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[0001] WIRELESS RESOURCE MONITORING SYSTEM AND METHOD

[0002] INVENTOR: JAMES W. McCOY

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0003] The invention relates .generally to the field of wireless communications. More

specifically, the invention relates to a wireless resource monitoring system and method. The

invention utilizes a network of deployed radio elements such as master radios, beacons and tags to

monitor the location of resources.

2. Description of the Related Art

[0004] Presently available wireless systems for monitoring resources, such as Radio Frequency

Identification (RFID) systems, are too expensive or too complicated for many ordinary applications.

Also,, these RFID systems do not measure and report the location of resources throughout a facility.

In many applications such as, for example, residential, commercial, and industrial building

automation, simple and inexpensive systems are desired.

[0005] Many presently available RFID systems use proprietary and complex single purpose

hardware and software. Also, RFID systems typically use proprietary protocols and special purpose

RF transponders, also known as tags. A typical RFID system includes a location processor

connected to a plurality of location transceivers. The location processor may be a computer, such

as, for example, a Windows-based PC or a Linux Server. The location processor may be connected

to the location transceivers via, for example, a LAN connection or other wired connection. The

location transceivers are configured to take measurements and provide the measurements (i.e., data)

to the location processor. The location processor typically includes software applications for

processing the data. The location processor may be connected to a database to store the computed

location information. The location processor may be connected to a LAN connection such that users

may query the database and display information via web browser applications software.

[0006] Recent RFID systems have attempted to use existing data communications infrastructure

and protocols such as, for example, IEEE 802.1 1 WLAN standards. The WLAN standards do not

address the problems associated with proprietary RFID systems, other than to provide their own



complex multφ ύrp'ose p'fotodols. The WLAN standards leave in place all of the typical system

elements and the cost associated with their purchase, installation, and ongoing operation. The cost

of wired connections to the location transceivers, in this case "access points," often becomes the

dominant economic factor and the complexity of the protocol drives the cost of the tags. Also, since

WLAN standards provide a finite maximum communications capacity, the increase in load on this

limited communications capacity of the WLAN, as required by typical RFID location systems,

increases the complexity of the compromises associated with using the WLAN as the basis for the

RFID system.. Examples of these compromises include trading consistency and rate of location

updates versus the perceived voice quality of a voice-over-IP session, or trading access points

optimized for WLAN coverage versus access points optimized for measuring location.

Consequently, attempts to develop an economically viable system for resource monitoring have

proven to be difficult.

[0007] Accordingly, a need exists for an economically viable and less complex wireless system

and method for resource monitoring. A need exists for a system and method that consumes less

power and does not require proprietary hardware, software, or dedicated wiring to the location

transceivers. A need exists for a system and method that is suitable for use in a wide range of

applications, such as for example, in-building resource tracking and recovery.

BRIEF SUMMARY OF THE INVENTION

[0008] A wireless resource monitoring system and method utilizes a network of deployed radio

elements including at least one master radio, a plurality of beacons, and at least one tag. The

beacons are placed at known positions. The master radio, the beacons and the tag are in wireless

communication with each other. The tag is attached to, or otherwise associated with, the resource

that is being monitored.

[0009] A beacon signal is transmitted by the beacons, which includes the identity of the

transmitting beacons. The tag receives the beacon signals and measures the signal strength of the

beacon signals. The tag men transmits a tag signal, which includes the identity of the transmitting

tag, the measured signal strengths of the beacon signals and the identity of the corresponding

beacons. The master radio receives the tag signal and forwards the information in the signal to a

processor. The beacon-to-tag distances are determined from the measured signal strength values.

The locations of the beacons are determined from the beacons' identity. The location of the tag is

then determined from the beacon-to-tag distances and the location of the corresponding beacons.



{OOlOj ' tϊe ieaB'dn" signi ftaving the highest beacon signal strength value and the corresponding

beacon are identified. The highest beacon signal strength value is compared to a predetermined first

threshold value. If the highest beacon signal strength value is greater than the predetermined first

threshold value, the location of the tag is indicated in relation to the beacon corresponding to the

highest beacon signal strength value. Next, the region which includes the beacon corresponding to

the highest beacon signal strength value is identified, and the location of the tag is indicated b y the

region in which the beacon corresponding to the highest beacon signal strength value is located.

[0011] If there are a minimum number of measured beacon signal strength values from a

contiguous group of beacons having values greater than a second threshold value, the tag's location

is calculated using the minimum number of measured beacon signal strength values from the

contiguous group of beacons having values greater than the second threshold value. If the measured

beacon signal strength values are not from a contiguous group of beacons, the tag's location and an

uncertainty value associated with the tag's location are calculated and are displayed. If tihere is not a

minimum number of beacon signal strength values greater than a second threshold value, the tag's

location is calculated using the beacon signal strength values adjusted by a weighting factor and an

uncertainty value associated with the tag's calculated location is calculated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] A better understanding of the present invention can be obtained when the following

detailed descriptions of various disclosed embodiments are considered in conjunction with the

following drawings, in which:

[0013] Figure 1 illustrates one embodiment of a wireless resource monitoring system.

[0014] Figure 2 illustrates another embodiment of a wireless resource monitoring system.

[0015] Figure 3 illustrates yet another embodiment of a wireless resource monitoring system.

[0016] Figures 4A and 4B illustrate deployment of beacons inside a building.

[0017] Figure 5 is a block diagram of one embodiment of a location processor.

DETAILED DESCRIPTION OF THE INVENTIONS

[0018] A wireless resource monitoring system and method provides a solution to the problems

associated with existing RFID systems. In one embodiment, the wireless resource monitoring



st ' M ' fi tleq!Eis y :;!( F) resource monitoring system and method. The wireless resource

monitoring system and method may be used in many applications such as, for example, resource

tracking, asset inventory, resource recovery, and personnel, staff, visitor, and resource management,

and can be deployed in a building, a warehouse, or in any other desired location.

[0019] In one embodiment, the wireless resource monitoring system and method overcomes the

disadvantages associated with using proprietary hardware, software, and protocols by building upon

the public communications standard known as the IEEE 802.15.4 standard. The IEEE 802.15.14

standard provides a basis for multi-industry use of common hardware (e.g., silicon chip sets for

radios) as well as lower levels of common software and protocols (e!g., physical and media access

layers). Utilizing the IEEE 802.15.4 standard instead of the popular IEEE 802.1 1 standard removes

the conflicting requirements of compromising for system performance versus optimizing for WLAN

performance.

[0020] It is well understood that the location of an object can be determined by taking

measurements in relation to the object and three reference points (i.e., known locations). The

measurements may be the distances between the object and the three reference points, the angles

between the object and the three reference points, or the strengths of incoming signals from the three

reference points as measured at the object. Thus, by taking three measurements in relation to the

object and three reference points, the location of the object can be calculated. If measurements can

be taken between the object and three reference points, the object is said to have visibility to the

three reference points.

[0021] However, using only three measurements to calculate a location of an object generally

results in poor accuracy due to inaccuracy in the measurements and reference points that are not

equally spaced around the object. Consequently, the calculated location diverges from the true

location. Only when the object to be located is at the center of an equilateral triangle formed by

three reference points, do the divergences of the calculated location not arise. Also, using only three

measurements to calculate a location may sometimes result in an unbounded inaccuracy. For

example, if the object to be located is on the same line as the three reference points and the

measurements are angles from the reference point to the object, then the measurements are

redundant and the object may be at any distance from the reference points.



[0022] ' greneM;Wthe tLtimber of visible reference points (and measurements) increases, the

sensitivity to spatial geometry decreases, thus increasing the location accuracy. In one embodiment,

the wireless resource monitoring system and method utilizes an increased number of measurements

(greater than three) to monitor, track and recover deployed resources with increased accuracy.

[0023] Figure 1 illustrates a wireless resource monitoring system 100 in accordance with one

embodiment of the invention. The system 100 includes a location processor 104 linked to a master

radio 108 via, for example, a local area network (LAN) 124. The master radio includes a master

radio antenna 112. The master radio 108 is in wireless communication with a plurality of beacons

116 and a plurality of tags 120. The master radio 108, the beacons 116 and the tags 120 are also

referred to generally as radio elements or radio nodes.

[0024] In Figure 1, the measuring devices are embodied as the tags .120 and the reference points

are embodied as the beacons 116. The tag 120 is a radio transceiver that can be attached to, or

otherwise be associated with, a resource that is at an unknown location. The tag 120 can be attached

to, or otherwise be associated with, a resource for the purpose of determining the location and

identity of the resource. The resource may be a movable object, a person or any item. The beacon

116 is a radio transceiver, which broadcasts its location from a known position (i.e., known

location). The beacon 116 is typically affixed at, or attached to, a known position and is generally

used for helping measuring devices such as the tags 120 determine their location. The tags 120 take

various measurements in relation to the beacons 116. One or more algorithms are applied to the

measurements to determine the location of the tags 120. In other embodiments of the invention, the

beacons 116 can function as the measuring devices and measure the strength of the signals

transmitted by the tags 120.

[0025] The location processor 104 may be a computer that receives measurement data from the

master radio 108. In one embodiment, the location processor 104 has access to a database of the

beacon 116 locations (not shown in Figure 1) and may execute a software algorithm to calculate the

tag 120 locations using the measurements provided by the tags 120 via the master radio 108.

[0026] The system 100 also includes one or more user interfaces 128, which are connected to the

location processor 104 through the LAN 124. In other embodiments, the user interface 128 can be

directly connected to the location processor 104. The user interface 128 may be a computing device,

such as, for example, a personal computer. In another embodiment, the location processor 104 may



be l ii e o lneuser mferface 128 through the LAN 124 and the Internet (not shown in Figure 1).

The user interface 128 allows end-users and application processors to gain access to the location

processor 104. In another embodiment, the location processor 104 and the user interface 128 can be

incorporated into a same device.

[0027] The master radio 108, the beacons 116 and the tags 120 are also commonly referred to as

radio elements or radio nodes. The radio elements each include a transceiver. The transceiver

typically includes one or more antennas, amplifiers, power sources, packaging, and mounting and

attachment mechanisms. The components of the transceiver can be tailored to the functional role of

the particular radio element.

[0028] In operation, the location processor 104 initiates an update of the tags' 120 locations by

sending an instruction to the master radio 108. The instruction may include sequence and timing of

transmissions by the master radio 108, the beacons 116 and the tags 120. The master radio 108

transmits the instruction to the beacons 116 and the tags 120.

[0029] In one embodiment, the identifications of the beacons 116 and their respective location

information are stored in the location processor 104. Consider for example, a coverage area that has

six beacons (beacons 1-6) installed. The example data related to the six beacons provided below

may be stored in the location processor 104. The format of the data provided below is merely

exemplary and illustrative only.

[0030] {Beacon 1, "Room 703", x=10 ft, y=10 ft}

[0031] {Beacon 2, "Room 704", x=l 0 ft, y=40 ft}

[0032] {Beacon 3, "Room 705", x=10 ft, y=70 ft}

[0033] {Beacon 4, "Room 706", x=40 ft, y=l 0 ft}

[0034] {Beacon 5, "Room 707", x=40 ft, y=40 ft}

[0035] {Beacon 6, "Room 708", x=40 ft, y=70 ft}

[0036] In one embodiment, the beacons 116 transmit a beacon signal that includes their

identification information (i.e., Beaconl, Beacon 2, etc.). The beacon signals from the beacons have



substantially equal signal strength, i.e., the beacon signals are transmitted by the beacons at

substantially the same signal strength.

[0037] The tags 120 measure the signal strength of the beacon signals. Since each tag 120 is

located at a different distance with respect to the beacons 116, the measured strength of the beacon

signals at each tag 120 will vary.

[0038] The tags 120 store the measured signal strength of the beacon signals and the

identification of the beacons 116 from which the tags 120 received the beacon signal. For example,

a tag may store the following data:

[0039] {-57dBm, Beacon 1}

[0040] {-55 dBm, Beacon 2}

[0041] {-47 dBm, Beacon 3}

[0042] {-62 dBm, Beacon 4}

[0043] {-59 dBm, Beacon 5}

[0044] {-68 dBm, Beacon 6}

[0045] The format of the data provided above is merely exemplary and illustrative. The tag 120

transmits a tag signal that includes the stored data and a tag 120 identification information. The

master radio 108 receives the tag signal and forwards the information in the tag signal to the location

processor 104. The location processor 104 thus is provided with the following information: the

location of the beacons 116, the signal strength of the beacon signals measured at the tag 120, the

identity of the transmitting beacons 116 and the identity of the tag 120. The location processor 104

executes an algorithm to calculate the location of the tag 120 using the information provided by the

tag 120.

[0046] The location processor 104 updates the location information of the tags 120 by storing

the updated location information in a memory (e.g., RAM, hard drive or any other storage device).

Upon request from a user interface 128, the location processor 104 can provide tag identification and

location information to the user interface 128. The location processor 104 can provide location

information for a specific tag 120, a group of tags 120, or all tags 120 to the user interface 128. The



user Mer ace lS8"may retrieve the location information at any time independent of the location

update initiated by the location processor 104.

[0047] Figure 2 illustrates a wireless resource monitoring system 200 according to another

embodiment. The system 200 includes a location processor 104 connected to a plurality of master

radios 108 via a LAN 124. Each master radio 108 includes a master radio antenna 112. The master

radios 108 are in wireless communication with a plurality of beacons 116 and tags 120.

[0048] The system 200 further includes a communications link 224 between the master radios

108 and the LAN 124. The communications link 224 can be a two-way data communications link

such as a fiber, free space optical, wireless point-to-point radio, or wireless point-to-multi-point

radio link. The communications link 224 provides the necessary information flow between the

master radios 108 and devices connected to the LAN 124.

[0049] An applications server 232 is linked to the location processor 104 through the LAN 124.

The applications server 232 allows a plurality of user interfaces 128, a data archive 236, and other

enterprise application processors (not shown in Figure 2) to gain access to the information in the

location processor 104. The data archive 236 provides file backup and restoration for the location

processor 104. The user interfaces 128 can also gain access to the location processor 104 via the

Internet 248 and the LAN 124.

[0050] Figure 3 illustrates a wireless resource monitoring system 300 according to another

embodiment. The system 300 is similar to the one illustrated in Figure 2 except that each master

radio 108 includes a distributed antenna system 304. The distributed antenna system 304 provides

more uniform signal coverage from and between the master radio 108, the beacons 116, and the tags

120. In some areas such as, for example, a building, a distributed antenna system 304 may be

required to ensure that the master radio 108 provides coverage for the tags 120 deployed in rooms

separated by walls that obstruct signal propagation from a single master radio antenna. Those

skilled in the art will recognize that the multiplicity of radiating elements in a distributed antenna

system allows the signal coverage to be established closer to the beacons 116 and tags 120 and thus

suffer less attenuation, reflections, or blockage.

[0051] The distributed antenna systems 304 may be dedicated to the wireless resource

monitoring system 300 because the floor plan and construction of the rooms in a building obstructs

signal propagation from a single master radio antenna 108 as in Figure 2. Also the distributed



tema " ' '4' system may Be used because it is shared with other RF services such as, for example, a

wireless LAN (WLAN), a cellular/PCS service, paging network, or a two-way radio system. The

present invention allows a wide range of embodiments ranging from single or multiple master radios

each using a master radio antenna, to multiple master radios some using master radio antennas and

others using distributed antenna systems, to single or multiple master radios each using a distributed

antenna system.

[0052] In one embodiment of the invention, the master radio 108 the beacons 116 and the tags

120 communicate with each other using the IEEE 802.15.4 standard. In another embodiment the

master radio 108 the beacons 116 and the tags 120 communicate using the ZigBee standard (also

known as the Zigbee protocol), which runs on top of the IEEE 802.15.4 standard. The IEEE

802.15.4 standard allows the implementation of a low-cost, single chip radio transceiver for the

beacons 116 and the tags 120. The ZigBee protocol allows the implementation of a low-cost

wireless mesh network. In other embodiments, other suitable wireless communication standards or

protocols including high level communication standards or protocols can be utilized for

communication among the master radio 108 the beacons 116 and the tags 120. The terms standard

and protocol are used interchangeably.

[0053] In one embodiment of the invention, the master radio 108 includes a master radio

antenna 112 (or a distributed antenna systems 304) with sufficient coverage area such that the

beacons 116 and the tags 120 have at least one direct communications path to the master radio 108.

An assurance of a direct communications path to the master radio 108 allows the beacons 116 and

the tags 120 to be configured to spend a significant percentage of time in a very low power

consumption or "sleep" mode enhancing the practicality of battery powered beacons 116 and tags

120. Otherwise, the beacons 116 and possibly the tags 120 would remain in an "active" receive and

transmit mode in order to relay indirect communications of other beacons 116 and tags 120 to the

master radio 108 and vice versa. For example, one embodiment of a wireless resource monitoring

system with assured direct communications paths to all beacons 116 and tags 120 could spend less

than one percent (1%) of its time in an "active" receive and transmit mode consuming

approximately five milliwatts ( 5 mW) of power with the remaining ninety-nine percent (99%) in a

very low power consumption, less than 5 microwatts (5 µW), "sleep" mode. This one-thousand to

one (1000:1) reduction in power consumption allows a practical multi-year battery lifetimes.



"fractical ' a ery pc re bl ons 116 and tags 120 improve system cost effectiveness because

installation of wiring to power each beacon 116 could otherwise dominate the total system cost.

[0054] While different embodiments are shown in Figures 1, 2 and 3, the exact configuration of

the system deployed will vary depending on the complexity and scale of the deployment and the

characteristics of the location of the deployment.

[0055] In one embodiment, at least one master radio 108 is deployed per logical physical space.

A logical physical space may be, for example, a floor of a high-rise office, a wing of a hospital, or a

warehouse of a small manufacturing plant. Multiple or redundant master radios 108 per logical

physical space may be deployed depending on the criticality of the applications. For example, in a

hospital, redundant master radios 108 may be deployed per logical physical space to provide backup

in the event of a failure. Also, multiple master radios 108 may be deployed to scale the system to

cover the entirety of a building (e.g., high-rise, hospital, plant) or the entirety of a campus.

[0056] A single location processor 104 is generally required per deployment and may serve

many master radios 108 beacons 116 and tags 120. However, multiple or redundant location

processors 104 may be deployed depending on the criticality of the applications or other design

criteria.

[0057] In one embodiment of the invention, redundant master radios 108 are deployed per

coverage area. For example, in one coverage area a first master radio 108 may function as a full

transceiver having transmit and receive functions and a second master radio 108 may function as a

receive-only device. If a failure of the first master radio 108 is detected, the redundant master radio

becomes a full transceiver.

[0058] When two master radios 108 are deployed, each in a different location in a room,

partially or largely redundant, but not completely redundant, coverage is achieved. Consequently, if

one master radio 108 is unable to communicate with a tag 120 in the room (because the tag 120 may

be obstructed by a person or an object), the second master radio 108 may be able to communicate

with the tag, thereby increasing the probability or likelihood of coverage. For complete redundancy

of coverage the two master radios 108 must be placed in the same approximate location to provide

same antenna coverage. Thus, the application of redundant master radio 108 provides failure

backup and increased probability of coverage.



[00'5 f ""'!' l! ±M depl y ϊf δ"f redundant master radios 108 necessitates that the location processor

104 accept partially or largely redundant data. As will be described later, a correlation engine or

data filter 508 can be used to rationalize the raw data into a single unified data set to present to a

location algorithm module.

[0060] The functionality of the application server 232 can be incorporated into the location

processor 104. A separate application server 232 can be utilized when there is a large number of

user interfaces 128 or there is a large number of external applications processor interfaces (not

shown in the Figures). The external applications processor interfaces generally access data from the

wireless resource monitoring system 100, 200, 300. If only a small number of external processors

and a small number of user interfaces 128 need to access the location processor 104 they can

directly access the location processor 104. However, if a large number of external processors and

user interfaces 128 need to access the location processor 104 an application server 232 can be used

so that the location processor 104's performance is not compromised. A plurality of applications

servers 232 can be deployed if redundancy is required because of the particular application.

[0061] In many instances the physical demarcation of a building is also the logical constraint on

a tag 120's calculated location. In one embodiment, the calculated location of a tag 120 is

constrained to that which is plausible as indicated by data from other sources (e.g., physical

demarcation, prior measurements, etc.). For example, if the result of a calculation indicates that a

tag 120 is outside the building when the tag 120 should logically be inside the building then that

result is discarded as being invalid and an alternate result that is plausible is accepted.

[0062] Figures 4A and 4B illustrate deployment of the beacons 116 inside a building. Figures

4A and 4B are isometric and plan views, respectively, of a floor showing the deployment of the

beacons 116. The floor is divided into several rooms and a hallway, which are the physical

demarcations of the floor. In one embodiment, a beacon 116 is deployed in each room. In many

instances, a tag 120 may be located in a particular room. The tag 120's location is first determined

using the methods described before (i.e., by measuring the strength of the beacon signals). The tag

120's location can be determined in X and Y coordinates and the results can be forced to be within

the room in which the beacon 116 corresponding to the strongest beacon signal is located.

Consequently, a tag 120's location can be indicated by the room in which the beacon 116

corresponding to the strongest beacon signal is located.



[60'631I 1some l e s a tag 120 may be located in a hallway or a large room. In those

instances, it may be insufficient to simply indicate the location of the tag 120 by identifying the

hallway or the large room. It may be desirable to indicate the location of the tag more precisely by,

for example, indicating that the tag 120 is located at the east end, the west end, or at the center of the

hallway. In order to identify the tag 120's location more precisely in a hallway, multiple beacons

may be deployed in a hallway in a nominal linear spacing or grid fashion as shown in Figures 4A

and 4B. Since the beacons 116 locations are known (e.g., east end or center of a hallway), the tag

120' s location can be determined in X and Y coordinates and the results can be forced to be within

the coverage area of the nearest beacon 116 or in some other manner in relation to the nearest

beacon 116. Thus the multiple beacons 116 provide a constraint on location accuracy. The adjacent

beacons 116 (i.e., beacons 116 in adjacent rooms) are also available for inclusion in the

measurements and calculation of the location.

[0064] In one embodiment, the antenna for the beacon 116 is chosen to produce a lower

hemispherical pattern. Those skilled in the art will recognize that examples of such antenna choices

would include, but not be limited to, vertically oriented mono-poles, horizontally oriented patches,

or similar point-source radiators. Those skilled in the art will further recognize that multipath signal

fading introduces variability to both the signal strength and the polarization of the RF signal. The

affects due to the variability in the signal strength and variability in the polarization are addressed by

e selection of an antenna having polarization diversity or circular polarization. Multipath signal

strength fading is also addressed by the selection of an antenna having spatial diversity.

[0065] In one embodiment, the tags 120 are affixed to (or otherwise positioned on) an upward

facing surface of an object (e.g., an asset) to which they are attached. As a result, a nominally clear

line-of-sight RF propagation path is ensured from the tag 120 to the nearest beacon 116. The

antenna type for the tag 120 is chosen to produce an upper hemispherical pattern to allow the tag

120 to communicate with the beacon 116 that is affixed in (or otherwise located in) the ceiling, wall

or other desired locations. If it is not possible to attach the tag 120 on an upward facing surface so

that an upper hemispherical pattern cannot be achieved, an antenna that generates a spherical pattern

is chosen. Those skilled in the art will recognize that examples of such antenna choices would

include, but not be limited to, vertically oriented mono-poles (spherical pattern), horizontally

oriented patches (upper hemispherical pattern), or any similar point-source radiator (spherical

pattern). As discussed before, multipath fading introduces variability to both the signal strength and



'the polarization of the "KF sϊ gn'al. These affects are addressed by selection of an antenna that

provides polarization diversity.

[0066] In one embodiment, the radio elements (Le., master radio, beacons, and tags)

communicate with each other using the IEEE 802.15.4 standard. The master radio 108, beacons

116, and tags 120 may also communicate using other wireless communication protocols or a custom

protocol layer, which provide the sequence and content of transmission from the radio elements.

The radio elements can also communicate using a standardized high level wireless communication

protocol, such as the ZigBee standard protocol layer, or a combination of ZigBee standard protocol

layer and other protocols, which runs on top of the IEEE 802.15.4 standard. The IEEE 802.15.14

standard and the ZigBee standard are well known to those skilled in the art.

[0067] The master radio 108, upon a command from the location processor 104, transmits a

message to the beacons 116 and the tags 120 within the master radio 108's coverage area to initiate

an update of the measurements for location processing. Since the master radio 108 is in wireless

communication with the beacons 116 and the tags 120, the transmissions among the master radio

108, the beacons 116 and the tags 120 are RF transmission or other type of wireless transmission.

The transmissions between the master radio 108 and the location processor 104 is a data

transmission via wireline, fiber optic or other communication link, including wireless links.

[0068] hi one embodiment, the master radio 108 remains active at all times (e.g., does not utilize

low-power sleep modes), such that the master radio 108 can facilitate both regularly scheduled and

asynchronous communications. Regularly scheduled communications occur when the tags 120 and

the beacons 116 transmit in accordance with a schedule provided by the adopted communications

protocol. Asynchronous communications occur if, for example, a tag 120 is tampered with or the

master radio 108 orders the tags 120 to transmit. Also asynchronous communications may occur

when the master radio 108 communicates with other wireless devices such as, for example, a battery

operated wireless thermostat, a wireless remote controller for the lights and appliances and other

devices running the same protocol.

[0069] n one embodiment, the wireless resource monitoring system includes a master radio

antenna 112 and/or a distributed antenna system 304 with sufficient coverage area such that the

beacons 116 and the tags 120 have at least one direct communications path to the master radio 108.



The master "factiό antenna pattern can be optimized to ensure coverage for the beacons 116 and the

tags 120 in a given coverage area.

[0070] In one embodiment, the location processor 104 can be embodied in a commercially

available computer suitable for high reliability applications. The applications server 232 and the

data archive 236 may also be embodied in a commercially available computer. As previously noted,

when the application server 232 and data archive 236 are absent, their functions may be combined

with the functions of the location processor 104. When the location processor 104, the application

server 232, and the data archive 236 are all present in the system, each can be optimized for its

respective primary function, i.e., the location processor 104 can be optimized for CPU processing

performance, the application server 232 can be optimized for multi session input-output bandwidth,

and the data archive 236 can be optimized for storage.

[0071] Figure 5 is a block diagram of a location processor 104 in accordance with one

embodiment of the invention. The location processor 104 includes a system scheduler 504, which

provides the timing and sequence of activities (e.g., transmission) of the beacons 116, the tags 120

and the master radio 108. The system scheduler 504 may be implemented as software or hardware.

[0072] In one embodiment, the system scheduler 504 initiates a location update by instructing

the master radio 108 to broadcast a message containing the sequence in which the beacons 116 are

to execute transmissions to the tags 120, and the sequence in which specific tags 120 are to respond

with their measurements. If there is a multiplicity of master radios 108, the system scheduler 504

instructs the assigned master radios 108 their transmission sequence.

[0073] The location processor 104 can include a correlation engine 508. The correlation engine

508 may be a data filter (or equivalent thereof), which receives multiple sets of data, discards any

duplicate or redundant records, and generates a single unified set of data. When a multiplicity of

master radios 108 are deployed, multiple sets of partially redundant data may be provided by the

master radios 108 to the location processor 104. The correlation engine 508 processes the data, and

provides a single set of data to an internal database 512 and a location algorithm module 516. The

location algorithm module 516 executes one or more algorithms to calculate the current location of

the tags 120 using the data. The internal database 512 is used to store the measurements provided

by the tags 120 and the beacons 116, and also to store the current calculated locations.



[0074]' 1 the%catf δ p δMsor 104 can also include a radio interface 520, which may be

implemented as hardware or software. The radio interface 520 formats raw data received from the

master radio 108 and also formats messages from the system scheduler 504 intended for the master

radio 108.

[0075] In one embodiment, the location processor 104 can include one or more APIs. As shown

in Figure 5, a XML API 524 allows end-users to. interact with the location processor 104 to retrieve

location of assets. A Web API 528 allows the data archive to access the location processor 104 for

data backup. Other APIs not shown in Figure 5 can be added as required by the specific application.

For example, a HL7 API (not shown in Figure 5) can be included that allows third party healthcare

application to interact with the location processor 104. A CLI API (not shown in Figure 5)) can be

included as an Administrator's command line interface used for provisioning and configuration of

the location processor 104 via an admin interface 532.

[0076] As discussed before, the location algorithm module 516 calculates the location of the tags

120. Data provided by a single tag 120 is ranked based on the strength of the beacon signals. The

highest (i.e., strongest) beacon signal and the corresponding beacon 116 are identified. The highest

(i.e., strongest) beacon signal is then compared to a predetermined threshold value k l . If the highest

beacon signal exceeds the threshold value kl, the tag location is determined to be the area (e.g.,

room) in which the corresponding beacon 116 (i.e., the beacon 116 that transmitted the beacon

signal having the highest signal strength) is located.

[0077] Consider, for example, that the data provided by a particular tag 120 includes

measurements of beacon signal strength from beacons 1, 2, 3, 4, 5, and 6 with respective values of -

66 dBm, -61 dBm, -47 dBm, -67 dBm, -63 dBm, and -59 dBm. Also, assume k l = -50 dBm. The

k l value can be determined from the expected signal strength from a beacon 116 in a typical size

room to an unobstructed tag 120 in that same typical size room (or other area where the beacon 116

is located). After sorting the data based on signal strength, it is determined by the location processor

104 that the highest beacon signal strength is -47dBm and the corresponding beacon is Beacon 3.

Since the highest beacon signal strength (-47 dBm) is greater than k l (-50 dBm), the tag 120's

location is determined to be the area (room) in which Beacon 3 is located (e.g., Room 705). Since

the tag 120 location can be indicated by a room number, the tag location can be sent, for example, to

a simple text only device such as a pager (not shown in Figure 5). The tag 120 location can also be

sent, via a voice synthesis processor, to a wireless or wireline phone (not shown in Figure 5). The



fohgoMitMcWii hΕ k r p εΛed for a plurality of tags 120 for which data is available, and the

area locations of the tags 120 are determined.

[0078] Next, the locations of the tags 120 are calculated in a linear X, Y coordinate system using

conventional techniques. The tags 120's measurements of beacon signal strength are converted into

distances and used with the known beacon locations to estimate the tag 120's location. Since the

highest signal strength beacon, for each tag, was greater than kl, the estimated tag locations are

forced to be within the boundaries of the assigned rooms in which the beacons 116 are installed.

Thus the final results may also be graphically displayed as X Y points on PCs and other user

terminals.

[0079] If the highest beacon signal strength is not greater than kl , but there are a sufficient

number of beacon signal strength measurements (at least 5 or other predetermined number to insure

a high probability that the geometry between beacons 116 and the tag 120 has minimal geometric

dilution of precision) with signal strength greater than k2, where k2<kl (k2 can be determined

based on the expected signal strength from a beacon in a typical adjacent room to an unobstructed

tag in an adjoining room), and the measurements are from a known contiguous or adjacent group of

beacons 116, then the tag 120s' location is first calculated using triangulation techniques. Then the

tag 120s' calculated locations (e.g., in X, Y coordinates) are then associated with the areas (rooms)

whose boundaries of the room includes the calculated location. This allows both X, Y coordinate

locations and area (room) locations to be represented in graphical and textual manner for the

condition where tags 120 do not measure a beacon signal strength greater than kl .

[0080] Consider, for example, that the data associated with Tag 37 includes measurements of

beacon signal strength from contiguous or adjacent beacons 1, 2, 3, 4, 5, and 6 with respective

values of -67 dBm, -62 dBm, -52 dBm, -68 dBm, -64 dBm, and -61 dBm. Also assume k2 -69

dBm. Therefore, Tag 37 has no measurement greater than kl and at least 5 measurements with

values greater than k2. The measured beacon signal strengths correspond to beacon-to-tag distances

of 70.4, 40.6, 12.3, 78.4, 53.4, and 36.7 feet respectively. These beacon-to-tag distances along with

the locations of the beacons are then used to calculate the tag 120's position in X, Y coordinates.

The tag 120's location in X, Y coordinates is calculated to be {80 ft., 5 ft.} relative to a known

location designated as {0, 0} and then associated with the room that contains that X, Y point (i.e.,

Room 705 is bounded by the four X, Y coordinate pairs, expressed in feet, of {0, 60}, {0, 90}, {30,

60}, and {30, 90} thus the tag is in Room 705). The method of converting a signal strength



measurement a ϊsMiceis well known in the art and thus will not be described here. Likewise,

the method of determining a tag 120's position in X, Y coordinates from the beacon-to-tag distances

is also well known in the art and will not be described here. The tag 120's location can also be

expressed in other units such as meters..

[0081] The calculated tag 120 location may be displayed graphically on PCs or other user

terminals. The tag 120 location can be sent to, for example, a simple text only device such as a

pager. The tag 120 location can also be sent, via a voice synthesis processor (not shown in Figure

5), to a wireless or wireline phone (not shown in Figure 5).

[0082] There may be a scenario where the beacon signal strength measurements are not from a

contiguous or adjacent group of beacons 116, or some of the measurements maybe corrupted or

inaccurate. For example, a cart may move between the line of path between a tag 120 and a beacon

116, causing the tag 120 not to be able to measure, or to inaccurately measure, the strength of the

signal transmitted by that beacon 116. If the beacon signal strength measurements are not from a

contiguous or adjacent group of beacons 116 or contain inaccuracies, then a confidence level, which

is a mathematical estimate of the possible magnitude of error in the location, can be calculated. In

one embodiment, the confidence level, which represents the error or uncertainty, may be displayed

as a circle around the location in X, Y coordinates or in some other manner. In the proceeding

example, assume that Tag 37 measured Beacon 6 as -67 dBm (instead of -61 dBm). This will result

in an inaccurate beacon-to-tag distance calculation of 70.4 feet being used in the triangulation

calculation (instead of the correct 36.7 feet value). If a root-mean-square (RMS) technique is used

to estimate the radius of the uncertainty circle around the tag 120's calculated location, the example

uncertainty would be 2.4 feet. It will be obvious to those skilled in the art that other techniques can

be used to estimate the radius of the uncertainty. The calculated location of the tag 120 in X, Y

coordinates and the confidence level may be graphically displayed on PCs and other user terminals.

The calculated location can sent to, for example, a simple text only device such as a pager, or via a

voice synthesis processor, to a wireless or wireline phone (not shown in Figure 5).

[0083] There may be another scenario where an insufficient number (i.e., less than 5 or other

predetermined number) of measurements with beacon signal strength greater than k2 are available

for calculation of the tag 120's location. If there is not a minimum number of beacon signal strength

values having values greater than k2, i.e., the second threshold value, the tag 120's location is

calculated using the beacon-to-tag distance measurements. Then the uncertainty value associated



"with t e c ed'l bca 'όlϊ 'ϊ tfTcalculated.. If the uncertainty value is larger than a maximum

acceptable uncertainty value, the beacon-to-tag distances are adjusted and the tag 120's location is

re-calculated using the adjusted beacon-to-tag distances. The foregoing steps can be repeated until

the uncertainty value is less than the maximum acceptable uncertainty value. The maximum

acceptable uncertainty value may be a predetermined value obtained through calculation or

estimation.

[0084] Consider, for example, that the data associated with Tag 37 includes measurements of

beacon signal strength from beacons 1, 2, 3, 4, 5, and 6 with respective values of -77 dBm, -62 dBm,

-52 dBm, -78 dBm, -64 dBm, and -61 dBm. Assume k2 = -69 dBm. In this scenario, all available

measurements are used in the calculation but are weighted based on their actual signal strength. In

this example the measured beacon signal strengths correspond to beacon-to-tag distances of 236.2,

40.6, 12.3, 248.6, 53.4, and 36.7 feet respectively. The amount that each calculated distance,

beginning with the strongest signal and progressing in order to the weakest, is allowed to influence

the final location result is proportional to signal strength. The beacon-to-tag distance associated

with Beacon 3 (12.3 feet) is used in the triangulation calculation with a weighting of 1:1 while the

distance associated with Beacon 6 (36.7 feet) is used with a weighting of 1:8 (-52 dBm - -61 dBm =

9 dB or one-eighth), and finally Beacon 4 (248.6 feet) is used with a weighting of 1:40 (-52 dBm - -

78 dBm = 16 dB or one-fortieth). Thus, in this example, Beacon 3 is allowed the greatest influence

on the triangulation calculation, then Beacon 6, and finally Beacon 4 is allowed to influence the

result minimally. In this situation, the large calculated uncertainty (97.0 feet) may dictate that the

tag 120 location be indicated in a more general description of the area instead of a particular room

number, even though the calculated tag X, Y location in this example remains relatively accurate at

coordinates {82 ft., 7 ft.}. For example, the tag 120 location may be described in as 7th floor North

wing or 7th floor Northeast quadrant instead of Room 705.

[0085] In one embodiment of the wireless resource monitoring system, the beacons 116 act as

the measuring devices. Accordingly, the tag 120 transmits a tag signal that includes the identity of

the transmitting tag. The beacons 116 receive the tag signal and measure the signal strength of the

tag signal. The beacons 116 transmit a beacon signal that includes the identity of the beacons, the

measured signal strength of the tag signal and identity of the tag 120. The master radio 108 receives

the beacon signal and provides the information in the beacon signal to the location processor. The

location processor determines the location of the tag using the information in the beacon signal.



θ f ire .lil l&eϊnplary embodiments have been described in detail and shown in the

accompanying drawings, it is to be understood that such embodiments are merely illustrative of and

not restrictive on the broad invention. Other embodiments of the invention may be devised without

departing from the basic scope thereof, which is determined by the claims that follow. By way of

example, and not limitation, the specific components utilized may be replaced by known equivalents

or other arrangements of components which function similarly and provide substantially the same

result.



CLAIMS

We claim:

1. A method for determining the location of a tag in a wireless network having

at least one master radio, a plurality of beacons, and at least one tag, the beacons being

located at known positions, the master radio, the beacons and the tag being in wireless

communication with each other, the method comprising:

transmitting, by the beacons, a beacon signal including the identity of the

transmitting beacons;

receiving the beacon signals at the tag and measuring an attribute of the beacon

signals;

transmitting, by the tag, a tag signal including identity of the transmitting tag, the

measured attribute of the beacon signals and the identity of the beacons corresponding to the

beacon signals;

receiving the tag signal at the master radio; and

determining the location of the tag from the tag signal.

2. The method according to claim I5wherein the attribute is a signal strength of

the beacon signals.

3. The method according to claim 2, further comprising:

identifying the location of the beacons from the beacons' identity;

determining beacon-to-tag distances from the measured signal strengths; and

determining a location of the tag from the beacon-to-tag distances and the location of

the corresponding beacons.

4. The method according to claim 1, further comprising:

identifying the beacon signal having the highest beacon signal strength value and

identifying the corresponding beacon; .

comparing the highest beacon signal strength value to a predetermined first threshold

value; and



indicating the location of the tag in relation to the beacon corresponding to the

highest beacon signal strength value if the highest beacon signal strength value is greater

than the first threshold value.

5. The method according to claim 2, further comprising:

identifying a region in which the beacon corresponding to the highest beacon signal

strength value is located; and

indicating the location of the tag by the region in which the beacon corresponding to

the highest beacon signal strength value is located.

6. The method according to claim 5, further comprising indicating the location

of the tag with respect to a room in which the beacon corresponding to the highest beacon

signal strength value is located.

7. The method according to claim 1, further comprising:

determining if more than a predetermined minimum number of measured beacon

signal strength values from a contiguous group of beacons have values greater than a second

predetermined threshold value; and

calculating the location of the tag using the beacon-to-tag distances corresponding to

the minimum number of measured beacon signal strength values from the contiguous group

of beacons having values greater than the second threshold value.

8. The method according to claim 7, wherein the contiguous groups of beacons

are an adjacent group of beacons.

9. The method according to claim 7, further comprising:

identifying a region which includes the calculated location; and

indicating the location of the tag by the region.

10. The method according to claim 9, wherein the region is a room in a building.

11. The method according to claim 1, further comprising:

calculating the location of the tag if the measured beacon signal strength values from

a non-contiguous group of beacons;

calculating an uncertainty value associated with the calculated location of the tag; and



displaying the calculated location of the tag and the uncertainty value.

12. The method according to claim 1, further comprising:

calculating the location of the tag if the measured beacon signal strength values

include inaccuracies;

calculating an uncertainty value associated with the calculated location of the tag; and

displaying the calculated location of the tag and the uncertainty value.

13. The method according to claim 1, further comprising:

adjusting the calculated beacon-to-tag distances based on the measured beacon signal

strength values if a fewer than a minimum number of beacon signal strength values have

values greater than a second threshold value;

calculating the location of the tag using the adjusted beacon-to-tag distances;

calculating an uncertainty value associated with the tag's calculated location; and

displaying the calculated location of the tag and the uncertainty value.

14. The method according to claim 1, further comprising:

calculating the location of the tag using the beacon-to-tag distance measurements if

fewer than a minimum number of beacon signal strength values have values greater than a

second threshold value;

calculating an uncertainty value associated with the calculated location;

adjusting the beacon-to-tag distances if the uncertainty value is larger than a

maximum acceptable uncertainty value; and

re-calculating the location of the tag by re-adjusting the adjusted beacon-to-tag

distances until the uncertainty value is less than the maximum acceptable uncertainty value.

15. The method according to claim 1, wherein the master radio is a radio

transceiver.

16. The method according to claim 1, wherein the beacon is a radio transceiver.

17. The method according to claim 1, wherein the tag is a radio transceiver.

18. The method according to claim 1, further comprising attaching the tag to a

resource.



19. fne method according to claim 1, further comprising transmitting the beacon

signals at predetermined time intervals.

20. The method according to claim 1, further comprising transmitting the tag

signals at predetermined time intervals.

21. The method according to claim 1, further comprising transmitting the beacon

signals in response to a request from the master radio.

22. The method according to claim 1, further comprising transmitting the tag

signal in response to a request from the master radio.

23. The method according to claim 1, wherein the master radio, the beacons and

the tag communicate using a wireless communication standard.

24. The method according to claim 1, wherein the master radio, the beacons and

the tags communicate using a high level communication protocol.

25. The method according to claim 1, wherein the master radio is coupled to an

antenna.

26. The method according to claim 1, wherein the master radio is coupled to a

distributed antenna system.

27. The method according to claim 1, wherein the tag is powered by a battery.

28. The method according to claim 1, wherein the beacon is powered by a battery.

29. A method for determining the location of a resource deployed in a building,

the method utilizing a wireless network having at least one master radio, a plurality of

beacons and at least one tag being in wireless communication with each other, the tag being

associated with the resource, the method comprising:

deploying the plurality of beacons at known positions in the building;

transmitting, by the beacons, a beacon signal including the identity of the

transmitting beacons;

receiving the beacon signals at the tag and measuring the signal strength of the

beacon signals;



tfarismϊ ffing7 y the tag, a tag signal including identity of the transmitting tag, the

measured signal strengths of the beacon signals and the identity of the beacons

corresponding to the beacon signals;

receiving the tag signal at the master radio;

identifying a location of the beacons from the beacons' identity;

determining beacon-to-tag distances from the measured signal strength values; and

determining a location of the tag from the beacon-to-tag distances and the location of

the corresponding beacons.

30. The method according to claim 29, further comprising:

identifying the beacon signal having a highest beacon signal strength value and

identifying the beacon corresponding to the highest beacon signal strength value;

comparing the highest beacon signal strength value to a predetermined first threshold

value; and

indicating the location of the tag in relation to the beacon corresponding to the

highest beacon signal strength value if the highest beacon signal strength value is greater

than the first threshold value.

31. The method according to claim 30, further comprising:

identifying a region of the building in which the beacon corresponding to the highest

beacon signal strength value is located; and

indicating the location of the tag by the region in which the beacon corresponding to

the highest beacon signal strength value is located.

32. The method according to claim 31, further comprising indicating the location

of the tag with respect to a room in the building in which the beacon corresponding to the

highest beacon signal strength value is located.

33. The method according to claim 29, further comprising:

determining if a minimum number of measured beacon signal strength values from a

contiguous group of beacons have values greater than a second threshold value; and

calculating the location of the tag using the beacon-to-tag distances corresponding to

the minimum number of measured beacon signal strength values from a contiguous group of

beacons having values greater than the second threshold value.



34. The method according to claim 33, further comprising:

identifying a region which includes the calculated location; and

indicating the location of the tag by the region.

35. The method according to claim 31, wherein the region is a room in the

building.

36. The method according to claim 29, further comprising:

calculating the location of the tag if the measured beacon signal strength values are

from a non-contiguous group of beacons;

calculating an uncertainty value associated with the calculated location of the tag; and

displaying the calculated location of the tag and the uncertainty value.

37. The method according to claim 29, further comprising:

calculating the location of the tag if the measured beacon signal strength values

include inaccuracies;

calculating an uncertainty value associated with the calculated location of the tag; and

displaying the calculated location of the tag and the uncertainty value.

38. The method according to claim 29, further comprising:

adjusting the calculated beacon-to-tag distances based on the measured beacon signal

strength values if fewer than a minimum number of beacon signal strength values have

values greater than a second threshold value;

calculating the location of the tag using the adjusted beacon-to-tag distances;

calculating an uncertainty value associated with the calculated location of the tag; and

displaying the calculated location of the tag and the uncertainty value.

39. The method according to claim 29, further comprising:

calculating the location of the tag using the beacon-to-tag distance measurements if

fewer than a minimum number of beacon signal strength values have values greater than a

second predetermined threshold value;

calculating an uncertainty value associated with the calculated location of the tag;

adjusting the beacon-to-tag distances if the uncertainty value is larger than a

maximum acceptable uncertainty value; and



re-calculating the location of the tag by re-adjusting the adjusted beacon-to-tag

distances until the uncertainty value is less than the maximum acceptable uncertainty value.

40. The method according to claim 29, further comprising deploying a plurality

of beacons in a selected manner in a large room or a hallway.

41. The method according to claim 29, further comprising deploying at least one

beacon in each room in the building.

42. The method according to claim 29 wherein the master radio is a radio

transceiver.

43. The method according to claim 29 wherein the beacon is a radio transceiver.

44. The method according to claim 29 wherein the tag is a radio transceiver.

45. The method according to claim 29, further comprising:

transmitting the tag signal including the identity of the transmitting tag, the measured

signal strengths of the beacon signals and the identity of the beacons corresponding to the

beacon signals to a processor; and

determining the location of the tag at the processor using the measured signal

strengths of the beacon signals and the location of the beacons corresponding to the beacon

signals.

46. The method according to claim 29, further comprising transmitting the beacon

signals at predetermined time intervals.

47. The method according to claim 29, further comprising transmitting the tag

signals at predetermined time intervals.

48. The method according to claim 29, further comprising transmitting the beacon

signals in response to a request.

49. The method according to claim 29, further comprising transmitting the tag

signal in response to a request.



50. The method according to claim 29, wherein the master radio, the beacons and

the tag communicate using a wireless communication standard.

51. The method according to claim 29, wherein the master radio, the beacons and

the tags communicate using a high level communication standard.

52. The method according to claim 29, wherein the beacons are powered by a

battery.

53. The method according to claim 29, wherein the tag is powered by a battery.

54. The method according to claim 29, wherein the master radio is coupled to an

antenna.

55. The method according to claim 29, wherein the master radio is coupled to a

distributed antenna system.

56. A wireless resource monitoring system for determining the location of a

resource deployed in a selected area, comprising:

at least one master radio;

a plurality of beacons being deployed at known positions in the selected area and

being in wireless communication with the master radio, the beacons being configured to

transmit a beacon signal responsive to instructions from the master radio,

a tag associated with the resource, the tag being configured to receive the beacon

signals and operable to measure an attribute of the beacons signals and to transmit a tag

signal to the master radio, the tag signal including the identity of the tag, the measured

attribute of the beacon signals and the identity of the beacons corresponding to the beacon

signals; and

a location processor linked to the master radio, the location processor configured to

receive the tag signal from the master radio and operable to determine the location of the

resource from the tag signal.

57. The system according to claim 56, wherein the attribute is the signal strength

of the beacon signals

58. The system according to claim 56, wherein the location processor includes:



means to identity the location of the beacons from the beacons' identity; and

means to determine beacon-to-tag distances from the measured signal strengths.

59. The system according to claim 58, wherein the location processor includes

means to determine a location of the tag from the beacon-to-tag distances and the location of

the corresponding beacons.

60. The system according to claim 56, wherein the master radio is a radio

transceiver.

61. The system according to claim 56, wherein the beacon is a radio transceiver.

62. The system according to claim 56, wherein the tag is a radio transceiver.

63. The system according to claim 56, further comprising an antenna coupled to

the master radio.

64. The system according to claim 56, further comprising a distributed antenna

system coupled to the master radio.

65. The system according to claim 56, wherein the beacon is powered by a

battery.

66. The system according to claim 56, wherein the tag is powered by a battery.

67. A wireless resource monitoring system for determining the location of a

resource in a building, comprising:

at least one master radio;

a plurality of beacons being deployed at known positions in the building and being in

wireless communication with the master radio, the beacons being operable to transmit a

beacon signal responsive to instructions from the master radio;

a tag associated with the resource, the tag being configured to receive the beacon

signals and operable to measure the signal strength of the beacons signals and to transmit a

tag signal to the master radio, the tag signal including the identity of the tag, the measured

signal strength of the beacon signals and the identity of the beacons corresponding to the

beacon signals; and



a location processor linked to the master radio, the location processor configured to

receive the tag signal from the master radio and operable to determine the location of the

resource in the building from the tag signal.

68. The system according to claim 67, wherein the location processor includes:

means to identify a location of the beacons from the beacons' identity; and

means to determine beacon-to-tag distances from the measured signal strengths.

69. The system according to claim 68, wherein the location processor includes

means to determine a location of the tag from the beacon-to-tag distances and the location of

the corresponding beacons.

70. A wireless resource monitoring system for determining the location of a

resource deployed in a selected area, comprising:

at least one master radio;

a tag associated with the resource, the tag being configured to transmit a tag signal

including the identity of the tag;

a plurality of beacons being deployed at known positions in the selected area and

being in wireless communication with the master radio and the tag, the beacons being

configured to receive the tag signal and operable to measure an attribute of the tag signal and

to transmit a beacon signal to the master radio, the beacon signal including the identity of the

transmitting beacon, the measured attribute of the tag signal and the identity of the tag; and

a location processor linked to the master radio, the location processor configured to

receive the beacon signal from the master radio and operable to determine the location of the

resource from the beacon signal.

7 1. The system according to claim 70, wherein the attribute is the signal strength

of the tag signal.

comparing the highest beacon signal strength value to a predetermined first threshold

value; and
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