user’s skin. These may be included in addition
to or in lieu of a heart rate sensor and include sensors such as
a skin temperature sensor (e.g., noncontact thermopile that
utilizes the optical window or thermistor joined with thermal
epoxy to the outer surface of the protrusion), pulse oximeter,
blood pressure sensor, EMG, or galvanic skin response
(GSR) sensor.

FIG. 7 shows a cross-sectional view of biometric monitor-
ing device 600, revealing the interior of the protrusion 614, a
printed circuit board (PCB) 620, and a display 622. FIG. 8
shows further details of elements of the optical sensor of
biometric monitoring device of 600. The optical sensor
includes a photodetector 626, and two LEDs 628 as light
sources. It also includes protective transparent layer 630 cov-
ering and protecting the photodetectors 626 and the LEDs
628. Light blocking material 632 fills the space around the
LEDs 628 and the photodetector 626. The flexible PCB 624
sits atop LEDs 628 and photodetector 626.

In some embodiments, the biometric monitoring devices
use process 900 shown in the flow chart of FIG. 9 to collect
heart rate data and provide feedback with reference to the
collected heart rate in response to a single user-gesture. In
some embodiments, the device determines if the activator
receives an activation signal indicating a single user-gesture.
See block 910. In some embodiments, the activation signal is
collected through an activation surface area as described
above. In other embodiments, the activation signal was col-
lected by sensor without requiring an activator surface area,
such as in the case of a motion sensor or electromyography
sensor as described further below. Upon the activation signal,
the device causes the heart rate sensor to start collecting heart
rate data through the heart rate sensor surface area. See block
920. Furthermore, the device automatically provides user
feedback relating to the collected heart rate data through the
feedback mechanism. In some embodiments, the feedback
may indicate the start, end, or failure of collecting heart rate
data. In some embodiments, the feedback may include heart
rate and/or related information. The feedback is provided
without requiring further user-gesture in addition to the single
user-gesture. See block 930.

In some embodiments, a biometric monitoring device
includes one or more biometric sensors comprising an optical
heart rate sensor, an activator of the heart rate sensor, a heart
rate sensor surface area through which the heart rate sensor
can collect heart rate data from a user, a feedback mechanism
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such as a display or LEDs, at least one processor, and a
memory. The heart rate sensor, the activator, the feedback
mechanism, the at least one processor, and the memory are
communicatively connected. The memory stores computet-
executable instructions for controlling the at least one proces-
sor to cause the heart rate sensor to start collecting heart rate
data through the heart rate sensor surface area in response to
the activator receiving an activation signal caused by a single
user-gesture. The activator may be implemented as, for
instance, amotion sensor that detects a defined motion pattern
of the device, or touch/pressure sensor that detects a touch of
a surface or a button press. The processor also provides user
feedback with reference to the collected heart rate data
through the feedback mechanism without requiring further
user-gesture in addition to the single user-gesture. In some
embodiments, the feedback may include a vibration pattern
generated by a vibration motor to indicate that heart rate
collection has started, ended, and/or failed.

In some embodiments, the biometric monitoring devices
may use process 1000 shown in the flow chart of FIG. 10 to
collect heart rate data and provide feedback with reference to
the collected heart rate in response to a single user-gesture.
The method 1000 is a special case of method 900, in that the
activation signal is received through an actuator surface area,
and that feedback is provided through a display. Therefore,
the activator may be implemented as a touch or proximity
sensor. In some embodiments, the device determines if the
activator receives an activation signal through the activator
surface area caused by a single user-gesture. See block 1010.
Upon the activation signal, the device causes the heart rate
sensor to start collecting heart rate data through the heart rate
sensor surface area. See block 1020. Furthermore, the device
automatically provides visual feedback relating to the col-
lected heart rate data through a display. In some embodi-
ments, providing a visual feedback through a display may
comprise causing the display and/or a display backlight to
turn on from an off state. In some embodiments, the feedback
includes one or more of the following: average heart rate,
minimum heart rate, maximum heart rate, heart rate variabil-
ity, heart rate relative to target heart rate zone, heart rate
relative to resting heart rate, change in heart rate, decrease in
heart rate, increase in heart rate, training advice with refer-
ence to heart rate, a medical condition with reference to heart
rate. The feedback is provided without requiring further user-
gesture in addition to the single user-gesture. See block 1030.

In some embodiments implementing method 1000, the
heart rate sensor involved is an optical sensor. In some
embodiments, only one heart rate sensor surface area is
required. To implement the method of 1000, a biometric
monitoring device needs (i) a heart rate sensor surface area
through which the heart rate sensor can collect heart rate data
from a user and (ii) an activator surface area through which
the activator can receive activation signals from the user,
along with other components similar to the implementation of
method 900. Notably, these implementations require a single
user gesture to activate the heart rate sensor and to allow data
collection using the sensor. Therefore some embodiments
provide a closely-located or collocated hear rate sensor sur-
face area and activator surface area, which allows a user to
touch the activator surface area using a single body part, e.g.,
a finger, which triggers the heart rate sensor to collect data
from the same body part.

In some embodiments, biometric monitoring devices may
use process 1100 shown in the flow chart of FIG. 11 to collect
heart rate data and provide feedback regarding the collected
heart rate in response to a single user-gesture. The method
1100 is a special case of method 900, in that feedback is
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provided regarding the start and stop of data collection, and
that heart rate sensor automatically stops. In some embodi-
ments, the device determines if the activator receives an acti-
vation signal caused by a single user-gesture. See block 1110.
Upon receiving the activation signal, the device causes the
heart rate sensor to start collecting heart rate data through the
heart rate sensor surface area. See block 1120. Furthermore,
the device automatically provides user feedback indicating
that heart rate data collection has started, e.g., by a single
vibration. See block 1130. The feedback is provided without
requiring further user-gesture in addition to the single user-
gesture. Then the device automatically stops the heart rate
sensor from collecting further data after one or more criteria
are met, thereby minimizing battery consumption, block
1140. In some embodiments, the device automatically stops
data collection after a set period of time, such as about 3
seconds, 5 seconds, 10 seconds, 20 seconds, 40 seconds, 1
minute, or 2 minutes. In some embodiments, the device auto-
matically stops array data collection after a reliable heart rate
reading is obtained. In some embodiments, the device further
provides feedback indicating that heart rate data col