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SCALING COMPOSITE SHAPES FOR A GRAPHICAL HUMAN-MACHINE
INTERFACE

[0601]  This application is a continuation-in-part of Application No. 12/403,812,
entitfed “Scaling Composite Shapes for @ Graphical Human-Machine Interface,”
which was filed on March 13, 2009, the entire contents of which are expressly
incorporated by reference herein.

[0802} The present invention relates generally to process plants and, more
particularly, to the scaling of compesite shapes in an editor for graphical
representations of components and various activities associated with plant
configuration, control, maintenance, and simulation.

[0003] Distributed process control systems, Hke those used in chemical, petroleum
or other processes, typically include one or more process controllers communicatively
coupled to one or more field devices via analog, digital or combined analog and
digital buses. The field deviees, winch may be, for example, valves, valve
positioners, switches and transmitters (e.g., temperature, pressure, level and flow rate
sensors), are located within the process environment and perform process functions
such as opening or closing valves, measuring process parameters, etc. Smart field
devices, such as the field devices conforming to the well-known Fieldbus protocols,
like the FOUNDATION™ Fieldbus protocol, may also perform control calculations,
alarming functions, and other control functions commonly implemented within the
controller. The process controllers, which are also typically located within the plant
environment, receive signals indicative of process measurements made by the field
devices and/or other information pertaining to the field devices and execute a
comntroller application that runs, for example, different control modules which make
process control decisions, generate control signals based on the received information
and coordinate with the control modules or blocks being executed in the field devices,
such as HART and Fieldbus field devices. The control modules in the controller send
the control signals over the communication lines to the field devices to thereby
control the operation of the process.

[0004] Information from the field devices and the controller is usually made

available over a data highway to one ot more other hardware devices, such as operator
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workstations, personal computers, data historians, report generators, centralized
databases, etc., typically placed in control rooms or other locations away from the
harsher plant environment. These hardware devices run applications that may, for
example, enable an operator to perform functions with respect to the process, such as
changing settings of the process control routine, modifying the operation of the
control modules within the controller or the field devices, viewing the current state of
the process, viewing alarms generated by field devices and controllers, simulating the
operation of the process for the purpose of training personnel or testing the process
control software, keeping and updating a configuration database, etc.

[0005]  As an example, the DeltaV ™™ control system, sold by Emerson Process
Management includes multiple applications stored within and executed by different
devices located at diverse places within a process plant. A configuration application,
which resides in one or more operator workstations, enables users to create or change
process control modules and download these process control modules via a data
highway to dedicated distributed controlters. Typically, these control modules are
made up of communicatively interconnected function blocks, that are objects in an
object oriented programming protocol and perform functions within the control
scheme based on inputs thereto and provide outputs to other function blocks within
the vontrol scheme. The configuration application may also allow a designer to create
or change operator interfaces or human-machine interfaces (HMI) which are used by a
viewing application to display data to an operator and to enable the operator to change
settings, such as set points, within the process control routine. Each dedicated
controller and, in some cases, field devices, stores and executes a controller
application that runs the control modules assigned and downloaded thereto to
implement actual process control fumetionality. The viewing applications, which may
be rusi on one or more operator workstations, receive data from the controller
application via the data highway and display this data to process control system
designers, operators, or users using the user interfaces, and may provide any of &
number of different views, such as an operator’s view, an engineer’s view, a
technician’s view, etc. A data historian application is typically stored in and executed
by a data historian device that collects and stores some ot all of the data provided
across the data highway while a configuration database application may run in a still
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further computer attached to the data highway to store the current proeess control
routine configuration and data associated therewith. Alternatively, the configuration
database may be located in the same workstation as the configuration apphication.
[0006]  As the number and type of control and support applications used in a
process control environment have increased, different graphical display applications
have been provided to enable users to effectively configure and use these applications.
For example, graphical display applications have been used to support control
configuration applications to enable a configuration engineer to graphically create
control programs to be downloaded to the control devices within a process plant.
Additionally, graphical display applications have been used to enable control
operators to view the current functioning of the process plant, or areas of the process
plant, to enable maintenance personnel to view the state of hardware devices within
the process plant, to enable simulation of the process plant, ete.

[0007] Some process control configuration applications that are supported by
graphical display applications presently include a library of template objects, such as
function block template objects and, in some cases, control module template objects,
that are used to create a control strategy for a process plant. The template objects
have default parameters, settings and methods associated therewith and the engineer
using a graphical configuration application can select these template objects and
essentially place copies of the selected template objects into a configuration screen to
develop a control module. The template objects may also include one or more sub-
elements or primitives of the template object. For example, a furnace template object
may include a valve, valve fitting, and various text areas as sub-elements. During the
process of selecting and placing the template objects into the configuration screen, the
engineer interconnects the inputs and outputs of these objects and changes their
‘parameters, names, tags and other parameters to create a specific control module for a
specific use in the process plant. After creating one or more such control modules,
the engineer can then instantiate the control module and download it to the
appropriate controller or controllers and field devices for execution during operation
of the process plant.

{0808] Thereafter, the engineer may use a different graphical display creation

application to create one or more displays for operators, maintenance personnel, etc.
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within the process plant by selecting and building display objects in the display
creation application. These displays are typically implemented on a system wide
basis in one or more of the workstations and provide preconfigured displays to the
operator or maintenance persons regarding the operating state of the control sysiem or
the devices within the plant. These displays generally take the form of alarming
displays that receive and display alarms generated by controllers or devices within the
process plant, control displays indicating the operating state of the controllers and
other devices within the process plant, maintenance displays indicating the
functioning state of the devices within the process plant, etc. However, these displays
are generally preconfignred to display, in known manners, information or data
received from the process control modules or the devices within the process plant. In
some systems, displays are created by a graphic depiction that represents a physical or
a logical clement and that is communicatively tied to the physical or logical element
to receive data about the physical or logical element, The graphic on the display
screen may change in response to certain events, such as received data to illustrate, for
example, that a tank is half fuil, to illustrate the flow measured by a {low sensor, ete.
[0009] Thus, similar to the control configuration application, the display creation
application may have temptlate graphical display items, such as tanks, valves, sensors,
operator control buttons like slide bars, on/off switches, etc. which may be placed on
a screen in any desired configuration to create an operator display, maintenance
display and the like. The template graphical display items often include numerous
nested sub-elements to create 2 composite shape. For example, a tank template
araphical display includes a pump and that pump may include numerous primary
shapes such as an ellipse, rectangles, lines, or other shapes. When placed onto the
sereen, individual graphic items may be interconnected on the screen in 2 manner that
provides some information or display of the inner-workings of the process plant to
users. To animate the graphic display, the display creator must manually tie each of
the graphical items to data generated within the process plant, such as data measured
by sensors or indicative of valve positions, elc. by specitying a communication link
between the graphic item and the relevant data source within the process plant.

[0010]  Often, many of the same control modules and graphical displays are used

for different equipment within the process plant. For example, many mediom to large
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sized process plants have numerous instances of the same or similar equiprment that
can be controlled and viewed using the same basic general control module and
display. To create these numerous control modules and displays, however, a general
control module or display module is created and this general control or display
module is then copied tor each of the different pieces of equipment for which it is
applicable. Some techniques for integrating and using a graphic display editor and
graphic display elements at a system level of a process control and simulation system
may be described in U.S. Patent Appl. No. 10/590,574 entitled “COMPOSITE
SHAPE WITH MULTIPLE VISUALIZATIONS IN A PROCESS CONTROL
ENVIRONMENT?™ filed on August 22, 20086, the entire disclosure of which is hereby
incorporated by reference herein. These technigues generally enable the creation and
use of composite shapes or composite shapes in varjous activities associated with
plant configuration, control, maintenance, and simulation. The composite shapes are
re-useable and re-configurable for any process, simulation, or task within the process
control system.

[6011} During the configuration of a process control and simulation system using a
graphic display editor, a designer must create and configure the composite shapes for
each representation of the object within the graphic display. For example, to
adequately represent a number of process control system components within an
operator screen or window of the operator display, a designer often must resize the
composite shapes so that they fit within the window, accurately represent the actual
component used in the process, ensure the representation is visually appealing to the
operator, or that they are in relative size and position to each other to create an
accurate and practical operator display or simulation environment for the HML
Likewise, during runtime, & user may resize a composite shape created during the
conifiguration process (or “congfiguration time”) to suit operator preferences or edit
the layout of a previously-created display. Often, these composite shapes contain a
number of primary shapes (e.g., rectangles, lines, ete.), primitives, sub-elements, and
other composite shapes such as valves, pipe fittings, connections, etc., that are
constructed of multiple sub-elements, and textual shapes. For example, a tank, boiler,
kiln, or other process control system component represented as a composite shape

includes any number of sub-elements.
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[6012] However, past graphic display editors that included functionality to resize
composite shapes at configuration time or runtime often distorted visual parameters of
the sub-elements. For example, some graphic display editors employed a panel or
content decorator that enabled stretching of a composite shape to fill a desired space.
One example of a content decorator is the ViewBox class of the Windows®
Presentation Foundation which generally permits resizing a composite shape in
various dimeunsions (e.g., X, Y, and Z axes, height, width, and length, etc., singularly
or in combination). However, resizing using standard content decorators results in
undesirable behaviors, For example, resizing with a ViewBox decorator results in
distorted portions of the composite shape and sub-elements become noticeably
thicker, stretched, narrow, out of position, or other undesirable visual characteristics.
Further, even if an aspect ratio was locked during resizing, while some sub-elements
would maintain a proper visual relationship with others, a text portion becomes,
unsuitably larger or smaller and text or element borders became undesirably thicker
and thinner using a ViewBox.

{0013]  Prior solutions have not specifically addressed the distortions discussed
above during resizing of composite shapes and resizing an element with a Jocked
aspect ratio. Images displayed in a user interface window were associated into logical
groups. For example, two or more graphical elements may have been grouped
together as one logical group. When the user changed a first dimension of a window
that displayed several logical groups that are each made up of several graphical
glements (i.e.; changes some-combination of the height or width of the window), the
image aspect ratio may be locked and the image resized to the extent the user changed
the window dimension. For example, if the user decreased the window height, all of
the praphical elements within the several logical groups might become shorter {e.g.,
for graphical elements that comprised text enclosed in a box, the text reduced in font
size and the boxes that enclosed the text became shorter, thus, each logical group, in
turn, became shorter and the elements became distorted). However, when a user
¢hanged the window's second dimension, the image did not change size, but rather,
the number of logical groups changed to accommodate the enlarged or reduced space.
If the logical groups were generally aligned along the width of the window, the

logical groups did not change shape when the window width was reduced (i.e., the
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graphical elements and, thus, the logical groups did not get skinnier). Rather, the
number of logical groups displayed was reduced, depending on the extent of the
reduction in the second dimension. For example, if the user reduced the size of the
window that originally displayed five logical groups to an extent that the window only
accommodated four and a half logical groups, the number of logical groups displayed
may have been troncated to a whole mumber of groups so as to not change the general
dimensions of the objects within the groups.

{0014] Other solutions required modification of a “deep copy” of a composite
shape. A deep copy may be a file such as a digital graphic image in a JPEG or other
format that, apart from simple resizing, is generally regarded as permanent. For
example, a composite shape created by a configuration engineer or other user during
configuration time may generally be considered a deep copy. Simply resizing the
composite shape deep copy resulted in distorted sub-clements, as previously
described. Therefore, a user at configuration time would be forced to create a new,
undistorted composite shape for each resized instance of the composite shape that was
desired for a composite shape Hibrary. For example, if both a short tank and a tall tank
were desired 1o be included in the composite shape library, yet both versions of these
tanks included inlet and outlet ports that were of equal size, simply creating a short
tank and stretching it might result in a tank of a desired height, but with inlet and
outlet ports that were stretched as well. The tall tank that was created by stretching
the short tank would have at least distorted inlet and outlet ports. Thus, both the
normal and tall tanks would have to be created at configuration time, Likewise, ifa
runtime user desired a different-sized tank to be displayed, the user would be forced
edit the compuosite shape from its original, deep copy fermat from within a composite
shape library by individually modifying each individual sub-element within the
composite shape to maintain the proper aspect ratio. Once the desired scale was
-achieved, the configuration time or runtime user could save the modified composite
shape as a new or alternative deep copy of the original composite shape and place that
modified element into the display. Continning with the example, if the user wanted to
keep an inlet or outlet port of a tank a standard size, but change the height of the tank

itself, the user would have to open and modify the deep copy of the tank composite



shape. Any further modifications for other graphic displays would require further
modification of the deep copy.

[0015]  Thus, past graphic display editors have addressed resizing distortions by
locking an aspeet ratio of the composite shape, resulting in unwanted thickening of
lines, stretching of text, truncating the namber of displayed sub-elements resulting in
a reduction in the amount of information or the amount of the object displayed, and
other undesirable distortions. Other methods required modification of a deep copy of
the common composite shape for each resizing. Ag a result, graphical editors, to the
extent they existed, have only enabled the user to resize common graphical elements
in an “all or nothing™ approach that resizes and distorts all sub-elements of a
composite shape with a locked aspeet ratio, adds or eliminates a number of logical
groups within the display window, or requires modification of the composite shape
deep copy.

[0016] Composite shapes are provided for use as portions or components of one or
more graphic displays that may be exccuted in a process plant to display information
to users about the process plant environment. Scaling and baseline or unscaled
parameters associated with sub-elements of a composite shape may determine how
the sub-element is scaled during resizing of the composite shape. A graphical display
editor may use the parameters to caleulate various scaling factors that are then applied
to the sub-elements of each composite shape during resizing. The editor may apply
the scaling parameters to the sub-elements for resizing in one or more axes (e.g,, the
length, width, and height or X, Y, and 7 axes, etc.) to adjust the composite shape for
a particular graphical display and configuration time or runtime user preference. The
editor may apply the scaling factors directly to each sub-element to prevent any
distortion of those sub-elements. The scaling parameters of the composite shape’s
sub-elements may be adjusted during creation of the deep copy at configuration time
or may be modified by a user at runtime to control what, 1f any, effect the scaling
Factors have in relation to the baseline or unscaled parameters on the composite shape
as a whole and its sub-elements individually. The configured scaling parameters may
then be linked to the composite shape so that, at both configuration time and runtime,
the parameters ave applied to the composite shape and its sub-elements during a

resizing action. Where a composite shape includes nested composite shapes as sub-
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elements, the parameters may be applied recursively during a resizing action. The
scaling parameters may be applied to both composite shapes and animations.

[0017] One example of scaling composite shapes for an operator displayin a
process control system for use in a process plant may include displaying a composite
shape that graphically illustrates an entity within the process plant. The composite
shape may include one or more sub-clements, each sub-element including one or
more unscaled parameters and each unscaled parameter including one or more scaling
parameters. Each scaling parameter may define a resizing behavior of a
corresponding sub-element. Scaling may also include resizing the composite shape
in one or more dimensions, calculating a scaling factor for each resized dimension,
and applying one or more scaling factors to each unscaled parameter assceiated with a
scaling parameter.

[0618] A graphic display editor may also be used ina process plant to resize ene or
more composite shapes that represent one or more of an operation and an entity within
the process plant. The graphic display editor may include a library of composite
shapes, wherein each of the composite shapes includes a different visual
representation of a physical or a logical entity within the process control plant. The
composite shape may also include one or more sub-elements. The editor may include
a graphically based editor canvas routine that enables a user to define an executable
graphic display by placing indications of one ot more composite graphic objects from
the library of composite graphic objects onto an edit canvas to define a manner in
which visual representations of the one or more composite graphic objects will be
displayed on a display device to a user during execution of the graphic display.
Further, the graphically based editor canvas routine may enable the user to control a
scale behavior of each of the component objects of the composite graphic object.
Another editor routine may include g scaling canvas routine that may enable the user
to agsociate one or more scaling parameters with one or more sub-elements of'a
composite shape, wherein each sub-element of the composite shape may be contained
within a scaling canvas object and each scaling parameter may define a scaling
behavior of a sub~element associated with the composite shape. Also, a compesite
shape resizing routine may enable the user to modify one or more dimensions of the
composite shape within the editor canvas, wherein the modification may be applhied to
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one or more sub-elements of the composite shape according to the associated scaling
parameter.

{0019] A computer system may be used to scale composite shapes forusein g
process control plant, as well. For example, where each composite shape may
represent one of more of an operation and an entity within the process plant, the
system may include a database with one or more composite shapes and a graphical
human-machine interface for displaying a graphical representation of the process
plant, The composite shapes within the database may include one or more sub-
elements within a scaling canvas object, wherein each sub-element includes one or
more unscaled parameters and the a graphical human-machine interface may include a
composite shape resizing module for execution on a processor of the computing
system. The module may include instructions for configuring, at configuration time,
the one or more composite shapes including the one or more scaling parameters and,
at runtimie, binding each configured composite shape to a configured scaling
parameter, Bach scaling parameter may define a resizing behavior of a corresponding
sub-clement of a composite shape. The module may also include instructions for
displaying a resized scaling canvas object of the composite shape and the resized
scaling canvas object may include one or more changed dimensions. Further, the
module may include instructions for calculating a scaling factor for each changed
dimension, wherein the scaling factor may include & ratio of one or more changed
dimensions of the scaling canvas object to one or more corresponding unscaled
parameters. The module instructions may also apply one or more scaling factors to
each unscaled parameter of each sub-element that inctudes a scaling parameter.
[0020] According to a first agpect of the invention, we provide a computer program
comprising a computer-readable medium having a computer-readable program code
embodied therein, the computet-readable program code adapted to be executed to
implement a method for scaling composite shapes for an operator display in a process
control system for use in a process plant, the method comprising displaying a
comiposite shape that graphically illustrates an entity within the process plant, the
composite shape including one or more sub-elements, each sub-element including one
or more unscaled parameters, each unscaled parameter including one or more scaling

parameters, wherein each scaling parameter defines a resizing behavior of a
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corresponding sub-element, resizing the composite shape in one or more dimensions,
calculating a scaling factor for each resized dimension, and applying one or miore
scaling tactors to each unscaled parameter associated with a scaling parameter.
[0021] A sub-element may include a scaling parameter,

[0022] Displaying the composite shape may include displaying the one or more
sub-glements within a scaling canvas.

[0023] Resizing the composite shape in one or more dimensions may include
resizing the scaling canvas that contains the one or more sub-clements.

{0024] The scaling canvas may include an extension of a Windows Presentation
Foundation class.

[0025] The class may include a Canvas class.

[0626]  The scaling factor may include a ratio of one or more resized dimensions of
the scaling canvas to one or more corresponding unscaled parameters,

[0027] Each scaling parameter may control a scaling behavior of a corresponding
sub-element.

[0028] The one or more unscaled parameters may include one or more of a font
size, an edge width, a corner radius, a width, a height, and a position.

{0029] The one or more unscaled parameters may include a baseline value for
applying a scaling parameter.

[0030] The scaling canvas may include the one or more scaling parameters.

[0031] One or more of the composite shapes and sub-clements may include the one
or more scaling parameters.

{0032] The program may further comprise, at configuration time, configuring each
composite shape and scaling parameter and, at rautime, binding each configured
composite shape to a configured scaling parameter.

[6033] Resizing the composite shape in one or more dimensions may occur at one
or more of a configuration time and a runtime.

{0034]  Caleulating the scaling factor for each resized dimension may occur at one
or more of a configuration time and a runtime.

(00635}  Applying one or more scaling factors to each unscaled parameter may occur

at one or more of a configuration time and a runtime.
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[0836]  According to a second aspect of the invention, we provide a graphic display
editor for use in a process plant to resize one or more composite shapes that represent
one or more of an operation and an entity within the process plant, the graphic display
editor comprising a library of composite shapes, wherein-each of the compesite
shapes includes a different visual representation of a physical or a logical entity
within the process control plant, the composite shape including one or more sub-
elements, a graphically based editor canvas routine that enables a user to define an
executable graphic display by placing indications of one or more composite graphic
objects from the library of composite graphic ohjects onto an edit canvas to define a
manner in which visual representations of the one or more composite graphic objects
will be displayed on a display device to a user during execution of the graphic display,
wherein the graphically based editor canvas routine enables the user to control a scale
behavior of each of the component objects of the composite graphic object, a scaling
canvas routine that enables the user to associate one or more scaling parameters with
one or more sub-elements of a composite shape, wherein each sub-element of the
composite shape is contained within a scaling canvas object and each scaling
parameter defines a scaling behavior of a sub-element associated with the composite
shape, and a composite shape resizing routine that enables the user to modify one or
more ditnensions of the composite shape within the editor canvas, wherein the
modification is applied to one or more sub-clements of the composite shape according
to the associated scaling parameter.

{0037}  Each of the composite shapes may include the one or more scaling
parameters.

[0038] The scaling canvas object may include the one or more one or more scaling
‘parameters.

{0039]  Each sub element of the scaling canvas object may include the one or more
one or more scaling parameters.

[00408] The scaling behavior of each of the sub-clements may define a degree to
which the modification is applied to a corresponding-dimension of a sub-clement.
{0041] The one or more scaling parameters may include one or more of a text fon,
a sub-element border thickness, a position of the sub-element within the composite

shape, a size of the sub-element, and a corner radius of the sub-elemient.
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[8042] The scaling parameter may eliminate distortion of the one or more sub-
elements upon execution of the composite shape resizing routine.

[0043]  The scaling parameter may enable a text box sub-element of the compesite
shape to remain a consistent font size and position relative to one or more other sub-
clements of the composite shape during execution of the composite shape resizing
routine.

[0044]  The scaling parameter imay enable a sub-element border thickness of the
composite shape to remain a consistent thickness and position relative to one ormore
other sub-elements of the composite shape during execution of the composite shape
resizing routine.

{6045] The composite shape resizing routine may enable the scaling canvas object
to calculate a scaling factor that includes a ratio of one or more resized dimensions of
the scaling canvas to one or more corresponding unscaled parameters.

[0046] The one or more corresponding unscaled parameters may include one or
more original parameters of the composite shape including one or more of a text
object font size, a sub-clement edge width, a sub-element corner radius, a sub-element
width, a sub-clement height, and a sub-element position relative to one or more other
sub-elements of the composite shape.

{0047] The composite shape resizing routine may further enable the scaling canvas
object to apply the scaling factor to one or more dimensions of one or more sub-
clements of the composite shape and each of the one or more sub-elements includes
one or more scaling parameters,

[0048] According to a third aspect of the invention, we provide a computer system
for use in a process control plant including a memory for storing computer-executable
instructions, a processor for executing the instructions, and a display for displaying
one 0r more composite shapes in a graphical representation of the process control
plant, each composite shape representing one or more of an operation and an entity
within the process plant, the system comprising & database including one or more
composite shapes including one or more sub-elements within a scaling canvas object,
wherein each sub-element includes one or more unscaled parameters, and a graphical
haman-machine interface for displaving the graphical representation of the proecess
plant, the interface including a composite shape resizing module having computer-
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executable instructions for configuring, at configuration time, the one or more
cornposite shapes including the one or more scaling parameters and, at runtime,
binding each configured composite shape to a configured scaling parameter, wherein
each scaling parameter defines a resizing behavior of a corresponding sub-element of
a composite shape, displaying a resized scaling canvas object of the composite shape,
the tesized scaling canvas object including one or more changed dimensions,
calculating a scaling factor for each changed dimension, wherein the scaling factor
includes a ratio of one or more changed dimensions of the scaling canvas object to
one or more corresponding unscaled parameters, and applying one or more scaling
factors to each unsealed parameter of each sub-element that includes a scaling
parameter.

{0049] The scaling canvas object may include an extension of'a Windows
Presentation Foundation Canvas class.

[0056] The composite shape resizing module may further include computer-
gxecutable instructions for controlling a scaling behavior of a corresponding sub-
element of the composite shape.

[0651}] The one or more unscaled parameters may in¢lude one or more baseline
values corresponding to one or more dimensions of gach sub-element.

[0052] The one or more scaling parameters may include one or more of a text
object font size, a sub-element edge width, a sub-¢lement corner radius, a sub-element
width, a sub-element height, and a sub-element position relative to one or more other
sub-elements of the composite shape.

[0053] The composite shape resizing module may include computer-executable
instructions for applying the one or more scaling factors at one or more of'a
configuration time and a runtime.

[0054] The scaling canvas object may include the one or mote scaling parameters.
[0055] A sub-element of the scaling canvas object may include the one or more one
or more scaling parameters.

[0856] The sub-elements of the composite shapes may include the one or more
scaling parameters.

[0057] Displaying the resized scaling canvas object of the composite shape may

occur at one or more of a configuration time and a runtime.
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[0058] Calcnlating the scaling factor for each changed dimension may cceur at one
ormore of a configuration time and a runtime.

[0059]  Applying one or more scaling factors to each unscaled parameter of cach
sub-element that may include the scaling parameter may occur at one or more.of a
configuration time and a runtime,

[0666] An embodiment of the invention will now be desciibed by way of example
only with reference to the accompanying drawings, wherein;

[0061]  Fig. 1is a block diagram of a distributed process control network located
within a process plant including operator workstations that implement display reutines
and other applications associated with various functions within the process plant, as
well as a workstation that provides system level graphical support that may be used to
create and resize composite shapes and graphic displays for each of the various
functional areas of the plani;

[0062} Fig. 2 is a logical block diagram illustrating the integration of system level
graphical support within a process plant control, viewing and simulation system;,
{0063] Fig. 3 is a logical diagram illustrating & configuration environment in which
composite shapes and displays are created and a runtime environment in which
composite shapes and displays may be executed,

[0064] TFig. 4ais one illustration of an unscaled composite shape;

[0065] Fig. 4b is one illustration of a composite shape after resizing without
applying scaling parameters;

[0066] Fig. 4c is one illustration of a composite shape after resizing using one or
more scaling parameters;

[0667] Fig. Sais a display screen produced by a graphical editor showing a
composite shape at configuration time;

[8068] Fig. Sbis a display screen produced by a graphical editor showing a
configured composite shape that has been resized in a first dimension using the logic
of a Scaling Canvas container, baseline or unscaled parameters, and composite shape
parameters;

[0069] Fig. 5cis a display screen produced by a graphical editor showing a

configured composite shape that has been resized in a second dimension using the
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logic of a Scaling Canvas container, baseline or unscaled parameters, and composite
shape parameters;

[0070] Fig. 6a1s a display screen showing a graphic display at rantune;

{0071} Fig. 6b is a display screen showing a graphic display that has been resized at
runtime in a first dimension using the logic of a Scaling Canvas contasner, baseline or
vnscaled parameters, and composite shape parameters;

[6072] Fig 6c¢is a display screen showing a graphic display that has been resized at
runtime in a second dimension using the logic of a Scaling Canvas container, baseline
or unscaled parameters, and composite shape parameters; and

[0073] Fig 7 is a block diagram illustrating one manner in which composite shapes
may be resized at configuration time and runtime without distortion.

[0074] Fig 1 illustrates an example process plant 10 in which system level
graphical support 1s provided to various functional areas of the plant 10. As is typical,
the process plant 10 includes a distributed process control system having one or more
controdlers 12, cach connected to one or more field devices 14 and 16 via mput/output
(I/0) devices or cards 18 which may be, for example, Fieldbus interfaces, Profibus
interfaces, HART interfaces, standard 4-20 ma interfaces, etc. The controllers 12 are
also coupled to one or more host or operator workstations 20-23 via a data highway
24 which may be, for exa?mple, an BEthernet link. A database 28 may be connected to
the data highway 24 and operates as a data historian to collect and store parameter,
status and other data associated with the controllers and field devices within the plant
10 and/or as a configuration database that stores the current configuration of the
process control system within the plant 10 as downloaded to and stored within the
controllers 12 and field devices 14 and 16. The database 28 may additionally store
graphical objects created in the manner described herein to provide graphical support
within the process plant 10, While the controllers 12, /O cards 18 and field devices
14 and 16 are typically located down within and distributed throughout the sometimes
harsh plant environment, the operator workstations 20-23 and the database 28 are
usually located in control rooms or other less harsh environments easily assessable by
controller or maintenance personnel. However, in some cases, handheld devices may
be used to implement these functions and these handheld devices are typically carried
to various places in the plant.
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[0075]  Asis known, each of the controllers [2, which may be by way of example,
the DeltaV™ controller sold by Emerson Process Management, stores and executes a
controller application that implements a control strategy using any number of
different, independently executed, control modules or blocks 29. Bach of the control
modules 29 can be made up of what are commonly referred to as function blocks
wherein each function block is a part or a subroutine of an overall control routine and
operates in conjunction with other function blocks (via communications called links)
to implement process control loops within the process plant 10. Asis well known,
function blocks, which may be objects in an object oriented programming protocol,
typically perform one of an input function, such as that associated with a fransmitter, a
sensor or other process parameter measurement device, a control function, such as
that associated with a control routine that performs PID, fuzzy logic, ete. control, ot
an output function that controls the operation of some device, such as a valve, to
perform some physical function within the process plant 10. Of course hybrid and
other types of complex function blocks exist such as model predictive controllers
(MPCs), optimizers, etc. While the Fieldbus protocol and the DeltaV system protocol
use control modules and function biocks designed and implemented in an object
oriented programming protocol, the control modules could be designed using any
desired control programming scheme including, for example, sequential function
block, ladder logic, ete. and are not limited to being designed and implemented using
the function block or any other particular programming technigue.

[0076] In the plant 10 illustrated in Fig. 1, the field devices 14 and 16 connected to
the controllers 12 may be standard 4-20 ma devices, may be smart field devices, such
as HART, Profibus, or FOUNDATION™ Fieldbus field devices, which include a
processor and & memory, or may be any other desired type of devices. Some of these
devices, such as Fieldbus field devices (labeled with reference number 16 in Fig. 1),
may store and execute modules, or sub-modules, such as function blocks, associated
with the control strategy implemented in the controllers 12. Function blocks 30,
which are illustrated in Fig. 1 as being disposed in two different ones of the Fieldbus
field devices 16, may be executed in conjunction with the execution of the control
modules 29 within the controllers 12 to implement process control, as is well known,

Of course, the field devices 14 and 16 may be any types of devices, such as sensors,
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valves, transmitters, positioners, ete. and the I/O devices 18 may be any types of O
devices conforming to any desired communication or controller protocol such as
HART, Fieldbus, Profibus, etc.

[0077]  Inthe process plant 10 of Fig. 1, the workstations 20-23 may include
various applications that are used for various different functions performed by the
same or different personnel within the plant 10. Each of the workstations 20-23
includes a memory 31 that stores varipus applications, programs, data structures, €tc.
and a processor 32 which may be used to execute any of the applications stored i the
memory 31, In the example iilustrated in Fig, 1, the workstation 20 15 designated as a
configuration workstation and includes one or more configuration applications 33
which may include, for example, control module creation applications, operator
interface applications and other data structures which can be accessed by any
authorized configuration engineer to create and download control routines or
modules, such as the control modules 29 and 30, to the various controllers 12 and
devices 16 of the plant 10. The workstation 21 is generally illustrated in Fig. 1 as 2
control operator viewing workstation and includes a number of display applications
34 which may provide a control operator with various displays during operation of the
process plant 10 to enable the operator to view and control what is happening within
the process plant 10 or in various sections of the plant. The applications 34 may
include support applications 34a such as control diagnostic applications, tuning
applications, report generation applications or any other control support applications
that may be used to assist a control operator in performing control functions.
Similarly, the workstation 22 is illustrated as a maintenance viewing workstation and
includes a number of maintenance applications 35 that may be used by various
maintenance personnel to view the maintenance needs of the plant 10, to view the
operating or working condition of various devices 12, 14, 16, ete. Of caurse, the
applications 35 may include support applications 35a such as maintenance diagnostic
applications, calibration applications, vibration analysis applications, report
generation applications or any other maintenance support applications that may be
used to assist a maintenance person in performing maintenance functions within the
plant 10. Additionally, the workstation 23 is indicated as a simulation workstation

which includes a number of simulation applications 36 that may be used to simulate
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operation of the plant 10 or various sections of the plant 10 for any number of
purposes, including for training purposes, for plant modeling purposes to assist int
plant maintenance and control, etc. As is typical, each of the workstations 20-23
includes a display screen 37 along with other standard peripheral devices, like a
keyboard, a mouse, etc,

[0078] Of course, while the various configuration, control, maintenance and
simulation applications 33-36 are illustrated in Fig. | as being located in different
workstations dedicated to one of those functions, it will be understood that the various
applications 33-36 associated with these or other plant functions may be located in
and executed in the same or different workstations or computers within the plant 10,
depending on the needs and set up of the plant 10. Thus, for example, one or more
simulation applications 36 and control applications 33 may be executed in the same
wortkstation 20-23, while different individual simulation applications 36 or different
individual control applications 33 may be executed in different ones of the
workstations 20-23,

{0079]  As described in U.S, Patent Appl. No. 10/590,574, to alleviate the
inefficiency of different graphics editors and packages for each plant level, and to
provide for more widely usable and understandable graphics within the plant 10, a
graphical support layer is provided at a system level of the process plant 10 to support
the graphic display and data structure needs of each of the various functional areas of
the plant 10, including the configuration, operator viewing, maintenance viewing,
simulation and other functional areas of the plant 10. This system level of support 1s
depicted diagrammatically in Fig, 2, which illustrates a plant operational level 40, a
plant functional leve] 42 and & systeny level 44, As will be understood from Fig. 2,
the plant operational level 40 includes the controllers 12, field devices 14, 16, etc.
which execute the control routines of modules 29 and 30, as well as other software
run within the plant 10 to implement plant operations during runtime of the plant.
The plant functional level 42 is depicted as including a configuration function block
46, a control function block 47, a maintenance function block 48 and a ssmulation
block 49, although other or different functions, such as an engineering and a business
function, could be provided as well. The configuration function block 46 implements

the configuration routines 33 which interface or communicate with components
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within the plant operational level 40 to provide control strategies or control modules
thereto. The control fanction block 47 includes the control viewing and other
applications 34 and 34a which also interface or communicate typically directly with
the various physical and logical components within the plant operational level 40 to
implement operator initiated changes within the plant 10, to provide information to
the operator via control displays 34, to acquire data for the control applications 34a,
etc. The maintenance function block 48 includes the maintenance routines and
applications 35 and 35a that interface or communicate with various physical and
logical components within the plant operational level 40 to implement maintenance
procedures, to collect maintenance data, to provide maintenance data or information
to a maintenance person via maintenaince displays 35, to run diagnostic applications
35a, ete. Likewise, the simulation function block 49 includes simulation routines 36
which implement simulations of the plant 10 and which may be communicatively
coupled to components within the plant operational level 40 to obtain data regarding
the plant 10.

[0086]  Asillostrated in Fig, 2, the system level support layer 44 {ies into and
supports each of the function blocks 46-49 within the plant functional layer 42 to
enable, for example, the creation and maintenance of common database and display
structures, such as software objects, composite shapes and graphic displays for use i
the various functional areas 46-49. More particularly, the system level support layer
44 includes application, database and graphical support elements that enable the
graphical activities performed in each of the function blocks 46-49 to be integrated
together, or to be developed using common database structures and coraposite shapes
created at the system support layer 44.

[6081] The system support layer 44 may include a graphical editor 50 and 4
graphical object database 32. The graphical editor 50 may be used to create
composite shapes 54 and graphie displays 56, while the graphic object database 52
stores the composite shapes 54 and displays 50 ina memory accessibie by the editor
52 and by the various applications in the blocks 46-49. The database 52 may also
store other objects 58 such as sub-elements for composite shapes 54, and data
structures that connect the composite shapes 54 to individual hardware and software

plements within the plant operational level 40. Additionally, the database 52 may
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store templates, sub-elements, and primitives that may be used to create turther
composite shapes, or displays.. As will be understood from Fig. 2, the graphic display
glements 54, displays 56 and other database structures 58 may be used by any and all
of the functional blocks 46-49 to create and use graphics associated with those
functional blocks.

[0082]  Generally speaking, the system level support block 44 provides a manner of
integrating the graphics used in the process plant 10 of Fig. [ in all of the functional
areas 46-49, to thereby reduce or eliminate the necessity of repeatedly creating
different composite shapes for the same plant equipment in different functional
contexts, and to make it easy fora user in each of the functional areas 46-49 to tie into
data associated with the equipment being displayed in graphical views associated with
those functional areas. As will be understood, the system level support layer 44 may
be used to provide graphics and database support for multiple applications in each of
the functional areas 46-49, for different applications in different ones of the functional
areas 46-49, etc.

{(083] Referring again to Fig. 1, the system level support block 44 may be
implemented using an additional workstation or user interface 60 which may be
connected to each of the other workstations 20-23. The workstation 60 may generally
store the graphics editor 50 and database 52 and may store the other elements 54, 56
and 58 if so desired. Additionally, the workstation 60 may be communicatively
comnected to the workstations 20-23 via the databus 24, via separate wired or wireless
communication connections (illustrated by dotted lines in Fig. 1) or in any other
desired manner. In the configuration illustrated in Fig. 1, the workstation 60 stores
and executes the display editor 50 to enable a user to create composite shapes that
include sub-elements and other composite shapes. and to group the shapes into dne or
more graphic displays or display modules. These digplay modules may be then stored
in the database 52 to be accessed and used by various funetional blocks 46-49
illustrated in Fig. 2 and implemented on the various workstations 20-23. While, for
the sake of illustration, the functionality of the system level block 44 and the function
fevel blocks 46-49 is illustrated as being implemented on different or separate
workstations 20-23 and 60 in Fig. 1, it will be understood that any or all of the
applications associated with any of these various blocks could be implemented on the
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same or different workstations orother computers within or associated with the
process plant 10, Thus, the graphics editor 50 may be stored in and executed on any
of the other workstations 20-23 or on any other computer associated with the plant 10
and need not be in a stand-alone or separate computer.

[0084]  As discussed above, the system level layer 44 of Fig. 2 implements systerm
level display and database objects, which can be used in a variety of the functional
environments as well as to provide higher level display capabilities. Generally
speaking, the display objects created at the system level 44 of Fig. 2 can be
categorized as composite shapes and graphic displays. Composite shapes are
generally display objects that are associated with a particular physical entity within
the plant, such as a hardware device like a valve, a sensor, a pump, a controller, a
tank, a reactor, a burner, a pipe, a pipe fitting, etc. Graphic displays are generally
made up of a set of interconnected composite shapes and are used to represent and
model more complicated sets of hardware within a plant, such as a unit, an area, etc.
and include interconnections between different hardware units. Composite shapes
may be made up of a plurality of sub-clements that may, themsetves, be composite
shapes. 1n other words, the composite shapes 74 may benested. For example, a tank
composite shape within a reactor graphic display may include onc or more composite
shapes of valves, pipe fittings, sensors, an agitator, etc., that are each made up of
rectangles, ellipses, lines, ete, Likewise, the graphic displays may include one or
more composite shapes, as well. Additionally, graphic displays may include graphs,
charts and other data provided from the plant, from other applications, such as
diagnostic and business applications running in the workstations 20-23 and 60, ete.
[0685] Fig. 3 generally illustrates the development and use of composite shapes and
graphic displays in two environments in which these elements and displays may exist,
in particular, a configuration environment 70 and a runtime environment 72,
Generally speaking, display objects in the form of composite shapes 74 (depicted as
separate element objects 74a, 74b, etc.) and graphic displays 76 (depicted as separate
display objects 76a, 76b, ete.) are created in the configuration environment 70 using,
for example, the display editor 50. After being created, the objects 74 and 76 may be
stored in the database 52. The objects 74 and 76 may be created as class objects,
referred to herein as display class objects, that define a generic object not bound or
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tied to specific hardware or logical elements within the process plant 10. However,
class objects can be used to create runtime graphical objects having the same basic
properties as the class objects, but are tied or bound to specific hardware within the
process plant 10. Generally speaking, however, class objects remain tied to the
children objects instantiated therefrom, so that changes to the class objects can be
automatically propagated to the children objects, even when these children objects are
instantiated within a runfime environment.

[0086]  As illustrated in Fig. 3, each of the composite shapes 74 inclades a number
of components that make the composite shape useful in many different contexts. In
particular, each composite shape 74 includes one or more graphical elements or sub-
elements 77, any number of parameters of properties 78, any number of actions or
animations 79 which may be implemented using scripts or triggers, and bindings 80.
Generally speaking, each elemert 77, 78, 79, 80 defines the visaal properties or
elements to be actually displayed on a display screen when the composite shape 74 is
implemented in the runtime environment 72. Typically, composite shapes define a
graphical representation of a physical or logical device or group of devices, although a
composite shape could represent other entities. Composite shapes 74 may be
implemented in the runtime environment 72 using any desired description or
programming paradigm that defines the specifics of the graphical depiction of an
entity. In one embodiment, the composite shapes 74 may be implemented using
PGXML, XAML, or Windows Presentation Foundation (WPF — formerly named
“Avalon”} controls, which are well known controls provided by Microsoft™ and
which, because they are object based, are easily implemented in standard Windows®
type displays and portable between display environments.

[0087] The sub-elements 77 of a composite shape 74 may include basic shapes that
are the building blocks of the composite shapes 74. As previously described, the sub-
elements may include rectangles, ellipses, curves, lines, aud other basic shapes that,
when manipulated and combined, form a graphical representation of a tank, valve,
pipe fitting, or other object. A sub-clement 77 may, itself, be a composite shape 74 to
create a complex, nested structure. Therefore, the sub-elements 77 may also include
one or more of the parameters/properties 78, actions/animations 79, and bindings 80,

as further described below.
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[0088] Generally speaking, the parameters and properties 78 define variables or
other parameters such as static or changeable intrinsic parameters, associated with the
shapeor entity being depicted and these parameters are definable by the creator of the
shape 74. In some embodiments, the parameters are related to how associated sub-
elements of the composite shape 74 behave during scaling. For example, the
parameters 78 may be defined so that when a composite shape 1s resized, the
agsociated sub-elements inside the composite shape will scale nstead of stretch or
exhibit otherwise undesirable behavior. Some examples of scaling parameters are the
font size for labels and other text portions of the composite shape, an edge width, a
commer radius, a size scale, and a position scale, as further explained below. The
parameters may apply to the shapes during resizing actions at both configuration time
and runtime. The composite shape 74 may also implement an interface to allow the
Scaling Canvas container, as discussed below, to access the parameters associated
with resizing. Thus, with the parameters and interface, the composite shapes
themselves may provide their own scaling logic.

{0689] Each sub-element 77 may include a limited number of scaling factors, In
some embodiments, each sub-element 77 only includes those scaling parameters that,
if changed, will change a corresponding characteristic of the shape. For example, an
ellipse object may only include scaling parameters for x and y positioning, width, and
height scaling, while a rectangle object may additionally include comer scaling
parameters, and a text object may include parameters for font size scaling, ete. Of
course, other parameters may control other scaling behaviors of composite shapes 74
such as spacing, depth (in three-dimensional shapes), sequencing, and other visual
characteristics.

[0690] The actions and animations 79 define routines or programs (that may be
implemented as scripts to perform transforms on paraeters, detect conditions of a
process entity based on parameter values, etc.), animation routines that may include
any routines that change the composite shape or sub-elements of the composite shape
or behaviors to be performed on or using the shapes when they are depicted on a
display screen, or routines which enable a user to use or interact with the shape 74 to
cause a change in the process, such as a change to an input to the process. These

actions and animations provide the composite shapes 74 with more interesting,
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understandable or helpful graphical properties and to allow the user to interact with
the composite shapes 74. In one case, these actions or animations may take the form
of changes in color, size (e.g., height and width, line size, fonts, ete.) of various
components and sub-clements 77 of the shape, color fills, and amimations such as
changes in color, rotations, resizing, rescaling, skewing, etc. These actions and
animations provide graphical properties as well as user interaction properties to the
composite shape 74,

{0091] The bindings 80, which may be static or fixed bindings or bindings which
use aliases, define the manner in which the parameters or properties 78 are to be
bound to data, tags or other entities within the runtime environment 72 when the
composite shape 74 s implemented as part of a display in the runtime environment
72. To prevent distortion of the composite shape 74 during resizing at both
configuration and runtime, the bindings 80 for sach composite shape may include one
or more bindings to a Scaling Canvas, as further discussed, below. Generally, the
bindings 80 for cach composite shape 74 establish the manner in which the composite
shape 74 is tied to one or more entities or data elements defined elsewhere in the plant
environment, and thus define an interface between the actual runtime environment 7
and the composite shape 74.

[0092]  Asillustrated in Fig. 3, each of the graphic display objects 76 includes
numerous components, such as a reference to or a copy of one or more composite
shapes 81, connector elements 82, actions and antmations 83, properties 84 and
bindings 85. Generally speaking, a graphic display 76 may be a display that depicts
the interaction of various composite shapes 81 that may be visually connected
together with connector elements 82 representing pipes, lines, conveyor belts, ete.
Such connector objects are described in U.S, Patent No. 7,110,835, A dotted Hue in
Fig. 3 illustrates a reference to one of the composite shapes 74 by the graphic display
object 76a. It will be understood that the graphic display 76 that references a
composite shape 74 includes all of the properties, parameters, actions and animations,
ete. of that composite shape 74. Similar to the composite shapes 74, each graphic
display 76 may include one ot more additional actions or animations associated
therewith that perform, for example, animations on the display, user interface
interactions, data manipulations, ete. Likewise, each graphic display 76 may include
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any number of properties associated with the display, and typically these properties
define properties of units, areas, or other groups of elements depicted within the
display. Of course, the bindings 85 define the manner in which the graphic display 76
is tied to one or more entities or data elements defined elsewhere in the plant
environment and thus define an interface between the actual runtime eavironment 72
and the graphic display 76.

[0093] Once created, the composite shapes 74 and the graphic displays 76 may be
bound to and executed in the runtime environment 72 on, for example, any of the
workstations 20-23 of Fig 1. In particular, after a composite shape 74 or a graphic
display 76 is created as a class object and is stored mn the database 52, that element or
display may be instantiated as an actual runtime object and may be executed in the
runtime environment 72. As illustrated by the block 86, the instantiation process fills
in the bindings defined in the objects 74 and 76, which may be accomplished using
one or more resolution tables that may be loaded with proper variable names, tags,
aliases etc. within the process plant or process control system to provide a specific
connection between actual entities within the process plant and the graphic objects
running on a display device within the plant 10, As part of the binding process, the
objects 74 and 76 connect to data sources within the process plant as defined by the
resolution table, and thereby gain access to the plant so as to be logically and
communicatively connected to the process plant 10.

[0694]  As illustrated by the blocks 87, a composite shape 74 or a graphic display
76 can be executed in or as part of a number of different functions within the runtime
envirormment 72, including a configuration display, a control operator display, a
maintenance display and a simulation display, to name but a few. For example, any
of the displays may be used to resize or scale the composite shape 74 without
distortion. Additionally, the display objects 74 and 76 may be used to perform system
level functions, e.g., ones that use data from various ones of the functional levels
depicted in Fig. 2, including for example, predictive control or predictive maintenance
functions, system level error detection, diagnostics, ete. In fact, the displays 76, once
created in the configuration environment 70 and stored in the database 52 may be
used for a number of different activities in the runtime environment 72. Still further,

the display objects 74 and 76 may be executed on any desived display or computer
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hardware, such as a workstation 90, a laptop computer 91, a handheld device 92, like
a personal data assistant (PDA), a telephone device, etc., or any other specialty
display 93, such as a large screen display having multiple monitors, ete. If desired, a
single graphic display 76 may be layered t0 include one or more views, such as
configuration view, an operator view, a maintenance view and a simulation view.
Alternatively, separate graphic displays 76 may be configured to provide these
‘separate views using the same or similar composite shapes 81, to provide a consistent
look and feel across displays created for these various functions.

[0095]  As illustrated by the block 95, a composite shape 74, or a graphic display 76
may be copied or instantiated, and loaded onto the runtime machine to be ported to
the runtime environment 72. Generally speaking, it is desirable that the display object
74 or 76 be bound to the runtime environment 72 only when called wp or actually
execnted on a runtime machine, which is referred to herein as runtime binding. That
is, the resolution table for each of the instantiated objects is only filled in or bound to
the runtime environment when the display object is actually running or being
executed in a runtime computer. Thus, the display object is preferably only bound to
the runtime environment 72 when that object is actually running on a runtime
computer, which means that the display objects 74 and 76 may be intermittently
connected to the runtime environment 72 in a manner defined by the activities of the
users viewing the display created by these objects. In particular, these objects may be
bound to a runtime envitonment 72 at the times at which they are required to be
viewed, and may be unbound or released when not being viewed by a user, such as
when a user minimizes or closes a screen in which these objects are providing a
display.

[0096] The display objects 74 and 76 are thus objects which may be created in a
stand-alone environment, i.e., the configuration environment 70, but which may be
tied or connected with other objects or data structures defined within the process plant
environment or any application running within the process plant environment,
including, for example, objects, data structures, applications, ete. defined in any
control, simulation, maintenance, or configuration environment. Furthermore, once
created, the display objects 74 and 76 may be bound to physical or logical process

entities directly, via direct references, variables or tags defined in a resolution table, or
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indirectly through the use of alias naines, variables and parameters, which may be
resolved either when the display object 74 or 76 is downloaded or instantiated within
the a runtime environment 72, or in some cases, when the display object 74 or 76 is
actually running within the runtime environment 72.

[0097] The display editor 50 of Fig. 3 may enable the composite shapes 74 and
graphic displays 76 to be created at various levels of detail at configuration time, to
enhance their ease of use and their versatility. For example, composite shapes 74 may
be created first to define the properties and operations of more primitive physical and
logical entities. Graphic displays 76 may be created by Interconnecting one or more
composite shapes 74 to create higher level or more complicated displays depicting
more complicated physical or logical entities, or groups of physical or logical entities.
Of course, both composite shapes 74 and graphical displays 76 may be stored and
accessed in various different categories to make the creation of higher level display
objects easier for the user,

{0098} Figs. 4a and 4b illustrate one example of resizing composite shapes using a
typical display editor 50 at configuration time, or when resizing one or more of the
displays 87 at runtime and Fig. 4¢ iliustrates one example of resizing a composite
shape while employing scaling parameters, baseline or unscaled parameters, and
scaling factors during a resizing action, as explained in detail below. As shownin
Fig. 4a, a composite shape 95 may be created at configuration time and displayed at
configuration time and runtime to include one or more sub-elements 96 including
basic shapes {triangles, rectangles, ellipses, etc.) and text elements. As described in
relation to Fig. 2 and Fig. 3, the sub-elements 96 may include one or more parameters
78 that determine the behavior of the sub-element within the display editor 50 at
configuration time and the display (e.g., a workstation, laptop, handheld, specialty
display, etc.) at runtime. Some parameters 78 may determine the behavior of the sub-
elements 96 during a resizing action at one or more of configuration time and runtime.
For example, a configuration time or runtime user may resize an instance of a
composite shape such as a feed tank, pump, reactor, etc., to indicate different
capabilities or capacities, or to emphasize the importance of a particular composite
shape within a display. Fig. 4b illustrates a result of a resizing action of a composite

shape 97 that that does not include sub-element resizing parameters or does not
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consider sub-element resizing parameters during a resizing action. As shown in Fig.
4b, a resizing action on a composite shape within a typical editor may apply the
degree to which a composite shape is resized equally to the entire composite shape,
resulting in undesirable distoriions. Particularly, if the resizing is applied
indiscriminately to all sub-element parameters of the entire composite shape 97 (e.g.,
a text font size, a rectangle height and width, etc.) without accounting for sub-element
resizing parameters or if the composite shape 97 does not include resizing parameters,
text may distort and appear stretched or narrow 98, edges may appear thicker or
thinner 99, some comers niay appear to lose contour, or other distortions may appear
in a resized composite shape 97. However, if, scaling parameters are defined for cach
sub-element 90 during configuration time and a resizing action at configuration time
or runtime accounts for the scaling parameters during resizing of the composite shape
93, as shown in Fig, 4c¢, the distortions shown in Fig, 4b may be avoided in a resized,
scaled composite shape 100

[0699] Fig. Sa illustrates an example screen display of a graphic editor112 that may
be created by the display editor SO and used to apply or modify one or more scaling
parameters to control the behavior of a composite shape during a resizing action at
configuration time. The editor 112, which is depicted in the process of creating a tank
composite shape that may eventually be used in a graphic display depicting, for
exarmple, a reactor portion of a process plant (Figs. 5b and Sc), includes a main edit
section 114, a pallet view 116, an element hierarchy section 118, and a parameter
definition section 12Q. The main edit section 114 provides a working space for the
user or designer to define or create a composite shape and thus to define the visual
properties of the composite shape, in this case a tank, and also to arrange and
configure the composite shapes into graphical displays, such as a reactor (Fig. Sb and
5¢). Generally speaking, the composite shape 122a created by the element editor 50
may be made up of one or more sub-elements 123 or various shapes that are placed or
grouped together in a defined manner. The sub-elements may also be composite
shapes such that a single composite shape may include one or more “nested”
composite shapes as sub-elements. For example, composite shapes may include
circles, lines, points, polygons, squares, rectangles, triangies, or other graphic shapes

as sub-elements. The tank composite shape 122a of the reactor graphic display
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depicted in Fig. 5a is one example of a composite shape as it inc ludes multipte sub-
elements 123. As described above, one or more of the sub-elements may be a
composite shape, for example, an “Agitator” sub-element of a “Tank’ composite
shape may be made up of several sub-elements that each inclade one or more scaling
parameters, but may include a single set of scaling parameters for the nested
composite shape. When defined in this mannet, separate actions or animations may
also be applied to or associated with each of the different shapes making up a
composite shape 122a. Of courss, composite shapes may include more elaborate
artistic renditions of elements. To define or build up 2 composite shape, a user Of
designer may add any number of suh-elements or other composite shapes to the main
edit section 114 and group these together i any desired manner.
{00100] The composite shapes may include a number of parameters that may be
defined during configuration time (i.e., creation of the composite shape) that are
depicted in Fig. Sa. In some embodiments, the parameters may be related to scaling
Hehaviors of the composite shapes. For example, scaling parameters may define or
control what, if any, effect a resizing action may have on the sub-elemuents of the
composite shapes, as further explained berein. Once created, composite shapes define
the graphical representation for an actual object, which might be implemented in the
runtime as an XAML or WPF object, that will be displayed on a screen or display
when the composite shape 1s used | in a runtime environment. The shapes ot sub-
clements 123 making up the composite shape may be illustrated in a composite shape
thierarchy in the hierarchy section 118. In the configuration time environment
illustrated in Fig, Sa, a user may associate and define various scaling parameters, as
described below, with each sub-element of the composite shape.
{00101]  In the editor 112, the pallet view 116 includes a number of basic elements
that can be used to create a composite shape 122a. For example, the pallet view 116
includes 2 set of basic Ul {user interface) elements, such as buttons, text boxes,
stiders, knobs, etc., a set of basic panels, and a set of basic shapes. The defined panels
may provide 4 container for various sub-elements and may impart one or more
configuration or rantime behaviors to the contained sub-elements. Yor example, the
various panels may include a scaling canvas panel 124 that includes the functions of
the canvas panel with the additional function of being able to resize a composite shape
230 -
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122a without distortion of it sub-elements. In some embodiments, the Scaling Canvas
124 is a container object for one or more sub-elements that, collectively, comprise a
composite shape 122a. In other embodiments, the Scaling Canvas 124 is visually
represented in the editor 112 as an area or panel, such as the main edit section 114, or
a background of the composite shape 122a upon which one or more sub-elements 123
or the composite shape 122a may be placed for re-configuration, editing, or resizing.
The Scaling Canvas 124 may also be an extension of the Windows Presentation
Foundation (WPF) Canvas class. A composite shape 122a may be selected from the
pallet view 116 and dragged to the edit section 114. Still further, the sub~elements
and composite shapes in the pallet view {16 may include ISA (Instrument Society of
America) symbols, transmitter symbols, valve symbols, PI&D diagram symbols or
othier control symbols, etc. or any other desired shapes, all of which can be used to
build a composite shape.

[00102] The element hierarchy section 118 provides, using a hierarchical view or a
tree structure, the components associated with the shape 122a within the main edit
section 114. In the example of Fig. 5a, the hierarchy section 118 shows that the
composite shape 1224 being defined in the main edit section 114 includes sub-
clements or primitives 123 of a Rectangle and an Ellipse and well as a sub-element
that is a composite shape of an Agitator, and its ellipse and rectangle sub-elements
Of course, the sub-elements depicted in the hierarchy section 118 are for illustration
purposes only as the shape 122a illustrated in Fig. 5a includes more sub-elements than
shown. The hierarchy section 118 also provides an indication of the type of container
for the composite shape 122a, for example, a Scaling Canvas 124, that includes the
scaling and resizing capabilities as discussed herein. While not shown in Fig. 5a, the
hierarchy section 118 may include indications of animations, actions and other display
features, such as scripts, visual triggers, ete. defined for the shape 122a.

[60103] The parameter definition section 120, illustrates all of the parameters,
including intrinsic parameters, currently defined for the composite shape 122a shown
in the editor 112. Each sub-element 123 of the composite shape 122a or the Scaling
Canvas 124 may include various scaling parameters 126 that prevent distortion of the
sub-clement 123 during resizing of the composite shape 122a, as described herein.
During configuration, if the Rectangle sub-element of Fig. 5a is selected in-a
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composite shape 122a that inclades the Scaling Canvas 124 container, the parameter
definition sectiont 120 may llustrate one or more scaling parameters 126 of the
selected sub-element including a font size, edge width, comer radius, size (width and
height), and position (X and y coordinates). In one embodiment, the scaling
parameters include a naming convention to differentiate them from regular, non-
scaling parameters, For example, the scaling parameter names may include
FontSizeScaleMode, EdgeWidthScaleMode, ComerRadmsScaleMode,
SizeScaleMode, PositionScaleMode. The definition section may include one or more
baseline or unscaled parameters 128 such as a Height and Width, The scaling
parameters 126 may control how the sub-elements contained within the Scaling
Canvas 124 container of the composite shape 122a are scaled when the shape is re-
sized. Different sub-elements may have different scaling parameters. For example,
an Ellipse sub-element may include Size (height and width), and Position (x and y
coordinates) scaling while a Text sub-element may include Font Size scaling.
[06104] The Scaling Canvas 124 container or panel may interface with and
manipulate the scaling parameters 126 and baseline or unscaled parameters 128 that
are configured from the definition section 120. The configured scaling parameters
126, baseline/unscaled parameters 128, and logic of the scaling canvas container 124
may permit undistorted resizing of the composite shape 122a in both a configuration
environment {as illustrated in Figs. Sa, 5b, and 5¢) and a runtime environment {as
illustrated in Figs. 64, 6b, and 6¢). For example, at configuration time when a user is
creating the various composite shapes 122a to be stored in a composite shape library,
or creating a graphic display including one or more compuosite shapes, the user may
configure the one or more scaling parameters 126 so that a resizing action will change
the dimensions of a shape without distortion to produce an accurate representation of
a process control plant. Also, when user opens and uses a operator display at runtime,
the user or operator may customize or adjust the display by moving a slider bar or
resizing a window including the display, thus resizing its composite shapes.

[06105] In one embodiment, the logic of the scaling canvas container 124
determines a scaling factor from the baseline/unscaled parameters 128 and scaling
parameters 126 and applies the factor to each sub-element of a composite shape that

includes a scaling parameter 126 corresponding to a changed characteristic or
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dimension during a resizing action. For example, it the composite shape 122a is
resized in a horizontal, length, or X dimension, then the logic may determine a
horizontal, length, or X-dimension scaling factor, and if the composite shape 122a is
resized in a vertical, height, or Y dimension, then the logic may determine a vertical,
height, or Y-dimension scaling factor. In another embodiment, the Scaling Canvas
includes logic to implement the scaling parameters as attached properties at
configuration time and runtime, as further described herein. Regardless of whether
the resizing action oceurg at configuration time or runtime, the Scaling Canvas may
adjust the sub-elements” size directly during a resizing action to prevent any distortion
or unwanted resizing of fonts, borders, and other characteristics,

{00106] Resizing a composite shape 122a may, essentially, replace a value of the
unscaled or baseline parameters 128 with a scaled parameter to reflect the shape’s
changed size. The Scaling Canvas may then refer to the stored baseline values 128 to
determine how much the resizing action changed the baseline parameter 128, Further.
when the shape 122a or sub-element 123 within a Scaling Canvas container 124 1s
selected from the pallet view 116, placed on an operator display and resized, the new
“unscaled” parameters {e.g., size, position, height, width, etc.) may be stored as a
starting point for any future resizing action as applied to the entire composite shape
1224,

[00107]  Once the baseline parameters 128 are stored and the scaling parameters
126 are set at configuration time as illustrated in Fig. Sa, the configured composite
shape may be stored in a composite shape library for use at configuration time when
configuring the composite shapes 122 and graphical displays 144 (Fig. 5b and 5¢),
and at runtime within a graphic display 150, as depicted in Figs. 6a, 6b, and 6¢. For
example, Fig. 5b illustrates configuration of a “Reactor-1” graphic display 144 that
includes the composite shape “Tank1™ as configured within the editor depicted by
Fig. 5a, and another camposite shape of “Storagel.” As previously described, the
Scaling Canvas container 124 includes logic to compute the scaling factor 146 that,
once a resizing action oceurs, may be applied to each sub-element 123 that includes a
scaling parameter 126, The scaling factor 146 may be a ratio of one or more resized
dimensions of a resized composite shape 122b (Fig. 5b) to ene or more corresponding

baseline or unscaled parameters 128 of the sub-elements. For example, where the
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composite shape 122a contained within the Scaling Canvas is resized to a height of
two hundred, and the original, baseline height of the sub-element within the Scaling
Canvas-contained composite shape 122a is one hundred, the resulting scaling factor is
(two hundred + one hundred) two. Therefore, if the sub~element does not include a
scaling parameter, or if the sub-eleinent includes a scaling parameter that allows the
sub-element to be resized, the baseline/unscaled value of that sub-element is changed
by a factor of two. However, if the sub-element includes a scaling parameter that
does ot allow the sub-element to be resized, the baseline/unscaled value of that sub-
element will not change. The resizing action may iterate through the children of the
composite shape 122b (i.e., the remaining sub-elements) to apply the scaling factor(s)
146 to each sub-element 123 to create an undistorted, resized rendering of the original
composite shape.
[00108] The scaling parameters 126 that may be configured at configuration time
control how the scaling factors 146 are applied to the configured sub-elements during
the resizing action described above. For example:
® A Font Size Scale Mode parameter may control whether or not the
font size scales with the shape. The Font Size Scale Mode parameter
may be applied to text-based shapes (e.g., a Text abject sub-element or
the DataStamper in the DeltaV¥™ environment) to prevent unwanted
stretching or other distortions during resizing of the composite shape
122a. The value of the Font Size Scale Mode parameter may be one of
“scale” or “none.” The font size of the Text object sub-element may
scale on the smaller x or y scale factor to prevent distortion.
s An Edge Width Scale Mode parameter may control if the edge of a
shape 74 scales with other portions of the shape 74 during resizing.
The value of the Edge Width Scale Mode parameter may be oneof
“scale”™ or “nene.” The Edge Width Scale Mode parameter may
control if the edge width scales with the smaller of x or y scale.
@ A Comer Radius Scale Mode parameter may control if the radius of a
composite shape corner changes with the rest of the shape 74 or
remains unchanged daring resizing. The Corer Radius Scale Mode

parameter may be applied to sub-elements that include a corner radius
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such as a Rectangle, a Polyling, and a Polygon, The value of the
Comer Radius Scale Mode parameter may be none, x, v, and x.and v.
For example, a value of “none” may indicate that the corner radius of
the sub-element may not scale based on the X and y scaling factors.
The value of “x” may indicate that the corner radius of the sub-element
may adjust the “x” dimension of the comner radius proportionately to
the “x™ scaling factor, while a value of “y” may indicate that the corner
radius of the sub-element may adjust the “y” dimension of the comer
radius proportionately to the “y” scaling factor. The value of *x and y”
may indicate that the corner radius of the sub-element may adjust both
the x and y dimensions of the corner radius proportionately to the x
and y sealing factors.

A Size Scale Mode parameter may control if the width and height of
the sub-element will scale proportionately to the rest of the composite
shape 122a during resizing. For example, this parameter may control
if the defined width and height of the sub-element will scale
proportionately to the Scaling Canvas container X and Y scaling
factors. The parameter may include a value of None, Width, Height,
and Width and Height. A value of “None” may indicate that the
defined width and height will not scale based on the x and v scale
factor. “Width” may specify that the sub-element antomatically
adjusts the width proportionately to the x scale factor, while “Height”
may specify that the sub-element automatically adjusts the height
proportionately to the y scale factor. “Width and Height™ may indicate
that the sub-element automatically adjusts the width and height
proportionately to both the x and y scale factors.

A Position Scale Mode parameter may control if the position of the
sub-element is focked or if the sub-glement will move refative to other
sub-elements during resizing of the composite shape 122a. For
example, the x and y coordinate position of the sub-¢lement may scale
proportionately to the Scaling Canvas ¢ontainer or may be locked in
their respective positions. The parameter may include values of None,
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X, Y, and X and Y. A value of None may indicate that the x and y
positions of the sub-element will not scale based on the x and y scaling
factors. A value of X or Y may specify that the sub-clement
automatically adjusts the x or y position proportionately to the x or'y
scale factor, respectively. A value of X and Y may specify that the
sub-element avtomatically adjusts the < and y position proportionately
to both the x and y scale factors.
{00109]  The user or designer could add other parameters to the composite shape
and the compostie shape sub-elements by defining the names, types and bindings of
other variables, parameters, etc. within the parameter definition section 120 to thereby
define other aspects of the composite shape 122a. The scaling parameters 126 may
include any of the selections described above as well as numerical valaes for other
settings. Thus, for example, the parameters could also be arrays, tables, enumerated
lists or any other types of variables or data structures.
[00110] After a resizing action, as illustrated in Fig. Sb, some portions of the tank
composite shape 122b are increased in height by the scaling factor, while others are
not. For example, the size of an inlet sub-element 130a and an outlet sub element
132a of the tank composite shape 122a (Fig. Sa) remains unchanged at Fig. Sb. Also,
while an overall position of the inlet and outlet sub-clements changes from shape
122a to shape 122b, the relative position of these sub-elements as being In the middie
of the tank shape does not change. In this embodiment, both the inlet and outlet sub-
elements include at least a Size and a Position scaling parameter that determines the
sub-element’s behavior upon resizing. For example, the Size scaling parameter may
be set to “None” while the Position scaling parameter may be set to “X and Y™ or
“Y.” Thus, in the above example, the scaling factor of two for the change in height
(i.e., the Y dimension) would be applied the position, but not the size of the inlet and
outlet sub-eclements. The various other sub-elements of the tank composite shape
122a may include scaling parameters 126, as described above, and the Scaling Canvas
124 may wholly or partially apply the scaling factor fo these sub-elements, as well.
[00111] Of course, the tank composite shape 122a may be resized at configuration
time within a graphic display 144 in a variety of dimensions {e.g., the widih, length,

or X dimension, as illustrated in Fig. 5¢). As previously described, the Scaling
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Canvas 124 may compare the unscaled width of the resized tank composite shape
122¢ to the definition width to calculate a scaling factor. The Scaling Canvas 124
may then iterate through the composite shape sub-elements and apply the width
scaling factor to those sub-clements that include a width scaling parameter. For
example, the Size scaling parameter may be set to “None” while the Position scaling
parameter may be set to “X and Y7 or “X” for the inlet and outlet sub-clements In
this example, the scaling factor of two for the change in width (i.e., the X dimension}
would be applied the position, but not the size of the inlet and outlet sub-elements
130c, 132¢. The various other sub-glements of the fank composite shape 122¢ may
include scaling parameters 126, as described above, and the Scaling Canvas 124 may
wholly or partially apply the scaling factor o these sub-elements, as well.

[00112] Any of the composite shapes may also include animations and/or actions
and event handler scripts associated therewith, and such animations or actions may be
shown in a action/animation view 134 of the editor 112. When a composite shape
includes animations or actions, these animations or actions may be indicated in the
hierarchy 118 with special symbols such as stars, cte. When selected in the hierarchy
view 118, any actions or animations defined for a composite shape or a sub-element
of a shape will be shown in the action/animation view 134, Actions or animations
may be created and assigned by defining such actions or animations in the view 134
or by adding such actions or animations to the hierarchy view 118, When a user
wishes to create or edit an action or animation, the editor SGmay provide a dialog or
edit box to allow this feature to be fully specified or defined. The actions or
animations may also be bound to the Scaling Canvas 124 to allow resizing without
distortion at both configwration and runtime, as herein described. Of course, actions
or animations may be defined using scripts, visval triggers or other programs. In
some embodiments, the actions, animations, and event handler scripts do not account
for the scaling functions as described herein. Rather, the scaling may be applied to
the shape after execution of an animation, action, or event handier script, thus
simplifying the user’s experience.

[06113}] In other embodiments, the scaling parameters 126 may be included as part
of each sub-element’s definition to create a common framework for all composite

shapes. For example, one or more base classes for each shape or sub-element may

-37 -



contain the common parameters of the shapes (i.e., name, x and y positions, height,
width, rotation, etc.), as well as the scaling parameters 126. In this embodiment, the
Scaling Canvas 124 is dependent on the common framework because the Scaling
Canvas includes access to the scaling parameters 126 and knowledge of the particular
parameters to modify for scaling the composite shape 122a without distortion. In
other embodiments, the scaling parameters 126 are included as parameters of the
Scaling Canvas 124. For example, the Scaling Canvas 124 may implement one or
more attached parameters {¢.g., X Dimension, Y Dimension, £ Dimension, Width,
Height, Corner Radius X, Corner Radius Y, Corner Radius Z, Font Size, Edge Width,
etc.). In this embodiment, native parameters of the sub-elements 123 (e.g., X, Y.
Width, Height, etc.) are bound to the attached parameters of the Scaling Canvas 124,
It a further embodiment, both the sub-elements 123 and the Scaling Canvag 124
include the pne or more scaling parameters 126 and the Scaling Canvas 124 may
apply its attached parameters, including any scaling parameters 126, unless explicitly
overridden by a sub-element parameter. Regardless of the whether the scaling
parameters 126 are attached lo the sub-elements 123, the Scaling Canvas 124, or both,
the Scaling Canvas may use these parameters to correctly scale its contained child
sub-elements 123,

[00114] Fach scaling and definition parameter 126, 128 may also include a number
of values and settings that are used when resizing a compesite shape 122a, In some
embodiments, the composite shape 122a implements an interface to allow the Scaling
Canvas to access the scaling parameters 126, This approach means that the composite
shape and each sub-element contains ifs scaling logic. By including the interface and
Scaling Canvas, dependencies of the Scaling Canvas to the shapes may be reduced as
the Scaling Canvas need not be aware of any of the scaling parameters 126. Reducing
the Scaling Canvas dependencies is different from the WPF pattern of Panels, wherein
the logic for displaying the elements contained by the Panel is always defined in the
Panel itself. For cach definition parameter 128, for example, a baseline/unscaled
height value 130 and a baseline/unscaled width value 132 may be assigned to the sub-
element upon its creation. For each scaling parameter 126, one or more values ot
setfings may be assigned depending on the desired behavior of the object during
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[00115]  Figs. 64, 6b, and 6¢ llustrate example screen displays created by the
graphic editor 112 of Figs. 5a, 5b, and 5c and used at runtime within one or more of
the displays 87 (Fig. 3), for example, a configuration display, a control operator
display, a maintenance display and a simulation display, to name but a few. Inone
embodiment, a graphical display 150 of Figs. 6a, 6b; and 6¢ may include one
representation of a portion of an area 152 or other portion of a process control plant.
For example, the graphic display 150 may include a runtime illustration of'a Reactor
area of a process control plant within a display 87 of an operator workstation 37 (Fig.
1). The area 152 may include the previously-confipured illustrations of a tank 154a, a
storage arca 156, various inlets 158 and outlets 160, pipes 162, valves, fittings, etc.,
that represent the physical portions of the Reactorarea. As previously described, the
various shapes within the area 152 may be nested.

[60116] The runtime shapes may include the scaling parameters that determine how
the shapes will behave upon aruntime user executing a resizing action, as described
‘herein in refation to Figs. 5a, 5b, and 5¢. For example, scaling parameters may define
or control what, if any, effect the resizing action may have on the sub-elements of the
composite shapes, as further explained herein. In some embodiments, the previously
described configured scaling parameters are bound to the configured composite shape
at runtime.

{00117} At runtime, a resizing action may include the user or operator customizing
the display by moving a slider bar or resizing a window including the display, thus
resizing its composite shapes. Upon initiating a resizing action, the logic of the
scaling canvas container that is included in the runtime illustration of the configured
composite shape may determine a scaling factor from the baseline/unscaled
parameters and scaling parameters that were configured at configuration time. The
factor is then applied to gach sub-element of a compesite shape that includes a scaling
parameter corresponding to a changed characteristic or dimension during a resizing
action. For example, if the window or display 150 is resized in a horizontal, length, or
X dimension, then the logic inay determine a horizontal, length, or X-dimension
scaling factor, and if the composite shape 122a is resized in a vertical, height, or'Y
dimension, then the logic may determine a vertical, height, or Y-dimension scaling

factor, as previously described. The Scaling Canvas container may also include lagic
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to implement the scaling parameters as attached properties at runtime. The resizing
action may iterate through the children of the composite shape (i.e., the remaining
sub-elements) to apply the scaling factor(s) to each sub-element to create an
undistorted, resized rendering of the original composite shape 154a.

[00118]  With reference to Fig. 6b, a runtime resizing action may include increasing
the height of a window including a graphic display 150. After the resizing action, as
illustrated in Fig. 6b, some sub~elements of the composite shapes within the “Reactor-
" area 152 of the display 150 are increased in height by the scaling factor that was
set at configuration time, while others are not. For example, the size of a storage area
156b, an inlet sub-element 158b, and an outlet sub element 160b were configured to
remain unchanged upon executing a resizing action at runtime, as illustrated in Fig.
6b. Also, while an overall position of the inlet and outlet sub-elements on the tank
changes from shape 154a to shape 154b, the relative position of these sub-clements as
being in the middle of the tank shape does not change. As previously described, both
the inlet and outlet sub-elements were configured to include at feast a Size and 2
Position scaling parameter that determines the sub-element’s behavior upon resizing.
For example, the Size scaling parameter may have been set to “None” while the
Position scaling parameter may have been set to “X and Y~ or *Y.” Thus, in the
above example, the scaling factor of two for the change 1o height (ie., the Y
dimension) would be applied the position, but not the size of the inlet and outlet sub-
elements. Likewise, the scaling parameters, if any, of the storage arca 156a
composite shape may have been set to reflect no changes upon executing a runtime
resizing action,

[00119] Of course, the display 150 may be resized in a variety of dimensions (e.g.,
the width, length, or X dimension, as illustrated in Fig. 6¢). Aspreviousty described,
upon executing a resizing action, the unscaled widths of each composite shape within
the display 150 may be compared to the definition widths to calculate a scaling factor
for cach sub-clement that was previously configured to include a scaling parameter.
For example, with reference to Fig. Sc, a width scaling factor may be applied
iteratively to those composite shape sub-elements that include a width scaling
parameter (e.g., the tank 154c¢ composite shape and sub-clements). In this example,

the scaling factor of two for the change in width (i.e., the X dimension) would be
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applied the position, but not the size of the inlet and outlet sub-elements 158¢, 160c¢.
The various other composite shapes and associated sub-elements of the display 130
may include scaling parameters, as described above, and the scaling factor may
wholly or partially be applied to these composite shapes and sub-elements, as well.
[00120] With reference to Figs Sa-Sc, Figs. 6a-6¢, and Fig. 7, a method 175 may
describe one or more routines to resize a composite shape 122a without distortion in
both a configuration time and runtime environment. The method 175 may be
employed during configuration of one or more graphic displays as depicted in Figs.
Sa, 5b, and Sc, or in a runtime environment as depicted in Figs. 6a, 6b, and 6c. For
example, at configuration time when a user is creafing an operator displ ay and
configuring various composite shapes 122a within & graphic editor 112, the method
150 may resize a shape without distortion to produce an accurate representation ef a
process control plant. Also, at rontime when an operator 1s manipulating an operator
display 150 at a workstation of the process control plant, the operator may resize the
operator display, or resize various portions of the operator display for personal
customization, and the method 150 may resize the composite shapes in the runtime
environment. Generally, routines 156-166 described below may occur dunng a
resizing action while positioning composite shapes on a graphic display at
configuration time and during a resizing action while an operator 1s viewing the
graphic display at runtime.

{00121} At routine 176, the method 175 may configure one or more scaling
parameters 126 for a sub-element 123 of a composite shape 122a. As previously
described, the scaling parameters 126 may define one or more characteristics of a sub-
element that may be modified during a resizing action performed on a corresponding
composite shape, The scaling parameters 126 may include any characteristic of the
sub-element or the composite shape that may be changed by a tesizing action {e.g.,
one or more of a position, a size, an edge width, a font size, a comer radius, ete.). For
example, configuration of a scaling parameter may include setting a scaling parameter
ta restrict an X-dimension position of a sub-element during resizing of an associated
composite shape’s width (i.e., x-dimension) or locking a font size of a text object sub-~
element while anchoring the object to a region or portion of the composite shape. Of

course, many other configurations are possible, including allowing a rectangle to
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increase or decrease in one dimension during resizing while restricting its resizing in
another dimension, allowing a comer radius of a triangle to resize in an x-dimension,
but not in a y-dimension, etc. The one or more scaling parameters 126 may be bound
to the one or more sub-elements 123 such that the scaling parameters 126 are also
implemented at runtime. As previously described, one or more of the scaling
parameters and the scaling logic may be included with the sub-clements themselves
(i.e., 2 common framework for all shapes), or may be incorporated into the Scaling
Canvas (1.e,, the scaling parameters are included as attached properties of the Scaling
Canvas). Regardless, the Scaling Canvas does not need to be aware of the scaling
parameters associated with each specific shape or sub-element.

[00122]  Atroutine 178,a user, application, or other entity may configure a
composite shape. The composite shape may be placed on or contained within a
Scaling Canvas 124, as previously described. For example, as a composite shape is
being created, one or more sub-¢lements may be placed within a Scaling Canvas
container, These sub-elements may be resized and positioned within the Scaling
Canvas as desired by the user, Once the size, position, and other parameters of the
sub-element are finalized within the Scaling Canvas container, the method 175 may
retrieve and store the baseline or “unscaled” parameters at routine 180. These
unscaled parameters may be used as the basis for computing new dimensions of a
composite shape during a later resizing action.

{00123] At routine 182, the method 175 may compute one or more scaling factors
for the composite shape. Inone embodiment, the scaling factor is a ratio of an
anscaled parameter (as stored at routine 180) to a value of a composite shape’s
defined parameter. For example, as the compeosite shape 122a 1s resized, the scaling
canvas will be changed by a factor in one or more dimensions. Thus, if the composite
shape is doubled in size in a Y dimension, then the scaling factor for that resizing
action will be two. Of course, the scaling factors may be calculated for any resized
dimension of the composite shape (e.g., an X dimension, a Z dimension, etc.).
[00124] At routine 184, the method 175 may iterate to each sub-element of the
composite shape in preparation of applying the scaling factor computed at routine
182. In some embodiments, the method 175 may iterate to each sub-element of the

composite shape. For example, the method 175 may determine whether or not the
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sub-clement includes a scaling parameter at routine 186. In other embodiments, the
method 175 may only jterate to those sub-elements that include one or more of the
scaling parameters, as previously discussed. For example, the method 175 may
determine which of the composite shape’s sub-elements include a scaling parameter
before iterating to a sub-clement or before another of the previously-described
routines. Regardless of when the method 175 determines whether a sub-element
includes one or more scaling parameters, the method 175 may scale the sub-element
at routine 188, In some embodiments, the method scales the sub-element by applying
the scaling factor to the unscaled dimension that corresponds to the resizing
dimension of the composite shape. For example, if the method 175 computed a
scaling factor of two at routine 182 fora resizing in an X dimension, the sub-element
included an unscaled X dimension of one hundred and a scaling parameter that
permitted the resizing in the X dimension, then the scaled value of the X dimeusion
for the sub-element would be two hundred. If, however, the sub-element did not
include a scaling parameter or included a scaling parameter that did not permit
resizing in the X dimension, then the method 175 may not resize the sub-element at
routine 190. If the sub-element does not include a scaling parameter, the method 175
may proceed fo routine 190.

[60125]  Atroutine 190, the method 175 may determine whether or not the
composite shape includes one or more sub-elements that have not been scaled. In
some embodiments, the method 175 may include only those sub-elements that also
include a scaling parameter in the determination of whether oue or more sub-elements
have been scaled at routine 190. In other embodiments, the method 175 may include
all sub-elements or one or more other subsets of the sub-elements in the determination
at routing 190, If there are no sub-elements that have not been scaled 188 or are
otherwise remaining to be checked or resized by the method, then the method may
end. If more sub-elements remain, then the method may retum to routine 184 to re-
iterate the previously-described routines.

[00126] When implemented, any of the software described herein may be stored in
any computer readable memory such as on a magnetic disk, a laser disk, or other
storage medium, in a RAM or ROM of a computer or processor, ete. Likewise, this

software may be delivered to a user, a process plant or an operator workstation using
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anty known or desired delivery method including, for example, on a computer readable
disk or other transportable computer storage mechanism or over a communication
channel such as a telephone line, the Internet, the World Wide Web, any other Tocal
arca network or wide area network, ete. (which delivery is viewed as being the same
as or interchangeable with providing such software via a transportable storage
medium). Furthermore, this software may be provided divectly without modulation or
encryption or may be modulated and/or encrypted using any suitable modulation
carrier wave and/or encryption technique before being transmitted over a
comimunication channel.

[00127] 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 skili in the art that changes,
additions or deletions may be made to the disclosed embodiments without departing
from the spirit and scope of the invention,

[00128] In the present specification "comprise” means "includes or consists of” and
"comprising” means "including or consisting of™,

[00129] The features disclosed in the foregoing description, or the foliowing
claims, or the accompanying drawings, expressed in their specific forms or in terms of
a means for performing the disclosed function, or 2 method or process for attaining
the disclosed result, as appropriate, may, separately, or in any combination of such

features, be utilised for realising the invention in diverse forms thereo £
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Claims

What is claimed is:

1. A computer program comprising a computer-readable medium having
a computer-readable program code embodied therein, the computer-readable program
code adapted to be executed to implement a method for scaling composite shapes for
an operator display in a process control system for use in a process plant, the method
comprising:

displaying a composite shape that graphically illustrates an entity within the
process plant, the composite shape including one or more sub-glements, each sub-
element including one or mere unscaled parameters, each unscaled parameter
including one or more scaling parameters, wherein each scaling parameter defines a
resizing behavior of a corresponding sub-element;

resizing the composite shape in one or more dimensions;

calculating a scaling factor for each resized dimension; and

applying one or more scaling factors to each unscaled parameter associated

with a scaling parameter.

2. The program of claim 1, wherein a sub-element includes a scaling
parameter.
3. The program of ¢laim 1 or claim 2, wherein displaying the composite

shape includes displaying the one or more sub-elements within a scaling canvas.

4. The program of claim 3, wherein resizing the composite shape in one
or more dimensions includes resizing the scaling canvas that contains the one or more
sib-elements.

5. The program of claim 3 or claim 4, wherein the scaling canvas
includes an extension of a Windows Presentation Foundation class.

6. The program of claim 4, wherein the class includes a Canvas class.

7. The program of any one of claims 3 to 6, wherein the scaling factor
includes a ratio of one or more resized dimensions of the scaling canvas to one or
more corresponding unscaled parameters.

8. The program of any one of the preceding ¢laims, wherein each scaling

parameter controls a scaling behavior of a corresponding sub-element.



9. The program of any one of the preceding claims, wherein the one or
more unscaled parameters includes one or more of"a font size, an edge width, a corner
radins, a width, a height, and a position.

10, The program of anty one of the preceding claims, wherein the one or
more unscaled parameters includes a baseline value for applying a scaling parameter,

11. The program of any one of the preceding claims, wherein the scaling
canvas includes the one or more scaling parameters.

12. The program of any one of the preceding claims, wherein one or more
of the composite shapes and sub-clements includes the one or more scaling
parameters.

13.  The program of any one of the preceding claims, further comprising, at
configuration time, configuring each composite shape and scaling parameter and, at
runtime, binding each configured composite shape to a configired scaling parameter.

14.  The program of any one of the preceding claims, wherein resizing the
composite shape in one or more dimensions occurs at one or more of a configuration
time and a runtime.

15, The program of any one of the preceding claims, wherein calculating
the scaling factor for each resized dimension occurs at one or more of a configuration
time and a runtime.

16.  The program of any one of the preceding claims, wherein applying one
or more scaling factors to each unscaled parameter occurs at one or more of a
configuration time and a runtime.

17, A graphic display editor for use in a process plant to resize one or more
composite shapes that represent one or more of an operation and an entity within the
process plant, the graphic display editor comprising:

a library of composite shapes, wherein each of the composite shapes includes
a different visual representation of a physical or a logical entity within the process
control plant, the composite shape including one or more sub-clements;

a graphically based editor canvas routine that enables a user to define an
exccutable graphic display by placing indications of one or more composite graphic
objects from the library of composite graphic objects onto an edit canvas to define a

manner in which visual representations of the one or more composite graphic objects
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will be displayed on a display device to a user during execution of the graphic display,
wherein the graphically based editor canvas routine enables the user to control a scale
behavior of each of the component objects of the composite graphic object;

a scaling canvas routing that enables the user to associate one or more scaling
parameters with one or more sub-elements of a composite shape, wherein each sub-
element of the composite shape is contained within a scaling canvas object and each
scaling parameter defines a scaling behavior of a sub-element associated with the
compuosite shape; and

a composite shape resizing routine that enables the user to modify one or more
dimensions of the composite shape within the editor canvas, wherein the modification
is applied to one or more sub-elements of the composite shape according to the
asspciated scaling parameter.

18.  The graphic display object of claim 17, wherein each of the composite
shapes includes the one or more scaling parameters.

19,  The graphic display object of claim 17 orclaim 18, wherein the scaling
canvas object includes the one or more one or more scaling parameters.

20.  The graphic display object of any one of elaims 17 to 19, wherein each
sub element of the scaling canvas object inciudes the one or more one or more scaling
parameters,

21, The graphic display editor of any one of claims 17 to 20, wherein the
scaling behavior of each of the sub-elements defines a degree to which the
modification is applied to a corresponding dimension of a sub-clement.

22.  The graphic display editor of any one of claims 17 to 21, wherein the
one or more scaling parameters include one or more of a text font, a sub-element
border thickness, a position of the sub-element within the composite shape, a size of
the sub-element, and a comer radius of the sub-elemet.

23, The graphic display editor of any one of claims 17 to 22, wherein the
scaling parameter eliminates distortion of the one or more sub-elements upon
execution of the composite shape resizing routine.

24, The graphic display editor of any one of claims 17 to 23, wherein the

scaling parameter enables a text box sub-clement of the composite shape to remain a
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conststent font size and position relative to one or more other sub-elements of the
composite shape during execution of the composite shape resizing routine.

25.  The graphic display editor of any one of claims 17 to 24, wherein the
scaling parameter enables a sub-element border thickness of the composite shape to
remain & consistent thickness and position relative to one or more other sub-elements
of the composite shape during execution of the composite shape resizing routine.

26.  'The graphic display editor of any one of claims 17 to 25, wherein the
composite shape resizing routine enables the scaling canvas object to calculate a
scaling factor that includes a ratio of one or more resized dimensions of the scaling
canvas to one or more corresponding unscaled parameters.

27.  The graphic display editor of claim 26, wherein the one or more
corresponding unscaled parameters include one or more original parameters of the
composite shape including one or more of a text object font size, a sub-element edge
width, a sub-element corner radius, a sub-element width, a sub-element height, and a
sub-element position relative to one or more other sub-elements of the composite
shape.

28.  The graphic display editor of claim 26 or ¢laim 27, wherein the
compoasite shape resizing routine further enables the scaling canvas object to apply the
scaling factor to one or more dimensions of one or more sub-clements of the
composite shape and each of the one or more sub-elements includes one or more
scaling parameters.

29. A computer system foruse in a process control plant including a
memory for storing computer-executable instructions, a processor for executing the
instractions, and a display for displaying one or more composite shapes in a graphical
representation of the process control plant, each coniposite shape representing one or
more of an operation and an entity within the process plant, the system comprising:

a database including one or more composite shapes including one or more sub-
elements within a scaling canvas object, wherein each sub-element includes one or
more unscaled parameters; and

a graphical human-machine interface for displaying the graphical
representation of the process plant, the interface including a composite shape resizing

module having computer-executable instructions for:
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configuring, at configuration time, the one or more composite shapes
including the one or more scaling parameters and, at runtime, binding each
configured composite shape to a configured scaling parameter, wherein each
scaling parameter defines a resizing behavior of a corresponding sub-element
of a composite shape;

displaying a resized scaling canvas object of the composite shape, the
resized scaling canvas object including one or more changed dimensions;

calculating a scaling factor for each changed dimension, wherein the
scaling factor includes a ratio of one or more changed dimensions of the
scaling canvas object to one or more corresponding unscaled parameters; and

applying one or more scaling factors to cach unscaled parameter of
each sub-element that includes a scaling parameter.

30.  The computer system of claim 29, wherein the scaling canvas object
includes an extension of a Windows Presentation Foundation Canvas class.

31. The computer system of claim 29 or claim 30, wherein the composite
shape resizing module further includes computer-executable instructions for
controlling a scaling behavior of a corresponding sub-element of the composite shape.

32, The computer system of any one of claims 29 to 31, wherein the one or
more unscaled parameters includes one or more baseline values corresponding to one
or more dimensions of each sub-clement.

33.  The computer system of any one of claims 29 to 32, wherein the one or
more scaling parameters include one or more of a text object font size, a sub-clement
edge width, a sub-element comner radius, a sub-element width, a sub-element height,
and a sub-element position relative to one or more other sub-elements of the
composite shape.

34,  The computer system of any one of claims 28 to 33, wherein the
composite shape resizing module includes computer-executable instructions for
applying the one or more scaling factors at one or more of a configuration time and a
runtime.

35, The computer system of any one of claims 29 to 34, wherein the

scaling canvas object includes the one or more scaling parameters.

- 49 -



36.  The computer system of any one of claims 29 to 35, wherein a sub-
element of the scaling canvas object includes the one or more one or more scaling
parameters.

37.  The computer system of any one of clainis 29 to 36, wherein the sub-
elements of the composite shapes include the one or more scaling parameters.

38. The computer system of any one of claims 29 to 37, wherein
displaying the resized scaling canvas object of the composite shape occurs at one or
more of a configuration time and a mntime.

39.  The computer program of any one of claims 29 to 38, wherein
calcnlating the scaling factor for each changed dimension occurs at one or more of a
configuration time and a runtime.

40.  The computer program of any one of claims 29 to 39, wherein
applying one or more scaling factors to each unscaled parameter of each sub-element
that includes the scaling parameter occurs at one or more of a configuration time and
a runtime.

41, A computer program substantially as hereinbefore described with
reference to and/or as shown in the accompanying drawings.

42, A graphic display editor substantially as hereinbefore described with
reference to and/or as shown in the accompanying drawings.

43.  Any novel feature or novel combination of features described hercin

and/or in the accompanying drawings.
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