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(7) ABSTRACT

Embodiments of the present disclosure can comprise a
wearable device for sensing, displaying, and communicating
data associated with a condition of a user. In some embodi-
ments, the wearable device can comprise a biometric sensor
unit configured to sense biometric data associated with a
physiological condition of the user, a display unit configured
to display a visual representation of the sensed biometric
data from the biometric sensor unit to the user, and a control
unit operatively coupled to the biometric sensor unit and the
display unit. The control unit may also comprise at least one
processor configured to receive indications of the sensed
biometric data and cause the display unit to display the at
least one visual representation of the biometric data and a
communication unit, the communication unit configured to
transmit and/or receive information associated with the
sensed biometric data.
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WEARABLE DEVICES FOR SENSING,
DISPLAYING, AND COMMUNICATING
DATA ASSOCIATED WITH A USER

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and benefit from Pro-
visional Patent Application No. 62/304,728 filed Mar. 7,
2016, which is hereby incorporated by reference herein in its
entirety as if fully set forth below.

BACKGROUND

When on the job, first responders, such as firefighters, are
subject to numerous psychological and physical stressors,
including a number of dangerous conditions that may lead to
serious injury or even death. However, it is projected that the
majority of injuries or fatalities occurring while on the job
are caused by overexertion. Overexertion can result from a
variety of physiological and atmospheric factors involved in
the course of a first responder’s duties. As a recognized
medical ailment, overexertion can be monitored and indi-
cated by a plurality of biometrics including heart rate, body
temperature, and VO, saturation of a person.

Currently, first responders, such as firefighters, use vari-
ous personal safety devices to protect against atmospheric
stressors. One common safety device is a Self-Contained
Breathing Apparatus (SCBA). The SCBA helps to provide
breathable air to firefighters in an immediately dangerous
environment, such as what is often a smoke-filled environ-
ment. While common personal safety devices, such as the
SCBA, help mitigate the effects of atmospheric stressors on
the human body, they are incapable of providing users with
real-time data telling of overexertion, such that a first
responder can take control of their health during a stressful
situation. It is with respect to these and other considerations
that various embodiments of the present disclosure are
presented below.

SUMMARY

Embodiments of the present disclosure can include a
wearable device for sensing, displaying, and communicating
data associated with a condition of a user. In an embodiment,
the wearable device can comprise a biometric sensor unit, a
display unit, and a control unit. The biometric sensor umt
can be configured to sense biometric data associated with a
physiological condition of the user. In some embodiments,
the biometric sensor unit can comprise one or more sensors
configured to sense a plurality of biometrics associated with
the physiological condition of the user while using the
wearable device. The plurality of biometrics can comprise,
for instance, at least one of the user’s body temperature,
heart rate, VO2,, ., respiration, steps taken, blood pressure,
heart rate variability, and calories burnt. In an embodiment,
the biometric sensor unit can comprise an earpiece config-
ured to be received by an ear of the user of the wearable
device.

The wearable device can also comprise a display unit that
can be configured to display at least one visual representa-
tion of the sensed biometric data from the biometric sensor
unit to the user of the wearable device. In some embodi-
ments, the display unit can comprise at least one of a
near-eye display and a heads up display. In some embodi-
ments, the display unit can be configured to display the at
least one visual representation to the user of the wearable
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device in a location of the wearable device that is clear from
obstructing a main view of the user of the wearable device.

The wearable device can also comprise a control unit
operatively coupled to the biometric sensor unit and the
display unit. The control unit can comprise at least one
processor configured to receive indications of the sensed
biometric data and cause the display unit to display the at
least one visual representation of the biometric data to the
user. Additionally, the control unit can comprise at least one
communication unit, the communication unit configured to
perform at least one of transmitting and receiving informa-
tion associated with the sensed biometric data to and from a
remote unit, respectively.

In some embodiments, the communication unit of the
control unit can comprise at least one of a transmitter
configured to transmit the biometric data to the remote unit
and a receiver configured to receive information from the
remote unit, the received information including one or more
messages indicating at least one of i) the biometric data
associated with the user of the wearable device, ii) action
items to be performed by the user of the wearable device,
and iii) status messages associated with a condition of the
user of the wearable device.

In some embodiments, the condition of the user of the
wearable device can comprise a physiological condition of
the user of the wearable device while the wearable device is
in use.

In some embodiments, the biometric sensor unit, display
unit, and control unit can be selectively attachable to head-
wear of the user of the wearable device.

In some embodiments, the biometric sensor unit and the
control unit can comprise one or more sensors configured to
sense at least one of the internal or external temperature
associated with the wearable device while the wearable
device 1s in use.

Embodiments of the present disclosure can also comprise
a system for sensing, displaying, and communicating data
associated with a condition of a user of a wearable device.
The system can comprise a wearable device, and the wear-
able device can comprise a biometric sensor unit, a display
unit, and a control unit. The biometric sensor unit can be
configured to sense biometric data associated with the
condition of the user. The display unit can be configured to
display one or more visual representations of at least the
sensed biometric data from the biometric sensor unit to the
user. The control unit can be operatively coupled to the
biometric sensor unit and the display unit, and the control
unit can be configured to receive indications of the sensed
biometric data from the biometric sensor unit and cause the
display unit to display the one or more visual representations
to the user.

In some embodiments, the system can comprise a remote
unit in communication with the wearable device. In some
embodiments, the remote unit can comprise a receiver
configured to receive the indications of the sensed biometric
data from the control unit and a computer-executable appli-
cation comprising a graphical user interface for interacting
with a user of the remote unit.

In some embodiments, the computer-executable applica-
tion can be stored in a memory coupled to one or more
processors and is executable by the one or more processors
to perform functions that comprise at least one of: extracting
a numerical representation of the sensed biometric data;
comparing the numerical representation of the sensed bio-
metric data to a threshold value corresponding to a prede-
termined biometric range; creating one or more graphical
representations of the sensed biometric data for display on
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the graphical user interface; and generating one or more
messages indicating at least one of 1) the biometric data
associated with the user of the wearable device, ii) action
items to be performed by the user of the wearable device,
and iii) status messages associated with a condition of the
user of the wearable device.

In some embodiments, the one or more messages can be
communicated to the control unit of the wearable device, the
control unit further configured to communicate the one or
more messages to the display unit and the display unit
configured to display the information to the user via a visual
representation. In some embodiments, the biometric sensor
unit can comprise at least one sensor configured to sense a
plurality of biometrics associated with the physiological
condition of the user while using the wearable device, the
plurality of biometrics comprising at least one of the user’s
body temperature, heart rate, VO2___ respiration, steps
taken, blood pressure, and calories burnt. In some embodi-
ments, as discussed previously, the biometric sensor unit can
comprise an earpiece configured to be received by an ear of
the user of the wearable device.

Another embodiment of the present disclosure can com-
prise a method for sensing, displaying, and communicating
data associated with a condition of a user of a wearable
device, the method comprising: sensing, by a biometric
sensor unit, biometric data associated with a physiological
condition of the user, the biometric sensor unit configured to
communicate the sensed biometric data to a control unit;
receiving, by the control unit, the sensed biometric data, the
control unit configured to communicate the biometric data to
a display unit; and displaying, by a display unit, at least one
visual representation of the sensed biometric data to the user.

In some embodiments, the method can further comprise
transmitting, by the control unit, the biometric data to a
remote unit; and receiving, by the control unit, one or more
messages from the remote unit, the one or more messages
including information associated with the biometric data.
Additionally, in some embodiments, the method can com-
prise displaying, by the display unit, the one or more
messages to the user of the wearable device.

Similar to that discussed above, the remote unit can
comprise a computer-executable application including a
graphical user interface for interacting with a user of the
remote unit. Additionally, similar to that discussed above,
the sensing, by the biometric sensor unit, can comprise
sensing, by one or more sensors, a plurality of metrics
associated with the physiological condition of the user. In
some embodiments, the plurality of metrics comprising at
least one of the user’s body temperature, heart rate, VO2,, .,
respiration, steps taken, blood pressure, and calories burnt
while using the wearable device.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference will now be made to the accompanying draw-
ings, which are not necessarily drawn to scale.

FIGS. 1a and 15 illustrate systems for sensing, displaying,
and/or communicating a plurality of data corresponding to a
user, in accordance with an embodiment of the present
disclosure.

FIG. 2a illustrates an embodiment of a wearable device
attached to headwear, in accordance with the present dis-
closure.

FIG. 25 illustrates a control unit of the wearable device,
in accordance with an embodiment of the present disclosure.
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FIG. 2c¢ illustrates an attachment interface for attaching
the control unit to headwear, in accordance with an embodi-
ment of the present disclosure.

FIGS. 3a and 35 illustrate a biometric sensor unit com-
prising a biometric earpiece, in accordance with an embodi-
ment of the present disclosure.

FIG. 4 illustrates a display unit of the wearable device, in
accordance with an embodiment of the present disclosure.

FIG. 5 illustrates an implementation of systems and
devices with users of wearable devices according to embodi-
ments of the present disclosure.

FIG. 6 illustrates exemplary architecture of a control unit
interacting with other components of the wearable device
and a remote unit, in accordance with an embodiment of the
present disclosure.

FIG. 7 illustrates another embodiment of a wearable
device for sensing, displaying, and/or communicating a
plurality of data corresponding to a user, in accordance with
the present disclosure.

FIGS. 8a and 86 illustrate another embodiment of a
wearable device for sensing, displaying, and/or communi-
cating a plurality of data corresponding to a user, in accor-
dance with the present disclosure.

FIGS. 9a and 96 illustrate another embodiment of a
wearable device for sensing, displaying, and/or communi-
cating a plurality of data corresponding to a user, in accor-
dance with the present disclosure.

FIG. 10 is an exemplary computer architecture for use
with various aspects of a computer-executable application,
in accordance with an embodiment of the present disclosure.

FIG. 11 illustrates a graphical user interface of a com-
puter-executable application, in accordance with an embodi-
ment of the present disclosure.

FIG. 12 is another illustration of a graphical user interface
of a computer-executable application, in accordance with an
embodiment of the present disclosure.

FIG. 13 is another illustration of a graphical user interface
of a computer-executable application, in accordance with an
embodiment of the present disclosure.

DETAILED DESCRIPTION

In some aspects, the present disclosure relates to wearable
devices for detecting, displaying, and communicating data
associated with a user. Although example embodiments of
the present disclosure are explained in detail herein, it is to
be understood that other embodiments are contemplated.
Accordingly, it is not intended that the present disclosure be
limited in its scope to the details of construction and
arrangement of components set forth in the following
description or illustrated in the drawings. The present dis-
closure is capable of other embodiments and of being
practiced or carried out in various ways.

It must also be noted that, as used in the specification and
the appended claims, the singular forms “a,” “an” and “the”
include plural referents unless the context clearly dictates
otherwise. Ranges may be expressed herein as from “about”
or “approximately” one particular value and/or to “about” or
“approximately” another particular value. When such a
range is expressed, other exemplary embodiments include
from the one particular value and/or to the other particular
value.

By “comprising” or “containing” or “including” is meant
that at least the named compound, element, particle, or
method step is present in the composition or article or
method, but does not exclude the presence of other com-
pounds, materials, particles, method steps, even if the other
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such compounds, material, particles, method steps have the
same function as what is named.

In describing example embodiments, terminology will be
resorted to for the sake of clarity. It is intended that each
term contemplates its broadest meaning as understood by
those skilled in the art and includes all technical equivalents
that operate in a similar manner to accomplish a similar
purpose. It is also to be understood that the mention of one
or more steps of a method does not preclude the presence of
additional method steps or intervening method steps
between those steps expressly identified. Steps of a method
may be performed in a different order than those described
herein without departing from the scope of the disclosed
technology. Similarly, it is also to be understood that the
mention of one or more components in a device or system
does not preclude the presence of additional components or
intervening components between those components
expressly identified.

A detailed description of aspects of the present disclosure,
in accordance with various example embodiments, will now
be provided with reference to the accompanying drawings.
The drawings form a part hereof and show, by way of
illustration, specific embodiments and examples. In refer-
ring to the drawings, like numerals represent like elements
throughout the several figures.

In some aspects, the present disclosure can relate to
systems for sensing, displaying, and/or communicating a
plurality of data associated with a condition of the user.
FIGS. 1¢ and 12 illustrate exemplary systems 100a, 1005 for
sensing, displaying, and/or communicating a plurality of
data corresponding to a user. As illustrated at FIG. 1a, a
wearable device 110 can be in communication with a remote
unit 120. The wearable device 110 can be configured to
sense biometric data associated with a condition of a user of
the wearable device 110 and can comprise a communication
unit 130 configured to transmit indications of the biometric
data along a transmission pathway 150a to the remote unit
120. The remote unit 120 can be configured to receive the
indications of the biometric data from the wearable device
110 via a remote communication unit 140. The remote unit
120 can be further configured to transmit information (e.g.
one or more messages) along a transmission pathway 1505
to the wearable device 110.

In some embodiments, as illustrated at FIG. 1a, the
communication unit 130 and the remote communication unit
140 can be corresponding antenna units. For example, the
wearable device can comprise a communication unit 130
attached thereto that is an antenna that transmits a signal,
and the remote unit 120, which can include a computer, can
be operatively connected to a corresponding communication
unit 140 (e.g. through a USB port), that can be an antenna
that can transmit a signal. Such interaction can, for instance,
facilitate tracking and monitoring of a user’s wellbeing or
activity while the user is wearing the wearable device 110,
by facilitating the transfer of relevant data between the
wearable device 110 and the remote unit 120.

In other embodiments, the communication unit 130 and
the remote unit 120 can comprise a cell phone chip enabling
connecting, transmitting, and receiving data via a cellular
network. The cell phone chip can include any telecommu-
nications technology currently available, including GSM,
3G, or 4G systems, or subsequently developed.

FIG. 15 illustrates an exemplary system 1005 and corre-
sponding process for sensing, displaying, and communicat-
ing data associated with a condition of the user. The system
1005 can comprise a wearable device 110, a server 160, a
remote unit 120, and mobile device 170a used by a mobile
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user 1705. As shown in FIG. 15, the wearable device 110,
remote unit 120, and mobile device 170a can communicate
with each other through the server 160. The mobile user
1705 can be, for instance, a past or future user of the
wearable device 110.

As illustrated at FIG. 15, transmission pathways can
comprise a mobile user device 170a setting initial calibra-
tion data for when the mobile user 1705 uses the wearable
device 110. In some embodiments, the calibration data can
include personal information about the mobile user 1705
including but not limited to height, weight, age, and gender.
Additionally, in some embodiments, each wearable device
110 may receive a unique identification number and may be
recognized by a computer-executable application running on
a computer of the remote unit 120, based on that identifi-
cation number. Therefore, when a mobile user 1705 is
initially calibrating the wearable device 110, the mobile user
1705 can input the unique identification number correspond-
ing to the wearable device 110, thereby linking the mobile
user’s 1706 profile with the wearable device 110. Associat-
ing a mobile user’s 170 profile with an identification number
of the wearable device 110 can permit various users to use
the same wearable device 110. When the wearable device
110 is calibrated, the wearable device 110 can correspond
with the specific mobile user 1706 who will wear the
wearable device 110 and calculate and transmit biometric
data specific to that user.

The wearable device 110 can be in communication with
the remote unit 120. For instance, as discussed previously,
the wearable device 110 can detect data associated with a
condition of a user and transmit that data to the remote unit
120. As illustrated in FIG. 15, a server 160 can serve as an
intermediary between the wearable device 110 and the
remote unit 120. The remote unit 120 can be configured to
receive the data from the server 160, and in some embodi-
ments, display such data to a remote user accessing the
remote unit via a computer-executable application. Addi-
tionally, the remote unit 120 can be configured to transmit
information to the wearable device 110, which can include
one or more messages. The server 160 can act as an
intermediary between the remote unit 120 and the wearable
device 110 and transmit the information to the wearable
device 110.

In other embodiments (not shown), the wearable device
110 can communicate directly to the remote unit 120 without
interfacing through the server 160. Following, the remote
unit 120 can be in communication with the server 160 for the
purpose of storing or otherwise communicating data asso-
ciated with the user of the wearable device.

FIGS. 2a-2¢, 3a, 3b, and 4 illustrate aspects of the present
disclosure include a wearable device 110 for sensing, dis-
playing, and/or communicating a plurality of data associated
with a condition of a user of the wearable device 110. As
illustrated in 2a-2¢, 3a, 3b, and 4, the wearable device 110
can comprise a control unit 200 (FIGS. 2a-2¢), a biometric
sensor unit 300 (FIGS. 34 and 35), and a display unit 400
(FIG. 4). The control unit 200 can be integrally connected
with or selectively attached to headwear 220 worn by a user
and can comprise an attachment interface 230a, 2305, as
illustrated in FIGS. 2a-2¢. In some embodiments, the head-
wear 220 worn by a user can be a SCBA. As illustrated in
FIGS. 3a-3b, the biometric sensor unit 300 can comprise a
plurality of biosensors (325a, 325b) capable of detecting a
plurality of conditions indicative of a state of the user’s body
while the user is wearing the wearable device 110. In some
embodiments, the biometric sensor unit 300 can comprise an
ear-receiving portion 310 wearable on and/or in the user’s
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ear, as illustrated in FIGS. 3a-3b. As illustrated in FIGS. 4
and 5, in some embodiments, the display unit 400 can be
positioned within a field of view of the user and provide a
visual representation of the biometric data and/or other
information to the user.

FIGS. 2a and 25 illustrate an exemplary embodiment of
a control unit 200 for use in a wearable device 110. In some
embodiments, a biometric sensor unit 300 can be connected
to the control unit 200 via a wire 330. Aspects of the
biometric sensor unit 300 will be discussed in greater detail
with respect to FIGS. 3a-35.

As shown in FIG. 25, the control unit 200 can comprise
a housing 215 containing a variety of hardware and devices
for controlling and directing information flow as well as
tracking other relevant metrics associated with the user of
the wearable device. Additionally, in some embodiments,
the control unit 200 can comprise an external or internal
antenna. For example, FIGS. 24-25b illustrate an external
antenna 250 attached to the control unit 200, in accordance
with an embodiment of the present disclosure. The external
antenna 250 can permit transmission of data acquired by the
wearable device 110 to a remote unit 120, such as that
illustrated in FIGS. 1a-15.

The housing 215 can contain a variety of hardware and
devices (illustrated in greater detail at FIG. 6). For instance,
the housing 215 can include one or more of a microcon-
troller (e.g., one or more programmable computer proces-
sors), magnetometer, gyroscope, accelerometer, radio (com-
prising one or more antennas), battery, one or more buses,
and one or more temperature sensors. Additionally, the
housing 215 of the control unit 200 can be made of any
suitable material currently available or subsequently devel-
oped that is sufficiently durable for a variety of uses. In an
embodiment for use within a very hot area, the housing 215
can be made out of a material that can provide heat-
resistance. For instance, the material can be one or more of
Teflon, fiberglass, and high-temperature epoxy. In other
embodiments, the housing 215 can be made of a flame-
retardant material.

FIG. 2¢ illustrates an exemplary attachment interface 260
for attaching the control unit 200 to the headwear 220, in
accordance with an embodiment of the present disclosure.
The attachment interface can comprise a socket 2305 that
can receive a corresponding fastener 230a (as shown in FIG.
2a). The socket 2305 can be embedded into a frame 225 of
the headwear 220. The attachment interface 260 can allow
for attaching the control unit (shown in FIGS. 24-2b) to
headwear 220.

FIGS. 3a and 35 illustrate an exemplary biometric sensor
unit 300 comprising a biometric earpiece configured to be
received by an ear of the user of the wearable device. The
biometric sensor unit 300 can be any device comprising a
plurality of sensors capable of sensing biometric data asso-
ciated with the user. For instance, in some embodiments, as
illustrated at FIG. 3a, the biometric sensor unit 300 can
comprise a plurality of sensors (325a, 325b) for sensing
biometric data associated with a physiological condition of
the user. While embodiments of the biometric sensor unit
300 are illustrated in the drawings as a biometric earpiece,
it is understood that the biometric sensor unit can comprise
other devices (wearable or not) capable of sensing biometric
data associated with a physiological condition of the user.
Additionally, the plurality of sensors integrated with the
biometric sensor unit can be a variety of sensors capable of
detecting data associated with a condition of the user,
including electro-optical sensors, thermal sensors, oxygen
sensors, moisture sensors, and/or biosensors.
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As illustrated in FIG. 3a, the biometric earpiece can
comprise an ear-receiving portion 310 having an ear intet-
face 320. Additionally, one or more sensors 3254, 3255 can
be integrated with the ear-receiving portion 310 to detect a
plurality of data associated with a condition of the user. In
some embodiments, the ear-receiving portion 310 can com-
prise one or more sensors 3255 located in a lower portion of
the ear-receiving portion and one or more sensors 325a
located proximate the ear interface 320. For example, a
plurality of sensors 3254 detecting the heart rate, the
VO,,,... heart rate quality signal, and steps can be integrated
in the lower portion of the ear-receiving portion 310 and a
digital temperature sensor 325a can be integrated in the ear
interface 320. In some embodiments, the plurality of sensors
integrated in the ear-receiving portion 310 can be Valencell’s
PerformTek® sensor. In other embodiments, the plurality of
sensors 325a, 3256 integrated with the ear-receiving portion
310 can be one or more optical sensors. Additionally, in
some embodiments, the ear-receiving portion 310 can com-
prise a speaker to serve a variety of purposes, including
amplification of external sounds or communications from
remote users, or a plurality of moisture sensors. In other
embodiments, the ear-receiving portion can comprise a bone
conduction microphone to, for instance, transmit the user’s
voice to the remote user.

In some embodiments, the biometric sensor unit 300 can
comprise a biometric earpiece having an ear-receiving por-
tion 310 that can be configured to fit snugly within the user’s
ear, as illustrated at FIG. 34. For instance, in some embodi-
ments, the ear-receiving portion 310 can include a flexible
ring 335 attached proximate an upper portion of the ear-
receiving portion 310. In some embodiments, the flexible
ring 335 can comprise a resilient material to maintain a snug
fit within the user’s ear, as illustrated at FIG. 3b. In other
embodiments, the biometric earpiece can comprise an over
the ear loop (not shown) that fits behind the user’s ear and
assists with holding the earpiece in place.

Additionally, the biometric sensor unit 300 can be opera-
tively connected with the control unit 200. In embodiments
comprising a biometric earpiece, as illustrated at FIG. 3aq,
the biometric earpiece can comprise a wire 330 extending
from the ear-receiving portion 310 and connecting with the
control unit 200 via an electrical connector 350. As such, the
biometric earpiece can relay the data detected by the sensors
325a, 325b to the control unit 200. For instance, in an
embodiment, the biometric sensor unit 300 can be connected
to the control unit 200 by a simple wire that connects to a
Japanese solderless terminal (JST) bus. Additionally, to
improve resistance to atmospheric factors, the wire 330 of
the biometric sensor unit 300 can be coated in a flame-
retardant or high-temperature epoxy or silicon sleeving to
protect the wire 330.

While embodiments of the biometric sensor unit 300
described above can use a wired connection between the
biometric sensor unit 300 and the control unit 200, the
biometric sensor unit 300 can be in wireless communication
with the control unit 200. For example, in some embodi-
ments, the biometric sensor unit 300 can include, for
instance, a Bluetooth device for providing wireless commu-
nication between the biometric sensor unit 300 and the
control unit 200.

FIG. 4 illustrates an exemplary display unit 400 mounted
within headwear 220 worn by a user. The display unit 400
can comprise any device capable of displaying information
to a user. In some embodiments, the display unit 400 can
comprise a near-eye display capable of displaying a variety
of information to the user of the wearable device. In other
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embodiments, the display unit 400 can comprise a heads up
display capable of displaying a variety of information to the
user of the wearable device. In other embodiments, the
display unit 400 can display the information on a semi-
transparent surface, like a screen or the visor of the head-
wear. Other optical systems that can be incorporated in the
display unit 400 include a virtual reality display, eye track-
ing, head tracking, a head-mounted display, display magni-
fication, and/or an optical head-mounted display.

As illustrated at FIG. 4, the display unit 400 can be
mounted within a field of view of the user and can be
positioned proximate the wearer’s eye(s) when the wearer is
wearing headwear 220. The display unit 400 can comprise a
casing 410, a screen 420, and an optical display system 430
(showing a lens, the remainder of the optical display system
not shown) for displaying information to the user. For
instance, as illustrated at FIG. 4, the display unit 400 can be
mounted on a left-most portion of the interior of the head-
wear 220, relative to the user of the wearable device 110. As
such, the display unit 400 and the information displayed
thereon can be visible in the left eye of the user. Those
skilled in the art will understand that mounting the display
unit 400 in a side portion of the headwear 220 can avoid
obstructing the user’s view. In other embodiments, however,
the display unit 400 can be mounted on the right-most
portion of the headwear 220 or on both side portions of the
headwear 220.

In some embodiments, the display unit 400 can comprise
a near-eye display. Near-eye displays can utilize the human
eye for up-close image display such that the human eye acts
as the last element in the optical chain with a final image
being created on the eye’s retina. The near-eye display can
generally comprise a virtual image, a microdisplay, and a
lens. The lens of the near-eye display can provide magnifi-
cation of the virtual image to the user of the near-eye display.
Additionally, the microdisplay contained within the near-eye
display can comprise a waveguide optical element that
collects light at the input and relays it towards the user’s eye.
In some embodiments, the near-eye display can comprise
additional components for minimizing latency, maximizing
optical contrast, and maximizing the field of view.

In some embodiments, the display unit 400 can comprise
a heads up display. In embodiments incorporating a heads up
display, the heads up display can comprise a projector unit,
a combiner, and an optical display system. The projector umt
can comprise an optical collimator including a convex lens
or a concave mirror and a lighting element. For example, the
lighting element can comprise LEDs or backlight sources. In
some embodiments, the combiner can comprise a beam
splitter. In some embodiments the optical display system can
comprise a computer unit incorporating a receiver for
receiving information to be displayed to the user.

In some embodiments, the display unit 400 can be
mounted to the headwear 220 using an adjustable, flexible or
semi-flexible member 440 such as a wire (e.g., selectively
bendable copper wire). The adjustable member 440 can
permit the user to adjust the display unit 400 within the
headwear 220 to make slight adjustments and clear the
user’s line of sight. Mounting the display unit 400 in line
with the user’s eyes can have the added advantage of not
obstructing the user’s view of the floor or ceiling, for
instance. Additionally, those skilled in the art will under-
stand that the display unit 400 can be mounted within the
interior of the headwear 220 in a variety of ways, including
adhesive, hook and loop fasteners, or other adjustable
mounting elements composed of other suitable materials,
other than copper.
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In some embodiments, to connect the display unit 400
with the control unit 200, a high temperature ribbon cable
450 attached to the display unit 400 can be navigated
through the headwear 220 and integrated with the control
unit 200. In some embodiments, the display unit 400 can
comprise a UART bus controllable by the processor. In other
embodiments, the display unit 400 can be connected to the
control unit 200 using Bluetooth or other similar wireless
technology.

In another embodiment, the display unit 400 can be
incorporated into the outer housing of the control unit 200.
In such an embodiment, the display unit can comprise one
or more indicator lights that communicate with the user if
certain biometrics are within a normal or risky range. For
instance, in some embodiments, the display unit can com-
prise two indicator lights, one green and one red. If the green
indicator light is lit up, then that will indicate to the user that
all biometrics are in a normal range. If the red indicator light
is lit up, this will indicate to the user that some or all
biometrics are exceeding the normal level and indicative of
a warning that the biometric is approaching a dangerous or
unhealthy level.

FIG. 5 illustrates an implementation 500 of certain
aspects of systems and devices in accordance with embodi-
ments of the present disclosure. FIG. 5 illustrates a visual
representation 510 that a user 520 wearing the wearable
device may view using the display unit 400. As illustrated at
FIG. 5, the display unit, such as that illustrated in FIG. 4, can
display a variety of information 530 to the wearer 520 in an
abbreviated format. For instance, the display unit 400 can
show life-critical data to the user including the ambient
temperature surrounding the user, the current battery level of
the device, the compass heading the user is facing, a
biometric data line, sensor readings, action items, and/or
personal text messages (see also FIGS. 11-13). In an
embodiment, as illustrated at FIG. 5, the display unit 400 can
provide the user 520 with the ambient temperature 531, the
user’s compass direction 533, the user’s heart rate 535,
action items 537, and messages 539.

In some embodiments, an ambient temperature reading
can be useful in detecting flashover events. In some embodi-
ments, the text messages can be from a remote user to the
user of the wearable device, for example messages regarding
the wellbeing of the user of the wearable device 110. The
action items can be, for instance, sent from a remote user
accessing a device incorporating a communication unit, as
illustrated at FIGS. 1a-15, which can transmit a message
receivable by a radio unit incorporated within the wearable
device 110. In some embodiments, the action items and
personal message areas can incorporate scrolling text if the
message received is above a particular character limit. For
instance, the scrolling text can incorporate automated scroll-
ing functionality. In some embodiments, the biometric data
line displays the heart rate, pulse, oxygenation level, and
respiratory rate of the user of the wearable device. In some
embodiments, the display unit can cycle through a plurality
of displays incorporating different information. It should be
appreciated that having an integrated display unit in the
wearable device, as described above, can allow for real-time
monitoring of a variety of biometrics as well as incorporate
communication functionality, essential for receiving com-
mands, instructions, or other messages.

Additionally, in some embodiments, the display unit 400
can cycle through various combinations of metrics or mes-
sages over time. Other metrics that the display unit 400 can
provide to the user 320 may include body temperature, heart
rate, external temperature, VO2 heart-rate variability,

maxs
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signal level of the wearable device 110, battery level of the
wearable device 110, and/or blood pressure.

FIG. 6 is an exemplary diagram of the interior of the
control unit 200. The control unit 200 can comprise a
housing 215 that may contain one or more of a processor
610, a gyroscope and accelerometer unit 620, one or more
temperature sensors 630, one or more magnetometers 640, a
battery 650, and a communication unit including a receiver
660 and a transmitter 670. In some embodiments the pro-
cessor 610 can be a microcontroller comprising one or more
programmable computer processors. In some embodiments,
the receiver 660 and the transmitter 670 can comprise one or
more antennas. In addition to the components illustrated in
FIG. 6, the control unit 200 can comprise various other
devices including one or more buses, various other sensors,
and other electrical components.

As illustrated at FIG. 6, in some embodiments, the pro-
cessor 610 can control and direct the flow of information
from the sensors located in the biometric sensor unit 300 and
the other devices housed within the control unit 200, such as
the gyroscope/accelerometer unit 620, the temperature sen-
sor 630, and the magnetometer 640, or other additional
sensor unit or device known in the art. Additionally, the
processor 610 can control and direct the flow of information
to and from the transmitter 670 and the receiver 660,
respectively, permitting communication with a remote unit
or server. The processor 610 can further control and direct
the flow of information to the display unit 400.

The processor 610 can be any microcontroller, for
example Teensy++. The magnetometer 640 can be any
suitable magnetometer that can, for instance, include a
three-axis sensor that can detect Earth’s magnetic field to
provide a compass heading. The gyroscope/accelerometer
unit(s) 620 can comprise any gyroscope that includes a
three-axis angular rate sensor and the accelerometer 620 can
be any accelerometer that includes a three-axis sensor that
can detect acceleration. The gyroscope and accelerometer
data can be combined to deduce the yaw, tilt, and roll of the
housing on the side of the headwear. The yaw, tilt, and roll
can then be normalized and calibrated with the magnetom-
eter data to give an accurate compass heading despite the
orientation of the magnetometer 640. In other embodiments,
the processor can be configured to determine the geo-
location using the radio signal. Additionally, the processor
can be configured for indoor tracking or triangulation. For
instance, the control unit 200 can trace or track the move-
ments of a user throughout an area.

The temperature sensor 630 can serve a variety of func-
tions, including monitoring the temperature inside the hous-
ing 215 of the control unit 200 to determine if the inside of
the housing 215 is cool enough for the processor 610 to be
in an operating state and also monitoring the ambient
temperature around the user. In some embodiments, if an
unsafe temperature inside the housing 215 is reached, the
control unit 200 can be configured to shut down. The
temperature sensor that can detect the ambient temperature
surrounding the user can be exposed to the atmosphere
around the control unit. For example, the temperature sensor
can be exposed through a small hole in the housing.

Additionally, the control unit 200 can be in communica-
tion with a variety of devices including the biometric sensor
unit 300, the display unit 400, a remote server, and a remote
unit (as shown in FIGS. 1a and 15). To allow the wearable
device 110 to communicate with, for instance, a server and
a remote unit, the control unit 200 can include a communi-
cation unit 250 comprising a receiver 660 and a transmitter
670. In some embodiments, the communication unit 250 can
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comprise a radio unit, such as the Xbee Pro Series 1 60 mW
Wire Antenna. This radio unit can operate at 3.3 V at a
current value of 215 mA, with a range of one mile. The radio
unit can use the 802.15.4 IEEE standard for packet trans-
mission. The data gathered by the processor 610 can be
transmitted back to a remote user using the communication
unit 250 via the transmitter 670 and information from the
remote unit or server can be received by the control unit at
the receiver 660.

FIG. 7 illustrates another embodiment of a wearable
device 700 in accordance with the present disclosure. As
shown, the wearable device 700 can be worn concurrently
with headwear 720. The wearable device 700 can comprise
a control unit 710, a biometric sensor unit (not shown, but
similar to that illustrated in FIG. 1d), and a display unit 730.
The control unit 710 can comprise a housing 715 mounted
to a side of the headwear 720. For instance, the housing 715
can be integrally connected to the headwear 720 and thereby
comprise an attachment interface (not shown, but similar to
that illustrated in FIG. 1¢). The attachment interface can
comprise a fastener, such as a screw, that can engage a
corresponding socket thereby attaching the housing 715 to
the headwear 720. As illustrated in FIG. 7, the control unit
710 can attach to a left side of the headwear 720 on a frame
721 surrounding the visor 723. The control unit 710 can be
sized and positioned so as not to block the user’s visibility
or components of the headwear 720, such as mechanical
speaking diaphragms 725 in the headwear 720. To attach the
control unit 710 to the headwear 720 as such, a socket can
be embedded in the frame 721 of the headwear 720 on the
left side (relative to the user). In other embodiments, how-
ever, the control unit 710 can be positioned on a right side
of the headwear 720 and include a fastener in the frame 721
on the right side of the headwear 720.

Some embodiments of the wearable device 700 as illus-
trated at FIG. 7 can incorporate a biometric sensor unit, such
as that illustrated in FIGS. 3a-3b, and a display unit 730.
Therefore, the biometric sensor unit and the display unit 730
can comprise some or all of the features discussed above. As
illustrated at F1G. 7, and similarly to FIG. 4, the display unit
730 can be located within the interior of the headwear 720
near at least one eye of the user, and can include an
adjustable member 735 (such as a wire) that can be used for
adjusting the position and/or location of the display unit 730
relative to an eye of the user. Additionally, the wearable
device 700 can comprise a plurality of add-ons allowing a
user to interact with the device 700 attached to the control
unit 710. For instance, the add-ons can include a light 740
or thermal imaging camera to assist with visibility in front
of and around the user. Additionally, the control unit 710
may comprise a plurality of switches 745a, 7455 for turning
the wearable device 700 on and off and/or the additional
light 740. Additionally, in some embodiments, the control
unit 710 can comprise an indicator light 750 that will light
up upon turning on the wearable device 700.

FIGS. 8a and 8b illustrate another embodiment of a
wearable device 800, in accordance with the present disclo-
sure, worn concurrently with headwear 820. The wearable
device 800 can comprise a control unit 810, a biometric
sensor unit (not shown, but similar to that illustrated in FIG.
4), and a display unit. The control unit 810 can comprise a
dashboard 815 mounted to a front portion of the headwear
820. The dashboard 815 can comprise an arced, hollow
enclosure that fits around a front portion of the headwear
820. The dashboard 815 can contain a plurality of devices
and hardware, as discussed above, and also encase two
display units 830a, 8305, as illustrated in FIG. 85. The
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control unit 810 can be integrally connected to headwear
820 worn by a user and thereby comprise an attachment
interface, as discussed above with respect to FIG. 2¢. The
attachment interface can comprise a fastener, such as a
screw, that can screw into a corresponding socket thereby
attaching the housing to the headwear. In contrast to the
attachment interface illustrated in FIG. 2c¢, the attachment
interface can include a fastener and socket on each side of
the headwear. In other embodiments, the control unit 810
can be attached to the front of a mask of the headwear using
adhesive or other suitable attachment mechanism.

As illustrated at FIG. 85, the wearable device can include
dual display units 830a, 8305 embedded within the housing.
The dual display units 830a, 8305 can comprise screens on
which a plurality of items of information can be displayed.
Additionally, in some embodiments, each display unit 830a,
8304 can display different information. For instance, display
unit 830a can display the user’s temperature, heart rate,
action items, and battery life of the wearable device, while
display unit 8305 can show the user’s acceleration in the x-,
y-, and z-directions.

FIGS. 9a-95 illustrate another embodiment of a wearable
device 900 in accordance with the present disclosure. As
shown, the wearable device 900 comprises a control unit
910, a biometric sensor unit 930, and a display unit (illus-
trated in FIG. 95). The control unit 910 can be attached to
the headwear 920. As illustrated at FIG. 9a, the control unit
910 can comprise a housing 915 that is configured to wrap
around a side of the headwear 920 and connect to an
attachment interface. As shown in FIG. 9, the control unit
910 can comprise a housing 915 having an elongated portion
that houses a plurality of hardware and devices. Addition-
ally, a display unit 940 can be disposed external to the
headwear 920 and can be located proximate a bottom
portion of the visor 925.

As illustrated at FIG. 95, the display unit 940 can com-
prise an icon portion 945 and a data portion 955. The icon
portion 945 can be located on a top portion of the housing
915 of the control unit 910 and can comprise a plurality of
icons indicative of individual biometrics. For instance, as
illustrated at FIG. 94, the plurality of icons can be a compass
indicator, a heart rate indicator, an internal temperature
indicator, and an external temperature indicator. The plural-
ity of icons can be LED backlit and configured to change
color (e.g. green, yellow, or red) to correspond to the range
in which the user’s biometric fall (discussed in more detail
below). For instance, green can correspond to a biometric
within a pre-determined range indicative of a normal level,
yellow can correspond to a biometric exceeding the normal
level and indicative of a warning that the biometric is
approaching a risky level, and red where the biometric has
reached a dangerous or unhealthy level. Such threshold
ranges for color changes in the icons can be predetermined
in accordance with similar methods as those discussed
below with respect to FIGS. 11-12.

In some embodiments, the pre-determined range can be
specific to the user. For instance, the pre-determined range
can be calculated from a variety of metrics including the
user’s health characteristics, such as age, gender, weight,
and height.

The data portion 955 can display alphanumeric represen-
tations of data associated with a user. For instance, as
illustrated in FIG. 94, the data portion can display the
compass heading (e.g. NE), the heart rate (e.g. 165), the
body temperature (e.g. 98.6) and the external temperature
(e.g. 198). The data portion 955 can be configured to provide
updated data corresponding to the data sensed by the bio-
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metric sensor unit. In other embodiments, the display unit
940 can include icons related to other biometrics and display
data on the data portion 955 corresponding to various other
biometrics, as described previously.

While the previously described embodiments are illus-
trated in reference to headwear, it is understood that the
described wearable devices can be incorporated within a
variety of garments or protective gear. For instance, the
control unit can attach to the user’s shirt, within the user’s
pocket, to the user’s belt, to SCBA or other protective
helmets or masks.

In some embodiments, the wearable device described
above can also be in communication with a computer-
executable application remotely located from the wearable
device. The computer-executable application can be config-
ured for receiving, displaying, and/or tracking the plurality
of biometric data corresponding to a user of the remote
device.

As described above, the control unit of the wearable
device can comprise a communication unit, including a
transmitter and a receiver, for transmitting the biometric data
to the application and receiving a plurality of messages from
the application. The remote unit can include a separate
communication unit (as illustrated at FIGS. 1a and 15). The
application can be implemented on any platform including,
but not limited to, a desktop or lap-top computer, a tablet
computer, a mobile phone, or other computing device. FIGS.
la and 14, discussed previously, illustrate an exemplary
remote unit 120 for allowing communication from the
wearable device 110 to a remote user accessing the remote
unit. The remote unit 120 can comprise, for instance, a
command station, a base station, a wearable device user
accessing a profile tracking his individual metrics. Or, in
some embodiments, the remote unit 120 can be a server or
other intermediary device.

FIG. 10 is a computer architecture diagram showing a
general computing system capable of implementing aspects
of the disclosed technology in accordance with one or more
embodiments described herein. A computer 1000 may be
configured to perform one or more functions associated
with, for example, the remote unit 120 shown in FIGS. 1a
and 15 and aspects of the computer-executable application
illustrated with respect to FIGS. 11-13. For example, the
computer 1000 may be configured to perform various
aspects of receiving, processing, displaying, and/or trans-
mitting a plurality of biometric data received from and/or
transmitted to a wearable device to a remote user accessing
an application. It should be appreciated that the computer
1000 may be implemented within a single computing device
or a computing system formed with multiple connected
computing devices. The computer 1000 may be configured
to perform various distributed computing tasks, in which
processing and/or storage resources may be distributed
among the multiple devices.

As shown, the computer 1000 includes a processing unit
1002 (“CPU”), a system memory 1004, and a system bus
1006 that couples the memory 1004 to the CPU 1002. The
computer 1000 further includes a mass storage device 1012
for storing program modules 1014. The program modules
1014 may be operable to perform various functions associ-
ated with associated with receiving, processing, and display-
ing a plurality of biometric data received from a wearable
device to user accessing an application, as illustrated in one
or more of FIGS. 11-13 discussed above. The program
modules 1014 may include a computer-executable applica-
tion 1018 for performing data acquisition and/or processing
functions as described herein, for example to acquiring,
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calculating, organizing, and analyzing data associated with
a condition of the user. The computer 1000 can include a
data store 1020 for storing data that may include biometric-
related data 1022 such as indications of sensed biometric
data corresponding to a physiological condition of a user, in
accordance with various embodiments.

The mass storage device 1012 is connected to the CPU
1002 through a mass storage controller (not shown) con-
nected to the bus 1006. The mass storage device 1012 and
its associated computer-storage media provide non-volatile
storage for the computer 1000. Although the description of
computer-storage media contained herein refers to a mass
storage device, such as a hard disk or CD-ROM drive, it
should be appreciated by those skilled in the art that com-
puter-storage media can be any available computer storage
media that can be accessed by the computer 1000.

By way of example and not limitation, computer storage
media (also referred to herein as “computer-readable storage
medium” or “computer-readable storage media”) may
include volatile and non-volatile, removable and non-re-
movable media implemented in any method or technology
for storage of information such as computer-storage instruc-
tions, data structures, program modules, or other data. For
example, computer storage media includes, but is not limited
to, RAM, ROM, EPROM, EEPROM, flash memory or other
solid state memory technology, CD-ROM, digital versatile
disks (“DVD”), HD-DVD, BLU-RAY, or other optical stor-
age, magnetic cassettes, magnetic tape, magnetic disk stor-
age or other magnetic storage devices, or any other medium
which can be used to store the desired information and
which can be accessed by the computer 1000. “Computer
storage media”, “computer-readable storage medium” or
“computer-readable storage media” as described herein do
not include transitory signals.

According to various embodiments, the computer 1000
may operate in a networked environment using connections
to other local or remote computers through a network 1016
via a network interface unit 1010 connected to the bus 1006.
The network interface unit 1010 may facilitate connection of
the computing device inputs and outputs to one or more
suitable networks and/or connections such as a local area
network (LAN), a wide area network (WAN), the Internet,
a cellular network, a radio frequency (RF) network, a
Bluetooth-enabled network, a Wi-Fi enabled network, a
satellite-based network, or other wired and/or wireless net-
works for communication with external devices and/or sys-
tems. The computer 1000 may also include an input/output
controller 1008 for receiving and processing input from any
of a number of input devices. Input devices may include one
or more of keyboards, mice, stylus, touchscreens, micro-
phones, audio capturing devices, and image/video capturing
devices. An end user may utilize the input devices to interact
with a user interface, for example a graphical user interface,
for managing various functions performed by the computer
1000. The bus 1006 may enable the processing unit 1002 to
read code and/or data to/from the mass storage device 1012
or other computer-storage media. The computer-storage
media may represent apparatus in the form of storage
elements that are implemented using any suitable technol-
ogy, including but not limited to semiconductors, magnetic
materials, optics, or the like. The computer-storage media
may represent memory components, whether characterized
as RAM, ROM, flash, or other types of technology.

The computer storage media may also represent second-
ary storage, whether implemented as hard drives or other-
wise. Hard drive implementations may be characterized as
solid state, or may include rotating media storing magneti-
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cally-encoded information. The program modules 1014,
which include the imaging application 1018, may include
instructions that, when loaded into the processing unit 1002
and executed, cause the computer 1000 to provide functions
associated with one or more example embodiments and
implementations illustrated in, for example, FIGS. 1a, 15,
and 11-13. The program modules 1014 may also provide
various tools or techniques by which the computer 1000 may
participate within the overall systems or operating environ-
ments using the components, flows, and data structures
discussed throughout this description.

In general, the program modules 1014 may, when loaded
into the processing unit 1002 and executed, transform the
processing unit 1002 and the overall computer 1000 from a
general-purpose computing system into a special-purpose
computing system. The processing unit 1002 may be con-
structed from any number of transistors or other discrete
circuit elements, which may individually or collectively
assume any number of states. More specifically, the pro-
cessing unit 1002 may operate as a finite-state machine, in
response to executable instructions contained within the
program modules 1014. These computer-executable instruc-
tions may transform the processing unit 1002 by specifying
how the processing unit 1002 transitions between states,
thereby transforming the transistors or other discrete hard-
ware elements constituting the processing unit 1002. In
other embodiments the processing unit can operate as a real
time operating system configured to schedule and coordinate
multiple tasks from the sensors, communication units, etc.

Encoding the program modules 1014 may also transform
the physical structure of the computer-storage media. The
specific transformation of physical structure may depend on
various factors, in different implementations of this descrip-
tion. Examples of such factors may include, but are not
limited to the technology used to implement the computer-
storage media, whether the computer storage media are
characterized as primary or secondary storage, and the like.
For example, if the computer storage media are imple-
mented as semiconductor-based memory, the program mod-
ules 1014 may transform the physical state of the semicon-
ductor memory, when the software is encoded therein. For
example, the program modules 1014 may transform the state
of transistors, capacitors, or other discrete circuit elements
constituting the semiconductor memory.

As another example, the computer storage media may be
implemented using magnetic or optical technology. In such
implementations, the program modules 1014 may transform
the physical state of magnetic or optical media, when the
software is encoded therein. These transformations may
include altering the magnetic characteristics of particular
locations within given magnetic media. These transforma-
tions may also include altering the physical features or
characteristics of particular locations within given optical
media, to change the optical characteristics of those loca-
tions. Other transformations of physical media are possible
without departing from the scope of the present description,
with the foregoing examples provided only to facilitate this
discussion.

In some embodiments, the computer-executable applica-
tion associated with the remote unit may be accessible by a
variety of users simultaneously. The computer-executable
application can receive a plurality of biometric data from
one or more users of the wearable device. The received
biometric data can include a variety of biometric data
including, but not limited to, ambient temperature, body
temperature, heart rate, oxygen consumption, oxygen satu-
ration of the blood, blood pressure, energy expenditure,
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respiration rate, speed, calories burnt, steps taken, cardiac
efficiency, and heart rate variability. A remote user using the
computer-executable application can then track the biomet-
ric data received from the wearable device. Additionally, in
some embodiments, the computer-executable application
can permit the remote uset to transmit a plurality of mes-
sages to users wearing the wearable device. For instance, the
remote user can transmit messages regarding biometrics of
the user wearing the wearable device, such as telling such
user to take a break, or action items for the user to perform.
In other embodiments the remote user can transmit a plu-
rality of messages to multiple users wearing wearable
devices, at the same time. In some embodiments, the com-
puter-executable application can be configured to extract a
numerical representation of the sensed biometric data from
indications of the biometric data transmitted from the wear-
able device. The computer-executable application can then
analyze the biometric data to provide a method for a remote
user to monitor biometric data associated with a user of the
wearable device. For instance, the computer-executable
application may be configured to compare the numerical
representation of the sensed biometric data to a threshold
value corresponding to a predetermined biometric range and
create one or more graphical representations of the sensed
biometric data for display on the graphical user interface.
The one or more graphical representations will be discussed
in further detail with respect to FIGS. 11-13.

Following display of the graphical representations to the
remote user, the remote user may generate one or more
messages to communicate with a user of the wearable
device. For instance, the computer-executable application
can generate one or more messages indicating at least one of
1) the biometric data associated with the user of the wearable
device, ii) action items to be performed by the user of the
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external temperature, and VO2,,, within a particular range.
The gauge charts can comprise a variety of colors in a
spectrum indicative of where the detected biometric falls in
a range from normal or safe to abnormal or unsafe. For
instance, as illustrated at FIGS. 11-12, the gauge for heart
rate can display a range of BPMs between 30 and 230 BPM.
In some embodiments, the GUI can display the heart rate of
the user of the wearable device underneath the gauge chart
and the gauge chart can change colors. For instance, green
can correspond to a heart rate in a normal range, yellow can
correspond to a heart rate in a moderately unhealthy or
dangerous range, and red can correspond to a heart rate in a
highly unhealthy or dangerous range. Exemplary ranges that
these biometrics fall in are illustrated in Table 1. Similar
concepts can be applied to body temperature, external tem-
perature, and VO2,, . measurements received, as well as any
other biometric of interest.

Additionally, other metrics can be included in the chart,
including the number of calories burned by a user, the
number of steps taken, the battery life of the wearable
device, and the respective wireless connections between the
wearable device and the remote device accessing the appli-
cation. Other metrics that can be displayed in the chart
further include a level of fatigue, respiration rate, speed,
cardiac efliciency, and heart rate variability. Table 1 below
illustrates the ranges in which a user will receive different
updates including whether certain biometrics are within a
safe, warning, or danger range, and what measurements fall
into what range. The ranges for each of the biometrics, such
as those shown in Table 1, can be measured by the wearable
device and can be predetermined in the application. Addi-
tionally, the thresholds set for charts, such as gauge charts,

wearable device, and iii) status messages associated with a 35 that illustrate biometric levels with incident color changes
condition of the user of the wearable device. can be set via the application.
TABLE 1
Minimum Maximum Safe Warning ~ Danger
Data Item Value Value Range Range Range  Units
External 0 1000 0-400 400-700  700-1000 Degrees
Temperature Fahrenheit
Internal 0 110 96-100 None 0-96 & Degrees
Temperature 100-110 Fahrenheit
Heart Rate 0 200 45120 120-160  0-45 & Beats/min
160-200
Battery 0 100 50-100 30-50 0-30  Percentage
VOsmax 0 100 38100 2837 0-27  ml/kg/min
Heart Rate 0 100 50-100 30-50 0-30  Percentage
Quality Signal
Steps N/A N/A N/A N/A  Number of
Steps
GSM Quality 0 100 50-100 30-50 0-30  Percentage
Signal
The computer-executable application associated with the > Additionally, the ranges and thresholds chosen for moni-
remote unit can comprise a graphical user interface (GUID).  (oring various biometrics can be tuned to individual users.
FIGS.11-13 illustrate a variety ofe?(amples of GUIs that can For instance, ranges can be determined based on the height,
be visible to a user when accessing the application. The - -
. e . . weight, age, and/or gender of the user. Additionally, ranges
GUISs can comprise a variety of windows, icons, and menus be determined © te for activii 1
through which a user can interact with the application. For eo S% P¢ determined fo compensate lor activilies engagec i
example, as illustrated at FIGS. 11-12, the GUI can comprise DY the user. For example, a nominal heart rate of the user
a window displaying a table comprising a plurality of charts ~ may be computed to compensate for physical activity, such
associated with different biometrics. The plurality of charts as carrying heavy loads, running, walking up stairs, in
can comprise any variety of charts that can display different addition to bodily responses to emergency or exciting situ-
biometrics, for instance histograms, gauge charts, and line 65 ations such as perpetuated adrenaline release, which can

charts. For instance, FIGS. 11-12 illustrate a plurality of
gauge charts indicative of heart rate, body temperature,

result in increases in the rate of blood circulation and
breathing.
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FIG. 13 illustrates another exemplary GUI in accordance
with another embodiment of the present disclosure. The GUI
illustrated in FIG. 13 is an abbreviated version of that shown
in FIG. 13. The GUI can display various fields including
“unit #,” “name,” “status,” and a message for each respec-
tive user. The “unit #” field can correspond with the number
of the wearable device worn by the user. The “status™ field
can display any bodily status that may be outside a normal
range, such has “High HR” corresponding to a high heart
rate. Additionally, the message field can display a particular
message conveyed to a user in response to the status of that
user’s biometrics. Additionally, the application can display
various “action items” that need to be carried out by the
users.

Additionally, in some embodiments, the computer-ex-
ecutable application can include the ability to predict fatigue
using machine learning. For instance, the application can
comprise a variety of machine learning techniques includ-
ing, but not limited to, Multi-class classification, two-class
classification, regression and anomaly detection. Addition-
ally, the machine learning algorithm can include any of
Naive Bayes Classification, Ordinary Least Squares Regres-
sion, Logistic Regression, Support Vector Machine,
Ensemble methods, Principal Component Analysis, Gauss-
ian Naive Bayes, Multinominal Naive Bayes, Bayesian
Belief Networks, K-means, Neural Networks, etc. In some
embodiments, using machine learning algorithms, discrete
classification of fatigue levels can be obtained based off of
both current and historical biometric data to predict fatigue
of users in real time. Such learning can be achieved, for
instance, in the context of supervised, reinforced or unsu-
pervised learning by the algorithm and could also include
deep learning (having multiple layers made up of the above
machine learning algorithms such as first using a Support
Vector Machine followed by using Logistic Regression).

The various embodiments described above are provided
by way of illustration only and should not be construed to
limit the scope of the present disclosure. Those skilled in the
art will readily recognize various modifications and changes
that may be made to the present disclosure without follow-
ing the example embodiments and applications illustrated
and described herein, and without departing from the true
spirit and scope of the disclosure as set forth in the appended
claims.

What is claimed is:

1. A wearable device at least partially attachable to
headwear of a user, the wearable device for sensing, dis-
playing, and communicating data associated with a condi-
tion of the user, the wearable device comprising;

a biometric sensor unit configured to sense biometric data
associated with a physiological condition of the user,
the biometric sensor unit comprising an earpiece con-
figured to be received by an ear of the user, the
biometric sensor unit outputting sensed biometric data;

a display unit configured to display at least one visual
representation of the sensed biometric data to the user;
and

a control unit attachable to the headwear, the control unit
comprising a housing and operatively coupled to the
biometric sensor unit and the display unit, wherein the
display unit is integrated with the housing and posi-
tioned such that when the control unit is attached to the
headwear, the visual representation is displayed within
a field of view of the user, the control unit comprising:
at least one processor configured to receive indications

of the sensed biometric data and cause the display
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unit to display the at least one visual representation
of the biometric data to the user, and

at least one communication unit, the communication
unit configured to perform at least one of transmit-
ting and receiving information associated with the
sensed biometric data to and from a remote unit,
respectively.

2. The wearable device of claim 1, wherein the biometric
sensor unit comprises one or more sensors configured to
sense a plurality of biometrics associated with the physi-
ological condition of the user while using the wearable
device, the plurality of biometrics comprising at least one of
the user’s body temperature, heart rate, VO, max, respira-
tion, steps taken, blood pressure, heart rate variability, and
calories burnt.

3. The wearable device of claim 1, wherein the display
unit is configured to display the at least one visual repre-
sentation to the user of the wearable device in a location of
the wearable device that is clear from obstructing a main
view of the user of the wearable device.

4. The wearable device of claim 1, wherein the commu-
nication unit of the control unit comprises at least one of a
transmitter configured to transmit the biometric data to the
remote unit and a receiver configured to receive information
from the remote unit, the received information including one
or more messages indicating at least one of i) the biometric
data associated with the user of the wearable device, ii)
action items to be performed by the user of the wearable
device, and iii) status messages associated with a condition
of the user of the wearable device.

5. The wearable device of claim 4, wherein the condition
of the user of the wearable device comprises a physiological
condition of the user of the wearable device while the
wearable device is in use.

6. The wearable device of claim 1, wherein at least one of
the biometric sensor unit and the control unit comprise one
or more sensors configured to sense at least one of the
internal or external temperature associated with the wearable
device while the wearable device is in use.

7. A system for sensing, displaying, and communicating
data associated with a condition of a user wearing headwear,
the system comprising:

a wearable device comprising:

a biometric sensor unit disposed within the headwear
and configured to sense biometric data associated
with the condition of the user,

a display unit configured to display one or more visual
representations of at least the sensed biometric data
from the biometric sensor unit to the user, and

a control unit operatively coupled to the biometric
sensor unit and attachable on the headwear of the
user, the display unit integratably affixed with the
control umt and positioned near the user’s eyes such
that the visual representation is displayed within a
field of view of the user, the control unit configured
to receive indications of the sensed biometric data
from the biometric sensor unit and cause the display
unit to display the one or more visual representations
to the user.

8. The system of claim 7, further comprising a remote unit
in communication with the wearable device, the remote unit
comprising:

a receiver configured to receive the indications of the

sensed biometric data from the control unit; and

a computer-executable application comprising a graphical

user interface for interacting with a user of the remote

unit.
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9. The system of claim 8, wherein the computer-execut-
able application is stored in a memory coupled to one or
more processors and is executable by the one or more
processors to perform functions that comprise at least one
of:

extracting a numerical representation of the sensed bio-

metric data;

comparing the numerical representation of the sensed

biometric data to a threshold value corresponding to a
predetermined biometric range;

creating one or more graphical representations of the

sensed biometric data for display on the graphical user
interface; and

generating one or more messages indicating at least one of

i) the biometric data associated with the user of the
wearable device, i1) action items to be performed by the
user of the wearable device, and iii) status messages
associated with a condition of the user of the wearable
device.

10. The system of claim 9, wherein the one or more
messages is communicated to the control unit of the wear-
able device, the control unit further configured to commu-
nicate the one or more messages to the display unit and the
display unit configured to display the information to the user
via a visual representation.

11. The system of claim 7, wherein the biometric sensor
unit comprises at least one sensor configured to sense a
plurality of biometrics associated with the physiological
condition of the user while using the wearable device, the
plurality of biometrics comprising at least one of the user’s
body temperature, heart rate, VO, max, respiration, steps
taken, blood pressure, and calories burnt.

12. The system of claim 11, wherein the biometric sensor
unit comprises an earpiece configured to be received by an
ear of the user of the wearable device.

13. A method for sensing, displaying, and communicating
data associated with a condition of a user of a wearable
device, the method comprising:
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sensing, by a biometric sensor unit, biometric data asso-
ciated with a physiological condition of the user, the
biometric sensor unit configured to communicate the
sensed biometric data to a control unit;

receiving, by the control unit, the sensed biometric data,

the control unit configured to communicate the biomet-
ric data to a display unit; and

displaying, by a display unit, at least one visual repre-

sentation of the sensed biometric data to the user, the
display unit integratably affixed with the control unit
and positioned near the user’s eyes such that the at least
one visual representation is displayed within a field of
view of the user;

wherein the biometric sensor unit comprises a biometric

earpiece configured to be received by an ear of the user.

14. The method of claim 13, further comprising:

transmitting, by the control unit, the biometric data to a

remote unit; and

receiving, by the control unit, one or more messages from

the remote unit, the one or more messages including
information associated with the biometric data.

15. The method of claim 14, further comprising, display-
ing, by the display unit, the one or more messages to the user
of the wearable device.

16. The method of claim 14, wherein the remote unit
comprises a computer-executable application including a
graphical user interface for interacting with a user of the
remote unit.

17. The method of claim 13, wherein sensing, by the
biometric sensor unit, the biometric sensor unit comprises
sensing, by one or more sensors, a plurality of metrics
associated with the physiological condition of the user, the
plurality of metrics comprising at least one of the user’s
body temperature, heart rate, VO, max, respiration, steps
taken, blood pressure, and calories burnt while using the
wearable device.
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