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(57) Abrégée/Abstract:
A handheld field maintenance tool (52, 102) with improved diagnostic functions Is provided. The tool (52, 102) includes a process
communication module (121, 138) configured to interact with a field device (22, 23, 104). A controller (130) I1s coupled to the
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(57) Abrege(suite)/Abstract(continued):

process communication module (121, 138). The controller (130) Is configured to execute a number of improved diagnostic
functions relative to the field device (22, 23, 104). The controller (130) may obtain contextual information (206) relative to a current
fleld maintenance operation and preload at least one resource relative to a next field operation step (208). The controller (130) may
obtain process alarm information (254) through a wireless communication module (123), and field device alert information (254)
through the process communication module (121, 138) and provide an indication on a display (120) relative to both process alarm
Information and field device alert information. The controller (130) may execute a sequence of field device maintenance operations

on the field device In response to a signal from a user input device (122). The controller (130) may obtain shapshot information
(304) In response to a signhal from a user input device (122).
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(57) Abstract: A handheld field maintenance tool (52,
102) with improved diagnostic functions is provided. The
tool (52, 102) mcludes a process communication module
(121, 138) configured to mteract with a field device (22,
23, 104). A controller (130) is coupled to the process com-
munication module (121, 138). The controller (130) is
configured to execute a number of improved diagnostic
functions relative to the field device (22, 23, 104). The
controller (130) may obtain contextual mformation (206)
relative to a current field maintenance operation and
preload at least one resource relative to a next field opera-
tion step (208). The controller (130) may obtain process
alarm mformation (254) through a wireless communica-
tion module (123), and tield device alert information (254)
through the process communication module (121, 138)
and provide an indication on a display (120) relative to
both process alarm information and field device alert in-
formation. The controller (130) may execute a sequence of
field device maintenance operations on the field device in
response to a signal from a user mput device (122). The
controller (130) may obtain snapshot imnformation (304) m
response to a signal from a user input device (122).
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HANDHELD FIELD MAINTENANCE TOOL WITH IMPROVED
DIAGNOSTICS

BACKGROUND

[0001] Handheld field maintenance tools are known. Such tools are highly useful
in the process control and measurement industry to allow operators to conveniently
communicate with and/or interrogate field devices in a given process installation.
Examples of such process installations include petroleum, pharmaceutical, chemical, pulp,
and other fluid processing installations. In such installations, the process control and
measurement network may include tens or even hundreds of various field devices which
periodically require maintenance to ensure that such devices are functioning properly
and/or calibrated. Moreover, when one or more errors in the process control and
measurement installation are detected, the use of a handheld field maintenance tool allows
a technician to quickly diagnose such errors in the field. Handheld field maintenance tools
are generally used to configure, calibrate, and diagnose problems relative to intelligent
field devices using digital process communication protocols.

[0002] Since at least some process installations may involve highly volatile, or
even explosive, environments, it 1s often beneficial, or even required, for field devices and
the handheld field maintenance tools used with such field devices to comply with intrinsic
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 1s set forth in: APPROVAL STANDARD INTRINSICALLY SAFE
APPARATUS AND ASSOCIATED APPARATUS FOR USE IN CLASS I, II and III,
DIVISION NUMBER 1 HAZARDOUS (CLASSIFIED) LOCATIONS, CLASS
NUMBER 3610, promulgated by Factory Mutual Research October, 1998. An example of
a handheld field maintenance tool that complies with intrinsic safety requirements includes
that sold under trade designation Model 475 Field Communicator, available from Emerson

Process Management of Austin, Texas.
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SUMMARY
[0003] A handheld field maintenance tool with improved diagnostic functions is

provided. The tool includes a process communication module configured to interact
with a field device. A controller 1s coupled to the process communication module. The
controller 1s configured to execute a number of improved diagnostic functions relative
to the field device. The controller may obtain contextual information relative to a
current field maintenance operation and preload at least one resource relative to a next
field operation step. The controller may obtain process alarm information through a
wireless communication module and field device alert information through the process
communication module and provide an indication on a display relative to both process
alarm information and field device alert information. The controller may execute a
sequence of field device maintenance operations on the field device in response to a
signal from a user input device. The controller may obtain snapshot information in

response to a signal from a user input device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] FIGS. 1A and 1B are diagrammatic views of a handheld field
maintenance tool with which embodiments of the invention are particularly usetul.
[0005] FIG. 2 is a diagrammatic view of a handheld field maintenance tool with
which embodiments of the present invention are particularly usetul.
[0006] Fig. 3 1s a block diagram of a handheld field maintenance tool in
accordance with an embodiment of the present invention.
[0007] FIG. 4 1s a diagrammatic view of a method of facilitating field
maintenance with a handheld field maintenance tool 1in accordance with an embodiment
of the present invention.
[0008] FIG. 5 is a block diagram of a method of providing device alert and
process alarm conditions on a handheld field maintenance tool in accordance with an

embodiment of the present invention.
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[0009] FIG. 6 is a flow diagram of a method of simply executing complex,
device-specific diagnostics using a handheld field maintenance tool 1n accordance with
an embodiment of the present invention.

[0010] FIG. 7 1s a flow diagram of a method of providing diagnostic
information to a remote party using a handheld field maintenance tool 1n accordance
with an embodiment of the present invention.

[0011] FIG. 8 is a flow diagram of a method of receiving remote support using a
handheld field maintenance tool in accordance with an embodiment of the present

nvention.

DETAILED DESCRIPTION

[0012] FIGS. 1A and 1B are diagrammatic views of a handheld field
maintenance tool 22 coupled to field devices 20, 23. As shown in FIG. 1A, handheld
field maintenance tool 22 includes a pair of terminals 25, 27 that couple to test leads 30,
32, respectively, which are then coupled to terminals 24 of field device 20. Terminals
24 may be dedicated terminals to allow such a handheld field maintenance tool to
couple to device 20 and interact with device 20. The utilization of terminals 25, 27 to
couple to field device illustrates an example of a wired connection between handheld
field maintenance tool 22 and field device 20.

[0013] FIG. 1B shows an alternate arrangement where handheld field
maintenance tool 22 couples directly to the process control loop 34 to which field
device 23 1s coupled. In either case, the wired connection between the handheld field
maintenance tool and the field device allows the handheld field maintenance tool to
interact with the desired field device 20, 23.

[0014] FIG. 2 1s a diagrammatic view of handheld field maintenance tool 102
interacting with wireless field device 104. System 100 includes handheld field
maintenance tool 102 communicating with field device 104. Handheld field
maintenance tool 102 1s communicatively coupled to field device 104 wvia
communication link 114. Communication link 114 can take any suitable form including

wired connections as shown 1in FIGS. 1A and 1B, as well as wireless communication
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techniques that are currently being used or being developed. Handheld field
maintenance tool 102 allows a technician to interact with field device 104 to configure,
calibrate, and/or diagnose problems with respect to field device 104 using a digital
process communication protocol such as FOUNDATION™ Fieldbus and/or the
HART® protocol. Handheld field maintenance tools, such as tool 102 can be used to
save configuration data from field devices, such as field device 104.

[0015] Field device 104 may be any device that senses a variable in the process
and transmits information related to the variable over a process communication loop;
such as a pressure or temperature. Field device 104 may also be a device that receives
information from a process communication loop and sets a physical parameter, such as
a valve closure, based on the information. Field device 104 1s depicted as an industrial
process fluid pressure transmitter having a pressure manifold 106 coupled thereto, and
an electronics enclosure 108. Field device 104 1s provided for 1llustrative purposes only.
In reality, field device 104 may be any industrial device, such as a process fluid
temperature transmitter, process fluid level transmitter, process fluid flow transmitter,
valve controller, or any other device that i1s useful in the measurement and/or control of
industrial processes.

[0016] Handheld field maintenance tool 102 generally includes a user interface
that comprises a display 120 as well as a number of user input buttons 122. Display 120
may be any suitable display such as an active-matrix liquid crystal display, or any other
suitable display that 1s able to provide useful information. Buttons 122 may comprise
any suitable arrangement of buttons relative to any number of functions to which the
handheld field maintenance tool may be directed. Buttons 122 may comprise a numeric
keypad, an alphanumeric keypad, any suitable number of custom functions and/or
navigation buttons, or any combination thereof.

[0017] Fig. 3 is a diagrammatic system block diagram of a handheld field
maintenance tool in accordance with the embodiment of the present invention. It 1s
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.

Handheld field maintenance tool 52 preferably includes at least one wireless process
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communication module 121. Suitable examples for wireless process communication
module 121 include a module that generates and/or receives proper signals 1n
accordance with a known wireless communication protocol, such as the known
WirelessHART protocol (IEC 62591). Another wireless process communication
protocol 1s set forth in ISA100.11a. While Fig. 3 shows a single wireless process
communication module 121, it 1s expressly contemplated that any suitable number of
wireless process communication modules can be used to communicate in accordance
with various wireless process communication protocols now 1n existence or later
developed.

[0018] Handheld field maintenance tool 52 also includes at least one secondary
wireless communication protocol module 123. Wireless communication protocol
module 123 can communicate in accordance with one or more of the options shown 1n
phantom 1n Fig. 3. Specifically, wireless communication protocol module 123 may
communicate 1n accordance with a Bluetooth specification 124 (such as Bluetooth
Specification 2.1 rated at Power Class 2); a Wi-F1 specification 126 (such as IEEE
802.11.a/b/g/n); a known RFID specification 128; cellular communication techniques
130 (such as GSM/CDMA); WiIMAX (IEEE 802.16m), and/or satellite communication
132. These communication techniques and methodologies allow handheld field
maintenance tool 52 to communicate directly with a wireless gateway or other suitable
device either via direct wireless communication, or using the Internet. While one
wireless communication protocol module 123 1s shown in Fig. 3, any suitable number
may be used. Each of the wireless process communication protocol module 121 and
wireless communication protocol module 123 1s coupled to controller 130 which 1s also
coupled to the wired process communication module 138.

[0019] Embodiments of the present invention generally leverage the wireless
communication abilities of the handheld field maintenance tool to create a persistent,
real-time data communication pathway or channel with the process installation network
or cloud. Such access can be done using a direct wireless connection to the process
installation network, or through a Virtual Private Network (VPN) tunnel into the

process 1nstallation network through a process installation network firewall. This
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provides the ability for the handheld field maintenance tool to automatically interact
and/or synchronize with systems within the process installation data network, such as an
asset management system, a Computerized Maintenance Management System
(CMMS), a Distributed Control System (DCS), et cetera. In some process installations,
wireless communication may not be possible due to interference or the lack of a
wireless access point within range of the handheld field maintenance tool. In such
situations, the controller of the handheld field maintenance tool i1s preferably configured
to store various data to be synchronized, such that when a suitable "hot spot” 1s found
where wireless connectivity 1s available, the handheld field maintenance tool can
connect and synchronize with suitable servers or other remote devices.

[0020] Controller 130 1s preferably a microprocessor that executes a sequence
of instructions stored therein, or in memory coupled to controller 130, to perform
handheld field maintenance tasks. Wired process communication module 138 allows
handheld field maintenance tool 52 to be physically coupled via a wired connection at
terminals 142, 144 to a field device. Examples of suitable wired process communication
include the highway addressable remote transducer (HART®) protocol, the
FOUNDATION™ Fieldbus protocol, Profibus and others.

[0021] Handheld field maintenance tool 52 includes a user interface module 156
for generating a user interface using display 120 and keys 122. Module 156 can include
suitable display driver circuitry 158 and/or memory to interact with display 120.
Module 156 also includes input circuitry 160 which i1s configured to interact with
buttons 122 to receive user input. Additionally, in embodiments where display 120
includes a touchscreen, module 160 can include circuitry to generate user input data to
controller 130 based upon a user's touch and/or gestures received by the touchscreen.
[0022] Handheld field maintenance tool 52 can include a number of additional
items that facilitate additional functionality. 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 Area Augmentation System (WAAS) for improved accuracy
and/or can be configured to operate using differential GPS techniques as appropriate.

Module 150 1s coupled to controller 130 to provide controller 130 with an indication of
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the geographic position of tool 52. While position detection module 150 1s preferably
an internal component of tool 52, it may be external and communicatively coupled
thereto using a suitable wireless or wired communication protocol, such as Bluetooth
124, RFID 128, et cetera. Further still, while position detection module 150 1s generally
described as GPS module 150, other techniques for triangulating the position of the
handheld field maintenance tool based upon relative strength of wireless
communication with wireless transceivers having known fixed positions can be
employed. Examples of such wireless triangulation techniques include triangulation of
the position of handheld field maintenance tool 52 based upon communication with
three or more fixed-position WiFi1 communication points, or access points. Further still,
as set forth above, embodiments of the present invention may include the ability to
employ one or more wireless process communication protocol modules, such as module
121. Such triangulation techniques can also be employed 1f a suitable number of
wireless 1nteractions with fixed-position wireless field devices can be achieved.
Finally, while the various methods provided for obtaining the position of handheld field
maintenance tool 52 are described above, they can also be used in conjunction with one
another to provide additional accuracy and/or redundancy. Additionally, tool 52 also
preferably comprises compass module 152 coupled to controller 130 such that tool 52
can indicate the compass direction 1n which i1t 1s pointing. Finally, tool 52 can also
include tilt module 154 coupled to controller 130 to provide an indication to controller
130 relative to an angle of inclination of tool 52 relative to gravity. However, additional
axes of sensing are also contemplated.

[0023] When one or more field devices are not functioning properly the entire
process installation may be affected. It 1s thus very important for problems with such
devices to be i1dentified and remedied as quickly as possible. Moreover, with modern
smart field devices growing more complex, finding a root cause of a specific problem 1is
becoming more difficult.

[0024] In accordance with an embodiment of the present invention, a handheld
field maintenance tool provides advanced diagnostic and troubleshooting functions for a

field technician. Additionally, such advanced functionality 1s preferably provided using
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simplified user interface techniques such that the overall diagnostic task for the field
technician 1s simplified while the actual diagnostics performed using the handheld field
maintenance tool become more complex or advanced.

[0025] One manner 1n which field maintenance 1s simplified is by providing a
handheld field maintenance tool that supports work flows. Field maintenance tasks are
preferably grouped with applications and other information in a logical arrangement
that 1s consistent with work flows used by technicians in the field. When in "workflow"
mode, the handheld field maintenance tool senses, measures, or otherwise obtains,
information about what the technician i1s currently doing, the next step(s) that the
technician will likely take. With such information, the handheld field maintenance tool
can make relevant information and applications readily accessible to the technician.
Examples of such context information that can inform the handheld field maintenance
tool about what the technician 1s currently doing includes, but 1s not limited to, digital
interactions with a connected field device; errors or other diagnostic information
provided by the field device; field device status information; field device audit trail
information (preferably obtained wirelessly from an asset management system 1n real-
time); asset history information (either stored locally in the handheld field maintenance
tool or obtained wirelessly from a remote host); process parameters relative to the
process 1nstallation, which are provided by one or more other field devices or the
process controller; field device alert information (available from the connected field
device or another field device); process alarm conditions; local environmental
conditions (such as ambient temperature, barometric pressure, humidity, et cetera);
measurement of electromagnetic interference using any of the wireless communication
modules within the handheld field maintenance tool; vibration measurement; time of
day; information relative to the technician (such as technician name or 1D, technician
security clearance, et cetera). Any such parameters, either alone or in combination with
other parameters, can inform the handheld field maintenance tool about what the
technician 1s currently doing. While the result of analyzing such information preferably
indicates a specific tack for which next steps, information and/or application can be

provided, 1t 1s expressly contemplated that a number of viable results can be determined
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with a statistical weight ranking the results. Thus, next step information, applications, et
cetera can be provided for not only the top result, but even the top plurality of results.
Moreover, while such diverse information 1s preferably automatically analyzed by the
handheld field maintenance tool in order to assist the technician with the next logical
step(s) 1n his or her field maintenance, it 1s also contemplated that all such information
can also be made available to the technician.

[0026] FIG. 4 1s a diagrammatic view of a method of facilitating field
maintenance with a handheld field maintenance tool 1in accordance with an embodiment
of the present invention. Method 200 begins at block 202 where a handheld field
maintenance tool 1s communicatively coupled to a field device. Such communicative
coupling may be a wired coupling (either directly to the field device or through a
process communication loop or segment) or a wireless coupling. Next, at block 204, the
handheld field maintenance tool 1s used to execute at least one field maintenance
function relative to the field device. At block 206, the handheld field maintenance tool
acquires context information regarding the current field maintenance activity. This step
1s preferably done automatically without technician input. Based on the information
obtained at step 206, controller 130 in handheld field maintenance tool 52 determines
what activity the technician 1s currently performing. Based on the current technician
activity, controller 130 determines one or more next steps, and determines resources
needed for the one or more next steps. The resources are loaded at block 208, such that
when the technician completes the current activity, the resource(s) required for the
probable next step 1s/are already available. At block 210, the most likely next step 1s
indicated to the user through display 120. The technician may select the indicated step,
or may indicate that the proposed next step 1s not accepted. In such case, method 200
may provide the next most likely next step to the technician, or may simply allow the
technician to end the context-sensitive resource pre-loading.

[0027] Embodiments of the present invention can also be used to facilitate
documentation of the maintenance steps pertormed by the technician. For example,
upon completion of each step pertormed, the results of that step may be stored in the

handheld field maintenance tool, an asset management system, a CMMS system, et
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cetera to maintain a historical record of the work performed on a particular field device.
Such information may include a description of the work done, whether the work was
successful or not, a pass/fail rating, notes, et cetera. The handheld field maintenance
tool preterably automates the acquisition of such information, but embodiments of the
present invention also include receiving manual data entry from the technician on the
handheld field maintenance tool relative to any of the information listed above. The
results for individual maintenance steps are preferably aggregated to produce summary
information about the whole procedure. This summary rating/information could include
a check mark, or other suitable flag, for completion, a pass/fail rating, data, notes et
cetera. The results are preferably stored on the handheld field maintenance tool and
uploaded to an asset management system or higher level information system, et cetera
for analysis and/or archival. The results could then be used by a maintenance manager
to ensure that work had been completed as expected.

[0028] While embodiments of the present invention generally obtain and
process significant amounts of diagnostic and/or contextual information, it 1s prefer that
at least some embodiments of the present invention provide the technician with a
simplified display that combines such data. This simplified indication may be provided
on display 120 automatically, or may be selected or otherwise invoked by the
technician. For example, one such simplified diagnostic indication 1s a simple good/bad
indicator that provides a general indication of the health of the field device. It may be as
simple as a good/bad flag or icon, or it may indicate a continuum between good and
bad. Additionally, device-specific help information is also provided to the technician as
desired. For example, the technician may select the "help” function or key, and the
handheld field maintenance tool automatically generates a query to a remote host or
system relative to the specific field device to which the handheld field maintenance tool
1s communicatively coupled. The query results are received wirelessly and displayed to
the technician. Preferably, the help results are analyzed based on current field device
context information, and more particular items of help information are offered to the
technician based on the context information. Help results can include any information

that 1s helpful to the technician drawn from any source, local or remote. Examples of
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help results include help information from a field device manual, a list of tasks (with
links to the DD tasks) to perform based on the status, as well as one or more resources
to "fix" the field device. Help results can also include links to videos where the
technician 1s shown how to diagnose/troubleshoot/fix the field device. In embodiments
where the handheld field maintenance tool has sufficient memory capacity, all device-
specific help information may actually be stored locally. However, in such
embodiments, it 1s still preferred that the help query results be ordered or organized
based on the context information. Thus, 1if a technician 1s performing a specific
calibration operation on a specific field device and presses the help button, the result
will be device-specific help information, and the highest ranking result will be directed
to the calibration operation the technician is currently performing.

[0029] One difficulty that faces technicians when they investigate, troubleshoot
and diagnose problems in a running process 1s not having visibility to the field device
alert and process alarm conditions simultaneously. In order to diagnose problems, the
technician must generally be in constant contact with another worker inside the control
room who 1s looking at the alarm banner on the operator screen.

[0030] FIG. 5 is a block diagram of a method of providing device alert and
process alarm conditions on a handheld field maintenance tool 1in accordance with an
embodiment of the present invention. Method 250 begins at block 252 where the
handheld field maintenance tool 1s communicatively coupled to the field device.
Preferably, whenever the handheld field maintenance tool 1s communicatively coupled
to a field device, the tool will automatically identity the field device and load, or
otherwise obtain a device description for the connected field device. At block 254, the
field device 1s interrogated and one or more device alerts are obtained from the field
device. Such alerts may indicate the occurrence of a specified event or condition that
has occurred or 1s currently occurring. At block 256, the handheld field maintenance
tool communicates with a control room host or system that 1s currently running the
process. Such communication 1s preferably wireless communication. The control room
host or system provides information to the handheld field maintenance tool relative to

one or more process alarms. A process alarm 1s an indication that a specified alarm
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condition has been satisfied and is not yet resolved. A process alarm can be related to a
number of process conditions. For example, a process alarm can be related to a process
variable, such as a process pressure, a field device failure or deterioration, process
communication difficulties, et cetera. At block 258, the handheld field maintenance tool
generates an indication on display 120 that shows both device alerts and process alarms
simultaneously. This provides the technician, in the field, with a display of process
alarm conditions that the process operator sees, along with a summary of detected field
device alerts. Using both displays, the technician in the field can quickly pinpoint the
source of the problem and arrive at a diagnosis for resolution. While the description
above 1s provided relative to process alarms and device alerts, any relevant process
information from the process control system can be provided. Examples include process
variables, analog output values, setpoints, et cetera.

[0031] FIG. 6 1s a flow diagram of a method of simply executing complex,
device-specific diagnostics using a handheld field maintenance tool in accordance with
an embodiment of the present invention. Method 270 begins at block 272 where a
handheld field maintenance tool 1s communicatively coupled to a field device. At block
2’74, the handheld field maintenance tool receives a technician input that selects the
automatic diagnostic function. This selection may be generated in any suitable manner,
however, 1t 1s preferred that the automatic diagnostic function be selectable with a
single keypress. For example, a function-specific physical button may be included
among buttons 122. Additionally, once the handheld field maintenance tool 1s
communicatively coupled to a field device, a soft-key may be available that allows the
automatic diagnostic function to be invoked with the single keypress. The soft-key may
be a physical button 122 1n proximity to display 120, such that display 120 may indicate
a label proximate the soft-key that 1s indicative of the soft-key function.

[0032] At block 276, the handheld field maintenance tool obtains a test scheme
for the specific field device to which 1t was communicatively coupled in block 272.
Obtaining the test scheme can be done in any suitable manner, but 1s preferably done as
indicated by the blocks in phantom. Specifically, the handheld field maintenance tool

first 1dentifies the field device to which it 1s coupled. This 1dentification may include
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obtaining device tag information or some other identifier. The field device may also
provide an indication of model number, manufacturer, device revision number, and
device description revision number. In instances where the field device 1s not able to
provide such information, the handheld field maintenance tool can preferably use its
wireless communication to interact with an asset management system to obtain such
information based on a lookup of the device tag. In any event, at block 280, the
handheld field maintenance tool accesses an electronic device description (EDD) file
that corresponds with the exact field device manufacturer, model number and revision
number that was obtained at block 278. Such access may be performed using wireless
communication, and/or may be performed using a local database lookup (in
embodiments where the handheld field maintenance tool stores one or more EDD files).
An electronic device descriptor (EDD) 1s written using electronic device description
language (EDDL) and includes an exhaustive list of all tests that the specific field
device needs to pass 1n order to be considered free of errors and defects. Field devices
include or are provided with this information, but it 1s not easily usable by a technician.
Thus, at block 282, the handheld field maintenance tool causes controller to parse, or
otherwise process, the EDD file to generate one or more automated test scripts that
comprise a test scheme, as indicated at block 284. While the description provided above
specifically references EDD files, any computer-readable media that provides a
description of an associated field device can be used 1n accordance with embodiments
of the present invention. Suitable examples include Field Device Tool/Device Type
Manager (FDT/DTM) 1n accordance with the FDT Specification managed by FDT
Group AISBL, Field Device Integration (FDI), et cetera.

[0033] At block 286, the handheld field maintenance tool begins automatically
executing the test scheme. Pretferably, the test scheme 1s executed without any
technician intervention. However, 1t 1s contemplated that 1f certain tests or scripts
require physical acts (such as connecting a reference resistance to a pair of field device
sensor terminals). Even with technician intervention, the sequence of individual test
scripts as well as communication with the field device 1s still preterably pertormed

automatically. Once all test scripts in the scheme have run, the handheld field
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maintenance tool preferably provides a summary of the results to the technician, as
indicated at block 290. The summary pretferably lists each test script, and a result of
each script. Results can include an indication of whether the field device passed the test,
failed the test, or whether the result was indeterminate. Moreover, the results summary
can also include alert conditions and/or problems discovered. Preferably, the automatic
diagnostic will also include as-found data that was recorded prior to running the test
scheme. Additionally, if the field device does have problems or failures the final
summary or report can provide one-click access to device-specific help relative to the
specific problem(s) encountered and/or steps for the technician to correct or further
investigate the problem. Moreover, the handheld field maintenance tool may also access
a repair manual relative to the specific problem, such that the manual can be consulted
directly on the handheld field maintenance tool. Field device manuals are typically
available online in a standard format such as the known .pdf format. At block 292, the
results can also be delivered as required. Delivery can include printing a hardcopy (for
example, printing via a Bluetooth printer), or emailing the results to an address
specified by the technician.

[0034] Embodiments described above generally help the technician to pertform a
number of tasks or operations to ascertain a cause of a problem in a field device.
However, sometimes, after all tests have been run, and information has been studied,
the problem 1s still not identified. In such instances, embodiments of the present
invention also facilitate interaction with a third-party support entity, such as the
customer-support group of the field device's manufacturer.

[0035] FIG. 7 1s a flow diagram of a method of providing diagnostic
information to a remote entity using a handheld field maintenance tool 1in accordance
with an embodiment of the present invention. Method 300 beings at block 302 wherein
a technician provides an input indicating a request for remote support. The user input
may also be indicative of one particular remote support provider among a plurality of
providers. For example, one provider may be an expert group located at the process
installation, while another provider may be the manufacturer's customer support group.

For each such provider, the handheld field maintenance tool preferably includes, or
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otherwise obtains, a pointer or indicator. One example of such an indicator 1s an email
address. However, the pointer or indicator may also be a uniform resource locator
(URL) of a secure ftp server that 1s configured to receive diagnostic information from
handheld field maintenance tools. Moreover, embodiments of the present invention also
contemplate the ability of the technician to select a plurality of providers.

[0036] At block 304, the handheld field maintenance tool gathers snapshot
information. As used herein, snapshot information includes any information relative to
the field device, interaction with the field device, and/or contextual information.
Snapshot information may include an actual photograph, video, and/or audio of the field
device operating, or otherwise, in the field, as indicated at block 306. Snapshot
information may also include specific electrical measurements obtained or otherwise
determined relative to the field device, as indicated at block 310. The snapshot
information may also include a copy of any or all communication between the handheld
field maintenance tool and the field device, as indicated at block 312. Snapshot
information may also include a trace log to track the steps that were taken by the
technician, as indicated at block 314. Snapshot information may further include any
suitable device information, such as device tag, model number, revision number, serial
number, lot code, et cetera. Further still, snapshot information may include any of the
context information listed above with respect to the embodiment that pre-loads
resources based on what the technician 1s currently doing. While the description of
method 300 provides a description of block 302 before block 304, the order can, 1n fact,
be reversed. Thus, a technician may gather snapshot information before requesting
remote support. The acquisition of the snapshot information may happen automatically,
where the system simply gathers the data 1in anticipation of the remote support request,
or 1t could be technician-invoked.

[0037] At block 318, the snapshot information is transmitted to the remote
support provider. In embodiments where the handheld field maintenance tool has real-
time wireless communication, the transmission may be done while the handheld field
maintenance tool 1s still communicatively coupled to the field device. Additionally, or

alternatively, the transmission may be stored until the handheld field maintenance tool
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has a wireless, or wired connection. Additionally, the snapshot information may also be
transmitted to an asset management system for archival relative to the field device.

[0033] FIG. 8 is a flow diagram of a method of receiving remote support using a
handheld field maintenance tool in accordance with an embodiment of the present
invention. Method 320 preferably executes after method 300 described above.
However, this may not always be necessary. While 1t 1s probable, that snapshot
information 1s very informative for the method of providing remote support,
embodiments of the present invention can be practiced where a technician simply
selects remote support relative to a specific field device and receives one or more test
scripts or resources from the remote support provider. At block 322, the handheld field
maintenance tool establishes a communication connection with the selected remote
support provider. At block 324, the handheld field maintenance tool receives a test
script 326 and/or a repair script 328. As set forth above, the scripts received from the
remote support provider are preferably in response, or after, the submission of a
snapshot to the remote support provider as described with respect to FIG. 7. Next, at
block 330, the handheld field maintenance tool automatically executes one or more
test/repairs scripts recerved from the remote support provider on the field device. At
block 340, the handheld field maintenance tool determines the results of the remote
script execution. These results may be provided locally 342 on the display 120 of the
handheld field maintenance tool, and/or remotely 344 to the remote support provider.
Upon providing the results to the remote support provider, one or more additional test

or repair scripts may be received thus returning control to block 324 via line 346.
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WHAT IS CLAIMED IS:

1. A handheld field maintenance tool comprising:
a process communication module configured to interact with a field device; and
a controller coupled to the process communication module, the controller being
configured to obtain contextual information relative to a current field
maintenance operation and preload at least one resource relative to a next
field operation step.
2. The handheld field maintenance tool of claim 1, wherein the handheld field
maintenance tool 1s intrinsically-safe.
3. The handheld field maintenance tool of claim 1, and further comprising a
wireless communication module coupled to the controller, and wherein at least some
contextual information 1s obtained from a remote device through the wireless
communication module.
4. The handheld field maintenance tool of claim 1, wherein the controller 1s further
configured to provide help information relative to the field device.
J. The handheld field maintenance tool of claim 1, and further comprising a
display coupled to the controller, and wherein the controller 1s configured to provide in
indication of overall field device health on the display.
0. A handheld field maintenance tool comprising:
a process communication module configured to interact with a field device;
a display;
a wireless communication module:; and
a controller coupled to the process communication module, the display and the
wireless communication module, the controller being configured to
obtain process alarm information through the wireless communication
module, and field device alert information through the process
communication module and provide an indication on the display relative

to both process alarm information and field device alert information.
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7. The handheld field maintenance tool of claim 6, wherein the display 1s
configured to provide the process alarm information and the field device alert
information simultaneously.
3. The handheld field maintenance tool of claim 6, wherein the process alarm
information 1s obtained by communication with a process controller system located
remotely from the field device.
9. A handheld field maintenance tool comprising:
a process communication module configured to interact with a field device;
at least one user input device; and
a controller coupled to the process communication module, and the user input
device, the controller being configured to execute a sequence of field
device maintenance operations on the field device 1n response to a signal
from the user input device.
10. The handheld field maintenance tool of claim 9, wherein the sequence of field
device maintenance operations include a plurality of test scripts.
11. The handheld field maintenance tool of claim 9, wherein the controller 1s
configured to parse an EDD file related to the field device to automatically obtain the
sequence of field device maintenance operations.
12. The handheld field maintenance tool of claim 11, wherein the EDD file 1s stored
locally on the handheld field maintenance tool.
13. The handheld field maintenance tool of claim 11, wherein the controller 1s
further configured to obtain field device identification information, and query a remote
system using the field device 1dentification information to obtain the EDD file.
14, The handheld field maintenance tool of claim 9, wherein the signal 1s generated
after a single keypress.
15. The handheld field maintenance tool of claim 9, wherein the at least one user
input device includes a function-dedicated button.
16. The handheld field maintenance tool and further comprising a display coupled to
the controller, the display being configured to provide an indication of results of the

sequence of field operations.
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17. A handheld field maintenance tool comprising:

a process communication module configured to interact with a field device;
at least one user input device; and
a controller coupled to the process communication module, and the user input
device, the controller being configured to obtain snapshot information in
response to a signal from the user input device.
18. The handheld field maintenance tool of claim 17, and further comprising a
wireless communication module coupled to the controller, the wireless communication
module being configured to transmit the snapshot information to a remote support
entity.
19. The handheld field maintenance tool of claim 18, wherein the controller 1s

configured to receive a script in response to the snapshot information and execute the

script relative to the field device.

20. The handheld field maintenance tool of claim 19, wherein the script 1s a test
script.
21. The handheld field maintenance tool of claim 19, wherein the script 1s a repair

script.
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