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(57) ABSTRACT

A vital signs monitor system is integrated with personal pro-
tective equipment (“PPE”) so that upon wearing the PPE, the
monitor is placed in an operational position to monitor a vital
sign. In one embodiment, the vital signs sensor comprises a
thermal sensor located at a mouth guard to automatically
make operational contact with tissue under the tongue when
the mouth guard is worn. A second vital signs monitor com-
prising reflective pulse oximetry devices senses oxygen satu-
ration and heart rate. Vital signs data are communicated to an
RF module located in an associated helmet for transmission
to a remote location. A gateway at that remote location
receives the transmitted vital signs data and forwards that data
to a data collection, organization, and access system that is
programmed to make the vital signs data available over the
Internet. Medical personnel, coaches, supervisors at the loca-
tion of the PPE can monitor the vital signs of the wearer by
accessing the data collection, organization, and access system
with hand held, or portable computing equipment over the
Internet.
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VITAL SIGNS MONITORING USING
PERSONAL PROTECTIVE EQUIPMENT

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C.
§119(e) of U.S. Provisional Application No. 61/032,895 filed
Feb. 29,2008, which is incorporated herein by reference in its
entirety.

[0002] The present invention relates generally to monitor-
ing vital signs of a person, and more particularly, to incorpo-
rating vital signs sensing into personal protective equipment.

BACKGROUND

[0003] Participation in athletic activities can expose the
participants to physical harm. Collisions between partici-
pants frequently occur in certain sports (e.g., football, field
hockey, lacrosse, ice hockey, and the like) which can cause
physical harm and as a result, personal protective equipment
(“PPE”) has been developed. Mouth guards are coverings
worn over the teeth to protect against concussion during par-
ticipation in sports, and in doing so, the teeth also receive
protection. The use of mouth guards is well known. Addition-
ally, the use of helmets in a variety of different sporting events
is well known, and in many cases is mandatory. The primary
purpose of these helmets is to protect a wearer’s head from
injury in the event that it is exposed to force. Such helmets
typically have a hard outer shell that covers an energy-absorb-
ing material. The outer shell typically covers an expanded
inner layer that lies between the outer shell and the wearer’s
head. The inner layer is intended to absorb energy in the event
it becomes necessary in order to minimize the energy trans-
mitted to a wearer’s head. Consequently, there is space
between the wearer’s head and the outer shell.

[0004] Injury to athletes can also occur when competition
for prolonged periods in an abnormally high temperature
environment is conducted. Football, lacrosse, and other
sports may require high levels of exertion from the athletes for
substantial time periods in elevated temperatures. Such exer-
tion levels coupled with high temperatures also have the
potential to injure a person.

[0005] Individuals such as steel mill and power plant work-
ers and heavy machine operators perform duties in such envi-
ronments and can be exposed to considerable risk of illness
and/or injury due to heat stress. These particular environ-
ments can involve elevated temperatures, but exposure to
undue low temperatures can also result in problems, for
example hypothermia. Workers who perform duties in the
environments mentioned above may also have specialized
PPE, some of which may include an enclosed protective suit.
Such suits may contribute to an increased heat level to the
worker thereby increasing the amount of heat stress. In addi-
tion, because the workers are enclosed in such suits, external
temperature monitoring devices would not be reliable either
from an actual body temperature sensing standpoint or from
the standpoint of providing a readily available signal of
elevated temperatures to the worker.

[0006] Past efforts to protect against such heat stress have
included monitoring the environmental condition per se that
is the ambient temperature, radiant heat, humidity, etc. How-
ever, such monitoring only indirectly indicates the possible
temperature of the person.
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[0007] Tt has been recognized that internal body tempera-
ture is an accurate parameter for assessing heat stress. Con-
tinuous monitoring of the internal temperature by means of a
well-placed thermometer could provide useful and direct
information about a person. There have been efforts to use
skin temperature and heart rate as parameters in assessing
internal temperature. These prior approaches have various
shortcomings in that they are uncomfortable, difficult to use,
and in some cases, lack reliability, and accuracy. Sensing
oxygen saturation of the blood also assists in determining the
well-being of a person. Oxygen is the most essential element
to life; no human life thrives in the absence of oxygen. Sens-
ing a person’s temperature and oxygen saturation unobtru-
sively would be helpful in determining a person’s vital signs
and useful in determining the well being of that person.
[0008] Insportsandother activities having mandatory PPE,
such as mouth guards and helmets, it would be desirable to
also install an instrument or instruments that can monitor a
person’s vital signs for heat stress. Such monitoring could
lead to increased safety. Because the athlete or worker must
wear the PPE in any case, an unobtrusive incorporation of the
sensor or sensors and other vital signs equipment would assist
in monitoring the person’s well being under the actual con-
ditions the person is experiencing. Additionally, because such
athletes or workers must be unrestrained in their movements,
wirelessly transmitting the vital signs information from the
PPE sensors to a remote location for monitoring would be
desirable.

[0009] Hence, those of skill in the relevant art have identi-
fied a need for monitoring a person’s vital signs during com-
petition or other activities so that unacceptable levels of heat
stress or other stress can be detected before an adverse reac-
tion occurs. Those skilled in the art have also recognized a
need for accurate, reliable, easy-to-use, and physically unob-
trusive monitoring of vital signs. Further needs for remote
monitoring of vital signs and wireless communications of
relevant data have also been recognized. The invention fulfills
these needs and others.

SUMMARY OF THE INVENTION

[0010] Briefly andin general terms, the present invention is
directed to incorporating a vital signs sensor in personal pro-
tective equipment (“PPE”) for sensing a selected target physi-
ological site of a person, conducting vital signs sensor signals
developed from sensing the target physiological site to a
transmitter located in the PPE, and transmitting the sensor
signals to a remote receiving site. In yet further detailed
aspects, a temperature sensor is located in a first PPE device
worn while the person is participating in an activity, the PPE
device having a vital signs sensor disposed in the PPE in a
way that it is located at the target physiological site of the
person, the signals from which indicate a physiological char-
acteristic or the vital sign of the person, said signals being
transmitted to the remote location. In more detailed aspects,
the temperature sensor is located internally to the person, and
is in continuous contact with tissue of the person. In another
aspect, the vital signs sensor continuously provides sensor
signals indicative of the vital signs sensed.

[0011] In additional detail, a second sensor is located in a
second PPE device continuously worn while the person is
performing the activity, the second sensor disposed such that
the person’s vital sign from a second target physiological
location is sensed, and such sensor signals also being trans-
mitted to the remote location.
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[0012] In another aspect, a plurality of vital signs sensors
are used, all of which develop sensor signals representative of
physiological characteristics of a person, and all of which are
communicated to a transmitter for transmission to a remote
site. In another detailed aspect, an SPQ, sensor is used for
sensing the oxygen saturation in the blood of a person. In yet
another more detailed aspect, a reflective SPO, sensor (RPO
sensor) is used to sense the person’s vital sign. In accordance
with even further details, the first sensor is disposed in a
mouth guard and the second sensor is disposed in a helmet.
The sensing mouth guard or mouthpiece includes a connector
strap extending from the mouth guard to tether it to the hel-
met. The connector strap is adapted to secure the mouthpiece
to the protective helmet and to provide protection to any wires
that may connect the physiologic sensor in the mouth guard
with processing and transmitting equipment in the helmet.
The strap may be used to either permanently secure the
mouthpiece to the helmet or removably secure the mouth-
piece. In the case of a removable mouth guard, electrical
connectors may be used between the wires in the mouth guard
and the wires in the helmet. The second vital signs sensor is
disposed in the helmet and directed to the head of the athlete
to sense SPO,. In further detail, the second sensor comprises
a reflective SPO, sensor (RPO sensor).

[0013] In accordance with another aspect of the present
invention, the vital signs data signals from the vital signs
monitoring system and PPE are received at a location remote
from the person being monitored (e.g., on a sideline of the
competition field of the athletic event). Those received sig-
nals may be received by a gateway to a network, such as the
Internet, and transmitted to a data collection, organization,
and access system. Persons, such as coaches and medical
personnel, at the sidelines of the competition field can con-
nect to the data collection system and monitor the vital signs
of each player wearing the vital signs monitoring PPE. With
such an arrangement, it is possible to monitor multiple ath-
letes or multiple workers from a single computer screen.
[0014] The features and advantages of the invention will be
more readily understood from the following detailed descrip-
tion which should be read in conjunction with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a perspective view of a mouth guard for
protecting both the upper and lower rows of teeth showing the
connection of a flexible tether and the thermal sensor probe
mounted through an opening to rest under the user’s tongue,
also showing a partial view of the tether processor;

[0016] FIG. 2 is a rear view of the mouth guard of FIG. 1
showing the thermal sensor probe extended through an open-
ing in the front of the mouth guard so that the probe may rest
under the wearer’s tongue to sense the wearer’s internal oral
temperature, also showing a partial view of the tether proces-
sor;

[0017] FIG. 3 is a side view of the tether of FIGS. 1 and 2
without the mouth guard showing the thermal sensor probe,
the mouth guard mounting device, a data controller, a
mechanical strap for attachment to the face guard of a helmet
for example, a wire for conducting temperature data, and a
plug for electrical connection to a socket located in a helmet;
[0018] FIG. 4 is a top view of the tether of FIG. 3;

[0019] FIG. Sis a side view of a helmet showing the teth-
ered mouth guard with temperature sensor and in dashed
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lines, the electrical connection to a transceiver mounted in the
helmet for wireless transmission of temperature sensor data
to a remote receiver;

[0020] FIG. 6is a perspective view of another embodiment
of a mouth guard in which a temperature sensor is embedded
for contact with oral tissues to provide internal oral tempera-
ture of the wearer. In this case, the mouth guard and sensor are
connected and mounted to an electronics module containing
a data controller and transceiver with an internal power sup-
ply for wirelessly transmitting temperature data signals;
[0021] FIG. 7 is a side view of the mouth guard of FIG. 6
showing the placement of the temperature sensor so as to
automatically make sufficient contact with a mucosal mem-
brane of the mouth above the gum line when the mouth guard
is correctly positioned on the wearer, also showing the attach-
ment of the electronics module to the mouth guard;

[0022] FIG. 8is a block diagram of the flow of temperature
data from the internal temperature sensor of the PPE shown in
FIG. 1, comprising a mouth guard, through processing,
receiving, and transmitting electronics to permit remote
monitoring of the internal temperature of the person wearing
the mouth guard,

[0023] FIG. 9is a block diagram of the flow of temperature
data from the internal temperature sensor of the PPE shown in
FIG. 1, comprising a mouth guard, through processing, wire-
less transmitting, receiving, and further transmitting electron-
ics to permit remote monitoring of the internal temperature of
the person wearing the mouth guard,

[0024] FIG. 10 is a diagram of the vital signs data collection
by a server over a data network system, such as the Internet,
the creation of a vital signs data base, access to that data base
through multiple applications, and access to those applica-
tions remotely through a data network system;

[0025] FIG. 11 is a perspective view a mouth guard com-
prising in this case, separate upper and lower mouth guard
components, the lower mouth guard component having a
thermal sensor extending inwardly so that it will be posi-
tioned under the tongue of a wearer when the mouth guard is
placed in position, to continually sense the temperature of the
wearer, and showing an example of a route for an electrical
conduit used to conduct electrical signals representative of
the sensed temperature extending from the front of the lower
mouth guard and through a loop in the upper mouth guard so
that the wearer can open his or her mouth to breathe while the
temperature sensing continues;

[0026] FIG. 12 is a rear view of the mouth guard of FIG. 11
showing the placement ofthe thermal sensor under the tongue
of the wearer;

[0027] FIG. 13 is a front view of the mouth guard of FIG. 11
showing the angle of the thermal sensor in relation to the
lower mouth guard component and showing the electrical
wire route above a cutout in the mouth guard for the passage
of breathing air for the wearer;

[0028] FIG. 14 is also a perspective view of personal pro-
tective equipment, in particular a mouth guard for protecting
the wearer against concussion, the mouth guard comprising a
single piece that receives both the upper and lower rows of
teeth of a wearer, referred to as a “dual” mouth guard, show-
ing the thermal sensor location, and the electrical wire or
wires used for conducting the sensor signals that are repre-
sentative of the temperature sensed;

[0029] FIG. 15 is a rear view of the mouth guard of FIG. 14
showing the placement ofthe thermal sensor under the tongue
of the wearer;
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[0030] FIG.16isa front view of the mouth guard of F1G. 14
showing the angle of the thermal sensor in relation to the
integrated mouth guard and showing the electrical wire loca-
tion above a cutout in the mouth guard for the passage of
breathing air for the wearer; and

[0031] FIG. 17 is a side view of a helmet with an RF
transceiver for transmitting vital signs data to a remote loca-
tion, an RPO (reflective SPO, sensor) directed at the head of
the helmet wearer to sense the wearer’s oxygen saturation, a
mouth guard as shown in FIGS. 1 through 4 having a thermal
sensor for contact with internal tissues of the wearer to sense
the wearer’s temperature, and wiring to connect the mouth-
piece with the helmet, in this case through the faceguard.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0032] Referring now in more detail to the exemplary draw-
ings for purposes of illustrating embodiments of the inven-
tion, wherein like reference numerals designate correspond-
ing or like elements among the several views, there is shown
in FIGS. 1 and 2 a vital signs monitoring system 20 mounted
in personal protective equipment (PPE), in this case a mouth
guard 22. In this embodiment, a thermal sensor 24 is posi-
tioned through an aperture 28 the front edge 26 of the mouth
guard. The thermal sensor is curved 30 downward so that it
will be positioned under the wearer’s tongue when the mouth
guard is in place. This will cause the thermal probe to come
into contact with the internal oral tissue of the wearer to
provide temperature data about the oral cavity of the person
wearing the mouth guard. In this case the mouth guard 22 has
been formed with an upper channel 32 and a lower channel 34
to accept both the wearer’s upper row of teeth and lower row
of teeth, respectively.

[0033] The mouth guard 22 is coupled to a controller mod-
ule 40. In this case the controller module is mounted to the
front edge 26 of the mouth guard and provides support for the
thermal sensor 24 extending through the mouth guard into
contact with the wearer’s oral tissue. In one embodiment, the
controller module comprises a mounting device 42 that is
permanently bonded to the front edge 26 of the mouth guard
22, although other forms of attachment may be used.
Although multiple sources exist for a thermal sensor with
controller, for one embodiment such devices were obtained
from Ningbo Jinlong Import& Export Co., Ltd, 2 Floor No.
40, Liuzhuang Alley, Ningbo, CHINA, Tel: 0086-574-
87065201. The part no. was TSM-PCA-100. In another
embodiment, the mounting device 42 may be releasably con-
nected to the mouth guard so that the mouth guard may be
replaced when needed while the controller module 40 is reus-
able.

[0034] Turning now to FIG. 3, a side view of the controller
module 40 is shown. The thermal sensor 24 is mounted to the
electronics case 44 and is internally wired to the electronics
therein. In this case, the electronics comprise a temperature
processor which will be discussed below. Power for the elec-
tronics and sensor are supplied through the cable 46 and plug
48 shown. A flexible strap 50 having a distal end 52 that can
be bent back towards the case 44 is also mounted to the case.
As shown in FIG. 4, which is a top view of the controller
module of FIG. 3, the strap includes a locking aperture 52
along its length to receive the end 52 of the strap so that the
strap may be placed around another object and form a tether
56 for the vital signs monitoring system 20, including the
controller module 40, and mouth guard 22. For example, the
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strap may be bent around a wire of a face guard 62 (FIG. 5)
forming part of a helmet and pushed through the locking
aperture. The controller module is then tethered to the face
mask.

[0035] Alternatively, the free end of the connector strap 50
may form a loop around a portion of the face guard 62 of the
helmet 60 to secure the mouth guard assembly to the helmet.
The snap fastener assembly may be releasable so that the
mouth guard assembly can be separated from the helmet. It is
also contemplated that the fastener assembly may be a grom-
met or other more permanent fastener. Itis also contemplated
that the fastener assembly may directly attach the mouth
guard assembly to the side of the helmet. Although not show,
electrical connectors may be used for any wires coming from
or going to the mouth guard.

[0036] Such an arrangement is shown schematically in
FIG. 5 in which a football helmet 60 is shown. The mouth
guard 22, thermal sensor 24, and controller module 40 are
tethered to the face mask 62 by means of the strap 50,
although not shown in detail. The dashed line in FIG. 5 is
meant to indicate appropriate wiring 64 between the thermal
sensor 24 and an RF module 66 mounted at a higher location
in the helmet. Electrical power, in the form of a battery or
batteries (not shown) in one embodiment, is located at the RF
module 66 and supplies the necessary power through the
wiring 64 to permit the thermal sensor and electronics of the
controller module to function. The power is conducted to the
controller module through the plug 48 and cable 46. Although
not shown in detail, the helmet includes an electrical socket at
or near the face mask into which the controller module plug
48 is inserted to complete the necessary electrical circuits.
The RF module 66 places the temperature data from the
thermal sensor into the required protocol and transmits it
from the helmet, as is discussed below in further detail.
[0037] FIG. 6 presents a second embodiment of a vital signs
monitoring system 70 in which a second mouth guard 72 has
a vital signs sensor 74 embedded in it. The vital signs sensor
in this embodiment comprises a thermal sensor 74, as in FIG.
1. In this case, the thermal sensor is embedded so that the
sensor portion is facing outward and is located at or near the
top of the mouth guard. It will be noted that a custom mouth
guard is shown for the top row of teeth of the wearer. This
mouth guard is form fitted to the wearer such that it will
remain in position on the upper teeth once installed. A thermal
laminate type is shown, although other types of mouth guards
may also be used. The mouth guard 72 has been formed such
that when in position, the thermal sensor 74 will automati-
cally be in contact with a mucosal membrane in the oral cavity
of the wearer. This will provide an internal temperature (vital
sign) of the wearer and the vital signs sensor has therefore
become an integral part of the mouth guard personal protec-
tive equipment.

[0038] AsinFIG. 1, the mouth guard 72 of FIGS. 6 and 7 is
connected to a controller module 76. A mounting device 78
mounts the controller module to the front edge 80 of the
mouth guard. Although not shown, wiring from the thermal
sensor 74 embedded in the mouth guard is routed through the
mouth guard, through the mounting device 78, and into the
controller module 76. In this embodiment, the controller
module includes a microcontroller and an RF module (not
shown), both of which are discussed in more detail below. The
microcontroller receives the temperature signals from the
thermal sensor and provides them to the RF module. The RF
module then wirelessly transmits them to a transceiver
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located in the helmet, as is shown in FIG. 5. Although FIG. 5
concerns a wired connection with the vital signs monitoring
system 20 of that figure, the effective flow of signals and data
for the wireless system 70 of FIGS. 6 and 7 would be similar;
the difference being the wireless connection instead of the
hard-wired connection.

[0039] FIG. 7 provides a side view of the vital signs moni-
toring system 70 of FIG. 6. The mouth guard 72 is shown with
the thermal sensor 74 mounted at a relatively high position on
the mouth guard. The controller module 76 is mounted to the
front edge 80 of the mouth guard and at a downward angle,
although in other embodiments, such configuration may dif-
fer.

[0040] Although the vital signs monitoring system 70 of
FIGS. 6 and 7 is shown embedded in an upper mouth guard
and having a wireless connection, this is for example pur-
poses only. The mouth guard of FIGS. 6 and 7 may also be
tethered in a manner similar to FIGS. 1 through § and may be
wired to an RF module for remote transmission. Similarly, the
sensor of FIGS. 1 and 2 may be used in a wireless configu-
ration similar to the arrangement described for FIGS. 6 and 7.
[0041] It will be noted that in each of FIGS. 1 through 7,
personal protective equipment PPE has been provided of
which a vital signs system forms an integral part. In the cases
of all of these figures, the PPE takes the form of a mouth guard
and a helmet. Upon placing the respective mouth guard in its
location in the wearer for which it was designed, the vital
signs system is also automatically placed in an advantageous
position in contact with internal tissue of the wearer. Thus the
PPE has been fully integrated with the vital signs monitor so
that both are functional when the PPE is correctly located in
the wearer. It may be noted that the mouth guard of FIG. 2
differs from the mouth guard of FIG. 6. In the former case, the
mouth guard is a dual row guard having a degree of flexibility
to accept a wide range of sizes of teeth of wearers. [t may also
be a “boil and bite” type of mouth guard in which the mouth
guard is boiled to a point where it softens sufficiently and is
then “bit” by the wearer to customize it to the particular shape
of the wearer’s teeth. After the customization ofthe shape has
occurred, the controller module 40 and thermal sensor 24 are
mounted to it. In the case of FIG. 6, the mouth guard 72 takes
the form of a thermal laminate. That is, the mouth guard is
custom made for the wearer from the beginning. When the
mouth guard construction is complete, the thermal sensor is
embedded and the controller module mounted to it. Other
types of mouth guards or other PPE may be used along with
other ways to mount vital signs monitoring systems in the
PPE.

[0042] FIG. 8 provides a block diagram of signal and data
flow for the vital signs monitor system 40 of FIGS. 1 through
5 used with the PPE of a mouth guard 22, which is a wired
system within the helmet 60. In this embodiment, the thermal
sensor 24 comprises a thermistor 90, the signals of which are
processed into a serial output 92 by a temperature processor
94. In one embodiment, the serial output 92 comprises tem-
perature data signals. In some cases, the thermistor provides
preprocessing of its signals yielding the serial output 92. In
such cases, the temperature processor is an integral part of the
thermistor unit. The serial output 92 is conducted in this case
by wire to the RF module 66 shown in the helmet of FIG. 5.
The RF module 66, depending on the application, may refor-
mat the data signals and operate in accordance with the Zig-
bee specification or another. One of the main design con-
straints in the embodiments discussed and shown is low
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power use. Many of the modules and elements use coin-size
batteries having a very limited amount of power. In the
embodiments discussed and shown, low power circuits,
standby status, low data rates, secure networking, and low-
ered expense are consistently employed to result in long
battery life and secure networking. Zigbee is an attractive
specification due to its low power usage and mesh networking
which result in high reliability, longer range, and secure net-
working. However, other protocols or specifications are also
usable. For example, where fewer monitors are used to
receive the RF transmission from the helmet 60, the Bluetooth
standard may be used.

[0043] After transmission by the RF module 66, the signals
are received remotely by a gateway 96, defined here as a
computer or a network that allows or controls access to
another computer or network. In one embodiment, the gate-
way provides access to the Internet 112. A second RF module
98 receives the RF transmission from the helmet and provides
the received signals containing temperature data to an embed-
ded computer 100. That computer or other processing device
then makes the temperature data available to one or more
network or communication devices 102. In the case shown in
FIG. 8, the embedded computer 100 makes the temperature
data signals available to an Ethernet 104, a general packet
radio service 106 (GPRS), and/or a wireless local area net-
work 108 (LAN). More or fewer or different communication
devices 102 may be provided depending on the application. A
user configurable interface 110 is then used to control access
by and to the gateway 96. The gateway communicates the
temperature data to a network, such as the Internet 112,
although other networks may be used.

[0044] Because gateways are commercially-available
devices, no further details are provided herein. For example,
suitable gateways can be obtained from Bluegiga Technolo-
gies, Inc. of 99 Derby Street, Suite 200, Hingham, Mass.
02043, U.S.A., having model nos. 3201, 2291, or 2293. The
RF module 98 of the gateway 96 is selected to receive the
transmitted signals from the PPE. For example, if the PPE
transmits in Bluetooth or in Zigbee, the gateway must also
have the capability to receive the signals. Although shown as
the “Internet” 112 in FIG. 8, this is one example only. Other
networks presently existing or developed in the future may be
used. It is not the inventor’s intention to limit the network to
only the Internet.

[0045] FIG. 9 provides a block diagram of data processing,
transmission, and distribution of that data related to the vital
signs monitor system 70 mounted in the PPE 72 shown in
FIGS. 6 and 7. In particular, the thermal sensor 74 embedded
in the mouth guard 72 (FIGS. 6 and 7) may take the form of'a
thermistor 90. The output of the thermistor is directed to a
microcontroller 120 that among other things provides a serial
temperature data output 122 comprising the information from
the temperature signals obtained from the thermistor. The
microcontroller polls the thermistor 90 for temperature data
at predetermined intervals and controls the RF module 124 to
remain in the power saving mode unless temperature data is
present. In one embodiment, the microcontroller 120 is pro-
grammed to look for temperature signals from the thermistor
74 that indicate that the thermistor has now been placed into
contact with a wearer and temperatures at or close to body
temperature are now being sensed. Once this occurs, the
microcontroller processes that thermistor signals into a serial
data stream and controls the RF module 124 to turn “on” and
to transmit that data. The RF module 124 comprises a Class 3
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low power Bluetooth protocol transmitter in one embodiment
in which the transmission range is approximately one meter.
Because the vital signs monitor system 70 is meant to be small
and unobtrusive, the power source comprises a single coin
cell battery. This battery can have a life of between five to
eight months when used in the power saving circuit described
above.

[0046] The temperature data transmitted by the RF module
124 inthe vital signs monitor system 70 is meant to be ata low
power level so that the small and unobtrusive monitor system
conserves its internal battery power. In the present embodi-
ment, a transceiver 126 located on the wearer of the mouth
guard 22, preferably also located in PPE, is used to receive the
low power temperature data signals and retransmit that data at
a much higher power level for reception by a remote receiver
or receivers. The transceiver may have a larger power supply,
such as AA batteries, enabling a longer range of transmission.
Although not shown specifically in FIG. 5, the RF module 66
in the helmet 60 could take the form of the transceiver 126
shown in FIG. 9. However, in another embodiment, depend-
ing on the application and the technology used, the RF mod-
ule 124 of the mouth guard may be used for direct transmis-
sion of the temperature data to the remote receiver or
receivers.

[0047] Thetransceiver 126 mounted in the helmet 60 of the
embodiment of FIG. 5, or in other PPE in other embodiments,
includes a first RF module 130, a microcontroller 132, and a
second RF module 134. In this embodiment, the first RF
module 130 comprises a low power, short range Bluetooth
Class 3 receiver. The range may be confined to one meter or
less. The purpose of the first RF module 130 is to receive any
data transmissions from the RF module 124 in the vital signs
monitor system 70. The microcontroller 132 remains in a low
power mode in which it continuously monitors the first RF
module 130 for the receipt of any signals from the vital signs
monitor system 70. Upon detecting that signals have been
received, the microcontroller 132 switches to full power
mode in which it receives the signals, processes them into the
format for remote transmission, and forwards those signals to
the second RF module 134 which it also controls to turn to the
“on” state. The second RF module 134 then transmits the data
signals over a much longer range, such as one-hundred
meters, to the remote receiver or receivers.

[0048] AsinFIG. 8,a gateway 961s providedin FIG.9. The
gateway includes an RF module 98 that receives the RF
transmission from the helmet 60, either in Bluetooth or Zig-
bee or other protocol, and provides the received signals con-
taining temperature data to an embedded computer 100. That
computer or other processing device then makes the tempera-
ture data available to one or more network or communication
devices 102. In the case shown in FIG. 9, the embedded
computer makes the temperature data signals available to an
Ethernet 104, a general packet radio service 106 (GPRS),
and/or a wireless local area network 108 (LAN). More or
fewer or different communication devices 102 may be pro-
vided depending on the application. A user configurable inter-
face 110 is then used to control access by and to the gateway
96. The gateway communicates the temperature data with a
network, such as the Internet 112.

[0049] In the above embodiments, size, weight, and power
conservation are given priorities. The vital signs systems are
designed to be small and unobtrusive, as well as light. To
conserve battery life, the circuits have power conservation
features. Devices may remain in a “sleep” mode at which
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power consumption is low or almost zero. When a monitoring
component senses the existence of particular data, it may
“awaken” other devices in the circuit which will now perform
their functions, but at a higher power level than when in the
“sleep” mode. Those devices may automatically return to
“sleep” mode under certain predetermined conditions, such
as the failure to receive any data or commands for a predeter-
mined length of time. In one embodiment such as that shown
in FIG. 9, the vital signs monitor system 70 does not have an
on/off switch. It remains continually “on”, although in a very
low power mode until operation is required by its sensing the
existence of a predetermined condition, such as the data sig-
nals provided by a thermal sensor, as discussed above. By this
design, the size, expense, and extra weight of an “on/off”
switch are avoided. Furthermore, energy conservative trans-
mission protocols are used, such as Zigbee and/or Bluetooth.
Other data transmission protocols may be employed to accu-
rately transmit the vital signs data yet keep power consump-
tion low.

[0050] Referring now to FIG. 10, a data collection, organi-
zation, and access system 150 is provided. In this embodi-
ment, a data collection server 152 is connected with a net-
work, such as the Internet 112, and receives temperature data.
Such data provided by the vital signs monitoring systems 20
and 70 discussed above and shown in other drawings typically
include identifications of the people being monitored and the
vital signs data taken of them. The server 152 receives that
data and organizes it into a relational data base stored in a
storage device 154. That data base is accessible, in this
embodiment, through two exemplary applications. The first is
a personal computer browser web application 156 and the
second is a mobile device web application 158. The first
application 156 has full functionality in which the vital signs
of numerous people can be monitored at once and multiple
organizations of data and multiple reports may be generated.
The second application 158 however has limited functional-
ity. In the second application 158, which is designed for hand
held devices such a smart telephones, the user may only be
able to monitor the vital signs of a single person. This is due
to the computing and memory constraints typical of mobile
devices. These two applications are made available to the
network, such as the Internet 112, and to numerous client
devices.

[0051] FIGS. 11 through 13 show an embodiment of an
upper 170 and lower 172 mouth guard. A thermal conduit 174
runs through an upper mouth guard loop 176 to the lower
mouth guard to allow for the wearer to open his’/her mouth to
breathe or for other purposes, and continue to transmit oral
temperature. The thermal conduit 174 runs from the front of
the mouth guard up to the helmet 60 faceguard shown in FIG.
5 and then on to the helmet RF module 66 to transmit tem-
perature signals. The thermal conduit 174 runs through the
lower mouth guard 172 to the left rear molars and then comes
out of the mouth guard under the tongue with a semi-rigid
non-toxic polymer feed 178 to keep the thermal sensor 180
continuously in the place under the tongue 182.

[0052] FIGS. 14-16 show a dual upper/lower mouth guard
184 in which the thermal conduit 174 runs through the lower
mouth guard portion 186 to the left rear molars and then
comes out of the mouth guard under the tongue 182 with a
semi-rigid non-toxic polymer feed 178 to keep the thermal
sensor 180 in place under the tongue. The thermal conduit
runs from the front of the mouth guard up to the helmet 60
faceguard and then onto the RF module 66 (FIG. 5) in the
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helmet to transmit the sensed oral temperature. The front of
the mouth guard has a cutout 188 for air to pass for breathing.
[0053] The thermal sensor 180 rests underneath the tongue
182 when wearing either of the mouth guards of FIGS. 11-13
or of FIGS. 14-16. Other designs for locating the sensor are
possible.

[0054] Turning now to FIG. 17, the helmet 60 of FIG. 5 is
shown with the hard-wired and tethered vital signs tempera-
ture sensor system 20 of FIGS. 1 and 2. That vital signs sensor
system 20 is tethered 56 to the face mask 62 as described in
detail above. Also, the helmet RF module 66 is shown. How-
ever, in this embodiment, an additional, or second, vital signs
monitor system 190 is included. A reflective SPO, (referred to
herein as “RPO” or reflective pulse oximetry) sensor system
190is mounted inside the helmet to rest on the forehead of the
helmet wearer and sense the oxygen saturation of the wearer’s
blood. The RPO system of FIG. 17 is configured to provide
not only oxygen saturation, but also pulse or heart rate. The
RPO sensor system provides the oxygen saturation and heart
rate data 192 to the RF module 66 for transmission to a remote
location, as is described above in relation to the vital signs
temperature data. An RPO system found to be usable is part
no. IM1-100 from Hall Ryan Laboratories, Van Nuys, Calif.
[0055] The wiring 62 that conducts temperature data from
the first vital signs sensor system 20 is tied to an inner area 194
of the helmet faceguard 62 with either permanent or releas-
able ties 196. Additional wiring to the RF module 66 from the
face guard may be located between the outer helmet shell and
the lining. Although not shown, a plug and socket connection
with the helmet wiring 64 may be used so that the mouth
guard vital signs monitoring system 20 is detachable from the
helmet. It should be noted that the arrangement shown in FIG.
17 comprises only an exemplary embodiment. The vital signs
monitoring system 70 of FIGS. 6 and 7 may be used in which
there is a wireless communication between the mouth guard
sensor system 70 and the RF module 66 of the helmet.
[0056] TheRF Module 66 is therefore configured to receive
temperature data from the first vital signs monitoring system
20, and oximetry and/or heart rate or pulse data from the
second vital signs monitoring system 190. The RF Module 66
is configured to process this received data into the appropriate
format for transmission to a remote location.

[0057] Other transmitting means may be used at the PPE
for transmitting vital signs data to a remote receiver, such as
infrared, optical, Bluetooth, microwave, or other. RF trans-
mission is just one embodiment. In another embodiment, the
helmet 60 may contain memory (not shown) for storing all
sensor data. The stored data may later be downloaded through
a suitable access means to the memory, for later analysis.
Furthermore, the connection between the vital signs system
20 of FIGS. 1 through 4 and the RF module 66 located in the
helmet is shown and referred to as “wired.” While “wired” or
“wiring” in general refers to insulated conductors used to
carry electricity, it is meant herein to be broader and refer to
“wired communication” in general. That is, means other that
electrical devices for conducting data are included, such as,
but not limited to, fiber-optic communication.

[0058] By means of the wireless transmission described
above, heart rate, oxygen saturation, and body temperature
data of the wearer of the PPE can be monitored by a person on
the side lines of a field in which a sport is played to detect the
possible onset of heat exhaustion or other malady. In one
embodiment, the vital signs data is transmitted through the
described gateway 96 to the described data collection, orga-
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nization, and access system 150 (FIG. 10). Medical personnel
on the side lines of the field sport can access this data through
an Internet 112 connection to the data collection, organiza-
tion, and access system. In another embodiment, field medi-
cal personnel may be able to directly receive the transmitted
data from each PPE wearer and monitor the players’ vital
signs with a computer configured by a suitable program.
[0059] Athletes, as an example, will use the mouth guard
while participating in contact sports, for measurement of their
vital signs. An indicator at a remote location (e.g., the side
line) will provide a visual and/or audible indication when the
vital signs of a particular person indicate an out-of-normal
condition. The data obtained from the sensors are transmitted
to the side lines or downloaded from the helmet on the side-
lines. As such, coaches and others can monitor the athletes to
determine if an athlete is being affected by heat stress or other
stress. Based on this information, the athlete can then be
removed from the game if necessary before injury occurs.
Another application is the transmission of data concerning
fire fighters or other public safety personnel. The well-being
of fire fighters during their activities in fighting fires may be
monitored on the street below the burning building, for
example, and action taken if needed. Many other applications
exist for the system and method of the invention.

[0060] The mouth guard or mouth guards shown in FIGS.
11-16 are sized to fit in the mouth such that it or they cover the
upper and lower teeth. Each mouth guard is preferably cus-
tom fit to the mouth of the athlete to ensure an accurate fit. The
mouth guard is formed from a rigid plastic or other suitable
material that is capable of withstanding forces generated by
the athlete’s teeth contacting the upper and lower surfaces of
the mouth guard while participating in contact sports. The
interior of the channel in one embodiment has a liner formed
from a softer material (e.g., silastic, silicone or the material
that is durable and protective). The liner of softer material
prevents damage to tooth enamel. The mouth guards shown in
the drawings include only a single temperature sensor but in
another embodiment, a plurality of sensors may be used. In
FIG. 17 and additional vital signs sensor is used. Other vital
signs sensors may be used at the same time with a wearer of
PPE. A mouth guard having a temperature sensor is available
from Hall Ryan Laboratories, Van Nuys, Calif., having part
no. TSM-100.

[0061] The tether 56 described above in relation to FIGS. 1
through 5 and others, includes the connector strap 50 to
secure the mouth guard to a protective helmet or headgear, as
shown for example in FIGS. 5 and 17. The distal end of the
connector strap may include the connection configuration
shown in FIG. 3 and 4 or others, such as a snap fastener
assembly. The free end ofthe connector strap may form a loop
around a portion of the faceguard of the helmet to secure the
mouth guard assembly to the helmet as was discussed. The
snap fastener assembly may be releasable so that the mouth-
piece assembly can be separated from the helmet. It is also
contemplated that the fastener assembly may be a grommet or
other more permanent fastener. It is also contemplated that
the fastener assembly may directly attach the mouthpiece
assembly to the side of the helmet.

[0062] Thehelmet may have various constructions accord-
ing to the particular activity of the wearer. On the side lines,
the player’s helmet can be removed and if it contains memory
that has stored sensor data, the helmet can then be connected
to a computer to download information produced by the vital
signs sensors in the helmet and elsewhere.
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[0063] Although the mouth guards described above were
custom made, both custom made and off-the-shelf styles may
be used. Typically, the mouth guard is made or purchased and
then the vital signs sensor or sensors are attached. However,
other arrangements may be used that will fall within the scope
of the present invention. Also, the arrangement shown in
FIGS. 3 and 5 in which the controller module 40 is plugged
into a socket on the helmet, is an exemplary configuration
only. Other means of completing an electrical circuit may be
used. Additionally, other means of providing a plug and
socket arrangement can be devised. In a more detailed aspect,
the tether, plug, and socket can be configured so that if enough
load is applied, the tether will break away from the face guard
62 and the connector plug 48 will unplug from the helmet
socket, resulting in minimal or no damage to the mouth guard
vital signs monitoring system 20.

[0064] While the invention has been described in connec-
tion with what is presently considered to be the most practical
and preferred embodiments, it is to be understood that the
invention is not to be limited to the disclosed embodiments
and elements, but, to the contrary, is intended to cover various
modifications, combinations of features, equivalent arrange-
ments, and equivalent elements included within the spirit and
scope of the appended claims. The use of numerous sensors is
possible. While a thermistor may be used as a temperature
sensor, other technologies, currently existing or yet to be
developed, may be used. It is contemplated that other sensors
may be used provided the sensing device is compact. Further-
more, the dimensions of features of various components that
may appear on the drawings are not meant to be limiting, and
the size of the components therein can vary from the size that
may be portrayed in the figures herein. Thus, it is intended
that the present invention covers modifications and variations
of the examples shown.

What is claimed is:

1. A vital signs monitoring system formed as an integral
part of personal protective equipment, the vital signs moni-
toring system comprising:

a vital signs sensor mounted with the personal protective
equipment such that when the personal protective equip-
ment is worn, the vital signs sensor is automatically
placed in operational position for monitoring a vital
sign, the vital signs sensor providing vital signs data
representative of the sensed vital sign; and

a communication device adapted to receive the vital signs
data and transmit the vital signs data to a remote loca-
tion.

2. The vital signs monitoring system of claim 1, wherein
the communication device is also mounted in personal pro-
tective equipment separate from the vital signs sensor.

3. The vital signs monitoring system of claim 1, wherein
the communication device is adapted to provide wireless
transmission of the vital signs data to a remote location.

4. The vital signs monitoring system of claim 1, wherein
the vital signs sensor is mounted as part of the personal
protective equipment so that when the personal protective
equipment is worn, the vital signs sensor is automatically
placed in operational contact with internal tissue and provides
the vital signs data based on the contact.

5. The vital signs monitoring system of claim 4, wherein
the vital signs sensor comprises a temperature sensor
mounted in a mouth guard predetermined position so that
when the mouth guard is worn, the temperature sensor auto-
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matically makes operational contact with a mucosal mem-
brane of the oral cavity and senses the internal oral tempera-
ture at that location.

6. The vital signs monitoring system of claim 1, wherein
the vital signs sensor comprises a temperature sensor
mounted through a mouth guard and angled so that when the
mouth guard is worn, the temperature sensor automatically
makes operational contact with an oral membrane under the
tongue and senses the internal oral temperature at that loca-
tion.

7. The vital signs monitoring system of claim 1, further
comprising a wired connection between the vital signs sensor
and the communication device by which the vital signs data
provided vital signs monitor is provided to the communica-
tion device through wired communication.

8. The vital signs monitoring system of claim 1, further
comprising a wireless transmitter located at the vital signs
sensor configured to wirelessly transmit the vital signs data,
wherein the communication device is configured to wire-
lessly receive the vital signs data.

9. The vital signs monitoring system of claim 1, wherein
the communication device comprises a wireless transmitter
configured to wirelessly transmit the vital signs data to the
remote location.

10. The vital signs monitoring system of claim 9, further
comprising:

a gateway located at the remote location configured to

wirelessly receive the transmitted vital signs data; and

a data collection system configured to receive vital signs
data and provide access to that received data through a
network;

wherein the gateway is configured to provide the received
vital signs data to the data collection system.

11. The vital signs monitoring system of claim 9, wherein
the data collection system is configured to provide access to
the received data through the Internet.

12. A vital signs monitoring system formed as an integral
part of personal protective equipment, the vital signs moni-
toring system comprising:

a mouth guard adapted for wearing over teeth;

a thermal sensor mounted at the mouth guard so that when
the mouth guard is worn over teeth, the thermal sensor
automatically makes operational contact with tissue
under the tongue, the thermal sensor providing tempera-
ture signals representative of temperature sensed,

a first RF module configured to receive the temperature
signals and transmit the received temperature signals
wirelessly to a remote location; and

a data collection system configured to collect transmitted
temperature signals, store those collected signals as tem-
perature data, and make the stored temperature data
available to a network of computers.

13. The vital signs monitoring system of claim 12, wherein
the temperature sensor is located at the mouth guard so that
when the mouth guard is worn, the temperature sensor auto-
matically makes operational contact with tissue under the
tongue and senses the internal temperature at that location.

14. The vital signs monitoring system of claim 13, further
comprising a wireless transmitter located at the thermal sen-
sor configured to wirelessly transmit the vital signs data at a
relatively low power, wherein the first RF module is config-
ured to wirelessly receive the vital signs data.

15. The vital signs monitoring system of claim 14, further
comprising:
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a gateway located at the remote location configured to
wirelessly receive the transmitted vital signs data and
forward that received vital signs data to the data collec-
tion system;

wherein the data collection system is configured to receive,
organize, and provide access to that received data
through the network.

16. A method for monitoring a vital sign using first per-

sonal protective equipment, the method comprising:
embedding a vital signs sensor in personal protective
equipment in a selected location so that when the pet-
sonal protective equipment is worr, the vital signs sen-
sor is automatically located in an operational position to
sense a vital sign and provide vital signs data represen-
tative of the vital sign sensed; and

configuring a communication device to receive the vital
signs data and transmit the vital signs data to a remote
location.

17. The method for monitoring a vital sign using first
personal protective equipment of claim 16 further comprising
the steps of:

locating the communication device in second personal pro-
tective equipment that is associated with the first per-
sonal protective equipment;

configuring a vital signs sensor system to communicate the
vital signs data from the vital signs sensor to the com-
munication device by wired communication; and

configuring the communication device to wirelessly trans-
mit the vital signs data from the communication device
to the remote location.
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18. The method for monitoring a vital sign using first
personal protective equipment of claim 16 further comprising
the steps of:

locating the communication device in second personal pro-

tective equipment that is associated with the first per-
sonal protective equipment;
configuring a vital signs sensor system to communicate the
vital signs data from the vital signs sensor to the com-
munication device by wireless communication; and

configuring the communication device to wirelessly trans-
mit the vital signs data from the communication device
to the remote location.

19. The method for monitoring a vital sign using first
personal protective equipment of claim 16 further comprising
the steps of:

configuring a gateway to receive the transmitted vital signs

data at the remote location and to forward the received
vital signs data to a data collection, organization, and
access system; and

configuring the data collection, organization, and access

system to organize the received vital signs data and
provide access to the organized vital signs data.

20. The method for monitoring a vital sign using first
personal protective equipment of claim 19 further comprising
the steps of:

configuring the data collection, organization, and access

system to provide access to the organized data by an
access device located near the first personal protective
equipment.
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