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(57) ABSTRACT

The present inventions, in one aspect, are directed to portable
biometric monitoring device including a housing having a
physical size and shape that is adapted to couple to the user’s
body, at least one band to secure the monitoring device to the
user, a physiological sensor, disposed in the housing, to gen-
erate data which is representative of a physiological condition
of theuser data. The physiological sensor may include a light
source to generate and output light having at least a first
wavelength, and a photodetector to detect scattered light (e.g,.,
from the user). A light pipe is disposed in the housing and
optically coupled to the light source directs/transmits light
therefrom along a predetermined path to an outer surface of
the housing. Processing circuitry calculates a heart rate of the
user using data which is representative of the scattered light.
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PORTABLE BIOMETRIC MONITORING
DEVICES AND METHODS OF OPERATING
SAME

RELATED APPLICATION

[0001] This application is a continuation of U.S. patent
application Ser. No. 13/924,784, entitled “Portable Biometric
Monitoring Devices And Methods Of Operating Same”, by
Yuen et al., filed Jun. 24, 2013, which claims priority to U.S.
Provisional Application Ser. No. 61/662,961, entitled “Wire-
less Personal Biometrics Monitor”, filed Jun. 22, 2012, and
U.S. Provisional Application Ser. No. 61/752,826, entitled
“Portable Monitoring Devices and Methods of Operating
Same”, filed Jan. 15, 2013, which applications are hereby
incorporated by reference in their entireties. This application
claims priority to U.S. Provisional Application No. 61/830,
600, entitled “Portable Monitoring Devices and Methods Of
Operating Same”, by Yuen et al., filed Jun. 3, 2013, which
application is hereby incorporated by reference in its entirety.
This application is a continuation-in-part of U.S. patent appli-
cation Ser. No. 14/029,763, entitled “Device State Dependent
User Interface Management”, by Brumback et al., filed Sep.
17, 2013, which claims priority to U.S. Provisional Applica-
tion No. 61/746,101, filed Dec. 26, 2012, entitled “Context
Dependent User Interface”, and to U.S. Provisional Patent
Application No. 61/789,305, filed Mar. 15, 2013, entitled
“Device State Dependent User Interface Management”,
which applications are hereby incorporated by reference in
their entireties.

INTRODUCTION

[0002] The present inventions relate to a biometric moni-
toring device and methods and techniques to collect one or
more types of physiological and/or environmental data from
embedded or resident sensors and/or external devices and
communicates or relays such information to other devices or
other internet-viewable sources. (See, for example, FIG. 1).
While the user is wearing or manipulating the biometric
monitoring device, through one or a plurality of sensors, the
device may detect one or many of physiological metrics
including, but not limited to, the user’s heart rate.

[0003] The device may have a user interface directly on the
device that indicates the state of one or more of the data types
available and/or being tracked/acquired. The user interface
may also be used to display data from other devices or Inter-
net sources.

[0004] The device may implement wireless communica-
tions so that when the user and device comes within range of
a wireless base station or access point, the stored data auto-
matically uploads to an internet viewable source such as a
website.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] In the course of the detailed description to follow,
reference will be made to the attached drawings. These draw-
ings show different aspects of the present inventions and,
where appropriate, reference numerals illustrating like struc-
tures, components, materials and/or elements in different fig-
ures are labeled similarly. The various embodiments dis-
closed herein are illustrated by way of example, and not by
way of limitation, in the figures of the accompanying draw-
ings and in which like reference numerals refer to the same
and/or similar structures/components/features/elements. It is
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understood that various combinations of the structures, com-
ponents, features and/or elements, other than those specifi-
cally shown, are contemplated and are within the scope of the
present inventions.

[0006] Moreover, there are many inventions described and
illustrated herein. The present inventions are neither limited
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
ofthe present inventions and/or embodiments thereof. For the
sake of brevity, certain permutations and combinations are
not discussed and/or illustrated separately herein.

[0007] Thevarious embodiments disclosed herein are illus-
trated by way of example, and not by way of limitation, in the
figures of the accompanying drawings and in which like ref-
erence numerals refer to similar elements and in which:
[0008] FIG. 1 illustrates an exemplary portable monitoring
device which enables user interaction via a user interface,
wherein the portable monitoring device may have a user
interface, processor, biometric sensor(s), memory, environ-
mental sensor(s) and/or a wireless transceiver which may
communicate with an external device (for example, a client
and/or server);

[0009] FIG. 2 illustrates an exemplary portable biometric
monitoring device which may be secured to the user through
the use of a band; the exemplary portable biometric monitor-
ing device may have a display, button(s), electronics package,
and/or a band or an attachment band; notably, the band or
attachment band is employed to secure the portable biometric
monitoring device to the user, for example, an appendage of
the user, for example, via hooks and loops (e.g., Velcro), a
clasp, and/or a band having memory of its shape (e.g. through
the use of, for example, a spring metal band, elastic band, a
“rubber” band, and/or a watch-like band);

[0010] FIG. 3 illustrates a view of the skin facing portion of
the portable biometric monitoring device of, for example,
FIG. 2; notably, in this embodiment, the portable monitoring
device includes a sensor protrusion and recess for mating a
charger and/or data transmission cable; notable, the protru-
sion may more firmly maintain the sensor in contact with the
skin of the user (for example, predetermined or fixed rela-
tional contact with the skin of the user);

[0011] FIG. 4illustrates a cross-sectional view (through the
electronics package) of an exemplary portable biometric
monitoring device;

[0012] FIG. 5 illustrates a cross sectional view of a sensor
protrusion of an exemplary portable biometric monitoring
device; notably, two light sources (e.g. LED’s) may be
located on one or more sides of the photodetector (for
example, either side or opposing sides of a photodetector) to
enable photoplethysmography (PPG) sensing wherein light
blocking material may be 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 (in one embodiment, the light
sources and photodetector are placed on a flexible PCB); a
flexible transparent layer may be placed on the lower surface
ofthe sensor protrusion to form a seal wherein the transparent
layer may provide other functions such as preventing liquid
from entering the device where the light sources or photode-
tectors are disposed or placed; notably, the transparent layer
may be formed through in-mold labeling or “IML”;
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[0013] FIG. 6 illustrates a cross sectional view of a sensor
protrusion of an exemplary portable biometric monitoring
device; notably, the protrusion is similar to that illustrated in
the exemplary portable biometric monitoring device of FIG.
5; however, the light sources and photodetector are placed on
a flat and/or rigid PCB;

[0014] FIG. 7 illustrates another cross-sectional view of a
PPG sensor, wherein in this embodiment, the PPG sensor
does not include a protrusion; moreover, a gasket and/or a
pressure sensitive adhesive may be employed to resist, inhibit
and/or prevent liquid from entering the body of the device;

[0015] FIG. 8 illustrates an exemplary geometry of a PPG
light source and photodetector wherein, in this embodiment,
two light sources are placed on either side of a photodetector;
notably, the lights sources and photodetector may be disposed
or located in a protrusion on the back of a portable biometric
monitoring device which may also operate as a smart watch
(the side which faces the skin of the user);

[0016] FIG.9illustrates an exemplary PPG sensor having a
photodetector and two LED light sources which may be dis-
posed or located in a portable biometric monitoring device
having a protrusion; notably, in this embodiment, light pipes
are optically connected the LED’s and photodetector to the
surface of the user’s skin, wherein, in operation, the light
from the light sources scatters/reflects off of blood in the
body, some of which reaches the photodetector via the light
pipes; notably, the light pipes preferentially direct or transmit
light along a predetermined path, for example, defined by the
geometry and/or material of the light pipe;

[0017] FIG. 10 illustrates an exemplary PPG detector hav-
ing a protrusion with curved sides to reduce and/or minimize
any discomfort to the user during operation and/or to more
firmly maintain the sensor in contact with the skin of the user
(for example, predetermined or fixed relational contact with
the skin of the user); in this embodiment, the surface of light
pipes are connect the photodetector and LEDs to the user’s
skin and are contoured to enhance and/or maximize light flux
coupling between the LEDs and photodetectors to the light
pipes; notably, the end of the light pipes which face the user’s
skin may also contoured wherein this contour may provide
focusing or defocusing to enhance and/or 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); in addition, the vertex of these foci
overlap or are very close together so that the photodetector
may receive, for example, the maximum possible amount of
scattered/reflected light;

[0018] FIG. 11 illustrates an exemplary portable biometric
monitoring device having a band and optical sensors and light
emitters disposed therein;

[0019] FIG. 12 illustrates a portable biometric monitoring
device having a display and wristband; an optical PPG (e.g.
heart rate) detection sensors and/or emitters may be disposed
or located on the side of the device; notably, in one embodi-
ment, the sensors and/or emitters are disposed or located in
buttons mounted on the side of the device;

[0020] FIG. 13 illustrates a user who is inputting a user
input by pressing the side of a portable biometric monitoring
device wherein, in response, the device takes a heart rate
measurement from a side mounted optical heart rate detection
sensor; a display of the device may thereafter display whether
or not the heart rate has been detected and/or display the
user’s heart rate;
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[0021] FIG. 14 illustrates functionality of a portable bio-
metric monitoring device smart alarm feature wherein, in this
embodiment, the monitoring device may be able to detect or
may be in communication with a device which can detect the
sleep stage or state of a user (e.g. light or deep sleep); the user
may seta window of time which they would like to be awoken
(e.g.6:15amto 6:45 am); the smart alarm may be triggered by
the user going into a light sleep state during the alarm win-
dow;

[0022] FIG. 15 illustrates, in a flow diagram form, the
operation of a portable biometric monitoring device which
changes how the device detects a user’s heart rate based on
how much movement the device is experiencing; in this
embodiment, there is motion detected (e.g. through the use of
an accelerometer), the user may be considered active and high
sampling rate heart rate detection may occur to reduce motion
artifacts in the heart rate measurement; the data may be saved
and/or displayed; notably, where the user is not moving, low
sampling heart rate detection (which does not consume as
much power) may be adequate to measure a heart rate;

[0023] FIG. 16 illustrates an exemplary portable monitor-
ing device which has a bicycle application (resident thereon)
which may display speed and/or cadence among other met-
rics; the application may be activated whenever the monitor-
ing device comes into proximity of a passive or active NFC
tag, which may be attached to or disposed on the bicycle, for
example, the bicycle handlebar(s), frame and/or pedal(s);

[0024] FIG. 17 illustrates an exemplary PPG sensor having
a light source, light detector, ADC, processor, DAC/GPIOs,
and light source intensity and on/off control;

[0025] FIG. 18 illustrates an exemplary PPG sensor which
is similar to the embodiment illustrated in FIG. 17; in this
embodiment, however, the sensor employs a sample and hold
circuit as well as analog signal conditioning;

[0026] FIG. 19 illustrates an exemplary PPG sensor which
is similar to the embodiment illustrated in FIG. 17; in this
embodiment, however, the sensor employs a sample and hold
circuit (and, in one embodiment, oversamples the signals);

[0027] FIG. 20 illustrates an exemplary PPG sensor having
multiple switchable light sources and detectors, light source
intensity and on/off control, and signal conditioning circuitry

[0028] FIG. 21 illustrates an exemplary PPG sensor which
uses synchronous detection; notably, in this embodiment, a
demodulator is employed to detect/recover the signal;

[0029] FIG. 22 illustrates an exemplary PPG sensor which
is similar to the embodiment illustrated in FIG. 17; in this
embodiment, however, the sensor employs a differential
amplifier in the signal detection path;

[0030] FIG. 23 illustrates an exemplary PPG sensor having
many of the features/circuitry illustrated in FIG. 17-22;

[0031] FIG. 24 illustrates certain circuitry/elements of an
exemplary portable biometric monitoring device having a
heart rate or PPG sensor, motion sensor, display, vibromotor/
vibramotor, and communication circuitry which are con-
nected to a processor;

[0032] FIG. 25 illustrates certain circuitry/elements of an
exemplary portable biometric monitoring device having a
heart rate or PPG sensor, motion sensor, display, vibromotor/
vibramotor, location sensor, altitude sensor, skin conduc-
tance/wet sensor and communication circuitry which is con-
nected to a processor;
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[0033] FIG. 26 illustrates certain circuitry/elements of an
exemplary portable monitoring device having physiological
sensors, environmental sensors, and/or location sensors con-
nected to a processor;

[0034] FIG. 27 illustrates, in block diagram form, exem-
plary signal flow of motion signals and optical PPG signals
which are employed to measure a heart rate of the user;
[0035] FIG. 28 illustrates, in block diagram form, exem-
plary signal flow of motion signals and optical PPG signals
which are employed to measure a heart rate of the user;
[0036] FIG. 29 illustrates a sensor which has an analog
connection to a sensor processor which, in turn, has a digital
connection to an application processor;

[0037] FIG. 30 illustrates a sensor device which has one or
multiple sensors connected to an application processor; and
[0038] FIG. 31 illustrates a sensor device which has one or
multiple sensors connected to sensor processors which, in
turn, are connected to an application processor.

[0039] Again, there are many inventions described and
illustrated herein. The present inventions are neither limited
to any single aspect nor embodiment thereof, nor to any
combinations and/or permutations of such aspects and/or
embodiments. 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 combinations and permutations are
not discussed separately herein.

[0040] Moreover, many other aspects, inventions and
embodiments, which may be different from and/or similar to,
the aspects, inventions and embodiments illustrated in the
drawings, will be apparent from the description, illustrations
and claims, which follow. In addition, although various fea-
tures and attributes have been illustrated in the drawings
and/or are apparent in light thereof, it should be understood
that such features and attributes, and advantages thereof, are
not required whether in one, some or all of the embodiments
of the present inventions and, indeed, need not be present in
any of the embodiments of the present inventions.

DETAILED DESCRIPTION

[0041] At the outset, it should be noted that there are many
inventions described and illustrated herein. The present
inventions are neither limited to any single aspect nor
embodiment thereof, nor to any combinations and/or permu-
tations 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 sepa-
rately herein.

[0042] Further, in the course of describing and illustrating
the present inventions, various circuitry, architectures, struc-
tures, components, functions and/or elements, as well as com-
binations and/or permutations thereof, are set forth. It should
be understood that circuitry, architectures, structures, com-
ponents, functions and/or elements other than those specifi-
cally described and illustrated, are contemplated and are
within the scope of the present inventions, as well as combi-
nations and/or permutations thereof.

[0043] Physiclogical Sensors

[0044] The portable biometric monitoring device of the
present inventions may use one, some or all of the following
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sensors to acquire physiological data, including the physi-
ological data outlined in the table below. All combinations
and permutations of physiological sensors and/or physiologi-
cal data are intended to fall within the scope of the present
inventions. The portable biometric monitoring device of the
present inventions may include but is not limited to the types
one, some or all of sensors specified below to acquire the
corresponding physiological data; indeed, other type(s) of
sensors may be employed to acquire the corresponding physi-
ological data, which are intended to fall within the scope of
the present inventions. Additionally, the device may derive
the physiological data from the corresponding sensor output
data, butis not limited to the number or types of physiological

data that it could derive from said sensor.

Physiological Sensors

Physiological data acquired

Optical Reflectometer
Potential embodiments:
Light emitter and receiver
Multi or single LED and
photo diode arrangement
Wavelength tuned for specific
physiological signals
Synchronous detection/
amplitude modulation

Motion Detector
Potential embodiments:
Inertial, Gyro or
Accelerometer

GPS

Skin Temp

EMG

EKG

Potential Embodiments:
1 lead

2 lead

Magnetometer

Laser Doppler

Power Meter

Ultra Sound

Audio

Strain gauge

Potential embodiment:
In a wrist band

Wet sensor

Potential embodiment:
galvanic skin response

Heart Rate, Heart Rate Variability
SpO2 (Saturation of Peripheral Oxygen)
Respiration

Stress

Blood pressure

Arterial Stiffness

Blood glucose levels

Blood volume

Heart rate recovery

Cardiac health

Activity level detection
Sitting/standing detection

Fall detection

Stress

Muscle tension

Heart Rate, Heart Rate Variability, Heart
Rate Recovery

Stress

Cardiac health

Activity level based on rotation

Blood flow

Heart Rate, Heart Rate Variability, Heart
Rate Recovery

Laugh detection

Respiration

Respiration type-snoring, breathing,
breathing problems

User’s voice

Heart Rate, Heart Rate Variability

Stress

Stress
Swimming detection
Shower detection

[0045] Inoneexemplary embodiment, the portable biomet-
ric monitoring device includes an optical sensor to detect,
sense, sample and/or generate data that may be used to deter-
mine information representative of, for example, stress (or
level thereof), blood pressure and/or heart rate of a user. (See,
for example, FIGS. 2-7 and 17-23). In this embodiment, the
biometric monitoring device includes an optical sensor hav-
ing one or more light sources (LED, laser, etc.) to emit or
output light into the user’s body and/or light detectors (pho-
todiodes, phototransistors, etc.) to sample, measure and/or
detect a response or reflection and provide data used to deter-
mine data which is representative of stress (or level thereof),
blood pressure and/or heart rate of a user (e.g., using photop-
lethysmography—“PPG”).
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[0046] In one exemplary embodiment, a user’s heart rate
measurement may be triggered by criteria determined by one
or more sensors (or processing circuitry connected to them).
For instance, when data from the motion sensor(s) indicates a
period of stillness or little motion, the biometric monitoring
device may trigger, acquire and/or obtain a heart rate mea-
surement or data. (See, for example, FIGS. 15, 24 and 25). In
one embodiment, when the motion sensor(s) indicate user
activity or motion (for example, motion that is not suitable or
optimum to trigger, acquire and/or obtain desired heart rate
measurement or data (for example, data used to determine a
user’s resting heart rate), the biometric monitoring device
and/or the sensor(s) employed to acquire and/or obtain
desired heart rate measurement or data may be placed or
remain in a low power state. Notably, measurements taken
during motion may be less reliable and may be corrupted by
motion artifact (for example, relative motion between the
sensors and the user).

[0047] In another embodiment, the biometric monitoring
device of the present inventions may employ data indicative
of user activity or motion (for example, from one or more
motion sensors) to adjust or modify characteristics of trigger-
ing, acquiring and/or obtaining desired heart rate measure-
ment or data (for example, to improve robustness to motion
artifact). For instance, data indicative of user activity or
motion may be employed to adjust or modify the sampling
rate and/or resolution mode of sensors which acquire heart
rate data (for example, where the amount of user motion
exceeds a certain threshold, the biometric monitoring device
may increase the sampling rate and/or increase the sampling
resolution mode of sensors employed to acquire heart rate
measurement or data). Moreover, the biometric monitoring
device may adjust or modify the sampling rate and/or reso-
lution mode of the motion sensor(s) during such periods of
user activity or motion (for example, periods where the
amount of user motion exceeds a certain threshold). In this
way, when the biometric monitoring device determines or
detects such user activity or motion, the motion sensor(s) may
be placed into a higher sampling rate and/or higher sampling
resolution mode to, for example, enable more accurate adap-
tive filtering on the heart rate signal. (See, for example, FIG.
15).

[0048] Notably, where the biometric monitoring device
employs optical techniques to acquire heart rate measure-
ments or data (e.g., photoplethysmography), a motion signal
may be employed to determine or establish a particular
approach or technique to data acquisition or measurement
(e.g., synchronous detection rather than a non-amplitude
modulated approach or technique) and/or analysis thereof.
(See, for example, FIG. 21). In this way, the data which is
indicative of the amount of user motion or activity establishes
or adjusts the type or technique of data acquisition or mea-
surement by the optical heart rate data acquisition sensors.

[0049] For example, in one preferred embodiment, the bio-
metric monitoring device and technique of the present inven-
tions may adjust and/or reduce the sampling rate of optical
heart rate sampling when the motion detector circuitry detects
or determines that the user’s motion is below a threshold (for
example, the biometric monitoring device determines the
user is sedentary or asleep). (See, for example, FIG. 15). In
this way, the biometric monitoring device may control its
power consumption (for example, reduce power consumption
by reducing the sampling rate—for instance, the biometric
monitoring device may sample the heart rate (via the heart
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rate sensor) once every 10 minutes, or 10 seconds out of every
1 minute. Notably, the biometric monitoring device may, in
addition thereto or in lieu thereof, control power consumption
via controlling data processing circuitry analysis and/or data
analysis techniques in accordance with motion detection. As
such, the motion of the user may impact the heart rate data
acquisition parameters and/or data analysis or processing
thereof.

[0050] In yet another embodiment, the biometric monitor-
ing device may employ sensors to calculate heart rate vari-
ability when the device determines the user to be, for
example, sedentary or asleep. Here, the device may operate
the sensors in a higher-rate sampling mode (relative to non-
sedentary periods or periods of user activity that exceed a
predetermined threshold) to calculate heart rate variability.
The biometric monitoring device (or external device) may
employ heart rate variability as an indicator of cardiac health
or stress.

[0051] Indeed, in a preferred embodiment, the biometric
monitoring device measures and/or determines the user’s
stress level and/or cardiac health when the user is sedentary
and/or asleep (for example, as detected and/or determined
(for example, automatically) by the biometric monitoring
device). The biometric monitoring device of the present
inventions may determine the user’s stress level, health state
(e.g., risk, onset, or progression of fever or cold) and/or car-
diac health using sensor data which is indicative of the heart
rate variability, galvanic skin response, skin temperature,
body temperature and/or heart rate. In this way, processing
circuitry of the biometric monitoring device may determine
and/or track the user’s “baseline” stress levels over time and/
or cardiac “health” over time. In another embodiment, the
device measures a physiologic parameter of the user during
one or more periods where the user is motionless (or the
user’s motion is below a predetermined threshold), sitting,
lying down, asleep, or in a particular sleep stage (e.g., deep
sleep). Such data may also be employed as a “baseline” for
stress-related parameters, health-related parameters (e.g.,
risk or onset of fever or cold), cardiac health, heart rate vari-
ability, galvanic skin response, skin temperature, body tem-
perature and/or heart rate.

[0052] Notably, in one embodiment, the biometric moni-
toring device may automatically detect or determine when the
user is attempting to go to sleep, entering sleep, is asleep
and/or is awoken from a period of sleep. In this embodiment,
the biometric monitoring device may employ physiological
sensors to acquire physiological data (of the type and in the
manner as described herein) wherein the data processing
circuitry correlates a combination of heart rate, heart rate
variability, respiration rate, galvanic skin response, motion,
and/or skin and/or body temperature sensing to detect or
determine if the user is attempting to go to sleep, entering
sleep, is asleep and/or is awoken from a period of sleep. In
response, the biometric monitoring device may, for example,
acquire physiological data and/or determine physiological
conditions of the user (of the type and in the manner as
described herein). For example, a decrease or cessation of
user motion combined with a reduction in user heart rate
and/or a change in heart rate variability may indicate that the
user has fallen asleep. Subsequent changes in heart rate vari-
ability and galvanic skin response may be used to determine
transitions of the user’s sleep state and/or between two or
more stages of sleep (for example, into lighter and/or deeper
stages of sleep). Motion by the user and/or an elevated heart
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rate and/or a change in heart rate variability may be used to
determine that the user has awoken.

[0053] In one embodiment, the biometric monitoring
device is one component of a system for monitoring sleep,
where the system comprises a secondary device capable of
communicating with the biometric monitoring device and
adapted to be placed near the sleeper (e.g., an alarm clock).
The secondary device may have a shape and mechanical
and/or magnetic interface to accept the biometric monitoring
device for safe keeping, communication, and/or charging.
Notably, the communication between the biometric monitor-
ing device and the secondary device may be provided through
wireless communication techniques/methods and protocols
such as Bluetooth, Bluetooth 4.0, RFID, NFC, or WLAN. The
secondary device may comprise sensors to assist in sleep or
environmental monitoring such as, for example, sensors that
measure ambient light, noise and/or sound (e.g., to detect
snoring), temperature, humidity, and air quality (pollen, dust,
CO2, etc.). In one embodiment, the secondary device may
communicate with an external service such as www.fitbit.
com or server (e.g., personal computer). Communication may
be achieved through wired (e.g., Ethernet, USB) or wireless
(e.g., WLAN, Bluetooth, RFID, NFC, cellular) circuitry and
protocols to transfer data to and/or from the secondary device.
The secondary device may also act as a relay to transfer data
to and/or from the biometric monitoring device to an external
service such as www.fitbit.com or other service (e.g., news,
social network updates, email, calendar notifications), or
server (e.g., personal computer, mobile phone, tablet). Cal-
culation of the user’s sleep data may be executed on one or
both devices or an external service (e.g., a cloud server) using
data from one or both devices.

[0054] The secondary device may be equipped with a dis-
play to output data obtained by the secondary device or data
transferred to it by the biometric monitoring device, the exter-
nal service, or a combination of data from the biometric
monitoring device, the secondary device, and/or the external
service. For example, the secondary device may display data
indicative of the user’s heart rate, total steps for the day,
activity and/or sleep goal achievement, the day’s weather
(measured by the secondary device or reported for a location
by an external service), etc. In another example, the second-
ary device may display data related to the ranking of the user
relative to other users, such as, in the context of user activity
(forexample, total weekly step count). In yet another embodi-
ment, the biometric monitoring device may be equipped with
adisplay to display data obtained by the biometric monitoring
device, the secondary device, the external service, or a com-
bination of the three sources. In embodiments where the first
device is equipped with a wakeup alarm (e.g., vibromotor/
vibramotor, speaker), the secondary device may act as a
backup alarm (e.g., using an audio speaker). The secondary
device may also have an interface (e.g., display and buttons or
touch screen) to create, delete, modify, or enable alarms on
the first and/or the secondary device.

[0055] In another embodiment, the biometric monitoring
device may automatically detect or determine whether it is or
is not attached to, disposed on and/or being worn by the user.
In response to detecting or determining the biometric moni-
toring device is not attached to, disposed on and/or being
worn by the user, the biometric monitoring device (or selected
portions thereof) may implement or be placed in a low power
mode of operation—for example, the optical heart rate sensor
and/or circuitry may be placed in an off or disabled state or a
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lower power or sleep mode). For example, in one embodi-
ment, the biometric monitoring device includes one or more
light detectors (photodiodes, phototransistors, etc.) wherein,
if at a given light intensity setting, one or more light detectors
provides a low return signal, the biometric monitoring device
may interpret the data is indicative of the device not being
worn. Upon such a determination, the device may reduce its
power consumption—for example, “disable” or adjust the
operating conditions of the stress and/or heart rate detection
sensors and/or circuitry (for example, reduce duty cycle of or
disable the light source(s) and/or detector(s), and/or disable
or attenuate associated circuitry or portions thereof). In addi-
tion, the biometric monitoring device may periodically deter-
mine (e.g., once per second) if the operating conditions of the
stress and/or heart rate detection sensors and/or associated
circuitry should be restored to a normal operating condition
(for example, light source(s), detector(s) and/or associated
circuitry should return to a normal operating mode for heart
rate detection). In another embodiment, the biometric moni-
toring device restores the operating conditions of the stress
and/or heart rate detection sensors and/or associated circuitry
upon detection of a triggerable event—for example, upon
detecting motion of the device (for example, based on data
from one or more motion sensor(s)) and/or detecting a user
input via the user interface (for example, a tap, bump or
swipe). In a related embodiment, the biometric monitoring
device may, for power saving purposes, reduce its rate of heart
rate measurement collection to, for instance, one measure-
ment per minute whilst the user is not highly active. In one
embodiment, the user may put the device into a mode of
operation to generate measurements on demand or at a faster
rate (e.g., once per second), for instance, via the interface—
such as, by pushing a button.

[0056] In one embodiment, the optical sensors (sources
and/or detectors) may be disposed on an interior or skin side
of the biometric monitoring device (i.e., a side whereby the
surface of the device contacts, touches and/or faces the skin of
the user (hereinafter “skin side™). (See, for example, FIGS.
2-7). In another embodiment, the optical sensors may be
disposed on one or more sides of the device, including the
skin side and one or more sides of the device that face or are
exposed to the ambient environment (environmental side).
(See, for example, FIGS. 11-13). Notably, the data from such
optical sensors may be representative of physiological data
and/or environmental data. Indeed, in one embodiment, the
optical sensors provide, acquire and/or detect information
from multiple sides of the biometric monitoring device
whether or not the sensors are disposed on one or more of the
multiple sides. For example, the optical sensors may obtain
data related to the ambient light conditions of the environ-
ment.

[0057] Where optical sensors are disposed or arranged on
the skin side of the biometric monitoring device, in operation,
a light source emits light upon the skin of the user and, in
response, a light detector samples, acquires and/or detects a
response or scattered/reflected light from the skin (and/or
from inside the body). The one or more sources and detectors
may be arranged in an array or pattern that enhances or
optimizes the SNR and/or reduces or minimizes power con-
sumption by light sources and detectors. These optical detec-
tors sample, acquire and/or detect physiological data which
may then be processed or analyzed (for example, by resident
processing circuitry)to obtain data which is representative of,
for example, a user’s heart rate, respiration, heart rate vari-
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ability, oxygen saturation (SpO2), blood volume, blood glu-
cose, skin moisture and/or skin pigmentation level.

[0058] The source(s) may emit light having one or more
wavelengths which are specific or directed to a type of physi-
ological data to be collected. The optical detectors may
sample, measure and/or detect one or more wavelengths that
are also specific or directed to a type of physiological data to
be collected and physiological parameter (of the user) to be
assessed or determined. For instance, in one embodiment, a
light source emitting light having a wavelength in the green
spectrum (for example, an LED that emits light having wave-
lengths corresponding to the green spectrum) and photodiode
positioned to sample, measure and/or detect a response or
reflection may provide data used to determine or detect heart
rate. In contrast, a light source emitting light having a wave-
length in the red spectrum (for example, an LED that emits
light having wavelengths corresponding to the red spectrum)
and a light source emitting light having a wavelength in the
infrared spectrum (for example, an LED that emits light hav-
ing wavelengths corresponding to the IR spectrum) and pho-
todiode positioned to sample, measure and/or detect a
response or reflection may provide data used to determine or
detect SpO2.

[0059] Indeed, in one embodiment, the color or wavelength
of the light emitted by the LED (or set of LEDs) may be
modified, adjusted and/or controlled in accordance with a
predetermined type of physiological data being acquired or
conditions of operation. Here, the wavelength of the light
emitted by the LED is adjusted and/or controlled to optimize
and/or enhance the “quality” of the physiological data
obtained and/or sampled by the detector. For example, the
color of the light emitted by the LED may be switched from
infrared to green when the user’s skin temperature or the
ambient temperature is cool in order to enhance the signal
corresponding to cardiac activity. (See, for example, F1G. 20).
[0060] The biometric monitoring device, in one embodi-
ment, includes a window (for example, a visually opaque
window) in the housing to facilitate optical transmission
between the optical sensors and the user. Here, the window
may permit light (for example, a substantial portion of a
selected wavelength) to be emitted by, for example, one or
more LEDs, onto the skin of the user and a response or
reflection to pass into the housing to be sampled, measured
and/or detected by, for example, one or more photodiodes. In
one embodiment, the circuitry related to emitting and receiv-
ing light may be disposed in the interior of the device housing
and underneath a plastic or glass layer (for example, painted
with infrared ink) or an infrared lens which permits infrared
light to pass but not light in the human visual spectrum. In this
way, the light transmission is invisible to the human eye.
[0061] The biometric monitoring device, in one embodi-
ment, may employ light pipes or other light transmissive
structures. (See, for example, FIGS. 8-10). In this regard, in
one embodiment, light is directed from the light source to the
skin of the user through light pipes or other light transmissive
structures. Scattered or reflected light from the user’s body
may be directed back to and detected by the optical circuitry
through the same or similar structures. Indeed, the transmis-
sive structures may employ a material and/or optical design to
facilitate low light loss (for example, a lens) thereby improv-
ing SNR of the photo detector and/or reducing power con-
sumption of the light emitter(s) and/or light detector(s). In
one embodiment, the light pipes or other light transmissive
structures may include a material that selectively transmits
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light having one or more specific or predetermined wave-
lengths with higher efficiency than others, thereby acting as a
bandpass filter. This bandpass filter may be tuned to improve
the signal of a specific physiological data type. For example,
in one embodiment, an In-Mold-Labeling or “IML” light
transmissive structure may be implemented wherein the
structure uses a material with predetermined or desired opti-
cal characteristics to create a specific bandpass characteristic,
for example, to pass infrared light with greater efficiency than
light of other wavelengths (for example, light having a wave-
length in human visible spectrum).

[0062] In another embodiment, a biometric monitoring
device may employ light transmissive structure having an
optically opaque portion (including certain optical propet-
ties) and an optically transparent portion (including optical
properties different from the optically opaque portion). Such
a structure may be provided via a double-shot or two step
molding process wherein optically opaque material is
injected and optically transparent material is injected. A bio-
metric monitoring device implementing such a light trans-
missive structure may include different transmissive proper-
ties for different wavelengths depending on the direction of
light travel through the structure. For example, in one
embodiment, the optically opaque material may include a
property of being reflective to a specific wavelength range so
as to more efficiently transport light from the light emitter(s)
and from the user’s body back to and detected by the detector
(which may be of a different wavelength(s) relative to the
wavelength(s) of the emitted light).

[0063] In another embodiment which implements light
transmissive structures (for example, structures created or
formed through IML), such structures may include a mask
consisting of an opaque material which limits the aperture of
one, some or all of the light source(s) and/or detector(s). In
this way, the light transmissive structures selectively “define”
a preferential volume of the body that light is emitted into
and/or detected from. Notably, other mask configurations
may be employed or implemented in connection with the
inventions described and/or illustrated herein; all such mask
configurations to, for example, improve the photoplethys-
mography signal, and which are implemented in connection
with the inventions described and/or illustrated herein, are
intended to fall within the scope of the present inventions.
[0064] Inany ofthe light transmissive structures described
herein, the surface of the optics or device body may include a
hard coat paint, hard coat dip, or optical coatings (such as
anti-reflection), scratch resistance, anti-fog, and/or wave-
length band block (such as ultraviolet light blocking). Such
characteristics or materials may improve the operation, accu-
racy and/or longevity of the biometric monitoring device.
[0065] In one embodiment, the biometric monitoring
device includes a concave or convex shape, on the skin side of
the device, to focus light towards a specific volume at a
specific depth in the skin and increase the efficiency of light
collected from that point into the photodetector. (See, for
example, FIGS. 8-10). Where such a biometric monitoring
device also employs light pipes to selectively and controlla-
bly route light, it may be advantageous to shape the end of the
light pipe with a degree of cylindricity (for example, rather
than radially symmetric). Such a configuration may improve
the SNR by increasing the efficiency of light transferred from
the emitter onto or into the skin of the user while decreasing
“stray” light from being detected or collected by the photo-
detector. In this way, the signal sampled, measured and/or
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detected by the photodetector consists less of stray light and
more of the user’s response to such emitted light (signal or
data that is representative of the response to the emitted light).

[0066] In one embodiment, the components of the optical
sensor are positioned on the skin side of the device and
arranged or positioned to reduce or minimize the distance
between (i) the light source(s) and/or associated detector(s)
and (ii) the skin of the user. (See, for example, FIG. 5). Such
a configuration may improve the efficiency of light flux cou-
pling between the components of the optical sensor and the
user’s body. For example, in one embodiment, the light
source(s) and/or associated detector(s) are disposed on a flex-
ible or pliable substrate which facilitates the skin side of the
device to conform (for example, without additional process-
ing) or be capable of being shaped (or compliant) to conform
to the shape of the user’s body part (for example, wrist, arm
ankle and/or leg) to which the biometric monitoring device is
coupled or attached during normal operation so that the light
source(s) and/or associated detector(s) are/is close to the skin
of the user (i.e., with little to no gap between the skin side of
the device and the juxtaposed surface of the skin of the user).
(See, FIG. 11). In one embodiment, the light source(s) and/or
associated detector(s) are disposed on a Flat Flex Cable or
“FFC” or flexible PCB. In this embodiment, the flexible or
pliable substrate (for example, FFC or flexible PCB) could
connect to a second substrate (for example, PCB) within the
device having other components disposed thereon (for
example, the data processing circuitry). Optical components
of differing heights may be mounted to different “fingers™ of
flexible substrate and pressed or secured to the housing sur-
face such that the optical components are flush to the housing
surface. In one embodiment, the second substrate may be a
relative inflexible or non-pliable substrate, fixed within the
device, having other circuitry and components (passive and/
or active) disposed thereon.

[0067] The biometric monitoring device is adapted (for
example, includes a size and shape) to be worn or carried on
the body of a user (for example, arm, wrist, leg and/or ankle).
In preferred embodiments including the optical heart rate
monitor, the device may be a wrist-worn or arm-mounted
accessory such as a watch or bracelet. (See, for example,
FIGS. 2-13). In one embodiment, optical elements of the
optical heart rate monitor are disposed or located on the
interior or skin side of the biometric monitoring device, for
example, facing the top of the wrist (i.e., the optical heart rate
monitor is juxtaposed the wrist) when the device is wrist
mounted. (See, for example, FIGS. 2-7).

[0068] Inanother embodiment, the optical heart rate moni-
tor is disposed or located on one or more external or environ-
mental side surfaces of the biometric monitoring device. (See,
for example, FIGS. 12 and 13). In this embodiment, the user
may touch an optical window (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).
(See, for example, FIG. 12). In one embodiment, the biomet-
ric monitoring device 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 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
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touch/proximity detector (which may be separate from other
detectors). Such IR-based proximity detector and/or capaci-
tive touch/proximity detector may be disposed in or on and/or
functionally, electrically and/or physically coupled to the
optical window to detect or determine the presence of, for
example, the user’s finger.

[0069] In yet another embodiment, the biometric monitor-
ing device may include one or more buttons which, when
depressed, triggers or initiates heart rate measurement (and/
or other metrics related to heart rate). The button(s) 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. (See, for example, FIG. 13). In one embodi-
ment, the optical window may be embedded in a push button.
Thus, when the user presses the button(s), it could trigger a
measurement via the user’s finger which engages and
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 biometric 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, deposited in clothing (e.g., pocket), or
deposited in an accessory (e.g., handbag).

[0070] In one specific embodiment, the biometric monitor-
ing device includes a protrusion on the skin or interior side of
the device. (See, FI1G. 2-11). When coupled to the user, the
protrusion engages the skin with more force than the sur-
rounding device body. In this embodiment, an optical window
or light transmissive structure (both of which are discussed in
detail above) may form or be incorporated in a portion of the
protrusion. The light emitter(s) and/or detector(s) of the opti-
cal sensor may be disposed or arranged in the protrusion
Juxtaposed the window or light transmissive structure. (See,
for example, FIGS. 3 and 11). 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 pro-
viding a more secure physical connection between the user’s
skin and the optical window. That is, a protrusion improves
sustained and/or fixed contact between the biometric moni-
toring device and the user’s skin (for example, the skin of a
predetermined portion of the user’s body) 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 sen-
Sor.

[0071] Inaddition thereto, or in lieu thereof, a portion of the
skin side of the biometric monitoring device may include a
friction enhancing mechanism or material. For example, the
skin side of the biometric monitoring device may include a
plurality of raised or depressed regions portions (for example,
small bumps, ridges, grooves, and/or divots). Moreover, a
friction enhancing material (for example, a gel-like material
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such as silicone) may be disposed on the skin side. Indeed, a
device back made out of gel may also provide friction while
also improving user comfort and preventing stray light from
entering. As noted above, a friction enhancing mechanism or
material may be used alone or in conjunction with the bio-
metric monitoring device having a protrusion as described
herein. In this regard, the biometric monitoring device may
include a plurality of raised or depressed regions portions (for
example, small bumps, ridges, grooves, and/or divots) in or
on the protrusion portion of the device. Indeed, such raised or
depressed regions portions may be incorporated/embedded in
or on a window portion of the protrusion. In addition thereto,
or in lieu thereof, the protrusion portion may consist of or be
coated with a friction enhancing material (for example, a
gel-like material such as silicone). Notably, the use of a pro-
trusion and/or friction may improve measurement accuracy
of data acquisition corresponding to certain parameters (e.g.,
heart rate, heart rate variability, galvanic skin response, skin
temperature, skin coloration, heat flux, blood pressure, blood
glucose, etc.) by reducing motions of the sensor relative to the
user’s skin during operation, especially whilst the user is in
motion.

[0072] Some or all of the interior or skin side of the housing
of the biometric monitoring device may also consist of a
metal material (for example, steel, stainless steel, aluminum,
magnesium, or titanium). Such a configuration may provide a
structural rigidity. (See, for example, FIG. 3). In this embodi-
ment, the device body may be designed to be hypoallergenic
through the use of a hypoallergenic “Nickel-Free” stainless
steel. Notably, it may be advantageous to employ (at least in
certain locations) a type of metal that is ferrous in properties
(for example, a grade of stainless steel that is ferrous). Under
this circumstance, the portable biometric monitoring device
(where it includes a rechargeable energy source (for example,
rechargeable battery) may interconnect with a charger using
magnetic properties to secure thereto. In addition, the por-
table biometric monitoring device may also engage a dock or
dock station using such magnetic properties to facilitate data
transfer. Moreover, such a housing may provide enhanced
electromagnetic shielding which would enhance the integrity
and reliability of the optical heart rate sensor and data acqui-
sition process/operation. Furthermore, a skin temperature
sensor may be physically and thermally coupled, for example
with thermal epoxy, to the metal body to detect or sense the
temperature of the user. In embodiments including a protru-
sion, the sensor may be positioned near or in the protrusion to
provide secure contact and localized thermal coupling to the
user’s skin.

[0073] In a preferred embodiment, one or more compo-
nents of the optical sensor (which may, in one embodiment,
located in a protrusion, and/or in another embodiment, may
be disposed or placed flush to the surface of the device) are
attached, fixed, included and/or secured to the portable bio-
metric monitoring device via a liquid-tight seal (i.e., a
method/mechanism that prevents liquid ingress into the body
of the biometric monitoring device). For example, in one
embodiment, a device back made out of a metal including but
not limited to stainless steel, aluminum, magnesium, or tita-
nium or a rigid plastic could provide a structure which is stiff
enough to maintain the structural integrity of the device while
accommodating a watertight seal for the sensor package.
(See, FIGS. 3-7).

[0074] In apreferred embodiment, a package or module of
the optical sensor would be connected to the device with a
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pressure sensitive adhesive and a liquid gasket. (See, FIG. 7).
Screws, rivets or the like may also be used, for example, if a
stronger or more durable connection is required between the
optical sensor package/module and the device body. Notably,
the present inventions may also use watertight glues, hydro-
phobic membranes such as Gore-Tex, O-rings, sealant,
grease, or epoxy to secure or attach the optical sensor pack-
age/module and the device body.

[0075] Asintimated above, the portable biometric monitor-
ing device may include a material disposed on the skin or
interior side which includes high reflectivity characteristic—
for example, polished stainless steel, reflective paint, and
polished plastic. In this way, light scattered/reflected off the
skin side of the device may be scattered/reflected back into
the skin in order to, for example, improve the SNR. Indeed,
this effectively increases the input light signal as compared
with adevice body back that is non-reflective. Notably, in one
embodiment, the color of the skin or interior side of the
biometric monitoring device is selected to provide certain
optical characteristics (for example, reflect certain or prede-
termined wavelengths of light), in order to improve the signal
of certain physiological data types. For example, where the
skin or interior side of the biometric monitoring is green, the
measurements of the heart rate may be enhanced due to the
preferential emission of a wavelength of the light correspond-
ing to the green spectrum. Where the skin or interior side of
the biometric monitoring is red, the measurements of the
SpO2 may be enhanced due to the emission preferential of a
wavelength of the light corresponding to the red spectrum. In
one embodiment, the color of the skin or interior side of the
biometric monitoring device may be modified, adjusted and/
or controlled in accordance with a predetermined type of
physiological data being acquired.

[0076] FIG. 17 depicts an exemplary schematic block dia-
gram of an optical sensor where light is emitted from a light
source toward the user’s skin and the reflection is sensed by a
light detector, wherein the output of the detector is subse-
quently digitized by an analog to digital converter (ADC).
The intensity of the light source may be modified (e.g.,
through a light source intensity control module) to maintain a
desirable scattered/reflected intensity signal. For example,
the intensity of the output of the light source may be reduced
to avoid saturation of the output signal from the light detector.
As another example, the light source intensity may be
increased to maintain the output signal from the light detector
within a desired range of output values. Notably, the active
control of the sensor device may be achieved through linear or
nonlinear control methods such as proportional-integral-de-
rivative (PID) control, fixed step control, predictive control,
neural networks, hysteresis, and the like, and may also
employ information derived from other sensors in the device
such as motion, galvanic skin response, etc. FIG. 17 is pro-
vided for illustration and does not limit the implementation of
such a system to, for instance, an ADC integrated within a
MCU, or the use of a MCU for that matter. Other possible
implementations include the use of one or more internal or
external ADCs, FPGAs, ASICs, etc.

[0077] In another embodiment, the sensor device may
incorporate the use of a sample and hold circuit (or equiva-
lent) to maintain the output of the light detector while the light
source is turned off or attenuated to save power. In embodi-
ments of the present inventions where relative changes in the
light detector output are of primary importance (e.g., heart
rate measurement), the sample and hold circuit may not have
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to maintain an accurate copy of the output of the light detec-
tor. In such cases, the sample and hold circuitry may be, for
example, a diode (e.g., Schottky diode) and capacitor. The
output of the sample and hold may be presented to an analog
signal conditioning circuit (e.g., a Sallen-Key bandpass filter,
level shifter, and/or gain circuit) to condition and amplify the
signal within frequency bands of interest (e.g., 0.1 Hz to 10
Hz for cardiac or respiratory function) which is then digitized
by the ADC. (See, for example, FIG. 18).

[0078] In operation, this removes the DC and low fre-
quency components of the signal and helps resolve the AC
component related to heart rate and/or respiration. This
embodiment may also include the analog signal conditioning
circuitry (not illustrated) for variable gain settings that can be
controlled to provide a suitable signal (e.g., not saturated).
The performance characteristics (e.g., slew rate and/or gain
bandwidth product) and power consumption of the light
source, light detector, and/or sample and hold may be signifi-
cantly higher than the analog signal conditioning circuit to
enable fast duty cycling of the light source. In one embodi-
ment, the power provided to the light source and light detector
may be controlled separately from the power provided to the
analog signal conditioning circuit to provide additional
power savings. In another embodiment, the output ofthe light
detector and/or sample and hold may be acquired or sampled
by an ADC in addition to or in lieu of the analog signal
conditioning circuit to control the light intensity of the light
source or to measure the physiologic parameters of interest,
for example, when the analog signal conditioning circuit is
not yet stable after a change to the light intensity setting.
Notably, because the physiologic signal of interest is typically
small relative to the inherent resolution of the ADC, in some
embodiments, the reference voltages and/or gain of the ADC
may be adjusted to enhance signal quality, or the ADC may be
oversampled. In yet another embodiment, the device may
digitize the output of only the sample and hold circuit by, for
example, oversampling, adjusting the reference voltages and/
or gain of the ADC, or using a high resolution ADC. (See, for
example, FIG. 19).

[0079] In another embodiment, the sensor device may
incorporate a differential amplifier to amplify the relative
changes in the output of the light detector output. (See, for
example, FIG. 22). In one embodiment, a digital average or
digital lowpass filtered signal is subtracted from the output of
the light detector output and amplified before it is digitized by
the ADC. In another embodiment, an analog average or ana-
log lowpass filtered signal is subtracted from the output of the
light detector through, for example, the use of a sample and
hold circuit and analog signal conditioning circuitry. The
power provided to the light source, light detector, and differ-
ential amplifier may be controlled separately from the power
provided to the analog signal conditioning circuit to improve
power savings.

[0080] In one embodiment, the light detector module may
incorporate a transimpedance amplifier stage with variable
gain. Such a configuration may avoid or minimize saturation
from bright ambient light and/or bright emitted light from the
light source. For example, the gain of the transimpedance
amplifier may be automatically adjusted and/or reduced with
a variable resistor and/or multiplexed set of resistors in the
negative feedback path of the transimpedance amplifier. In
embodiment of the present inventions, the device may incor-
porate little to no optical shielding from ambient light by
amplitude modulating the intensity of the light source and
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demodulating the output of the light detector (e.g., synchro-
nous detection). (See, for example, FIG. 21). In other aspects,
if the ambient light is of sufficient brightness to obtain a heart
rate signal, the light source may be reduced in brightness
and/or turned off completely.

[0081] In yet another embodiment, the aforementioned
processing techniques may be used in combination to opti-
cally measure physiological parameters of the user. (See, for
example, FIG. 23). This topology may allow the sensor
device to operate in a low power measurement state and
circuit topology when applicable and adapt to a higher power
measurement state and circuit topology as necessary. For
instance, the sensor device may measure the physiologic
parameter of interest (e.g., heart rate) using analog signal
conditioning circuitry whilst the user is immobile or seden-
tary to reduce power consumption, but switch to oversampled
sampling of the light detector output directly whilst the user is
active.

[0082] There are many inventions described and illustrated
herein in the context of physiological sensors/detectors.
While certain embodiments, features, attributes and advan-
tages of the inventions have been described and illustrated, it
should be understood that many others. as well as different
and/or similar embodiments, features, attributes and advan-
tages of the present inventions, are apparent from the descrip-
tion and illustrations. As such, the above embodiments of the
inventions are merely exemplary. They are not intended to be
exhaustive or to limit the inventions to the precise forms,
techniques, materials and/or configurations disclosed. Many
modifications and variations are possible in light of this dis-
closure.

[0083] For example, in an embodiment where the device
includes a heart rate monitor, processing of the signal to
obtain heart rate measurements may comprise filtering and/or
signal conditioning such as bandpass filtering (e.g., Butter-
worth filter). To counteract the large transients that may occur
in the signal and/or to improve convergence of said filtering,
nonlinear approaches may be employed such as neural net-
works or slew rate limiting. Data from one or more of the
sensors on the portable biometric monitoring device, such as
data which corresponds to motion, galvanic skin response,
skin temperature, etc., may be used to adjust and/or determine
the signal conditioning methods implemented by the device.
Under certain operating conditions, the heart rate of the user
may be measured by counting the number of signal peaks
within a time window or utilizing the fundamental frequency
or second harmonic of the signal (e.g., through a fast Fourier
transform (FFT)). In other cases, such as motion, FFTs may
be performed on the signal and spectral peaks extracted,
which are subsequently processed by a multiple target tracker
which starts, continues, merges, and deletes tracks of the
spectra.

[0084] In one embodiment, a similar set of operations are
performed on the motion signal and the output is used to do
activity discrimination (e.g., sedentary, walking, running,
sleeping, lying down, sitting, biking, typing, elliptical, weight
training) which is used to assist the multiple target tracker. For
instance, it may be determined that the user was stationary
and has begun to move and this information may be used to
preferentially bias the track continuation toward increasing
frequencies. Similarly, the activity discriminator may deter-
mine that the user has stopped running or is running slower
and this information may be used to preferentially bias the
track continuation toward decreasing frequencies. Tracking
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may be achieved with single-scan or multi-scan multi-target
tracker topologies such as joint probabilistic data association
trackers, multiple hypotheses tracking, nearest neighbor, etc.
Estimation and prediction in the tracker may be done through
Kalman filters, spline regression, particle filters, interacting
multiple model filters, etc. A track selector module uses the
output tracks from the multiple spectra tracker and estimates
the user’s heart rate. The estimate may be taken as the maxi-
mum likelihood track, a weight sum of the tracks against their
probabilities of being the heart rate, etc. The activity discrimi-
nator may furthermore influence the selection and/or fusion
to get the heart rate estimate. For instance, if the user is
sleeping, sitting, lving down, or sedentary, a prior probability
may be skewed toward heart rates in the 40-80 bpm range;
whereas if the user is running, jogging, or doing other vigor-
ous exercise, a prior probability may be skewed toward
elevated heart rates in the 90-180 bpm range. The influence of
the activity discriminator may be based on the speed of the
user. The estimate may be shifted toward (or wholly obtained
by) the fundamental frequency of the signal when the user is
notmoving. The track that corresponds to the user’s heart rate
may be selected based on criteria that are indicative of
changes in activity—for instance, if the user begins to walk
from being stationary, the track that illustrates a shift toward
higher frequency may be preferentially chosen.

[0085] The acquisition of a good heart rate signal may be
indicated to the user through a display on the biometric moni-
toring device or another device in communication with the
biometric monitoring device (for example, wired or wireless
communication (e.g., a Bluetooth Low Energy equipped
mobile phone)). In a preferred embodiment, the biometric
monitoring device includes a signal strength indicator which
is represented by the pulsing of a LED that is viewable by the
user. The pulsing may be timed or correlated to be coincident
with the user’s heart beat. The intensity, pulsing rate and/or
color of the LED may be modified or adjusted to suggest
signal strength. For example, a brighter LED intensity may
represent a stronger signal or in an RGB-type LED configu-
ration, a green colored LED may represent a stronger signal.

[0086] Inapreferred embodiment, the strength of the heart
rate signal may be determined by the energy (e.g., squared
cumulative sum) of the signal in a frequency band of, for
instance, 0.5 Hz to 4 Hz. In another embodiment, the biomet-
ric monitoring device of the present inventions may have a
strain gauge, pressure sensor, and/or force sensor which may
be incorporated or constructed into the housing and/or in the
band (in those embodiments where the biometric monitoring
device is attached to or mounted with a band like a watch,
bracelet, and/or armband—which may then be secured to the
user). A signal quality metric may be calculated with these
contact sensors either alone or in combination with data from
the heart rate signal.

[0087] In another embodiment, the biometric monitoring
device may monitor heart rate optically through an array of
photodetectors such as a grid of photodiodes or a CCD cam-
era. Motion of the optical device with respect to the skin may
be tracked through feature tracking of the skin and/or adap-
tive motion correction using an accelerometer and gyroscope.
The detector array may be in contact with the skin or offset at
asmall distance away from the skin. The detector array and its
associated optics may be actively controlled (e.g., with a
motor) to maintain a stabilized image of the target and acquire
a heart rate signal. This optomechanical stabilization may be
achieved using information from motion sensors (e.g., gyro-
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scope) or image features. In one embodiment, the biometric
monitoring device may implement relative motion cancella-
tion using a coherent or incoherent light source to illuminate
the skin and a photodetector array with each photodetector
associated with comparators for comparing the intensity
between neighboring detectors—obtaining a so-called
speckle pattern which may be tracked using a variety of image
tracking techniques such as, for example, optical flow, tem-
plate matching, edge tracking, etc. In this embodiment, the
light source used for motion tracking may be different from
the light source used in the optical heart rate monitor.

[0088] In another embodiment, the biometric monitoring
device may consist of a plurality of photodetectors and pho-
toemitters distributed along the surface of the device that
touches the user’s skin (i.e., the skin side of the biometric
monitoring device). (See, for example, FIGS. 2-11). In the
example of a bracelet, for instance, there may be a plurality of
photodetectors and photoemitters placed along the circum-
ference of the interior of the band. (See, for example, FIG.
11). A heart rate signal quality metric at each site may be
calculated to determine the best or set of best sites for esti-
mating the user’s heart rate. Subsequently, some of the sites
may be disabled or turned off to. for example, reduce power
consumption. The device may periodically check the heart
rate signal quality at some or all of the sites to (1) select/enable
one or more sensors and/or detectors and/or (ii) determine
one or more preferred sensor/detector to, for example,
thereby enhance, monitor and/or optimize signal and/or
power efficiency.

[0089] In another embodiment, biometric monitoring
device of the present inventions may include a heart rate
monitoring system including a plurality of sensors such as
optical, acoustic, pressure, electrical (e.g., EKG), and motion
and fuse the information from two or more of these sensors to
provide an estimate of heart rate and/or mitigate noise
induced from motion.

[0090] In addition to heart rate monitoring (or other bio-
metric monitoring), or in lieu thereof, the biometric monitor-
ing device, in one embodiment, includes optical sensors to
track or detect time and duration of ultraviolet light exposure,
total outdoor light exposure, the type of light source and
duration and intensity of that light source (fluorescent light
exposure, incandescent bulb light exposure, halogen, etc.),
exposure to television (based on light type and flicker rate),
whether the user is indoors or outdoors, time of day and
location based on light conditions. In one embodiment, the
ultraviolet detection sensor may consist of a reverse biased
LED emitter driven as a light detector. The photocurrent
produced by this detector may be characterized by, for
instance, measuring the time it takes for the LED’s capaci-
tance (or alternately a parallel capacitor) to discharge.

[0091] All of the optical sensors could be used in conjunc-
tion with other sensors to improve detection of the data
described above or be used to augment detection of other
types of physiological or environmental data.

[0092] Where the biometric monitoring device includes an
audio or passive acoustic sensor, the device may contain one
or more passive acoustic sensors that detect sound and pres-
sure and which can include but not be limited to microphones,
piezo film, etc. The acoustic sensors may be disposed on one
or more sides of the device, including the side that touches or
faces the skin (skin side) and the sides that face the environ-
ment (environmental sides).
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[0093] The biometric monitoring device of the present
inventions may also include galvanic skin response (GSR)
circuitry to measure the response of the user’s skin to emo-
tional and physical stimuli or physiological changes (e.g., the
transition of sleep stage). In one embodiment, the invention is
a wrist or arm-mounted device incorporating a band com-
prised of conductive rubber or fabric so that the galvanic skin
response electrodes may be hidden in the band. Because the
galvanic skin response circuitry may be subjected to changing
temperatures and environmental conditions, it may also
include circuitry to enable automatic calibration, such as two
or more switchable reference resistors in parallel or series
with the human skin/electrode path that allows real-time mea-
surement of known resistors to characterize the response of
the galvanic skin response circuit. The reference resistors
may be switched into and out of the measurement path such
that they are measured independently and/or simultaneously
with the human skin.

[0094] The skin side sensors would detect any type of
sound transmitted through the body and the sensors could be
arranged in an array or pattern that optimizes both the SNR
and power consumption. These sensors could detect respira-
tion (by listening to the lung), respiratory sounds (breathing,
snoring) and problems, heart rate (listening to the heart beat),
user’s voice (via sound transmitted from the vocal cords
throughout the body).

[0095]

[0096] The monitoring device of the present inventions
may use one, some or all of the following environmental
sensors to, for example, acquire the environmental data,
including environmental data outlined in the table below. The
monitoring device is not limited to the number or types of
sensors specified below but may employ other sensors that
acquire environmental data outlined in the table below. All
combinations and permutations of environmental sensors
and/or environmental data are intended to fall within the
scope of the present inventions. Additionally, the device may
derive environmental data from the corresponding sensor out-
put data, but is not limited to the types of environmental data
that it could derive from said sensor.

[0097] Notably, the monitoring device of the present inven-
tions may one or more, or all of the environmental sensors
described herein and one or more, or all of the physiological
sensors described herein. Indeed, biometric monitoring
device may acquire any or all of the environmental data and
physiological data described herein using any sensor now
known or later developed—all of which are intended to fall
within the scope of the present inventions.

Environmental Sensors

Environmental Sensors Environmental data acquired

Motion Detector Location

Potential Embodiments:

Inertial, Gyro or Accelerometer

GPS

Pressure/Altimeter sensor Elevation

Ambient Temp temperature

Light Sensor Indoor vs. outdoor
Watching TV (spectrum/flicker rate
detection)
Optical data transfer-initiation, QR
codes, etc.

ultraviolet light exposure
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-continued

Environmental Sensors Environmental data acquired

Audio

Compass

Potential Embodiments:
3 Axis Compass

Indeor vs. Outdoor
Location

[0098] In one embodiment, the monitoring device may
include an altimeter sensor, for example, disposed or located
in the interior of the device housing. (See, for example, FIGS.
25 and 26). In such a case, the device housing may have a vent
that allows the interior of the device to measure, detect,
sample and/or experience any changes in exterior pressure. In
one embodiment, the vent prevents water from entering the
device while facilitating measuring, detecting and/or sam-
pling changes in pressure via the altimeter sensor. For
example, an exterior surface of the biometric monitoring
device may include a vent type configuration or architecture
(e.g., aGore™ vent) which allows ambient air to move in and
out of the housing of the device (which allows the altimeter
sensor to measure, detect and/or sample changes in pressure),
but reduces, prevents and/or minimizes water and other lig-
uids penetration into the device housing.

[0099] The altimeter sensor, in one embodiment, may be
filled with gel that allows the sensor to experience pressure
changes outside of the gel. The use of a gel filled altimeter
may give the device a higher level of environmental protec-
tion with or without the use of an environmentally sealed
vent. The device may have a higher survivability rate with a
gel filled altimeter in locations including but not limited to
those that have high humidity, a clothes washer, a dish washer,
a clothes dryer, a steam room, the shower, a pool, and any
location where the device may be exposed to moisture,
exposed to liquid or submerged in liquid.

[0100] Sensors Integration/Signal Processing

[0101] The biometric monitoring device of the present
inventions may use data from two or more sensors to calculate
the corresponding physiological or environmental data as
seen in the table below (for example, data from two or more
sensors which are used in combination). The device may
include but is not limited to the number, types, or combina-
tions of sensors specified below. Additionally, the device may
derive the included data from the corresponding sensor com-
binations, butis not limited to the number or types of data that
could be calculated from the corresponding sensor combina-
tions

Data derived from signal

Sensor Integrations processing of multiple sensors

Heat Flux
Elevation gain
Users in the proximity

Skin Temp and Ambient Temp
Heart Rate and Motion

Motion detector and other user’s
motion detector

Motion, any heart rate sensor,
galvanic skin response

Any heart rate, heart rate variability
sensor, respiration, motion

Sit/Standing detection

Sleep Phase detection
Sleep Apnea detection

Any heart rate sensor and/or Resting Heart rate

wetness sensor, and/or motion Active Heart Rate

detector Heart rate while asleep
Heart rate while sedentary

Any heart rate detector Early detection of heart problems:
cardiac Arrhythmia

Cardiac arrest
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-continued

Data derived from signal

Sensor Integrations processing of multiple sensors

Multiple heart rate detectors Pulse transit time

Audio and/or strain gauge Typing detection

GPS and photoplethysmography location-stress correlation:

(PPG) determination of stressful regions
determination of low stress regions
Activity specific heart rate
resting heart rate

active heart rate

Automatic activity classification
and activity heart rate
determination

User fatigue, for example while
exercising

Heart rate, galvanic skin response,
accelerometer and respiration

[0102] In one embodiment, the device may also include a
near-field communication (NFC) receiver/transmitter to
detect proximity to another device, such as a mobile phone.
When the device is brought into close or detectable proximity
to the second device, it may trigger the start of new function-
ality on the second device (e.g., the launching of an “app” on
the mobile phone and radio syncing of physiological data
from the device to the second device). (See, for example, FIG.
16). Indeed, the biometric monitoring device of the present
inventions may implement any of the circuitry and techniques
described and/or illustrated in U.S. Provisional Patent Appli-
cation 61/606,559, filed Mar. 5, 2012, “Near Field Commu-
nication Systen, and Method of Operating Same”, inventor:
James Park (the contents of which are incorporated herein by
reference).

[0103] In another embodiment, the biometric monitoring
device includes a location sensor (for example, GPS cir-
cuitry) and heart rate sensor (for example, photoplethysmog-
raphy circuitry) to generate GPS or location related data and
heart rate related data, respectively. (See, for example, FIGS.
25 and 26). The biometric monitoring device may then fuse,
process and/or combine data from these two sensors/circuitry
to, for example, determine, correlate and/or “map” geo-
graphical regions according to physiological data (for
example, heart rate, stress, activity level, quantity of sleep
and/or caloric intake). In this way, the biometric monitoring
device may identify geographical regions that increase or
decrease a measurable user metric including but not limited to
heart rate, stress, activity, level, quantity of sleep and/or
caloric intake.

[0104] In addition thereto, or in lieu thereof, the biometric
monitoring device may employ the GPS related data and
photoplethysmography related data (notably, each of which
may be considered data streams), to determine or correlate the
user’s heart rate according to activity levels—for example, as
determined by the user’s acceleration, speed, location and/or
distance traveled (as measured by the GPS and/or determined
from GPS related data). (See, for example, FIGS. 25 and 26).
Here, in one embodiment, heart rate as a function of speed
may be “plotted” or correlated for the user, or the data could
be broken down into different levels including but not limited
to sleeping, resting, sedentary, moderately active, active, and
highly active.

[0105] Indeed, the biometric monitoring device may also
correlate GPS related data to a database of predetermined
geographic locations that have activities associated with them
for a set of predetermined conditions. For example, activity
determination and corresponding physiological classification

May 8, 2014

(for example, heart rate classification) may include correlat-
ing a user’s GPS coordinates that correspond to location(s) of
exercise equipment, health club and/or gym and physiologi-
cal data. Under these circumstances, a user’s heart rate dur-
ing, for example a gym workout, may be automatically mea-
sured and displayed. Notably, many physiological
classifications may be based on GPS related data including
location, acceleration, altitude, distance and/or velocity. Such
a database including geographic data and physiological data
may be compiled, developed and/or stored on the biometric
monitoring device and/or external computing device. Indeed,
in one embodiment, the user may create their own location
database or add to or modify the location database to better
classify their activities.

[0106] In another embodiment, the user may simulta-
neously wear multiple biometric monitoring devices (having
any of the features described herein). The devices of this
embodiment may communicate with each other or a remote
device using wired or wireless circuitry to calculate, for
example, biometric or physiologic qualities or quantities that,
for example, may be difficult or inaccurate to calculate oth-
erwise such as pulse transit time. The use of multiple sensors
may also improve the accuracy and/or precision of biometric
measurements over the accuracy and/or precision of a single
sensor. For example, having a device on the waist, wrist, and
ankle could improve the detection of the user taking a step
over that of a single device in only one of those locations.
Signal processing could be performed on the devices in a
distributed or centralized method to provide improved mea-
surements over that of a single device. This signal processing
could also be performed remotely and communicated back to
the devices after processing.

[0107]

[0108] The biometric monitoring device may include one
or more processors. (See, for example, FIGS. 29-31). For
example, an independent application processor may be used
to store and execute applications that utilize sensor data
acquired and processed by one or more sensor processors
(processor(s) that process data from physiological, environ-
mental and/or activity sensors). In the case where there are
multiple sensors, there may also be multiple sensor proces-
sors. An application processor may have sensors directly
connected to it as well. Sensor and application processors
may exist as separate discrete chips or exist within the same
packaged chip (multi-core). A device may have a single appli-
cation processor, or an application processor and sensor pro-
cessor, or a plurality of application processors and sensor
processors.

[0109] In one embodiment, the sensor package may be
placed on a daughterboard that includes the analog compo-
nents. This board may have some of the electronics typically
found on the main PCB such as, but not limited to, transim-
pedance amplifiers, filtering circuits, level shifters, sample
and hold circuits, and a microcontroller unit. Such a configu-
ration may allow the daughterboard to be connected to the
main PCB through the use of a digital connection rather than
analog in addition to any necessary power or ground connec-
tions. A digital connection may have a variety of advantages
over the analog daughter to main PCB connection including
but not limited to a reduction in noise and a reduction in the
number of necessary cables. The daughterboard may be con-
nected to the main board through the use of a flex cable or set
of wires.

Processing Task Delegation
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[0110] Multiple applications may be stored on an applica-
tion processor. An application can consist of executable code
and data for the application, but not limited to these. Data may
consist of graphics or other information required to execute
the application and/or information output generated by the
application. The executable code and data for the application
can both reside on the application processor or the data for the
application can be stored and retrieved from an external
memory. External memory may include but is not limited to
NAND flash, NOR flash, flash on another processor, other
solid-state storage, mechanical or optical disks, and/or
MRAM.

[0111] The executable code for an application may also be
stored on an external memory. When an application is
requested to be executed, the application processor retrieves
the executable code and/or data from the external storage and
executes it. The executable code can be temporarily or per-
manently stored on the memory or storage of the application
processor. This allows the application to be executed more
quickly on the next execution request, since the step of
retrieval is eliminated. When the application is requested to
be executed, the application processor can retrieve all of the
executable code of the application or portions of the execut-
able code. In the latter case, only the portion of executable
code required at that moment is retrieved. This allows appli-
cations that are larger than the application processor’s
memory or storage to be executed.

[0112] The application processor may also have memory
protection features to prevent applications from overwriting,
corrupting, interrupting, blocking, or otherwise interfering
with other applications, the sensor system, the application
processor, or other components of the system and/or sensor
device.

[0113] Applications may be loaded onto the application
processor and any external storage via a variety of wired,
wireless, optical, capacitive mechanisms including but not
limited to USB, Wi-Fi, Bluetooth, Bluetooth Low Energy,
NFC, RFID, and Zigbee.

[0114] In one embodiment, applications may be crypto-
graphically signed with an electronic signature. As such, the
application processor may restrict the execution of applica-
tions to those that have the correct signature.

[0115] Methods of Wearing the Device

[0116] The biometric monitoring device may include a
housing having a size and shape that facilitates fixing the
device to the user’s body (or clothing) during normal opera-
tion wherein the device, when coupled to the user, does not
measurably or appreciably impact the user’s activity. The
device may be worn in different ways depending on the spe-
cific sensor package integrated into the device and the data
that the user would like to acquire.

[0117] A usermay wear one or more of the biometric moni-
toring devices of the present inventions on their wrist or ankle
(or arm or leg) with the use of a band that is flexible and
thereby readily fitted to the user. The band may have an
adjustable circumference, therefore allowing it to be fitted to
the user. The band may be constructed from a material that
shrinks when exposed to heat, therefore allowing the user to
create a custom fit. The band may be detachable from the
“electronics” portion of the biometric monitoring device and,
if necessary, replaceable.

[0118] In a preferred embodiment, the biometric monitor-
ing device consists of two major components—a body (con-
taining the “electronics”) and aband (that facilitates attaching
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the device to the user). The body may include a housing
(made, for example, of a plastic or plastic-like material) and
extension tabs projecting from the body (made, for example,
from a metal or metal-like material). (See, for example, FIGS.
4-7). The band (made, for example, of a thermoplastic ure-
thane) is attachable to the body mechanically or adhesively.
The band may extend out a fraction of the circumference of
the user’s wrist. The distal ends of the urethane band may be
connected with a Velcro, a hook and/or loop elastic fabric
band that loops around a D-Ring on one side and then attaches
back to itself. In this embodiment, the closure mechanism
would allow the user infinite band length adjustment (unlike
an indexed hole and mechanical clasp closure). The Velcro or
fabric could be attached to the band in a manner that allows it
to be replaced (for example, if it is worn or otherwise unde-
sirable to wear before the useful or end of life of the device).
In one embodiment, the Velcro or fabric would be attached
with screws or rivets and/or glue, adhesive and/or clasp to the
band.

[0119] The biometric monitoring device of the present
inventions may also be integrated and worn in a necklace,
chest band, bra, patch, glasses, earring, or toe band. The
device may be built in such a way that the sensor package/
portion of the biometric monitoring device is removable and
can be worn in any number of ways including, but not limited
to, those listed above.

[0120] In another embodiment, the biometric monitoring
device of the present inventions may be worn clipped to an
article of clothing or deposited in clothing (e.g., pocket) or an
accessory (e.g., handbag, backpack, wallet). Because the bio-
metric monitoring device may not be near the user’s skin, in
embodiments that include heart rate measurements, the mea-
surements may be obtained in a discrete, “on demand” con-
text by the user manually placing the device into a specific
mode (e.g., depressing a button, covering a capacitive touch
sensor, etc., possibly with the heart rate sensor embedded in
the button/sensor) or automatically once the user places the
device against the skin (e.g., applying the finger to an optical
heart rate sensor).

[0121] User Interface with the Device

[0122] The biometric monitoring device may include one
or more methods of interacting with the device either locally
or remotely.

[0123] In one embodiment, the biometric monitoring
device may convey data visually through a digital display.
The physical embodiment of this display may use any one or
a plurality of display technologies including, but not limited
to one or more of LED, LCD, AMOLED, E-Ink, Sharp dis-
play technology, graphical display, and other display tech-
nologies such as TN, HIN, STN, FSTN, TFT, IPS, and
OLET. This display could show data acquired or stored
locally on the device or could display data acquired remotely
from other devices or Internet services. The device may use a
sensor (for example, an Ambient Light Sensor, “ALS”) to
control or adjust screen backlighting. For example, in dark
lighting situations, the display may be dimmed to conserve
battery life, whereas in bright lighting situations, the display
may increaseits brightness so that it is more easily read by the
user.

[0124] In another embodiment, the device may use single
or multicolor LEDs to indicate a state of the device. States that
the device indicate may include but are not limited to biomet-
ric states such as heart rate or application states such as an
incoming message, a goal has been reached. These states may
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be indicated through the LED’s color, being on, off, an inter-
mediate intensity, pulsing (and/or rate thereof), and/or a pat-
tern of light intensities from completely off to highest bright-
ness. In one embodiment, an LED may modulate its intensity
and/or color with the phase and frequency of the user’s heart
rate.
[0125] Inapreferred embodiment, the use of an E-Ink type
display or technology would allow the display to remain on
without the battery drain of a non-reflective display. This
“always-on” functionality may provide a pleasant user expe-
rience in the case of, for example, a watch application where
the user may simply glance at the device to see the time. The
E-Ink display always displays content without compromising
the battery life of the device, allowing the user to see the time
as they would on a traditional watch.
[0126] The device may use a light such as an LED to dis-
play the heart rate of the user by modulating the amplitude of
the light emitted at the frequency of the user’s heart rate. The
device may depict heart rate zones (e.g., aerobic, anaerobic)
through the color ofan LED (e.g., green, red) or a sequence of
LED:s that light up in accordance with changes in heart rate
(e.g., a progress bar). The device may be integrated or incor-
porated into another device or structure, for example, glasses
or goggles, or communicate with glasses or goggles to display
this information to the user.
[0127] The biometric monitoring device may also convey
information to a user through the physical motion of the
device. One such embodiment of a method to physically
move the device is the use of a vibration inducing motor (for
example, a vibromotor/vibramotor). The device may use this
method alone, or in combination with a plurality of motion
inducing technologies.
[0128] The device may convey information to a user
through audio. A speaker could convey information through
the use of audio tones, voice, songs, or other sounds.
[0129] These three information communication methods—
visual, motion, and auditory—may be used alone or in any
combination with each other or another method of commu-
nication to communicate any one or plurality of the following
information:
[0130] That a user needs to wake up at certain time
[0131] That auser should wake up as they are in a certain
sleep phase
[0132] Thatausershould goto sleep as it is a certain time
[0133] That auser should wake up as they are in a certain
sleep phase and in a preselected time window bounded
by the earliest and latest time that the user wants to wake
up.
[0134] An email was received
[0135] The user has been inactive for a certain period of
time. Notably, this may integrate with other applications
like, for instance, a meeting calendar or sleep tracking
applicationto block out, reduce, or adjust the behavior of
the inactivity alert.

[0136] The user has been active for a certain period of
time

[0137] The user has an appointment or calendar event

[0138] The user has reached a certain activity metric

[0139] The user has gone a certain distance

[0140] The user has reached a certain mile pace

[0141] The user has reached a certain speed

[0142] Theuserhas accumulated a certain elevation gain

[0143] The user has taken a certain number of steps
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[0144] The user has had a heart rate measurement
recently

[0145] The user’s heart rate has reached a certain level

[0146] Theuserhas a normal, active, or resting heart rate

of a specific value or in a specific range
[0147] The user’s heart rate has enter or exited a certain
goal range or training zone
[0148] Theuserhasanew heart rate “zone” goal to reach,
as in the case of heart rate zone training for running,
bicycling, swimming, etc. activities
[0149] The user has swum a lap or completed a certain
number of laps in a pool
[0150] An external device has information that needs to
be communicated to the user such as an incoming phone
call or any one of the above alerts
[0151] The user has reached a certain fatigue goal or
limit. In one embodiment, fatigue may be determined
through a combination of heart rate, galvanic skin
response, motion sensor, and/or respiration data
[0152] These examples are provided for illustration and are
not intended to limit the scope of information that may be
communicated by the device (to, for example, the user). Note
that the data used to determine whether or not an alert is met
may be acquired from a first device and/or one or more
secondary devices. The device itself may determine whether
the criteria for an alert has been met. Alternatively, a comput-
ing device in communication with the device (e.g. a server
and/or a mobile phone) may determine when the alert should
occur. In view of this disclosure, other information that the
device may communicate to the user can be envisioned by one
of ordinary skill in the art. For example, the device may
communicate with the user when a goal has been met. The
criteria for meeting this goal may be based on physiological,
contextual, and environmental sensors on a first device, and/
or other sensor data from one or more secondary devices. The
goal may be set by the user or may be set by the device itself
and/or another computing device in communication with the
device (e.g. a server). In an exemplary embodiment, the
device may vibrate when a biometric goal is met.
[0153] The biometric monitoring device of the present
inventions may be equipped with wireless and/or wired com-
munication circuitry to display data on a secondary device in
real time. For example, the invention may be able to commu-
nicate with a mobile phone via Bluetooth Low Energy in
order to give real-time feedback of heart rate, heart rate vari-
ability, and/or stress to the user. The invention may coach or
grant “points” for the user to breathe in specific ways that
alleviate stress. Stress may be quantified or evaluated through
heart rate, heart rate variability, skin temperature, changes in
motion-activity data and/or galvanic skin response.
[0154] The biometric monitoring device may receive input
from the user through one or more local or remote input
methods. One such embodiment of local user input could use
a sensor or set of sensors to translate a user’s movement into
a command to the device. Such motions could include but
may not be limited to tapping, rolling the wrist, flexing one or
more muscles, and swinging. Another user input method may
be through the use of a button of type, but not limited to the
types, capacitive touch button, capacitive screen, and
mechanical button. In one embodiment, the user interface
buttons may be made of metal. In the case that the screen uses
capacitive touch detection, it may always be sampling and
ready to respond to any gesture or input without an interven-
ing event such as pushing a physical button. The device may
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also take input through the use of audio commands. All of
these input methods may be integrated into the device locally
or integrated into a remote device that can communicate with
the device either through a wired or wireless connection. In
addition, the user may also be able to manipulate the device
through a remote device. In one embodiment, this remote
device could have Internet connectivity.

[0155] In one embodiment, the biometric monitoring
device of the present inventions may operate as a wrist-
mounted vibrating alarm to silently wake the user from sleep.
The biometric monitoring device may track the user’s sleep
quality, waking periods, sleep latency, sleep efficiency, sleep
stages (e.g., deep sleep versus REM), and/or other sleep-
related metrics through one or a combination of heart rate,
heart rate variability, galvanic skin response, motion sensing
(e.g., accelerometer, gyroscope, magnetometer), and skin
temperature. The user may specify a desired alarm time and
the invention may use one or more of the sleep metrics to
determine an optimal time to wake the user. In one embodi-
ment, when the vibrating alarm is active, the user may cause
it to hibernate or turn off by slapping or tapping the device
(which is detected, for example, via motion sensor(s), a pres-
sure/force sensor and/or capacitive touch sensor in the
device). In one embodiment, the device may attempt to arouse
the user at an optimum point in the sleep cycle by starting a
small vibration at a specific user sleep stage or time prior to
the alarm setting. It may progressively increase the intensity
or noticeability of the vibration as the user progresses toward
wakefulness or toward the alarm setting. (See, for example,
FIG. 14).

[0156] In another aspect, the biometric monitoring device
may be configured or communicated with using onboard
optical sensors such as the components in an optical heart rate
monitor.

[0157] Wireless Connectivity and Data Transmission
[0158] The biometric monitoring device of the present
inventions may include a means of wireless communication
to transmit and receive information from the Internet and/or
other devices. The wireless communication may consist of
one or more means such as Bluetooth, ANT, WLAN, power-
line networking, and cell phone networks. These are provided
as examples and do not exclude other wireless communica-
tion methods existent or that are yet to be invented.

[0159] The wireless connection is two ways. The device
may transmit, communicate and/or push its data to other
peripheral devices and/or the Internet. The device may also
receive, request and/or pull data from other peripheral devices
and/or the Internet.

[0160] The biometric monitoring device may act as a relay
to provide communication for other devices to each other or
to the Internet. For example, the device may connect to the
Internet via WLAN but also be equipped with an ANT radio.
An ANT device may communicate with the device to transmit
its data to the Internet through the device’s WLAN (and vice
versa). As another example, the device may be equipped with
Bluetooth. If a Bluetooth-enabled smart phone comes within
reach ofthe device, the device may transmit data to or receive
data from the Internet through the smart phone’s cell phone
network. Data from another device may also be transmitted to
the device and stored (and vice versa) or transmitted at a later
time.

[0161] The present inventions may also include streaming
or transmitting web content for displaying on the biometric
monitoring device. The following are typical examples:
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[0162] Historical graphs of heart rate and/or other data
measured by the device but stored remotely

[0163] Historical graphs of user activity and/or foods
consumed and/or sleep data that are measured by other
devices and/or stored remotely (e.g., fitbit.com)

[0164] Historical graphs of other user-tracked data
stored remotely. Examples include heart rate, blood
pressure, arterial stiffness, blood glucose levels, choles-
terol, duration of TV watching, duration of video game
play, mood, etc.

[0165] Coaching and/or dieting data based on one or
more of the user’s heart rate, current weight, weight
goals, food intake, activity, sleep, and other data.

[0166] User progress toward heart rate, weight, activity,
sleep, and/or other goals.

[0167] Summary statistics, graphics, badges, and/or
metrics (e.g., “grades”) to describe the aforementioned
data

[0168] The aforementioned data displayed for the user
and his/her “friends” with similar devices and/or track-
ing methods

[0169] Social content such as Twitter feeds, instant mes-
saging, and/or Facebook updates

[0170] Other online content such as newspaper articles,
horoscopes, weather reports, RSS feeds, comics, cross-
word puzzles, classified advertisements, stock reports,
and websites

[0171] Email messages and calendar schedules

[0172] Content may be delivered to the biometric monitor-
ing device according to different contexts. For instance, in the
morning, news and weather reports may be displayed along
with the user’s sleep data from the previous night. In the
evening, a daily summary of the day’s activities may be
displayed.

[0173] The invention may also include NFC, RFID, or
other short-range wireless communication circuitry that may
be used to initiate functionality in other devices. For instance,
the invention may be equipped with an NFC antenna so that
when a user puts it into close proximity with a mobile phone,
an app is launched automatically on the mobile phone.
[0174] These examples are provided for illustration and are
not intended to limit the scope of data that may be transmitted,
received, or displayed by the device, nor any intermediate
processing that may occur during such transfer and display. In
view of this disclosure/application, many other data can be
envisioned by one reasonably skilled in the art.

[0175] Charging and Data Transmission

[0176] The biometric monitoring device may use a wired
connection to charge an internal rechargeable battery and/or
transfer data to a host device such as a laptop or mobile phone.
In one embodiment, the device may use magnets to help the
user align the device to the dock or cable. The magnetic field
of magnets in the dock or cable and the magnets in the device
itself could be strategically oriented to as to force the device
to self-align and provide a force that holds the device to the
dock or cable. The magnets may also be used as conductive
contacts for charging or data transmission. In another
embodiment, a permanent magnet is only used in the dock or
cable side, not in the device itself. This may improve the
performance of the biometric monitoring device where the
device employs a magnetometer. With a magnet in the device,
the strong field of a nearby permanent magnet may increase
the difficulty for the magnetometer to accurately measure the
earth’s magnetic field.
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[0177] In another embodiment, the device could contain
oneor more electromagnets in the device body. The charger or
dock for charging and data transmission would also contain
an electromagnet and/or a permanent magnet. The device
could only turn on its electromagnet when it is close to the
charger or dock. It could detect proximity to the dock by
looking for the magnetic field signature of a permanent mag-
net in the charger or dock using a magnetometer. Alterna-
tively it could detect proximity to the charger by measuring
the Received Signal Strength Indication or RSSI of a wireless
signal from the charger or dock. The electromagnet could be
reversed, creating a force that repels the device from the
charging cable or dock either when the device doesn’t need to
be charged, synced, or when it has completed syncing or
charging.

[0178] Configurable Application Functionality

[0179] In some embodiments, the biometric monitoring
device of the present inventions may include a watch-like
form factor and/or bracelet, armlet, or anklet form factor and
may be programmed with “apps” that launch specific func-
tionality and/or display specific information. Apps may be
launched or closed by a variety of means or techniques
including but not limited to pressing a button, using a capaci-
tive touch sensor, performing a gesture that is detected by an
accelerometer, moving to a location detected by a GPS or
motion sensor, compressing the device body, thereby creating
a pressure signal inside the device that is detected by an
altimeter, or placing the device close to an NFC tag which is
associated with an app or set of apps. Apps may also be
automatically triggered to launch or close by certain environ-
mental or physiological conditions including but not limited
to a high heart rate, the detection of water using a wet sensor
(to launch a swimming application for example), a certain
time of day (to launch a sleep tracking application at night for
example), a change in pressure and motion characteristic of'a
plane taking off or landing to launch and close an “airplane”
mode app. Apps may also be launched or closed by meeting
multiple conditions simultaneously. For example, if an accel-
erometer detects that a user is running and the user presses a
button it may launch a pedometer application, an altimeter
data collection application and/or display. In another case
where the accelerometer detects swimming and the user
presses the same button, it may launch a lap counting appli-
cation.

[0180] In one embodiment, the device could have a swim-
tracking mode that may be launched by starting a swimming
app. In this mode, the device’s motion sensors and/or mag-
netometer may be used to detect swim strokes, classify swim
stroke types, detect swimming laps, and other related metrics
such as stroke efficiency, lap time, speed, distance, and calorie
burn. Directional changes indicated by the magnetometer
may be used to detect a diversity of lap turn methods. In a
preferred embodiment, data from a motion sensor and/or
pressure sensor may be used to detect strokes.

[0181] In another embodiment, a bicycling app may be
launched by moving the device within proximity of an NFC
or RFID tag that is located on the bicycle, on a mount on the
bicycle or in a location associated with a bicycle including but
not limited to a bike rack or bike storage facility. (See, for
example, FIG. 16). The app launched may use a different
algorithm than is normally used to determine metrics includ-
ing but not limited to calories burned, distance travelled, and
elevation gained. The app may also be launched when a
wireless bike sensor is detected including but not limited to a
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wheel sensor, GPS, cadence sensor, or power meter. The
device may then display and/or record data from the wireless
bike sensor or bike sensors.

[0182] Additional apps include but are not limited to a
programmable or customizable watch face, stop watch, music
player controller (e.g., mp3 player remote control), text mes-
sage and/or email display or “notifier”, navigational compass,
bicycle computer display (when communicating with a sepa-
rate or integrated GPS device, wheel sensor, or power meter),
weight lifting tracker, sit-up reps tracker, pull up reps tracker,
resistance training form/workout tracker, golf swing ana-
lyzer, tennis (or other racquet sport) swing/serve analyzer,
tennis game swing detector, baseball swing analyzer, ball
throw analyzer (e.g., football, baseball), organized sports
activity intensity tracker (e.g., football, baseball, basketball,
volleyball, soccer), disk throw analyzer, food bite detector,
typing analyzer, tilt sensor, sleep quality tracker, alarm clock,
stress meter, stress/relaxation biofeedback game (e.g., poten-
tially in combination with a mobile phone that provides audi-
tory and/or visual cues to train user breathing in relaxation
exercises), teeth brushing tracker, eating rate tracker (e.g., to
count or track the rate and duration by which a utensil is
brought to the mouth for food intake), intoxication or suit-
ability to drive a motor vehicle indicator (e.g., through heart
rate, heart rate variability, galvanic skin response, gait analy-
sis, puzzle solving, and the like), allergy tracker (e.g., using
galvanic skin response, heart rate, skin temperature, pollen
sensing and the like, possibly in combination with external
seasonal allergen tracking from, for instance, the internet;
possibly determining the user’s response to particular forms
of allergen (e.g., tree pollen) and alerting the user to the
presence of such allergens (e.g., from seasonal information,
pollen tracking databases, or local environmental sensors in
the device or employed by the user)), fever tracker (e.g.,
measuring the risk, onset, or progress of a fever, cold, or other
illness, possibly in combination with seasonal data, disease
databases, user location, and/or user provided feedback to
assess the spread of a particular disease (e.g., flu) in relation
to a user, and possibly prescribing or suggesting the absti-
nence of work or activity in response), electronic games,
caffeine affect tracker (e.g., monitoring the physiologic
response such as heart rate, heart rate variability, galvanic
skin response, skin temperature, blood pressure, stress, sleep,
and/or activity in either short term or long term response to
the intake or abstinence of coffee, tea, energy drinks and/or
other caffeinated beverages), drug affect tracker (e.g., similar
to the previously mentioned caffeine tracker but in relation to
other interventions, whether they be medical or lifestyle
drugs such as alcohol, tobacco, etc.), endurance sport coach
(e.g., recommending or prescribing the intensity, duration, or
profile of a running/bicycling/swimming workout, or sug-
gesting the abstinence or delay of a workout, in accordance
with a user specified goal such as a marathon, triathlon, or
custom goal utilizing data from, for instance, historical exer-
cise activity (e.g., distance run, pace), heart rate, heart rate
variability, health/sickness/stress/fever state), weight and/or
body composition, blood pressure, blood glucose, food intake
or caloric balance tracker (e.g., notifying the user how many
calories he may consume to maintain or achieve a weight),
pedometer, and nail biting detector. In some cases, the apps
may rely solely on the processing power and sensors of the
invention. In other cases, the apps may fuse or merely display
information from an external device or set of external devices
including but not limited to a heart rate strap, GPS distance
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tracker, body composition scale, blood pressure monitor,
blood glucose monitor, watch, smart watch, mobile commu-
nication device such as a smart phone or tablet, or server.
[0183] Inoneembodiment, the portable monitoring device
may control a music player on a secondary device. Aspects of
the music player that may be controlled include but are not
limited to the volume, selection of tracks and/or playlists,
skipping forward or backward, fast forwarding or rewinding
of tracks, the tempo of the track, and the music player equal-
izer. Control of the music player may be via user input or
automatic based on physiological, environmental, or contex-
tual data. For example, a user may be able to select and play
a track on their smart phone by selecting the track through a
user interface on the device. In another example, the portable
monitoring device may automatically choose an appropriate
track based on the activity level of the user (the activity level
being calculated from device sensor data). This may be used
to help motivate a user to maintain a certain activity level. For
example, if a user goes on a run and wants to keep their heart
ratein a certain range, the device may play an upbeat or higher
tempo track if their heart rate is below the range which they
are aiming for.

[0184] There are many inventions described and illustrated
herein. While certain embodiments, features, attributes and
advantages of the inventions have been described and illus-
trated, it should be understood that many others, as well as
different and/or similar embodiments, features, attributes and
advantages of the present inventions, are apparent from the
description and illustrations. As such, the above embodi-
ments of the inventions are merely exemplary. They are not
intended to be exhaustive or to limit the inventions to the
precise forms, techniques, materials and/or configurations
disclosed. Many modifications and variations are possible in
light of this disclosure. It is to be understood that other
embodiments may be utilized and operational changes may
be made without departing from the scope of the present
inventions. As such, the scope of the inventions is not limited
solely to the description above because the description of the
above embodiments has been presented for the purposes of
illustration and description.

[0185] Importantly, the present inventions are neither lim-
ited to any single aspect nor embodiment, nor to any combi-
nations and/or permutations of such aspects and/or embodi-
ments. 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
and/or embodiments thereof. For the sake of brevity, many of
those permutations and combinations will not be discussed
and/or illustrated separately, in detail, herein.

[0186] The term “calculate” and other forms (i.e., calculat-
ing, calculated and calculation) in the claims means, among
other things, calculate, assesses. determine and/or estimate
and other forms thereof. In addition, the term “light pipe” (or
plural thereof) in the claims means, among other things, a
light pipe, light conduit, light path or other light transmissive
structure that preferentially directs or transmits light along a
predetermined path, for example, a path defined by the geom-
etry and/or material of the light pipe. Further, in the claims,
“scattered” means, among other things, scattered and/or
reflected.

[0187] Notably, the terms “first,” “second,” and the like,
herein do not denote any order, quantity, or importance, but
rather are used to distinguish one element from another.
Moreover, in the claims, the terms “a” and “an” herein do not
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denote a limitation of quantity, but rather denote the presence
of at least one of the referenced item.

What is claimed is:

1. An apparatus comprising:

One Of More Processors;

memory;

one or more biometric sensors;

an interface for communicating with an external device;

and

an element configured to present information from the

apparatus,

wherein the memory, the one or more processors, and the
one or more biometric sensors, and the element con-
figured to present information are communicatively
connected with one another, and

wherein the memory and one or more processors are
configured to receive data from the external device;
and
presenting the data to a user of the apparatus via the

element configured to present information.

2. The apparatus of claim 1, wherein the memory and one
or more processors are configured to receive from the external
device a communication addressed to the user.

3. The apparatus of claim 2, wherein the communication
comprises information about an incoming phone call on the
external device.

4. The apparatus of claim 2, wherein the communication
comprises an email message.

5. The apparatus of claim 2, wherein the communication
comprises a text message.

6. The apparatus of claim 2, wherein the communication
comprises a calendar notification.

7. The apparatus of claim 2, wherein the communication is
provided for a location detected for the user.

8. The apparatus of claim 2, wherein the communication
comprises cues to train the user.

9. The apparatus of claim 2, wherein the communication
comprises an alert to the user.

10. The apparatus of claim 1, wherein the memory and one
or more processors are configured to receive from the external
device Internet content.

11. The apparatus of claim 10, wherein the Internet content
comprises social media content.

12. The apparatus of claim 10, wherein the Internet content
comprises information from a periodical.

13. The apparatus of claim 10, wherein the Internet content
comprises coaching advice for the user.

14. The apparatus of claim 10, wherein the Internet content
comprises weather information.

15. The apparatus of claim 1, wherein the external device is
a smart phone, a tablet or a computer.

16. The apparatus of claim 1, wherein in the one more
biometric sensors comprises a motion detector.

17. The apparatus of claim 16, wherein the motion detector
is an accelerometer or a gyroscope.

18. The apparatus of claim 1, wherein in the one more
biometric sensors comprises an optical sensor.

19. The apparatus of claim 1, wherein the element config-
ured to present information is configured to present the infor-
mation by sound, by motion, and/or visually.

20. The apparatus of claim 1, wherein the biometric moni-
toring device is configured to be worn by the user.

21. The apparatus of claim 20, wherein the biometric moni-
toring device comprises a band designed to be worn around a
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wrist or ankle or wherein the biometric monitoring device is
configured to be worn in a clip mounted to an article of
clothing.

22. The apparatus of claim 1, wherein the apparatus is
configured as a watch

23. The apparatus of claim 1, wherein the memory and one
or more processors are configured to execute an application.

24. The apparatus of claim 23, wherein the application is
configured to fuse with an application on the external device.

25. The apparatus of claim 1, wherein the memory and one
or more processors are configured by executable code stored
on the memory.

26. The apparatus of claim 1, wherein the memory and one
or more processors are configured to

detect proximity between the biometric monitoring device

and external device; and

in response, trigger launching of an application on the

external device.

27. The apparatus of claim 26, wherein the external device
is a mobile phone and detecting proximity comprises neat-
field communication.

28. The apparatus of claim 1, wherein the interface for
communicating with an external device is configured to com-
municate via Bluetooth, ANT, WLAN, power-line network-
ing, and/or a cell phone network.

I I T T
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