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ENHANCED TOOL FOR MANAGING A PROCESS CONTROL NETWORK

Field of the Disclosure

[0001] The present invention relates generally to process control networks and more

particularly to configuring and managing process control networks.
Description of the Related Art

[0002] Large processes such as chemical, petroleum and other manufacturing and
refining processes include numerous field devices disposed at various locations within
a facility to measure and control process parameters which thereby effect control of
the process. These devices may be, for example, sensors such as temperature, pressure
and flow rate sensors as well as control elements such as valves and switches.
Historically, the process control industry used manual operations such as manually
reading level and pressure gauges, turning valve wheels, etc., to operate the

measurement and control field devices within a process.

[0003] Presently, control of the process is often implemented using microprocessor-
based controllers, computers or workstations which monitor the process by sending
and receiving commands and data to hardware devices to control either a particular
aspect of the process or the entire process as a whole. The specific process control
functions that are implemented by software programs in these microprocessors,
computers or workstations may be individually designed, modified or changed
through programming while requiring no modifications to the hardware. For
example, an engineer might cause a program to be written to have the controller read
a fluid level from a level sensor in a tank, compare the tank level with a
predetermined desired level, and then open or close a feed valve based on whether the
read level was lower or higher than the predetermined, desired level. The parameters
are easily changed by displaying a selected view of the process and then by modifying
the program using the selected view. The engineer typically would change

parameters by displaying and modifying an engineer's view of the process.

[0004] The controller, computer or workstation stores and implements a centralized
and, frequently, complex control scheme to effect measurement and control of process
parameters according to an overall control scheme. Usually, however, the control
scheme implemented is proprietary to the field device manufacturer, thus making the

process control system difficult and expensive to expand, upgrade, reprogram and/or
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service because the field device provider must become involved in an integral way to
perform any of these activities. Furthermore, the equipment that can be used or
interconnected may be limited due to the proprietary nature of the field device and the
situation where the provider may not support certain devices or functions of devices

manufactured by other vendors.

[0005] To overcome some of the problems inherent in the use of proprietary field
devices, the process control industry has developed a number of standard, open
communication protocols including, for example, the HART®, DE, PROFIBUS®,
WORLDFIP®, LONWORKS®, Device-Net®, and CAN protocols. These standard
protocols enable field devices made by different manufacturers to be used together
within the same process control environment. In theory, any field device that
conforms to one of these protocols can be used within a process to communicate with
and to be controlled by a process control system or other controller that supports the

protocol, even if the field devices are made by different manufacturers.

[0006] To implement control functions, each process control device includes a
microprocessor having the capability to perform one or more basic control functions
as well as the ability to communicate with other process control devices using a
standard and open protocol. In this manner, field devices made by different engineer
and the microprocessor based controller or computer performing the process control

function.

[0007] Systems that perform, monitor, control, and feedback functions in process
control environments are typically implemented by software written in high-level
computer programming languages such as Basic, Fortran or C and executed on a
computer or controller. These high-level languages, although effective for process
control programming, are not usually used or understood by process engineers,
maintenance engineers, control engineers, operators and supervisors. Higher level
graphical display languages have been developed for such personnel, such as
continuous function block and ladder logic. Thus each of the engineers, maintenance
personnel, operators, lab personnel and the like, require a graphical view of the
elements of the process control system that enables them to view the system in terms

relevant to their responsibilities.
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[0008] The graphical view of the elements of the process control system is provided
without correlation to the spatial layout of the facility and only shows logical
connections of the devices and functions. For example, a process control program
might be wntten in Fortran and require two inputs, calculate the average of the inputs
and produce an output value equal to the average of the two inputs. This program
could be termed the AVERAGE function and may be invoked and referenced through
a graphical display for the control engineers. A typical graphical display may consist
of a rectangular block having two inputs, one output, and a label designating the block
as AVERAGE. A different program may be used to create the graphical
representation of this same function for an operator to view the average value. Before
the system is delivered to the customer, these software programs are placed into a
library of predefined user selectable features. The programs are identified by function
blocks. A user may then invoke a function and select the predefined graphical
representations illustrated by rectangular boxes to create different views for the
operator, engineer, etc. by selecting one of a plurality of function blocks from the
library for use in defining a process control solution logically rather than having to
develop a completely new program in Fortran, for example, manufacturers can be
imterconnected within a process control loop to communicate with one another and
to perform one or more process control functions or control loops. Another example
of an open communication protocol that allows devices made by different
manufacturers to interoperate and communicate with one another via a standard bus
to effect decentralized control within a process is the FOUNDATION Fieldbus
protocol (hereinafter the "Fieldbus protocol”) by the Fieldbus Foundation. The

Fieldbus protocol is an all digital, two-wire loop protocol.

[0009] When using these protocols, a challenge associated with designing the process
control system or network relates to the actual physical layout and interconnection of
the various process control devices. Specifically, each of these protocols sets forth
constraints of values for the physical characteristics within which a process control
system must operate to conform to the standard. These constraints include the voltage
drop across communication sections, the spur length, the overall cable length, the total
current draw and the total number of process control devices on a panicular hub. The
physical location of vessels, pipes, pumps, motors and valves as well as controllers

and operator stations also set forth constraints that must be taken into account when
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configuring the process control system or network. The interrelationship of these
constraints is important and variable based upon the values of the constraints. Once
the process control system or network is configured and in use, the managing of the
system can be cumbersome due to the complexity of most refining and manufacturing

facilities.

[0010] In addition to executing control processes, software programs also monitor
and display a view of the processes, providing feedback in the form of an operator's
display or view regarding the status of particular processes. The monitoring software
programs also signal an alarm when a problem occurs. Some programs display
instructions or suggestions to an operator when a problem occurs. The operator who
is responsible for the control process needs to view the process from his point of view
and correct the problem quickly. A display or console is typically provided as the
interface between the microprocessor based controller or computer performing the

process control function and the operator and also between the programmer or

[0011] A group of standardized functions, each designated by an associated function
block, may be stored in a control library. A designer equipped with such a library can
design process control solutions by logically interconnecting, on a computer display
screen, various functions or elements selected with the function blocks represented by
rectangular boxes to perform particular tasks. The microprocessor or computer
associates each of the functions or elements defined by the function blocks with
predefined templates stored in the library and relates each of the program functions or
elements to each other according to the interconnections desired by the designer. A
designer designs an entire process control program using logical views of predefined
functions without ever correlating the design to the spatial dimensions of the refining

or manufacturing facility.

[0012] One challenge associated with the graphical views provided is that only
logical connections are shown. Presently, the physical layout of the facility is not
correlated to the configuration of the process control system and cannot be referenced
during the managing of the system. When configuring the process control system,
spatial information must be manually measured and entered into the tool. When
managing the process control system, the physical location of devices and controllers
must be manually determined, often increasing the amount of time required to correct

a problem or mange the process control system.
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10013} What is needed 1s a method of configuring a process control system that
takes into account the physical layout of the facility as well as allows for operators
of the system to quickly access the spatial location of process control devices and

controllers.

Summary of the Disclosure

[0014] The present invention is directed to using spatial information of a facility for
configuring and managing a process control system which is included within the
facility. The process control system may conform to a standard protocol. Such a
system advantageously allows the efficient design and use of a process control system
while ensuring that the physical characteristics of the system conform to the standard.
In addition, such a system also advantageously provides for more efficient

diagnostics, online debugging, alarm managing and device maintenance.

[0015] The tool may optionally provide automatic generation of the layout of the
process control network applied to the spatial layout of the facility. In another
embodiment, the tool is used to analyze the layout of the process control network
applied to the physical layout of the facility to assure that the layout of the network
conforms to the criteria of a standard protocol, such as the Fieldbus protocol. The
tool may optionally provide blinking device representations to indicate active alarms

in the network.

[0016] In another embodiment, the process control network is configured using
logical connections first, and then at a later time the configuration is applied to the
spatial layout of the facility and used for managing the process control network

using the spatial information applied to the network layout.

[0017] In another embodiment, a process control configuration and management
system provides a plurality of function blocks representing a plurality of devices in
relation to a spatial layout of a facility in which the process control system is
implemented. The configuration and management system also provides process
control information and process simulation information related to each of the plurality
of devices in relation to the spatial layout of the facility. Using this system, a user
may vary one or more parameters related to the function blocks to generate and view
simulation information related to the function block in relation to the spatial layout of

the facility.
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[0018] In yet another embodiment, the configuration and management system may
also provide geographic positioning data related to the various devices in relation to
the spatial layout of the facility. In another embodiment, the configuration and
management system may present the spatial layout of the facility, the process control
information related to various devices, process simulation information related to

various devices, etc., in a three dimensional format and/or on a hand-held device.

[0019] Other applications of the present disclosure will become apparent to those
skilled in the art when the following description is read in conjunction with the

accompanying drawings.
Detailed Description of the Drawings

[0020] The present invention may be better understood, and its numerous objects,
features, and advantages made apparent to those skilled in the art by referencing the

accompanying drawings.

[0021] Fig. 1A is a schematic block diagram of a process control system showing a
workstation including a tool in accordance with a generalized embodiment of the

present invention which furnishes a spatial configuring and managing capability.

[0022] Fig. 1B is a block diagram of the controller/multiplexer and process portion of

the process control system shown in Fig. 1A.

[0023] Fig. 2 is a schematic block diagram showing the process control environment

in a configuration implementation and a management or run-time implementation.

[0024] Fig. 3 is a flow chart illustrating the operation of a tool in accordance with the

present invention.

10025] Fig. 4 is a screen presentation of the configuration portion of the tool showing

logical connections between functions and devices of a process control system.

[0026] Figs. SA - 5C are views of the spatial portion screen presentation showing
physical connections between functions and devices of a process control system and

their relative positions in the spatial layout of the facility.

[0027] Fig. 6 illustrates a schematic block diagram of an alternate implementation of

the process control system.
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[0028] Figs. 7A - 7C illustrate example graphical representations of process

elements representing devices of the process control system.
Detailed Description of the Disclosure

[0029] A process control environment 100 is shown in Figure 1a and illustrates a
control environment for implementing a digital control system, process controller or
the like. The process control environment 100 includes an operator workstation 102,
a lab workstation 104, and an engineering workstation 106 electrically interconnected
by a local area network ("LAN") 108, or other known communication link, for
transferring and receiving data and control signals among the various workstations
and a plurality of controller/multiplexers 110. Workstations 102, 104, and 106 are,
for example, computers which conform to the IBM compatible architecture. The
workstations 102, 104, and 106 are shown connected by the LAN 108 to a plurality of
the controller/multiplexers 110 that electrically interface between the workstations
and a plurality of processes 112. In multiple various embodiments, the LAN 108
includes a single workstation connected directly to a controller/multiplexer 110 or
alternatively includes a plurality of workstations, for example three workstations 102,
104, and 106, and many controller/multiplexers 110 depending upon the purposes and
requirements of the process control environment 100. In some embodiments, a single
process controller/multiplexer 110 controls several different processes 112 or

alternatively controls a portion of a single process.

[0030] In the process control environment 100, a process control strategy is
developed by creating a software control solution on the engineering workstation 106,
for example, and transferring the solution via the LAN 108 to the operator
workstation 102, the lab workstation 104, and to controller/multiplexer 110 for
execution. The operator workstation 102 supplies interface displays to the
control/monitor strategy implemented in the controller/multiplexer 110 and
communicates to one or more of the controller/multiplexers 110 to view the processes
112 and change control attribute values according to the requirements of the designed
solution. The processes 112 are formed from one or more field devices, which may be

smart field devices or conventional (non-smart) field devices.

[0031] In addition, the operator workstation 102 communicates visual and audio

feedback to the operator regarding the status and conditions of the controlled
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processes 112. The engineering workstation 106 includes a processor 116, and a
display 115 and one or more input/output or user-interface device 118 such as a
keyboard, light pen and the like. The workstation also includes a memory 117, which
includes both volatile and non-volatile memory. The memory 117 includes a control
program that executes on the processor 116 to implement control operations and
functions of the process control environment 100. The memory 117 also includes a
configuring and managing tool 120 (also referred to as a control studio tool). The
operator workstation 102, and other workstations (not shown) within the process
control environment 100 include at least one central processing unit (not shown)
which is electrically connected to a display (not shown) and a user-interface device

(not shown) to allow interaction between a user and the processor.

[0032] Tool 120 is used for configuring of the process control network and to ensure
that the process control network corresponds to a desired standard protocol, e.g., the
Fieldbus protocol. Tool 120 may also be used during the managing of the process
control network to provide for more efficient trouble shooting and maintenance. Tool
120 1s preferably software that is stored in memory 117, but may be contained on
computer readable media, and is executed by processor 116 of engineering
workstation 106. The computer readable media may be a floppy disc, a CDROM or
any other type of media on which software may be stored. The tool 120 enables
screen presentations that are presented on display 115 of engineering workstation
106 which may show only the logical connection of process 112 or may include
physical connections incorporating the spatial characteristics of the refining or

manufacturing facility's layout.

[0033] While the tool of the present invention is described in detail in conjunction
with a process control system that uses Fieldbus devices, it should be noted that the
tool of the present invention can be used with process cbntrol systems that include
other types of field devices and communication protocols, including protocols that
rely on other than two-wire buses and protocols that support only analog or both
analog and digital communications. Thus, for example, the tool of the present
invention can be used in any process control system that communicates using the
HART, PROFIBUS, etc. communication protocols or any other communication

protocols that now exist or that may be developed in the future.
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[0034] A general description of the Fieldbus protocol, field devices configured
according to this protocol, the way in which communication occurs in a process
control environment that implements the Ficldbus protocol, and example constraints
of values that are required under the Fieldbus protocol will be provided. However, it
should be understood that the Fieldbus protocol is known in the art and is described in
deta1l in numerous articles, brochures and specifications published, distributed and
available from, among others, the Fieldbus Foundation, a not-for-profit organization
located in Austin, Texas. In particular, the Fieldbus protocol including constraints of
values that are requiréd under the Fieldbus protocol is described in detail in "Wiring
and Installation 31.25 Kbits/sec. Voltage Mode Wire Medium Application Guide"
Foundation Fieldbus, 1996.

[0035] Generally, the Fieldbus protocol is a digital, serial, two-way communication
protocol that provides a standardized physical interface to a two-wire loop or bus
interconnecting process control equipment such as sensors, actuators, controllers,
valves, etc. included within an instrumentation or process control environment. The
Fieldbus protocol provides, in effect, a local area network for field instruments (field
devices) within a process, which enables these devices to perform control functions at
locations distributed throughout a process and to communicate with one another
before and after the performance of these control functions to implement an overall
control strategy. Because the Fieldbus protocol enables control functions to be
distributed throughout a process control network, the protocol reduces the complexity
of, or entirely eliminates the necessity of, the centralized process controller.
However, the distributed nature of the system adds complexity when managing the
system and determining the physical location of problem devices when trouble

shooting and managing the system.

[0036] The Fieldbus protocol allows for managing of the field devices and overall
process control system by providing communication via device descriptions and
function blocks. Field devices are field instruments such as transmitters and valves
with processors that monitor device performance and state. A device description is
similar to a driver for the device. For field devices, the device description includes
the calibration procedures, parameter procedures, and other information required by
the control system to communicate with the field device. Field devices notify the

control system of standard operating parameters and are self diagnosing and capable
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of reporting device problems such as instrument out of calibration to the control
system. Each field device has a unique physical device tag and a corresponding

network address.

[0037] For managing field devices, many types of communication is available,
including: obtaining port and communication statistics, obtaining status of the field
device, viewing and changing resource configuration and parameters, initiating master
reset or self test of the field device, displaying status of the sensors and changing the
sensor upper; lower and zero trim. By providing spatial information with the
managing communications listed above, the managing features of the process control

system are more efficient and easier to use.

[0038] Referring to Fig. 1B, the controller/multiplexer and process portion of the
process control network 100 of Fig. 1A conforming to the Fieldbus protocol is shown.
The network includes a controller/multiplexer 110, which is coupled to one or more
processes 112 comprised of a plurality of field devices via a bus 142. The bus 142
includes a plurality of sections or segments having corresponding lengths as well as
other characternistics. The bus 142 also may include one or more junction boxes 144
(JB1, J1B2, JB3), which are often referred to as "bricks." Each junction box 144 may
be coupled to one or more bus devices 146 and to the bus 142. The
controller/multiplexer 110 is also coupled to at least one power supply 148. The
network illustrated in Fig, Ib is illustrative only, there being many other ways in

which a process control network may be configured using the Fieldbus protocol.

[0039] Process control network 100 includes a number of spatial characteristics such
as the spur length of a particular communication section, the overall length of the bus,
the total number of process control devices coupled to a particular junction box, and
the physical location of the controllers and devices with respect to the layout of the
refining or manufacturing facility. These spatial characteristics may be automatically
measured and calculated during the configuration of the system, using the spatial
information regarding the physical layout of the facility. Process control network 100
also includes a number of non-spatial characteristics such as the voltage drop across
communication sections, the total current draw of a segment, and the types of devices
in the system. These non-spatial characteristics are provided by the user when
configuring the system. Tool 120 analyzes these characteristics to determine whether

the process control network corresponds to the desired standard protocol.
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[0040] Once the configuration of the process control system has been completed, tool
120, including data defining the spatial layout of the system in the facility, can be
used for managing of the process control system using any of the workstations 102,
104 or 106. The function of managing the process control system includes such
functions as diagnostics, online debugging, alarm monitoring and device maintenance.
During diagnostics and alarm monitoring, when a valve or other device fails, the
representation of the device on the screen of the display device may blink in the
spatial view of the facility and be easily found. The device's tag name as well as the
spatial location of the device can be used to identify the valve or other device. During
online debugging, the values of the connectors and attributes in the function blocks
can be shown in the spatial view of the facility allowing the user to more easily
ascertain the current conditions of the system. During device maintenance, by
selecting a device in the spatial view, current conditions and information about the

device can be obtained, such as the current flow rate or latest maintenance records.

[0041] The process control environment 100 exists in a configuration model or
configuration implementation 210 and a managing or run-time model or
implementation 220 shown in Figure 2. In the configuration implementation 210, the
component devices, objects, interconnections and interrelationships within the process
control environment 100 are defined and related to the spatial information regarding
the physical layout of the facility. In the run-time implementation 220, operations of
the various component devices, objects, interconnections and interrelationships are
performed. The configuration implementation 210 and the run-time implementation
220 are interconnected through an ASCII based download language. The download
language creates system objects according to definitions supplied by a user and
creates instances from the supplied definitions. In addition to downloading
definitions, the download language also uploads instances and instance values. The
configuration implementation 210 is activated to execute in the run-time

implementation 220 using an installation procedure.

[0042] The process control environment 100 includes multiple subsystems with
several of the subsystems having both a configuration and a run-time implementation.
For example, a process graphic subsystem 230 supplies user-defined views and
operator interfacing to the architecture of the process control environment 100. The

process graphic subsystem 230 has a process graphic editor 232, a part of the
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configuration implementation 210, and a process graphic viewer 234, a portion of the
run-time implementation 220. The process graphic editor 232 is connected to the
process graphic viewer 234 by an intersubsystem interface 236 in the download
language. The process control environment 100 also includes a control subsystem
240 which configures and installs control modules and equipment modules in a
definition and module editor 242 and which executes the control modules and the
equipment modules in a run-time controller 244. The definition and module editor
242 operates within the configuration implementation 210 and the run-time controller
244 operates within the run-time implementation 220 to supply continuous and
sequencing control functions. The definition and module editor 242 is connected to
the run-time controller 244 by an intersubsystem interface 246 in the download

language. The multiple subsystems are interconnected by a subsystem interface 250.

[0043] The configuration implementation 210 and the run-time implementation 220
interface to a master database 260 to support access to common data structures.
Various local (non-master) databases 262 interface to the master database 260, for
example, to transfer configuration data from the master database 260 to the local
databases 262 as directed by a user. Part of the master database 260 is a persistent
database 270. The persistent database 270 is an object which transcends time so that
the database continues to exist after the creator of the database no longer exists and
transcends space so that the database is removable to an address space that is different
from the address space at which the database was created. The entire configuration

implementation 210 is stored in the persistent database 270.

[0044] The run-time implementation 220 interfaces to the persistent database 270 and
to local databases 262 to access data structures formed by the confi guration
implementation 210. In particular, the run-time implementation 220 fetches selected
equipment modules, displays and the like from the local databases 262 and the
persistent database 270. The run-time implementation 220 interfaces to other
subsystems to install definitions, thereby installing objects that are used to create
instances, when the definitions do not yet exist, instantiating run-time instances, and

transferring information from various source to destination objects.

[0045] Referring to Fig. 3, a flow diagram illustrating the operation of the tool 120 is
shown. The different steps of the tool 120 operate according to a "Wizard"

functionality as is present in various programs which run under a WINDOWS™
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operating system. After each step 1s completed, the user then transfers’ to the next
step by actuating a "NEXT" button or the like. If the user does not want to proceed

then the user can exit the tool by actuating an "EXIT" button or the like.

[0046] In Step 310, the user provides the tool with information relating to the non-
spatial characteristics of the process control network. This information includes such
things as information about the customer, the devices used, calibration data, tag
names, cable type, power supply characteristics and card, segment, and junction
configuration information. The customer information may include the name of the
customer, the name of the company, the location of the facility at which the network
is located, the name of the representative providing the tool and the name of a contact
for that representative. The card configuration information may provide the user with
information about the type of cards used and operations which are used for analyzing
the process control network 100. The segment configuration information may include
the voltage of the power supply, the cable type (including information about the gauge
of the wire that is used within the cable as well as other characteristics of the cable).
The junction configuration information may include information regarding devices
that are coupled to the junction and how the coupling to the junction is configured,
including spur cable type, and the type of instrument that is coupled to the junction
box. In the preferred embodiment, the instrument is a device that conforms to the
Fieldbus protocol. The user may optionally assign an identification tag to the

instrument.

[0047] To configure a card, a user selects a controller card from a list of available
controller cards. After the card is selected, then the pertinent information for the
selected controller card may be provided to the tool. Essentially, by selecting a
controller card, the user configures a segment of the network. In the preferred
embodiment, each controller card may control two segments. However, depending
upon the controller card, more or less segments may be controlled by a controller
card. While the segments are being configured, the user may access a summary of the

information that has been provided to the tool 120.

[0048] In Step 320, the user provides spatial information regarding the facility to the
tool. In particular, the physical layout of the facility including floor plan size,

instrument type, size, and location, and wire frame representations are provided. This
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information may be provided to the tool by the user or imported from another tool

such as a 3D Toolkit, for example, Open Inventor from TGS.

[0049] In Step 330, function blocks are created and activated. In the Fieldbus
protocol, function blocks provide the control of system behavior and can include such
functions as calibration procedures, parameter procedures, and communication
procedures. Each Fieldbus device may have several function blocks. The

arrangement and interconnections of the blocks determine the function of the Fieldbus

devices.

[0050] In Step 340, the physical layout of the process control system is applied to the
spatial information regarding the facility layout. Function blocks and devices are
wired together, typically following wire frames and the wiring of other devices in the
facility. The layout may be done manually by the user or the tool 120 may
automatically generate the physical layout of the process control system. Information
such as the length of a segment of cable from a controller to a junction or from a
junction to another junction and the length of a spur may be automatically generated
and calculated from the spatial layout of the refining or manufacturing facility. In
another embodiment, the connection of the function blocks and devices can first be

connected logically, and at a later time applied to the spatial information regarding the

facility.

[0051] In Step 350, the configuration of the process control system is checked for
conformance to the requirements of the selected protocol. All of the spur lengths of a
segment are checked to assure that the spur lengths do not exceed a predetermined
spur length as defined by the standard protocol. The spur lengths are limited by the
number of instruments on the segment (per segment). That is, the fewer is the number
of instruments, the longer will be the allowable spur length per segment. The number
of devices per segment is also checked to assure that the number of devices do not
exceed a predetermined number of devices. The number of devices that are allowed
may vary based upon the controller that is used by the process control network. In the

preferred embodiment, the controller allows 16 devices to be coupled to the bus per

segment. However, the present Fieldbus standard allows up to 32 devices to be

coupled to the bus per segment. The total current draw per segment is checked to
assure that the current draw does not exceed the maximum current draw allowed by

the standard protocol. In the preferred embodiment, the maximum current draw
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allowed 1s 375 mAmps/segment. The total segment cable length (including spur
length) is checked to assure that the length does not exceed the maximum segment
length allowed by the protocol standard. In the preferred embodiment, the maximum
segment length allowed 1s 6232 feet or 1900 meters. The minimum voltage per
segment is checked to assure that the voltage at any device which is coupled to the
process control network exceeds or equals the voltage set forth by the standard
protocol. In the preferred embodiment, this voltage is 12.5 volts. If one or more of
the values are not within the limits defined by the protocol, the user may return to step

340 to revise the configuration of the process control network.

[0052] Once the process control network has been configured, the user can begin
managing the process control system (step 360), utilizing the non-spatial and spatial
information supplied. For managing field devices, many types of communication are
available, including: obtaining port and communication statistics, obtaining status of
the field device, viewing and changing resource configuration and parameters,
initiating master reset or self test of the field device, displaying status of the sensors
and changing the sensor upper, lower and zero trim. By providing spatial information
with the managing communications listed above, the managing features of the process

control system are more efficient and easier to use.

[0053] The spatial information regarding the facility can be fully three dimensional,
including three dimensional walls, devices, workstations etc. The spatial information
regarding the facility may also be a two dimensional blue print of the facility with the
configuration of the process control system mapped thereon, or any combination of

two and three dimensions as suits the user application.

[0054] In other embodiments, the tool may provide the user with a manner of
obtaining a bill of materials for the process control network design. The tool may also
automatically provide the layout of the process control system within the physical
layout of the facility and assure that the protocol requirements are met. In another
embodiment, the user can configure the system without providing the spatial
information of the facility, and at a later time add the spatial information for use in the
management of the process control system. It will be appreciated that while functions
are described as having a certain order of events, any other order in which the

information is provided or the steps completed is within the scope of the invention.
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[0055] Referring to Fig. 4, a screen presentation of the configuration portion of the
tool using the logical connections of the process control system are shown in the main
control window of the tool 120. The screen representation of tool 120 includes
textual pull down menus 402, pictographic menu 404, a stencil portion presentation
406 and a diagram portion screen presentation 408. Stencil items 420 are displayed
within the stencil portion presentation 406. The user's diagram of the process control
environment design is presented in the diagram portion screen presentation. This
diagram of the process control design environment is referred to as the process control
environment view. Each of the presentations in the main window is re-sizable and
relocatable by the user in accordance with known windowing techniques. The tool
120 tracks the location and size of the panes of the main window by maintaining
persistent object data including coordinates within the two-dimensional display, as

well as style and other information.

[0056] When designing a process control environment using logical connections, a
user simply actuates a stencil item from the stencil portion presentation 406, drags the
actuated stencil item to a desired location within the diagram portion screen
presentation 408 and drops the actuated stencil item in a desired location. Control
studio object system 130 then creates a diagram item that allows the diagram to create
an object with all of the information necessary for configuring a process control
environment. Because the stencil items are objects which include all of the necessary
information for the diagram to configure a process control environment, when the
process control environment design is completed within the diagram portion, this

design may be directly downloaded to the appropriate portions of the process control

environment.

[0057] Referring to Fig. 4 and Figs. 5A - 5C, screen presentations of the spatial layout
portion of the tool using spatial information of the facility in the layout of the process
control system are shown. The tool provides for viewing of different angles and
magnifications of the spatial layout of the process control system. The presentation
may be in grayscale or in color. The screen presentations may be included within a
window of tool 120 in a manner analogous to the diagram portion screen presentation

window 408. However, other ways of presenting the spatial information are within

the scope of the invention.
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[0058] When designing a process control environment using the spatial information
of the facility, a user starts by either importing the physical layout of the facility or by
creating the layout in the diagram portion of the main control window of the tool 120.
To add field devices or functions, a user simply actuates a stencil item from the stencil
portion presentation 408, drags the actuated stencil item to a desired location in the
spatial representation of the facility within the diagram portion screen presentation
408 and drops the actuated stencil item in a desired location. As well as rectangular
representations of functions, the stencil items include three dimensional
representations of items found in a refining or manufacturing facility, such as
valves, pumps, tanks, pipes, etc. A spatial portion of the control studio object
system 130 then generates a diagram item with the information necessary for
configuring a process control environment within the spatial layout of a facility.
Because the stencil items are objects which include all of the necessary information
for the diagram to configure a process control environment within the spatial layout
of a facility, when the process control environment design is completed within the
diagram portion, this design may be directly downloaded to the appropriate portions
of the process control environment including the spatial portion of the control studio

object system.

[0059] Referring again to Figs. SA - 5C, examples of spatial screen presentations
452-456 are shown including an example of the physical layout of the facility in a
spatial view. More specifically, Figure 5A shows a presentation 452 of a physical
layout of a facility over a schematic view of the facility. The spatial presentation
further includes a physical and logical representation of the various components of
the process control environment. Accordingly, a user may advantageously view the
physical locations of the various components of the process control environment
superimposed over a schematic view of the facility. Figs. 5B and 5C show enlarged
and rotated views 454-456 of portions of the diagram presentation of Fig. SA. Figs.
5B - 5C thus show examples of how a user can access portions of the diagram
presentation such as that shown in Fig. SA to obtain a better view of particular
portions of the process control environment. It will be appreciated that the spatial

presentation need not necessarily be superimposed over the schematic view.

[0060] In an alternate embodiment of the process control environment 100, the

spatial layouts 452-456 illustrated in Figs. 5A-5C may be combined with a block
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presentation of various control system elements. For example, in an implementation
of the process control environment, a block representation of the process may be
super-imposed on one of the spatial layouts 452-456 to provide a user a better
understanding of the process environment. Moreover, a simulation representation of

the process may also be superimposed on such a spatial layout.

[0061] Fig. 6 illustrates such an alternate implementation of the process control
environment 460. Note that the process control environment 460 includes a number
of elements similar to the process elements of the process control environment 100
illustrated in Fig. 1A. However, the process control environment 460 additionally
includes a portable computing device 462 that is communicatively connected to the
LAN 108. The portable computing device 462 may be, for example, a hand-held
device, a wearable computer, a personal data assistant (PDA), etc. In an
implementation, the portable computing device 462 may be connected to the LAN

108 in a wireless manner.

[0062] The portable computing device 462 may be used to present a graphical
presentation of process plant along with the spatial layouts 452-456 of the process.
Using the portable computing device 462 to view graphical representation of the
process plant allows a user to communicate with plant operator while moving
around to various locations in the plant. A user in the field may use such a portable
computing device 462 to collaborate with a plant operator while viewing the
graphical presentation of the plant in relation to the spatial layouts 452-456. In such
a situation, a user in the field may utilize combination of process control
information, process simulation information, three dimensional visualization of the
process, and spatial layouts 452-456 of the plant to get more information about an

equipment or a process that may need maintenance, update, etc.

[0063] Now referring to Fig. 6, the portable computing device 462 includes a
processor 464, a memory 466, a display 468, one or more input/output or user
interface device 470 such as a keyboard, light pen, a microphone, etc., and a
wireless communicator 472. The memory 466 may be any of volatile and/or non-
volatile memory and may include a number of programs that may execute on the

processor 464, one or more database that be used by the programs, etc.
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[0064] For example, in an implementation, the memory 464 includes a graphic
generation and storage program 474 that generates block presentations of the
process, the spatial layouts 452-456, simulation presentations of the process, etc.
The graphic generation and storage program 474 may present a combination of such
graphics on the display 468. The memory 466 may also include a process simulator
program 478 that may generate simulation information related to various elements
of the process. A graphical display editor 480 stored on the memory 466 may allow

a user to make changes to the block presentation of the process on the display 468.

[0065] An implementation of the portable computing device 462 may also include a
geographic positioning system 482 that allows a user to determine the geographic
position of the portable computing device 462 in relation to various sections of a
process plant. Additionally, when a user is using a portable device to view the
graphical representation of the process and spatial layouts 452-456 of the plant, the
user may use geographic positioning capabilities to determine the position of
portable computing device 462 in relation to various sections of the plant, the
position of various devices in relation to the user’s location in the process plant, etc.
Such capability allows the user to more casily access a process device that may need

his/her immediate attention.

[0066] In an alternate embodiment, geographic positioning devices may be
incorporated at one or more locations in the process plant and information related to
geographic position of various parts of the process plant, various devices in the
plant, etc., may be incorporated with the spatial layouts 452-456 of the process

plant.

[0067] Fig. 7A illustrates an example graphical representation 500 of process
elements, which may be used for simulating processes within a process plant and
presenting such simulations along with the screen representations of the spatial
layouts 452-456. The graphical representation 500 may be generated by the graphic
generation and storage program 474 and stored in the memory 466. The graphical
representation 500 depicts a recycle tank 502, an input control valve 504 and output
control valves 506 and 508. As one of ordinary skill in the art would recognize, a
number of other elements, such as pumps, heaters, mixers, etc., may also be

represented in the graphical representation 500.

9.

20
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[0068] The graphical representation 500 may be combined with the spatial layouts
452-456 and a block representation of the process control environment for process
simulation and/or operator training purposes. In particular, such graphical
representation of process elements may be combined with a three dimensional
spatial layout to provide users with a more realistic visualization of the plant
equipment, plant operations, condition of the plant, location of equipment alerts,

maintenance requests, etc.

[0069] Presenting process simulation along with a spatial layout of the facility
improves the overall ability of plant operators to operate and diagnose the plant, to
increase an operator’s awareness of the plant conditions and plant processes, to
reduce plant shutdowns by combining abnormal situation prevention with a more
realistic visualization of where the problems are occurring in the plant, to increase
efficiency of project engineering, to improve operator training, to improve

effectiveness of simulation applications, etc.

[0070] Now referring to Fig. 7A, connections between the graphical elements 502-
508 via pipings, ducts, conveyors, wires, etc., may also be shown. As illustrated in
Fig. 7A, the recycle tank 502 is connected to the valves 504-508 via pipes. Fig. 7A
illustrates that the input valve 504 controls flow of make-up fluid into the recycle
tank, the input valve 506 controls flow of fluid to be recycled, while the output
valve 508 controls the flow of fluid to a reactor. Furthermore, the graphical
representation 500 may also illustrate dynamic values related to various elements,
measurements of various process characteristics, as well as data from other sources,
such as maintenance information related to the elements, simulation information

related to the elements, etc.

[0071] For example, process information about the recycle tank 502 may provide
valuable information such as what operation the recycle tank 502 is performing,
how the recycle tank 502 is connected, what is happening inside the recycle tank
502, etc. The graphical representation 500 may also show one or more dynamic
simulation values related to the recycle tank 502 including composition calculations,
mass balance, energy balance, custom calculations, etc., related to the fluid inside
the recycle tank 502. Such dynamic simulation information may be changed and

made visible in response to a user’s selection of the operation environment. For

example, a user may select an off-line simulation environment when simulation
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information related to the recycle tank 502 is displayed. Alternatively, the user may
scelect an online environment when actual process information related to the recycle
tank 502 is displayed with the graphical representation. Fig. 7B illustrates an
exemplary online representation showing various process parameters related to the

recycle tank 502 and related process elements.

[0072] In an embodiment of the graphical representation 500, additional elements
may be added in form of graphical layers. For example, an instructor layer may be
added to the graphical representation 500 to indicate various training related
information. Fig. 7C illustrates an exemplary off-line representation for a user
having “instructor” privileges, in which added layer of information is shown. In
such an off-line representation, if an instructor selects a graphical element such as a
manual valve, a face-plate 520 may be presented to allow the instructor to make
changes 1o the selected element. For example, the face-plate 520 may include a
control knob 522 that may be used for opening or closing the manual valve

controlled by the face-plate 520.

[0073] In such an off-line environment, the instructor layer may also allow a user to
change behavior of an element using the face-plate 520 and, in response to such a
change in behavior, present a detailed display related to changes in parameters
related to various elements. For example, an instructor may be allowed to add a
disturbance to the process at a particular element, bias a measurement value, add
noise to a measurement value, change the measurement value to a fixed value,
change measurement status, etc., and observe the response to such a change on

parameters related to various elements on the off-line graphical representation.

[0074] In an online control system there is often control logic which is designed to
work with an external part of the system and such an external part of the system
often has control strategy that is running separate from the control strategy included
in the off-line environment. Any local control logic associated with such external
system may also be included in the off-line simulation presentation by associating
such external control logic with the process control elements shown in the graphical
presentation 500. For example, there may be a separate control strategy controlling
the input valve 504 and a local control strategy may interact with the input valve
504 by providing settings or reading values from an external control strategy. When

running off-line, the control strategy that was controlling the input valve 504 is no
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longer present. While simulating a process that includes the input valve 504, a user
can work directly with the simulation of the input valve 504 and in such a case the

user does not have to worry about the external control strategy.

[0075] An implementation of the tool 120 may include a graphical display editor
having a number of display pallets to support creation of graphic displays. Such a
graphical display editor may be implemented in the graphical display editor 480
stored in the memory 466. A user may select different elements as well as various
properties to be attached to such elements from the pallets to edit the online
graphical representation or the off-line graphical representation of the process plant.
Subsequently, such a graphical presentation may be super-imposed on the three

dimensional presentation of a process plant facility layout.

[0076] The graphical display editor 480 may include a calculation and control pallet
including elements to access information from function blocks used in control and
calculation, such as a PID (Proportional-Integral-Derivative) function block, a set-
point function block, a process variable function block, etc. A properties and
measurement pallet may include elements used to access/specify ficld measurements
and simulated properties associated with various process equipments and
connections. An actuator pallet may include elements representing field devices
used to sct or regulate process streams. A processing pallet may include elements
representing various common process equipments. Additionally, a custom pallet
may include elements that allow a user to add equipment that is specific to a

particular process in the graphical display of that particular process.

[0077] An implementation of the tool 120 may also include a process simulation
editor that allows a user to create and/or edit an off-line simulation presentation.
The process simulation editor may allow a user to add function blocks, streams, and
their associated connections to the simulation presentation. Such a process
simulation editor may be stored in the process simulator 478 of the memory 466.
Generally speaking, there is a one to one connection between graphical
representation of various process elements and simulation function blocks used to
represent these process elements. Therefore, it may be possible for a user to
construct a graphic display using the process simulation editor and to generate its

corresponding process simulation. For example, a user may select process elements
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such as a valve, a tank, a pump, etc., as part of a process module in the simulation

presentation.

[0078] Subsequently, to create such a process simulation, a user may select a
process block representing a control module within a process control system and
select process elements such as an actuator, a connection element, a measurement
element, etc., to be attached to the process block. Associations between
input/output blocks attached to a control module, measurement blocks attached to a
control module, etc., and the process elements such as the actuators, etc., may be

established using point and click operations between these blocks.

[0079] The process blocks corresponding to the control modules may be
characterized by the following common features: (1) the process block input
connections and the parameters of the process block may be used in simulation, (2)
process measurements associated with a simulated property or parameter may be
referenced in a process block to allow correction for model error and unmeasured
disturbances, (3) number of inputs and outputs connections supported by the process
blocks may be defined as extensible, (4) results from the execution of the process
blocks may be reflected in the process block output connections or as parameters of
the process blocks, (5) a process block algorithm may be defined as a step response
or may be entered by the user in a manner similar to a calculation/logic process
block, and when the process block algorithm is entered, a user may independently
specify the dynamic for each output, (6) local panel inputs, external system inputs
and/or logic that is directly associated with a processing element may be included in
the process block algorithm containing those processing elements, and (7) a

common set of parameters may be supported for input and output connections to the

process blocks.

[0080] Parameters associated with the input and output connections to the process
blocks may be communicated between various process blocks as an array/structure
of parameters including, for example, connection condition (good/bad), mass flow
rate at the connection, pressure at the connection, temperature at the connection,
specific heat at the connection, density of fluid at the connection, etc. Additionally,
other parameters, such as composition of steam at a connection, etc., may also be

required to be specified.
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[0081] Moreover, to support a more flexible set of parameters, an array of
connection parameters may include a standard and an extended stream block of
parameters. In such a case, as a part of the extended stream block, a user may select
a set of pre-defined group of data. For example, an extended parameter set
associated with fuel input to a function block representing a boiler may include
parameters specifying fuel composition set, carbon weight of the fuel, hydrogen
content in the fuel, sulfur content in the fuel, oxygen content in the fuel, amount of
moisture in the fuel, nitrogen content in the fuel, etc. Similarly, an expanded
parameter set associated with steam input to a function block representing a turbo-
generator may include parameters specifying steam composition set, enthalpy of
steam entering the turbo-generator, enthalpy of steam exiting the turbo-generator,
etc. Such an extended stream block may only be allowed to connect to a process
block that utilizes such extended set of parameters. Moreover, such expanded set of
parameters may also be used for providing high fidelity simulation wherein some of

the expanded parameters may be provided as visible process graphic on some

streams.

[0082] During off-line simulation environment, measurement elements related to
various function blocks may provide simulated measurement values to a user upon
clicking on such elements. Such simulated measurement values may be saved for
comparison with actual measurement values. During online operation, measured
values may be provided to the function blocks and users may see such actual
measured values upon clicking on elements within the function blocks. During
online operation, a function block may compare the actual measurement values of
parameters with simulated measurement values and provide an indication to a user
of the difference between the two. Alternatively, actual or simulated measurement
values may be shown in three dimensional graphical forms along with the function
block. Additionally, the function blocks may also store the actual measurement
values over a period of time and show the trends in the measurement values over

time using the graphical presentation 500.

[0083] While the preceding text sets forth a detailed description of numerous different
embodiments of the invention, it should be understood that the legal scope of the
invention is defined by the words of the claims set forth at the end of this patent. The

detailed description is to be construed as exemplary only and does not describe every
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possible embodiment of the invention since describing every possible embodiment
would be impractical, if not impossible. Numerous alternative embodiments could be
implemented, using either current technology or technology developed afier the filing
date of this patent, which would still fall within the scope of the claims defining the

invention.

[0084] Other embodiments are possible within the claims. For example, while the
protocol in which the preferred embodiment is described analyzes a process control
network for a Fieldbus protocol, it will be appreciated that any protocol may be
analyzed by adjusting the appropriate constraints. Also, for example, while the
preferred embodiment operates under a WINDOWS™ operating system and uses a
Wizard type of presentation, it will be appreciated that these details are not intended

to be limiting of the overall concept of the invention.

[0085] While particular embodiments of the present invention have been shown and
described, it will be obvious to those skilled in the art that changes and modifications
may be made without departing from this invention in its broader aspects and,
therefore, the appended claims are to encompass within their scope all such changes
and modifications as fall within the true spirit and scope of this invention, including
but not limited to implementations in other programming languages. Additionally,
while the preferred embodiment is disclosed as a software implementation, it will be
appreciated that hardware implementations such as application specific integrated

circuit implementations are also within the scope of the following claims.
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In the claims:

1. A method for managing a process plant having a plurality of
equipment and a process control network, the process control network including a

computer having a processor, a display and a memory, the method comprising:

storing in the memory information regarding a spatial layout of the plurality of

equipment;

storing in the memory information regarding a configuration of a plurality of

devices associated with the process control network;

storing in the memory a plurality of function blocks adapted to control the

plurality of devices;

presenting the spatial layout of the plurality of equipment on the display; and

presenting on the display the plurality of function blocks in relation to the

spatial layout of the plurality of equipment.

2. The method of claim 1, wherein presenting the spatial layout of the
plurality of equipment further comprises presenting the spatial layout of the plurality

of equipment in three dimensional graphics.

3. The method of claim 1, further comprising:

obtaining process information from the plurality of devices associated with the

process control network; and

presenting on the display the process information in relation to the plurality of

function blocks.

4. The method of claim 3, wherein obtaining process information from

the plurality of devices further comprises obtaining process simulation information

related to the plurality of devices.
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5. The method of claim 4, further comprising;

allowing a user to change a value of a parameter related to at least one of the

plurality of function blocks;

generating the process simulation information in response to the changed

value of the parameter; and

presenting the process simulation information in relation to the spatial layout

of the plurality of equipment.

6. The method of claim 3, wherein obtaining the process information
from the plurality of devices further comprises obtaining at least one of: (1) mass
balance related to the plurality of devices; (2) energy balance related to the plurality
of devices; (3) custom calculations related to the plurality of devices; and (4)

composition calculations related to the plurality of devices.

7. The method of claim 1, further comprising:

storing in the memory instructor layer graphic including a plurality of

graphical elements representing the plurality of devices; and

presenting on the display the instructor layer graphic in relation to the spatial

layout of the plurality of equipment.

8. The method of claim 7, wherein the instructor layer graphic is

presented in at least one of: (1) an online process control environment; and (2) an off-

line process control environment.

9. The method of claim 8, wherein the off-line process control
environment presentation of the instructor layer graphic allows a user to change

parameters related to at least one of the plurality of graphical elements.
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10. The method of claim 7, further comprising providing a graphic display

editor to allow a user to modify the instructor level graphic.

11. The method of claim 10, wherein the graphic display editor provides a
plurality of display pallets, including at least one of: (1) a calculation and control
pallet; (2) a properties and measurement pallet; (3) an actuators pallet; (4) a

processing pallet; and (5) a custom pallet.

12. The method of claim 3, further comprising;
monitoring performance of the plurality of devices;

generating performance statistics related to the performance of the plurality of

devices; and

presenting the performance statistics in relation to the spatial Jayout of the

plurality of equipment.

13. The method of claim 3, wherein presenting the process information

from the plurality of devices further comprises presenting the process information

from the plurality of devices on a hand-held device.

14.  The method of claim 13, wherein the hand-held device is wirelessly

connected to the process control network.

15. The method of claim 13, further comprising:

generating geographic positioning data providing the position of the hand-held
device; and

displaying the position of the hand-held device in relation to the spatial layout

of the plurality of equipment.
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16.  The method of claim 1, further comprising:

providing process simulation in relation to the spatial layout of the plurality of

equipment, the process simulation including a plurality of process blocks; and

associating each of the plurality of process blocks to at least one of a plurality

of process graphic elements.

17. The method of claim 16, wherein the process blocks include input and
output connections, each of the input and output connections having a number of
associated parameters including at least one of: (1) connection quality; (2) mass flow;

(3) pressure; (4) temperature; (5) specific heat; and (6) density.

18. A system for managing a process plant having a plurality of equipment

and a process control network, the system comprising:
a plurality of process control devices; and

a computer communicatively connected to the plurality of process control

devices, the computer comprising;:
a processor,
a display, and
a memory adapted to store:
information regarding a spatial layout of the plurality of equipment,

information regarding a configuration of the plurality of process

control devices associated with the process control network,

a plurality of function blocks adapted to control the plurality of process

control devices, and
a computer program code adapted to be operated on the processor to:

present the spatial layout of the plurality of equipment on the

display, and

present the plurality of function blocks in relation to the spatial

layout of the plurality of equipment.
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19.  The system of claim 18, wherein the computer program code is further
adapted to obtain process information from the plurality of devices and to present the

process information in relation to the plurality of function blocks.

20.  The system of claim 19, wherein the computer program code is further
adapted to provide process simulation information related to the plurality of process

control devices.

21.  The system of claim 18, wherein:

the memory is further adapted to store instructor layer graphic including a
plurality of graphical elements representing the plurality of process control devices;

and
the computer program code is further adapted to:
determine if a user has an instructor level privilege, and

present to the user the instructor layer graphic in relation to the spatial

layout of the plurality of equipment.

22. The system of claim 21, wherein the memory is further adapted to

store a graphic display editor adapted to allow a user to modify the instructor level

graphic.

23.  The system of claim 22, wherein the graphic display editor is further
adapted to provide a plurality of display pallets, including at least one of: (1) a
calculation and control pallet; (2) a properties and measurement pallet; (3) an

actuators pallet; (4) a processing pallet; and (5) a custom pallet.

24.  The system of claim 18, wherein the computer is a handheld device

wirelessly connected to the process control network.
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25.  The system of claim 24, further comprising a geographic positioning
device adapted to provide geographic position of the hand-held device in relation to

the plurality of process control devices.

26. The system of claim 25, wherein the geographic positioning device is
further adapted to present geographic position of the hand-held device in relation to

the spatial layout of the facility on the display.

27. A process control network to manage a process plant, the process

control network comprising:
a plurality of process control devices; and

a handheld device adapted to present: (1) a spatial layout of a plurality of
equipment within the process plant, (2) a plurality of function blocks in relation to the
spatial layout of the plurality of equipment, each of the plurality of function blocks
controlling one or more of the plurality of process control devices, and (3) process
information generated by at least one of the plurality of control devices in relation to

the spatial layout of the plurality of equipment.

28. The process control network of claim 27, further comprising a
geographic positioning apparatus adapted to provide geographic position of the

handheld device in relation to at least one of the plurality of process control devices.

29. The process control network of claim 28, wherein the geographic
positioning apparatus is further adapted to present geographic position of the
handheld device and the geographic position of at least one of the plurality of process

control devices in relation to the spatial layout of the plurality of equipment.
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30. The process control network of claim 27, further comprising a process
simulator adapted to allow a user to change value of a parameter related to at least one
of the plurality of function blocks, to generate process simulation information in
response to the changed value, and to present the process simulation information in

relation to the spatial layout of the plurality of equipment.

31. The process control network of claim 30, further comprising a graphic
display editor adapted to allow a user to modify the presentation of the plurality of

function blocks and to attach input/output parameters to the plurality of function
blocks.
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ENHANCED TOOL FOR MANAGING A PROCESS CONTROL NETWORK
ABSTRACT

A process control configuration and management system provides a plurality
of function blocks representing a plurality of devices in relation 1o a spatial layout of a
facility in which the process control system is implemented. The configuration and
management system also provides process control information and process simulation
information related to each of the plurality of devices in relation to the spatial layout
of the facility. The configuration and management system may be implemented on a
handheld device and it may include a geographic positioning system providing
geographic positioning data related to the handheld device and various devices in

relation to the spatial layout of the facility.

33



(60) JP 2007-242000 A 2007.9.20

L 100
PROCESS PROCESS . TTTTTTRROCESS T
112 112 146 146 146 112
PS 142 ﬁ ' -
CONTROLLER/ CONTROLLER/ 148 - 029)
MULTIPLEXER MULTIPLEXER ‘ 12 as o &__I as
119 9 JB1 JB2 JB3
| 108 el w
CONTROLLER/ ‘
MULTIPLEXER
OGO WORKETTION [ —
WORK. [ S N
102 . 104 _ i Pnc;%ss |
. oy 112 |
106 ol : o Lo
___________ _/_- 1| E i ‘ :
prog. | o PS : i i
116 v 148 = !
| |
WEM. | l !
nz - i . !
T00L hy o T
120
DISP | ]
118 FIG. 1B
73]
18 [°
| e
FIG. 1A
270 260 ' 220
““““““““““ 310
;rPHOCf SSGRAPHICS | { } Co . " PROVIDE NON-SPATIAL
| SUBSYSTEM 230 L0CAL INFORMATION
| DATABASE -
! PROCESS GRAPHIC |~ 262 =~ PROCESS GRAPHIC ] 320
) EDITOR VIEWER
i ——
! 232 | INTERSUBSYSTEM || 234 : FROVIDE S AL
! INTERFACE
| 236 . 1
Lo — 330
CREATE/ACTIVATE FUNCTION
d BLOCKS
SUBSYSTEM
INTERFAGE l 340
25
"—0 PROVIDE PHYSICAL LAYOUT OF
PROCESS CONTROL SYSTEM
| ) . 1
‘rﬁﬁﬁﬁ?_oz _____ I ol _ ~ 350
! SUBSYSTEM 240 ANALYZE PER PROTOCOL
! INTERSUBSYSTEM
| INTERFACE . 1
! DEFINITION & 246 =T RUN-TIME 360
! MODULE CONTROL
1
! EDITORS | 10CAL ] 244 MANAGE PROCESS CONTROL
' 242 = SYSTEM
! 242 DATABASE
! 262
i
e R
Lt A I R v satah el 16,
%0 FIG. 3
270

FIG. 2



JP 2007-242000 A 2007.9.20

(61)

14 $sa.d "djal{ Jo4
JE b

4

PSRy

PRGNS

[1]

- 90p

LpH1ly — ZHLIVO

=

R=t
&

&

80r—"

E

g

=2

E3

) 140y
aav

- ~]  SWaY Gy

Ne] RoBRE [T 1 [T edan) @] @B [ _E] Cae<q)
djey _smopuipy s00] Bngal] 948 Bnasy g4 WUl Maln Upa ap4 O 200
[wesBeig yooig uoyaLnd - |pow] - oipnig o409 %

p0r—"L

B
T




(62) JP 2007-242000 A 2007.9.20

FIG. 6
460 ﬁ
Process Process @ I
112 112 N —
I [HO
— -
Controller/ Controller/
Multiplexer Multiplexer 108 © ~—
110 110 3 i85
— rmi 8
L @
| = v
! 106
Operator Lab i 462
Workstation Workstation | S N A
102 104 | r )
[ P |
Processor | I mﬁg“’ |
464 | i |
! I
_ =" | Memory : MiT;W | -
466 | — ! < < 5
Process | Tool : ~ : Z
Simulator / Display ) 120 | - 3 &
" are 468 I | o & =
I i (TR D
Graphic Graphical 7 Display | o
Generation | »|Display Editor ! e} t 115 |
and 480 / 470 { |
Storage — / | o |
474 Geographic / Wireless ! 118 |
/ i | na
Positioning _ 1 Communi | | | !
System [V * cator - i
482 / 472
482 / >
['e]
I
] ﬁ
© —
- 2 L5
5 S
5 =3
§ :E=m
©
~ pm— R,
Q
L{)\\
N—) >
4 j
= = o ©
[
~ 5 2 ~ p
. 4] S S
El o Y =
9 g 2 e 3
L &’ o

500/




	bibliographic-data
	abstract
	claims
	description
	drawings
	overflow
	foreign-language-body

