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(57) Abstract: An apparatus, system and method are provided for integrated wireless location detection. The system (200) includes
a location detection (L.LD) transmitter (214, 216, 218) that transmits first and second radio frequency signals in first and second
formats, respectively. First and second LD receivers (220, 222), respectively, receive the first and second signals and determine first
and second information relating to a location of the LD transmitter. An LD server (204) wirelessly receives the first and second
information and calculates the location of the LD transmitter from one of the first and second information. The LD server may
receive a signal indicating a preferred one of the first and second information and calculate the location from the preferred one of
the first and second information.
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SYSTEM AND APPARATUS FOR INTEGRATED
WIRELESS LOCATION DETECTION

TECHNICAL FIELD

[0001] This disclosure relates generally to
communication systems and more specifically to a system and

apparatus for integrated wireless location detection.
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BACKGROUND

[0002] In many process control applications the cost of
running wires from nodes such as sensors, actuators and
user interfaces to the process control system limits the
number and location of such nodes initially deployed. Cost
and difficulty of wiring installation may also limit the
deployment of additional nodes in an already-functioning
plant. The recent development of wireless communication
technologies—such as Bluetooth, IEEE® 802.11, RFID and
others—promise a solution to such wiring costs, but not
without introducing new challenges to the reliability and
security of a process control system.

[0003] Processing facilities are often managed using
process control systems. Example processing facilities
include manufacturing plants, chemical plants, crude oil
refineries, ore processing plants, and coal or other types
of mines. Among other operations, process control systems
typically manage the use of valves, pumps, and other
industrial equipment in the processing facilities.

[0004] People and asset tracking systems often provide
the ability to track the locations of wvarious people and
assets 1n a particular environment. These systems are
routinely used as part of security systems, allowing the
security systems to identify when people enter restricted
areas or when assets are moved from their designated
locations. In an industrial facility, such systems are
used to improve safety, security and operational
efficiency. As a security system, an asset tracking systems
can send a notification when an unauthorized individual,
wearing a tracking badge, enters a restricted area. As a
safety system, an asset tracking system can locate personal

when incidents occur or can integrate the location of
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assets during a dangerous procedure. Furthermore, as an
operational improvement system, an asset tracking system
can locate an asset or provide statistical data regarding
asset utilization. However, continuous precise real-time
people and asset tracking systems were typically not
feasible for covering large indoor or outdoor areas, such
as large industrial or other processing facilities. The
development of Ultra Wide Band (UWB) Radio Freguency
Identification (RFID) tracking technology and other
technology has made it possible to track people and assets

in very large facilities.
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SUMMARY

[0005] This disclosure provides a system and apparatus
for integrated wireless location detection.

[0006] In a first embodiment, a system includes a
location detection (LD) transmitter, first and second LD
receivers, and an LD sgerver. The LD transmitter 1is
operable to transmit a first radio frequency (RF) signal in
a first format and a second RF signal in a second format.
The first LD receiver is operable to receive the first RF
signal from the LD transmitter and determine from the first
RF signal first information relating to a location of the
LD transmitter. The second LD receiver is operable to
receive the second RF signal from the LD transmitter and
determine from the second RF signal second information
relating to the location of the LD transmitter. The LD
server 1is operable to receive the first information and
second information wirelessly from the first LD receiver
and second LD receiver, respectively, and calculate the
location of the LD transmitter from one of the first
information and second information.

[0007] In particular embodiments, the LD server 1is
further operable to receive a signal indicating a preferred
one of the first information and second information and
calculate the location of the LD transmitter from the
preferred one of the first information and second
information.

[0008] In still other embodiments, the LD transmitter is
further operable to transmit an identifier in at least one
of the first RF signal and the second RF signal. The LD
server is further operable to receive a signal indicating a
preferred one of the first information and second

information for the LD transmitter, receive the identifier
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from at least one of the first LD receiver and second LD
receiver, and, in response to the identifier, calculate the
location of the LD transmitter from the preferred one of
the first information and second information.

[0009] In a second embodiment, an apparatus includes a
network interface and a location calculator. The location
calculator is operable to receive via the network interface
first information from a first LD receiver, the first
information relating to a location of an LD transmitter and
determined from a first RF signal in a first RF format
received from the LD transmitter. The location calculator
is also operable to receive via the network interface
second information from a second LD receiver, the second
information relating to the location of the LD transmitter
and determined from a second RF signal in a second RF
format received from the LD transmitter. The 1location
calculator is further operable to calculate the location of
the LD transmitter from one of the first information and
second information.

[0010] In a third embodiment, a method includes
transmitting a first RF signal in a first format from an LD
transmitter and transmitting a second RF signal in a second
format from the LD transmitter. The method also includes
receiving the first RF signal in a first LD receiver and
determining from the first RF sgignal first information
relating to a location of the LD transmitter. The method
further includes receiving the second RF signal in a second
LD receiver and determining from the second RF signal
second information relating to the location of the LD
transmitter. The method also includes receiving the first
information and second information wirelessly in an LD
server and calculating the location of the LD transmitter

from one of the first information and second information.
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[0011] Other technical features may be readily apparent
to one skilled in the art from the following figures,

descriptions, and claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] For a more complete wunderstanding of this
disclosure, reference 1is now made to the following
description, taken in conjunction with the accompanying
drawings, in which:

[0013] FIGURE 1 1illustrates a system for providing
wireless reporting of location information;

[0014] FIGURE 2 illustrates a system according to the
present disclosure for providing integrated wireless
reporting of location information; and

[0015] FIGURE 3 illustrates an integrated location

server according to the present disclosure.
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DETAILED DESCRIPTION

[0016] FIGURE 1 illustrates a system 100 for providing
wireless reporting of location information. A
communication network 126 couples control system 102 to a
wireless gateway 108 that provides wireless communication
to process control system elements.

[0017] A WiFi location server 104, coupled to a WiFi
access point 112 by the communication network 126, provides
location detection functionality in the system 100. The
WiFi location server 104 also couples wirelessly to a WiFi
access point 120 through the communication network 126 and
the gateway 108. Where a WiFi tag 114 is in communication
range of the WiFi access point 112, the WiFi access point
112 may receive an RF signal in the WiFi format from the
WiFi tag 114 and determine information from the signal
relating to a location of the WiFi tag 114. The WiFi
access point 112 may then send the information wvia the
communication network 126 to the WiFi location server 104.

[0018] Where the WiFi tag 114 is also in communication
range of the WiFi access point 120, the WiFi access point
120 may receive an RF signal in the WiFi format from the
WiFi tag 114 and determine information from the signal
relating to the location of the WiFi tag 114. The WiFi
access point 120 may then send the information wirelessly
to the gateway 108, which forwards the information via the
communication network 126 to the WiFi location server 104.

The WiFi location server 104 may then use the location
information received from one or both of the WiFi access
points 112 and 120 to calculate the location of the WiFi
tag 114.

[0019] An Ultra Wide Band (UWB) location server 106,

coupled to a UWB receiver 110 by the communication network
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126, also provides location detection functionality in the
system 100. The UWB location server 106 also couples
wirelessly to a UWB receiver 122 through the communication
network 126, the gateway 108, and the WiFi access point
120. The UWB receiver 122 is coupled to the WiFi access
point 120 by a wired communication link 124. Where a UWB
tag 116 is in communication range of the UWB receiver 110,
the UWB receiver 110 may receive an RF signal in the UWB
format from the UWB tag 116 and determine information from
the signal relating to a location of the UWB tag 116. The
UWB receiver 110 may then send the information via the
communication network 126 to the UWB location server 106.

[0020] Where the UWB tag 116 is also in communication
range of the UWB receiver 122, the UWB receiver 122 may
receive an RF signal in the UWB format from the UWB tag 116
and determine information from the signal relating to the
location of the UWB tag 116. The UWB receiver 122 may then
send the information to the WiFi access point 120, which
sends the information wirelessly to the gateway 108, which
forwards the information via the communication network 126
to the UWB location server 106. The UWB location server
106 may then use the location information received from one
or both of the UWB receivers 110 and 122 to calculate the
location of the UWB tag 116.

[0021] A UWB tag 118 may be located out of communication
range of the UWB ©receivers 110 and 122, but in
communication range of the WiFi access points 112 and 114.

In such a situation, the UWB location server 106 will not
be able to calculate a location of the tag 118, despite its
being in communication range of the system 100. This is
because the UWB and WiFi location detection functions of

the system 100 operate using separate infrastructures.
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[0022] WiFi access points may be located throughout a
processing facility for process control and other
communication purposes. In areas covered by such a WiFi
infrastructure, WiFi location detection may be implemented
without the installation of additional hardware. UWB
location detection systems have a greater level of accuracy
and 1less susceptibility to RF clutter. However, in
locations where this greater accuracy is needed, additional
infrastructure must be installed to provide UWB location
detection. UWB receivers must be installed and wired
connections provided—either to the process control network
or to nearby WiFi access points. Where a WiFi access point
is not already located in the desired UWB coverage area,
one must be installed to provide communication back to the
UWB location server.

[0023] FIGURE 2 illustrates a system 200 according to
the present disclosure for providing integrated wireless
reporting of location information. The embodiment of the
system 200 shown in FIGURE 2 is for illustration only.
Other embodiments of the system 200 could be used without
departing from the scope of this disclosure.

[0024] A control system 202 communicates via a
communication network 226 and RF gateways 208 and 209 with
process control elements (not shown) of the system 200.
The control gsystem 202 also communicates with an integrated
location server 204 via the communication network 226.
Based wupon information received wvia the communication
network 226, the integrated location server 204 is operable
to calculate locations of integrated location tags 214, 216
and 218. The tags 214, 216 and 218 include both UWB and
WiFi transmitters. In other embodiments of the disclosure,
however, integrated 1location tags may employ other

combinations of location detection technologies.
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[0025] The integrated location tag 216 may be in a
location served only by a UWB receiver 210 and a UWB
receiver 222, The UWB receiver 210 may receive an RF
signal in the UWB format sent by the tag 216. The UWB
receiver 210 may then detect information relating to the
location of the tag 216 and send that information to the
integrated 1location server 204 via the communication
network 226. The UWB receiver 222 may also receive an RF
signal in the UWB format sent by the tag 216. The UWB
receiver 222 may then detect information relating to the
location of the tag 216 and send that information to the
integrated location server 204 via a communication link 224
to a WiFi access point 220, which wirelessly sends the
information to the integrated location server 204 via the
RF gateways 208 and 209 and the communication network 226.

[0026] The integrated location tag 218 may be in a
location served only by a WiFi access point 212 and the
WiFi access point 220. The WiFi access point 212 may
receive an RF signal in the WiFi format sent by the tag
218. The WiFi access point 212 may then detect information
relating to the location of the tag 218 and send that
information to the integrated location server 204 via the
communication network 226. The WiFi access point 220 may
also receive an RF gignal in the WiFi format sent by the
tag 218. The WiFi access point 220 may then detect
information relating to the location of the tag 218 and
wirelessly send the information to the integrated location
server 204 via the RF gateways 208 and 209 and the
communication network 226.

[0027] The integrated location tag 214 may be in a
location served by the WiFi access point 220 and the UWB
receiver 222, The UWB receiver 222 may receive an RF

signal in the UWB format sent by the tag 214. The UWB



WO 2009/012103 PCT/US2008/069582

12

receiver 222 may then detect information relating to the
location of the tag 214 and send that information to the
integrated location server 204 via the communication link
224 to the WiFi access point 220, which wirelessly sends
the information to the integrated location server 204 via
the RF gateways 208 and 209 and the communication network
226. The WiFi access point 220 may also receive an RF
signal in the WiFi format sent by the tag 214. The WiFi
access point 220 may then detect information relating to
the location of the tag 214 and wirelessly send the
information to the integrated location server 204 via the
RF gateways 208 and 209 and the communication network 226.

[0028] Thus, the integrated location server 204 receives
information relating to the locations of the integrated
location tags 214, 216 and 218 from the UWB receivers 210
and 222 and the WiFi access points 212 and 220. The server
204 may then calculate the locations of the tags 214, 216
and 218 from any or all of the zreceived information
relating to the location of the tag.

[0029] Because the WiFi access point 220 is able to
communicate with both the RF gateways 208 and 209, two
wireless communications pathways are established between
the WiFi access point 220 an the integrated location server
204. As a result, an interruption to one of the two
communication paths may occur without preventing the
integrated location server 204 from continuing to receive
location information from the WiFi access point 220 and the
UWB receiver 222.

[0030] Although FIGURE 2 illustrates one example of a
system for providing integrated wireless zreporting of
location information, various changes may be made to FIGURE
2. For example, the layout and arrangement of the system

could vary, and any number of tags, access points, location
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receivers, gateways, networks, servers, and control systems
could be used or supported. While only integrated location
tags are shown in the system 200, it will be understood
that single format tags (such as those shown in the system
100) may also be used in the system 200.

[0031] In other embodiments of this disclosure, other
technologies than WiFi may be used for bi directional
wireless communication between process control systems and
location detection receivers, actuators, sensors and other
process control elements. Similarly, other technologies
than WiFi and UWB, such as ZigBee, may be used for location
detection.

[0032] Also, components could be combined or omitted and
additional components could be added in the system 200
according to particular needs. Furthermore, while the
wireless communication of system 200 is described as radio
frequency communication, it will be understood that other
types of wireless communication, such as infrared, may be
used. In addition, while described as being used to
providing wireless reporting of location information in an
industrial facility, the system 200 could be wused to
provide wireless reporting of location information in any
other type of environment.

[0033] FIGURE 3 illustrates an integrated location
server 300 according to the present disclosure. The
embodiment of the device 300 shown in FIGURE 3 1is for
illustration only. Other embodiments of the server 300
could be used without departing from the scope of this
disclosure. Also, for ease of explanation, the server 300
is described with respect to the system 200 of FIGURE 2.
The node 300 could be used in any suitable system.

[0034] The integrated location server 300 includes a

location calculator 302 and a network interface 304. The
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network interface 304 couples the location calculator 302
to a communication network 306, which may be the
communication network 226 of FIGURE 2.

[0035] As described with regard to FIGURE 2, the
integrated location server 300 may receive information via
the communication network 306 relating to a location of a
location detection tag from location detection receivers
using a plurality RF formats. The location calculator 302
receives the information via the network interface 304 and
may then calculate a location for the tag.

[0036] In some embodiments of this disclosure, the
location calculator receives a message from the control
system 202 indicating that information determined from RF
signals in a first format (“first format information”) is
preferable over information determined from RF signals
received in a second format (“second format information”).

In response to such a message, when the location
calculator 302 receives information determined from both
formats, it calculates the location of the tag from the
first format information determined. However, where the
location calculator 302 only zreceives second format
information, the location calculator 302 may calculate the
location of the tag from the second format information.
Once the location calculator 302 is again receiving first
format information, it may resume calculating the location
of the tag from the preferred first format information.

[0037] In other embodiments of this disclosure, a
location detection tag transmits a unique identifier
identifying the tag. The location calculator 302 may
receive a message from the control system 202 indicating
that the location of a gpecified tag is preferably to be
calculated from first format information, identifying the

tag by its unique identifier. In response to such a
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message, when the location calculator 302 receives both
first format information and second format information, it
calculates the location of the specified tag from the first
format information. However, where the location calculator
302 only receives second format information, the location
calculator 302 may calculate the location of the specified
tag from the received second format information. Once the
location calculator 302 is again receiving first format
information, it may resume calculating the location of the
specified tag from the preferred first format information.

[0038] Although FIGURE 3 illustrates one example of an
integrated tracking receiver and wireless zrelay node,
various changes may be made to FIGURE 3. For example, the
layout and arrangement of the node 300 could wvary, and any
number of tracking receivers, wireless nodes, numbers and
types of antennas could be used or supported. Also,
components could be combined or omitted and additional
components could be added in the node 300 according to
particular needs.

[0039] In some embodiments, various functions described
above are implemented or supported by a computer program
that is formed from computer readable program code and that
is embodied in a computer readable medium. The phrase
“computer readable program code” includes any type of
computer code, including source code, object code, and
executable code. The phrase “computer readable medium”
includes any type of medium capable of being accessed by a
computer, such as read only memory (ROM), random access
memory (RAM), a hard disk drive, a compact disc (CD), a
digital video disc (DVD), or any other type of memory.

[0040] It may be advantageous to set forth definitions
of certain words and phrases used throughout thig patent

document. The term “couple” and its derivatives refer to
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any direct or indirect communication between two or more
elements, whether or not those elements are in physical
contact with one another. The terms “application” and
“program” refer to one or more computer programs, software
components, sets of instructions, procedures, functions,
objects, classes, instances, related data, or a portion
thereof adapted for implementation in a suitable computer
code (including source code, object code, or executable
code). The terms “transmit,” “receive,” and “communicate,”
as well as derivatives thereof, encompass both direct and
indirect communication. The terms “include” and
“comprise,” as well as derivatives thereof, mean inclusion
without limitation. The term “or” is inclusive, meaning
and/or. The phrases “associated with” and “associated
therewith,” as well as derivatives thereof, may mean to
include, be included within, interconnect with, contain, be
contained within, connect to or with, couple to or with, be
communicable with, cooperate with, interleave, juxtapose,
be proximate to, be bound to or with, have, have a property
of, or the like. The term “controller” meansg any device,
system, or part thereof that controls at least one
operation. A controller may be implemented in hardware,
firmware, software, or some combination of at least two of
the same. The functionality associated with any particular
controller may be centralized or distributed, whether
locally or remotely.

[0041] While this disclosure has described certain
embodiments and generally associated methods, alterations
and permutations of these embodiments and methods will be
apparent to those skilled in the art. Accordingly, the
above description of example embodiments does not define or
constrain this disclosure. Other changes, substitutions,

and alterations are also possible without departing from
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the spirit and scope of this disclosure, as defined by the

following claims.
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WHAT IS CLAIMED IS:

1. A system, comprising:

a location detection (LD) transmitter, operable to
transmit a first radio frequency (RF) signal in a first
format and a second RF signal in a second format;

a first LD receiver operable to:

receive the first RF signal from the LD
transmitter; and

determine from the first RF signal first
information relating to a location of the LD transmitter;

a second LD receiver operable to:

receive a second RF signal from the LD
transmitter; and

determine from the second RF signal second
information relating to the location of the LD
transmitter; and

an LD server operable to:

receive the first information and second
information wirelessly from the first LD receiver and
second LD receiver, resgpectively; and

calculate the location of the LD transmitter

from one of the first information and second information.

2. The system of Claim 1, wherein:
the LD transmitter is further operable to transmit
an identifier in at least one of the first RF signal and
the second RF signal; and
the LD server is further operable to:
receive a signal indicating a preferred one of
the first information and second information for the LD

transmitter;
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receive the identifier from at least one of the
first LD receiver and second LD receiver; and

in regponse to the identifier, calculate the
location of the LD transmitter from the preferred one of

the first information and second information.

3. The system of Claim 2, wherein the LD server is
further operable to calculate the location of the LD
transmitter from the other one of the first information
and second information in response to a failure to
receive the preferred one of the first information and

second information.

4. The system of Claim 1, wherein the LD server is
further operable to receive the first information and
second information wirelessly via a plurality of

intermediate nodes.

5. An apparatus, comprising:
a network interface; and
a location calculator, operable to:
receive via the network interface first
information from a first location detection (LD)
receiver, the first information relating to a location of
an LD transmitter and determined from a first radio
frequency (RF) signal in a first RF format received from
the LD transmitter;
receive via the network interface second
information from a second LD receiver, the second
information relating to the location of the LD
transmitter and determined from a second RF signal in a

second RF format received from the LD transmitter; and
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calculate the location of the LD transmitter

from one of the first information and second information.

6. The apparatus of Claim 5, wherein the location
calculator is further operable to:

receive a signal via the network interface, the
signal indicating a preferred one of the first
information and second information; and

calculate the location of the LD transmitter from
the preferred one of the first information and second

information.

7. The apparatus of Claim 6, wherein the location
calculator is further operable to calculate the location
of the LD transmitter from the other one of the first
information and second information in response to a
failure to receive the preferred one of the first

information and second information.

8. A method, comprising:

transmitting a first radio frequency (RF) signal in
a first format from a location detection (LD)
transmitter;

transmitting a second RF signal in a second format
from the LD transmitter;

receiving the first RF signal in a first LD receiver
and determining from the first RF signal first
information relating to a location of the LD transmitter;

receiving the second RF signal in a second LD
receiver and determining from the second RF signal second
information relating to the location of the LD

transmitter;
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receiving the first information and second
information wirelessly in an LD server and calculating
the location of the LD transmitter from one of the first

information and second information.

9. The method of Claim 8, further comprising:

transmitting an identifier in at least one of the
first RF signal and the second RF signal;

receiving in the LD server a signal indicating a
preferred one of the first information and second
information for the LD transmitter;

receiving in the LD server the identifier from at
least one of the first LD receiver and second LD
receiver; and

in response to the identifier, calculating the
location of the LD transmitter from the preferred one of

the first information and second information.

10. The method of Claim 9, further comprising
calculating the location of the LD transmitter from the
other one of the first information and second information
in response to a failure to receive the preferred one of

the first information and second information.
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