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(57) ABSTRACT 

A system and method for deploying a network of wireless 
devices, including mobile terminals, wireless routers and a 
least one control console, within a three dimensional deploy­
ment area such as a building, so that communication, 
identification and position calculations of personnel, such as 
firefighters, using the mobile terminals can be achieved 
regardless of building structure. The wireless routers are 
deployed in a substantial vertical manner in staircases and 
elevator shafts of a building of interest, either in advance as 
part of a safety program or immediately upon arrival of 
firefighters or other team at the building during an emer­
gency. The system and method according to the embodiment 
of the present invention described herein uses both TOF and 
RSSI between the mobile terminals and wireless routers to 
identify the floor numbers where firefighters are located and 
to track firefighter movements. 
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SYSTEM AND METHOD FOR IDENTIFYING THE 
FLOOR NUMBER WHERE A FIREFIGHTER IN 

NEED OF HELP IS LOCATED USING RECEIVED 
SIGNAL STRENGTH INDICATOR AND SIGNAL 

PROPAGATION TIME 

[0001] The present application claims benefit under 35 
U.S.C. § 119(e) from a U.S. Provisional Patent Application 
of John M. Belcea et al. entitled "System and Method for 
Identifying the Floor Number Where a Firefighter in Need of 
Help is Located Using Received Signal Strength Indicator 
and Signal Propagation Time", Ser. No. 60/546,942, filed on 
Feb. 24, 2004, from a U.S. Provisional Patent Application of 
John M. Belcea, entitled "System and Method for Accu­
rately Computing the Position of Wireless Devices Inside 
High-Rise Buildings", Ser. No. 60/476,167, filed on Jun. 6, 
2003, and from a U.S. Provisional Patent Application of 
John M. Belcea, entitled "MAC Protocol for Accurately 
Computing the Position of Wireless Devices Inside Build­
ings", Ser. No. 60/476,232, filed on Jun. 6, 2003, the entire 
contents of each application being incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a system and 
method for accurately identifying the location of a mobile 
wireless device in a network, in particular, an ad-hoc wire­
less mobile communication network, using received signal 
strength indicator and signal propagation time. More par­
ticularly, the present invention relates to the employment of 
such a system and method in a real-world application, such 
as a fire and rescue scenario, to quickly and accurately 
identify the floor number where a firefighter in need of help 
is located. 

[0004] 2. Description of the Related Art 

[0005] Wireless communication networks, such as mobile 
wireless telephone networks, have become increasingly 
prevalent over the past decade. These wireless communica­
tions networks are commonly referred to as "cellular net­
works", because the network infrastructure is arranged to 
divide the service area into a plurality of regions called 
"cells". A terrestrial cellular network includes a plurality of 
interconnected base stations, or base nodes, that are distrib­
uted geographically at designated locations throughout the 
service area. Each base node includes one or more trans­
ceivers that are capable of transmitting and receiving elec­
tromagnetic signals, such as radio frequency (RF) commu­
nications signals, to and from mobile user nodes, such as 
wireless telephones, located within the coverage area. The 
communications signals include, for example, voice data 
that has been modulated according to a desired modulation 
technique and transmitted as data packets. As can be appre­
ciated by one skilled in the art, network nodes transmit and 
receive data packet communications in a multiplexed for­
mat, such as time-division multiple access (TDMA) format, 
code-division multiple access (CDMA) format, or fre­
quency-division multiple access (FDMA) format, which 
enables a single transceiver at the base node to communicate 
simultaneously with several mobile nodes in its coverage 
area. 

[0006] In recent years, a type of mobile communications 
network known as an "ad-hoc multi-hopping" network has 
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been developed. In this type of network, each mobile node 
is capable of operating as a router for the other mobile nodes 
providing most of the functionality of a base station, thus 
expanding the coverage area with very little cost. Details of 
an ad-hoc network are set forth in U.S. Pat. No. 5,943,322 
to Mayor, the entire content of which is incorporated herein 
by reference. 

[0007] More sophisticated ad-hoc networks are also being 
developed which, in addition to enabling mobile nodes to 
communicate with each other as in a conventional ad-hoc 
network, further enable the mobile nodes to access a fixed 
network and thus communicate with other fixed or mobile 
nodes, such as those on the public switched telephone 
network (PSTN), and on other networks such as the Internet. 
Details of these advanced types of ad-hoc multi-hopping 
networks are described in U.S. patent application Ser. No. 
09/897,790 entitled "Ad Hoc Peer-to-Peer Mobile Radio 
Access System Interfaced to the PSTN and Cellular Net­
works", filed on Jun. 29, 2001, in U.S. patent application 
Ser. No. 09/815,157 entitled "Time Division Protocol for an 
Ad-Hoc, Peer-to-Peer Radio Network Having Coordinating 
Channel Access to Shared Parallel Data Channels with 
Separate Reservation Channel", filed on Mar. 22, 2001, and 
in U.S. patent application Ser. No. 09/815,164 entitled 
"Prioritized-Routing for an Ad-Hoc, Peer-to-Peer, Mobile 
Radio Access System", filed on Mar. 22, 2001, the entire 
content of each application being incorporated herein by 
reference. 

[0008] Either in conventional wireless communications 
networks, or in ad-hoc wireless communications networks, 
it may be necessary or desirable for a mobile node to be 
capable of knowing or determining a relative or absolute 
geographic location or position. As known to those skilled in 
the art, this can be achieved through the use of a number of 
technologies. These technologies require cell identification, 
combined with Round Trip Time (RTT), Timing Advance 
(TA) and Measured Signal level (RX level), Time Difference 
of Arrival (TDOA) and Angle Of Arrival (AOA) techniques, 
the details of which can be appreciated by one skilled in the 
art. Another available technology uses cellular signal timing 
based methods for code division multiple access (CDMA) 
and wideband code division multiple access (WCDMA). Yet 
another technology uses Global Positioning System (GPS) 
techniques, which is generally viewed as being more accu­
rate than all other methods listed. 

[0009] Despite the fact that the GPS technique has been in 
use for a considerable period of time and most of the world's 
navigation relies on it, the GPS technique is very susceptible 
to large errors in measurement in some specific conditions. 
It can provide location determination results with very high 
accuracy only after performing a relatively large number of 
measurements involving a large number of satellites to 
remove propagation and method errors. A description of the 
shortcomings of GPS is set forth in a document by the 
Institute For Mathematics and its Applications (IMA) 
entitled "Mathematical Challenges in Global Positioning 
Systems (GPS)", the entire content of which being incor­
porated herein by reference. Certain other tests also dem­
onstrate that the GPS technique is unsuitable for those 
terrestrial-based networks operating in an environment 
where the number of visible satellites is too small for 
providing good precision as in underground tunnels, inside 
buildings, under heavy foliage or in urban "canyons". 
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[0010] To overcome the above issues with determining 
location information, new techniques are being developed 
which do not require either the use of satellites or a cen­
tralized computing facility for determining location infor­
mation. Further details of new techniques for computing 
location of a mobile terminal in ad-hoc multi-hopping 
networks are described in U.S. Pat. No. 6,728,545 entitled 
"System and Method for Computing the Location of a 
Mobile Terminal in a Wireless Communications Network", 
the entire contents of which is incorporated herein by 
reference. Additionally, ad-hoc networks can be developed 
utilizing non-fixed, or movable infrastructure components. 
Further details of networks using movable access points and 
repeaters for optimized coverage and capacity constraints 
are described in U.S. patent application Ser. No. 09/929,030 
entitled "Movable Access Points and Repeaters for Mini­
mizing Coverage and Capacity Constraints in a Wireless 
Communications Network and a Method for Using the 
Same", filed Aug. 15, 2001, the entire content being incor­
porated herein by reference. 

[0011] The patent and patent applications discussed above 
generally relate to mobile networks that connect to a per­
manent fixed network where location information is pre­
sented as absolute locations. However, as can be appreciated 
from the patent applications referenced above, temporary 
ad-hoc multi-hopping networks do not necessarily have the 
same requirements. Therefore, a need exists for a portable, 
easily deployed, self-contained ad-hoc multi-hopping net­
work system where relative location detection is desired, 
such as where the location of personnel operating in emer­
gency condition is critical. The relative location may be 
provided in addition to, or in replacement of absolute 
geo-location, and should be readily communicable between 
and among various transmission obstacles typically present 
in such location. 

[0012] Accordingly, a need exists for an improved system 
and method for easily determining and communicating the 
absolute and/or relative location of a mobile node in a 
deployed wireless communications network. 

SUMMARY OF THE INVENTION 

[0013] An object of the present invention is to provide a 
system and method for deploying a network of wireless 
devices, in particular, a mobile wireless ad-hoc peer-to-peer 
network, including mobile terminals, wireless routers and at 
least one controller, within a three dimensional deployment 
structure such as a building, so that communication, iden­
tification and position calculations can be achieved regard­
less of building structure. 

[0014] Another object of the present invention is to deploy 
such a system in a real-world application, such as a fire and 
rescue scenario, to quickly and accurately identify the floor 
number where a firefighter in need of help is located. 

[0015] These and other objects are substantially achieved 
by providing a wireless ad-hoc peer-to-peer communication 
network having a plurality of mobile terminals, a plurality of 
wireless routers, and at least one control console terminal. 
The mobile terminals are issued to firefighters as part of the 
standard equipment. Wireless routers are deployed in a 
substantial vertical manner in staircases and elevator shafts 
of a building of interest, either in advance as part of a safety 
program (e.g, coupled to the "Exit" signs on each floor) or 
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immediately upon arrival at the building during an emer­
gency. The system and method according to the embodiment 
of the present invention described herein uses both Time Of 
Flight (TOF) and Received Signal Strength Indicator (RSSI) 
between the mobile terminals and wireless routers to iden­
tify the floors where the firefighters are located and to track 
firefighter movements. The RSSI and TOF values received 
from all routers are filtered before being used for the 
evaluation of the floor number. Although the RSSI and TOF 
data may not show the correct distance to the firefighter, the 
filtered data can be compared for finding the most probable 
floor where the firefighter is located knowing that the closet 
router should provide the smallest TOF and the best RSSI 
simultaneous! y. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] These and other objects, advantages and novel 
features of the invention will be more readily appreciated 
from the following detailed description when read in con­
junction with the accompanying drawings, in which: 

[0017] FIG. 1 is a conceptual diagram of a building 
having wireless routers of a system according to an embodi­
ment of the present invention deployed therein; 

[0018] FIG. 2 is a block diagram illustrating an example 
of components of a wireless router employed in the system 
shown in FIG. 1; 

[0019] FIG. 3 is a block diagram illustrating an example 
of components of a mobile terminal that can be used by 
firefighters in the building shown in FIG. 1; 

[0020] FIG. 4 is a flowchart showing an example of the 
initialization operations performed for identifying the loca­
tions of mobile terminals in the system shown in FIG. 1 
according to an embodiment of the present invention; 

[0021] FIG. 5 is a flowchart showing an example of the 
data collection operations performed for identifying the 
locations of mobile terminals in the system shown in FIG. 
1 according to an embodiment of the present invention; 

[0022] FIG. 6 is a flowchart showing an example of the 
floor number calculation operations performed for identify­
ing the locations of mobile terminals in the system shown in 
FIG. 1 according to an embodiment of the present invention; 

[0023] FIG. 7 is a flowchart showing an example of the 
floor scoring operations performed for identifying the loca­
tions of mobile terminals in the system shown in FIG. 1 
according to an embodiment of the present invention; and 

[0024] FIGS. 8-19 illustrate examples of display screens 
generated by the Incident Commander Console (ICC) based 
on the locations of the firefighters determined in accordance 
with the embodiment of the present invention demonstrated 
in FIGS. 1-7. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0025] As noted above, the location of personnel operating 
in emergency conditions is very important for many reasons. 
There have been cases when personnel, such as firefighters, 
are lost in smoke and become confused about the real 
position of themselves or others on the present or previous 
floors on which they were operating. The system and method 
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described below is presented as one embodiment, which is 
configured for assuring the safety of firefighters. In yet 
another embodiment of the present invention, the system 
and method can be configured for supporting the activity of 
any number of other emergency or Special Forces deploy­
ments. 

[0026] The incident and personnel management system 
according to an embodiment of the present invention 
described herein is designed to provide the means to track 
emergency personnel within an incident area, such as a 
burning building. Personnel location is reported by building 
floor and/or sector area. This system also provides access to 
real-time personnel location information and alert status 
indicators. Ancillary personnel data managed by the system 
includes attributes including unit number, name, assign­
ment, and radio frequency. 

[0027] A system of this type is made possible by employ­
ing the use of MEA TM wireless technology. This technology 
employs a plurality of wireless transceivers, such as the 
MeshNetworks™ WMC6300 wireless transceiver, and wire­
less ad-hoc, scalable routing technologies. The transceiver in 
this example utilizes a modem, such as MeshNetworks™ 
QDMA modem, to facilitate robust over-the-air data trans­
mission, even in hostile RF environments. This transceiver, 
coupled with MeshNetworks™ Scalable Routing (MSR) 
protocol and geo-location solution, allows users instantly 
deploying dense, scalable, ad-hoc multi-hopping networks 
with no single point of failure. In summary, the system 
includes an ad-hoc, wireless, multi-hopping communica­
tions fabric capable of carrying voice, video and data, and 
further capable of calculating the relative position of certain 
elements that reside within the network boundary. The 
ad-hoc nature of this system is one of several attributes that 
make this system simple to deploy and capable of yielding 
complete connectivity between all network nodes to insure 
timely delivery of critical information to the Incident Com­
mand Console, even when subjected to harsh or constantly 
changing physical conditions. 

[0028] As described in more detail below, the system 
further comprises, among other things, a MEA TM Incident 
Command Console (ICC), a plurality of Floor Indicating 
Routers (FIRs), and at least one MeshTracker™ (MT) 
Device. The MEATM Incident Command Console includes a 
Windows based PC that incorporates a touch screen display, 
thus providing a simple user interface. The incident man­
agement application is executed on this PC and is connected 
to the MEATM network fabric via a MEATM wireless net­
work card. The command console is entirely self-contained 
and intended to be monitored by personnel managing the 
incident scene, such as the leader of the Rapid Intervention 
Crew (RIC). The incident management application is 
intended to provide a graphical representation of real-time 
personnel location and identification information. Specifi­
cally, the data reported by the Incident Command Console 
includes the location of all personnel within the incident 
area; unit number, name, assignment of radio frequency; 
nearest FIR (typically an ingress/egress point) and range to 
each individual; ability to represent personnel by squad (via 
Captain/Squad Leader) or as individuals; alarm status of 
each individual as well as loss of network communication 
with an individual or loss of communication with a FIR. 

[0029] A Floor Indicating Router (FIR) is a small portable 
device that employs the use of a FCC/UL certified MEA TM 
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wireless transceiver card as discussed above. These devices 
are deployed as static reference points around the incident 
area. These devices are typically deployed by on-site per­
sonnel, such as an RIC, after they have arrived at the 
incident scene. FIRs are deployed in columns within stair­
wells and close to elevator shafts, that is, at ingress and 
egress points. Multiple FIR columns can be deployed as 
required to increase the radio coverage area and the reli­
ability of the system. The FIR device in this example is 
portable, weighs less than 12 ounces and has a 5-hour 
battery life. The device operates in the 2nd ISM band 
(2.40-2.48 GHz range) and has a transmit power of +25 
dbm. 

[0030] A MeshTracker™ (M1) Device is similar in form 
factor to the FIR, except it is intended to be employed as a 
mobile device, that is, a mobile terminal, carried by on-scene 
personnel for position tracking and accountability. The 
Mesh Tracker utilizes MEA ™ location technology to calcu­
late a relative position within the incident scene, which is 
accomplished by wireless interaction with FIR devices that 
have been deployed within the incident area as described in 
detail below. The MTs make use of the deployed FIRS and 
other MTs as an ad-hoc wireless communications fabric to 
relay vital information to the command console. 

[0031] As discussed above, the fundamental technology 
that serves as the backbone and data delivery mechanism in 
this system is the MEA™, which is MeshNetworks'™ 
ad-hoc multihopping networking solution that allows 
deployments to be performed rapidly, without critical depen­
dencies, using simple deployment guidelines. The network 
is deployed using one of two methods, namely, the network 
infrastructure components (FIRs) could be pre-deployed, as 
part of a building management and safety system (e.g, 
coupled to the "Exit" signs on each floor), or could be 
deployed as an incident occurs. Regardless of when the 
network is deployed, the deployment guidelines are the 
same, as will now be discussed. 

[0032] First, a command post is established, which is the 
location where the command post is deployed and the 
incident is managed via the Incident Command Console 
(ICC). This location should allow wireless connectivity to at 
least two FIRs within the incident area. Connectivity 
between the command console and the FIR network can be 
attained at ranges of several hundred to several thousand 
feet. 

[0033] FIRs are deployed in columns outside of ingress 
and egress points ( typically near or inside stairwells and/or 
elevator shafts). FIRs are placed on and around those floors 
and areas in which assets will be tracked, which are typically 
fire floors and staging areas. Each FIR is logically tied to a 
floor and column. The floor and column information for each 
FIR can be pre-loaded into the command console or con­
figured real-time via GUI by the Incident Commander. 
Although the system can provide location information when 
only one FIR column is deployed, deploying a larger number 
of FIR columns improves the location accuracy, increases 
the supervised area and assures redundancy needed in case 
any of the devices are lost due to heat or falling debris. A 
single FIR column will typically provide coverage of 
approximately 200,000 square feet per floor or provide a 
coverage radius of 250 feet in a typical high-rise structure 
while providing accurate location in more than 95% of 
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cases. The size of the coverage area and the accuracy of 
located position are strongly affected by the partitioning 
methods and materials used on each floor. After the network 
of FIRs is deployed, location updates from personnel 
employing the use of a MeshTracker™ within the incident 
area are automatically reported to the Incident Command 
Console. 

[0034] FIG. 1 is a conceptual block diagram illustrating a 
building 100 having a staircase 102 and elevator shaft 104 
into which FIRs 106 have been deployed in the manner 
described above. The legend in FIG.1 indicates the symbols 
for a firefighter 108, location reference FIRs 106, data links, 
and an Incident Commander (dispatcher) 110 at which the 
Incident Command Console (ICC) 111 described above is 
located. Besides providing the location references, the FIRs 
106 assures the network connectivity across floors and 
between floors. If the Incident Commander is located too far 
from the incident area, supplemental wireless routers (not 
shown in this picture) must be deployed for connecting all 
wireless components in one network. Because they provide 
dual functionality, FIRs are often referred to as Wireless 
Routers (WR). 

[0035] FIG. 2 is a block diagram illustrating an example 
of components in an FIR 106. As indicted, each FIR 106 
includes at least one modem 112 and a controller 114 for 
controlling the receiving and transmitting operations of the 
modem 112, as well as data storage and retrieval to and from 
the memory. The modem 112 in this example is a Mesh­
Networks™ QDMAmodem employing a MeshNetworks™ 
WMC6300 wireless transceiver. The FIR 106 operates as a 
wireless node in an ad-hoc wireless communication network 
as described, for example, in the patent applications refer­
enced above. Each FIR 106, or select FIRs 106, can include 
sensors such as a heat sensor, CO sensor and so on, to 
provide information to the command console pertaining to 
the environment in which the FIR 106 is deployed. Accord­
ingly, firefighters can be advised to avoid or use extreme 
caution in those areas that the sensors of the FIRs 106 
indicate are particularly dangerous due to, for example, 
extreme heat. 

[0036] FIG. 3 is a block diagram illustrating an example 
of a MeshTracker™ mobile terminal (MT) 116 that can be 
issued to each firefighter 108 so that each firefighter 108 can 
use his or her mobile terminal 116 to communicate with 
other firefighters within the broadcast range of the mobile 
terminal 116, and so that all firefighters' movement can be 
tracked as discussed in more detail below. The mobile 
terminal 116 can include a headset with microphone and 
earphone assuring hand-free operation. A digital compass 
can also be included for providing orientation and a motion 
sensor can report if the firefighter became motionless. All 
these devices can be connected to the battery that is part of 
typical operator gear. 

[0037] The microphone and the earphone of the mobile 
terminal 116 can be connected to a small size transceiver that 
has three major components, including a modem 118, a 
controller 120 and a voice processor 122. The software 
stored in the controller memory as program code and 
operating parameters controls the activity of all components 
of the mobile terminal. 

[0038] The modem 118 provides radio communication 
with other components of the network using a transmitter 
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and a receiver. The operation of the transmitter and receiver 
is controlled by storing appropriate data and code in a 
memory organized as a set of registers. The receiver and 
transmitter use the memory registers for providing feedback 
about the Modem status and the result of executed functions. 
The controller 120 is coupled to the modem 118 via a 
memory bus. The controller 120 includes a CPU and 
memory for storing data and the code of the program 
controlling the modem functions. This controls the modem 
118 activity by writing data in modem registers via the 
memory bus, and reading modem registers for finding the 
modem status. The modem 118 in this example is a Mesh­
Networks™ QDMA modem employing a MeshNetworks™ 
WMC6300 wireless transceiver. The mobile terminal 116 
operates as a mobile wireless node in an ad-hoc wireless 
communication network as described, for example, in the 
patent applications referenced above. 

[0039] In addition, the voice processor 122 of mobile 
terminal 116 is coupled to the controller 120, and includes 
at least two independent components, namely, an encoder 
and a decoder. The encoder converts the sound received by 
microphone into a string of numbers, and the decoder 
converts the string of numbers back into sound, that is sent 
to a speaker or earphone. In the embodiment shown in FIG. 
3, the voice processor 122 further includes access to the 
controller memory via a memory bus. Additionally, a digital 
compass can also be incorporated into the headset, which 
indicates the orientation of the operator's head when prop­
erly positioned, thus making it possible to identify directions 
using angles relative to operator current position (i.e. 
"twenty feet at 2 o'clock"). A motion sensor (not shown) can 
also be incorporated with the transceiver. It can automati­
cally report if the firefighter does not move for some period 
of time. A push button can be also incorporated with the 
same effect as the motion sensor. The firefighter can push the 
button if he or she needs help. The action of pressing the 
button is transmitted to the transceiver software that gener­
ates a set of data messages for the Main Control, for 
example, the ICC 111. When receiving these messages, the 
main control alerts the Incident Commander indicating 
which firefighter needs help and what is his/her current 
location. 

[0040] An example of the operation of the system 
described above m an emergency scenario will now be 
described. 

[0041] A Rapid Intervention Crew (RIC) is attached to 
each firefighting operation. While the firefighters are fight­
ing the fire, the RIC team stands ready in the event that 
somebody needs to be rescued. If any firefighter or a group 
does not answer when called, or they ask for help, the RIC 
enter the action and proceed to the rescue operation. First, 
they have to ascertain where the firefighters to be rescued are 
at the moment, and then proceed to rescue them. The 
procedure currently implemented requires that the RIC 
proceeds first to the last known location of the firefighters in 
need, from where they start searching. When the fire occurs 
in a multi story building, one important element of success 
is the ability to rapidly identify the correct floor on which the 
search should begin. 

[0042] As is known in building construction, modem multi 
story buildings have concrete floor reinforced with steel, 
while older buildings may have floors made of another 
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material such as wood. The absorption of radio energy is 
higher when the radio wave passes through concrete, and not 
as high when passing through wooden panels. As a result, in 
a building with concrete floors, radio waves may penetrate 
only few floors, while in a buildings with wood floors, the 
penetration is possible through many floors. 

[0043] As discussed briefly above, FIG. 1 shows a rescue 
operation in progress with RIC personnel advancing on 
stairwell 102 (right) and elevator 104 (left). Depending on 
the situation, an RIC can access the building on many floors 
using stairs and elevators. As indicated, a wireless floor­
indicating router (FIR) 106 is present in the stairwell 102 
and by the elevator shaft 104 at each floor. Because the 
signals loose energy when passing through floors and walls, 
a FIR 106 may not be able to communicate with a firefighter 
that is not on the same floor as the FIR 106. 

[0044] The RIC rescue team deploys one router on each 
floor when the RIC first arrives at the fire scene, which 
enables the RIC to find the floor number where a particular 
firefighter is located in just a few seconds from the moment 
that the emergency is declared. All FIRs 106 must be 
positioned as close as possible to a vertical line, which can 
be realized by placing the routers in the same corner of the 
stairwell in buildings with wooden floors, or hanging the 
routers on the stair rail in buildings with metallic or concrete 
floors. In taller buildings having one or more elevator shafts, 
the FIRs 106 can be deployed from elevators as they move 
upward. That is, when the elevator stops at each floor, the 
FIR 106 can be deployed close to the elevator door to insure 
that all FIRs 106 are positioned in as straight vertical line as 
possible. 

[0045] As will now be discussed, the floor number is 
found using Time of Flight (TOF) and Received Signal 
Strength Indicator (RSSI) data according to an embodiment 
of the present invention. 

[0046] The propagation of radio signals inside buildings is 
affected by a large number of reflections making almost 
impossible to determine the correct distance between the 
wireless FIR 106 and a firefighter using an MT. The propa­
gation of radio signals inside buildings is also affected by a 
high absorption of energy when radio waves pass through 
floors and walls. The level of absorption depends on the 
thickness and composition of the obstruction. Concrete 
walls and floors reinforced with steel have an elevated level 
of absorption, while wood or dry wall have a smaller effect 
on radio wave energy. Because the media is not homoge­
neous, computing the exact distance between the firefighter 
and the wireless router based on RSSI is nearly impossible. 

[0047] The system and method according to the embodi­
ment of the present invention described herein uses both 
TOF and RSSI for identifying the floor where the firefighter 
is located. The RSSI and TOF values received from all 
routers are filtered before being used for the evaluation of 
the floor number. Although the RSSI and TOF data may not 
show the correct distance to the firefighter, the filtered data 
can be compared for finding the floor where is located the 
FIR that provides to the targeted mobile device the smallest 
TOF and the best RSSI simultaneously. 

[0048] The operations shown in the flowcharts set forth in 
FIGS. 4-7 provide a technique for setting a score to each 
floor and selecting the floor with the best score. The same 
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technique is used for setting the score according with TOF 
and RSSI data. That is, the technique looks first for the 
smallest value of TOF (or smallest absolute value of RSSI) 
divided by the number of measurements performed between 
a mobile terminal 116 and FIRs 106 whose signals the 
mobile terminal 116 can receive. The FIR 106 giving the 
smallest value of weighted TOF is representative of the most 
likely floor on which the MT 116 is located, and its score is 
set to the maximum value. The next likely floor is found by 
searching again for the smallest value of the TOF divided by 
the number of measurements, from the rest of the floors. The 
method is applied until all floors have been searched and a 
score has been assigned for each floor. If the searching 
values found on two floors are almost equal (for example, 
the values are within 5% difference of each other), the scores 
of the two floors is set as equal. After computing the score 
of each floor based on RSSI and TOF, a general score is 
computed by adding both RSSI and TOF scores. The floor 
matching the largest score is nominated as the floor where 
the firefighter is located. 

[0049] The Floor Identification shown in FIGS. 4-7 algo­
rithm works in real time. As discussed above, each fire­
fighter has a subscriber device (i.e., an MT 116) as part of his 
or her gear. The Incident Commander, for example, a senior 
fire captain or chief, has a computer, such as a MEA TM 

Incident Command Console 111 as described above, which 
displays the position of each firefighter continuously as 
shown, for example, in FIGS. 8-19. 

[0050] It is noted that each MT 116 exchanges range 
messages with all wireless routers (i.e., FIRs 106) with 
which it can communicate. When the MT 116 determines 
that the list of FIRs 106 within its broadcast range, the MT 
116 transmits information ( e.g., a data packet) to the Incident 
Commander Computer (ICC) 111 including the list of FIRs 
106, the TOF to each of them and the RSSI of received 
signals from each FIRs 106 within the propagation range. 
The ICC 111 can be located in the Command Console 110 
which is discussed above. The ICC 111 receives data from 
the FIRs 106 and MTs 116, through the multi-hopping 
capabilities of the ad-hoc network, performs the computa­
tion of floor numbers and displays the floor number where 
each firefighter is located. The real time process with GUI 
output requires three different components: Initialization; 
Data Collection, and Computation with GUI update. 

[0051] The Initialization operations are run when the ICC 
111 is started. An example of the initialization operations are 
shown in FIG. 4. 

[0052] As part of the initialization the number of floors 
(nFloors) and the number of stairwells (nStairs) in the 
building 100 is established in step 1000, as well as other 
information not strictly related with the computation of the 
floor number and not presented here. In step 1010, 1020, 
1030 and 1040, the values of the variables Count, TOF, RSSI 
and FIRID are all erased (i.e., set to zero, but FIRID is set 
to a blank because it is a text variable). The initialization 
process exits at step 1050. 

[0053] When MTs 116 have data available, they forward 
data packets to the ICC 111. Therefore the Data Collection 
task shown in FIG. 5 is activated when data is received. The 
ICC GUI must be updated periodically for keeping the IC 
informed about the progress of operations. Therefore, the 
update of the GUI, which must be preceded by the compu-
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tation of the floor number, is activated by a periodic timer. 
The application maintains its own data structures. This data 
structure has four components each with as many lines as 
nFloors and as many columns as nStairs. 

[0054] The variables and arrays represented in FIGS. 4-7 
will now be briefly described. 

[0055] FIRID (which stands for FIR IDentification) is an 
array with the identifiers of each FIR 106. Each FIR Iden­
tification is associated with the floor number where the FIR 
was deployed. It means that all FIRs deployed on the same 
floor are on the same line of the matrix, regardless the 
position on the floor. Since the MT 116 may not be able to 
communicate with all FIRs on the same floor due to radio 
energy absorption, some of the positions in FIRID table may 
remain unused. As the firefighter moves around the building, 
new FIR identifiers are added to the table, but old FIRs 
identifiers are not removed. 

[0056] The Count matrix contains the count of the number 
of range messages the SD reports for each FIR. 

[0057] The RSSI and TOF tables have the same structure 
as FIRID. They contain the filtered value of the RSSI and 
TOF recorded for each FIR. 

[0058] The flowchart in FIG. 5 shows the data collection 
function. The function name is NewData and is activated 
beginning at step 1100 every time a new set of data is 
received from an MT. The NewData function has 4 param­
eters, which are FIR representing the identification of the 
FIR from where data has been collected; FIR_TOF repre­
senting the last TOF to the FIR; FIR_RSSI representing the 
absolute value of the RSSI for last received message; and 
FLOOR representing the floor number where the FIR is 
deployed. 

[0059] The data collection function finds the position of 
the FIR identification in FLOOR line of the FIRID table. If 
it is a new identification as determined in step 1110, the new 
FIR identification is added to the table on the first empty 
position in step 1120. The FIRj is the column of the FIR 
identification on the FLOOR line as indicated in step 1130. 

[0060] The TOF and RSSI values are filtered initially 
using a variable size window of size as indicated in steps 
1140 and 1150. When the number of messages exchanged 
between the MT and FIR becomes larger than a predefined 
value MAX_ IT, the filter changes into an Infinite Input Filter 
with a rate of 1/(MAX_IT+l). The effect is achieved by 
limiting the values of Count table from becoming larger than 
MAX_IT by steps 1160 and 1170 as indicated. 

[0061] Step 1180 of the flowchart assures that the algo­
rithm "forgets" data collected too long ago. Such "forget 
ness" is needed because the firefighter can move away from 
one FIR and approaches another FIR, causing the collected 
values of TOF and RSSI to change accordingly with fire­
fighter's new position. The algorithm forgets faster or 
slower, depending on the value of the FORGET factor, 
which is always a number between zero and 1. If it is zero, 
the algorithm does not remember anything. If the factor is 
one, the algorithm remembers everything. For this applica­
tion, the most usual values are 0.99 or 0.999, depending on 
the frequency of collecting data from FIRs. The data col­
lection process then ends at step 1190. 
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[0062] The flowchart in FIG. 6 shows the function Get­
FloorNumber for computing the floor number of the fire­
fighter. The function begins in step 1200 and uses two local 
integer arrays with as many elements as the number of floors 
nFloors. The function calls the GetScore function twice for 
computing the RSSiscore in step 1210 and the TOFscore in 
step 1220. The combined score provides more accurate 
estimation of the probable floor than each independent 
criterion. It was measured that due to reflections inside 
buildings, the TOF is affected by errors as large as 30 meters. 
Considering that the distance between floors is between 3 
and 6 meters, a 30 meter error implies an error in floor 
number estimate between 5 and 10 floors. The RSSI shows 
the strength of the signal the MT receives from an FIR. All 
FIRs are transmitting at the same power, but the path length 
of each signal is different due to different partitioning of 
each store and the fact that the absorption of the floor is very 
different from absorption of walls. Furthermore, the number 
of walls between an MT and the FIRs it communicates with 
depends on each floor partitioning method; therefore, it is 
different from one FIR to the next. For this reason, the RSSI 
information cannot be used by itself for finding the floor 
number. Accordingly, the algorithm computes a score for 
each floor, then selects the floor that provides the highest 
additive score using both criteria. The tests showed that the 
results are exceptionally accurate. Step 1230 of the flowchart 
finds the floor number based on the largest score computed 
by adding the RSSiscore with the TOFscore for each floor. 
The process ends in step 1240. 

[0063] FIG. 7 illustrates an example of a flowchart of the 
GetScore function. This function is called by steps 1210 and 
1220 discussed above in FIG. 6 with RSSI and RSSiscore 
as parameters, and then with TOF and TOFscore as the 
parameters. The function computes the score of each floor 
according to each criterion. 

[0064] After beginning in step 1300, the function starts by 
setting all Score values to zero in step 1310, and then makes 
a copy of the Data (RSSI or TOF) into a temporary storage 
temp in step 1320. The last Val and Level are also initialized 
in step 1330. The value of the Level variable is not impor­
tant, but it must be the same for both RSSI and TOF. 

[0065] The function has a loop that identifies the floor on 
which the criterion (RSSI or TOF) has the best value. Once 
the floor was found in step 1340, all other data from the same 
floor are ignored and the next floor is identified. As long as 
a floor needing identification remains as determined in step 
1350, the function continues. However, if no such floor 
remains, the function exits in step 1360. 

[0066] During the execution of the algorithm, the content 
of temp is destroyed in step 1370. For this reason, the 
content of Data was copied into temp in step 1320. 

[0067] If two floors have values that have a difference 
smaller than 5% of the value, they receive the same Score by 
keeping the same value for Level variable as indicted in 
steps 1380, 1390 and 1400. If the values are different, the 
score on each floor is different because the value of Level is 
decreased with each found floor in step 1420. In step 1410, 
the lastVal shows the previous value of the minVal, the 
minimum value of the criterion. The same result can be 
obtained if for each floor is found the minimum value and 
the score is set according with the results of sorting these 
minimal values. 
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[0068] As stated above, FIGS. 8-19 illustrate examples of 
display screens generated by the ICC based on the locations 
of the firefighters determined in the manner discussed above. 
For example, FIG. 8 illustrates the initial display window 
prior to firefighters entering a building, and FIG. 9 shows 
the initial display window with the "Legend Tab" expanded 
to show the symbols that can be displayed on the display 
window representing the different types of personnel and 
conditions. FIG. 10 illustrates a display of four stories of a 
building having FIRs deployed on each floor, and FIG. 11 
illustrates a symbol (captain's bars) indicating that a battal­
ion commander has entered the staging floor, which is the 
bottom floor, or "floor O" of the building using the European 
floor numbering convention. FIG. 12 illustrates that a ladder 
unit has entered floor 2 of the building, and FIG. 13 shows 
the details of the three personnel of that ladder unit on floor 
2 (i.e., one captain and two firefighters). FIG. 14 shows an 
expanded display view of floor 2. FIG. 15 shows an alarm 
condition on floor 2, and FIG. 16 shows that that alarm has 
been acknowledged. FIG. 17 illustrates the details of the 
selected personnel (in this example, the captain), and the 
distance from the captain to the closest FIR 106. In this 
example, the captain is 2.9 feet from the FIR 106 designated 
"A". FIG. 18 illustrates an example of the display when an 
FIR (in this case, the FIR designated 2C) loses signal, 
meaning that it may have become damaged or destroyed. 
FIG. 19 illustrates an example of a multi-floor display and 
the personnel on each floor. Naturally, the system can be 
modified to display the information in any desirable format. 

[0069] In the embodiments of the present invention 
described above, the system and method provides accurate 
position of the mobile network members and allows voice 
exchange between members of the team involved in opera­
tion. Although only a few exemplary embodiments of the 
present invention have been described in detail above, those 
skilled in the art will readily appreciate that many modifi­
cations are possible in the exemplary embodiments without 
materially departing from the novel teachings and advan­
tages of this invention. Accordingly, all such modifications 
are intended to be included within the scope of this inven­
tion. 

What is claimed is: 
1. A system for monitoring movement in a three-dimen­

sional multi-level structure, comprising: 

a plurality of mobile wireless remote terminals, adapted to 
communicate in a wireless ad-hoc multi-hopping and 
peer-to-peer communication network; and 

a plurality of wireless routers, deployable in the three­
dimensional area, and adapted to communicate in the 
wireless ad-hoc multi-hopping and peer-to-peer com­
munication network; 

each of the mobile wireless remote terminals being 
adapted to exchange signals with any of the routers 
within its broadcast range and, based on those signals, 
being adapted to determine its location in the three­
dimensional structure. 

2. A system as claimed in claim 1, wherein: 

said each mobile wireless remote terminal uses time of 
flight (TOF) data and received signal strength indicator 
(RSSI) data pertaining to the signals received from said 
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any of the routers within its broadcast range to deter­
mine its location in the three-dimensional structure. 

3. A system as claimed in claim 2, wherein: 

the three-dimensional structure is a building, and the 
routers are deployed on respective floors of the build­
ing; and 

said each mobile wireless remote terminal assigns respec­
tive scores to each floor based on the TOF data and 
RSSI data pertaining to the signals, and determines its 
location as a floor on which it is present based on the 
scores. 

4. A system as claimed in claim 3, wherein: 

said each mobile terminal identifies the floor on which it 
is present as the floor having the lowest score. 

5. A system as claimed in claim 2, wherein: 

said each mobile wireless remote terminal uses the TOF 
data and the RSSI data pertaining to the signals 
received from the routers within a certain time proxi­
mate to a time at which it determines its location based 
on the TOF data and the RSSI data, and refrains from 
using the TOF data and the RSSI data pertaining to the 
signals received prior to the certain time. 

6. A system as claimed in claim 1, further comprising: 

a control console, adapted to receive information from the 
mobile terminals pertaining to their respective deter­
mined locations, and to generate a display illustrating 
positions of the mobile terminals in the three-dimen­
sional location. 

7. A system as claimed in claim 6, wherein: 

the three-dimensional location is a building, and the 
routers are deployed on respective floors of the build­
ing; and 

the control console is adapted to generate the display 
illustrating the locations of the mobile terminals on the 
floors of the building. 

8. A system as claimed in claim 6, wherein: 

said each mobile terminals includes a respective motion 
sensor and said each mobile terminal transmits data 
received from its respective motion sensor to the con­
trol console; and 

the control console is adapted to generate an alarm 
condition identifying a particular mobile terminal if the 
data received from a motion sensor associated with that 
mobile terminal indicates that that mobile terminal has 
not moved for a certain period of time. 

9. A system as claimed in claim 6, wherein: 

said each mobile terminal includes a transmitter adapted 
to transmit at least one of voice and video data to the 
control console. 

10. A method for monitoring movement in a three­
dimensional multi-level structure, comprising: 

deploying a plurality of mobile wireless remote terminals 
in the three-dimensional structure, each of the mobile 
wireless remote terminals being adapted to communi­
cate in a wireless ad-hoc peer-to-peer communication 
network; 

deploying a plurality of wireless routers in the three­
dimensional structure, each of the wireless routers 
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being adapted to communicate in the wireless ad-hoc 
peer-to-peer communication network; 

controlling each of the mobile wireless remote terminals 
to exchange signals with any of the routers within its 
broadcast range and, based on those signals, to deter­
mine its location in the three-dimensional structure. 

11. A method as claimed in claim 10, wherein: 

said each mobile wireless remote terminal uses time of 
flight (TOF) data and received signal strength indicator 
(RSSI) data pertaining to the signals received from said 
any of the routers within its broadcast range to deter­
mine its location in the three-dimensional structure. 

12. A method as claimed in claim 11, wherein: 

the three-dimensional structure is a building, and the 
router deploying step deploys the routers on respective 
floors of the building; and 

the controlling step includes controlling said each mobile 
wireless remote terminal to assign respective scores to 
each floor based on the TOF data and RSSI data 
pertaining to the signals, and to determine its location 
as a floor on which it is present based on the scores. 

13. A method as claimed in claim 12, wherein: 

said each mobile terminal identifies the floor on which it 
is present as the floor having the lowest score. 

14. A method as claimed in claim 11, wherein: 

the controlling step includes controlling said each mobile 
wireless remote terminal to use the TOF data and the 
RSSI data pertaining to the signals received from the 
routers within a certain time proximate to a time at 
which it determines its location based on the TOF data 
and the RSSI data, and to refrain from using the TOF 
data and the RSSI data pertaining to the signals 
received prior to the certain time. 

15. A method as claimed in claim 10, further comprising: 

deploying a control console, adapted to receive informa­
tion from the mobile terminals pertaining to their 

8 
Dec. 9, 2004 

respective determined locations, and to generate a 
display illustrating positions of the mobile terminals in 
the three-dimensional location. 

16. A method as claimed in claim 15, wherein: 

the three-dimensional location is a building, and the 
routers are deployed on respective floors of the build­
ing; and 

the control console is adapted to generate the display 
illustrating the locations of the mobile terminals on the 
floors of the building. 

17. A method as claimed in claim 15, wherein: 

said each mobile terminals includes a respective motion 
sensor and said each mobile terminal transmits data 
received from its respective motion sensor to the con­
trol console; and 

the control console is adapted to generate an alarm 
condition identifying a particular mobile terminal if the 
data received from a motion sensor associated with that 
mobile terminal indicates that that mobile terminal has 
not moved for a certain period of time. 

18. A method as claimed in claim 15, wherein: 

said each mobile terminal includes a transmitter adapted 
to transmit at least one of voice and video data to the 
control console. 

19. A method as claimed in claim 10, wherein: 

the router deploying step deploys the routers in the 
three-dimensional structure before the mobile terminals 
are deployed in the three-dimensional structure. 

20. A method as claimed in claim 10, wherein: 

the router deploying step deploys the routers in the 
three-dimensional structure while the mobile terminals 
are being deployed in the three-dimensional structure. 

* * * * * 
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