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(57) Abstract: Embodiments of the present invention include methods, systems and computer program products. Systems, meth
ods and computer program products of the various preferred embodiments can include one or more sensors disposable in a finite

o location and adapted to receive a communication channel signal from a mobile terminal located in the finite location and a con
troller connected to the one or more sensors and adapted to calculate a position of the mobile terminal within the finite location.
The systems, methods and computer program products of the various preferred embodiments can also include a pseudo-station
disposable in the finite location and connected to the controller and adapted to induce a communication channel signal from the
mobile terminal by transmitting a control channel signal in the finite location.



SYSTEM AND METHOD FOR LOCATING A MOBILE TERMINAL

IN A FINITE LOCATION

CLAIM OF PRIORITY

[0001] The present application claims priority to U.S. provisional patent

application serial number 61/366,777 filed on 22 July 2010 and entitled "Systems and

Methods for Networked Radio Systems and Coordinated Broadcasting," and U.S.

provisional patent application serial number 61/492,518 filed on 02 June 2011 and

entitled "System and Method for Locating a Mobile Terminal in a Finite Location," both

of which are expressly incorporated herein by reference.

BACKGROUNDAND SUMMARY

[0002] The present invention relates generally to location services and more

specifically to methods, systems and computer program products configured for

determining a presence or location of a mobile terminal in a finite or discrete location,

such as for example location, a finite/outdoor location, an outdoor location, or any other

suitable location having a limited or finite geometry.

[0003] A system of one preferred embodiment can include a pseudo-station

disposable in a finite location, the pseudo-station adapted to transmit a control channel

signal at a predetermined frequency for a predetermined duration; and a sensor

disposable in the finite location, the sensor adapted to detect a communication channel

signal transmitted by a mobile terminal in the finite location, wherein the

communication channel signal includes a unique identification of the mobile terminal.

[0004] A method of another preferred embodiment can include transmitting,

from a pseudo-station disposable in a finite location, a control channel signal at a



predetermined frequency for a predetermined duration; and detecting, at a sensor

disposable in the finite location, a communication channel signal transmitted by a

mobile terminal in the finite location, wherein the communication channel signal

includes a unique identification of the mobile terminal.

[0005] A system of another preferred embodiment can include a sensor array

disposable in a finite location and adapted to receive a communication channel signal

from a mobile terminal located in the finite location; a controller connected to the

sensor array and adapted to calculate a three-dimensional position of the mobile

terminal within the finite location; and a pseudo-station disposable in the finite location

and connected to the controller and adapted to induce a communication channel signal

from the mobile terminal by transmitting a control channel signal in the finite location.

[0006] A system according to another preferred embodiment can include a

pseudo-station disposable in a finite location and adapted to transmit a control channel

signal; and a controller connected to the pseudo-station and adapted to control the

pseudo station to transmit the control channel signal at a predetermined frequency and

for a predetermined duration. The controller can be further adapted to calculate a

position of a mobile terminal within the finite location in response to a detected

communication channel signal from the mobile terminal, the communication channel

signal induced in response to the control channel signal.

[0007] A system according to another preferred embodiment can include a sensor

array disposable in a finite location and adapted to receive a communication channel

signal from a mobile terminal located in the finite location; and a controller connected

to the sensor array and adapted to calculate a three-dimensional position of the mobile



terminal within the finite location in response to receipt of the communication channel

signal from the mobile terminal from the sensor array.

[0008] A method of another preferred embodiment can include detecting a

communication channel signal from a mobile terminal within a finite location, the

communication channel signal being transmitted by the mobile terminal in response to

a control channel signal received by the mobile terminal; and calculating a position of

the mobile terminal in the finite location in response to the detection of the

communication channel signal.

[0009] Other aspects and features of the present invention are described in detail

with reference to the following drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[001 0] FIGURE l is a schematic block diagram of a system in accordance with a

preferred embodiment of the present invention.

[001 1] FIGURE 2 is a schematic block diagram of a system in accordance with

another preferred embodiment of the present invention.

[001 2] FIGURE 3 is a schematic block diagram of a system in accordance with

another preferred embodiment of the present invention.

[001 3] FIGURE 4 is a flowchart depicting a method according to another

preferred embodiment of the present invention.

[0014] FIGURE 5 is a flowchart depicting a method according to another

preferred embodiment of the present invention.

[001 5] FIGURE 6 is a schematic block diagram of a system in accordance with

another preferred embodiment of the present invention.



[001 6] FIGURE 7 is a flowchart depicting a method according to another

preferred embodiment of the present invention.

[001 7] FIGURE 8 is a flowchart depicting a method according to another

preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[001 8] As will be appreciated by one skilled in the art, aspects of the present

invention may be embodied as a system, method or computer program product.

Accordingly, aspects of the present invention may take the form of an entirely hardware

embodiment, an entirely software embodiment (including firmware, resident software,

micro-code, etc.), or an embodiment combining software and hardware aspects that

may all generally be referred to herein as a "circuit," "module" or "system."

Furthermore, aspects of the present invention may take the form of a computer program

product embodied in one or more computer readable medium(s) having computer

readable program code embodied thereon.

[001 9] Any combination of one or more computer readable medium(s) may be

utilized. The computer readable medium may be a computer readable signal medium or

a computer readable storage medium. A computer readable storage medium may be, for

example, but not limited to, an electronic, magnetic, optical, electromagnetic, infrared,

or semiconductor system, apparatus, or device, or any suitable combination of the

foregoing. More specific examples (a non-exhaustive list) of the computer readable

storage medium would include the following: an electrical connection having one or

more wires, a portable computer diskette, a hard disk, a random access memory (RAM),

a read-only memory (ROM), an erasable programmable read-only memory (EPROM or



Flash memory), an optical fiber, a portable compact disc read-only memory (CD-ROM),

and optical storage device, a magnetic storage device, or any suitable combination of the

foregoing. In the context of this document, a computer readable storage medium may be

any tangible medium that can contain or store a program for use by or in connection

with an instruction execution system, apparatus, or device.

[0020] A computer readable signal medium may include a propagated data signal

with computer readable program code embodied thereon, for example, in baseband or

as part of a carrier wave. Such a propagated signal may take any variety of forms,

including, but not limited to, electromagnetic, optical, or any suitable combination

thereof. A computer readable signal medium may be any computer readable medium

that is not a computer readable storage medium and that can communicate, propagate,

or transport a program for use by or in conjunction with an instruction execution

system, apparatus, or device.

[0021] Program code embodied on a computer readable medium may be

transmitted using any appropriate medium, including but not limited to wireless,

wireline, optical fiber cable, RF and the like, or any suitable combination of the

foregoing.

[0022] Computer program code for carrying out operations for aspects of the

present invention may be written in any combination of one or more programming

languages, including an object oriented programming language such as Java, Smalltalk,

C++ or the like or conventional procedural programming languages, such as the "C"

programming language, AJAX, PHP, HTML, XHTML, Ruby, CSS or similar

programming languages. The programming code may be configured in an application,

an operating system, as part of a system firmware, or any suitable combination thereof.



The programming code may execute entirely on the user's computer, partly on the user's

computer, as a stand-alone software package, partly on the user's computer and partly

on a remote computer or entirely on a remote computer or server as in a client/server

relationship sometimes known as cloud computing. In the latter scenario, the remote

computer may be connected to the user's computer through any type of network,

including a local area network (LAN) or a wide area network (WAN), or the connection

may be made to an external computer (for example, through the Internet using an

Internet Service Provider).

[0023] Aspects of the present invention are described below with reference to

flowchart illustrations and/or block diagrams of methods, apparatus (systems) and

computer program products according to embodiments of the invention. It will be

understood that each block of the flowchart illustrations and/or block diagrams, and

combinations of blocks in the flowchart illustrations and/or block diagrams, can be

implemented by computer program instructions. These computer program instructions

may be provided to a processor of a general purpose computer, special purpose

computer, or other programmable data processing apparatus to produce a machine,

such that the instructions, which execute via the processor of the computer or other

programmable data processing apparatus, create means for implementing the

functions/acts specified in the flowchart and/or block diagram block or blocks.

[0024] These computer program instructions may also be stored in a computer

readable medium that can direct a computer, other programmable data processing

apparatus, or other devices to function in a particular manner, such that the instructions

stored in the computer readable medium produce an article of manufacture including



instructions which implement the function/act specified in the flowchart and/or block

diagram block or blocks.

[0025] The computer program instructions may also be loaded onto a computer,

other programmable data processing apparatus, or other devices to cause a series of

operational steps to be performed on the computer, other programmable apparatus or

other devices to produce a computer-implemented process such that the instructions

which execute on the computer or other programmable apparatus provide processes for

implementing the functions/acts specified in the flowchart and/or block diagram block

or blocks. As used herein, a "terminal" should be understood to be any one of a general

purpose computer, as for example a personal computer or a laptop computer, a client

computer configured for interaction with a server, a special purpose computer such as a

server, or a smart phone, soft phone, tablet computer, personal digital assistant or any

other machine adapted for executing programmable instructions in accordance with the

description thereof set forth above.

[0026] As shown in FIGURE l , a system 10 of the first preferred embodiment can

include a pseudo-station 18 disposable in a finite location 12. As used herein, the term

finite location should be understood to include any indoor location, outdoor location, or

combination thereof having a predetermined and finite geometrical configuration.

Example finite locations can include, but are not limited to, an indoor shopping mall, an

outdoor shopping mall, an indoor/outdoor shopping mall, an office building, an airport,

a subway terminal, a train station, a conference center, a stadium or concert hall, a

parking lot, a portion of a block, street, or intersection, as well as any suitable

combination thereof. The term finite location can include any adjoining outdoor area to



an indoor location, any adjoining indoor location to an outdoor location, and any doors,

passages, byways or entrances/exits there between.

[0027] The pseudo-station 18 of the system 10 of the first preferred embodiment

functions as at least one portion of a base station of the type used in mobile

communications over radio frequencies, i.e. mobile telephony networks such as GSM or

CDMA networks, WiFi networks, WiMax networks, LTE networks, Bluetooth networks,

and the like. Alternatively, the pseudo-station 18 of the system 10 of the first preferred

embodiment can function only to interrogate and initiate communications with a mobile

terminal 14 on a control channel. The pseudo-station 18 of the system 10 of the first

preferred embodiment can be adapted to transmit a control channel signal 20 at a

predetermined frequency for a predetermined duration, thereby inducing the mobile

terminal 14 to identify itself via a communication channel signal 22.

[0028] The system 10 of the first preferred embodiment can also include a sensor

16 disposable in the finite location 12. The sensor 16 of the system 10 of the first

preferred embodiment functions to receive and/or detect the communication channel

signal 22 from the mobile terminal 14. As used herein, the term communication channel

signal 22 should be understood to include any type of signal from a radio device that

uniquely identifies the device to a potential network, sometimes referred to as a

communication channel or as a signaling channel, depending upon the type of network

under consideration. The sensor 16 of the system 10 of the first preferred embodiment

can be configured as hardware, firmware or software that is capable of receiving and/or

detecting RF transmissions of one or more frequencies of communication channel

signals 22 from the mobile terminal 14. The sensor 16 of the system 10 of the first

preferred embodiment can be adapted to detect a communication channel signal 22



transmitted by a mobile terminal 14 in the finite location 12, wherein the

communication channel signal 22 can include a unique identification of the mobile

terminal 14. Example unique identifications of the mobile terminal 14 can include, but

are not limited to: an IP address based on a static and/or dynamic number, character or

combination such as a MAC address, an IMEI, an IMSI, a TMSI, a Bluetooth device

address, a separate identifier associated with an application, software, firmware or

operating system of a mobile device, or any other suitable code, number, or identifier

that is usable by a mobile terminal 14 in identifying itself to a communication network.

[0029] In one variation of the system 10 of the first preferred embodiment, the

predetermined frequency at which the pseudo-station 18 transmits the control channel

signal 20 can include a frequency range correlated to a selected type of mobile terminal

14. As a non-limiting example, the pseudo-station 18 of the preferred embodiment can

transmit a control channel signal 20 on or in a frequency range dedicated to cellular

phone mobile terminals (including portions of spectrum dedicated to different types of

network protocols such as CDMA and GSM), WiFi enabled mobile terminals, WiMax

enabled mobile terminals, LTE enabled mobile terminals, Bluetooth enabled mobile

terminals, and the like. Alternatively, the pseudo-station 18 of the system 10 of the first

preferred embodiment can be further adapted to transmit the control channel signal 20

on one or more channels within the frequency range. Within a predetermined portion of

the RF spectrum that is allocated for a particular type of mobile terminal 14

communication network, there can be multiple channels. Accordingly, the pseudo-

station 18 of the system 10 of the first preferred embodiment can be configured to

transmit the control channel signal 20 on one, multiple, or all channels within a



particular band of frequencies in order to induce communication with various types of

mobile terminals 14.

[0030] In a second variation of the system 10 of the first preferred embodiment,

the predetermined duration for which the pseudo-station 18 transmits the control

channel signal 20 ranges between 1 microsecond and 10 seconds. The predetermined

duration can be fixed or dynamic, or it can vary between predetermined frequencies

and/or channels within the predetermined frequencies. Alternatively, the

predetermined duration can be determined, either fixedly or dynamically, as inversely

proportional to an activity level within the finite location 12. That is, a shorter

predetermined duration can correspond with a higher activity level within the finite

location 12. As an example, for a finite location 12 having relatively few users and/or

relatively stationary of mobile terminals 14, such as a movie theatre, the predetermined

duration can be longer. Conversely, for a finite location 12 having relatively many users

and/or mobile users of mobile terminals 14, such as a subway entrance, the

predetermined duration can be shorter. A finite location 12 can also have different time

periods such as rush hour, holiday shopping/travel, seasons, or other factors that can

result in an increase or decrease in the predetermined duration for which the pseudo-

station 18 transmits the control channel signal 20.

[0031 ] In a third variation of the system 10 of the first preferred embodiment, the

system 10 can include multiple sensors 16 to enable a multi-dimensional calculation of a

position of the mobile terminal 14 within the finite location 12. As shown in FIGURE 2,

the second variation of the system 10 of the first preferred embodiment can include a

second sensor 16b, a third sensor 16c, and a fourth sensor i6d disposable in the finite

location 12. As noted above, the sensors 16a, 16b, 16c, i6d of the system 10 of the first



preferred embodiment function to receive and/or detect a communication channel

signal 22a, 22b, 22c, 22d from the mobile terminal 14. The sensors 16a, 16b, 16c, i6d of

the system 10 of the first preferred embodiment can be configured as hardware,

firmware or software that is capable of receiving and/or detecting RF transmissions of

one or more frequencies of communication channel signals 22a, 22b, 22c, 22d from the

mobile terminal. The sensors 16a, 16b, 16c, i6d of the system 10 of the first preferred

embodiment can be adapted to detect a communication channel signal 22a, 22b, 22c,

22d transmitted by a mobile terminal 14 in the finite location 12, wherein the

communication channel signal 22a, 22b, 22c, 22d can include a unique identification of

the mobile terminal 14. Example unique identifications of the mobile terminal 14 can

include, but are not limited to: an IP address based on a static and/or dynamic number,

character or combination such as a MAC address, an IMEI, an IMSI, a TMSI, a

Bluetooth device address, a separate identifier associated with an application, software,

firmware or operating system of a mobile device, or any other suitable code, number, or

identifier that is usable by a mobile terminal 14 in identifying itself to a communication

network.

[0032] In a third variation of the system 10 of the preferred embodiment shown

in FIGURE 3 and FIGURE 6, the system 10 can include a controller 24 connected to the

pseudo-station 18 and the first, second, third and fourth sensors 16a, 16b, 16c, i6d. The

controller 24 of the first preferred embodiment can function to direct, cause, control

and/or determine one or more various functions of the pseudo-station 18 and the

sensors 16a, 16b, 16c, i6d. The controller 24 can be configured as a single, unified

computer device or a cluster or network of several computer devices and may be

disposed within or without of the finite location 12. Alternatively, the controller 24 can



be integrated into one or more of the other structures of the system 10 of the preferred

embodiment, such as for example the pseudo-station 18 and the sensors 16a, 16b, 16c,

i6d. The controller 24 of the first preferred embodiment can be configured in hardware,

software, firmware or any suitable combination thereof, and may have one or more

functionalities or processes that are distributed, localized or both in a fixed or dynamic

configuration.

[0033] In a fourth variation of the system 10 of the first preferred embodiment,

the controller 24 can be adapted to calculate a position of the mobile terminal 14 within

the first location 12 in response to receipt of the communication channel signal at the

first, second, third and fourth sensors 16a, 16b, 16c, i6d. Calculation of the position of

the mobile terminal 14 can be a function of inputs from any one or more of the sensors

16a, 16b, 16c, i6d, including calculation of the position of the mobile terminal 14 in three

dimensions in response to inputs from all of the sensors 16a, 16b, 16c, i6d. Signals from

the sensors 16a, 16b, 16c, i6d to the controller 24 can include for example time of flight

information indicative of a time lapse in receipt of the communication channel signal 22

and/or intensity or signal strength information indicative of a relative strength or

magnitude of the communication channel signal 22 at one or more of the sensors 16a,

16b, 16c, i6d.

[0034] The controller 24 of the system 10 of the first preferred embodiment can

be further configured to calculate the position of the mobile terminal 14 in three

dimensions, which can be done in near real time using all four sensors 16a, 16b, 16c,

i6d. More than four sensors 16a, 16b, 16c, i6d can be implemented in the system 10 of

the first preferred embodiment, and the controller 24 can also be configured to consider

additional information or constraints that enable it to calculate a position of the mobile



terminal 14 with four or fewer sensors 16a, 16b, 16c, i6d. For example, if the finite

location 12 is relatively planar, then the controller 24 can be configured to calculate a

true three dimensional position of the mobile terminal 14 using only three sensors 16a,

16b, 16c, as the fourth sensor i6d cannot provide any additional information about the

altitude of the mobile terminal 14 (which is taken as a given in response to an external

constraint). Similarly, if the finite location 12 has certain other features or constraints,

such as aisles, stairs, escalators, elevators, and the like then the controller 24 can be

configured to calculate a position of the mobile terminal 14 in response to data from

four or fewer sensors 16a, 16b, 16c, i6d. A finite location 12 can also have different time

periods such as rush hour, holiday shopping/travel, seasons, or other factors that can

result in an increase or decrease in the predetermined duration for which the pseudo-

station 18 transmits the control channel signal 20.

[0035] In a fifth variation of the system 10 of the preferred embodiment, the

pseudo-station 18 and the sensor 16 can be configured as an integrated cellular base

station, such that the pseudo-station 18 and the sensor 16 can function in a unified

manner to transmit a control channel signal 20 and to receive one or more

communication channel signals 22. Furthermore, the integrated pseudo-station 18 and

sensor 16 can be configured for forward transmission of communication channel signals

(not shown) to the one or more mobile terminals 14 in its network. The pseudo-station

18 and sensor 16 of the fifth variation of the first preferred embodiment can be

configured as any one of a microcell, picocell or femtocell, depending upon the

application requirements and the configuration of the finite location 12.

[0036] As shown in FIGURE 4, a method of the second preferred embodiment

can be performed using one or more components of a system of the type described



herein. The method of the second preferred embodiment can include block S102, which

recites transmitting, from a pseudo-station disposable in a finite location, a control

channel signal at a predetermined frequency for a predetermined duration. Block S104

of the method of the second preferred embodiment recites detecting, at a sensor

disposable in the finite location, a communication channel signal transmitted by a

mobile terminal in the finite location, wherein the communication channel signal

comprises a unique identification of the mobile terminal.

[0037] In a first variation of the method of the second preferred embodiment, the

predetermined frequency at which the pseudo-station transmits the control channel

signal can include a frequency range correlated to a selected type of mobile terminal. As

a noted above, the pseudo-station of the preferred embodiment can transmit a control

channel signal on or in a frequency range dedicated to cellular phone mobile terminals

(including portions of spectrum dedicated to different types of network protocols such

as CDMA and GSM), WiFi enabled mobile terminals, WiMax enabled mobile terminals,

LTE enabled mobile terminals, Bluetooth enabled mobile terminals, and the like.

[0038] Additionally, the pseudo-station of the method of the second preferred

embodiment can be further adapted to transmit the control channel signal on one or

more channels within the frequency range. As noted above, within a predetermined

portion of the RF spectrum that is allocated for a particular type of mobile terminal

communication network, there can be multiple channels. Accordingly, the pseudo-

station of the method of the second preferred embodiment can be configured to

transmit the control channel signal on one, multiple, or all channels within a particular

band of frequencies in order to induce communication with various types of mobile

terminals.



[0039] In a second variation of the method of the second preferred embodiment,

the predetermined duration of the transmission of the control channel signal can range

between ι microsecond and 10 seconds. The predetermined duration can be fixed or

dynamic, or it can vary between predetermined frequencies and/or channels within the

predetermined frequencies. Alternatively, the predetermined duration can be

determined, either fixedly or dynamically, as inversely proportional to an activity level

within the finite location. A shorter predetermined duration can correspond with a

higher activity level within the finite location, such that for a finite location having

relatively few users and/or relatively stationary of mobile terminals, such as a movie

theatre, the predetermined duration can be longer. Conversely, for a finite location

having relatively many users and/or mobile users of mobile terminals, such as a subway

entrance, the predetermined duration can be shorter. A finite location 12 can also have

different time periods such as rush hour, holiday shopping/travel, seasons, or other

factors that can result in an increase or decrease in the predetermined duration for

which the pseudo-station 18 transmits the control channel signal 20.

[0040] As shown in FIGURE 5, a third variation of the method of the second

preferred embodiment can include block S106, which recites detecting, at a second

sensor, a third sensor and a fourth sensor disposable in the finite location, wherein the

communication channel signal is transmitted by the mobile terminal in the finite

location. The third variation of the method of the second preferred embodiment can

further include block S108, which recites calculating a position of the mobile terminal

within the first location in response to receipt of the communication channel signal at

the first, second, third and fourth sensors.



[0041] Calculation of the position of the mobile terminal can be a function of

inputs, data, or signals from any one or more of the first, second, third and/or fourth

sensors. One alternative of the method of the second preferred embodiment can include

calculation of the position of the mobile terminal in three dimensions in response to

inputs from all of the sensors. Signals from the sensors can include for example time of

flight information indicative of a time lapse in receipt of the communication channel

signal and/or intensity or signal strength information indicative of a relative strength or

magnitude of the communication channel signal at one or more of the sensors, all or any

of which can be used in calculating a position of the mobile terminal relative to the

sensors.

[0042] More than four sensors can be implemented in the method of the second

preferred embodiment. Furthermore, in implementing its position calculation, the

method of the second preferred embodiment can account for additional information or

constraints that enable it to calculate a position of the mobile terminal with four or

fewer sensors. As noted above, if the finite location is relatively planar, then the method

of the second preferred embodiment could calculate a true three dimensional position of

the mobile terminal using only three sensors, as at least one dimension of the mobile

terminal's location is fixed by an external constraint (such as a floor or wall). Similarly,

if the finite location has certain other features or constraints, such as aisles, stairs,

escalators, elevators, and the like then the method of the second preferred embodiment

could calculate a position of the mobile terminal in response to data from four or fewer

sensors.

[0043] As shown in FIGURE 3 and FIGURE 6, a system 10 according to a third

preferred embodiment can include a first sensor 16a, a second sensor 16b, a third sensor



i6c, and a fourth sensor i6d configured in a sensor array disposable in a finite location

12. Each of the sensors 16a, 16b, i6c, i6d can function to receive and/or detect a

communication channel signal 22a, 22b, 22c, 22d from the mobile terminal 14. The

sensors 16a, 16b, 16c, i6d of the system 10 of the third preferred embodiment can be

configured as hardware, firmware or software that is capable of receiving and/or

detecting RF transmissions of one or more frequencies of communication channel

signals 22a, 22b, 22c, 22d from the mobile terminal 14. The sensors 16a, 16b, 16c, i6d of

the system 10 of the third preferred embodiment can be adapted to detect a

communication channel signal 22a, 22b, 22c, 22d transmitted by a mobile terminal 14

in the finite location 12, wherein the communication channel signal 22 can include a

unique identification of the mobile terminal 14. As noted above, example unique

identifications of the mobile terminal 14 can include, but are not limited to: an IP

address based on a static and/or dynamic number, character or combination such as a

MAC address, an IMEI, an IMSI, a TMSI, a Bluetooth device address, a separate

identifier associated with an application, software, firmware or operating system of a

mobile device, or any other suitable code, number, or identifier that is usable by a

mobile terminal 14 in identifying itself to a communication network.

[0044] The system 10 of the third preferred embodiment can further include a

controller 24 connected to the sensor array 16a, 16b, 16c, i6d. The controller 24 can be

adapted to calculate a three-dimensional position of the mobile terminal 14 within the

finite location 12 in response to receipt of the communication channel signal from the

mobile terminal 14 at each of the first, second, third and fourth sensors 16a, 16b, 16c,

i6d. Calculation of the position of the mobile terminal 14 can be a function of inputs

from any one or more of the sensors 16a, 16b, 16c, i6d, including calculation of the



position of the mobile terminal 14 in three dimensions in response to inputs from all of

the sensors 16a, 16b, 16c, i6d. Signals from the sensors 16a, 16b, 16c, i6d to the

controller 24 can include for example time of flight information indicative of a time

lapse in receipt of the communication channel signal 22 and/or intensity or signal

strength information indicative of a relative strength or magnitude of the

communication channel signal 22 at one or more of the sensors 16a, 16b, 16c, i6d.

[0045] Calculation of the position of the mobile terminal 14 in three dimensions

can be done in near real time using all four sensors 16a, 16b, 16c, i6d. More than four

sensors 16a, 16b, 16c, i6d can be implemented in the system 10 of the third preferred

embodiment, and the controller 24 can also be configured to consider additional

information or constraints that enable it to calculate a position of the mobile terminal 14

with four or fewer sensors 16a, 16b, 16c, i6d. As noted above, if the finite location 12 is

relatively planar, then the controller 24 can be configured to calculate a true three

dimensional position of the mobile terminal 14 using only three sensors 16a, 16b, 16c, as

the altitude of the mobile terminal 14 is a known constant. Likewise, if the finite location

12 has certain other features or constraints, such as aisles, stairs, escalators, elevators,

and the like then the controller 24 can be configured to calculate a position of the mobile

terminal 14 in response to data from four or fewer sensors 16a, 16b, 16c, i6d. A finite

location 12 can also have different time periods such as rush hour, holiday

shopping/travel, seasons, or other factors that can result in an increase or decrease in

the predetermined duration for which the pseudo-station 18 transmits the control

channel signal 20.

[0046] The controller 24 of the third preferred embodiment can function to

direct, cause, control and/or determine one or more various functions of a pseudo-



station 18 and the sensors 16a, 16b, 16c, i6d. The controller 24 of the third preferred

embodiment can be configured as a single, unified computer device or a cluster or

network of several computer devices and may be disposed within or without of the finite

location 12. Alternatively, the controller 24 can be integrated into one or more of the

other structures of the system 10 of the third preferred embodiment, such as for

example the pseudo-station 18 and the sensors 16a, 16b, 16c, i6d. The controller 24 of

the third preferred embodiment can be configured in hardware, software, firmware or

any suitable combination thereof, and may have one or more functionalities or

processes that are distributed, localized or both in a fixed or dynamic configuration.

[0047] The system 10 of the third preferred embodiment can also include a

pseudo-station 18 disposable in the finite location 12 and connected to the controller 24.

The pseudo-station 18 of the third preferred embodiment functions to induce a

communication channel 22a, 22b, 22c, 22d signal from the mobile terminal 14 by

transmitting a control channel signal 20 in the finite location 12.

[0048] In a first variation of the system 10 of the third preferred embodiment, the

sensor array 16a, 16b, 16c, i6d can be disposed in a predetermined geometrical

configuration within the finite location 12. The predetermined geometrical configuration

can be of any suitable geometry, including linear, planar (two-dimensional polygon) or a

three-dimensional polygon. Alternatively, the predetermined geometrical configuration

can include a polygon having substantially uniform sides, such as for example a square

configuration in a two-dimensional configuration or a tetrahedral pyramid in a three-

dimensional configuration. In another alternative of the first variation of the system 10

of the third preferred embodiment, the sides of the predetermined geometrical



configuration can be of substantially non-uniform length and/or variable or adjustable

in response to an activity level within the finite location 12.

[0049] In another alternative of the first variation of the system 10 of the third

preferred embodiment, the substantially uniform predetermined length can be inversely

proportional to a confidence level of the three-dimensional position of the mobile

terminal. That is, if the sensors 16a, 16b, 16c, i6d are relatively closely spaced, then the

confidence level with which the controller 24 computes the position of the mobile

terminal 14 will be increased. Conversely, if the sensors 16a, 16b, 16c, i6d are relatively

distally spaced, then the confidence level with which the controller 24 computes the

position of the mobile terminal 14 will be decreased. For example, at a predetermined

length measuring approximately eight meters, the controller 24 can compute the

position of the mobile terminal 14 to within one meter. As the predetermined length

decreases/increases from eight meters, the confidence level of the position of the mobile

terminal 14 can increase/decrease accordingly.

[0050] In a second variation of the system 10 of the third preferred embodiment,

the system 10 can include a fifth sensor (not shown) integrated with the pseudo-station

18. In the second variation of the system 10 of the third preferred embodiment, the

pseudo-station 18 and the fifth sensor can function in a unified manner to transmit a

control channel signal 20 and to receive one or more communication channel signals

22a, 22b, 22c, 22d. Furthermore, the integrated pseudo-station 18 and fifth sensor can

be configured for forward transmission of communication channel signals (not shown)

to the one or more mobile terminals 14 in its network. The pseudo-station 18 and fifth

sensor of the second variation of the system 10 of the third preferred embodiment can



be configured as any one of a microcell, picocell or femtocell, depending upon the

application requirements and the configuration of the finite location 12.

[0051] In a third variation of the system 10 of the third preferred embodiment,

the predetermined frequency at which the pseudo-station 18 transmits the control

channel signal 20 can include a frequency range correlated to a selected type of mobile

terminal. As a non-limiting example, the pseudo-station 18 of the preferred embodiment

can transmit a control channel signal 20 on or in a frequency range dedicated to cellular

phone mobile terminals (including portions of spectrum dedicated to different types of

network protocols such as CDMA and GSM), WiFi enabled mobile terminals, WiMax

enabled mobile terminals, LTE enabled mobile terminals, Bluetooth enabled mobile

terminals, and the like. Alternatively, the pseudo-station 18 of the system 10 of the third

preferred embodiment can be further adapted to transmit the control channel signal 20

on one or more channels within the frequency range. Within a predetermined portion of

the RF spectrum that is allocated for a particular type of mobile terminal 14

communication network, there can be multiple channels. Accordingly, the pseudo-

station 18 of the system 10 of the third preferred embodiment can be configured to

transmit the control channel signal 20 on one, multiple, or all channels within a

particular band of frequencies in order to induce communication with various types of

mobile terminals 14.

[0052] The pseudo-station 18 of the third variation of the system 10 of the third

preferred embodiment can be further adapted to re-transmit the control channel signal

20 on any selected frequency band after a predetermined interval. For example, the

pseudo-station 18 of the third preferred embodiment can be configured to periodically

sweep a large frequency range that includes all types of mobile terminals 14 available for



wireless communications. The intervals at which the pseudo-station 18 repeats a

transmission in a particular frequency can be determined in part by a predetermined by

a duration for which the pseudo-station transmits on each channel within each

frequency band.

[0053] In a fourth variation of the system 10 of the third preferred embodiment,

the predetermined duration for which the pseudo-station 18 transmits the control

channel signal 20 ranges between 1 microsecond and 10 seconds. The predetermined

duration can be fixed or dynamic, or it can vary between predetermined frequencies

and/or channels within the predetermined frequencies. As noted above, the

predetermined duration can also be determined, either fixedly or dynamically, as

inversely proportional to an activity level within the finite location 12. That is, a shorter

predetermined duration can correspond with a higher activity level within the finite

location 12. As an example, for a finite location 12 having relatively few users and/or

relatively stationary of mobile terminals 14, such as a movie theatre, the predetermined

duration can be longer. Conversely, for a finite location 12 having relatively many users

and/or mobile users of mobile terminals 14, such as a subway entrance, the

predetermined duration can be shorter. A finite location 12 can also have different time

periods such as rush hour, holiday shopping/travel, seasons, or other factors that can

result in an increase or decrease in the predetermined duration for which the pseudo-

station 18 transmits the control channel signal 20.

[0054] As shown in FIGURE 3 and FIGURE 6, a system 10 according to a fourth

preferred embodiment can include a pseudo-station 18 disposable in a finite location 12

and adapted to transmit a control channel signal 20. The pseudo-station 18 of the third

preferred embodiment functions to induce a communication channel 22a, 22b, 22c, 22d



signal from the mobile terminal 14 by transmitting a control channel signal 20 in the

finite location 12.

[0055] The system 10 of the fourth preferred embodiment can further include a

controller 24 connected to the pseudo-station 18. The controller 24 of the system 10 of

the fourth preferred embodiment can be adapted to control the pseudo station 18 to

transmit the control channel signal 20 at a predetermined frequency and for a

predetermined duration. Further, the controller 24 of the system 10 of the fourth

preferred embodiment can be adapted to calculate a position of a mobile terminal 14

within the finite location 12 in response to a detected communication channel signal 22

from the mobile terminal 14, wherein the communication channel signal can be induced

in response to the control channel signal 20. The controller 24 of the fourth preferred

embodiment can be configured as a single, unified computer device or a cluster or

network of several computer devices and may be disposed within or without of the finite

location 12. Alternatively, the controller 24 can be integrated into one or more of the

other structures of the system 10 of the fourth preferred embodiment, such as for

example the pseudo-station 18 and the sensors 16a, 16b, 16c, i6d. The controller 24 of

the fourth preferred embodiment can be configured in hardware, software, firmware or

any suitable combination thereof, and may have one or more functionalities or

processes that are distributed, localized or both in a fixed or dynamic configuration.

[0056] In a first variation of the system 10 of the fourth preferred embodiment,

the predetermined frequency at which the pseudo-station 18 transmits the control

channel signal 20 can include a frequency range correlated to a selected type of mobile

terminal 14. As a non-limiting example, the pseudo-station 18 of the preferred

embodiment can transmit a control channel signal 20 on or in a frequency range



dedicated to cellular phone mobile terminals (including portions of spectrum dedicated

to different types of network protocols such as CDMA and GSM), WiFi enabled mobile

terminals, WiMax enabled mobile terminals, LTE enabled mobile terminals, Bluetooth

enabled mobile terminals, and the like. Alternatively, the pseudo-station 18 of the

system 10 of the fourth preferred embodiment can be further adapted to transmit the

control channel signal 20 on one or more channels within the frequency range. As noted

above, for each predetermined portion of the RF spectrum that is allocated for a

particular type of mobile terminal 14 communication network there can be multiple

channels. Accordingly, the pseudo-station 18 of the system 10 of the fourth preferred

embodiment can be configured to transmit the control channel signal 20 on one,

multiple, or all channels within a particular band of frequencies in order to induce

communication with various types of mobile terminals 14.

[0057] The pseudo-station 18 of the first variation of the system 10 of the fourth

preferred embodiment can be further adapted to re-transmit the control channel signal

20 on any selected frequency band after a predetermined interval. For example, the

pseudo-station 18 of the fourth preferred embodiment can be configured to periodically

sweep a large frequency range that includes all types of mobile terminals 14 available for

wireless communications. The intervals at which the pseudo-station 18 repeats a

transmission in a particular frequency can be determined in part by a predetermined by

a duration for which the pseudo-station transmits on each channel within each

frequency band.

[0058] In a second variation of the system 10 of the fourth preferred

embodiment, the predetermined duration for which the pseudo-station 18 transmits the

control channel signal 20 ranges between 1 microsecond and 10 seconds. The



predetermined duration can be fixed or dynamic, or it can vary between predetermined

frequencies and/or channels within the predetermined frequencies. As noted above, the

predetermined duration can also be determined, either fixedly or dynamically, as

inversely proportional to an activity level within the finite location 12. That is, a shorter

predetermined duration can correspond with a higher activity level within the finite

location 12. As an example, for a finite location 12 having relatively few users and/or

relatively stationary of mobile terminals 14, such as a movie theatre, the predetermined

duration can be longer. Conversely, for a finite location 12 having relatively many users

and/or mobile users of mobile terminals 14, such as a subway entrance, the

predetermined duration can be shorter. A finite location 12 can also have different time

periods such as rush hour, holiday shopping/travel, seasons, or other factors that can

result in an increase or decrease in the predetermined duration for which the pseudo-

station 18 transmits the control channel signal 20.

[0059] As shown in FIGURES 3 and 6, a system 10 according to a fifth preferred

embodiment can include a first sensor 16a, a second sensor 16b, a third sensor 16c, and

a fourth sensor i6d configured as an array and disposable in a finite location 12. Each of

the sensors 16a, 16b, 16c, i6d can function to receive and/or detect a communication

channel signal 22a, 22b, 22c, 22d from the mobile terminal 14. The sensors 16a, 16b,

16c, i6d of the system 10 of the fifth preferred embodiment can be configured as

hardware, firmware or software that is capable of receiving and/or detecting RF

transmissions of one or more frequencies of communication channel signals 22a, 22b,

22c, 22d from the mobile terminal 14. The sensors 16a, 16b, 16c, i6d of the system 10 of

the fifth preferred embodiment can be adapted to detect a communication channel

signal 22a, 22b, 22c, 22d transmitted by a mobile terminal 14 in the finite location 12,



wherein the communication channel signal 22 can include a unique identification of the

mobile terminal 14. Example unique identifications of the mobile terminal 14 can

include, but are not limited to: a MAC address, an IMEI, an IMSI, a TMSI, or any other

suitable code, number, or identifier that is usable by a mobile terminal 14 in identifying

itself to a communication network.

[0060] The system 10 of the fifth preferred embodiment can further include a

controller 24 connected to the sensor array 16a, 16b, 16c, i6d. The controller 24 can be

adapted to calculate a three-dimensional position of the mobile terminal 14 within the

finite location 12 in response to receipt of the communication channel signal from the

mobile terminal 14 at each of the first, second, third and fourth sensors 16a, 16b, 16c,

i6d. Calculation of the position of the mobile terminal 14 can be a function of inputs

from any one or more of the sensors 16a, 16b, 16c, i6d, including calculation of the

position of the mobile terminal 14 in three dimensions in response to inputs from all of

the sensors 16a, 16b, 16c, i6d. Signals from the sensors 16a, 16b, 16c, i6d to the

controller 24 of the system 10 of the fifth preferred embodiment can include for example

time of flight information indicative of a time lapse in receipt of the communication

channel signal 22 and/or intensity or signal strength information indicative of a relative

strength or magnitude of the communication channel signal 22 at one or more of the

sensors 16a, 16b, 16c, i6d.

[0061] Calculation of the position of the mobile terminal 14 in three dimensions

can be done in near real time using all four sensors 16a, 16b, 16c, i6d. More than four

sensors 16a, 16b, 16c, i6d can be implemented in the system 10 of the fifth preferred

embodiment, and the controller 24 can also be configured to consider additional

information or constraints that enable it to calculate a position of the mobile terminal 14



with four or fewer sensors 16a, 16b, 16c, i6d. As noted above, if the finite location 12 is

relatively planar, then the controller 24 can be configured to calculate a true three

dimensional position of the mobile terminal 14 using only three sensors 16a, 16b, 16c, as

the altitude of the mobile terminal 14 is a known constant. Likewise, if the finite location

12 has certain other features or constraints, such as aisles, stairs, escalators, elevators,

and the like then the controller 24 can be configured to calculate a position of the mobile

terminal 14 in response to data from four or fewer sensors 16a, 16b, 16c, i6d.

[0062] In a first variation of the system 10 of the fifth preferred embodiment, the

sensor array 16a, 16b, 16c, i6d can be disposed in a predetermined geometrical

configuration within the finite location 12. The predetermined geometrical configuration

can be of any suitable geometry, including linear, planar (two-dimensional polygon) or a

three-dimensional polygon. Alternatively, the predetermined geometrical configuration

can include a polygon having substantially uniform sides, such as for example a square

configuration in a two-dimensional configuration or a tetrahedral pyramid in a three-

dimensional configuration. In another alternative of the first variation of the system 10

of the third preferred embodiment, the sides of the predetermined geometrical

configuration can be of substantially non-uniform length and/or variable or adjustable

in response to an activity level within the finite location 12.

[0063] In another alternative of the first variation of the system 10 of the fifth

preferred embodiment, the substantially uniform predetermined length can be inversely

proportional to a confidence level of the three-dimensional position of the mobile

terminal 14. That is, if the sensors 16a, 16b, 16c, i6d are relatively closely spaced, then

the confidence level with which the controller 24 computes the position of the mobile

terminal 14 can be increased. Conversely, if the sensors 16a, 16b, 16c, i6d are relatively



distally spaced, then the confidence level with which the controller 24 computes the

position of the mobile terminal 14 can be decreased. For example, at a predetermined

length measuring approximately eight meters, the controller 24 can compute the

position of the mobile terminal 14 to within one meter. As the predetermined length

decreases/increases from eight meters, the confidence level of the position of the mobile

terminal 14 can increase/decrease accordingly.

[0064] In a second variation of the system 10 of the fifth preferred embodiment,

the system 10 can include a fifth sensor (not shown) integrated with or including a

pseudo-station 18. In the second variation of the system 10 of the fifth preferred

embodiment, the pseudo-station 18 and the fifth sensor can function in a unified

manner to transmit a control channel signal 20 and to receive one or more

communication channel signals 22a, 22b, 22c, 22d. Additionally, the integrated pseudo-

station 18 and fifth sensor can be configured for forward transmission of

communication channel signals (not shown) to the one or more mobile terminals 14 in

its network. The pseudo-station 18 and fifth sensor of the second variation of the system

10 of the third preferred embodiment can be configured as any one of a microcell,

picocell or femtocell, depending upon the application requirements and the

configuration of the finite location 12.

[0065] FIGURE 7 is a flowchart depicting a method according to a sixth preferred

embodiment of the present invention. As shown therein, the method of the sixth

preferred embodiment can include block S110, which recites detecting a communication

channel signal from a mobile terminal within a finite location, the communication

channel signal being transmitted by the mobile terminal in response to a control

channel signal received by the mobile terminal. The method of the sixth preferred



embodiment can also include block S112, which recites calculating a position of the

mobile terminal in the finite location in response to the detection of the communication

channel signal.

[0066] In a first variation of the method of the sixth preferred embodiment,

detecting a communication channel signal can include detecting a communication

channel signal at one or more sensors disposed in the finite location. The one or more

sensors can be of the type described herein with respect to other preferred

embodiments, and as such can function to receive and/or detect the communication

channel signal from the mobile terminal. A sensor according to the method of the sixth

preferred embodiment can be configured as hardware, firmware or software that is

capable of receiving and/or detecting RF transmissions of one or more frequencies of

communication channel signals from the mobile terminal. Furthermore, the

communication channel signal can include a unique identification of the mobile

terminal. Example unique identifications of the mobile terminal 14 can include, but are

not limited to: an IP address based on a static and/or dynamic number, character or

combination such as a MAC address, an IMEI, an IMSI, a TMSI, a Bluetooth device

address, a separate identifier associated with an application, software, firmware or

operating system of a mobile device, or any other suitable code, number, or identifier

that is usable by a mobile terminal 14 in identifying itself to a communication network.

[0067] Alternatively, detecting a communication channel signal according to the

method of the sixth preferred embodiment can include detecting a communication

channel signal at four or more sensors disposed in the finite location. The four or more

sensors of the first variation of the method of the sixth preferred embodiment can be of

the type and functionality described above. The four or more sensors can be disposed or



arranged in an array having a particular or variable shape and/or size as described

herein in order to optimize the use of the sensors and the confidence level of the

position calculation.

[0068] In another variation of the method of the sixth preferred embodiment,

calculating a position of the mobile terminal can include calculating a three-dimensional

position of the mobile terminal in response to the detection of the communication

channel signal at four or more sensors. Calculating the position of the mobile terminal

can be accomplished for example by a controller of the type described herein.

Calculation of the position of the mobile terminal can be a function of inputs, data, or

signals from any one or more of the first, second, third and/or fourth sensors. Signals

from the sensors can include for example time of flight information indicative of a time

lapse in receipt of the communication channel signal and/or intensity or signal strength

information indicative of a relative strength or magnitude of the communication

channel signal at one or more of the sensors, all or any of which can be used in

calculating a position of the mobile terminal relative to the sensors.

[0069] More than four sensors can be implemented in the method of the sixth

preferred embodiment. Furthermore, in implementing its position calculation, the

method of the sixth preferred embodiment can account for additional information or

constraints that enable it to calculate a position of the mobile terminal with four or

fewer sensors. As noted above, if the finite location is relatively planar, then the method

of the second preferred embodiment could calculate a true three dimensional position of

the mobile terminal using only three sensors, as at least one dimension of the mobile

terminal's location is fixed by an external constraint (such as a floor or wall). Similarly,

if the finite location has certain other features or constraints, such as aisles, stairs,



escalators, elevators, and the like then the method of the second preferred embodiment

could calculate a position of the mobile terminal in response to data from four or fewer

sensors.

[0070] As shown in FIGURE 8, another variation of the method of the sixth

preferred embodiment can include block S114, which recites inducing from the mobile

terminal the communication channel signal by transmitting a control channel signal

from a pseudo-station disposed within the finite location. The pseudo-station of the

method of the sixth preferred embodiment functions as at least one portion of a base

station of the type used in mobile communications, i.e. mobile telephony networks such

as GSM or CDMA networks, WiFi networks, WiMax networks, LTE networks, Bluetooth

networks, and the like. Alternatively, the pseudo-station of the method of the sixth

preferred embodiment can function only to interrogate and initiate communications

with a mobile terminal on a control channel. As noted herein, the pseudo-station of the

method of the sixth preferred embodiment can be adapted to transmit a control channel

signal at a predetermined frequency for a predetermined duration, thereby inducing the

mobile terminal to identify itself via a communication channel signal.

[0071] The pseudo-station of the method of the sixth preferred embodiment can

be connected to a controller adapted to control a frequency band for transmission, a

duration of transmission, and an interval after which each selected frequency or

frequencies are retransmitted. As noted above, the pseudo-station can be a unitary

apparatus having a separate functionality, or it can be integrated into a sensor of the

type described herein and further configured for forward communication channel

transmissions to one or more mobile terminals in the finite location.



[0072] The flowcharts and block diagrams in the Figures illustrate the

architecture, functionality and operation of possible implementations of systems,

methods and computer program products according to various embodiments of the

present invention. In this regard, each block in the flowchart or block diagrams may

represent a module, segment, or portion of code, which comprises one or more

executable instructions for implementing the specified logical function(s). It should also

be noted that, in some alternative implementations, the functions noted in the block can

occur out of the order noted in the figures. For example, two blocks shown in succession

may, in fact, be executed substantially concurrently, or the blocks may sometimes be

executed in the reverse order, depending upon the functionality involved. It will also be

noted that each block of the block diagrams and/or flowchart illustration, and

combinations of blocks in the block diagrams and/or flowchart illustration, can be

implemented by special purpose hardware-based systems that perform the specified

functions or acts, or combinations of special purpose hardware and computer

instructions.

[0073] The terminology used herein is for the purpose of describing particular

embodiments only and is not intended to be limiting of the invention. As used herein,

the singular terms "a", "an" and "the" are intended to include the plural forms as well,

unless the context clearly indicates otherwise. It will be further understood that the

terms "comprises" and/or "comprising," when used in this specification, specify the

presence of the stated features, integers, steps, operations, elements, and/or

components, but do not preclude the presence or addition of one or more other features,

integers, steps, operations, elements, components, and/or groups thereof.



[0074] The corresponding structures, materials, acts, and equivalents of all means

or step plus function elements in the claims below are intended to include any structure,

material, or act for performing the function in combination with other claimed elements

and specifically claimed. The description of the present invention has been presented for

purposes of illustration and description, but is not intended to be exhaustive or limited

to the invention in the form disclosed. Many modifications and variations will be

apparent to those of ordinary skill in the art without departing from the scope and spirit

of the invention. The preferred embodiments were chosen and described in order to best

explain the principles of the invention and the practical applications, and to enable

others of ordinary skill in the art to understand the invention for various embodiments

with various modifications as are suited to the particular use contemplated.



What is claimed is:

1. A system comprising:

a pseudo-station disposable in a finite location, the pseudo-station adapted to

transmit a control channel signal at a predetermined frequency for a predetermined

duration;

a sensor disposable in the finite location, the sensor adapted to detect a

communication channel signal transmitted by a mobile terminal in the finite location,

wherein the communication channel signal comprises a unique identification of the

mobile terminal.

2 . The system of claim l , wherein the predetermined frequency comprises a

frequency range correlated to a selected type of mobile terminal.

3. The system of claim 2 , wherein the pseudo-station is further adapted to transmit

the control channel signal on one or more channels within the frequency range.

4. The system of claim 2 , wherein the frequency range comprises a portion of

electromagnetic spectrum allocated for wireless communication by one or more selected

types of mobile terminals.

5. The system of claim 1, wherein the predetermined duration ranges between 1

microsecond and 10 seconds.

6. The system of claim 5, wherein the predetermined duration is inversely

proportional to an activity level within the finite location.

7. The system of claim 1, further comprising a second sensor, a third sensor, and a

fourth sensor disposable in the finite location and adapted to detect the communication

channel signal transmitted by the mobile terminal in the finite location.



8. The system of claim 7, further comprising a controller connected to the pseudo-

station and the first, second, third and fourth sensors.

9. The system of claim 8, wherein the controller is adapted to calculate a position of

the mobile terminal within the first location in response to receipt of the communication

channel signal at the first, second, third and fourth sensors.

10. The system of claim 9, wherein the position of the mobile terminal is calculated

in three dimensions.

11. The system of claim 1, wherein the pseudo-station and the sensor comprise an

integrated cellular base station.

12. The system of claim 11, wherein the integrated cellular base station comprises a

femtocell.

13. A method comprising:

transmitting, from a pseudo-station disposable in a finite location, a control

channel signal at a predetermined frequency for a predetermined duration;

detecting, at a sensor disposable in the finite location, a communication channel

signal transmitted by a mobile terminal in the finite location, wherein the

communication channel signal comprises a unique identification of the mobile terminal.

14. The method of claim 13, wherein the predetermined frequency comprises a

frequency range correlated to a selected type of mobile terminal.

15. The method of claim 14, wherein the pseudo-station is further adapted to

transmit the control channel signal on one or more channels within the frequency range.

16. The method of claim 14, wherein the frequency range comprises a portion of

electromagnetic spectrum allocated for wireless communication by one or more selected

types of mobile terminals.



17. The method of claim 13, wherein the predetermined duration ranges between 1

microsecond and 10 seconds.

18. The method of claim 17, wherein the predetermined duration is inversely

proportional to an activity level within the finite location.

19. The method of claim 13, further comprising detecting, at a second sensor, a third

sensor and a fourth sensor disposable in the finite location, the communication channel

signal transmitted by the mobile terminal in the finite location.

20. The method of claim 19, further comprising calculating a position of the mobile

terminal within the first location in response to receipt of the communication channel

signal at the first, second, third and fourth sensors.

21. The method of claim 20, wherein the position of the mobile terminal is calculated

in three dimensions.

22. A system comprising:

a sensor array disposable in a finite location and comprising first, second, third

and fourth sensors, each of the first second, third and fourth sensors adapted to receive

a communication channel signal from a mobile terminal located in the finite location;

a controller connected to the sensor array and adapted to calculate a three-

dimensional position of the mobile terminal within the finite location in response to

receipt of the communication channel signal from the mobile terminal at each of the

first, second, third and fourth sensors; and

a pseudo-station disposable in the finite location and connected to the controller

and adapted to induce a communication channel signal from the mobile terminal by

transmitting a control channel signal in the finite location.



23. The system of claim 22, wherein the sensor array comprises a predetermined

geometrical configuration within the finite location.

24. The system of claim 23, wherein the geometrical configuration comprises a

polygon, the sides of which are of a substantially uniform predetermined length.

25. The system of claim 24, wherein the substantially uniform predetermined length

is inversely proportional to a confidence level of the three-dimensional position of the

mobile terminal.

26. The system of claim 22, further comprising a fifth sensor integrated with the

pseudo-station.

27. The system of claim 22, wherein the pseudo-station is adapted to transmit the

control channel signal on a predetermined frequency.

28. The system of claim 27, wherein the predetermined frequency comprises one or

more frequency bands correlated with one or more types of mobile terminals.

29. The system of claim 28, wherein the pseudo-station is further adapted to r e

transmit the control channel signal on the frequency band after a predetermined

interval.

30. The system of claim 22, wherein the pseudo-station is adapted to transmit the

control channel signal for a predetermined duration.

31. The system of claim 30, wherein the predetermined duration ranges between 1

microsecond and 10 seconds.

32. A system comprising:

a pseudo-station disposable in a finite location and adapted to transmit a control

channel signal; and



a controller connected to the pseudo-station and adapted to control the pseudo

station to transmit the control channel signal at a predetermined frequency and for a

predetermined duration, the controller further adapted to calculate a position of a

mobile terminal within the finite location in response to a detected communication

channel signal from the mobile terminal, the communication channel signal induced in

response to the control channel signal.

33. The system of claim 32, wherein the pseudo-station is adapted to transmit the

control channel signal on a predetermined frequency.

34. The system of claim 33, wherein the predetermined frequency comprises one or

more frequency bands correlated with one or more types of mobile terminals.

35. The system of claim 34, wherein the pseudo-station is further adapted to r e

transmit the control channel signal on the frequency band after a predetermined

interval.

36. The system of claim 32, wherein the pseudo-station is adapted to transmit the

control channel signal for a predetermined duration.

37. The system of claim 36, wherein the predetermined duration ranges between 1

microsecond and 10 seconds.

38. A system comprising:

a sensor array disposable in a finite location and comprising first, second, third

and fourth sensors, each of the first second, third and fourth sensors adapted to receive

a communication channel signal from a mobile terminal located in the finite location;

and

a controller connected to the sensor array and adapted to calculate a three-

dimensional position of the mobile terminal within the finite location in response to



receipt of the communication channel signal from the mobile terminal at each of the

first, second, third and fourth sensors, the communication channel signal transmitted in

response to a control channel signal.

39. The system of claim 38, wherein the sensor array comprises a predetermined

geometrical configuration within the finite location.

40. The system of claim 39, wherein the geometrical configuration comprises a

polygon, the sides of which are of a substantially uniform predetermined length.

41. The system of claim 40, wherein the substantially uniform predetermined length

is inversely proportional confidence level of the three-dimensional position of the

mobile terminal.

42. The system of claim 42, further comprising a fifth sensor in the sensor array, the

fifth sensor comprising a pseudo-station adapted to transmit the control channel signal.

43. A method comprising:

detecting a communication channel signal from a mobile terminal within a finite

location, the communication channel signal being transmitted by the mobile terminal in

response to a control channel signal received by the mobile terminal; and

calculating a position of the mobile terminal in the finite location in response to

the detection of the communication channel signal.

44. The method of claim 43, wherein detecting a communication channel signal

comprises detecting a communication channel signal at one or more sensors disposed in

the finite location.

45. The method of claim 43, wherein detecting a communication channel signal

comprises detecting a communication channel signal at four or more sensors disposed

in the finite location.



46. The method of claim 45, wherein calculating a position of the mobile terminal

comprises calculating a three-dimensional position of the mobile terminal in response

to the detection of the communication channel signal at four or more sensors.

47. The method of claim 43, further comprising inducing from the mobile terminal

the communication channel signal by transmitting a control channel signal from a

pseudo-station disposed within the finite location.
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