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(57) ABSTRACT

A personal multimedia communication system and network
for emergency services personnel includes a plurality of
personal communication systems linked together and to a
base station in a network. Each personal communication
system includes a PDA device mounted on a PASS control
console, a video camera mounted on the PDA device, a GPS
unit, a microphone, and other electronic devices. The vari-
ous electronic devices are all communicatively connected to
the PDA device. Data from the various devices may be
collected in the PDA device and wirelessly transmitted to
any other node or device in the network, including other
personal communication devices. Each personal communi-
cation device may serve as a repeater, thus providing a
wireless communications link between a device located out
of range of the base station.
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PERSONAL MULTIMEDIA COMMUNICATION
SYSTEM AND NETWORK FOR EMERGENCY
SERVICES PERSONNEL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is entitled to the benefit of, and
claims priority to, provisional U.S. Patent Application Ser.
No. 60/436,038 filed Dec. 23, 2002 and entitled “HAND-
HELD MULTIMEDIA COMMUNICATION SYSTEM
FOR FIREFIGHTERS,” the entirety of each of which is
incorporated herein by reference.

BACKGROUND OF THE PRESENT
INVENTION

[0002]

[0003] The present invention relates to communication
systems for firefighters, and, in particular, to handheld
devices carried by firefighters and other emergency services
personnel for collecting, displaying, wirelessly transmitting,
and wirelessly receiving multimedia data in hazardous envi-
ronments.

[0004] 2. Background

[0005] Traditionally, the equipment carried into fires and
other hazardous environments by firefighters and other
emergency services personnel (generally referred to herein
as “firefighters”) has been primarily mechanical, with the
most important piece of equipment being a self-contained
breathing apparatus (“SCBA”) for providing the wearer with
breathable air. Conventional SCBA’s generally include a
facepiece, one or more pressurized cylinder or tank, and a
hose. The facepiece, which covers the wearer’s nose, mouth
and eyes and includes a lens for external viewing, is supplied
with air from the tanks via the hose. The tanks are secured
to the wearer’s body by a harness or backpack. One or more
gauges are typically supplied to tell the user how much air
remains in the tank.

1. Field of the Present Invention

[0006] More recently, firefighters have begun carrying a
variety of auxiliary equipment on their backpacks or their
headgear. Of this additional equipment, one of the most
important items is a personal alarm safety system (“PASS”)
device. This device typically includes a motion sensor for
monitoring whether the wearer has become motionless, thus
indicating a potential injury or other debilitating condition
for the wearer which may be signaled with audible or visual
alarms or alert signals. The PASS device may also be
integrated with a pressure gauge, thus serving multiple
functions. The pressure gauge portion of the PASS device
may be separated from the motion sensor portion to permit
the user to look at the gauge when desired while positioning
the motion sensor on the backpack. However, most PASS
devices or systems are incapable of alerting personnel other
than the wearer using any method other than the audible or
visible alert signals generated by the PASS devices them-
selves, which has been a serious shortcoming of such
devices.

[0007] This problem was partially solved with the devel-
opment of an advanced PASS device which was capable of
transmitting data from the PASS device back to a central
location. The Scott Emergency Management System
(“SEMS”), manufactured by Scott Health & Safety of Mon-
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roe, N.C., uses transmitting PASS devices, each carried by
an individual firefighter, to transmit PASS data back to a
central base station. However, the SEMS devices use a
point-to-point protocol, wherein data received from the
PASS device may only be transmitted as full duplex radio
data directly to a dedicated base station. This technology
limits the range of the Scott SEMS device. This limitation
can be overcome by deploying repeaters to allow greater
effective transmission distances from individual transmitting
PASS devices. Unfortunately, using repeaters to relay the
information has shortcomings in firefighting environments.
First, time must be taken to place the repeaters in key
locations in and around the burning building or other fire-
fighting environment in order to have the ability to have at
least one repeater within range of every firefighter and the
base station. In addition, the repeaters are not mobile, and
each will remain in a single location until it is physically
moved to another one, which is also time consuming.
Further, in a building fire it is not always possible to retrieve
the repeater if dropped inside the building due to changes in
the building environment. Thus, a more flexible and effec-
tive transmitting PASS system is needed.

[0008] In addition, there has been an increased emphasis
in recent years on the development of other electronic
devices to be carried by firefighters. These include heads up
displays (“HUDs”) for displaying tank pressure or other
information to a user directly in his line of sight; video
cameras, and particularly thermal imaging cameras, for
capturing visual data or for use in seeing through dense
smoke, recognizing areas of thermal stress, and the like;
GPS devices for giving a firefighter information about his
location, and many other devices. In addition, additional
onboard sensors have been developed or are being devel-
oped for monitoring biometric conditions of the firefighter,
environmental conditions, additional equipment informa-
tion, and many other conditions and data. Still further,
firefighters continue to carry audio communications devices
such as radios and the like to facilitate communications
between firefighters or to a command center located outside
the immediate area of danger.

[0009] Unfortunately, until now there has been no effort to
consolidate all of this information in a single location, or to
communicate multiple different types of data from one
firefighter to another or from one firefighter to a command
center using a single device. This means that there is no
central location or device carried by a firefighter on which he
may view or otherwise receive multiple different types of
data, thereby avoiding the problem of having to check or
consult different devices to receive different types of data.
Moreover, it has been impossible to correlate data of one
type with data of another type without going through a
tedious manual process, if such a correlation is possible at
all. For example, it is difficult if not impossible with current
systems and devices to correlate GPS data captured over
time by a firefighter’s GPS device with video data captured
by a thermal imaging camera carried by the same firefighter.
Likewise, it has been difficult or impossible to correlate
audio signals, video signals or data, positional data, biomet-
ric data, environmental data, SCBA status information and
other data using either the firefighter’s current equipment or
at the command center using data transmitted from the
firefighter thereto.
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[0010] Thus, a convenient, robust, handheld solution to all
of these problems is needed in order to improve the effec-
tiveness of firefighters and other emergency services per-
sonnel.

SUMMARY OF THE PRESENT INVENTION

[0011] The present invention comprises a personal multi-
media communication system and network for firefighters
and other emergency services personnel. The communica-
tion system and network may include a PDA device, a PASS
system and a video camera, where the PDA device includes
a GPS subsystem, a PASS interface, a video input, and a
wireless network interface for communicating with a wire-
less LAN. Broadly defined, the present invention according
to one aspect is a method of communicating multimedia data
from a personal communication system carried by a fire-
fighter to a base station including: gathering multimedia data
at a first personal communication system carried by a first
firefighter in a hazardous environment; wirelessly broadcast-
ing at least some of the data using a standard protocol;
receiving, at a second personal communication system car-
ried by a second firefighter, the data broadcast by the first
personal communication system; upon receiving the data at
the second personal communication system, wirelessly
broadcasting the data using the standard protocol; and
receiving, at a base station, the data broadcast by the second
personal communication system.

[0012] The present invention, according to another aspect
of the present invention, includes a personal communication
system for use by a firefighter in a hazardous environment,
including: a PASS system, the PASS system including a
PASS unit to be carried directly on a firefighter’s backpack
and a PASS control console to be hung from the backpack,
the PASS control console being connected to the PASS unit
by at least a communications interface; and a PDA device,
releasably mounted on the PASS control console and elec-
trically connected to the PASS control such that data from
the PASS unit may be transmitted to the PDA device via the
PASS control console.

[0013] In features of this aspect, the personal communi-
cation system further includes a video camera releasably
mounted on the PDA device and electrically connected to
the PDA device such that video data from the video camera
may be transmitted to the PDA device; and the video camera
is a thermal imaging camera.

[0014] The present invention, according to another aspect
of the present invention, includes a personal communication
system for use by a firefighter in a hazardous environment,
including: a support apparatus to be worn by a firefighter in
a hazardous environment; a first onboard data source carried
by the support apparatus; a second onboard data source
carried by the support apparatus; and a PDA device com-
municatively connected to both the first onboard data source
and the second onboard data source.

[0015] In feature of this aspect, the first onboard data
source is a PASS system; the PDA device has a display
adapted to display data from both the first onboard data
source and the second onboard data source; the PDA device
has a wireless transmitter adapted to transmit data from both
the first onboard data source and the second onboard data
source; the second onboard data source is a video camera, a
microphone, a GPS device, a biometric sensor for measuring
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the body temperature, pulse rate or CO, level of the fire-
fighter, or an environmental sensor for measuring the envi-
ronmental temperature or sensing gas.

[0016] The present invention, according to another aspect
of the present invention, includes a method of communicat-
ing at least two types of multimedia data from a personal
communication system carried by a firefighter to a remote
location, including: gathering a first stream of multimedia
data of a first data type; communicating the first stream of
multimedia data of the first data type to a computer device
in a personal communication system carried by a firefighter;
gathering a second stream of multimedia data of a second
data type; communicating the second stream of multimedia
data of the second data type to the computer device; wire-
lessly transmitting the first and second streams of data from
the computer device to a remote location; receiving the first
and second streams of data from the computer device at the
remote location; and correlating the first stream of data with
the second stream of data.

[0017] In features of this aspect, the correlating step takes
place in the computer device before transmission; the cor-
relating step takes place at the remote location after receiv-
ing the first and second streams of data; the first data type is
a reading of a motion sensor in a PASS system, the first
stream of multimedia data is a set of such readings, and the
second data type is a physical location reading, a video
image, or an audio signal; the first data type is a physical
location reading (such as a GPS reading), the first stream of
multimedia data is a set of such readings, and the second
data type is a video image or an audio signal; and the first
and second streams of data are gathered at sequential points
in time, and correlating the first stream of data with the
second stream of data includes time-synchronizing the two
streams of data.

[0018] The present invention, according to another aspect
of the present invention, includes a method of communicat-
ing positional data from a personal communication system
carried by a firefighter to a remote location, including:
providing a personal communication system, the personal
communication system including at least a positional data
gathering device and a wireless transmitter; gathering, via
the positional data gathering device, positional data indica-
tive of the physical location of the personal communication
system; and transmitting the positional data to a remote
location via the wireless transmitter.

[0019] In features of this aspect, the positional data gath-
ering device is a GPS unit; the positional data gathering
device is a dead reckoning device; and the method further
includes providing, at the remote location, a base GPS unit,
receiving, at the remote location, the positional data trans-
mitted from the personal communication system, comparing
the received positional data with positional data from the
base GPS unit, generating data indicative of the comparison,
and wirelessly transmitting the comparison data to the
personal communication system.

[0020] The present invention, according to another aspect
of the present invention, includes a communications net-
work for emergency personnel, including: a plurality of
personal communication systems, each carried by a fire-
fighter in a hazardous environment, wherein each personal
communication system including a PDA device connected to
at least one onboard data gathering device carried by the
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firefighter and having a wireless transceiver, and wherein
each personal communication system is adapted to send and
receive signals from at least some of the other personal
communication systems; and a base station adapted to send
and receive wireless signals from at least some of the
personal communication systems.

[0021] In features of this aspect, the at least one onboard
data gathering device in each personal communication sys-
tem includes a PASS system; the at least one onboard data
gathering device in each personal communication system
includes a positional data gathering device; the positional
data gathering device in each personal communication sys-
tem is a GPS unit; the at least one onboard data gathering
device in each personal communication system includes a
video camera; and the video camera in each personal com-
munication system is a thermal imaging camera.

[0022] Further areas of applicability of the present inven-
tion will become apparent from the detailed description
provided hereinafter. It should be understood that the
detailed description and specific examples, while indicating
the preferred embodiment of the invention, are intended for
purposes of illustration only and are not intended to limit the
scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Further features, embodiments, and advantages of
the present invention will become apparent from the fol-
lowing detailed description with reference to the drawings,
wherein:

[0024] FIG. 1 is a block diagram of a personal multimedia
communication system and network in accordance with a
preferred embodiment of the present invention;

[0025] FIG. 2 is a perspective view of equipment carried
by a firefighter or another emergency services worker in
accordance with a preferred embodiment of the present
invention;

[0026] FIG. 3 is a block diagram of one of the personal
communications systems of FIG. 1;

[0027] FIG. 4 is a block diagram of the internal computer
hardware system of the PASS unit of FIG. 2 and 3;

[0028] FIG. 5 is a perspective view of the PASS control
console of FIGS. 2 and 3;

[0029] FIG. 6 is a block diagram of the internal computer
hardware system of the PASS control console of FIG. 5;

[0030] FIG. 7 is a perspective view of the PDA device of
FIGS. 2 and 3;

[0031] FIG. 8 is a block diagram of the internal computer
hardware system of the PDA device of FIG. 7,

[0032] FIG. 9 is a perspective view illustrating the inter-
connection of the PDA device of FIG. 7 to the PASS control
console of FIG. 5;

[0033] FIG. 10 is a perspective view of an alternative
embodiment of the PDA device of FIG. 1;

[0034] FIG. 11 is a perspective view of an alternative
embodiment of the PASS control console of FIG. 1;
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[0035] FIG. 12 is a perspective view illustrating the inter-
connection of the PDA device of FIG. 10 to the PASS
control console of FIG. 11;

[0036] FIG. 13 is a perspective view of a mini-PASS unit;

[0037] FIG. 14 is a block diagram of the internal computer
hardware system of the mini-PASS unit of FIG. 13; and

[0038] FIG. 15 is a perspective view illustrating the inter-
connection of the PDA device of FIG. 10 to the mini-PASS
unit of FIG. 13.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0039] Referring now to the drawings, in which like
numerals represent like components throughout the several
views, a handheld multimedia communication system for
firefighters and other emergency services personnel is
hereby described. FIG. 1 is a block diagram of a personal
multimedia communication system and network 05 in accor-
dance with a preferred embodiment of the present invention.
As illustrated therein, the system and network 05 may
include one, and typically a plurality, of personal commu-
nication systems 15 interlinked with a truck-based global
positioning system (“GPS”) unit 65, the GPS satellite con-
stellation 68, a local area network (“LAN”) 70, and a wide
area network (“WAN”) 80. Other LANS 70 may likewise be
linked to the system and network 05 via the WAN 80, but in
order to simplify the discussion, only one LAN 70 will
generally be discussed and illustrated herein.

[0040] Each personal communication system 15 is
designed to be carried by an individual firefighter or other
emergency services personnel as part of his equipment 28.
As shown in FIG. 1, firefighters and many other emergency
services personnel that enter a dangerous environment typi-
cally carry an air tank 104 as part of a self-contained
breathing apparatus (“SCBA”), but the equipment 28 may
include a number of other components as well. FIG. 3 is a
perspective view of equipment 28 carried by a firefighter or
another emergency services worker in accordance with a
preferred embodiment of the present invention. As illus-
trated therein, the equipment 28 may include a collection of
conventional firefighting or safety equipment mounted on a
backpack 101, as well as headgear 105, worn on the user’s
head and connected to the air tank 104 by a first pressure line
102, for supplying breathable air from the air tank 104 to the
user’s mouth and nose.

[0041] FIG. 3 is a block diagram of one of the personal
communications systems 15 of FIG. 1. As shown, each
personal communications system 15 may include a Personal
Alert Safety System (“PASS”) system 20, a personal digital
assistant (“PDA”) device 10, a video camera 60 and a
“heads-up” display (“HUD”) 107. Like many conventional
PASS systems, the PASS system 20 of the present invention
preferably includes both a PASS unit 30 and a separate PASS
control console 50, and the PASS unit 30 may be carried
conventionally in a recess in the user’s backpack 101, while
the PASS control console 50 preferably hangs from the end
of a second pressure line 106, connected via a pressure
reducer to the air tank 104, and a reinforced electronics cable
sheath 103. The HUD 107 may be of conventional design,
connected to the other electronic components via an elec-
tronics cable which is preferably integral with the second
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pressure line 106 but may also be separate if necessary. The
PDA device 10 may be communicatively coupled to the
PASS control console 50, and the camera 60 may be
communicatively coupled to the PDA device 10.

[0042] FIG. 4 is a block diagram of the internal computer
hardware system 130 of the PASS unit 30 of FIGS. 2 and 3.
The internal computer hardware system 130 for each PASS
unit 30 preferably includes a microcontroller 43, a motion
sensor module 31, a HUD interface 32, one or more piezo
alarms 33, 34, one or more LED’s 35, 36, an input 37 from
a “cylinder in” switch, a PASS control console interface 38,
a tank pressure sensor input 39 and a battery 40. The motion
sensor module 31 preferably includes a tri-axial magnetom-
eter and a tri-axial accelerometer to provide an inertial
guidance system as well as being operative with the micro-
controller 43 to provide an indication as to whether the
PASS unit 30 has been motionless for a predetermined
period of time. However, a simple motion sensor function
(without the inertial guidance feature) may likewise be
provided by a simple mechanical sensor of conventional
design.

[0043] The HUD interface 32 enables data, signals or the
like to be communicated between the PASS unit 30 and the
HUD unit 107 located on headgear worn by the user carrying
the PASS unit 30. The piezo alarms 33, 34, which preferably
include a right-side piezo alarm 33 and a left-side piezo
alarm 34, are sound generators that may be used to create a
variety of sound patterns and are activated in a variety of
circumstances, such as when the motion sensor module 31
indicates that the PASS unit 30 has been motionless for the
predetermined period of time, when an air tank is installed
or removed, when air pressure is low, when radio commu-
nications have been lost, or in order to alert the user that he
should look at the display. Piezo alarms such as these are
included on PASS systems sold by Scott Health and Safety
of Monroe, N.C. The LED’s 35, 36, which preferably
include a right-side LED 35 and a left-side LED 36, are
backup lights that are activated when the motion sensor
module 31 indicates that the PASS unit 30 has been motion-
less for the predetermined period of time. The “cylinder in”
input 37 receives an indication from a SCBA as to whether
an air tank 104 has been installed therein or not. The PASS
control console interface 38 provides communication
between the PASS unit 30 and the PASS control console 50.
This interface 38 may be an IC2, CAN, RS-232, RS485 or
the like communication bus. The tank pressure sensor input
39 receives input from a pressure sensor, located on the air
tank 104, as to the amount of air remaining in the air tank
104 based on the amount of pressure or other related
variable. The PASS unit 30 may be any conventional PASS
unit having the functionality described above. One PASS
unit 30 suitable for use with the present invention is the
standard PASS unit manufactured by Scott Technologies of
Monroe, N.C.

[0044] The PASS unit 30 may also include other sensor
devices and interfaces. These may include, but are not
limited to, personal biometric sensors 41, for monitoring
physiological characteristics of the wearer and the like, and
environmental sensors 42, for monitoring environmental
characteristics such as temperature, the presence of gas, and
the like. Biometric sensors 41 may be IC’s for measuring the
body temperature of the firefighter, the firefighter’s pulse
rate or CO, levels and the like and are preferably located
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inside the housing of the PASS unit 30. The environmental
sensors 42 are also circuits and may be located inside or
outside the housing. One commercially-available module
having such environmental sensor is an external module,
available from Scott Health & Safety of Lancaster, N.Y., that
communicates with the microcontroller 43 via IC2, CAN,
RS-232, RS485 or the like.

[0045] FIG. 5 is a perspective view of the PASS control
console 50 of FIGS. 2 and 3. The PASS control console 50
includes a housing 51, a pressure gauge 52, one or more
pushbuttons 53, a docking interface 54, a PASS unit inter-
face 55, a pressure line input 56, an internal computer
hardware system 150, illustrated in FIG. 6, and a corre-
sponding software system. The housing 51 is designed to
accommodate the other components and is preferably of
heavy-duty, hardened construction, the design of which
would be apparent to one of ordinary skill in the art. The
pressure gauge 52, which is preferably an analog gauge and
display, although other gauge and display technologies may
be suitable as well, provides an indication as to the amount
of air remaining in the air tank 104 based on the amount of
pressure detected at the pressure line input 56, which is
connected to the second pressure line 106 to the air tank 104,
or other related variable. The pushbuttons 53, which pref-
erably include at least a reset button and a manual alarm,
may be disposed in any convenient location in the housing
51 and may be of conventional heavy-duty construction. The
docking interface 54 is preferably located on the back of the
PASS control console 50 in order to provide a mounting and
connection location for the PDA device 10, as described
hereinbelow, and includes an appropriately-shaped surface
or surfaces in the housing 51, and one or more latches (not
shown) for releasably locking the PDA device 10 to the
PASS control console 50. The latches, which preferably each
include a quick release mechanism, may be disposed, for
example, on the sides or back of the PASS control console
50. To assemble the PDA device 10 to the PASS control
console 50, the user may simply align the two devices 10, 50
and push them together, causing the latches to lock the PDA
device 10 in place automatically. To release the PDA device
10, the same latches may simply be depressed, preferably at
the same time. The PASS unit interface 55 provides com-
munication between the PASS control console 50 and the
PASS unit 30.

[0046] FIG. 6 is a block diagram of the internal computer
hardware system 150 of the PASS control console 50 of FIG.
5. The internal computer hardware system 150 for each
PASS control console 50 preferably includes a microcon-
troller 57, the PASS unit interface 55, an interface to the
pressure gauge 52, the pushbuttons 53 described previously,
one or more visual indicators 58, such as LED’s, and an
infrared transceiver 59. Briefly described, the interface to the
pressure gauge 52 permits pressure data to be communicated
to the microcontroller 57, and the infrared transceiver 59 is
mounted externally to permit line-of-sight infrared commu-
nication with a PDA device 10 when the PASS control
console 50 and the PDA device 10 are docked together.
Many of the components of the internal computer hardware
system 150 may be conventional components such as those
found in the standard PASS control console manufactured by
Scott Technologies of Monroe, N.C.; however, modifica-
tions, apparent to one of ordinary skill in the art, must be
made to a conventional PASS control console to make it
suitable for use with the present invention.
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[0047] FIG. 7 is a perspective view of the PDA device 10
of FIGS. 2 and 3. As used herein, the term “PDA device” is
generally understood to mean any user device having a
microprocessor, a display, and a user interface for control-
ling the operation of the device, and shall include any device
having the components and general functionality of any
conventional PDA device, but it will be understood that the
PDA device 10 of the present invention may further include
additional components and functionality as described here-
inbelow. The PDA device 10 includes a housing 06, a
display 19, one or more pushbuttons 07, a keypad 21 (shown
only in FIG. 8), a docking station 08, an internal computer
hardware system 110 (illustrated in FIG. 8), and a corre-
sponding software system. The housing 06 is designed to
accommodate the other components and is preferably of
heavy-duty, hardened construction, the design of which
would be apparent to one of ordinary skill in the art. The
display 19 is preferably a liquid crystal display (“LCD”)
with backlight of a type found generally on conventional
PDA’s; however, other displays, including displays using
conventional, organic or polymer LED technology, may be
suitable as well. The pushbuttons 07 may be disposed in any
convenient location in the housing 06 and may be of
conventional heavy-duty construction, while the keypad 21
may be hidden from view when the PDA device 10 is docked
with the PASS control console 50 in order to better protect
it. The docking station 08 is preferably located at the bottom
of the PDA device 10 in order to permit it to be mounted on
the PASS control console 50, as described hereinbelow, and
includes an appropriately-shaped recess in the housing 06,
one or more electrical contacts 09 and one or more latches
(not shown) for releasably locking the PDA device 10 and at
least a portion of a corresponding PASS system 20 together.

[0048] FIG. 8 is a block diagram of the internal computer
hardware system 110 of the PDA device 10 of FIG. 7. Each
PDA device 10 includes a microprocessor 111, a wireless
network interface 11, a GPS subsystem 12, an infrared
transceiver 13, audio I/O 16, a video input 17, a keypad 21
and a battery system 22. To minimize expense, the micro-
processor 111 is preferably a commercially available
reduced instruction set computing (“RISC”)-based micro-
processor such as the SA 110“StrongARM®”-type micro-
processor available from Intel. The wireless network inter-
face 11 preferably includes a network interface card (“NIC”)
112 and an antenna 113. In a preferred embodiment, the
wireless network interface 11 utilizes the IEEE 802.11b
standard communications protocol for data transmissions at
11 Gbits/sec in the 2.4 GHz frequency range.

[0049] The keypad 21 and pushbuttons 07 together enable
a user to input data, select options, and otherwise control the
operation of the PDA device 10. Generally, the keypad 21
provides full operational control of the PDA device 10,
while the pushbuttoris 07 serve as “shortcut” keys to enable
certain functions to be carried out with a minimum of effort
and time. The battery system 22 preferably includes both a
main general use battery 23 and a second battery 24, which
may be a coin cell, for backing up the memory. The battery
system 22 may be recharged using the electrical contracts 09
illustrated in FIG. 7.

[0050] The GPS subsystem 12 includes a GPS device 121
and a dedicated antenna 122. The GPS device 121 may
utilize any known GPS technology, including differential
GPS (“DGPS”), whereby positional errors are corrected
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through the use of ground references having known coor-
dinates; assisted GPS (“A-GPS”), whereby data is collected
from multiple sources to improve precision; or the like. For
indoor use, the GPS device 121 may utilize the GL-16000
32-bit bus indoor chip set or the GL-HSRF serial interface
chipset, both from Fujitsu. For outdoor use, the GPS device
121 may utilize the onboard MLOC GPS receiver chipset.

[0051] Although many GPS units are capable of measur-
ing position in the Z-direction (i.e., elevation), the GPS
subsystem 12 may also include a separate altimeter 123 for
making or supplementing this measurement. The altimeter
123, which may be an atmospheric pressure device or any
other suitable device, preferably IC-based, may be incorpo-
rated in the PDA device 10 as shown or may be disposed
elsewhere in the user’s equipment 28.

[0052] Tt will be apparent to those of ordinary skill in the
art that other types of positioning systems may be substi-
tuted for the GPS subsystem 12 described herein. For
example, positioning systems utilizing ultra-wide band
(“UWB”) technologies are currently being developed, and
other wireless technologies may likewise be used or devel-
oped for use in determining precise location data. As used
herein, the term “GPS” should generally be understood to
encompass or anticipate the use of such technologies, and
the selection and implementation of a device or system
making use of such a technology will likewise be apparent
to one of ordinary skill in the art.

[0053] The infrared transceiver 13 is mounted to permit
external line-of-sight infrared communication with a PASS
system 20 when the PDA device 10 and at least a portion of
the PASS system 20 are docked together. The infrared
transceiver 13 permits data to be relayed from the PASS
system 20 to the LAN 70, as described hereinbelow.

[0054] The audio I/O 16 includes connections for input
from a microphone and output to a speaker, each of which
are preferably located in the headgear 105. Using appropri-
ate software, the microphone and speaker provide either full-
or half-duplex radio communication and permit radio com-
munications to be carried out with other common radios
such as those from Motorola and Harris Corp. In one
preferred embodiment, the software is off-the-shelf software
such as conventional Microsoft or JoySoft Voip software. In
another preferred embodiment, proprietary software may be
developed that utilizes data compression algorithms.

[0055] The video input 17 permits the interconnection of
a video data source, such as a video camera 60, to the PDA
device 10, as described below. Preferably, the video input 17
includes an RS-170 standard video connector/interface or
another standard video connector/interface together with a
communications interface such as Springboard, Compact
Flash, USB, or the like, the selection of which would be
apparent to one of ordinary skill in the art based on the PDA
device 10 being used, the camera 60 being used, and the like.
The video input 17 permits data to be relayed from the video
data source to the LAN 70, as described hereinbelow.

[0056] FIG. 9 is a perspective view illustrating the inter-
connection of the PDA device 10 of FIG. 7 to the PASS
control console 50 of FIG. 5. As illustrated therein, the
housing 51 of the PASS control console 50 is guided into
place in the recess of the docking station 08 such that the
pressure gauge 52 on the PASS control console 50 remains
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visible. Once in place, the latches may be used to releasably
lock the PDA device 10 and the PASS control console 50
together. When properly latched, the infrared transceiver 59
of the PASS control console 50 is aligned with the infrared
transceiver 13 of the PDA device 10, thus permitting line-
of-sight communication between the two devices. It should
also be noted that the docking process does not interfere with
the pushbuttons 07, 53 on either device or the PASS unit
interface 55 and the pressure line input 56 on the PASS
control console 50.

[0057] Because firefighters and other personnel must fre-
quently work in environments having low light or occluded
surroundings, the video camera 60 is preferably an infrared
or thermal imaging camera in order to add thermal aware-
ness and enhanced visibility in such environments. By
interfacing the video camera 60 with the PDA device 10,
visual images generated by the video camera 60 may be
displayed on the PDA display 19, thus potentially eliminat-
ing the need for a dedicated monitor on the video camera 60
itself. The video camera 60 is preferably mounted directly
on the PDA device 10 as shown in FIG. 2 in order to enable
the user to point the camera 60 in any desired direction.
However, the camera 60 may alternatively be mounted
elsewhere on the backpack 101, such as on the shoulder
straps supporting the backpack 101, at or below shoulder
height and oriented to face forward. Still further alterna-
tively, the camera 60 may be mounted on the headgear 105,
but this mounting location is less desirable because of the
extra weight that is thus added to the headgear 105. Such
extra weight may be uncomfortable for the wearer, and in
addition may cause the weight of the headgear 105 to exceed
specified limits.

[0058] If the camera 60 is to be mounted on the PDA
device 10, then the camera may be provided with an
electrical connector disposed in a location and at an orien-
tation such that it may be electrically coupled to the video
input 17 of the PDA device 10 when the camera 60 is docked
to the PDA device 10. A latching system (not shown) may
be provided to retain the camera 60 in this position on the
PDA device 10. The latching system may include one or
more latches/quick release mechanisms located on the top or
back of the PDA device 10 with corresponding mechanisms
on the back or sides of the camera 60. Advantageously, this
direct connection between the camera 60 and the PDA
device 10 minimizes delay in capturing data from the
camera 60 on the PDA device 10 and avoids the risk of an
extra cable becoming entangled in other equipment 28 or
with the wearer’s surroundings. It also may permit the use
of a shared battery system between the PDA device 10 and
the camera 60, thereby enhancing power efficiency.

[0059] In operation, the PDA device 10 enables a variety
of data to be transmitted to and from the PDA device 10, thus
providing the firefighter or other user carrying the PDA
device 10 with a considerably greater tool set with which to
work. To use the PDA device 10, the battery system in the
PDA device 10 is first recharged using the electrical contacts
09. Once charged, the PDA device 10 is attached to the
PASS control console 50 by latching the PASS control
console 50 to the PDA device 10 as described hereinabove.
The docking procedure triggers an automatic boot procedure
and provides onscreen instructions and options to the user.
Also, if desired, a video camera 60 may be attached to the
PDA device 10 such that the video camera output is con-
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nected to the video input 17 of the PDA device 10. The
presence of a video camera 60 is also preferably detected
automatically by the PDA device 10. Once connected,
digital images may be captured by the video camera 60 and
transferred to the PDA device 10 via the video input 17 of
the PDA device 10. The operating components of a thermal
imaging camera suitable for use with the present invention
are available in the Eagle 160 camera available from Scott
Health & Safety of Monroe, N.C.

[0060] Once the PDA device 10 is operational, it begins
gathering data from a variety of sources. For example, on a
periodic basis, the GPS subsystem 12 makes a positional
determination using the GPS satellite constellation 68, in
accordance with conventional GPS operations. If the GPS
subsystem 12 includes a separate altimeter 123, then the
microprocessor 111 may derive an additional vertical eleva-
tion measurement in conjunction with the X, Y and optional
Z data developed by the GPS device 121. When considered
in the sequence in which they were determined, preferably
in conjunction with an indication of the time at which they
were determined, these readings form a “bread crumb” trail
that reflects the path taken by the PDA device 10 as it was
carried along by its owner.

[0061] Also, the PDA device 10 preferably receives data
from the PASS system 20 via the infrared transceiver 13.
The data may be received on a periodic basis, or the data
may be received continuously. If received continuously, the
PDA device 10 may ignore some of the data or may process
all of it, as desired. The data received may include any data
available to the PASS system 20. Preferably, the data
received includes at least an indication of the amount of air
remaining in the air tank 104 and status information derived
from the motion sensor module 31. The data may also
include other status information, environmental data gath-
ered by the PASS unit 30, biometric data gathered by the
PASS unit 30, and the like. Preferably, all information or
data received from the PASS system 20 is time-coordinated
with the GPS data so that at least some of the GPS readings
are aligned in time with at least some of the PASS data.

[0062] At any time, the PDA device 10 may also receive
other data input by the firefighter or other user carrying the
PDA device 10. For example, the PDA device may receive
voice data and other ambient noise data from the micro-
phone, or may receive data input by the user via the keypad
21 or pushbuttons 07. Preferably, all of this data is coordi-
nated with GPS data and PASS data.

[0063] Inaddition, if a video camera 60 is connected to the
PDA device 10, the PDA device 10 may receive, at any time,
video data (which may include audio data) from the video
camera 60 via the video input 17. Video data from the
camera 60 may be displayed on the PDA display 19 for
viewing by various emergency personnel to assist in locating
thermally intense zones, to see through dense smoke, or to
locate victims or other emergency personnel.

[0064] Other data may be gathered in the PDA device 10
using a variety of other peripheral devices and interfaces.
Preferably, the PDA device 10 is further equipped with a
variety of standard 1/O and interfaces for this purpose. For
example, each PDA device 10 preferably further includes
one or more USB ports, one or more PCMCIA slots, and/or
other connectors and interfaces.

[0065] As various types of data are received by the PDA
device 10, the data is processed by the microprocessor 111,
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and some or all of the data may be buffered in a memory that
is preferably at least 128 MB in size. In addition, at least
some of the data is transmitted via the wireless network
interface 11 to the user’s wireless LAN 70. Thus, not only
may a firefighter’s PASS system 20 may be monitored
remotely to determine the status of his air tank 104 or
whether the firefighter may be injured or otherwise debili-
tated, but position data (GPS, dead reckoning or both), audio
data from the microphone, video data from the camera 60,
stored or user-input data from the PDA device 10, and
environmental or biometric data gathered by the PASS unit
30 may all likewise be transmitted as well.

[0066] The data is preferably transmitted in such a way
that data received from the various sources at the same time
is transmitted together (or in close proximity) so that a
maximum amount of data for each point in time is grouped
together. This enables a fuller “snapshot” of an emergency
worker’s situation in a dangerous area to be made available,
using appropriate software, to personnel located at a com-
mand center. Thus, for example, if a firefighter’s motion
sensor indicates that his PASS system 20 has been motion-
less for more than the predetermined maximum period of
time, then the positional data (GPS, dead reckoning or both)
corresponding in time to the motion sensor data may be
consulted to determine where the firefighter was when the
PASS system 20 stopped moving. If desired, the complete
“bread crumb” trail left by the firefighter’s GPS subsystem
12 may be studied in order to determine how to reach the
firefighter. Preferably, the bread crumb trail may then be
downloaded directly from the wireless LAN 70 into another
firefighter’s PDA device 10 for direct, on-the-scene use
without having to exit the building or return to the truck.
Similarly, video data may be coordinated with positional
data to provide information to a command center as to the
precise location of a particular situation captured by the
video camera 60, or audio data may be combined with PASS
data to provide information about what a firefighter was
saying or doing when his PASS unit 30 indicated that he
became motionless. Of course, it will be apparent to those of
ordinary skill in the art that a wide variety of useful
combinations of data may be provided by the system of the
present invention.

[0067] Because of the large amounts of bandwidth
required to transmit video data, certain concessions may be
necessary with regard to such transmissions. For example, in
one embodiment, if video data is being transmitted, then
audio data from the user’s microphone is not transmitted. In
another approach, video images from the camera 60 may be
compressed using MPEG or similar methods before being
stored and/or transmitted.

[0068] The command center preferably further includes
the truck-based GPS unit 65. The truck-based GPS unit 65
includes a GPS device, a dedicated antenna, a controller, and
a GPS almanac. Because the truck-based GPS unit 65 is
located in relatively close proximity to each firefighter or
other worker and his GPS-equipped PDA device 10, small
errors in the GPS data derived by a particular PDA device 10
may be accounted for using the readings from the truck-
based GPS unit 65.

[0069] In addition to transmitting data gathered from
various on-board subsystems, each PDA device 10 is pref-
erably capable of receiving data from other personal com-
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munication systems 15 and other points or nodes in the LAN
70. Incoming data may be received at the antenna 113 and
relayed to the microprocessor 111 via the NIC 112. Such
data may include any data transmitted from another personal
communication system 15 as well as similar data transmitted
from a command center or similar node in the LAN 70.
Thus, for example, video data from the camera 60 of the
personal communication system 15 of a first user may be
transmitted via the PDA device 10 of that system 15 to a
second user’s personal communication system 15, where it
may be processed and displayed on the display 19 of the
second system’s PDA device 10. This would permit several
team members to see video captured by another team
member acting as a scout. Similarly, positional data, audio
data and the like may likewise be shared. In addition, data
such as text messages, map or floorplan data, and the like
may be transmitted from a command center to the personal
communication systems 15 of one or more personnel and
displayed to them via the displays 19 of their respective PDA
devices 10.

[0070] In another feature of the present invention, each
PDA device 10 may operate as a repeater unit for relaying
data from other PDA devices 10 located in relatively close
proximity. However, unlike previous systems that use
deployable, dedicated repeaters to increase effective trans-
mission distances, the system of the present invention
instead utilizes a peer-to-peer mesh network technology to
achieve greater transmission distance. The PASS control
console 50 of each individually-issued PASS system 20 is
capable of full duplex transmissions with other PASS con-
soles 50, using the 802.11 standard protocol, to form a mesh
network architecture that does not rely on a central base
station, router or access point to relay the data transmissions
to the other client devices. All PASS control consoles 10
within the network act as repeaters, transmitting data
(including voice, PASS data, dead reckoning and GPS
coordinate data, video, and the like) from one device to the
next device until the data packet has reached its final
destination. Thus, for example, one firefighter may be in an
area of a building from which direct communication with his
wireless LAN 70 is impossible or unreliable, but because
each PDA device 10 may be used to relay data from other
PDA devices 10, data from the firefighter’s PDA device 10
may be relayed to the wireless LAN 70 by another PDA
device 10 in the area. Thus, a PDA device 10 may also be
used or modified to serve as a GPS location beacon, a data
packet repeater, a “camera on a stick,” an unmanned drop
sensor for sensing and relaying data, a personal In unit, and
the like.

[0071] Tt will be apparent that locating and tracking indi-
vidual devices in a mesh network is also possible without
requiring the use of GPS. However, the degree of accuracy
may vary, and the use of a combination of dead reckoning
with GPS, as described previously, can increase the accuracy
to within +/-5 meters.

[0072] The peer-to-peer 802.11 mesh networking technol-
ogy creates a mobile network without the need of any
existing infrastructure. This mobile wireless LAN 70 may
further be wirelessly interfaced with the WAN 80 (or a cell
network) to facilitate communication and distribution of
data over a larger area. Tie in may be provided through a
base station, typically residing on a fire truck, since existing
networks require interface hardware to address different



US 2007/0281745 Al

network protocols. The WAN 80 may connect together other
LAN’s 70 on the scene; battalion equipment, including
maintenance and support elements as well as equipment
from the next higher echelon; land line communications,
including to a GPS almanac service; the internet; hospitals,
local government and other emergency agencies; and the
like.

[0073] FIG. 10 is a perspective view of an alternative
embodiment of a PDA device 210 for use in the system and
network 05 of FIG. 1. The PDA device 10 includes a housing
206, a display 19, one or more pushbuttons 07, a keypad 21
(shown only in FIG. 8) a docking station 08, an internal
computer hardware system 110, illustrated in FIG. 8, and a
corresponding software system. The components are gener-
ally similar to that of the first-described PDA device 10,
except that the housing 206 utilizes a different design in
order to incorporate a “landscape”-type display 219. The
docking station 08 is likewise modified relative to the
first-described PDA device 10 because of the different
dimensions and shape of the rest of the housing 206.

[0074] FIG. 11 is a perspective view of an alternative
embodiment of a PASS control console 250 for use in the
system and network 05 of FIG. 1. The alternative PASS
control console 250 includes a housing 251, a pressure
gauge 52, one or more pushbuttons 53, a docking interface
254, a PASS unit interface 55, a pressure line input 56, an
internal computer hardware system 150, illustrated in FIG.
6, and a corresponding software system. The components
are generally similar to that of the first-described PASS
control console 50, except that the housing 251 utilizes a
different design in order to accommodate the different
design of the housing 206 of the alternative PDA device 210
illustrated in FIG. 10.

[0075] FIG. 12 is a perspective view illustrating the inter-
connection of the PDA device 210 of FIG. 10 to the PASS
control console 250 of FIG. 11. As illustrated therein, the
housing 251 of the alternative PASS control console 250 is
guided into place in the recess of the docking station 208
such that the pressure gauge 52 on the alternative PASS
control console 250 remains visible. Once in place, the
latches may be used to releasably lock the alternative PDA
device 210 and the alternative PASS control console 250
together. When properly latched, the infrared transceiver 59
of the alternative PASS control console 250 is aligned with
the infrared transceiver 13 of the alternative PDA device
210, thus permitting line-of-sight communication between
the two devices 250, 210. It should also be noted that the
docking process does not interfere with the pushbuttons 07,
53 on either device or the PASS unit interface 55 and the
pressure line input 56 on the alternative PASS control
console 250.

[0076] In an alternative embodiment, any PASS system 20
may instead include only a unitary mini-PASS unit 90, thus
dispensing with a PASS unit that is separate from the PASS
control console. Mini-PASS units 90 are typically utilized by
workers who are not equipped with an SCBA and thus do not
require the full functionality of a conventional PASS unit 30.
FIG. 13 is a perspective view of a mini-PASS unit 90. The
mini-PASS unit 90 includes a housing 91, one or more
pushbuttons 93, a docking interface 94, one or more visual
indicators 98, such as LED’s, a electronics input 96, a piezo
alarm 97, an internal computer hardware system 190, illus-
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trated in FIG. 14, and a corresponding software system. As
illustrated, the housing 91, pushbuttons 93 and docking
interface 94 are generally similar to the housing 51, push-
buttons 53 and docking interface 54, respectively, of the
alternative PASS control console 250 of FIG. 1, but it will
be apparent that the various components could also be
applied to the first-described PASS control console 50
illustrated in FIG. 5 as well. The piezo alarm 97 is a sound
generator that is activated when a motion sensor 192 (shown
in FIG. 14), disposed within the mini-PASS unit 90, indi-
cates that the mini-PASS unit 90 has been motionless for a
predetermined period of time. The LED’s include a backup
light that is likewise activated when the motion sensor 192
indicates that the PASS unit 90 has been motionless for the
predetermined period of time. Because the mini-PASS unit
90 includes only a single component, there is no need for an
interface such as the PASS unit interface 55 illustrated in
FIG. 11. However, an electronics input 96 may be provided
to provide a means for receiving data from other onboard
electronic devices similar to those referenced in the descrip-
tion of the PASS unit 30 of the first embodiment.

[0077] FIG. 14 is a block diagram of the internal computer
hardware system 190 of the mini-PASS unit 90 of FIG. 13.
The internal computer hardware system 190 for each mini-
PASS unit 90 preferably includes a microcontroller 191, the
motion sensor 192 described previously, a connection to the
piezo alarm 97, a connection to each visual indicator 98,
connections to the pushbuttons 93, an infrared transceiver
196 and a battery 197. Briefly described, the motion sensor
192 is operative with the microcontroller 191 to provide an
indication as to whether the mini-PASS unit 90 has been
motionless for a predetermined period of time; the piezo
alarm 193 is a sound generator that is activated when the
motion sensor 192 indicates that the mini-PASS unit 90 has
been motionless for the predetermined period of time; the
LED’s include lights that are activated when the motion
sensor 192 indicates that the PASS unit 90 has been motion-
less for the predetermined period of time; and the infrared
transceiver 196 is mounted externally to permit line-of-sight
infrared communication with the alternative PDA device
210 when the mini-PASS unit 90 and the alternative PDA
device 210 are docked together. Many of the components of
the internal computer hardware system 190 may be conven-
tional components such as those found in the standard
mini-PASS unit manufactured by Scott Technologies of
Monroe, N.C.; however, modifications to a conventional
mini-PASS unit, apparent to one of ordinary skill in the art,
may be necessary to make it suitable for use with the present
invention.

[0078] FIG. 15 is a perspective view illustrating the inter-
connection of the alternative PDA device 210 of FIG. 10 to
the mini-PASS unit 90 of FIG. 13. The housing 91 of the
mini-PASS unit 90 may be guided into place in the recess of
the docking station 208 such that the pressure gauge 92 on
the mini-PASS unit 90 remains visible. Once in place, the
latches may be used to releasably lock the PDA device 210
and the mini-PASS unit 90 together. When properly latched,
the infrared transceiver 196 of the mini-PASS unit 90 is
aligned with the infrared transceiver 13 of the PDA device
210, thus permitting line-of-sight communication between
the two devices 90, 210. It should also be noted that the
docking process does not interfere with the pushbuttons 07,
93 on either device or the pressure line input 96 on the
mini-PASS unit 90. Further, although the mini-PASS unit 90
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is only shown docked with the alternative PDA device 210,
it should be apparent that the mini-PASS unit 90 may
likewise be used with the first PDA device 10 described
previously.

[0079] As noted previously, mini-PASS units 90 are typi-
cally used by personnel who are not carrying SCBA equip-
ment and thus do not have an air tank 104 to be monitored.
However, their operation is otherwise similar to that of
conventional PASS units 30 in that data provided by a
mini-PASS unit 90 may be relayed by the PDA device 10 in
a manner similar to that of conventional PASS units 30 and
PASS control consoles 50.

[0080] Based on the foregoing information, it is readily
understood by those persons skilled in the art that the present
invention is susceptible of broad utility and application.
Many embodiments and adaptations of the present invention
other than those specifically described herein, as well as
many variations, modifications, and equivalent arrange-
ments, will be apparent from or reasonably suggested by the
present invention and the foregoing descriptions thereof,
without departing from the substance or scope of the present
invention. Accordingly, while the present invention has been
described herein in detail in relation to its preferred embodi-
ment, it is to be understood that this disclosure is only
illustrative and exemplary of the present invention and is
made merely for the purpose of providing a full and enabling
disclosure of the invention. The foregoing disclosure is not
intended to be construed to limit the present invention or
otherwise exclude any such other embodiments, adaptations,
variations, modifications or equivalent arrangements; the
present invention being limited only by the claims appended
hereto and the equivalents thereof. Although specific terms
are employed herein, they are used in a generic and descrip-
tive sense only and not for the purpose of limitation.

1.-30. (canceled)

31. A method of communicating positional data from a
personal communication system carried by a firefighter to a
remote location, the method comprising:

providing first and second personal communication sys-
tems (PCS) that each include at least a positional data
gathering device and a wireless transceiver;

gathering, via the positional data gathering device in the
first PCS, positional data indicative of the physical
location of the first PCS;

broadcasting the positional data over a mesh network
from the wireless transceiver of the first PCS; and

receiving the positional data at the second PCS and
rebroadcasting the positional data from the second PCS
over the mesh network.

32. The method of claim 31, wherein the positional data
gathering device includes at least one of a dead reckoning
device and a GPS unit.

33. (canceled)

34. The method of claim 31, further comprising:
providing a base GPS unit;

receiving, at the remote location, the positional data
broadcast from the second PCS;
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comparing the received positional data received at the
remote location with positional data from the base GPS
unit;

generating comparison data indicative of the comparison;
and

wirelessly transmitting the comparison data to the first
PCS.

35.-40. (canceled)

41. The method of claim 31, further comprising generat-
ing a trail of positions associated with a series of positional
data received from the first PCS; and broadcasting the trail
of positions over the mesh network to determine how to
reach the firefighter carrying the first PCS.

42. The method of claim 31, wherein the first PCS obtains
at least one of PASS and SCBA data associated with at least
one of a PASS system and a SCBA system carried by a
corresponding firefighter, the first PCS broadcasting and the
second PCS rebroadcasting the at least one of PASS and
SCBA data.

43. A communications network for emergency personnel,
comprising:

first and second personal communication systems (PCS)
to be carried by respective first and second firefighters
in a hazardous environment, wherein each of the first
and second PCS includes an onboard data gathering
device and at least one wireless transceiver, the trans-
ceivers of the first and second PCS being configured to
communicate with one another over a broadcasting
mesh network, the onboard data gathering devices
collecting PASS data from a PASS system carried by
the corresponding firefighter, the transceivers of the
first and second PCS broadcasting PCS transmission
signals including the PASS data associated with the first
and second firefighters over the broadcasting mesh
network;

an imaging camera, carried by the second firefighter, the
imaging camera detecting images of an environment
where the second firefighter is located based on a
direction in which the imaging camera is pointed; and

a display, carried by the second firefighter, for displaying
the images detected by the imaging camera, the display
presenting positional information representative of a
location of the first firefighter based on the PCS trans-
mission signal from the transceiver of the first PCS.

44. The portable device of claim 43, wherein the PCS
transmission signal includes positional data, the positional
information presented on the display being based on the
positional data.

45. The portable device of claim 43, wherein the PCS
transmission signal includes positional data, the first PCS
determining the positional data based on at least one of GPS
related information and dead reckoning related information.

46. The portable device of claim 43, further comprising
memory storing at least one of map data and floor plan data
associated with the hazardous environment, the display
displaying at least one of a map and floor plan associated
with the hazardous environment.

47. The portable device of claim 43, wherein the first PCS
broadcasts at least one of PASS and SCBA data, and the
second PCS rebroadcasts the at least one of PASS and SCBA
data received.
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48. The portable device of claim 43, wherein the trans-
ceiver of the second PCS broadcasts the images for recep-
tion at other PCS or a base station.

49. The portable device of claim 43, wherein the imaging
camera is at least one of a video camera and a thermal
imaging camera.

50. A portable device for use in a hazardous environment
to determine how to reach a firefighter carrying a personal
communications system (PCS) while in the hazardous envi-
ronment, the PCS including an onboard data gathering
device and at least one wireless transceiver, the onboard data
gathering device collecting PASS data from a PASS system
carried by the firefighter, the transceiver broadcasting a PCS
transmission signal, including the PASS data associated with
the firefighter, over a broadcast mesh network, the portable
device comprising:

a wireless receiver, carried by a user, the receiver receiv-
ing the PCS transmission signal from the transceiver of
the PCS over the broadcast mesh network;

an imaging camera, carried by the user, the imaging
camera detecting images of an environment where the
user is located based on a direction in which the
imaging camera is pointed; and

a display, coupled to the imaging camera and to the
wireless receiver, the display being carried by the user
and displaying the images detected by the imaging
camera, the display presenting positional information
representative of a location of the firefighter based on
the PCS transmission signal from the transceiver of the
PCS carried by the firefighter.

51. The portable device of claim 50, wherein the user is

a second firefighter carrying a PASS system and a PDA
device, the receiver being housed in the PDA device that is
releasably mounted on a PASS control console of the PASS
system and electrically connected to the PASS control
console such that data from a PASS unit may be transmitted
to the PDA device via the PASS control console.

52. The portable device of claim 50, wherein the receiver
is housed in a PDA device and the imaging camera is
releasably mounted on the PDA device and electrically
connected to the PDA device such that video data from the
imaging camera is transmitted to the display on the PDA
device.

53. The portable device of claim 50, wherein the PCS
transmission signal includes positional data and the posi-
tional information presented on the display is based on the
positional data.

54. The portable device of claim 50, wherein the PCS
transmission signal includes positional data, the positional
data being determined at the PCS based on at least one of
GPS related information and dead reckoning related infor-
mation.

55. The portable device of claim 50, further comprising
memory storing at least one of map data and floor plan data
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associated with the hazardous environment, the display
displaying at least one of a map and floor plan associated
with the hazardous environment.

56. The portable device of claim 50, wherein the PCS of
the firefighter broadcasts at least one of PASS and SCBA
data, the portable device further comprising a transmitter
that rebroadcasts the at least one of PASS and SCBA data
received by the portable device.

57. The portable device of claim 50, further comprising a
transmitter for broadcasting the images for reception at other
PCS or a base station.

58. The portable device of claim 50, wherein the display
displays at least one of a floor plan and a map associated
with the hazardous environment and displays the positional
information thereon to represent the location of the fire-
fighter with respect to the floor plan or map.

59. The portable device of claim 50, wherein the receiver
receives PCS transmission signals from multiple PCS and
the display displays at least one of a map and floor plan
associated with the hazardous environment and position
information representing locations of multiple correspond-
ing firefighters in the hazardous environment.

60. A portable device for use in a hazardous environment
to track a location of a firefighter carrying a personal
communications system (PCS) while in the hazardous envi-
ronment, the PCS including an onboard data gathering
device and at least one wireless transceiver, the onboard data
gathering device collecting position data approximating a
location of the firefighter, the transceiver broadcasting a PCS
transmission signal, including the position data associated
with the firefighter, over a broadcast mesh network, the
portable device comprising:

a wireless receiver receiving the PCS transmission signal
from the transceiver of the PCS over the broadcast
mesh network;

a memory storing at least one of map data and floor plan
data associated with the hazardous environment; and

a display displaying at least one of a map and floor plan
associated with the hazardous environment, the display
presenting position information representative of a
location of the firefighter based on the position data in
the PCS transmission signal from the transceiver of the
PCS.

61. The portable device of claim 60, wherein the PCS
transmission signal is rebroadcast between multiple PCS
before being received by the receiver.

62. The portable device of claim 60, wherein the receiver
receives over the broadcast mesh network PCS transmission
signals that include position data associated with corre-
sponding multiple firefighters, the position data being based
on at least one of GPS related information and dead reck-
oning related information.
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