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(57) ABSTRACT 

A system and method for providing a network of wireless 
devices including Mobile Terminals, Wireless Routers and a 
Local Control within a high rise building or other three 
dimensional deployment structure, such that communica­
tion, identification and position calculations can be achieved 
regardless of environment nature. Mobile Terminals are 
deployed to assume any random positions within a three 
dimensional deployment structure. Communication and 
position calculations are provided at each level, or floor of 
the building, by Horizontal and Vertical Routers, where 
Vertical Routers are further used to successfully communi­
cate between levels, or floors. The Vertical Routers provide 
communication links with the Local Controller via one or 
more Intelligent Access Points. The infrastructure ofVertical 
and Horizontal routers, the Intelligent Access Points and the 
Local Control are elements of an infrastructure deployed 
before a fire incident or other emergency happens. In emer­
gency situations the infrastructure emerges with ad-hoc 
deployed elements creating a system that assures stable 
communication, identification and accurate computation of 
location for all participants to emergency action. 

34 Claims, 9 Drawing Sheets 
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SYSTEM AND METHOD FOR ACCURATELY 
COMPUTING THE POSITION OF WIRELESS 

DEVICES INSIDE HIGH-RISE BUILDINGS 

2 
More sophisticated multi-hopping 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 

The present application claims benefit under 35 U.S.C. § 
119(e) from a U.S. Provisional Patent Application of Jolm 

5 fixed networks and thus communicate with other mobile 

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 Sig­
nal Propagation Time", Ser. No. 60/546,942, filed on Feb. 10 

24, 2004, from a U.S. Provisional Patent Application of Jolm 
M. Belcea, entitled "System and Method for Accurately 
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 Jolm M. 15 

Belcea, entitled "MAC Protocol for Accurately Computing 
the Position of Wireless Devices Inside Buildings", Ser. No. 
60/476,232, filed on Jun. 6, 2003, the entire contents of each 
application being incorporated herein by reference. 

20 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

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 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 Networks", filed on Jun. 
29, 2001, in U.S. Pat. No. 6,807,165 entitled "Time Division 
Protocol for an Ad-Hoc, Peer-to-Peer Radio Network Hav­
ing Coordinating Channel Access to Shared Parallel Data 
Channels with Separate Reservation Channel", granted on 
Oct. 19, 2004, and in U.S. Pat. No. 6,873,839 entitled 
"Prioritized-Routing for an Ad-Hoc, Peer-to-Peer, Mobile 
Radio Access System", granted on Mar. 29, 2005, the entire 
content of each being incorporated herein by reference. 

In either conventional wireless communications net-
works, or in ad-hoc multi-hopping 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 The present invention relates to a system and method for 

deploying a network of wireless devices which can provide 
data for accurately computing the position of mobile net­
work members. More particularly, the present invention 
relates to a system and method of deploying a network of 
wireless devices including Mobile Terminals, Wireless 
Routers and Controllers within a three dimensional deploy­
ment structure, such that communication, identification and 
position calculations can be achieved with high accuracy 
regardless of the building structure. 

25 skilled in the art, this can be achieved through the use of a 
number of teclmologies. These teclmologies can cell iden­
tification, 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) 

2. Description of the Related Art 
Wireless communication networks, such as mobile wire­

less telephone networks, have become increasingly preva­
lent over the past decade. These wireless communications 
networks are commonly referred to as "cellular networks", 
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 intercon­
nected base stations, or base nodes, that are distributed 
geographically at designated locations throughout the ser­
vice area. Each base node includes one or more transceivers 
that are capable of transmitting and receiving electromag­
netic signals, such as radio frequency (RF) communications 
signals, to and from mobile user nodes, such as wireless 
telephones, located within the coverage area. The commu­
nications signals include, for example, voice data that has 
been modulated according to a desired modulation teclmique 
and transmitted as data packets. As can be appreciated by 
one skilled in the art, network nodes transmit and receive 
data packet communications in a multiplexed format, such 

30 teclmiques, the details of which can be appreciated by one 
skilled in the art. Another available teclmology uses cellular 
signal timing based methods for code division multiple 
access (CDMA) and wideband code division multiple access 
(WCDMA). Yet another teclmology uses Global Positioning 

35 System (GPS) teclmiques, which is generally viewed as 
being more accurate than all other methods listed. 

Despite the fact that the GPS teclmique has been in use for 
a considerable period of time and most of the world's 
navigation relies on this teclmique, the GPS teclmique is 

40 very susceptible to errors in measurement. Therefore, the 
GPS teclmique is capable of providing location determina­
tion results with very high accuracy only after performing a 
relatively large number of measurements to remove such 
errors. A description of the shortcomings of GPS is set forth 

45 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 is being incorporated herein by reference. Certain 
other tests also demonstrate that the GPS technique is 

50 unsuitable for those terrestrial-based networks operating in 
environment where the number of available satellites is too 

as time-division multiple access (TDMA) format, code­
division multiple access (CDMA) format, or frequency- 55 

division multiple access (FDMA) format, which enables a 
single transceiver at the base node to communicate simul­
taneously with several mobile nodes in its coverage area. 

small for providing good precision as in underground tun­
nels, inside buildings, under dense foliage or in urban 
"canyons". 

To overcome the above issues with determining location 
information, are being developed ad-hoc multi-hopping net­
works which do not require either the use of satellites or a 
centralized computing facility for determining location 
information. Further details of such ad-hoc 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 net­
works using movable access points and repeaters for mini­
mizing coverage and capacity constraints are described in 

In recent years, a type of mobile communications net­
works known as an "ad-hoc multi-hopping" networks has 60 

been developed for use by the military. In this type of 
network, each mobile node is capable of operating as a base 
station or router for the other mobile nodes, thus eliminating 
the need for a fixed infrastructure of base stations. Details of 
an ad-hoc network are set forth in U.S. Pat. No. 5,943,322 65 

to Mayor, the entire content of which is incorporated herein 
by reference. 
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U.S. patent application Ser. No. 09/929,030 entitled "Mov­
able Access Points and Repeaters for Minimizing Coverage 
and Capacity Constraints in a Wireless Communications 
Network and a Method for Using the Same", filed Aug. 15, 
2001, the entire content being incorporated herein by refer- 5 

ence. 
The documents discussed above generally relate to mobile 

networks that connect to a permanent fixed network where 
location information is presented as absolute locations. 
However, as can be appreciated from the patent applications 10 

referenced above, temporary ad-hoc networks do not nec­
essarily have the same requirements. Therefore, a need 
exists for a portable, easily deployed, self-contained ad-hoc 
network system where relative location detection is desired, 
such as where the location of personnel operating in emer- 15 

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. 20 

4 
Vertical Routers provide communication links with Local 
Controllers via one or more Intelligent Access Points. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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

FIG. 1 is a top view diagram of an example of ad-hoc 
wireless communications network including a plurality of 
nodes in accordance with an embodiment of the present 
invention deployed within and around an operating space 
when an emergency occurs; 

FIG. 2 is a side view diagram of an example of the 
network of FIG. 1, illustrating the three-dimensional posi­
tioning of communication elements in accordance with an 
embodiment of the present invention deployed within and 
around an operating structure when an emergency occurs; 

FIG. 3 is a side view diagram of an example of a network 
deployed as vertical infrastructure in accordance with an 
embodiment of the present invention; 

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

SUMMARY OF THE INVENTION 

FIG. 4 is a top view diagram of an example of a network 
deployed as horizontal infrastructure in accordance with an 

25 embodiment of the present invention on a particular floor of 
the building; 

An object of the present invention is to provide a system 
and method for deploying a network of wireless devices, 
including Mobile Terminals, Wireless Routers and Control- 30 

lers, within a three dimensional deployment structure such 
that communication, identification and position calculations 
can be achieved regardless of building structure. 

Another object of the present invention is to provide a 
system and method of Vertical Routers to support commu- 35 

nication between floors in a three dimensional building 
deployment structure. 

Another object of the present invention is to provide a 

:~::t:~ ::~:n o~~~;l:o;;:i~~~;e~~ t~a~;;'~~~/:m~ 40 

three-dimensional deployment structure. 
Another object of the present invention is to provide a 

system and method of Intelligent Access points to support 
communication between Routers and one or more Control-

45 
lers in a three-dimensional deployment structure. 

Another object of the present invention is to provide a 
system and method for testing the operational deployment of 
Mobile Terminals, Vertical and Horizontal Routers and 
Intelligent Access Points in a three dimensional deployment 50 
structure. 

FIG. 5 is a block diagram illustrating an example of the 
functional structure of a Mobile Terminal used in the net­
work shown in FIG. 1; 

FIG. 6 is a block diagram illustrating an example of the 
functional structure of a Router and a Reference used in the 
network shown in FIG. 1; 

FIG. 7 is a block diagram illustrating an example of Local 
Control coupling used in the network shown in FIG. 1; 

FIG. 8 is a block diagram illustrating an example of Main 
Control coupling used in the network shown in FIG. 1; and 

FIG. 9 is a block diagram illustrating an example of an 
Intelligent Access Point used in the infrastructure shown in 
FIG. 3 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The embodiments of the present invention described 
below each include a system and method for accurately 
computing the position of wireless devices in a three­
dimensional network, such as a network distributed through­
out a high-rise building using specific nodes, such as wire­
less routers. The system and method described below can 
provide very precise indoor location of mobile devices, such 
as MEA ™ devices, that are located in three-dimensional 
networks. The functionality of the system and method is 
broader than a communication system having location capa­
bilities, and serves primarily as a location system with 

Another object of the present invention is to provide a 
system and method for downloading, maintaining and 
updating a map database of a three dimensional deployment 
structure. 55 communications capabilities. This allows the embodiments 

described below to incorporate predefined routing, which 
almost eliminates the need for exchanging routing messages, 
while supporting the exchange of a very large number of 
location specific messages that contributes to the increased 

These and other objects are substantially achieved by 
providing a system and method for deploying a network of 
wireless devices including Mobile Terminals, Wireless 
Routers and Controllers within a three dimensional deploy­
ment structure, such that communication, identification and 
position calculations can be achieved regardless of building 
structure. Mobile Terminals are deployed to assume any 
number of random positions within a three dimensional 
deployment structure. Communication and position calcu­
lations are provided at each level, or floor, by Horizontal and 65 

Vertical Routers, where Vertical Routers are further used to 
successfully communicate between levels, or floors. The 

60 precision of computation. 
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 they were operating. The system and method 
described below is presented as one embodiment which is 
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configured for supporting the operation 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. 

A network configuration for use with an embodiment of 
the present invention is shown in FIGS. 1 and 2. FIG. 1 is 
a top view block diagram of an example ad-hoc wireless 
communications network including a plurality of nodes in 
accordance with an embodiment of the present invention. 10 

FIG. 2 is a side view diagram of the network of FIG. 1, 
illustrating the three-dimensional positioning of communi­
cation elements. 

6 
sent between nodes, as described in U.S. Pat. No. 5,943,322 
to Mayor and in U.S. patent applications Ser. No. 09/897, 
790, and U.S. Pat. Nos. 6,807,165 and 6,973,839, referenced 
above. 

A vertical deployment example of fixed infrastructure is 
shown in FIG. 3. FIG. 3 shows a deployment of the 
"vertical" infrastructure in accordance with an embodiment 
of the present invention in a high-rise building, and includes 
a number of Intelligent Access Points (IAP) 122-1 to 122-n, 
and a system of Vertical Routers (VR) 124-1 to 124-n, 
dispersed among a number of floors of an example building. 
As described above, IAP 122 are wireless devices capable of 
communication through radio frequencies that have a net­
work interface. Through that interface, the IAP are con-FIGS. 1 and 2 show the mobile elements that can be 

brought to the scene because of the fire incident. FIGS. 3 and 
4 show infrastructure elements (i.e. vertical routers, IAP 
devices Local Control and Internet Backbone) that were 
installed in the building long before the fire. FIG. 3 shows 
vertical infrastructure ofVR devices with IAP devices at the 
bottom of each well connected through cables to Local 
Control. FIG. 4 shows horizontal routers deployed on the 
same floor. 

15 nected to a Local Control (LC) 126 that handles the infor­
mation regarding the whole system. 

Due to the fact that radio signal penetration is almost 
impossible through the concrete floors in the example build­
ing, a system of Vertical Routers 124-1 to 124-n is used to 

20 achieve communication between the Local Control and each 
floor of the building. For providing redundancy in case of 
catastrophic events and for increased precision of mobile 
position calculations, in one embodiment of the present 
invention, at least two Vertical Routers 124 can be deployed 

As shown in FIG. 1, a wireless network deployed at a fire 
incident 100 includes a plurality of terminals, including 
Mobile Terminals 110-1 to 110-n, which are typically asso­
ciated with firefighters, Fixed References 120-1 to 120-n, 
fire trucks 130-1 to 130-n, and Main Controls 140-1 to 
140-n. FIG. 1 illustrates a top view ofa typical fire operation 
deployment and illustrates the random position each device 
may assume when arriving at the scene. The deployment 30 

operating area can be flat, or, a residential or business 
building with reduced number of floors, or a high-rise 
building including an extensive number of floors with pas­
sages between floors. The example described below is 
configured to illustrate an embodiment which supports fire 35 

operations in such a high-rise building, including floors and 
between floor passages, however additional embodiments 
can be configured to support operations in other operating 
environments. 

25 on each floor and located in or close to different vertical 
shafts, as far as possible one from another. 

The Vertical Routers 124 are installed in or at any vertical 
openings (i.e. wells) of the building, such as elevator shafts, 
stairwells, air conditioning vertical conduits, and so forth, 
and typically will have very reliable communication with the 
closest neighbor device. Vertical Routers installed on the 
roof of the building in or at the top of each well assures 
redundant connection between wells or to Wireless Routers 
beyond the building, such as in Fire Department, Police 
Department aircraft or similar devices located on neighbor­
ing buildings. In yet another embodiment of the present 
invention, Vertical Routers can also be installed on the 
exterior walls of the building and disguised as architectural 
features. In FIG. 3, the system of several Intelligent Access 

FIG. 2 shows a side view of wireless network deployed at 
the fire incident of FIG. 1. In the example shown in FIGS. 
1 and 2, personnel, such as firefighters, can be operating 
outside and/or inside a building at various floors. If a 
situation becomes critical, or if one firefighter is injured, it 
is important to identify the correct location of the personnel, 
and provide correct directions to the rescue team for pre­
venting fatalities. 

40 Points 122 assure the connection of the entire system of 
vertical routers VR to the Local Control of the system, which 
can be located on the technical floor of the building. 

FIG. 4 is a view diagram of an example of the network 
deployed on a floor and illustrating the "horizontal" infra-

45 structure in accordance with an embodiment of the present 
invention. In this diagram are presented a number of Vertical 
Routers (VR) 124-1 to 124-n, and Horizontal Routers 128-1 
to 128-n, dispersed across a single floor of an example Each element 110, 120, 130 and 140 of FIGS. 1 and 2 can 

include at least one of three types of wireless devices that 
exchange data for computing the location of each operator, 50 

while also supporting voice communications. Elements 110, 
120, 130 and 140 can be comprised of one or more Mobile 
Terminal (MT) devices, Fixed Reference (FR) devices (i.e. 
Intelligent Access Points, Vertical and Horizontal Routers, 
and Fixed References), and Control devices (i.e. Local 
Controllers, and Main Controllers). Each of these devices 
are migratory and can be brought to the operating scene 
when they are needed. 

building. 
In the example floor shown in FIG. 4, the connection with 

the vertical infrastructure is assured through three Vertical 
Routers 124 located at the North-West, North-East and 
South stairwells, and in the main elevator shafts. On this 
floor, eight Horizontal Routers are deployed along the walls 

55 of the building, while at least three others are positioned in 
a central area within the outer walls. 

The system and method of the embodiment described 
below employs these Mobile Terminals, Intelligent Access 60 

Points, Local Controllers, Vertical Routers, Horizoinal Rout­
ers, Fixed References and Main Controllers where each 
typically contains at least one transceiver, or modem, 
adapted to transmit and receive communication signals to 
and from other wireless devices, and are capable of com- 65 

municating with each other directly, or via one or more other 
devices operating as a router or routers for packets being 

Due to the fact that stairwells can have concrete walls that 
create high signal attenuation, a Horizontal Router 128 is 
installed close by each Vertical Router 124. This proximity 
assures that the two radios, or Routers 124 and 128, can 
reliably communicate with one another. The number and the 
deployment plan of the Horizontal Routers 128 typically 
depends upon the materials used in the interior walls, and the 
number of walls, at each floor of the building. Generally, at 
any point on the floor, a Subscriber Device (i.e. mobile 
station or Mobile Terminal) should be able to communicate 
with multiple Routers, preferably with at least three Routers. 
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The equipment comprising and providing the functional-
ity of the Vertical and Horizontal Routers 124 and 128 is 
very small, and therefore can be installed at convenient 
locations within the building, such as inside EXIT signs or 
other emergency equipment typically configured to run on 
batteries and therefore provide service in emergency situa­
tions during the outage of the main source of power. 

In case of a fire incident, the elements presented in FIG. 
1 and FIG. 2 are deployed on the scene. The communication 
between the pre-deployed system of Intelligent Access 
Points 122, Vertical Routers 124, Local Control 126, and 
Horizontal Routers 128, present inside the building and the 
Main Control just deployed outside the building is possible 
through several connections. When the Main Control arrives 
at an emergency scene, or scene, it can connect to the 
building system through a wired Ethernet Backbone typi­
cally found in building support systems. If the Ethernet 
Backbone is disabled, the Main Control can tap into the 
building system using wireless connection to the Horizontal 
Routers 128 located close to the windows on the lower floors 
of the building. Using a high gain directive antennae, the 
Main Control can get reliable connection several floors up if 
the routers are installed close to the windows. If such a 
connection is not possible, the Main Control can tap into the 
building system relaying through flying routers installed on 
Police or Fire Department aircraft. In yet another embodi­
ment, the Main Control may be able to tap into the building 
communication system while connecting through a neigh­
boring building, if the neighbor buildings are close enough 
and the same type of wireless communication infrastructure 
has already been deployed. Such a connection would typi­
cally be used only if no other alternative works, as this 
connection cannot provide very high data throughput. The 
message routing mechanism installed in MEA ™ assures the 
automatic selection of the most efficient way of tapping into 
the building infrastructure. When deciding which path to 
use, the message routing mechanism takes in consideration 
all available means and selects the one providing the highest 
throughput. 

8 
104 a CPU and memory for storing data and the code of the 
program controlling the modem functions. This controls the 
Modem 102 activity by writing data in Modem registers via 
the memory bus, and reading Modem registers for finding 

5 the Modem status. A Voice Processor 106 is coupled with the 
Controller 104, and includes at least two independent com­
ponents, 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 

10 sound, that is sent to a speaker or earphone. In the embodi­
ment shown in FIG. 5, the Voice Processor 106 further 
includes access to the Controller Memory via a memory bus. 
Additionally, a Digital Compass (not shown) can be incor­
porated into the headset. This provides the orientation of the 

15 operator's head when properly positioned, making possible 
the elaboration of 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 trans­
ceiver. It can automatically report if the firefighter does not 

20 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 needs help. The action 
of pressing the button is transmitted to the transceiver 
software that generates a set of data messages for the Main 

25 Control. When receiving these messages the Main Control 
alerts the Incident Commander indicating which firefighter 
needs help and where the firefighter is currently located 

The software recorded in the Controller Memory as 
program code and operating parameters control the activity 

30 of all components of the Mobile Terminal device. 
The Vertical and Horizontal Routers 124 and 128, and 

Fixed Reference Points 120 shown in FIG. 6, can have the 
same internal hardware structure, but should operate in 
different conditions and provide similar functionality. The 

35 main function of these types of equipment is to provide 
location reference for computing the position of Mobile 
Terminals, and to relay voice and location data to the Main 
Control. Fixed Reference devices can be installed on each 

As noted above, each element 110, 120, 130 and 140 of 40 

FIGS. 1 and 2 can include at least one of three types of 
wireless devices that exchange data for computing the 
location of each operator, while supporting voice commu­
nications. Elements 110, 120, 130 and 140 can be comprised 

fire truck or other emergency vehicle, and on the side of 
equipment, such as extendable ladders. They can also be 
installed on tripods, and placed around the incident area in 
random positions acting as portable devices. Once deployed, 
they can configure themselves and provide Location Refer­
ence for Mobile Terminals operating in their proximity. The 
Intelligent Access Points can be installed on the technical 
floor of the building, and be connected to the Vertical 

of one or more Mobile Terminal (MT) devices, Fixed 45 

Reference (FR) devices (i.e. Intelligent Access Points, Ver­
tical and Horizontal Routers, and Fixed References), and 
Control devices (i.e. Local Controllers, and Main Control­
lers). As shown in FIG. 5, the Mobile Terminal 110 can 
include a headset with microphone and earphone assuring 50 

hand-free operation. A digital compass can also be included 
for providing orientation and a motion sensor that can 
trigger an alarm when the firefighter became motionless. All 
these devices can be connected to the battery that is part of 
typical operator gear. 55 

Routers between the technical floor up to the roof. 
Fixed Reference devices can be installed on each fire 

truck or other emergency vehicle, and on the side of equip­
ment, such as extendable ladders. They can also be installed 
on tripods, and placed around the incident area in random 
positions acting as portable devices. Once deployed, they 
can configure themselves and provide Location Reference 
for Mobile Terminals operating in their proximity. 

The Intelligent Access Points can be installed on the 
technical floor of the building, and be connected to the 
Vertical Routers between the technical floor up to the roof. 

An exemplary block diagram of components of Vertical 
and Horizontal Routers 124 and 128, and a Fixed Reference 

60 120 is shown in FIG. 6. Because each Vertical and Hori-

The microphone and the earphone of the Mobile Terminal 
can be connected to a small size transceiver that has three 
major components, including a Modem 102, a Controller 
104 and a Voice Processor 106. The Modem 102 provides 
radio communication with other components of the network 
using a transmitter 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 65 

executed functions. A Controller 104 is shown coupled with 
the Modem 102 via a memory bus. The Controller includes 

zontal Router, and Fixed Reference communicates through 
radio means, Routers and References have at least one 
modem 103 and a controller 105, each executing almost the 
same functions as they do in the Mobile Terminal device 
described above. Each router in the network exchanges 
timing and data messages with the Mobile Terminal, Main 
Control and other Routers and References. Although the 
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hardware components are the same, the software controlling 
the activity of these devices may be different, as these 
devices provide different services to the network. 

10 
memory bus. On the other side, the communication between 
the Network Interface 146 and applications is realized 
through various network sockets. 

A Location Computation device 148 is coupled to the An exemplary block diagram of components in Intelligent 
Access Points is shown in FIG. 9. Because each IAP 
communicate with Vertical Routers through radio means, 
each IAP has at least one modem 103 and a controller 105, 
executing almost the same functions as they do in the Mobile 
Terminal device described above. The IAP has also a Net-

5 LAN backbone 132 and can be a very fast computer (i.e. a 
PC having 1 GB of memory and at least one CPU running 
at 3 .5 GHz or faster). This component of the system receives 
data from the Network Interface 146 and computes the clock 

work Interface that is used for communication with the 10 

Local Control, with other IAPs, with the Main Control or 
with other networks as Internet. 

The Local Control 126 is a computing system, typically 
installed in the technical floor of the building and contains 
a database with the position of each Vertical and Horizontal 15 

Router and Intelligent Access Point installed in the building. 
Periodically it exchanges information with each one of them 
for testing purposes. If any device becomes out of order, the 
Local Control issues a repair order indicating the faulty 
device. Once a new device is installed, the Control can 20 

perform a device configuration and periodic testing. 
In the embodiment shown in FIG. 7, the Local Control 

126 is connected to Intelligent Access Points 122 using a 
Local Area Network (LAN) 132. The Intelligent Access 
Points assure further communication to the wireless system. 25 

When first installed, the Local Control 126 is "fed" with 
information, such as building maps describing the location 
of each room in the building. Every time the layout of a floor 

corrections, propagation times and the location of each 
Fixed Router and Mobile Terminal using specific math­
ematical models as the one described in U.S. Pat. No. 
6,728,545, referenced above. 

A Voice Mixer 150 is also coupled to the LAN backbone 
132 and serves to mix voice data as defined by the operator. 
The GUI of the Voice Mixer shows a matrix with the Main 
Control and all Mobile Terminals involved in operation. 
Using this interface, the operator can define the groups of 
Mobile Terminals that should hear each other. The Voice 
Mixer 150 creates new sound data packets from received 
data mixing voice data according to the mixing matrix. All 
mixed packets are transmitted to the Network Interface 146, 
that moves them to the Controller memory. The Controller 
transmits voice data at a particular time during the commu­
nication cycle. 

A Video Server 152 is also coupled to the LAN backbone 
132 and provides the control of various display screens 
provided for displaying information. This shows three views 
in two dimensions (i.e. front, side and top) and one view in 
three dimensions (i.e. isometric) with rotation capability. 
The Video Server 152 receives the location of each Mobile 
Terminal and Fixed Router from the Location Computation 
system that transmits such information at a rate of at least 
once per second. 

is changed, the new map is stored in Local Control hard 
drive. Where a situation exists, requiring operation of the 30 

system and method described above, such as in case of fire, 
after the connection with the Main Control is established, the 
Local Control 126 downloads to Main Control 140 the 
building map database. Using this database the Main Con­
trol 140 can identify the floor, the room, and the position of 

The World Interface 134 provides the interface between 
35 the LAN backbone 132 with other wired or wireless net-

a specific Mobile Terminal 110 inside the room, when such 
information is needed. 

The World Interface 134 assures the connection of the 
Local Control 126 with the rest of the world through external 
communications, such as the Internet. It may also allow the 40 

Local Control 126 to download databases to the Main 
Control 140 before the fire happens or while Main Control 
is moving toward the fire scene, using wireless Internet 
access. 

The Main Control (MC) 140 shown in FIG. 8 is the 45 

primary control of the system during an emergency, and 
serves to coordinate the access to airwaves of all terminals 
and performs all mathematical operations for computing the 
position of all Fixed Routers and Mobile Terminals. The 
Main Control equipment may be installed on a vehicle, such 50 

as a van or truck, that also hosts one or more Fixed Routers. 
The antenna of the Main Control can serve as an origin of 
coordinate in the measurement and positioning calculations. 

FIG. 8 is a block diagram illustrating the components of 
the Main Control 140, and includes a Modem 142 and a 55 

Controller 144 performing the same basic functions as for 
other devices described above, specifically, transmitting and 
receiving messages over the air. A Network Interface (NI) 
146 is provided and operates as the interface between the 
transceiver and the applications running on the Location 60 

Computation 148 and Voice Mixer 150. The Network Inter­
face 146 functions to retrieve data from the Controller 
Memory and dispatch it to the other components of the 
system. The Network Interface 146 also serves to receive 
data from the Voice Mixer 150 and store the packets in the 65 

Controller Memory. The communication between the Con­
troller 144 and the Network Interface 146 is realized via a 

works as PSTN, Internet, Private Networks, Dedicated 
Links, and so forth. One of the remaining sockets of the 
LAN Backbone 132 is reserved for connecting the Main 
Control to the Local Control. 

The system and method of the present embodiment oper­
ates in several phases, as described in greater detail below. 
Such phases include, but are not limited to, an initial 
construction phase, an installation phase, a testing phase, a 
pre-operation phase, and an operating phase. 

During the construction phase, the system and method is 
installed as part of the fire prevention and signaling system. 
In the example described above, at least four Intelligent 
Access Points can be installed in the bottom of vertical 
shafts in the building for assuring the communication 
through the building floors. Horizontal Routers can be 
installed on each floor and provide communication on each 
floor and serve also as Location References. The Horizontal 
Routers are installed in such positions that at any location on 
the floor, a Mobile Terminal can exchange data with at least 
three Horizontal or Vertical Routers. For assuring higher 
precision of the computation of Mobile Terminal location as 
well as for assuring a high redundancy of the network, the 
number of Horizontal Routers a Mobile Terminal should be 
able to exchange messages with should be at least three, with 
no upper limit. 

During the installation phase, the Routers database is 
loaded with the position (i.e. floor, x, y, and so forth) of each 
Horizontal and Vertical Router. In the same phase, the 
building maps are loaded in the Building database. In this 
database, all confinements, such as all walls on each floor of 
the building are noted. The positions of the Routers and 
walls are in the same system of coordinates. All these 
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databases are installed in the Local Control hard drive and 
are accessed when Main Control arrived at the scene. 

After the installation phase is complete, the correctness of 
the database is checked during a testing phase. The coverage 
test consists of moving a Mobile Terminal across each floor 5 

in the building. The position of the Mobile Terminal must be 
observed on a portable computer that shows the right floor 
map and the correct position of the Mobile Terminal. In the 
preferred embodiment, all Wireless Routers must be 
involved in this test. The Local Control records a log of 10 

Mobile Terminal computed locations and the Horizontal 
Routers used for computing these locations. If any Router 
was not used during the test, a new test is started in the 
location of the missed Routers. 

When the Main Control cable is connected to the Local 15 

Control, the contents of the building databases are down­
loaded during a pre-operating phase. The map database is 
downloaded to the Video Server, while the Floor Height is 
downloaded to Location Computation. 

During the operating phase, the Local Control collects 20 

range, valve and direction data from each Mobile Terminal 
in, and around, the building and transmits such data to the 
Location Computation and Voice Mixer for processing. The 
Video Server displays the front, side and top view of the 
involved Mobile Terminals and the maps of specified floors 25 

with Mobile Terminals operating on them. The Mobile 
Terminals can determine their respective locations using 
algorithms such as those described in U.S. Patent Applica­
tion of John M. Belcea et al. entitled "System and Method 
for Identifying the Floor Number Where a Firefighter in 30 

Need of Help is Located Using Received Signal Strength 
Indicator and Signal Propagation Time", Ser. No. 10/861, 
121, filed on Jun. 4, 2004, the entire content of which is 
incorporated herein by reference. For instance, to improve 
accuracy, the Mobile Terminals can use Time of Flight 35 

(TOF) data and Received Signal Strength Indicator (RSSI) 
data and a scoring process to identify the correct floor on 
which they are located. MAC protocol techniques can also 
be used to improve the accuracy of the location determina­
tion, as described in U.S. Patent Application of John M. 40 

Belcea entitled "MAC Protocol for Accurately Computing 
the Position of Wireless Devices Inside Buildings", Ser. No. 
10/861,668, filed on June 4, 2004, the entire content of 
which is incorporated herein by reference. 

The method and system presented in this invention have 45 

the advantage to present an accurate depiction of the routers 
in large buildings are affected by catastrophic events like fire 
or terrorist attack. When such event happens, some of the 
Vertical and Horizontal Routers could stop functioning. The 
Main Control screens show the images of the operating and 50 

dead routers, allowing correct evaluation of affected build­
ing zones and selection of evacuation routes. 

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 55 

between members of the team involved in operation. 
Although only a few exemplary embodiments of the present 
invention have been described in detail above, those skilled 

12 
a plurality of wireless routers ofa wireless ad-hoc multi­

hopping and peer-to-peer communication network, the 
plurality of wireless routers comprising: 
a plurality of vertical routers deployed for vertical 

communication among at least one set of vertical 
routers within the three-dimensional structure, and 

a plurality of horizontal routers deployed for horizontal 
communication among at least one set of horizontal 
routers within the three-dimensional structure; 

a plurality of mobile wireless terminals of the wireless 
ad-hoc multi-hopping and peer-to-peer communication 
network; 

a controller; 
at least one access point, communicatively coupled to the 

wireless routers and mobile wireless terminals for 
providing communication access to the controller; 

each of the mobile wireless terminals comprising: 
a receiving means, for receiving signals with any of the 

routers within its broadcast range, 
a location calculation means, for determining its 

respective location in the structure based on the 
received signals, and 

a transmitting means for providing location data to the 
controller via at least one said wireless router and 
said at least one access point; and 

the controller comprising: 
means to access a database including structure layout 

data pertaining to the structure, and 
information generation means for generating informa­

tion representing the respective locations of the 
mobile wireless terminals in the structure based on 
the received location data and structure layout data. 

2. A system as claimed in claim 1, wherein: 
the controller further comprises a display for displaying 

the generated information illustrating the layout of the 
structure and the respective locations of the mobile 
wireless terminals on the layout display. 

3. A system as claimed in claim 1, wherein: 
the controller further comprises a receiver to receive 

router location data from the wireless routers and 
access point location information from the at least one 
access point, wherein the generated information 
includes information representing respective locations 
of the wireless routers and said at least one access 
point. 

4. A system as claimed in claim 1, further comprising: 
a plurality of said access points; and 
wherein the structure is a multi-floor building, wherein 

one or more of the vertical routers are in substantial 
vertical alignment at openings in the floors to provide 
communication between one or more horizontal routers 
on the floors and the access points. 

5. A system as claimed in claim 1, wherein: 
the controller further comprises a receiver to access the 

database for updated structure layout data pertaining to 
the structure, and wherein the generated information is 
based on the received location data and the updated 
structure layout data. 

6. A system as claimed in claim 1, wherein the location in the art will readily appreciate that many modifications are 
possible in the exemplary embodiments without materially 
departing from the novel teachings and advantages of this 
invention. Accordingly, all such modifications are intended 
to be included within the scope of this invention. 

60 calculation means of each of the mobile wireless terminals 
performs ranging calculations based on the exchange signals 
with any of the routers within its broadcast range and 
determine its respective location based on those ranging 
calculations. 

What is claimed is: 
1. A system for deployment within a three-dimensional 

structure having multiple levels, the system comprising: 

65 7. A system as claimed in claim 1, wherein: 
each of the mobile wireless terminals further comprises a 

transmitting means to communicate at least one of 
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voice, video and data information for receipt by the 
controller via at least one wireless router and said at 
least one access point. 

8. A system as claimed in claim 1, further comprising: 
a mobile controller, communicatively coupled to the 5 

controller to receive the generated information from the 
controller. 

9. A system as claimed in claim 1, wherein: 
the controller further comprises communication means to 

communicate with a network other than the wireless 10 

ad-hoc peer-to-peer communication network. 
10. A system as claimed in claim 1, wherein: some of the 

wireless routers are deployed outside of the structure. 
11. A method for deployment within a three-dimensional 

structure having multiple levels, the method comprising: 15 

deploying a plurality of wireless routers of a wireless 
ad-hoc peer-to-peer communication network including 
deploying a plurality of vertical routers for vertical 
communication among at least one set of vertical 
routers within the three-dimensional structure, and 20 

deploying a plurality of horizontal routers for horizon-
tal communication among at least one set of horizontal 
routers within the three-dimensional structure; 

deploying a plurality of mobile wireless terminals of the 
wireless ad-hoc multi-hopping and peer-to-peer com- 25 

munication network in the structure; 

14 
operating the controller to access the database for updated 

structure layout data pertaining to the structure, and to 
generate the information based on the received location 
data and the updated structure layout data. 

16. A method as claimed in claim 11, wherein the mobile 
wireless terminal controlling step includes controlling each 
of the mobile wireless terminals to perform ranging calcu­
lations based on the exchange signals with any of the routers 
within its broadcast range and determine its respective 
location based on those ranging calculations. 

17. A method as claimed in claim 11, further comprising 
the step of: 

controlling each of the mobile wireless terminals to 
communicate at least one of voice, video and data 
information for receipt by the controller via at least one 
wireless router and said at least one access point. 

18. A method as claimed in claim 11, further comprising 
the step of: 

coupling a mobile controller to the controller to receive 
the generated information from the controller. 

19. A method as claimed in claim 11, further comprising 
the step of: 

operating the controller to communicate with a network 
other than the wireless ad-hoc peer-to-peer communi­
cation network. 

20. A method as claimed in claim 11, wherein: 
the wireless router deploying step deploys some of the 

wireless routers outside of the structure. 
deploying at least one access point for providing the 

wireless routers and mobile wireless terminals commu­
nication access to a controller; 21. A communication network for use within a multiple 

30 floor building, the communication network comprising: controlling each of the mobile wireless terminals to 
exchange signals with any of the routers within its 
broadcast range and, based on those signals, to deter­
mine its respective location in the structure and to 
provide location data to the controller via at least one 
said wireless router and said at least one access point; 35 

and 
operating the controller to access a database including 

structure layout data pertaining to the structure and, 
based on the received location data and structure layout 
data, to generate information representing the respec- 40 

tive locations of the mobile wireless terminals in the 
structure. 

12. A method as claimed in claim 11, wherein: 
the controller operating step generates the information as 

a display illustrating the layout of the structure and the 45 

respective locations of the mobile wireless terminals on 
the layout display. 

13. A method as claimed in claim 11, further comprising 
the steps of: 

providing to the controller router location data from the 50 

wireless routers and access point location information 
from the at least one access point, and operating the 
controller to include information representing respec­
tive locations of the wireless routers and said at least 
one access point in the generated information. 55 

14. A method as claimed in claim 11, wherein: 
the access point deploying step deploys a plurality of said 

access points; and 
wherein the structure is a multi-floor building, and the 

wireless routers are deployed during the wireless router 60 

deploying step with one or more of the vertical routers 
being in substantial vertical alignment at openings in 
the floors to provide communication between one or 
more horizontal routers on the floors and the access 
points. 65 

15. A method as claimed in claim 11, further comprising 
the step of: 

a plurality of vertical routers vertically communicatively 
coupled to each other for providing communication 
between the multiple floors; 

a plurality of horizontal routers comprising one or more 
sets of horizontal routers located on each floor of the 
multiple floor building, wherein each set of horizontal 
routers on each floor are horizontally communicatively 
coupled to each other for providing communication 
within the floor, wherein each set of horizontal routers 
on each floor includes at least one horizontal router 
communicatively coupled to at least one vertical router; 

a local control for maintaining location and performance 
information about each of the plurality of vertical 
routers and each of the plurality of horizontal routers, 
wherein the local control communicates the location 
and performance information to a main control; 

one or more mobile terminals, wherein each mobile 
terminal is communicatively coupled to at least one 
router of the plurality of vertical routers and the plu­
rality of horizontal routers, wherein the at least one 
router provides a location reference for computing a 
location position of the mobile terminal, and further 
wherein the at least one router relays communication 
data to the main control; and 

the main control for managing communication of the 
network. 

22. A communication network as claimed in claim 21, 
comprising a pre-deployed system and a deployed system, 
wherein: 

the pre-deployed network comprises the plurality of ver­
tical routers, the plurality of horizontal routers, and the 
local control; and 

the deployed network comprises the one or more mobile 
terminals and the main control. 

23. A communication network as claimed in claim 22, 
wherein the pre-deployed system comprises a stationary 
system of fixed devices. 
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24. A communication network as claimed in claim 22, 
wherein the deployed system comprises an ad hoc system of 
mobile devices deployed in response to an event within the 
multiple floor building. 

16 
observing the position of the mobile terminal on a 

portable computer with the floor map and recording 
position corrections of the mobile terminal, 

the local control recording a log of mobile terminal 
computed locations and the horizontal routers used 
for computing these locations, and 

conducting new tests in the location where any router 
has not been used in previous tests. 

25. A communication network as claimed in claim 21, 5 

wherein the main control communication management com­
prises coordinating access to communication channels 
within the network and computing a location position of 
each mobile terminal and each router within the network. 

26. A communication network as claimed in claim 21, 
wherein each of the routers includes one or more sensors, 
wherein each of the mobile terminals is operated by an 
emergency team member, and further wherein the main 
control communication management comprises one or more 
operations selected from a group of operations comprising 15 

identify one or more hot spots in the multiple floor building 

30. A process of deployment of a communication network 
10 within a multiple floor building as claimed in claim 29, 

wherein the construction phase comprises: 

by querying one or more sensors, identifying a position of 
each emergency team member, providing one or more voice 
connections between the emergency team members, provid­
ing voice directions to one or more emergency team mem- 20 

bers, reading one or more vital signs of the emergency team 
members, distributing information to other devices about the 
emergency team members, and identifying safe evacuation 
routes for the emergency team members. 

installing a plurality of vertical routers comprising one or 
more sets of vertical routers, wherein each set of 
vertical routers includes communicatively coupled ver­
tical routers within a vertical shaft; 

installing a plurality of horizontal routers comprising one 
or more sets of horizontal routers, wherein each set of 
horizontal routers includes communicatively coupled 
horizontal routers within a floor, wherein each set of 
horizontal routers on each floor includes at least one 
horizontal router communicatively coupled to at least 
one vertical router; 

installing at least one intelligent access router at an end of 
each vertical shaft to provide communication through 
the floors; and 

installing a local control communicatively coupled to the 
at least one intelligent access routers. 

31. A process of deployment of a communication network 
within a multiple floor building as claimed in claim 30, 

30 wherein the operating phase further comprises: 

27. A communication network as claimed in claim 22, 25 

wherein the main control is communicatively coupled to the 
deployed system through one or more connections selected 
from a connection group comprising a wired Ethernet Back­
bone, a wireless connection to the plurality of horizontal 
routers, a wireless connection to the plurality of vertical 
routers, a router installed on an aircraft located above the 
multiple floor building, and a communication connection 
through a neighboring building. 

28. A communication network as claimed in claim 27, 
wherein the main control selects one or more connections 35 

providing a highest throughput. 
29. A process for deployment of a communication net­

work within a multiple floor building, the process compris-
ing: 

a construction phase for installing stationary devices for 40 

establishing a fixed communication network within the 
multiple floor building; 

the local control collecting one or more data selected from 
a group of data including range data, voice data, and 
direction data from each mobile terminal in and around 
the building and transmitting the collected data to the 
main control for processing. 

32. A process of deployment of a communication network 
within a multiple floor building as claimed in claim 31, 
wherein the operating phase further comprises: 

the main control displaying one or more views of the 
mobile terminals including one or more maps of the 
floors of the building in which the mobile terminals are 
operating. 

an operation phase for installing one or more mobile 
terminals and a main control, each of the one or more 
mobile terminals and the main control communica­
tively coupled to the stationary devices, the operation 
phase comprising managing communication and track­
ing of the mobile terminals by the main control using 
data about the mobile terminals and about the station­
ary devices received from the stationary devices: 

33. A process of deployment of a communication network 
within a multiple floor building as claimed in claim 31, 

45 wherein the operating phase further comprises: 

an installation phase for loading into the local control: 
a routers database including the position of each of the 

horizontal routers and the vertical routers, and 
one or more building maps including any communica­

tion confinements; and 
a testing phase for checking the correctness of the data­

base stored within the local control including conduct­
ing a test comprising: 
moving a mobile terminal across each floor of the 

building, 

50 

55 

each mobile terminal calculating its respective location 
using one or more data selected from a group of data 
including time of flight data and received signal 
strength indicator data, and providing the calculated 
respective location to one or more of the horizontal 
routers and the vertical routers. 

34. A process of deployment of a communication network 
within a multiple floor building as claimed in claim 30 
further comprising; 

a pre-operation phase for communicatively coupling the 
main control to the local control, and for downloading 
the building databases from the local control to the 
main control. 

* * * * * 
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