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ABSTRACT

A method (60) of evaluating a potential location (30) to add a wireless field device (32)
to an existing network of a plurality of existing field devices (10) is provided. The
method (60) includes placing (62) a handheld field maintenance tool (52) in the potential
location (30) and causing the handheld field maintenance tool (52) to identify wireless
field devices (10) within communicative range of the potential location (30). Information
related to wireless communication at a potential location (30) is viewed. Methods (70,
250) are also provided for identifying a selected field device in a process installation

using a handheld field maintenance tool (52).
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IMPROVED DETECTION AND LOCATION OF WIRELESS FIELD
DEVICES

This is a divisional application of Canadian Patent Application Serial No. 2,762,092 filed
on May 14, 2010. It should be understood that the expression “the invention” and the like

used herein may refer to subject matter claimed in either the parent or the divisional

applications.

BACKGROUND

[0001] In industrial settings, control systems are used to monitor and control industrial
and chemical processes, and the like. Typically, the process control system performs
these functions using field devices distributed at key locations in the industrial process
and coupled to the control circuitry in the control room by a process control loop. Field
devices generally perform a function, such as sensing a parameter or operating upon the
process, In a distributed control or process monitoring system.

[0002] Some ficld devices include a transducer. A transducer i1s understood to mean
cither a device that generates an output signal based on a physical input or that generates
a physical output based on an input signal. Typically, a transducer transforms an input
into an output having a different form. Types of transducers include various analytical
equipment, pressure sensors, thermistors, thermocouples, strain gauges, flow transmatters,
positioners, actuators, solenoids, indicator lights, and others.

[0003] Some process installations may involve highly volatile, or even explosive,
environments. Accordingly, it is often beneficial, or even required, for field devices and
the handheld field maintenance tools used with such field devices to comply with
Iintrinsic safety requirements. These requirements help ensure that compliant electrical
devices will not generate a source of ignition even under fault conditions. One example
of Intrinsic Safety requirements i1s set forth m: APPROVAL STANDARD
INTRINSICALLY SAFE APPARATUS AND ASSOCIATED APPARATUS FOR USE
IN CLASS I, 11 and III, DIVISION NUMBER 1 HAZARDOUS (CLASSIFIED)

LOCATIONS, CLASS NUMBER 3610, promulgated by Factory Mutual Research

October, 1998. Examples of handheld field maintenance tools that comply with intrinsic
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safety requirements include those sold under trade designations Model 375 Field
Communicator and Model 475 Field Communicator, available from Emerson Process
Management of Austin, Texas.

[0004] Typically, each field device also includes communication circuitry that is used
for communicating with a process control room, or other circuitry, over a process control
loop. Traditionally, analog field devices have been connected to the control room by two-
wire process control current loops. In some installations, wireless technologies have
begun to be used to communicate with field devices. Wireless operation simplifies field
device wiring and set-up.

[0005] One wireless process communication technology standard is known as the
WirelessHART standard. The WirelessHART standard was published by the HART
Communication Foundation in September 2007. Relevant portions of the Wireless
HART® Specification include: HCF_Spec 13, revision 7.0; HART Specification 65 -
Wireless Physical Layer Specification; HART Specification 75 - TDMA Data Link Layer
Specification (TDMA refers to Time Division Multiple Access); HART Specification 85
- Network Management Specification; HART Specification 155 - Wireless Command
Specification; and HART Specification 290 - Wireless Devices Specification.

[0006] Another wireless network communication technology is set forth in ISAI100.1 la.
This technology proposes wireless communication at the 2.4 GHz frequency using radio
circuitry in accordance with IEEE 802.15.4-2006. The ISAI00.11 standard 1s maintained
by the International Society of Automation (ISA).

[0007] While these wireless communication technologies provide important advantages
to the art of process control and communication, traditional techniques for maintaining
and configuring wireless field devices that employ such communication 1S sometimes

rendered mefficient.

SUMMARY
[0008] A method of evaluating a potential location to add a wireless field device to an
existing network of a plurality of existing wireless field devices 1s provided. The method
includes placing a handheld field maintenance tool in the potential location and causing
the handheld field maintenance tool to identify wireless field devices within
communicative range of the potential location. Information related to wireless

communication at the potential location is viewed. Methods are also provided for
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identifying a selected held device in a process installation using a handheld field

maintenance tool.

According to an aspect of the present invention there is provided a method of
evaluating a potential location within a process environment for addition of a wireless
field device to an existing network of a plurality of existing wireless field devices, the
method comprising:

placing a handheld field maintenance tool in the potential location;

causing the handheld field maintenance tool to identify wireless field devices
within communicative range of the potential location;

viewing information, on a display of the handheld field maintenance tool, related
to wireless communication at the potential location, wherein information related to
wireless communication at the potential location comprises a device identifier and a
signal strength for each identified wireless field device;

providing a recommendation of which wireless sensor network the wireless field
device should join; and

wherein the handheld field maintenance tool is intrinsically safe.

According to another aspect of the present invention there is provided a method
of studying a wireless sensor network including a plurality of wireless field devices, the
method comprising:

monitoring signal strength of each network field device over a selected duration;

and

providing the monitored signal strength correlated with physical position of each

network field device.

Aspects of the present invention are provided by the following clauses:

Clauses

I. A method of locating a selected field device in a process installation with a

handheld field maintenance tool, the method comprising:
obtaining an indication of a physical location of the selected field device;
obtaining an indication of a current position of the handheld field maintenance

tool; and

generating an indication to a user of the handheld field maintenance tool that

CA 2837940 2017-08-31
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directs the user from the current position to the physical location of the selected field

device.

2. The method of clause 1, wherein obtaining an indication of the physical location
of the selected field device i1s obtained via a wireless communication module of the

handheld field maintenance tool.

3. The method of clause 2, wherein the indication of the physical location of the

selected field device is provided by the selected field device.

4. The method of clause 1, wherein generating an indication to the user includes
presenting the user with a map indicating the current position and the physical location of

the selected field device.

5. The method of clause 1, and further comprising automatically generating a local

annunciation at the selected field device.

6. The method of clause 5, wherein the local annunciation 1s automatically generated
when the current position i1s within a threshold proximity of the physical location of the

selected field device.

7. The method of clause 1, wherein the handheld field maintenance tool complies

with at least one intrinsic safety specification.

8. The method of clause 1, wherein the indication includes a heading.

9. The method of clause 1, wherein the indication includes an elevation angle.

10. A method of locating a selected field device in a process installation with a

handheld field maintenance tool, the method comprising:

communicating with the selected field device using a handheld field maintenance

tool to cause the wireless field device to generate a local annunciation.
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11. The method of clause 10, wherein wireless communication between the handheld
field maintenance tool and the selected field device is in accordance with a process

industry standard communication protocol.
12. The method of clause 10, wherein the annunciation is an audible annunciation.

13. The method of clause 10, wherein the annunciation is a visual annunciation.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Fig. 1 is a diagrammatic view of a wireless process control environment in
which embodiments of the present invention are particularly useful.
[0010] Fig. 2 is a diagrammatic view of a wireless process control environment in
which a new wireless field device 1s being added.
[0011] Fig. 3 is a diagrammatic view of a wireless process control environment in
which a new wireless field device is being added in accordance with an embodiment of
the present invention.
[0012] Fig. 4 is a flow diagram of a method of evaluating a potential location for a new
wireless field device in accordance with an embodiment of the present invention.
[0013] Fig. S is a diagrammatic system block diagram ot a handheld field maintenance
tool in accordance with the embodiment of the present invention.
[0014] Fig. 6 is a diagrammatic view of a method of locating a selected field device
using a handheld field maintenance tool in accordance with an embodiment of the present
invention.
[0015] Fig. 7 is a flow diagram of a method of locating a selected field device using a
handheld field maintenance tool in accordance with an embodiment of the present
invention.
[0016] ’Fig. 8 is a diagrammatic view of a method of locating a selected field device 1n
accordance with another embodiment of the present invention.

[0017] Fig. 9 is a flow diagram of a method of locating a selected field device 1n

accordance with another embodiment of the present invention.
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DETAILED DESCRIPTION

[6018] Fie. 1 is a diagrammatic view of a wireless process control

environment in which embodiments of the present invention are particularly
useful. As illustrated in Fig. 1, a plurality of wireless field devices 10 are
communicatively coupled either directly or indirectly via wireless
communication to wireless gateway 20. Wireless field devices 10 are generally
illustrated as wireless process variable transmitiers, such as those sold under the
trade designation Model 3051S wireless pressure transmitter, from Emerson

Process Management, of Chanhassen, Minnesota. However, those skilled in the

art ‘will recognize that wireless field devices 10 can include other types of
wireless process variable transmitters, as well as wireless acluators, valve
positioners, et cetera. Wireless gateway 20 18 configured to commumicate with
wireless field devices 10 using known wireless process communication
protocols, such as the WirelessHART protocol described above. One example of
a wireless pateway is sold under the trade designation Model 1420 by Emerson
Process Management, of Chanhassen, Minnesota. Wireless gateway 20 includes
one or more wired ports that are configured to couple to a local area network,
such as an Bthernet local area network as illustrated at reference numeral 22. By
virtue of its wired connection, wireless gateway 20 can provide information to
and receive information from any device coupled to local network 22 such as
workstations 24 and 26.

[06019] The wireless field device network illustrated in Fig. 1 can be
considered a mesh network in that some of the field devices communicate with
other ficld devices to pass their communication ultimately on to wireless
gateway 20. Thus, a field device that is located too far away from wireless
oateway 20 fo otherwise communicate directly, can still provide wireless

process comynunication by virtue of cornmunication through one or more other

wireless field devices.
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[0020} Fig. 2 is a diagrammatic view of a wireless process control
environment in which 2 new wireless field device is being added. When
installation of a new wireless field device is required, the process is currently
quite cumbersome. For wireless field devices, the physical position of the field
device 18 ofien very ﬁnportant. This is because the physical positon of the
device will affect its proximity to other devices in the mesh network as well as
proximity to a gateway. Further, sources of electromaguetic interference or.
physical obstructions may affect a field device more sign ficantly at one position
versus another. Thus, when a user is planning to install a new wireless field

device into an existing network of wireless field devices, the user will generally

perform a pumber of tasks and evaluations relative to the physical location of

the new device.

[0021]  The user will typically evaluate physical distances between the

proposed installation location illusirated at reference numeral 30 in Fi g. 2 and

other connections points 10 (which in a self-organizing network could be any

meraber of the network) and decide if the distances are within the expected

effective communication range of the new wireless field device.

(0022] In order to study location 30 in detail, the user will often walk into

the field to location 30 and place a wireless test device at Jocation 30. Then, the
user will return to one of workstations 24, 26 and access wircless gateway 20
and wait for the wireless test device to join the wireless network. The wireless
test device can require up to 10 minutes to join the network. Once the test device
does join the network, the user views communicaiion characteristic information
relative to the test device through a user interface provided by the wireless
cateway. If proposed location 30 is satisfactory, the user then returns to location
30 and replaces the test device with the new wireless field device. However, if
position 30 is not satisfactory, the entire process is repeated for an aliernate

location. If the user is exploring even a few potential locations, the process can

quickly consume significant time.
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{0023] Fig. 3 is a diagrammatic view of a wireless process control
environment in which a new wireless field device 1s bemg added in accordance
with an embodiment of the present invention. The embodiment illustrated with

respect to Fig. 3 leverages a new ability of a handheld field maintenance tool to

improve the process of adding new wireless field devices to existing wireless
networks. Instead of deploying a test field device to proposed lecation 30,
handheld field maintenance tool 52 is used. Tool 52 has a wireless process
communication module (Shown in Fig. 5) that allows tool 52 to listen to and
communicate directly with field devices 10. Accordingly, when tool 52 1s
located at position 30, a user can selected a function supplied by tool 52 to cause
tool 52 to identify all wireless field devices 10 within communicafion range of
position 30. Tool 52 then displays the wireless field devices 10 within range of
position 30. This display may simply include the number of field devices with
which tool 52 can communicate at position 30. However, the display can be

more sophisticated including a listing of device tags or MAC addresses, and the

signai sfrength at position 30. Additionally, too} 52 can also measure and report
other connectivity issues, such as the presence of electromagnetic interference,
other process commmunication networks, communication errors, or any other
suitable parameter of interest to a techmician deploying a new wireless field
device. The embodiment described with respect to Fig. 3 is believed to be
particularly applicable to WirelessHART, but any other suitable wireless process

communication protocol can be used. Moreover, while the embodiment
described with respect to Fig. 3, is illustrated relative to handheld field
maintenance tool 52, any device that can communicate on the wireless senser
network and provide useful information to 2 technician or user may be
employed. Thus, tool 52 could simply be 2 medule or device that plugs into a
laptop computer or other switable mobile device. However, since the device 1s
located, at least some of the time, in the field, it is preferred that tool 52 comply

with at least one intrinsic safety specification, such as that listed above.
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[0024]  Additionally, or altemnatively, the signal quality at position 30 can be
evaluated over time. Thus, if position 30 is susceptible to periodic
cleciromagnetic inferference, such a study would detect such Interference
thereby addressing a potentially intermitfent communication difficulty, The
study of position 30 can be done using a software application resident in one or
more field devices 10, gateway 20, or preferably tool 52 to continually or
periodically monitor signal strength of each network member over time.
Preferably, the monitored signal strength information is stored and combined
with geographic mformation (such as a map of the network) to provide a user
with a graphical, intuitive depiction of signal quality as a function of position in

the wireless process network, This map is termed a network heat map and can be

used to graphically depict past history of signal strength to 1,2, 3,4 ... et cetera
devices in the arez of position 30. Further, the application, m some
embodiments, illustrates the lowest signal strength to 1, 2, 3 ... ¢t cetera wireless
field devices. Further still, in some embodiments, the software application can
recommend which wireless sensor network the new field device should jom as
well as provides an indication of anticipated communication reliability for the
new wireless field device.

[0025] Fig. 4 is a flow diagram of a method of evaluating a potential

location for a new wireless field device in accordance with an embodiment of
the present invention. Method 60 begins at block 62 where & handheld field

maintenance tool is placed at a proposed location of a new wireless field device.
Next, at block 64, the handheld field maintenance tool identifies at least some
wireless field devices within range of the handheld field maintenance tool,
Preferably, the handheld ficld maintenance tool identifies all wireless field
devices within range during block 64. At block 66, the handheld field
maintenance tool provides information related to the wireless commumcation to
a user via a display of the handheld field maintenance tool. This information
may be the number of field devices found; the device tags of the field devices;

the signal strength relative to each field device, et cetera.
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[0026]  Fig. 5 is a diagrammatic system block diagram of a handh'eld field
maintenance tool in accordance with the embodiment of the i)tesent invention. It
is preferred that tool 52 comply with at least one intrinsic safety specification,
such as that listed above, in order to help ensure safety in potentially explosive

environments.

10027] Handheld field maintenance tool 52 includes at least one wireless

process communication module 120. Suitable examples for wireless process
communication modnle 120 include a module that generates and/or receives
proper signals in accordance with a known wireless communication protocol,
such as the WirelessHART protocol described above. Another suitable wireless
process communication protocol 18 that set forth in ISA100.112 described ahove.
While Fig. 5 shows a single wireless process communication module 120, it 1s
expressly contemplated that any . suitable number of wireless process
communication modules can be used to communicate in accordance with
varions wireless process communication protocols now in existence or later
developed.

[0028]  Handheld field .majntenance tool 52 also includes at least one
secondary wireless communication protocol module 122 Wireless
communication protoco] module 122 can communicate in accordance with one
or more of the options shown in phantom in Fig. 5. Specifically, wireless
communication protocol module 122 may communicate in accordance with a
Bluetooth specification 124; a Wi-Fi specification 126; a kpnown RFID
specification 128: cellular communication techmiques 130; and/or satelhie
communication 132. These communication technigues and methodologles atlow
handheld field maintenance tool 52 to communicate directly with wircless
| gateway 20 either via direct wireless communication, or using the Internet to
which a wireless gateway is pgenerally coupled. While ome wircless
communication protocol module 122 is shown in Fig. 5, any suitable number
may be used. Each of the wireless process communication protocol module 120

and wireless commumication protocol module 122 is coupled fo controller 130
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which is also coupled to the wired process communication module 138.
Controller 130 is preferably a microprocessor that execuies a sequence of
instructions to perform handheld field mamntenance tasks. Wired process
communication module 138 allows the handheld field maintenancg tool to be

physically coupled via a wired connection at terminals 142, 144 to a hield

device. Examples of suitable wired process communication include the lnghway
addressable remote transducer (HART®) protocel, the FOUNDATION™

Fieldbus protocol, and others.
[0029] Handheld field maintenance tool 52 can include a number of optional

items that facilifate additional embodiments of the present invenfion.
Specifically, tool 52 can include a position detection module, such as GPS
module 150. GPS module 150 can be configured to additionally use the Wide
Ares Augmentation System (WAAS) for improved accuracy and/or can be
configured to operate using differential GPS techmques as appropriate. Module
150 is coupled to controller 130 to provide controller 130 with 2n indication of
the geographic position of tool 52. Additionally, tool 52 also preferably
comprises compass module 152 coupled to controller 130 such that tool 52 can
indicate the direction in which it is pointing. Finally, tool 52 can also include tilt
module 154 coupled to controller 130 to provide an indication to controlier 130
relative to an angle of inclination of tool 52 relative to gravity. However,
additional axes of sensing are also contemplated.

10030} The optional components of tool 52 are particularly useful in
embodiments of the present invention where a handheld field maintenance tool
helps a techmician or cnginéer find the physical location of a wireless field
device in the field. An oil refinery is often a very large process installation with
many field devices positioned at various locations, some of which may not be
readily visible. When a technician or engineer needs 10 physically locate a field

device to perform engineering, setup and maintenance tasks, the technician oOr

engineer would previously need to perform one of the following tasks. The

technician or engineer would be forced to search for the field device based on
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memory or word-of-mouth directions. Alternatively, the technician or engneer
would look up the field device in engineering drawings, which often do mot
contain detailed information about the physical location of the device. Then,
based on that often limited information, the technician or engineer would
attempt to physically find the device in the plaﬁt or process installation.

{0031} Fig. 6 is a diagrammatic view of a process of finding a wireless field
device using 2 handheld field maintenance tool to locate a selected field device
in accordance with an embodiment of the present invention. Handheld field
maintenance tool 100 can be identical to tool 52 described above with respect {0
Fig. 5. However, a different reference numeral is used because it need not be the
samne. Tool 100 includes a user interface (in the form of a keypad, navigation
buttons, and a display) that allows a techmcian or engineer to select a specific
field device to locate. Such selection will generally be in the form of selecting a
device tag or identifier, but may take any suitable form. In the example shown in
Fig. 6, the technician has selected wireless field device 206 among devices 200, .
202, 204, and 206. While four field devices are illustrated, in reality, the field
devices could number in the hundreds with field devices dispersed throughout
the factory or process installation. Preferably, handheld field maintenance tool
100 contains a map of the process installation that is either pre-loaded into the
handheld field maintenance ool, or communicated wirelessly to tool 100
throngh any suitable means. Additionally, in the event that handheld field
maintenance tool 100 has previously interacted with the selected field device
(such as during installation of the field device) handheld ficld mamtenance tool
100 may have acquired information that relates the position (as indicated by the
GPS module at the time of the previous interaction) to the device. This position
formation can be written to the field device, stored in handheld field
maintenance tool 100 or both. It is also contemplated that handbeld field
maintenance tool 100 or a different handheld field maintenance tool can access
the wireless field device using any suitable wireless communication and receive

from the wireless field device location information indicative of a position of the
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wireless field device. Once the device tag is identified, the handheld field
maintenance tool obtains position information, preferably from GPS moduie 150
relative to the position of tool 100. Once tool 100 knows its own position, it
generates an indioatioﬁ, vector, route, or other suitable directions to help the
technician or engineer travel fo the physical location of field device 200.
Preferably, the map inciudes an indication of tool 100 on the map so the user can
cauge progress to the destination (field device 206) Additionally, since the

technician is usually walking, and GPS heading information is based on

movement, tool 100 may use its optional compass 10 provide the user with a

directional indication 208 that points or leads the technician or engineer {0 the

sclected field device 206 even when the technician or engineer 15 standing stil,
Finally, since at least some process installations such as refinenies may have
field devices positioned tens or hundreds of feet above the ground, tool 100 can
hee tilt module 154 to ceuse the technician or engineer to incline tool 100 at an
angle that causes the tool to be essentially aimed at field device 206. Thus, if a
user reaches a position where field device 206 1s supposed to be, but field device
206 is actually located far overhead, tool 100 would indicate an angle of incline

that would direct the user’s attention to the proper elevation to locate the figld

device.
16032] Fig. 7 is 2 flow diagram of a method of locating a selected field

device using a bandheld field maintenance tool accordance with an
embodiment of the present invention. Method 70 begins at block 72 where an
indication of a physical location of a selected field device is obtaned by a
handheld field maintenance tool. This may be done by accessing an intemnal pre-
1oaded database within the handheld field maintenance tool that correlates all
device tags in the process installation to physical positions. Alternatively, the
nandheld field maintenance tool can generate a query based on the selected
device identification fo a suitable server or computing device In an asset
management system to receive position information relative to the selected

device. As set forth above, since the handheld field maintenance tool bas ample
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wireless communication abilities, this query may be submitted while the user 1s
in the field. Next, at block 74, the handheld field maintenance tool determines 1ts
current position. This can be done in amy suitable manner, but preferably

includes accessing an internal GPS module, such as module 150. Then, the

controller of the handheld field maintenance tool processes the physical location

of the selected field device and the current position of the handheld field

maintenance tool to provide an indication to the user to direct the user tow ard

the physical location of the selected wireless field device.

[0033]  Another aid for the technician or engineer’s search for the wireless

field device is illustrated with respect to Fig. 8. Specifically, once the user has

selected a field device to locate, the handheld field maintenance tool 100 can

communicate on the wireless sensor network in which the field device 1s located

to canse the field device to generate a local annunciation to help capture the
user’s attention. This local annunciation 210 can be in the form of an audible
alert or siren, a flashing light or indicator, or both. Thus, as the techmician or
engineer is walking near the field device, the field device’s soumds and lights
will help the technician or engineer focus on the desired field device.

(0034]  Fig. 9 is a flow diagram of a method of locating a selected field
device in accordance with another embodiment of the present invention. Method
250 begins at block 252 where a user selects a wireless field device with a
handheld field maintenance tool. Next, at block 254, the handheld field
maintenance tool generates suitable wireless communication, preferably wireless
process communication, to cause the selected field device to generate a local
annuneciation.

[{(H035] While each of the embodiments described with respect to Figs. 6 and
8 can be practiced separately, combinations of the embodiments are also useful.
For example, the user can obtain and follow a map to amrive in the general area
of the selected field device. Then, once handheld field maintenance tool senses
proximity above a certain threshold te the field device, the handheld field

maintenance tool can automatically interact with the field device through the



CA 02837940 2015-11-06

13-

wireless sensor network to cause the field device to generate the local
annunciation and confirm the location of the field device. Further still, if the
user reaches the location of the selected field device and cannot find it, the user
may also obtain additional location assistance information using the handheld
field maintenance tool. For example, the user may download an image of the
field device located in its position. The user can then view the image and

compare it to the user’s physical reality to find the field device.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A method of evaluating a potential location within a process environment for
addition of a wireless field device to an existing network of a plurality of existing
wireless field devices, the method comprising:

placing a handheld field maintenance tool in the potential location;

causing the handheld field maintenance tool to identify wireless field devices
within communicative range of the potential location;

viewing information, on a display of the handheld field maintenance tool, related
to wireless communication at the potential location, wherein information related to
wireless communication at the potential location comprises a device identifier and a
signal strength for each identified wireless field device;

providing a recommendation of which wireless sensor network the wireless field
device should join; and

wherein the handheld field maintenance tool is intrinsically safe.

2. The method of claim 1, wherein the handheld field maintenance tool
communicates with each wireless field device in accordance with a process industry

standard protocol.

3. The method of claim 2, wherein the process industry standard protocol 1s a
WirelessHART protocol.
4. The method of any one of claims 1 to 3, wherein the information related to

wireless communication at the potential location includes an indication of

electromagnetic interference.
. The method of any one of claims 1 to 4, and further comprising:

providing an indication of anticipated communication reliability for the wireless

field device at the potential location.

CA 2837940 2017-08-31
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6. The method of any one of claims 1 to 5, and further comprising:

providing a graphic representation of detected signal strength as a function of a

detected position of each identified wireless field device.

CA 2837940 2017-08-31
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