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(57) Abstract: A process control system uses an asset data and search expert to collect data, or status information, pertaining to
assets of a process plant from various sources or functional areas of the plant including. The collected information may then be
accessed by a user through a user interface routine displaying a graphical user interface to that user’s computer. The user may browse
through status information on various assets, identifying them by device, unit, process, area, alert status, health, performance, or
other data types. The asset data and search expert tracks user interaction with such plant data by, for example, tracking the types
of search fields a user most frequently searches with or the type of information a user more frequently browses for. The expert
automatically profiles this tracked information to develop user preferences that are later used in personalizing the reporting of asset
data, personalizing searching for asset data, and personalizing the results of such searches. The expert may also automatically identify
asset data that correlates with other asset data to present correlated asset data when the primary asset data is selected for viewing.
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PERSONALIZED PLANT ASSET DATA REPRESENTATION AND SEARCH SYSTEM

BACKGROUND OF THE DISCLOSURE

Field of the Disclosure

[0001] The disclosure relates generally to process control systems within process
plants and, more particularly, to techniques for reporting data and searching for data

pertaining to assets in a process plant.

Brief Description of Related Technology

[0002] Process control systems, like those used in chemical, petroleum or other
processes, typically include one or more centralized or decentralized process controllers
communicatively coupled to at least one host or operator workstation and to one or more
process control and instrumentation devices, such as field devices, via analog, digital or
combined analog/digital buses. Field devices, which may be, for example valves, valve
positioners, switches, transmitters, and sensors (e.g., temperature, pressure and flow rate
sensors), perform functions within the process such as opening or closing valves and
measuring process parameters. The process controller receives signals indicative of
process measurements or process variables made by or associated with the field devices
and/or other information pertaining to the field devices, uses this information to implement a
control routine and then generates control signals which are sent over one or more of the
buses to the field devices to control the operation of the process. Information from the field
devices and the controller is typically made available to one or more applications executed
by an operator workstation to enable an operator to perform desired functions with respect to
the process, such as viewing the current state of the process, modifying the operation of the

process, etc.

[0003] While a typical process control system has many process control and
instrumentation devices, such as valves, transmitters, sensors, etc. connected to one or
more process controllers which execute software that controls these devices during the
operation of the process, there are many other supporting devices which are also necessary
for or related to process operation. These additional devices include, for example, power
supply equipment, power generation and distribution equipment, rotating equipment such as

turbines, etc., which are located at numerous places in a typical plant.
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[0004] Still further, many process plants have other computers associated therewith
which execute applications related to business functions or maintenance functions. For
example, some plants include computers which execute applications associated with
ordering raw materials, replacement parts or devices for the plant, applications related to
forecasting sales and production needs, etc. Likewise, many process plants, and especially
those which use smart field devices, include applications which are used to help monitor and
maintain the devices within the plant regardless of whether these devices are process
control and instrumentation devices or are other types of devices. For example, the Asset
Management Solutions (AMS™) Suite Intelligent Device Manager or more generally the
AMS™ Suite of applications available from Emerson Process Management enable
communication with and store data pertaining to field devices to ascertain and track the
operating state of the field devices. An example of such a system is disclosed in U.S. Patent
Number 5,960,214 entitled "Integrated Communication Network for use in a Field Device
Management System." In some instances, the AMS™ Suite of applications may be used to
communicate with devices to change parameters within the device, to cause the device to
run applications on itself, such as self calibration routines or self diagnostic routines, to
obtain information about the status or health of the device, etc. This information may be
stored and used by a maintenance person to monitor and maintain these devices. Likewise,
there are other types of applications which are used to monitor other types of devices, such
as rotating equipment and power generation and supply devices. These other applications
are typically available to the maintenance persons and are used to monitor and maintain the

devices within a process plant.

[0005] However, in the typical plant or process, the functions associated with the
process control activities, the device and equipment maintenance and monitoring activities,
and the business activities are separated, both in the location in which these activities take
place and in the personnel who typically perform these activities. Furthermore, the different
people involved in these different functions generally use different tools, such as different
applications run on different computers to perform the different functions. In many
instances, these different tools collect or use different types of data associated with or
collected from the different devices within the process and are set up differently to collect the
data they need. For example, process control operators who generally oversee the day to
day operation of the process and who are primarily responsible for assuring the quality and
continuity of the process operation typically affect the process by setting and changing set
points within the process, tuning loops of the process, scheduling process operations such

as batch operations, etc. These process control operators may use available tools for
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diagnosing and correcting process control problems within a process control system,
including, for example, auto-tuners, loop analyzers, neural network systems, etc. Process
control operators also receive process variable information from the process via one or more
process controllers which provide information to the operators about the operation of the
process, including alerts generated within the process. This information may be provided to

the process control operator via a standard user interface.

- [0006] Still further, it is currently known to provide an expert engine that uses
process control variables and limited information about the operating condition of the control
routines or function blocks or modules associated with process control routines to detect
poorly operating loops and to provide information to an operator about suggested courses of
action to correct the problem. An example expert engine is disclosed in U.S. Patent
Application Serial Number 09/256,585 entitled "Diagnostics in a Process Control System,"
which was filed on February 22, 1999 and in U.S. Patent Application Serial Number
09/499,445 entitled "Diagnostic Expert in a Process Control System," which was filed on
February 7, 2000, both of which are hereby expressly incorporated by reference herein.
Likewise, it is known to run control optimizers, such as real time optimizers, within a plant to
optimize the control activities of the process plant. Such optimizers typically use complex
models of the plant to predict how inputs may be changed to optimize operation of the plant

with respect to some desired optimization variable such as, for example, profit.

[0007] On the other hand, maintenance personnel who are primarily responsible for
assuring that the actual equipment within the process is operating efficiently and for repairing
and replacing malfunctioning equipment, use tools such as maintenance interfaces, the
AMS™ Suite of applications discussed above, as well and many other diagnostic tools which
provide information about operating states of the devices within the process. Maintenance
persons also schedule maintenance activities which may require shut down of portions of the
plant. For many newer types of process devices and equipment, generally called smart field
devices, the devices themselves may include detection and diagnostic tools which
automatically sense problems with the operation of the device and automatically report these
problems to a maintenance person via a standard maintenance interface. For example,
applications in the AMS™ Suite of applications report device status and diagnostic
information to the maintenance person and provide communication and other tools that
enable the maintenance person to determine what is happening in devices and to access
device information provided by devices. Typically, maintenance interfaces and maintenance

personnel are located apart from process control operators, although this is not always the
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case. For example, in some process plants, process control operators may perform the
duties of maintenance persons or vice versa, or the different people responsible for these

functions may use the same interface.

[oo08] Still further, persons responsible and applications used for business
applications, such as ordering parts, supplies, raw materials, etc., making strategic business
decisions such as choosing which products to manufacture, what variables to optimize within
the plant, etc. are typically located in offices of the plant that are remote from both the
process control interfaces and the maintenance interfaces. Likewise, managers or other
persons may want to have access to certain information within the process plant from
remote locations or from other computer systems associated with the process plant for use

in overseeing the plant operation and in making long term strategic decisions.

[0009] Because, for the most part, very different applications are used to perform the
different functions within a plant (e.g., process control operations, maintenance operations
and business operations are separated) such applications are not integrated and, thus, do
not share data or information. In fact, many plants only include some, but not all, of these
different types of applications. Furthermore, even if all of the applications are located within
a plant, because different personnel use these different applications and analysis tools and
because these tools are generally located at different hardware locations within the plant,
there is little if any flow of information from one functional area of the plant to another, even
when this information may be useful to other functions within the plant. For example, a tool,
such as a rotating equipment data analysis tool, may be used by a maintenance person to
detect a poorly functioning power generator or piece of rotating equipment (based on non-
process variable type data). This tool may detect a problem and alert the maintenance
person that the device needs to be calibrated, repaired or replaced. However, the process
control operator (either a human or a software expert) does not have the benefit of this
information, even though the poorly operating device may be causing a problem that is
affecting a loop or some other component which is being monitored by the process control
operation. Likewise, the business person is not aware of this fact, even though the
malfunctioning device may be critical to and may be preventing optimization of the plant in a
manner that the business person may desire. Because the process control expert is
unaware of a device problem which may be ultimately causing poor performance of a loop or
unit in the process control system and because the process control operator or expert
assumes that this equipment is operating perfectly, the process control expert may

misdiagnose the problem it detects within the process control loop or may try to apply a tool,
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such as a loop tuner, which could never actually correct the problem. Likewise, the business
person may make a business decision to run the plant in a manner that will not achieve the

desired business effects (such as optimizing profits) because of the malfunctioning device.

[0010] Due to the abundance of data analysis and other detection and diagnostic
tools available in the process control environment, there is a substantial amount of
information about the health and performance of devices available to the maintenance
person which could be helpful to the process operator and the business persons. Similarly,
there is a substantial amount of information available to the process operator about the
current operational status of the process control loops and other routines which may be
helpful to the maintenance person or to the business person. Likewise, there is information
generated by or used in the course of performing the business functions that could be helpful
to the maintenance person or the process control operator in optimizing the operation of the

process.

[0011] The abundance of information regarding process plants and the assets within
them presents a problem to plant operators and other personnel, because obtaining plant
information can be quite time-consuming as a user must wade through oftentimes large

amounts of data to isolate down to the particular information of interest.

SUMMARY OF THE DISCLOSURE

[0012] In accordance with one aspect of the disclosure, a method of reporting status
information regarding an entity within a process plant, the method comprising: receiving
initial status information from a data source in response to a user request; prioritizing the
initial status information based on historical user preference data to identify a subset of
higher priority status information within the status information; generating a report that
includes the higher priority status information ranked above other of the status information;

and displaying the report to a user.

[0013] In accordance with another aspect of the disclosure, an apparatus for
reporting status information on assets in a plant comprises: a memory storing status
information on the assets within the plant; a display for displaying the stored status
information; and a status information reporter configured to: a) receive initial status
information from a data source in response to a user request; b) prioritize the initial status

information based on historical user preference data to identify a subset of higher priority
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status information within the status information; and ¢) generate a report that includes the

higher priority status information ranked above other of the status information.

BRIEF DESCRIPTION OF THE DRAWING FIGURES

[0014] For a more complete understanding of the disclosure, reference should be
made to the following detailed description and accompanying drawing figures, in which like

reference numerals identify like elements in the figures, and in which:
[0015] FIG. 1 illustrates a processing plant;

[0016] FIG. 2is a data and information flow diagram with respect to an asset
management system within the plant of FIG. 1 and showing an asset data and search

reporter in accordance with the present application;

[0017] FIG. 3 is an exemplary depiction of a display representing a unit within a
process control system that may be displayed by a graphical user interface;

[0018] FIG. 4 illustrates a block diagram of an example implementation of the asset

data and search reporter of FIG. 2;

[0019] FIG. 5 illustrates a flow diagram of an example historical data collection that

may be implemented by an asset data and search reporter;

[0020] FIG. 6A illustrates a flow diagram of an example process that may be
executed by an asset data and search reporter to automatically provide search reports to a

user;

[0021] FIGS. 6B and 6C illustrate various correlation mappings for search reporters

as may be generated by an asset data and search reporter;

[0022] FIG. 7 illustrates an example graphical display of a personalized search
report automatically generated by an asset data and search reporter in response to user

search criteria;

[0023] FIG. 8 illustrates another example graphical display of a personalized search
report automatically generated by an asset data and search reporter in response to user

search criteria, and showing a different historical data prioritization;

[0024] FIG. 9 illustrates yet another example graphical display of a personalized
search report automatically generated by an asset data and search reporter in response to

user search criteria;
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[0025] FIG. 10 illustrates another example graphical display of a personalized
search report automatically generated by an asset data and search reporter in response to

user search criteria and showing different asset information from that of FIGS. 7-9;

[0026] FIG. 11 illustrates another example graphical display of a personalized
search report automatically generated by an asset data and search reporter in response to

user search criteria and showing different asset information from that of FIGS. 7-10;
[0027] FIG. 12Aillustrates another example personalized search report;

[0028] FIG. 12B illustrates a personalized search report where correlated asset
results have been accessed through a smart tag automatically generated by an asset data

and search reporter;

[0029] FIG. 13 illustrates an example graphical display that may be provided by a
graphical user interface to enable a user to view reports regarding different levels within a

process plant;

[0030] FIG. 14 illustrates an example graphical display depicting personalized

search report asset data in various graphic forms;

[0031] FIG. 15is an example graphical display that may be provided by a graphical
user interface in response to the asset data and search reporter to enable a user to view

status information of lower level entities within a higher level entity;

[0032] FIG. 16 is an example graphical display that may be provided by a graphical
user interface in response to the asset data and search reporter to enable a user to view

status information of a lower level entity;

[0033] FIG. 17 is an example graphical display that may be provided by a graphical
user interface in response to the asset data and search reporter to enable a user to view

alert information;

[0034] FIG. 18 is an example graphical display that may be provided by a graphical
user interface in response to the asset data and search reporter to enable a user to view

detailed alert information;

[0035] FIG. 19is an example graphical display that may be provided by a graphical
user interface in response to the asset data and search reporter to enable a user to view

audit trail information of historical events;



WO 2009/038947 PCT/US2008/074730

[0036] FIG. 20 is an example graphical display that may be provided by a graphical
user interface in response to the asset data and search reporter to enable a user to view

detailed audit trail information for a historical event;

[0037] FIG. 21 is an example graphical display that may be provided by a graphical
user interface in response to the asset data and search reporter to enable a user to view

status information regarding a process plant;

[0038] FIG. 22 is an example graphical display that may be provided by a graphical
user interface in response to the asset data and search reporter to enable a user to view

status information regarding an area within the process plant of FIG. 21;

[0039] FIG. 23 is an example graphical display that may be provided by a graphical
user interface to enable a user to view status information regarding a unit within the area of
FIG. 22,

[0040] FIG. 24 is an example graphical display that may be provided by a graphical
user interface to enable a user to view status information regarding a loop or device within
the unit of FIG. 23; and

[0041] FIG. 25 is an example graphical display that may be provided by a graphical
user interface to enable a user to status information regarding equipment, a component, a

transmitter or a valve.

[0042] While the disclosed methods and apparatuses are susceptible of
embodiments in various forms, there are illustrated in the drawing (and will hereafter be
described) specific embodiments of the invention, with the understanding that the disclosure
is intended to be illustrative, and is not intended to limit the invention to the specific

embodiments described and illustrated herein.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0043] Referring now to FIG. 1, a process plant 10 includes a number of business
and other computer systems interconnected with a number of control and maintenance
systems by one or more communication networks. The process plant 10 includes one or
more process control systems 12 and 14. The process control system 12 may be a
traditional process control system such as a PROVOX or RS3 system or any other DCS
which includes an operator interface 12A coupled to a controller 12B and to input/output

(VO) cards 12C which, in turn, are coupled to various field devices such as analog and



WO 2009/038947 PCT/US2008/074730

Highway Addressable Remote Transmitter (HART®) field devices 15. The process control
system 14, which may be a distributed process control system, includes one or more
operator interfaces 14A coupled to one or more distributed controllers 14B via a bus, such
as an Ethernet bus. The controllers 14B may be, for example, DeltaV™ controllers available
from Emerson Process Management or any other desired type of controllers. The
controllers 14B are connected via I/O devices to one or more field devices 16, such as for
example, HART or Fieldbus field devices or any other smart or non-smart field devices
including, for example, those that use any of the PROFIBUS®, WORLDFIP®, Device-Net®,
AS-Interface and CAN protocols. As is known, the field devices 16 may provide analog or
digital information to the controllers 14B related to process variables as well as to other
device information. The operator interfaces 14A may store and execute tools available to
the process control operator for controlling the operation of the process including, for

example, control optimizers, diagnostic experts, neural networks, tuners, etc.

[0044] Still further, maintenance systems, such as computers executing an AMS™
Suite application or any other device monitoring and communication applications may be
connected to the process control systems 12 and 14 or to the individual devices therein to
perform maintenance and monitoring activities. For example, a maintenance computer 18
may be connected to the controller 12B and/or to the devices 15 via any desired
communication lines or networks (including wireless or handheld device networks) to
communicate with and, in some instances, reconfigure or perform other maintenance
activities on the devices 15. Similarly, maintenance applications such as the AMS™ Suite of
applications may be installed in and executed by one or more of the user interfaces 14A
associated with the distributed process control system 14 to perform maintenance and
monitoring functions, including data collection related to the operating status of the devices
16.

[0045] The process plant 10 also includes various rotating equipment 20, such as
turbines, motors, etc. which are connected to a maintenance computer 22 via some
permanent or temporary communication link (such as a bus, a wireless communication
system or hand held devices which are connected to the equipment 20 to take readings and
are then removed). The maintenance computer 22 may store and execute known
monitoring and diagnostic applications 23, for example the AMS™ Suite: Machinery Health
Manager available from the Asset Optimization Division of Emerson Process Management
or any other known applications used to diagnose, monitor and optimize the operating state

of the rotating equipment 20. Maintenance personnel usually use the applications 23 to
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maintain and oversee the performance of rotating equipment 20 in the plant 10, to determine
problems with the rotating equipment 20 and to determine when and if the rotating

equipment 20 must be repaired or replaced.

[0046] Similarly, a power generation and distribution system 24 having power
generating and distribution equipment 25 associated with the plant 10 is connected via, for
example, a bus, to another computer 26 which runs and oversees the operation of the power
generating and distribution equipment 25 within the plant 10. The computer 26 may execute
known power control and diagnostics applications 27 such as those provided by, for
example, Liebert and ASCO or other companies to control and maintain the power

generation and distribution equipment 25.

[0047] A computer system 30 is provided which is communicatively connected to the
computers or interfaces associated with the various functional systems within the plant 10,
including the process control functions 12 and 14, the maintenance functions such as those
implemented in the computers 18, 14A, 22 and 26 and the business functions. In particular,
the computer system 30 is communicatively connected to the traditional process control
system 12 and to the maintenance interface 18 associated with that control system, is
connected to the process control and/or maintenance interfaces 14A of the distributed
process control system 14, is connected to the rotating equipment maintenance computer 22
and to the power generation and distribution computer 26, all via a bus 32. The bus 32 may
use any desired or appropriate local area network (LAN) or wide area network (WAN)

protocol to provide communications.

[0048] As illustrated in FIG. 1, the computer 30 is also connected via the same or a
different network bus 32 to business system computers and maintenance planning
computers 35 and 36, which may execute, for example, enterprise resource planning (ERP),
material resource planning (MRP), computer maintenance management systems (CMMS),
accounting, production and customer ordering systems, maintenance planning systems or
any other desired business applications such as parts, supplies and raw materials ordering
applications, production scheduling applications, etc. The computer 30 may also be
connected via, for example, the bus 32, to a plantwide LAN 37, a corporate WAN 38 as well
as to a computer system 40 that enables remote monitoring of or communication with the

plant 10 from remote locations.

[0049] In one embodiment, the communications over the bus 32 occur using the
XML/XSL protocol. Here, data from each of the computers 12A, 18, 14A, 22, 26, 35, 36, etc.
is wrapped in an XML/XSL wrapper and is sent to an XML/XSL data server which may be
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located in, for example, the computer 30. Because XML/XSL is a descriptive language, the
server can process any type of data. At the server, if necessary, the data is encapsulated
with a new XML/XSL wrapper, i.e., this data is mapped from one XML/XSL schema to one or
more other XML/XSL schemas which are created for each of the receiving applications.
Thus, each data originator can wrap its data using a schema understood or convenient for
that device or application, and each receiving application can receive the data in a different
schema used for or understood by the receiving application. The server is configured to
map one schema to another schema depending on the source and destination(s) of the data.
If desired, the server may also perform certain data processing functions or other functions
based on the receipt of data. The mapping and processing function rules are set up and
stored in the server prior to operation of the system described herein. In this manner, data

may be sent from any one application to one or more other applications.

[0050] Generally speaking, the computer 30 stores and executes an asset
management system 50 that collects data and other information generated by the process
control systems 12 and 14, the maintenance systems 18, 22 and 26 and the business
systems 35 and 36 as well as information generated by data analysis tools executed in each
of these systems. The asset management system 50 may be based on, for example, the OZ
expert system currently provided by NEXUS. However, the asset management system 50
may be any other desired type of expert system including, for example, any type of data
mining system. Importantly, the asset management system 50 operates as a data and
information clearinghouse in the process plant 10 and is able to coordinate the distribution of
data or information from one functional area, such as the maintenance area, to other
functional areas, such as the process control or the business functional areas. The asset
management system 50 may also use the collected data to generate new information or data
which can be distributed to one or more of the computer systems associated with the
different functions within the plant 10. Still further, the asset management system 50 may
execute or oversee the execution of other applications that use the collected data to
generate new types of data to be used within the process plant 10.

[0051] In particular, the asset management system 50 may include or execute index
generation software 51 that creates indices associated with devices, like process control and
instrumentation devices, power generation devices, rotating equipment, units, areas, etc, or
that are associated with process control entities, like loops, etc. within the plant 10. These
indices can then be provided to the process control applications to help optimize process

control and can be provided to the business software or business applications to provide the
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business persons more complete or understandable information associated with the
operation of the plant 10. The asset management system 50 can also provide maintenance
data (such as device status information) and business data (such as data associated with
scheduled work orders, timeframes, etc.) to a control expert 52 associated with, for example,
the process control system 14 to help an operator perform control activities such as
optimizing control. The control expert 52 may be located in, for example, the user interface
14A or any other computer associated with the control system 14 or within the computer 30 if
desired. In one embodiment, the control expert 52 may be, for example, the control expert
described in U.S. Patent Application Serial Numbers 09/256,585 and 09/499,445 identified

above.

[0052] Additionally, the asset management system 50 can send information to one
or more optimizers 55 within the plant 10. For example, a control optimizer 55 can be
located in the computer 14A and can run one or more control optimization routines 55.
Additionally or alternatively, optimizer routines 55 could be stored in and executed by the
computer 30 or any other computer, and the data necessary therefore could be sent by the
asset management system 50. If desired, the plant 10 may also include models 56 that
model certain aspects of the plant 10 and these models 56 can be executed by the asset
management system 50 or a control or other expert such as the control expert 52 to perform
modeling functions, the purpose of which is described in greater detail in U.S. Patent
Application Serial Number 10/085,439 entitled "Creation and Display of Indices in a Process
Plant,” which was filed on February 28, 2002, which is expressly incorporated by reference
herein. Generally speaking, however, the models 56 can be used to determine device, area,
unit, loop, etc. parameters, to detect faulty sensors or other faulty equipment, as part of
optimizer routines 55, to generate indices such as performance and utilization indices for use
in the plant 10, to perform performance or condition monitoring, as well as for many other
uses. The models 56 may be models such as those available through the AMS™ Suite
Optimizer and Performance Monitor available from the Performance and Optimization

Division of Emerson Process Management or may be any other desired types of models.

[0053] The computer 30 may further store and execute an asset data/search
reporter 60. Generally speaking, the asset data/search reporter 60 receives status
information from data sources, including the asset management system 50, data tools, data
collectors, data generators, etc., and generates a report for a user. A report is generated to
display the status information, or a depiction representing the status information, to the user

in accordance with a user profile. The report may be presented by one or more user
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interface routines 58 and tailored to the user's preferences as contained in the user profile.
The user profile may also contain information about the user, such as the user's
responsibilities within the plant, to determine what status information the user must view,
must not view and may optionally view. For example, a maintenance person may generally
be responsible for monitoring the health of a device. In addition, the maintenance person
may be interested in how the device is being operated by a process operator. The
maintenance person's responsibilities and interest may be reflected in the user profile.
When a maintenance report is generated by the asset data/search reporter 60, the user
profile of the maintenance person is read and a report is generated that contains the status
information regarding the health of the device, regardless of the maintenance person's
preferences. The report may also contain status information regarding the performance and
productivity of the device, which is an optional type of status information available to the
maintenance person that the maintenance person has indicated a preference for, as
reflected in the user profile. However, the user profile may also contain restrictions on what
the maintenance report may contain. For example, the maintenance person may be

restricted from seeing status information about the financial health of the process plant.

[0054] Also, generally speaking, the one or more user interface routines 58 can be
stored in and executed by one or more of the computers within the plant 10. For example,
the computer 30, the user interface 14A, the business system computer 35 or any other
computer may run a user interface routine 58. Each user interface routine 58 can receive or
subscribe to information from the asset data/search reporter 60 and either the same or
different sets of data may be sent to each of the user interface routines 58. Any one of the
user interface routines 58 can provide different types of information using different screens
to different users. For example, one of the user interface routines 58 may provide a screen
or set of screens to a control operator or to a business person to enable that person to set
constraints or to choose optimization variables for use in a standard control routine or in a
control optimizer routine. The user interface routine 58 may provide a control guidance tool
that enables a user to view the indices created by the index generation software 51 in some
coordinated manner. This operator guidance tool may also enable the operator or any other
person to obtain information about the states of devices, control loops, units, etc. and to
easily see the information related to the problems with these entities, as that information has
been detected by other software within the process plant 10. The user interface routine 58
may also provide performance monitoring screens using performance monitoring data
provided by or generated by the tools 23 and 27, the maintenance programs such as from

the AMS™ Suite Intelligent Device Manager available from the Asset Optimization Division
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of Emerson Process Management or any other maintenance programs. Of course, the user
interface routine 58 may provide any user access to and enable the user to change

preferences or other variables used in any or all functional areas of the plant 10.

[0055] Referring now to FIG. 2, a data flow diagram illustrating some of the data flow
between an asset data/search reporter 60 and other data tools or data sources within the
process plant 10 according to an example is provided. In one embodiment, the asset
data/search reporter 60 receives information from information sources which may run
various routines and applications for providing status information regarding devices, loops,
units, areas, etc. within a process plant. The asset data/search reporter 60 may be
incorporated with a central data collecting, sharing and distribution application, such as the
asset management system 50 described above which receives much of the status
information from the various data tools and data sources, or provided as a separate
application. The asset data/search reporter 60 may be centrally located at a particular
server, which may be maintained locally at the plant 10 or remotely from the plant 10.
Alternatively, the asset data/search reporter 60 may be distributed among several computers
such as business system computers 35, maintenance computers 18, 22, and 26
maintenance planning computers 36. Furthermore, the asset data/search reporter 60 may
be a network application available over the Internet and/or the plantwide LAN 37 and
available to various personnel through user interfaces 12A, 14A, 58.

[0056] As mentioned above, the asset data/search reporter 60 receives status
information from various data sources, which may include data collectors, data generators or
data tools including index generation routines 51, the control expert 52, optimizers 55, model
generation routines 56, business applications 64, maintenance system applications 66,
control routines 68, asset managers 70, decision makers 72, etc. In one embodiment, the
asset data/search reporter 60 may receive information from the asset management system
50 described above, and which is described further in U.S. Patent Application Serial Number
10/085,439 referred to above. This information may include indices related to the health,
performance, utilization and variability of a particular device, loop, unit, area, etc. This data
can take on any desired form based on how the data is generated or used by other
functional systems. Still further, this data may be sent to the asset data/search reporter 60
using any desired or appropriate data communication protocol and communication
hardware, such as the XML/XSL protocol discussed above. Generally speaking, however,
the plant 10 will be configured so that the asset data/search reporter 60 automatically

receives specific kinds of data from one or more of the data sources.
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[0057] In addition to receiving indices from the asset management system 50,
optimization information from optimizers 55, such as the AMS™ Suite Real Time Optimizer
available from Emerson Process Management, may be received by the asset data/search
reporter 60. In one embodiment, the AMS™ Suite Real Time Optimizer real time
optimization routine may be used as a real time optimizer and may be executed at various or
periodic times during operation of the plant 10. The AMS™ Suite Real Time Optimizer real
time optimization routine is described in greater detail in U.S. Patent Application 10/085,439
mentioned above. The AMS™ Suite Real Time Optimizer optimization routine first executes
an input phase during which the routine checks to determine whether the variables that were
previously indicated as being variables which could be manipulated by the optimizer to
perform optimization, such as set points or other inputs of various devices, units, etc., can
actually be manipulated at the current time. This information may be available to the
optimizer from the asset management system 50 which obtains this information from the
process control system and stores this information within any desired database. Thus,
during the input phase, the optimizer actually determines, based on the data provided to it
from the asset management system 50, whether each of the possible manipulated inputs is
still available to be changed. The real time optimizer may also determine if the variables that
were supposed to change during the last run of the optimizer were actually changed to and
reached the suggested or calculated values from the last run of the optimizer. Detecting a
failure of a variable to reach a value that it should have theoretically reached may also cause
the optimizer to report to an operator that there may be a problem within the system that
needs to be addressed. Next, the optimizer performs a quick execution of each of the
individual component models that make up the entire model using, for example, the actual
inputs and outputs measured from the plant 10. The calculated outputs of each component
model are then reviewed to see if there is any problem with any particular component model
that will prevent the entire model from running accurately. Assuming that each of the
component models can be executed, the optimizer may look for discrepancies in the models

that may affect the ability of the optimizer to optimize.

[0058] In addition to receiving optimization information from the optimizers 55, the
asset data/search reporter 60 may, in some examples, perform optimization functions such
as those described with respect to the asset optimization reporter described in U.S.
Application Serial No. [10/390,818], entitled “Asset Optimization Reporting in a Process
Plant,” the entire specification of which is incorporated herein by reference. Some example

features are provided below.
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[0059] In an optimization mode, for example, the asset data/search reporter 60 may
run individual models in a predetermined order using the outputs from one component model
as inputs to one or more of the other component models making up the entire model. Using
the entire model, the constraints provided by the user and the new constraints determined by
the input phase, as well as the optimization criteria, the optimizer could determine the
changes to be made to the input or manipulated variables which have been detected as
currently being capable of manipulation which will optimize the plant over the time window in
which the optimizer runs. Optimization criteria may be typically performed by a business
person or business application. The asset management system 50 may provide the
business person, via the user interface routines 58, a systematic set of choices of what the
optimization criteria will be at any particular time and provides the choices made by the
operator or any other user to the optimization routine. In fact, there are many optimization
variables that can be selected and the choice of these different criteria may be provided to
the operator or business person via the user interface to allow the operator or business

person to choose different optimization criteria in any desired manner.

[0060] In an optimization mode, the asset data/search reporter 60 may determine if
the manipulated variables or inputs to be changed are still available. If all of the manipulated
variables to be changed can still be changed, the suggested changes may be provided to an
operator via, for example, the user interface (e.g., a graphical user interface). The operator
may be able to simply press a button and have the changes to the manipulated variables
initiated or downloaded to the process control routine automatically, such as changing set
points, etc. in a matter determined by the optimizer. In another embodiment or in later
stages of operation, for example, when the process is running properly, the optimization
mode may automatically implement the suggested changes if the operator does not prevent
the instantiation of the changes within a particular time window. A user may interface with
the asset data/search reporter 60 in optimization mode through one or more of the user
interface routines 58, which provide a screen to the operator indicating the suggested
changes to be made and a button or bar which the operator uses to install the changes or to
prevent the changes from being installed. The user may then push a button to install the
changes, from which all of the changes are sent to the appropriate controllers where they

are checked for limits and then implemented.

[0061] Other optimizer functions, such as selection optimizers, may determine
whether changes in the process configuration that need to be performed by the operator or

maintenance person could better optimize the process. For example, in some cases, a
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selection optimization mode may recognize that certain units or other manipulated inputs
that are supposed to be available are no longer available for some reason. The selection
optimizer runs one or more optimization tests assuming that one or more of these devices,
units, etc. are available, to determine how much better the plant 10 would operate if these
entities were put back into operation.

[0062] The asset data/search reporter 60 extends beyond the capabilities of an
asset optimization reporter, however, to provide personalized or profile-based asset data
reporting and searching. As explained in more detail below, the asset data/search reporter
60 may provide personalized or profile-based asset data to a user allowing the user to view
a reduce set of the asset data, tailored to them, instead of all of the asset data. This may
reduce the amount of time spent and GUI menus and screens reviewed by a user when
manually searching through plant asset data. The asset data/search reporter 60 may also
improve plant asset data searches by ranking search results based on historical data
collected during user operation. The asset data/search reporter 60 may track user
interaction with the system during the display of asset data. This tracking allows the asset
data/search reporter 60 to record profile data specific to the user, to an asset, to a unit in the
plant, to a process, or other grouping. The tracked data, for example, can record the
frequency with which a user or group of users accesses a particular type of asset or asset
data field and from this frequency prioritize the assets based on those most frequently

accessed.

[0063] As discussed further below, the asset data/search reporter 60 may rank
assets based on any traceable historic data. The data may include asset data, such as
health, utilization, variability, or performance index, an alert status, an urgent event status, or
any other asset data. One example is the percentage of time a user views particular plant
data, such as status information pertaining to any asset of interest, including any unit area,
device, or process. For example, if a user is recorded as having viewed a particular plant
area (including multiple assets — units, devices, loops, etc.), then the asset data/search
reporter 60 may record that information as use preference data indicating that to the user (or
users) this particular area of the plant may have a higher priority. If the same user, or in
some cases another user, performs a search for assets in a plant, then the asset
data/search reporter 60 may list first (or in other examples only) those assets in the higher
priority area(s). This higher priority listing may take the place of the typical all-encompassing
listing or the listing may be presented to a user in a separate GUI format. The desire is that
this higher priority listing will allow users to more quickly narrow down the relevant data for a
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particular search or inquiry instead of having to go through all levels and sub levels to

identify the desire asset data.

[0064] In addition to ranking plant assets based on the time, the asset data/search
reporter 60 may rank based on the number of times a particular asset has been accessed by
a user, the number of times an asset has received an alert condition, the number of times an
asset has received maintenance, the time since the last maintenance (listing the longest
time assets first, for example), a user tracked correlation between asset data, or any other
historical data derivable from user interaction with the system. Furthermore, the user need
not be a user that interacts with the system containing the asset data/searcher 60. The
historical data used to determine a user profile may be from business personal operating the
business applications 64, maintenance personnel interacting with a maintenance system,
process personnel interacting with a process system, or other personnel of operating on

other systems in the plant.

[0065] Furthermore, the resulting listings may be based off of single or multiple
profiled parameters (user preference) variables. For example, the asset data/search
reporter 60 may identify a first level profile parameter, a second level profile parameter, a
third level profile parameter, and so on. The asset data/search reporter 60 may then rank
assets based on the first level profile parameter (e.g., plant area), and for each group of
assets satisfying this particular first profile parameter sub-rank those assets based on a
second level profile parameter (e.g., health index). A similar further sub-ranking could occur

for any additional profile parameters.

[0066] Returning to FIG. 2, to affect data collection and presentation, controllers and
control routines 68, such as DeltaV™ described above, may provide control information to
the asset data/search reporter 60, including operating equipment effectiveness, alarms,
alerts, production analyses, cost analyses (e.g., cost of fixing, cost of running the device until
failure), efficiency, etc. The AMS™ Suite: Intelligent Device Manager, or other maintenance
system applications 66, may provided maintenance information, such as the health of a
device, maintenance status, downtime analyses (e.g., costs of downtime, cause of
downtime, etc.), calibration information, cost analysis, work orders, etc. A work order/parts
order generation routine is described in further detail in U.S. Patent Application Serial No.
10/086,159 entitled "Automatic Work Order/Parts Order Generation and Tracking" the
content of which is expressly incorporated by reference herein. AMS™ Suite: Machinery
Health Manager or other known asset management applications 70 provide monitoring,

diagnostic and optimization information regarding various equipment, including rotating
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equipment 20. Information from running mathematical software models 56, as provided by
MDC Technology or other model generation applications, are further provided to the asset
data/search reporter 60 and may provide modeled status information relating to some or all
of the equipment within the process plant 10, including modeled information relating to
device models, loops models, unit models, area models, etc. The data from the models 56
may be used or provide predictive control or real time optimal control within the plant 10,
including predictive maintenance alerts, predictive maintenance quality assurance, etc.
Further, the data generated by the models may be used to generate indices to be used by
other applications, such as business and process control applications. Examples of models
are described in further detail in U.S. Patent Application Serial No. 10/085,439, referred to
above. Business applications 64, such as enterprise resource planning (ERP) tools, material
resource planning (MRP) tools, computer maintenance management systems (CMMS) or
other business applications, may provide business information including key performance
indicators (KPIs), economics information, plant yield, stock information, production planning,
material resource planning, etc., and engage in business-to-business applications to
communicate parts orders, work orders, supply orders, etc. KPls may include anything from
economic indicators, such as profit margins (e.g., profit made per sale), capitol turnover rate
(sales per capitol employed) profitability (e.g., profit per capitol investment, profit margin
times capitol turnover rate), to asset specific indicators, such as operating equipment
effectiveness (OEE), described further below, and supporting metrics. KPls may further
include status information relating to maintenance and operational functions, and is not

solely limited to business information.

[0067] Each of the above described data sources may provide the information
directly to the asset data/search reporter 60 and/or via another application. For example,
optimizers 55, control routines 68, control experts 52, business applications 64, maintenance
system applications 66, asset managers 70, decision makers 72, etc. may provide status
information to both the asset data/search reporter 60 and to the asset management system
50 to generate further status information, such as indices, or to execute models 56. The
status information from the asset management system 50 would then be provided to the
asset data/search reporter 60. In other words, status information may be shared among the
various data sources (e.g. tools, applications, etc.) within the process plant 10 in order to
generate further status information, though all of the status information may be made

available to the asset data/search reporter 60.
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[0068] As mentioned generally thus far, a plant 10 is comprised hierarchically related
entities within the plant 10, such as areas, units, loops, devices, etc., where the plant 10 may
be considered an entity in and of itself. The hierarchical arrangement may be arranged
where the plant 10 includes various areas, which in turn include various units, that in turn
include various loops and devices. Each of these entities are generally interrelated and
interconnected within the process plant 10. For example, areas may include devices
interconnected with units, loops, etc. In this example hierarchy, lower level entities, such as
devices, may be interconnected to form higher level entities, such as units, which in turn may

be interconnected to form yet higher level entities such as areas, and so on.

[0069] One or more coordinated user interface routines 58 may communicate with
the asset data/search reporter 60, as well as any other applications within the plant 10 to
provide help and visualization to operators, maintenance persons, business persons, etc.
regarding any level within the process plant 10. The operators and other users may use the
coordinated user interface routines 58 to perform or to implement predictive control, change
settings of the plant 10, view help within the plant 10, or perform any other activities related
to the information provided by the data sources. The user interface routines 58 may include
an operator guidance tool that receives information from the control expert 52 as well as
information related to the indices, which can be used by an operator or other user to help
perform many functions such as viewing the status of a process or devices within the
process, to guide the predictive control expert 52 or to perform predictive or optimized

control.

[0070] Still further, the user interface routines 58 may be used to view data or to
obtain data from any of the data sources in the other parts of the process plant 10 via, for
example, the asset management system 50. For example, managers may want to know
what is happening in the process or may need high level information related to the process
plant 10 to make strategic plans. Operators, on the other hand, may want to know what is
happening with the health of a device within the loop or area that the operator is monitoring
and operating. Maintenance personnel, in turn, may be interested in how hard an operator is
utilizing a device in order to alert that operator to potential problems with the device due to
the operator's use. The pooling of status information at the asset data/search reporter 60
described above, provides a centralized source for reporting on the various entities within
the process plant 10 to each of the various personnel rather than requiring a user to access
each particular data source separately. It will be understood that the asset data/search

reporter 60, via a user interface routine 58, can report on one or more entities using one of
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the monitoring techniques described above and can report status information of these
entities to any desired persons, such as to a maintenance person, a business person, a
process operator, etc., thereby eliminating the need for separate reports for each entity, data
source, etc. It will also be understood that the asset data/search reporter 60 may present
report personalized or profile-based information tailored to the particular user request input
at the user interface routines 58 and based on past user interaction with the user interface
routines 58. For example, these user interface routines 58 may present users with plant
asset data from which the asset data/search reporter 60 tracks user interaction and viewing
to develop historical (profile) data that is later used to tailor the user interface routines 58

upon the users next interaction therewith.

[0071] Some examples of existing user interface routines 58 that may be modified in
response to the asset data/search reporter 60 include AMS™ Suite: Performance Monitor
available from Emerson Process Management which may be used to report equipment
performance information. AMS™ Suite: Performance Monitor is generally a web-based
application that allows users to monitor equipment performance from remote locations. For
example, a remote monitoring application could provide a user with access to optimizers and
other data sources, including the ability to execute various data tools such as process
control tools, process monitoring tools, equipment or device monitoring tools, index
generation tools, worked order generations tools, business or other tools or applications.
The results from the data sources can then be sent back to the remote location as plots,
charts, suggested actions, indices, or any other results capable of being provided. Remote
monitoring examples are described further in U.S. Patent Application Serial Number
09/852,945 entitled "Remote Analysis of Process Control Plant Data,” which was filed on
May 10, 2001 and which is hereby expressly incorporated by reference herein. However,
other web-based monitoring and reporting applications may also be utilized. Additional
interface routines 58 includes DeltaVTM which may be used to report control information.
Information regarding rotating equipment may be reported via a user interface as described
in U.S. Patent No. 5,817,928, which is hereby expressly incorporate by reference herein. A
variation of this user interface is further applicable beyond rotating equipment, as described
further below. Further examples of user interface routines 58 are described in U.S. Patent
Application 10/085,439 mentioned above. However, other examples of a user interface
routine 58, including the user interface routine 58 describe below, may be used alternatively
or in conjunction with the user interface routines 58 described thus far. The choice or format
of user interface routine 58 may be dependent on the type of status information being

reported or the particular user viewing the status information.
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[0072] Generally, the user interface routines 58 provide a graphical user interface
(GUI) that is integrated with the asset data/search reporter 60 to facilitate a user's interaction
with the various capabilities provided by the different data sources. However, before
discussing the GUI in greater detail, it should be recognized that the GUI may include one or
more software routines that are implemented using any suitable programming languages
and techniques. Further, the software routines making up the GUI may be stored and
processed within a single processing station or unit, such as, for example, a workstation, a
controller, etc. within the plant 10 or, alternatively, the software routines of the GUI may be
stored and executed in a distributed manner using a plurality of processing units that are
communicatively coupled to each other within the asset utilization system. For example, the
user interface routine 58 and GUI may be incorporated as part of a web-based software
routine that permits a user to view reports via a network connection, such as over the
Plantwide LAN 37, the Internet, or other communications system, thereby allowing a user to
view a report on a device, loop, unit, area, etc. remotely from where that device, loop, unit,
area, etc. is located or even remotely from the process plant 10. For example, reports, or
summaries thereof, may be sent to phones, pagers, electronic mail, etc. This may be
particularly useful if the report is time critical (e.g., a device failure alert). An example of a
method and system that could permit a user to view reports via a communications system to
a pager, cellular phone, personal digital assistant, email address, laptop computer, desktop
computer, or any other type of device or hardware platform may be found in U.S. Patent
Application Serial Number 10/123,445 entitled "Web Services-Based Communications For
Use With Process Control Systems,” which was filed on April 15, 2002, and which is

expressly incorporated herein by reference.

[0073] Preferably, but not necessarily, the GUI may be implemented using a familiar
graphical windows-based structure and appearance, in which a plurality of interlinked
graphical views or pages include one or more pull-down menus that enable a user to
navigate through the pages in a desired manner to view and/or retrieve a particular type of
information. The features and/or capabilities of the above data sources may be represented,
accessed, invoked, etc. through one or more corresponding pages, views or displays of the
GUI. Furthermore, the various displays making up the GUI may be interlinked in a logical
manner to facilitate a user's quick and intuitive navigation through the displays to retrieve a
particular type of information or to access and/or invoke a particular capability of the above

data sources.
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[0074] For example, the GUI provides intuitive graphical depictions or displays of
process control areas, units, loops, devices, etc. Each of these graphical displays may
include numerical, textual and graphical displays of status information regarding any entity
within the process plant 10. For example, a display depicting a process control area may
provide corresponding status information of that area (i.e., a particular portion of the process
control system at a particular level of the equipment hierarchy). On the other hand, a display
depicting a loop may provide status information associated with that particular loop. In any
event, a user may use the status information shown within any view, page or display to
quickly assess whether a problem exists within any of the devices, loops, etc. depicted within

that display.

[0075] Additionally, the GUI described herein may automatically, or may in response
to a request by a user, provide status information to the user regarding any entity within the
process plant 10. However, depending on the type of information or the security clearance
of the particular user, restrictions may be imposed on the basis of the type of status
information or on the basis of the particular entity or level. For example, a maintenance
person may be restricted to status information regarding the device the maintenance person
is responsible for, in addition to status information that may have an immediate or proximate
effect on the device, such as information regarding the efficiency and utilization of the device
or of the loop that the device is a part of. On the other hand, the maintenance person may
be restricted from viewing information related to the efficiency of the process plant 10 as a
whole or from viewing sensitive business information. In other cases, such as with the
manager of the process plant 10, all status information regarding any entity or level of the

process plant 10 may be made available to the user.

[0076] FIG. 3 is an example graphical display that may be provided by the GUI to
report status information to a user and enable a user to quickly analyze the operational
status and performance of a process area within the plant 10. As shown in FIG. 3, the GUI
may graphically depict the physical equipment (and the interconnections therebetween)
within a process area 100. Of course, it should be recognized that although a process area
is depicted within the GUI display, any other portion of the plant 10 such as, for example, a
unit, sub unit, loop, device, etc. may be shown instead to achieve the same or similar results.
In any event, the process area 100 is depicted as having a pair of tanks, a plurality of
temperature transmitters, pressure transmitters, flow transmitters, etc. and pipes, all of which
may be interconnected as shown in FIG. 3. Further, each of the physical devices may be

displayed along with an associated alphanumeric identifier (e.g., TT-394) that uniquely
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identifies that device within the plant 10 and may also be displayed along with a graphic
meter or gauge (i.e., the partially shaded semi-circular features) that enables a user to
quickly determine the status of the sensing parameter associated with that device. For
example, the GUI may display a graphic meter or gauge associated with a temperature
transmitter and may shade more or less of the meter based on the temperature currently
being sensed by the temperature transmitter. Importantly, status information, here shown as
one or more index values (performance, health, variability, utilization), may be displayed for
one or more of the devices shown within the area 100. By way of example only, health index
values for several of the devices that are connected to a tank 110 within the area 100 are
displayed. However, more or fewer health index values could be displayed if desired.
Additionally, different status information may be displayed for any of the devices that appear
within the area 100 as desired. As can be appreciated from the display shown in FIG. 3, a
user can quickly ascertain whether an area is performing properly and will continue to
perform properly. Further, a user can also quickly identify those devices, units, sub units,
etc. that may need attention and/or which may be causing a particular problem.

[0077] It will also be understood that a user may view successively lower and lower
entities within a plant and be provided status information about each of these different
entities or views. Thus, for example, a user may look at a view of the plant and see status
information for the plant. The user may then focus on one area, such as by selecting one of
the areas within the plant view, and see the status information associated with that area. A
user may use a mouse to click on the area (or other entity being viewed) or the associated
alphanumeric identifier or, alternatively, may enter the identifier via a keyboard, to request a
new window or a pop-up window to display status information for that area. Similarly, by
clicking on units within the displayed area, the status information for different units may be
viewed. Likewise, status information for loops, sub units, devices etc. may then be viewed
by focusing in on these different entities from a view of an entity in which these lower level
entities are located. In this manner, a user can quickly find the cause of a problem or
potential problem at any point or level of the plant. Still further, the GUI may also provide
textual messages within the graphical display shown in FIG. 3 or in some other display or
page that indicate to the user current or potential problems, which may be related to the
displayed status information or changes thereof. These textual messages may identify

possible solutions to the problems which have been identified.

[0078] As discussed further herein, the GUIs presented by the user interface

routines 58 may include many additional screens and information, including table forms of
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plant asset data information and search forms for searching plant assets for matching
devices and the like. In accordance with the present application, the information presented

to the user may be tailored based on historical, or profile, data.

[0079] To develop historical data, the asset data/search reporter 60 may include a
number of functional elements. FIG. 4 illustrates a functional diagram of an example asset
data/search reporter 200 that may be used as the asset data/search reporter 60 of FIG. 2.
The reporter 200 includes a search engine 202 that executes a search routine through the
user interface routines 58 to allow a user to search through plant asset data based on
identified search fields. The search engine 202 in the illustrated example accesses plant
asset data through an interface 201 in communication with the data sources discussed
above with respect to the example of FIG. 2. For example, the search engine 202 may be in
communication with control routines, an AMS™ or similar system, a maintenance system,
models, control expert, optimizers, an asset management system, etc. The plant asset data
(e.g., status information) may be stored locally within the asset data/search reporter 200 or
in a storage medium accessible by the reporter 200. An example memory storage 204 is
shown, however, and it will be understood that the memory storage 204 may be separate

from the reporter 200.

[0080] A user interaction tracker 206 tracks user interaction with the user interface
routines 58 to develop historical data reflective of which assets and asset data is more
frequently referenced. The user interaction tracker 206 may also perform more complex
trackings, such as tracking assets and asset data that is accessed in response to other
assets or asset data. For example, the user interaction tracker 206 may track which assets
a user views the status of when another asset reaches an alert condition. For example, if a
process operator is advised an alert or urgent event on a particular device within a unit, then
the tracker 206 may record whether the operator then begins manually checking additional
devices within that unit (or process) to determine if they have been affected by the alert
condition of the first device. Such correlated historical data could then be later used to
provide another user with a smart tag listing correlated devices upon trigger of an alert on
the first device. The tracking may occur internally with the system and automatically without

interfering or altering the user’s general system interactions.

[0081] Once the user data is tracked by the tracker 206 and stored, a profiler 208
accesses the developed historical data to automatically develop user preference data that
may be used to personalize the reporting of asset data (status information) through the user

interface routines 58. The profiler 208 may identify particular data for an asset as being high
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priority asset data and communicate that higher priority information to the user interface
routines 58. The profiler 208 may analyze the historical data for higher priority data, at the
device, unit, process, loop, sub-unit, or other level and then store that higher priority data for
later presentation to the user. The profiler 208 may rank all asset data in this manner or just
some portion of the asset data. The profiler 208 is designed to present personalized asset
data during typical survey viewing of plant data. In the example of a search, user preference
data developed by the profiler may be sent to a search report generator 210 that instructs
the user interface routines 58 to present a search report that lists only a portion of all assets
satisfying the search criteria and, in particular, those assets determined to be most likely

desired by the searcher.

[0082] User interaction data may be tracked by the tracker 206 continuously
whenever a user is interfacing with the GUI of the user interface routines 58, periodically,
during operation by only some users, at the initiation of some triggering event a user’s
computer, or upon instruction from a remote computer, for example. The asset data/search
reporter 200 may provide the user (e.g., through the user interface routines 58) a button that
allows the user to select whether user interactions should be tracked during a particular
session. The system may present the selection button at user login or system startup, after
a given period of non-activity has occurred, upon a user attempting to access new plant
asset data or to perform a new search, at the initiation of a remote system such as a

business or maintenance system, or upon any other trigger event.

[0083] In some examples, the asset data/search reporter 200 may track user data,
store that historical data, analyze that data and then offer the user the option of keeping that
information for later usage or discarding. The asset data/search reporter 200 may thus allow
the user to approve of the profile analyses. Furthermore, although analyzes are described
below in an automatic configuration, it will be understood that the user may be presented
with a preferences menu that allows the user to select which types of historical data are

tracked and/or which types of tracked information are considered during analysis.

[0084] The reporter 200 is shown with certain functional elements. It will be
understood that the reporter 200 may include additional functional elements not depicted,

including for example an optimizer as discussed above.

[0085] FIG. Sillustrates an example historical data collection technique 300 that may
be implemented by the asset data/search reporter 60 or 200. The user interface routine
presents a user interface 302 through which the user interacts to monitor, view, or search

plant asset data. The user interaction tracker monitors user interactions through a tracker
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304. The tracker 304 may track key strokes, button depressions, and the like which indicate
that a user has selected a particular asset data, asset data screen view, free, screen, tab,
etc. The tracker 304 may track not only the action (e.g., data call request) but also the
actually data responsive to that action. For example, if a user is presented with a screen
listing a series of areas within a plant, the tracker 304 may record not only the act of
selecting one of those areas, but also the particular area selected, and the assets
corresponding to that area. Tracker 304 may track the number of times such information is
accessed or called over a given period of time. The tracker 304 may track the amount of
time a user spends reviewing particular types of information. For example, if a user or users
spend a larger portion of their time viewing data pertaining to assets in an area B of a plant,

then the tracker 304 may track the time spent reviewing area B assets.

[0086] A block 306 stores and/or updates historical profile data based on the tracked
data from tracker 304. The block 306 for example may update a running database of plant
asset areas and a running tally of the time over which a user is accessing information
pertinent to that area, stored in a the storage 204. This running database may be constantly
updated as new tracked information is obtained. The historical data is then accessed by a
block 308, which in the illustrated example is executed by the profiler 208.

[0087] The profiler 208 (through the block 308) may analyze, or profile, the historical
data to develop personalized, prioritized subsets of asset data. Thus, while the system may
under its normal course prioritize search results in the ordinary course of searching, e.g.,
asset data “priority,” the profiler 208 produces a further, personalized prioritization of the
search results as they relate to the interaction with the system. This prioritization is more
dynamic and user specific as it relates to the relative importance of the asset data as that

asset data relates to the previous profile of user interaction with the system.

[0088] The asset data in general includes status information on assets. The
personalized subset may represent higher priority information within that status information,
higher priority in that the asset data/searcher 60 has determined that the subset is likely to
be more pertinent to the user or particular user request (e.g., a request to view plant asset
data or entry of search criteria to automatically generate responsive search criteria) than
other status information that would otherwise be responsive. This higher priority status
information may be presented to a user when the user accesses a particular type of plant
asset view. For example, if the user accesses a particular area within the processing plant,
then the profiler 208 may analyze the historical data from block 306 to identify which

information in that particular area is most likely to be viewed by the user based on past
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historical performance. The profiler 208 may present the personalized asset data only in
response to certain user interactions. For example, the profiler 208 may only present
personalized asset data in more macroscopic views, such as at the area level, process, or
unit level, where not all of the asset information may be deemed necessary, at least initially.
In contrast, when the user selects a specific asset to focus in on, the profiler 208 may be
instructed not to present a reduced set of the status information, but rather present all of the
asset data. Although in some examples, the profile may personalize the report of status
information on a single asset, to include only that information fitting an automatically

generated user preference profile.

[0089] The process 300 ends with the profile data being stored by a block 310 at the
storage 204 for later access by the asset data/searcher 200, and more specifically the
profiler 208, to control the personalization of the display of plant asset data on the user

interface routines 58.

[0090] The above description provides an example technique for developing
historical data to be used in profiling a user interaction with the user interface routines 58.
FIG. 6A illustrates an example process 400 that may be executed by the asset data/search
reporter 200, and more particularly the search engine 202 in communication with the search
report generator 210, to automatically provide a search reports of predicted search
parameters developed in response to past search criteria targeted by the user. To facilitate
discussion, reference is made to FIG. 7 which shows a sample GUI input screen 402 that
may be provided by the user interface routines 58. A search tab 403 has been selected and,
as a result, the screen 402 has a series of search fields 404a-404e that may be populated by
manually typing in text or by search field value from a pop-up window. Each search field
may be associated with a different plant asset data (or status information), and while only
five search fields are shown it will be appreciated that any number of search fields may be
provided. Example search fields include the following listing, which is provided by way of
example not limitation and is not exhaustive: health index, utilization index, variability index,
performance index, a composite index of the same, alert state, urgent event state,
maintenance status, last maintenance, next scheduled maintenance, calibration status, last
calibration, next scheduled calibration, manufacturer, area, process, device type, loop, and
other asset data as described herein and as will be understood by persons of ordinary skill in

the art. Only certain example search fields are shown in the screen 403.

[0091] In the illustrated example a user has selected a health search value of 0-100
for field 404d, leaving the remaining search fields blank for now, with the exception of the
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global location search field 404a. The user interface routine 58 communicates that desired
health value to the asset data/search reporter 60 which receives the identification at a block
408. A block 410 then accesses the stored plant asset data for assets satisfying the desired

health value.

[0092] The data from the block 410 would include all assets satisfying the search
condition in this particular example. The data is then passed to a prioritizer 412, which
checks for stored historical data, such as that developed from the profiler 308. If historical
data exists the prioritizer 412 prioritizes the data from bock 410 based on the priority
information in the stored historical data. This historical data may be device, unit, area, or
process specific. In some examples, the historical data may differentiate between assets
based on other identifiers. The prioritizer 412 provides a prioritized reordering of the search
result data from block 410 and, in the illustrated example, passes that information to second
prioritizer 413 which checks for other non-historical prioritizing criteria for possible further

reordering or filtering of the data from block 412.

[0093] For example, if the asset data/search reporter has previously correlated
certain plant asset data with other plant asset data, the block 413 may identify that
correlated asset data from the search result data of the block 410, and use that correlated
data to further prioritize, reduce, or in some instances expand the search results affected by
block 412. In this way, the system may develop a unique point of interest display for the
user showing not only search results from correlated results that are identified by the system
as also being of potential interest to the user. As discussed further below in regards to
FIGS. 6B and 6C, a point of interest display may mark certain data sets or types of data
based on historical usage for the user, such that each user’s “point of interest” may be
different as each user may interact with the system in a different role within the plant.
Correlation based reporting operates as a point of interest system in which the search result
input by the user centers the asset data/search reporter to a particular set of asset data or
asset status information, and the reporter then determines of there are branches from that
point of interest that reflect correlated data. FIG. 6B shows a status information or asset
data mapping configuration in which a search criteria 415 inserted by a result has been
previously correlated to a series of asset data criteria 417a — 417e that represent non-
historical data. The search criteria 415, for example, could be an index, alert status, or other
asset data, and the correlated criteria 417a-417e could be any other index, alert status, or

asset data that the system determines is related to the search criteria. Historical data 417f
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used by block 412 is also shown. All the criteria data from 417a-417f may then be used to

produce prioritized search results 417g.

[0094] FIG. 6C shows a similar point of interest mapping to that of FIG. 6B, but
where the prioritized search results 417g’ are only based on the historical data 417f used by
block 412. In the configuration of FIG. 6C, instead of criteria 417a — 417e being used to
further prioritize the search results, elements 417a’ — 417e’ actually reflect independent
search results that when displayed to a user would display asset data correlated to the initial
search criteria and/or search results 417g’. For example, search results 41 7g’ could
represent a personalized subset of all assets having a health index of 60-100, while element
417a’ could assets having a performance index of 60-100, because the asset data/search
reporter 60 has previously correlated the health index with the performance index, for

example, when the two indexes have a similar linear regression as index values decline.

[0095] Non-historical, correlated search criteria could be of any sort, and the
correlations may be based on time or location (plant wide, unit wide, area specific, etc.).

Other correlations will be appreciated.

[0096] Data from the block 413 is provided to a block 414 that determines whether
an assurance factor for the prioritized data is great enough to present only certain of the
assets identified in the initial search of block 410. The block 414 may determine, for
example, if the higher priority assets identified by the prioritizer 412 have a sufficiently high
likelihood of being the desired search results that the other assets identified by the block 410
need not be presented in a search result. In such cases, the block 414 may store a copy of
the fully prioritized asset listing from the block 412, but truncated to include only the highest
priority assets, which data is then passed to a block 416 that instructs the user interface
routine 58 to display search results 418 to the user, search results that may be reviewed with
respect to different status information by selecting different tabs 419. If the block 414
determines that such a truncation should not occur then the full prioritized asset listing of
block 412 is displayed to the user, shown in the shadow as 420.

[0097] The search results 418 show a listing of assets having a health index
between 0-100. That listing comprises higher priority assets (and corresponding status
information) in a first portion 418a. The higher priority information in this example reflects a
personalized search result in which the asset data/search reporter 60 has prioritize the
search results to not only rank the assets based on their health index but also to identify a
subset of the assets that pertain to a previously identified asset area of importance, in this

case area 2, which past user searches or browsing has been identified as an area of
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particular interest in comparison to other areas. In the illustrated example, the higher priority
status information is duplicated above the entirety of response search information, although
as discussed above this need not be the case, and only the higher priority search
information may be provided if desired. FIG. 8 provides an another example search listing
418 where the assets have been prioritized based on a profiled user preference for
performance index (Pl), where only those assets having a Pl in a range identified by a
profiler (e.g., between 0-65) as being a particular higher priority range are shown in the
listing 418. For example, the profiler 208 may determine the range of Pl for each of the most
frequently accessed assets and determine if the closeness of the Pl ranges are statistically

significant enough to identify Pl as an available prioritizing variable.

[0098] FIG. 9 illustrates another example of a personalized search, in which an
asset data/search reporter has identified that the users (or the requesting user) historically
view a particular type of plant asset, in this case pressure transmitters, more frequently than
another type of asset, in this case valves. As a result, the more frequently viewed asset is
prioritized in response to a user search request for assets that have a criticality value of
between 60-100. That is, the search criteria instructs the asset data/search reporter to only
indicate assets having a criticality range of 60-100, but the report results are sorted
according to the historical views of the resulting data. The illustrated report shows that of the
asset data having the identified criticality, user preference data has indicated that pressure
transmitters reflect higher priority status information. The illustrated report also shows
responsive lower priority status information (valve data), although in other examples such
data may be exclude. The historical view data may be user specific, based on particular
user viewing patterns or the historical view data may be based off of all user viewing

patterns and thus, in this way, be specific to the asset itself.

[0099] Other status information on the assets may be presented to the user, again in
a personalized manner based on user preferences automatically derived from historical data,
by selecting different ones of the tabs 419, as shown in FIGS. 10 and 11, showing search
results narrowed down by active alert status, and search results narrowed down by event
history. Each of the tabs may correspond to a predetermined set of conditions, e.g., active
alerts may personalize the general search results by prioritizing them based on those assets
having a health index in the search range and alert status of “maintenance.” The prioritizing
of each tab, however, may be modified by the asset data/search reporter to prioritize
information based on the user preferences automatically derived from the historical data.

Furthermore, additional or fewer tabs may be added to the tab listing depending on identified
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user preferences. In fact, a tab may be added which would only contain predicted search
results, based on profiled user preferences and listing only that status information
automatically determined by the system to be of a higher priority to the user than other

status information.

[00100] FIGS. 7 - 9 illustrate merely some example implementations of a
personalized search result presented by the user interface routine 58. Other
implementations may be achieved as will be understood. Furthermore, while FIGS. 7 — 9
illustrate search results where one or two variables are used prioritize the predicted listing,
any number of profile variables may be identified by the blocks 412 and 414 and used to
prioritize information. This may be particularly helpful for search results that contain large
numbers of assets. FIG. 12A illustrates an example search report 500 where assets are
ranked based on plant area (with plant area B having a higher priority than plant area A).
The assets within each plant area are further prioritized based on the current health index
provided by an asset management system. Further still any assets having the same health
index have been further prioritized based on their performance index. Thus, personalized
search results of any multi-dimensional manner may be provided by the asset data/search

reporter.

[00101] In some examples, multiple preference data (such as plant area and health
index) may be identified by the asset data/search reporter, but the report will not be able to
prioritize search results in a multi-dimensional manner as shown in FIG. 12A. In those
instances, the reporter may be programmed to select one of the preference data for
prioritizing. For example, when multiple preference data exists in response to a particular
search criteria, the system may prioritize among the preference data based on the frequency
of the execution of the preference data. If there is preference data that is more frequently
used than other preference data, that more-frequently used preference data is boosted for
the information that is in direct relation to the criteria.

[00102] Additionally, in some examples the asset data/search reporter 60 may not
only prioritize certain asset data information for later use, the asset data/searcher 60 may
correlate particular asset data with other asset data, so that when a user chooses to look at
asset data, correlated asset data may also be displayed to the user. Correlating asset data
can be quite useful in a plant system having illustration software that presents multiple views
as the user scans across plant data. In this way, the asset data/searcher 60 can create its
own point of interest mapping to easily display all assets satisfying the main asset data value

and the correlated asset data values. For example, a user may be viewing an active alert
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tab and need to see related event data for any events that occurred in the same general time
frame as a searched for alert. Instead of having to switch to an event view, select a search,
and then enter a time frame of interest, the asset data/searcher 60 may configure a mapping
in which the alert severity and time fields (see FIG. 9) across assets (over the entire plant, a
particular process, a unit, etc.) are correlated to the event time field in a search engine and
the alert location fields are correlated together. So now, if a user later launches a search
based on an alert from one unit indicating an alert time, all correlated assets having an alert
over an alert time window may be automatically identified to a user. Correlated events may
be identified based on the location of the alert event as well. In either case, the user may
then select through the automatically identified assets for further assessment, thus providing
the user with faster access to data that the asset data/search reporter 60 has identified as

more relevant, or in this case correlative to relevant data.

[00103] FIG. 12B illustrates an example smart tag application in which the illustration
of FIG. 10 has been modified such that a report 550, produced by the asset data/search
reporter, includes a smart tag 552 linked to those search results that bear a failure to
communicate status in the description. The smart tag 552 is automatically generated and
only in response to the reporter determining that historical data indicates a user preference
for identifying assets that have a failure to communicate status. The reporter executes the
search based on the search criteria indicated in a search field area 554, identifies the status
information responsive to the search criteria, and then identifies whether historical data
suggests that the search results should be prioritized based on user preference data.
Additionally, the report determines if there is user preference data indicating that for some of
the status information, the user is likely to prefer also seeing correlated search results, such
as other assets having the same status information. The reporter may then generate a
smart tag in the search field area 554, or the smart tag 552. Upon selecting the smart tag
552, the user may be presented with a secondary search report 556 showing of all assets
having the failure to communicate status. In some instances the secondary report 556 may
contain all assets having the status information flagged by reporter (i.e., the failure to
communicate), or the reporter may report only an identified higher priority of those

secondary search results.

[00104] An example of historical search data stored in a table form is provided
below.
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DateTime Criteria View Frequency
2007-5-31 Alert.Status = “‘No | Asset 6
12:00:00 PM Communication”,
Asset.Priority > 65
2007-4-21 EventType = “Alert| Event 12
2:00 PM Active”, Asset.Health >
70

[00105] In accordance with some examples, the asset data search reporter 200
controls which search field/smart tags are listed in search field/smart tag area 405. The
particular search fields/smart tags may be personalized based on user preferences
automatically identified by the profiler 208 of the asset data/search reporter 60. For
example, only search fields/smart tags corresponding to higher priority information may be
shown to a user. In other examples, the search fields/smart tags may be dynamic and
change as a user selects a particular search field/smart tag. The asset data/search reporter
60 may identify search fields that correlate with one another, such as the health index and
performance index or a health index and time since last maintenance. Thus, if a user is
displayed a series of blank search field/smart tags and selects one of them that has a
correlated search field/smart tag, then upon entry of a value in that first search field, the
asset data/search reporter 60 may instruct the user interface routines 58 to display a
correlated search field/smart tag for the user to complete, with the determination that the
user may want to identify assets based on the correlated search field/smart tag as well as
the primary search field/smart tag. Furthermore, each generated search field/smart tag may
contain a popup listing of possible values that is automatically changed by the asset
data/search reporter in response to automatically profiled user preferences. For example,
the asset data/search reporter may modify the available values of a popup menu on a
second search field/smart tag based on the value selected for the first search field/smart tag.
If the first search field/smart tag to receive data is the health field, the asset data/search
reporter may identify those performance index values associated with the select health field
value. Problematically low health index values may be correlated with problematically low
performance index values, such that the popup menu for a performance index may prioritize
low ranges of performance index for the search field value when the health index search
field has been populated with a low index range. The asset data/search reporter may modify

the search fields/smart tags in similar ways with non correlated search fields/smart tags, but
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simply by identifying higher priority search field values (among the unselected search fields)

based on the search field values already selected.

[00106] [n addition to personalizing search results as discussed above with respect
to examples of FIGS. 7 — 12, an asset data/search reporter in accordance with this
disclosure may be used to personalize general browsing of asset data. FIG. 13 is an
example depiction of a display that may be provided by the GUI to enable a user to browse
among the various levels within the process plant 10 and report on various status
information for the plant and any level thereof to provide consolidated reporting for all entities
within the process plant 10. As shown in FIG. 13, a user is provided with a menu 600 of the
various levels within the process plant 10. The menu 600 permits the user to easily navigate
to view reports on status information regarding different levels and entities within the process
plant 10, such as various devices, loops, units, areas, etc., including status information
regarding the process plant 10 itself. The menu 600 may be arranged according to the types
of information that may be viewed, the various levels within the process plant 10, or any
other desired configuration. This configuration may also be user configurable. An expanded
view 610 of the structure of the process plant 10 is also shown along with various status
information, such as the overall health index of the process plant 10, the level of urgency
associated with the health index, and alert information. Each entity and type of status
information listed in the expanded view 610 may be arranged to allow a user to request
further detailed information regarding that status information and/or entity. For example, the
listed entities and status information may be user selectable icons, similar to a hyperlink in a
web page, that link to another report featuring further detailed information associated with
the selected entity or status information. In response to a user action or request (e.g.,
clicking on the link), the display of FIG. 13 may be replaced with the more detailed
information, or alternatively, a new window may appear reporting on the further detailed
status information regarding the selected level of the process plant 10, including any of the
various devices, loops, units, areas, etc. The asset data/search reporter would tailor this
detailed status information by prioritizing the assets responsive to the requested listing
based on historical data analyzed by the reporter, where such historical data contains
tracked user preference data representing past user interaction with the system, as

discussed above.

[00107] In addition to personalized reports such as those described above, an asset
data/search reporter may present search results in a graphical form, an example of which is

llustrated in FIG. 14. Screenshot 612 illustrates a dashboard depicting the personalized
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historical search results produced by an asset data/search reporter in response to a search
for assets having a health index of 95 as shown in a search results summary indicator 613.
The search results are illustrated in four different graphical forms. Graphical plot 614
illustrates the search results (i.e., the assets with a health index of 95) by type and in a pie
chart form. Graphical plot 615 illustrates the search resuits by alert severity, showing the
number of assets responsive to the search results that currently also have an advisory,
abnormal, failed, maintenance, or no communication alert status. Graphical plot 616 shows
the historical rate at which particular events occur, in this instance the number of assets from
among the total plant assets that have achieved a health index of 95 over a 1 year period.
This type of illustration may allow operators to quickly assess the overall health trend of the
entire plant or portion thereof. Graphical plot 617 is similar to graphical illustration 615 in
that both further tailor the health index search results based on alert status. But the plot 617
depicts the number of assets having a health index of 95 and which have active alerts of
various durations, from 1 hour to 24 hours, 1 day to 7 days, 7 days to 30 days, 20 days to
365 days, or 365 days or longer.

[00108] The graphical plots 614-617 are shown by way of example. The asset
data/search reporter may illustrate personalized historical search results in other graphical
forms. A selection box 618 is provided in each panel 614-617 to allow users to manually

select the particular type of plot criteria.

[00109] The results shown in the graphical illustrations 614-617 reflect aggregate
data of a subset of the assets responsive to the search request, in particular an aggregation
of the subset identified by the asset data/search reporter as more relevant search results
based on the identified ranking criteria, such as historical search data. In other examples,
dashboard 612 may be present both this personalized aggregation of search results as well
as the entire search results by manual selection of the user of a personalized searcher

button 619 or other means.

[00110] FIGS. 15 — 20 are detailed depictions of the display described above in FIG.
13 in accordance with some examples. Each of FIGS. 15 — 20 includes a tree level view 620
of various levels within the process plant 10. In this particular example, the tree level view
620 is arranged according to the type of data sources that are made available to the user
(e.g., AMS™ Suite: Machinery Health Manager data), which is subsequently arranged
according to the various areas (e.g., Area 1, Area 2, etc.) within the process plant 10. This
may be in response to a user request to browse additional monitoring, diagnostic and
optimization information provided by the AMS™ Suite: Machinery Health Manager data
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source regarding the process plant 10 or a request to view this type of information for all
areas within the process plant 10. However, the tree level view 620 may be arranged in any
desired manner. The tree level view 620 may be arranged by various process plants 10
available to the user, by data source, by area, by unit, etc. Furthermore, the tree level view
620 may be personalized by listing the tree branches in a prioritized order, with the higher
priority branches identified by the profiler listed first.

[00111] Alongside the tree level view 620 is a representation of further detailed
status information regarding the selected area (e.g., Area 1). For example, in FIG. 15 a
summary 630 of the units, loops, devices, etc. contained within Area 1 is shown with details
regarding each unit, loop, device, etc. As with the tree level view 620, the summary 630
may be user-configurable to list various entities relating to, though not necessarily part of,
the selected area. Furthermore, status information from various data sources may be
included in the summary 630, as determined from the user preferences. Further still, the
listing 630 is a prioritized browser listing with higher priority status information 632 listed first
and lower priority status information 634 listed second. The priority ordering in this example
is based on the health index which had been identified by a prioritizer as user preference
data profiled from historical data representing past user interaction with the system. For
example, an asset data/search reporter has tracked previous user interaction with the GUI
interface like that of FIG. 13 and automatically determined that the user has a preference for
browsing assets based on health information (e.g., because the user more frequently
searched the performance tree based on the health index or searched the instruments tree
for instruments having a certain heaith index). In response, the asset data/search reporter in
reporting the assets corresponding to Area 1, lists the assets and corresponding status
information in a prioritized manner with those indexes having a poor performing health index

first, predicting that these assets would be of a higher priority interest to the user.

[00112] Beyond this automatic prioritizing based on historical data, as described in
U.S. Application Serial No. 10/390,818, entitled “Asset Optimization Reporting in a Process
Plant”, the specification of which is hereby incorporated by reference, each listed unit, loop,
device, etc. may be user selectable to bring up even further detailed information regarding
that entity, for example, by using dynamic links associated with each listed unit, loop, device,
etc. Inresponse to a user request (e.g. clicking on the alphanumeric identifier), status
information regarding the details pertaining to Exhaust Fan #1 (EXFAN #1) may be
displayed in a device summary 640 as shown in FIG. 16. Any or all details regarding

Exhaust Fan #1, including identification information (e.g., name, location, manufacturer,
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model, data source), calibration status, configuration, efficiency, etc. may then be displayed
in a separate window or in the same window. It will be understood that the particular status
information being displayed is not limited to any particular type, amount or level of detail.
Instead, as described more fully below, the information that may be displayed can vary

according to a user's need and/or preference.

[00113] Above the listed status information for Exhaust Fan #1 are more user
selectable icons responsive to user actions which bring up further detailed status
information. These user selectable icons (or "tabs") reflect summary views of available
information and are arranged along the top of the display to allow navigation among further
available status information. For each tab of the GUI of FIG. 15, selecting a tab may result
in a prioritized listing of status information being presented to a user. For example, as
shown in FIG. 17, a user may view all current alerts or events associated with Area 1 by
selecting the "Active Alerts" tab. The resulting display 650 of active alert information may list
each of the of the entities that currently have a problem, along with details regarding the alert
such as the date/time, the unit, loop or device associated with the alert, severity of the alert,
etc. The display 650 is prioritized based on performance index to identify a set of higher
priority assets 652 first and a set of lower priority assets 654 second, where the asset
data/search reporter has analyzed historical data of user interactions to determine, in this
example, a user preference data identifying a desirability to see assets organized in

ascending order of performance index.

[00114] Any or all details regarding an active alert associated with an entity, (e.g.,
Exhaust Fan #1) may include status information such as type, description, health, alerts,
etc., as shown in the display 660 of FIG. 18. The details may further include recommended
actions to be taken given the status information (e.g., repair as soon as possible) along with
explanations of or the degree of the current status of the asset (e.g., severity, urgency, etc.)
and detected cause (e.g. event fault).

[00115] As shown in FIG. 19, a historical summary or audit trail 670 may be
displayed in response to a user request for "Historical Events". In this particular example,
the history regarding a device (a gearbox denoted as GBOX #5) in Area 4 is displayed to
allow the user to quickly assess the progression of the state of GBOX #4. The historical
summary 670 may further be used to display a history of all entities within a given location, a
history of a particular entity, a history of a particular type of fault, etc. Each historical entry
may further be user selectable to display details regarding that particular event, as shown in

the display 680 of FIG. 20. Examples of some of the details that may be listed include date

-38 -



WO 2009/038947 PCT/US2008/074730

and time of the event, a brief and extended description of the event, event significance,

status, severity, certainty, urgency, location, observations, etc.

[00116] FIGS. 21 — 25 are further example depictions of displayed reports that may
be provided by a user interface routine in response to a user request to view further reports
of details for different types of status information at various levels of the process plant 10,
and under the control of an asset data/search reporter. For example, in response to a user
request from the display of FIG. 13, the GUI display of FIG. 21 may be presented. However,
it will also be understood that the displays of FIGS. 21 — 25 may be presented in response to
a user action from the displays in FIGS. 15 — 20, such as from the tree level views 620 or by
a user action with a user selectable icon associated with the process plant 10, an area, a
unit, a loop, a device, etc. from a GUI as depicted in FIG. 3. The GUI of FIG. 21 depicts
available status information regarding the process plant 10. A menu of headings, each
relating to a particular type of status information, facilitates navigation among various types
of status information regarding the process plant 10 from various data sources. Examples of
available status information regarding the process plant 10 includes status information from
the maintenance system application 66 (e.g., calibration, alerts, etc.), the asset management
tools 70 (e.g., alerts, alert history, repair schedules, etc.), the asset management system 50
(e.g., health index, performance, etc.) or any other desired data source. A smaller view of
the display of FIG. 3 may also be provided as a summary window 700 within the display to
facilitate navigation among the various levels of the process plant 10 and to display a
summary of the status information related to the process plant 10. In this example, the
areas of the process plant 10 are depicted in the summary window 700 to facilitate

navigation to the various areas within the process plant 10.

[00117] Displays similar to that shown in FIG. 21 may be provided for each level or
entity within the process plant 10. For example, FIGS. 22 — 25 are exemplary depictions of
displays that may be provided by the GUI to view status information for an area (FIG. 22), a
unit (FIG. 23), a loop or device (FIGS. 24 and 25). Each of the displays shown in FIGS. 22 —
25 are shown to have a menu with status information headings, each of which may be linked
to a further report containing detailed status information that may be displayed in response
to a user request to view that type of status information. A summary of the components that
make up an area (e.g., Unit 1, Unit 2), the components that make up a unit (e.g.,5
transmitters, 2 valves, etc.), or any other level are provided alongside a summary of the
status information for the respective area, unit, loop, device, etc. While the displays of FIGS.

22 — 23 are shown to include similar types of status information, the values and variables

-39-



WO 2009/038947 PCT/US2008/074730

associated with the status information will generally change with each entity being reported.
For example, in both FIGS. 24 and 25 depict GUIs reporting status information regarding a
loop or device. Even more particularly, FIG. 25 depicts a GUI reporting status information
regarding equipment, components, transmitters and/or valves. However, the type of status
information and arrangement has been altered from that of FIG. 24. Rather, status
information has been arranged according to a combination of type of status information (e.g.,
urgency, alerts, recommendations, etc.) and data sources (e.g., AMS™ Suite of applications,
AMS™ Suite: Performance Monitor). Additionally, the user is presented with a variety of
display options, including the Selectable Information Display Configuration 710, with which a
user may control the arrangement of information, and General presentation options including
Tri-leg graphs separated by type (e.g., operations, maintenance, default, etc.), bar graphs,

spider graphs, etc.

[00118] Each of the displays depicted above and further below may be configurable
manually by the user to depict different types of status information the user may be
interested in or different levels within the process plant 10. For example, the user may
modify which types of status information are to be included in the user's report. Some of the
displayed information may, therefore, be dynamic in terms of allowing the user to manipulate
and configure the types of status information being displayed and further configure which

entities are to be reported on.

[00119] [n order to manipulate the information to be displayed in a user's report, the
GUI may be implemented to display the user's preferences regarding his report. The user is
presented with a variety of options on how to configure the report. These options include the
types of status information the user may view, the various entities the user may view status
information for, options as to how the status information is to be displayed (e.g., graphics,
text, etc.), the layout of the status information (e.qg., health information centered and
pronounced with related production information off-center and less pronounced), etc.
Among the options may be status information that must always be included in the report,
which is indicated to the user as being static information. The user is able to select from
among the available options to add, delete or manipulate the status information. The user
profile may then be saved, for example, to a server, and accessed by the asset data/search
reporter 60 each time the user calls up a report. Alternatively, the user profile may reside on
the user's local computer and be accessed by the user interface routine 58 each time a
report is generated. The user may also be permitted to create different reports for different

types of status information, different entities, etc. and save each as a separate user profile or
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as a condition in a single overall user profile. For example, the user profile could contain a
provision that if the report is to pertain to an area, a graphical representation of that area is

presented with status information displayed in alphanumerics.

[00120] Alternatively, the status information displayed in a report may be
implemented with a "drag and drop" approach, wherein the user can configure the layout of
the report as it is being viewed by selecting an icon representing an entity, dynamic link,
status information, etc. The selected icon may be cut and pasted to its new location, or
dragged and dropped in its new location. Entities may be merged into other entities by
pasting the icons on or dragging the icons to an existing entity, thereby defining functional
areas, units, loops, devices, etc. according to the user's needs. Additionally, entities may
have as many dynamic links associated with them as desired to bring up information about
other entities, other data sources, other reports, other types of status information, etc. As an
example, the user may be presented with a default report. This default report may be
presented whenever a user accesses a report for the first time (e.g., a new user), accesses
a particular type of status information for the first time, accesses status information for a
particular entity for the first time, utilizes a new GUI for the first time, etc. The default report
may still pertain to particular types of status information for a particular entity, which may
relate to the user's responsibilities. That is, even though the user is presented with a default
report, a user profile may already be assigned to the user which lists static information to be
included in the report and restrictions applicable to the user. In addition, the default report
may include dynamic status information predicted by the asset data/search reporter 60 to be
of likely higher interest to that the user. It may further be predicted how the user would like
to view the information (e.g., the layout). These predictions may be based on historical data
representing user interaction with the system and automatically generated by tracking that
user interaction, instead of being manually generated by having the user select which
options the user would like for reporting. While such manual user configurability may be
used, the asset data/search reporter may automatically determine which information should
be presented to a user, with or without reference to manually selected user preferences, by
personalizing the reported status information based on past user interactions with status

information.

[00121] In either manual configurability mode or through automatic asset
data/search reporter reporting, predictions may also be based on the user's responsibilities
within the process plant, other profiles or reports that the user has used, profiles and reports

of other users having similar responsibilities, etc. Alternatively, all available status
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information may be presented to the user in a generic format. However, the user is free to
add, delete or otherwise manipulate the dynamic status information in the default report to

the user's own preferences.

[00122] Each piece of dynamic status information may be presented as a user
selectable icon that the user can capture, move, manipulate or delete from the report.
Additional status information may be added to the report from a separate menu providing the
user with a selection of all types of status information available to the user. The choices and
preferences selected by the user may be maintained as part of a user profile, residing at the
user's computer, at any data storage device within the process plant 10, or at a storage
device located remotely from the process plant 10. Each time the report is reconfigured, the
user profile may be updated and stored such that the user's preferences are always current
and the next time the user views the report, it will be displayed according to the last known
preferences. A user may also need to view numerous reports on various entities and status
information. If desired, a separate profile for each type of report may be maintained, thereby
allowing the user to configure each report separately. For example, a maintenance person
may view health and performance data when viewing a report on a first device, but may only
want to view health information when viewing a report on a second device. Alternatively, the
same layout and type of status information (still based on the user's preferences) may be
included in each report for various areas, units, loops, devices, etc. Each time a user views
a report, the user interface routine 58 may determine the user's identity (e.g., at a login
screen), and retrieve the user profile associated with that identity. If the user profile is
dependent on the entity or status information being reported, a user request for the particular
entity or status information may prompt the user interface routine 58 to retrieve the
appropriate profile. The user interface routine 58 may then read the profile and display the

information accordingly.

[00123] However, it may be preferable that some static information be implemented
that the user must always keep in the report. For example, a report for a maintenance
person assigned to monitor and maintain a particular device may have the health index for
that device always displayed, whereas information regarding the performance and efficiency
of the device may be dynamic information the maintenance person has selected to include in
a maintenance report or that the asset data/search reporter has automatically identifies as
appropriate status information to include. That is, the maintenance person may manually
decide or the asset data/search reporter may automatically decide to include the

performance and efficiency information, because it has an appreciable impact on the health
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of the device. Likewise, a report directed to a process operator may always include status
information regarding the performance and efficiency of the loop being controlled, in addition
to user configurable dynamic information such as health information of the devices within
that loop, because the health of the device may have a future impact on the operation of the

loop, and is therefore of interest to the process operation.

[00124] The asset data/search reporter may be configured to prioritize static or
dynamic status information on plant assets and based on tracked historical data from user

interaction with static or dynamic status information.

[00125] The static information may also reside in the user profile, though the user
will not be permitted to configure the static information. For example, the user's
responsibilities and duties within the process plant 10 may be indicated in the user profile
without allowing the user to modify those responsibilities and duties. A maintenance person,
therefore, could have a user profile describing his specific position (e.g., maintenance
person), the devices, loops, etc. that the maintenance person is responsible for, particular
duties with respect to these assets (e.g., monitor device health), etc. The user profile may
also include restrictions, that the user cannot manually alter or the asset data/search
reporter cannot automatically alter, which restrict what the status information the user is
allowed to view in a report. The restrictions may be imposed based on reading the user's
responsibilities, for example. The asset data/search reporter may therefore read the user
profile to determine not only the user's preferences, but also details regarding the user in
order to display particular types of status information that are of interest to the user and also
status information that must necessarily be reported to the user to allow the user to complete

his duties and responsibilities.

[00126] While the present invention has been described with reference to specific
examples, which are intended to be illustrative only and not to be limiting of the invention, it
will be apparent to those of ordinary skill in the art that changes, additions and/or deletions
may be made to the disclosed embodiments without departing from the spirit and scope of

the invention.

[00127] The foregoing description is given for clearness of understanding only, and
no unnecessary limitations should be understood therefrom, as modifications within the

scope of the invention may be apparent to those having ordinary skill in the art.
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What is claimed is:

1. A method of reporting status information regarding an entity within a process

plant, the method comprising:
receiving initial status information from a data source in response to a user request;

prioritizing the initial status information based on historical user preference data to

identify a subset of higher priority status information within the status information;

generating a report that includes the higher priority status information ranked above

other of the status information; and
displaying the report to a user.

2. The method of claim 1, wherein prioritizing the initial status information
comprises profiling historical data to identify the user preference data, the historical data
representing past user interaction with status information regarding any entity within the

process plant.
3. The method of claim 2, further comprises:

storing user interaction data regarding user interaction with status information on any

entity within the process plant and displayed on a computer; and
analyzing the user interaction data to develop the user preference data.

4. The method of claim 3, wherein the user interaction data is tracked during a
search for the status information regarding any entity within the process plant.

5. The method of claim 3, wherein the user interaction data represents an
amount of time a user interacts with the status information regarding any entity within the

process plant.

6. The method of claim 3, wherein the user interaction data represents a number
of times a user interacts with the status information regarding any entity within the process

plant.

-44 -



WO 2009/038947 PCT/US2008/074730

7. The method of claim 3, wherein the user interaction data represents the
frequency within which the status information regarding any entity within the process plant

has been accessed by a user.

8. The method of claim 3, wherein the status information regarding any entity
within the process plant comprises a health index, a variability index, a usability index, or a

performance index.

9. The method of claim 3, wherein the status information regarding any entity

within the process plant comprises an alert status or urgent event status.

10. The method of claim 3 further comprising continuously tracking the computer

for user interaction data.

11. The method of claim 3 further comprising tracking the computer for user

interaction data in response to a user initiated event at the computer.

12. The method of claim 3 further comprising tracking the computer for user

interaction data in response to a remote initiation signal.

13. The method of claim 1, wherein prioritizing the initial status information
identifies the higher priority status information and lower priority status information, and

wherein the report displays only the higher priority status information.

14. The method of claim 1, wherein prioritizing the initial status information
identifies the higher priority status information and lower priority status information, and
wherein the report displays both the higher priority status information and the lower priority

status information.

15. The method of claim 1, wherein prioritizing the initial status information
identifies the higher priority status information and lower priority status information, the

method further comprising:
determining an assurance factor for the higher priority status information; and

displaying only the higher priority status information if the assurance factor is above a
threshold value and displaying the higher priority status information and the lower priority

status information if the assurance factor is below a threshold value.
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16. The method of claim 1, wherein prioritizing the initial status information

comprises prioritizing based on a single profile parameter of the user preference data.
17. The method of claim 16 further comprising:

ranking the initial status information based on a first profile parameter to determine a

first data ranking; and

ranking the first data ranking based on at least one second profile parameter to

produce a second data ranking.

18. The method of claim 1, wherein prioritizing the initial status information

comprises prioritizing based on multiple profile parameters of the user preference data.

19. The method of claim 1, wherein the user request is a first search request,
wherein the initial status information contains initial search results data in response to the
first search request, wherein generating the report comprises generating a search report
containing the higher priority status information, and wherein displaying the report comprises
displaying the search report containing the higher priority status information.

20. The method of claim 19 further comprising displaying the initial status

information separately from the search report.

21. The method of claim 19, wherein the higher priority status information

represents predicted search results in response to the first search request.
22. The method of claim 21 further comprising:

receiving a second search request from the user, the second search request being

received after the first search request; and

prioritizing the higher priority status information of the search report based on the

second search request to create a second search report;
displaying the second search report to a user.

23. The method of claim 22, wherein the second search report contains only a
subset of the higher priority status information of the search report.
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24, The method of claim 22, wherein the second search report contains all of the
higher priority status information of the search report but where the priority of the higher

priority status information has been rearranged in the second search report.

25. The method of claim 1, wherein the user preference data comprises
information regarding past user access to status information regarding any entity within the

process plant.

26. The method of claim 1, wherein prioritizing the initial status information

comprises:

correlating the initial status information to other correlated status information, such

that the subset of higher priority information includes the other correlated status information.
27. The method of claim 1, further comprising:
correlating the initial status information to other correlated status information; and
displaying a report of the other correlated status information to the user.
28. The method of claim 1, wherein displaying the report to the user comprises:

displaying at least one graphical illustration of the report illustrating a graphical plot of

the higher priority status information.

29. The method of claim 28, further comprising displaying a plurality of different
graphic illustrations of the report via a plurality of different graphical plots of the higher
priority status information, each graphical plot plotting the higher priority status information

based on a different plot criteria.

30. An apparatus for reporting status information on assets in a plant, the

apparatus comprising:
a memory storing status information on the assets within the plant;
a display for displaying the stored status information; and
a status information reporter configured to:

a) receive initial status information from a data source in response to a user request;
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b) prioritize the initial status information based on historical user preference data to

identify a subset of higher priority status information within the status information; and

c) generate a report that includes the higher priority status information ranked above

other of the status information.

31. An apparatus of claim 30, wherein the status information reporter is
configured to profile historical data to identify the user preference data, the historical data
representing past user interaction with status information regarding any entity within the

process plant.

32. An apparatus of claim 30, wherein the status information reporter is

configured to:

store user interaction data regarding user interaction with status information on any

entity within the process plant and displayed on a computer; and
analyze the user interaction data to develop the user preference data.

33. An apparatus of claim 32, wherein the user interaction data is data tracked

during a search for the status information regarding any entity within the process plant.

34. An apparatus of claim 32, wherein the user interaction data represents an
amount of time a user interacts with the status information regarding any entity within the

process plant.

35. An apparatus of claim 32, wherein the user interaction data represents a
number of times a user interacts with the status information regarding any entity within the

process plant.

36. An apparatus of claim 32, wherein the user interaction data represents the
frequency within which the status information regarding any entity within the process plant

has been accessed by a user.

37. An apparatus of claim 32, wherein the status information regarding any entity
within the process plant comprises a health index, a variability index, a usability index, or a

performance index.
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38. An apparatus of claim 32, wherein the status information regarding any entity

within the process plant comprises an alert status or urgent event status.

39. An apparatus of claim 32, wherein the status information reporter is

configured to continuously track the computer for user interaction data.

40. An apparatus of claim 32, wherein the status information reporter is
configured to track the computer for user interaction data in response to a user initiated

event at the computer.

41. An apparatus of claim 32, wherein the status information reporter is
configured to track the computer for user interaction data in response to a remote initiation

signal.

42. An apparatus of claim 30, wherein the status information reporter is

configured to report only the higher priority status information.

43. An apparatus of claim 30, wherein the status information reporter is
configured to report the higher priority status information and lower priority status

information.

44. An apparatus of claim 30, wherein the status information reporter is

configured to:

rank the initial status information based on a first profile parameter to determine a

first data ranking; and

rank the first data ranking based on at least one second profile parameter to produce

a second data ranking.

45, An apparatus of claim 30, wherein the status information reporter is
configured to prioritize the initial status information based on multiple profile parameters of

the user preference data.

46. An apparatus of claim 30, wherein the user preference data comprises
information regarding past user access to status information regarding any entity within the

process plant.
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47. An apparatus of claim 30, wherein the status information reporter is

configured to:

correlate the initial status information to other correlated status information, such that

the subset of higher priority information includes the other correlated status information.

48, An apparatus of claim 30, wherein the status information reporter is

configured to:
correlate the initial status information to other correlated status information; and
display a report of the other correlated status information to the user.

49, An apparatus of claim 30, further comprising a display controller configured

to:

display at least one graphical illustration of the report illustrating a graphical plot of

the higher priority status information.

50. An apparatus of claim 30, wherein the display controller is further configured
to display a plurality of different graphic illustrations of the report via a plurality of different
graphical plots of the higher priority status information, each graphical plot plotting the higher

priority status information based on a different plot criteria.
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FIG. 25

PCT/US2008/074730

BB

Equipment/Component/Transmitter/Valve Level

Maintenance/Reliability Manager

Plant Tree (New Use)

ANS

Historical Comp. Failure List/Trend
Summarized Active Alerts

MTFB vs. Commission Date

Cost Avoidance

csl

Urgency (Severity, Significance,
Certainty)

Active Alerts

Recommended Action

Per User Group
Alarm Status Summary

E-fficiency
Alerts

Cost of Demonstrations
Performance Summary
Efficiency Summary
Notes to User

Selectable Info Display

General
Tri-Leg Graphic

- Operations

- Maintenance

- Default

Bar Graph

Spider

Time-Scale

Plots

AMS™ Web

RBM Web/AMS™ Suite
E-fficiency/Performance Monitor

Recommended Schedule Priority ~ Configuration Event List
Cost Avoidance
oo
Oooo
{
)

710



'INTERNATIONAL SEARCH REPORT

Internationat application No

PCT/US2008/074730

A. CLASSIFICATION O OSZUBJECT MATTER

INV. GO5B23

According to International Patent Classification (IPC) or to both national classification and IPC -

B. FIELDS SEARCHED

G058 GO7C

Minimum documentation searched (classification sysiem followed by classification symbols)

Documentation searched other than minimum documentation 1o the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

paragraph [0011]

X EP 1 445 721 A (BOEING CO [US])
11 August 2004 (2004-08-11)

D Further documents are listed in the continuation of Box C.

E See patent family annex.

* Special categories of cited documents :

*A" document defining the general state of the ar which is not
considered to be of particular relevance

*E® earlier document but published on or after the international
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*O* document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of paricular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

*&" document member of the same patent famiiy

Date of the actual completion of the international search

19 January 2009

Date of mailing of the intemational search report

27/01/2009

Name and mailing address of the 1ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Kelperis, K

Form PCT/ISA/210 (second shest) (Aprii 2005)




INTERNATIONAL SEARCH REPORT
. International application No
Information on patent family members

PCT/US2008/074730
Patent document Publication Patent family Publication
) cited in search report date member(s) o date
EP 1445721 A 11-08-2004 US 2004158367 Al 12-08-2004

Form PCT/ISA/210 (patent family annex) (April 2005)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - claims
	Page 52 - claims
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - wo-search-report
	Page 79 - wo-search-report

