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SYSTEMS AND METHODS FOR CONFIGURING AND PRESENTING A DISPLAY NAVIGATION
HIERARCHY IN A PROCESS PLANT
[0001] This application claims priority to and the benefit of the filing date of U.S. Provisional Patent Application
No. 62/566,679, filed on October 2, 2017, entitled “Systems And Methods For Graphical Display Configuration
and Usage in Process Control Plants,” the entire disclosure of which is hereby expressly incorporated by

reference herein.

[0002] This disclosure relates generally to process control systems, and, more particularly, to systems and
methods for configuring graphics utilized by operators to view and respond to real-time conditions within and
operations of an on-line, industrial process plant.

[0003] Distributed process control systems are used in chemical, pharmaceutical, petroleum, oil and gas,
metals and mining, pulp and paper, or other types of industrial process plants to control one or more industrial
processes to thereby generate or produce one or more physical products from raw materials and/or other types
of source materials. As such, distributed process control systems typically include one or more process
controllers and input/output (1/0O) devices communicatively coupled to at least one host or operator interface
device and to one or more field devices via analog, digital or combined analog/digital buses, or via a wireless
communication link or network. The field devices, which 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 generally perform physical or process control functions, such as opening or closing
valves, or measuring process parameters to control one or more industrial processes executing within the
process plant or system. Smart field devices, such as field devices conforming to the well-known Fieldbus
protocol may also perform control calculations, alarming functions, and other control functions commonly
implemented within a controller. The process controllers, which are also typically located within the plant
environment, receive signals indicative of process measurements made by sensors or field devices and/or other
information pertaining to the field devices and execute a controller application that runs, for example, different
control modules that make process control decisions, generate control signals based on the received
information, and coordinate with the control modules or blocks being performed in the field devices, such as
HART®, Wireless HART®, and FOUNDATION® Fieldbus field devices. The control modules in the controller
send the control signals over the communication lines or links to the field devices to thereby control the
operation of at least a portion of the process plant or system.

[0004] Information from the field devices and the controller is usually made available over a data highway to
one or more other hardware devices, such as operator interfaces, personal computers, or computing devices,
data historians, report generators, centralized databases, or other centralized administrative computing devices
that are typically, but not always, placed in control rooms or other locations away from the harsher plant
environment. Each of these hardware devices typically, though not always, is centralized across the process
plant or across a portion of the process plant. These hardware devices run applications that may, for example,
enable an operator to view current statuses and operations of processes that are running within the plant,
perform functions with respect to controlling a process and/or operating the process plant, such as changing
settings of the process control routine, modifying the operation of the control modules within the controllers or
-1 -



the field devices, 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. The data highway utilized by the hardware devices, controllers, and field devices
may include a wired communication path, a wireless communication path, or a combination of wired and wireless
communication paths.

[0005] As an example, the DeltaV™ control system, sold by Emerson, includes multiple applications stored
within and executed by different user interface devices located at diverse places within a process plant, and in
some instances, remotely from the process plant. Each of these applications provides a user interface (Ul) to
allow a user (e.g., a configuration engineer, an operator, a maintenance technician, etc.) to view and/or modify
aspects of the process plant operation and configuration. Throughout this specification, the phrase “user
interface” or “UI” is used to refer to an application or screen that allows a user to view or modify the
configuration, operation, or status of the process plant. Similarly, the phrase “user interface device” or “Ul
device” is used herein to refer to a device on which a user interface is operating, whether that device is
stationary (e.g., a workstation, wall-mounted display, process control device display, etc.) or mobile (e.g., a
laptop computer, tablet computer, smartphone, etc.).

[0006] A configuration application, which resides in one or more user workstations or computing devices
included in a configuration environment of a process plant, enables configuration engineers and/or other types of
users to create or change process control modules and download these process control modules via a data
highway to dedicated distributed controllers that operate in an operating environment of the process plant (which
is also referred to interchangeably herein as an “operations environment” of the process plant) to control one or
more processes during runtime or real-time operations. Typically, these control modules are made up of
communicatively interconnected function blocks, which perform functions within the control scheme based on
inputs thereto and which provide outputs to other function blocks within the control scheme. Each dedicated
controller and, in some cases, one or more field devices, stores and executes a respective controller application
that runs the control modules assigned and downloaded thereto to implement actual process control
functionality.

[0007] The configuration application also allows configuration engineers and/or other users to create or
change operator Human-Machine Interfaces (HMIs) or display views that are used by an operator viewing
application to display data (e.g., as the data is generated in real-time during runtime operations of the process
plant) to an operator and to enable the operator to change various settings, such as set points, within the
process control routines during runtime operations. The operator viewing applications that provide the operator
HMIs or display views are executed on one or more user interface devices (e.g., operator workstations, operator
tablets, operator mobile devices, etc.) included in the operations environment of the process plant (or on one or
more remote computing devices in communicative connection with the operator workstations and the data
highway). The operator HMIs or display views receive data from the controller applications via the data highway
and display this data to operators or other users using the Uls at the user interface devices. Similarly, the
operator HMIs or display views may also receive data (e.g., real time data) from other control components or
elements included in the operating environment of the process plant other than control modules, such as

-2 -



controllers, process controllers, field devices, I/O cards or devices, other types of hardware devices, units, areas,
and the like. A data historian application is typically stored in and executed by a data historian device that
collects and stores some or all of the data provided across the data highway while a configuration database
application may run in a still further computer attached to the data highway to store the current process control
routine configuration, the current operator display configuration, and data associated therewith. Alternatively,

the configuration database may be located in the same workstation as the configuration application.

[0008] As noted above, the operator viewing applications typically execute in one or more of the operator user
interface devices and provide operator HMIs or display views to the operator or maintenance persons regarding
the operating state of the control system, control components, and/or devices within the plant, e.g., while the
plant is operating in real-time or runtime to control one or more industrial processes. Generally speaking,
operator HMIs or display views are used by operators in day-to-day operations (which may, for example, be 24/7
operations) of the process running in the process plant to view and respond to real-time conditions within the
process and/or the process plant. At least some of these operator HMIs or display views may take the form of,
for example, alarming displays that receive 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 operating state of the devices within the process plant, etc. Display views
typically execute in the runtime or real-time operating environment of the process plant, and are generally
configured to present, in known manners, information or data received from process control modules, devices,
and/or other control objects that are also operating within the runtime or real-time operating environment of the
process plant. In some known systems, display views have a graphical element (e.g., a graphical representation
or graphic) that is associated with a physical or logical element included in the operating environment and that is
communicatively tied to the physical or logical element to receive data about the physical or logical element and
updates thereto over time, e.g., during runtime operations of the process plant. The graphical element may be
configured or defined to dynamically change its appearance on the display screen based on the received data to
illustrate, for example, that a tank is half full, to illustrate the flow measured by a flow sensor, etc. As such, as
the data provided by the physical or logical element in the operating environment of the process plant changes
over time (e.g., is repeatedly or continually updated over time), the appearance of the corresponding graphical
element is changed on the display screen accordingly.

[0009] In some currently-known operator display configuration architectures for industrial process control
systems, each operator workstation independently manages its own alarms and access to real-time control data
that is generated by process control modules, devices, and/or other control objects. As such, to customize an
operator HMI or display view for a particular operator workstation, custom graphical properties, values, and/or
configurations of various display view elements (e.g., graphical and other types of elements) that are to be
presented on the runtime display view are defined and associated with the display view within a graphical
configuration environment, and the definition or configuration of the display view is downloaded from the
configuration environment into the particular operator workstation of the operating environment for execution.
Often, custom scripts are programmed into the configuration of the display view so that desired behavior and/or

appearances of the various display view elements and/or of the display view itself are executed at the particular
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operator workstation. Additionally, if the display view appearance or behavior is desired to be modified or
changed for the particular operator workstation, typically the modifications must be applied to the configuration of
the display view in the graphical configuration environment, and then the modified configuration must be
downloaded from the configuration environment for execution at the particular operator workstation. In most
cases, this requires that the particular operator workstation cease its execution of the current display view in
order for the modified display view configuration to be received and executed at the particular operator

workstation.

[0010] In other currently-known operator display configuration architectures for industrial process control
systems, a common configuration for a display view is downloaded from the graphical configuration environment
to multiple operator workstations. To effect particular, customized appearances and/or behaviors of the display
view at a particular operator workstation, though, during runtime the particular operator workstation at which the
display view is executing must query or otherwise communicate with the graphical configuration environment to
obtain necessary information (such as particular configurations of various graphics, runtime values, and/or other
information) to effect or implement the desired customized appearances and/or behaviors of the display view at
the particular operator workstation. As modern-day process plants may include hundreds of operator
workstations, the messages that are sent and received between operator workstations and back-end display

configuration servers add a significant load to process plant communication networks.

[0011] Recently, the Center for Operator Performance (COP), a research consortium that addresses human
capabilities and limitations in industrial process control operating environments through research, collaboration,
and human factors engineering, and the International Society of Automation (ISA) have been working to help
advance industrial process control system Human Machine Interfaces (HMIs) and their ease of use, for example,
by suggesting improvements and guidelines in Human Centered Design (HCD). For example, the American
National Standard ANSI/ISA-101.01.-2015 entitled “Human Machine Interfaces for Process Automation
Systems” and approved on July 9, 2015 addresses “the philosophy, design, implementation, operation, and
maintenance of Human Machine Interfaces (HMIs) for process automated systems including multiple work
processes throughout the HMI lifecycle... [t]he standard defines the terminology and models to develop and HMI
in the work processes recommended to effectively maintain the HMI throughout the lifecycle” (ANSI/ISA-101.01-
2015, page 9).

SUMMARY

[0012] As discussed above, generally speaking, operator Human-Machine Interfaces (HMIs) or display views
are used by operators during the runtime operations of the process to view and respond to conditions within the
process and/or process plant. The effectiveness of process plant operators in operating the process safely and
effectively, as well as in detecting and responding to various process and process plant conditions depends, in a
large part, on how well the operator HMIs or display views are designed (e.g., by the configuration engineers or
other operator HMI designers). However, recent changes in how industrial process plants are operated greatly
affect the design of operator HMIs. For example, continued competitive pressure in process control industries
has led to a significant expansion in the span of a portion of the process for which a single operator is

-4-



responsible. With this expansion, the number of process graphics that the single operator must monitor and
utilize to safely and efficiently run the process has increased several-fold. In fact, in a present day process plant,
operators are commonly expected to navigate through hundreds of process graphics. In addition, trends such
as increasing intelligence in plant equipment and more automated and advanced control logic in process control
industries have led to a significant increase in the level of complexity of the portion of the process for which a

single operator is responsible.

[0013] Further, the work space that is utilized by a single operator may include one to many consoles or
monitors in a variety of sizes. The number and sizes of monitors and/or consoles are often determined by the
size and complexity of the portion of the process being monitored by the operator. Additionally, when an
operator’'s work space includes multiple monitors, each monitor typically has a custom layout defined for each
monitor’'s respective monitor size, location, and portion of the process being monitored. For example, the
custom layout defines what displays should open on which monitor, how displays on different monitors interact
with each other, etc.

[0014]  Still further, as no two process plants or operating sections within a plant are alike, in practice each
process plant often develops and designs its own, custom operational philosophies, graphics, and/or graphical
standards for effective operation. Accordingly, the operator HMI graphics, strategies, design, layout, navigation,
and/or operator actions may be, to a significant extent, custom built for different operating sections and/or

different process plants.

[0015] These and other factors have made the configuration engineer’s job of designing operating HMIs ever
more difficult. Often, configuration engineers must create complex, programmatic extensions to operator HMlIs
to customize or hone various capabilities for particular operating sections and/or plants. Commonly,
configuration engineers must utilize programming languages like Visual Basic or C, and/or other custom
programs to create the desired operator HMI. This results in a complex operator HMI suite that is difficult and

time consuming to develop, extend, troubleshoot, and maintain.

[0016] At least some of the aspects of the novel graphical display configuration and usage systems and
methods disclosed herein address these and other modern-day HMI challenges, as well as provide a platform for
industrial process control HMI design and use that is not only flexible, easy to use, and easy to maintain, but
also helps engineers design and implement their process plant's operating environment HMI in light of current
process automation HMI standards and best practices.

[0017] In an embodiment, a graphical display configuration and usage system for an industrial process plant
(also interchangeably referred to herein as a “graphical configuration system” or a “graphical configuration and
usage system”) includes a graphical display configuration application that executes in a configuration
environment of the process plant. The graphical display configuration application includes a user interface via
which various operator HMIs or display views are able to be created, defined, designed, and/or published, e.g.,
by a configuration engineer. A configured or defined display view, when downloaded into and executing in the
operating or operations environment of the process plant, provides an operator or other user with real-time (e.g.,

continually or repeatedly updated) operating states and statuses of various components and operations
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associated with the process. As such, a display view typically includes respective links between one or more
display view elements presented on the display view and one or more control modules, devices, or control
objects that are executing to control the process within the operating environment of the process plant so that,
upon download and execution of a published configuration of the display view at a user interface device that is
communicatively connected to an operating environment of the process plant (e.g., at an operator workstation,
remote computing device, mobile device, etc.), respective indications of one or more values or other data that
are provided or generated by the one or more control modules, devices, or control objects while executing in the
operating environment of the process plant are presented and repeatedly updated on the executing display view,

e.g., via the linked display view elements.

[0018] The graphical display configuration system also includes a centralized configuration database or library
that stores published configurations or definitions of display views as well as published configurations or
definitions of display view elements that are available to be included on or otherwise associated with various
display views. In some embodiments, the centralized configuration database or library also stores draft
configurations or definitions of display views and/or display view elements. Examples of display view elements
include graphics, properties, links to control modules, devices, objects, and/or other control components or
elements that are disposed in the operating environment, global variables, parameters, areas or subsections of
the display view, and/or other elements and/or portions of the display view. In an example, for a particular
display view, the centralized configuration database or library stores a published configuration of the particular
display view and optionally one or more working or draft configurations of the particular display view. The
published configuration of the particular display view may include one or more published configurations of
various display view elements that are to appear on the executing display view, and the published display view
configuration is available for download and execution in the operating environment of the process plant. On the
other hand, the one or more working or draft configurations of the particular display view are excluded from
download and execution in the operating environment of the process plant. That is, working or draft
configurations of display views and of display view elements are prevented from being downloaded and
executed in the operating environment of the process, and instead are maintained within the configuration
environment, e.g., for edit, modification, testing, etc.

[0019] The published configuration or definition of the particular display view includes one or more user
controls via which an operator or user of the user interface device included in the operating environment of the
process plant is able to change an appearance of the executing display view at his or her respective user
interface device on-line during runtime operations. For example, the operator, via the one or more user controls
at his or her respective user interface device, is able to change the appearance of a graphic, a property of a
graphic, an area of the display view, a property and/or content of the area of a display view, a location of a
graphic on the display view, particular data sourced by a control module, device, or control object that is to be
displayed, and/or other appearances of elements, areas, or portions of the executing display view. Significantly,
the graphics configuration system allows the change to the appearance of the executing display view in the
operating environment to be implemented at the operator workstation solely based upon contents of the
published configuration or definition of the display view that is executing at the operator workstation. That is, the
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downloaded, published configuration of the display view allows the operator to customize or change the
appearance of the display view at the operator’s workstation while the display view is executing on-line in the
operating environment without having to halt the execution of the display view, without having to download a
different configuration of the display view, and without the display view and/or the operator workstation needing
to obtain data from the configuration environment to implement the desired change.

[0020] Accordingly, when the published configuration or definition of the particular display view is downloaded
to multiple user interface devices or operator workstations included in the operating environment of the process
plant, each operator or user is able to customize or change the local appearance of the instance of the display
view that is executing at his or her workstation independently of other operators or users, and without his or her
workstation communicating with the graphical display configuration application and configuration library. Some
of the operator-initiated changes or customizations may be implemented in a mutually exclusive manner at a
particular workstation, for example, a fill property of a graphic is selected by the operator to be either gray or
blue, but not both gray and blue. Some of the changes may not be mutually exclusive at a particular workstation
(e.g., the changes may be cumulative or independently applied), such as when the operator drags and drops
graphics that are indicative of particular control elements that the operator desires to actively (and easily)
monitor into an Active Monitor or Watch window included on the display view.

[0021] In an embodiment, a method for configuring graphical displays for runtime or real-time operations of a
process plant includes receiving, via a user interface of a graphical display configuration application executing in
a configuration environment of a process plant, a definition of a display view. The display view typically includes
various graphical elements that are representative of respective control modules, devices, and/or other control
components (also referred to interchangeably herein as control elements or control objects) that execute or
operate in the operating environment of the process plant, e.g., to control at least a portion of the process, such
as controllers, process controllers, field devices, I/0 cards or devices, other types of hardware devices, units,
areas, etc. Accordingly, the definition of the display view defines a link between a graphical element presented
on the display view and a control component or object so that, upon download and execution of the display view
in the operating environment of the process plant, one or more values or other data that are generated by the
control component or control object while executing in the operating environment of the process plant to control
the process are presented and repeatedly updated on the executing display view via the linked graphical
element. The graphical element may be, for example, a graphic that is indicative or representative of a particular

control module, device, or other control component or object.

[0022] Additionally, typically the definition of the display view includes respective definitions of various other
graphical portions, elements, or components (and/or combinations thereof) that are included on and/or otherwise
associated with the display view, such as graphics, text, properties of graphics and/or text (e.g., color, contrast,
animations, etc.), global variables, parameters, different areas of the display view, respective properties and/or
content of different areas of the display view, different locations of various graphics, text, and/or areas on the
display view, and/or particular operating data that is sourced by control modules, devices, and/or other control
objects and their linkages to respective graphics or other elements on the display view, to name a few. Other
such graphical portions, elements, and/or components which may be included on and/or otherwise associated
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with the display view may include, for example, display view hierarchies, display view layouts, timers, embedded
links, animation conversion functions, data references, project or plant standards, display themes, content
languages and/or indications thereof, application languages and/or indications thereof, tab areas on display
views, tooltips and/or other contextual displays, trends and other representations of historized parameters, watch
or active monitoring areas, and/or other features, aspects, and/or functionalities provided by the present
graphical configuration and usage systems and methods described herein. Still other graphical portions,
elements, and/or components which may be included on and/or otherwise associated with the display view may
include custom and/or default Graphic Element Module (GEM) configurations (e.g., such as described in co-
owned U.S. Patent Application No. 15/692,450 filed on August 31, 2017 and entitled “Derived and Linked
Definitions with Override,” and/or may include operator display switching preview configurations and/or objects
associated therewith (e.g., such as described in co-owned U.S. Patent Application No. 15,243,176 filed on
August 22, 2016 and entitled “Operator Display Switching Preview.”

[0023] At any rate, for ease of reading herein, such graphical portions, elements, or components (and
combinations thereof) that are included on or otherwise associated with a display view are generally referred to

» o«

interchangeably herein as “graphical display view elements,” “graphical elements,” “graphical components,”

” o«

“display view elements,” “display elements,” or “display view components.” Typically, each display view element
may be defined by or configured using its own separate object, where the object may be created, modified,

stored, and published via the graphical configuration and usage systems and methods described herein.

[0024] Some of the definitions of display view elements may define mutually exclusive options, for example,
the color theme of the display view in its entirety may be selectively changed by the operator between various
defined color themes, or the language that is used on the display view is switched by the operator between
Arabic and French. Some of the definitions of display view elements may not be mutually exclusive, such as
when the operator drags and drops graphics that are indicative of particular control elements that the operator
desires to actively (and easily) monitor into an Active Monitor or Watch window included on the display view.

[0025] With particular regard to a display view configuration or definition that defines a plurality of properties
that are selectable in the operating environment in a mutually exclusive manner for application to a particular
portion of the executing display view, the method includes receiving, via the user interface of the graphical
display configuration application, an indication of a selection of a subset of a plurality of user interface devices
(e.g., operator workstations) that are included in the operating environment of the process plant and to which
respective instances of the display view definition are to be downloaded for execution. The selected subset of
user interface devices may include more than one user interface device, if desired. The method further includes
downloading the definition of the display view (which may be a published definition) into each user interface
device included in the selected subset of user interface devices for execution in the operating environment of the
process plant, thereby enabling the particular portion of the executing display view to be selectively changed, in
the mutually exclusive manner between the plurality of properties, independently at each user interface device.
Accordingly, each user interface device implements its respective change solely based upon the contents of the
downloaded definition of the display view executing at the user interface device, and without communicating with
any other device included in the configuration environment of the process plant to effect or implement the
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change. Thus, a first operator may select “flashing” for a particular property of a particular graphic included on
the display view at his or her workstation, while another operator may select “no flashing” for the particular
property of the particular graphic included on the display view at his or her workstation. Both selections are fully
supported and solely implemented by the respective downloaded definitions of the display view executing at the
workstations without having to halt execution of the display view at the workstations, without having to download
a different configuration of the display view to the workstations, and without the display views and/or the operator
workstations obtaining data or other information from the configuration environment to implement the desired

change.

[0026] It is noted that while the disclosure herein refers to graphical display views and graphical display view
elements, this is for illustrative and ease of discussion purposes only, and is not meant to be limiting. Indeed,
any one or more of the aspects discussed herein with respect to graphical display views may easily be applied to
Graphical Element Module (GEM) classes, for example. Similarly, any one or more of the aspects discussed
herein with respect to graphical display view elements may be easily applied to GEMs, for example. As is
commonly known, GEMs are linked graphical configurable shapes that are reusable and that may be combined
with other shapes and/or behaviors. Typically, GEMs provide one or more visual representations or views of a
configurable shape, and the definition or configuration of a GEM is stored separately from definitions or
configurations of usage/instances of that GEM in specific display views and other objects (e.g., to enable sharing
the GEM definition/configuration). As such, the graphical configuration systems and methods described herein
and any one or more aspects thereof may be easily applied to GEMs and GEM classes.

[0027] An aspect provides a method for configuring an operator display navigation hierarchy in a process
plant, the method comprising: presenting, via a user interface of a computing device executing a graphical
display configuration application in a configuration environment of a process plant, indications of a plurality of
display views, each display view including indications of control elements included in an operating environment
of the process plant; receiving, at the graphical display configuration application, selections of levels of detail for
the plurality of display views; assigning, by the graphical display configuration application, a level of detail to
each of the plurality of display views in accordance with the received selections to generate a display view
hierarchy for the plurality of display views, such that in the operating environment of the process plant, an
operator application navigates from a first display view at a lower level of detail to a second display view at a
higher level of detail; and downloading the display view hierarchy including the plurality of display views and
respective levels of detail for the plurality of display views from the configuration environment into a user
interface device for execution in the operating environment of the process plant to thereby cause a presentation,
at the user interface device, of the plurality of display views organized according to the display view hierarchy.

[0028] Assigning a level of detail to each of the plurality of display views in accordance with the received
selections may include designating one or more of the plurality of display views as subviews for a corresponding
one of the plurality of display views, wherein the one or more subviews may be assigned a higher level of detail
than the corresponding display view.



[0029] Receiving selections of levels of detail for the plurality of display views may include receiving, via a
graphical user control, a request to designate a first display view as a subview of a second display view, wherein
the first display view may be assigned a higher level of detail than the second display view.

[0030] The method may further comprise: presenting, via the user interface of the computing device executing
the graphical display configuration application, a graphical depiction of the display view hierarchy, wherein
indications of each of the plurality of display views are positioned in the graphical depiction to indicate respective
levels of detail for the plurality of display views and relationships between display views designated as subviews
of another display view.

[0031] The method may further comprise: presenting, via the user interface of the computing device executing
the graphical display configuration application, an interactive graphical depiction of the display view hierarchy as
a preview of the display view hierarchy presented at the user interface device for execution in the operating
environment of the process plant, including presenting a navigation bar with graphical user controls to toggle
between display views and subviews within the display view hierarchy.

[0032] The method may further comprise: presenting one of the plurality of display views in accordance with
an indicated display view in the navigation bar; and in response to receiving a selection of one of the graphical
user controls in the navigation bar to navigate to another of the plurality of display views, presenting the other
display view.

[0033] The plurality of display views may depict process sections of the process plant.

[0034] Another aspect provides a computing device for configuring an operator display navigation hierarchy in
a process plant, the computing device comprising: one or more processors; a user interface; a communication
unit; and a non-transitory computer-readable medium coupled to the one or more processors, the user interface,
and the communication unit, the non-transitory computer-readable medium storing a graphical display
configuration application thereon executing in a configuration environment of a process plant that, when
executed by the one or more processors, causes the computing device to: present, via the user interface,
indications of a plurality of display views, each display view including indications of control elements included in
an operating environment of the process plant; receive selections of levels of detail for the plurality of display
views; assign a level of detail to each of the plurality of display views in accordance with the received selections
to generate a display view hierarchy for the plurality of display views, such that in the operating environment of
the process plant, an operator application navigates from a first display view at a lower level of detail to a second
display view at a higher level of detail; and download, via the communication unit, the display view hierarchy
including the plurality of display views and respective levels of detail for the plurality of display views from the
configuration environment into a user interface device for execution in the operating environment of the process
plant to thereby cause a presentation, at the user interface device, of the plurality of display views organized

according to the display view hierarchy.

[0035] To assign a level of detail to each of the plurality of display views in accordance with the received
selections, the graphical display configuration application may cause the computing device to designate one or
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more of the plurality of display views as subviews for a corresponding one of the plurality of display views,
wherein the one or more subviews may be assigned a higher level of detail than the corresponding display view.

[0036] To receive selections of levels of detail for the plurality of display views, the graphical display
configuration application may cause the computing device to receive, via a graphical user control, a request to
designate a first display view as a subview of a second display view, wherein the first display view may be
assigned a higher level of detail than the second display view.

[0037] The graphical display configuration application may further cause the computing device to: present, via
the user interface of the computing device executing the graphical display configuration application, a graphical
depiction of the display view hierarchy, wherein indications of each of the plurality of display views may be
positioned in the graphical depiction to indicate respective levels of detail for the plurality of display views and
relationships between display views designated as subviews of another display view.

[0038] The graphical display configuration application may further cause the computing device to: present, via
the user interface of the computing device executing the graphical display configuration application, an
interactive graphical depiction of the display view hierarchy as a preview of the display view hierarchy presented
at the user interface device for execution in the operating environment of the process plant, the interactive
graphical depiction including a navigation bar with graphical user controls to toggle between display views and
subviews within the display view hierarchy.

[0039] The graphical display configuration application may further cause the computing device to: present one
of the plurality of display views in accordance with an indicated display view in the navigation bar; and in
response to receiving a selection of one of the graphical user controls in the navigation bar to navigate to
another of the plurality of display views, present the other display view.

[0040] The plurality of display views may depict process sections of the process plant.

[0041] Another aspect provides a system for configuring an operator display navigation hierarchy in a process
plant, the system comprising: one or more devices disposed in the process plant each performing a physical
function to control an industrial process; and a computing device executing in a configuration environment of a
process plant including: one or more processors; a user interface; and a non-transitory computer-readable
medium coupled to the one or more processors and the user interface, the non-transitory computer-readable
medium storing a graphical display configuration application thereon, when executed by the one or more
processors, causes the computing device to: present, via the user interface, indications of a plurality of display
views, each display view including indications of process control elements corresponding to the one or more
devices disposed in the process plant; receive selections of levels of detail for the plurality of display views;
assign a level of detail to each of the plurality of display views in accordance with the received selections to
generate a display view hierarchy for the plurality of display views, such that in an operating environment of the
process plant, an operator application navigates from a first display view at a lower level of detail to a second
display view at a higher level of detail; and download the display view hierarchy including the plurality of display
views and respective levels of detail for the plurality of display views from the configuration environment into a
user interface device for execution in the operating environment of the process plant to thereby cause a
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presentation, at the user interface device, of the plurality of display views organized according to the display

view hierarchy.

[0042] To assign a level of detail to each of the plurality of display views in accordance with the received
selections, the graphical display configuration application may cause the computing device to designate one or
more of the plurality of display views as subviews for a corresponding one of the plurality of display views,
wherein the one or more subviews are assigned a higher level of detail than the corresponding display view.

[0043] To receive selections of levels of detail for the plurality of display views, the graphical display
configuration application may cause the computing device to receive, via a graphical user control, a request to
designate a first display view as a subview of a second display view, wherein the first display view is assigned a
higher level of detail than the second display view.

[0044] The graphical display configuration application may further cause the computing device to: present, via
the user interface of the computing device executing the graphical display configuration application, a graphical
depiction of the display view hierarchy, wherein indications of each of the plurality of display views are positioned
in the graphical depiction to indicate respective levels of detail for the plurality of display views and relationships
between display views designated as subviews of another display view.

[0045] The graphical display configuration application may further cause the computing device to: present, via
the user interface of the computing device executing the graphical display configuration application, an
interactive graphical depiction of the display view hierarchy as a preview of the display view hierarchy presented
at the user interface device for execution in the operating environment of the process plant, the interactive
graphical depiction including a navigation bar with graphical user controls to toggle between display views and
subviews within the display view hierarchy.

[0046] The graphical display configuration application may further cause the computing device to: present one
of the plurality of display views in accordance with an indicated display view in the navigation bar; and in
response to receiving a selection of one of the graphical user controls in the navigation bar to navigate to
another of the plurality of display views, present the other display view.

[0047] Embodiments are described, by way of example only, with reference to the accompanying drawings, in
which:

[0048] FIG. 1A is a block diagram of a distributed process control network located within a process plant

including the graphics configuration and usage systems and methods of the present disclosure;
[0049] FIG. 1B is a block diagram of an example user interface device schematically illustrated in FIG. 1A;

[0050] FIG. 2A is a block diagram of an example implementation of a graphical display configuration and
usage system in a configuration environment and in an operating environment of a process plant, such as the

process plant of FIG. 1A;
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[0051] FIG. 2B is a block diagram of an example implementation of the graphical configuration library included
in the graphical configuration and usage of system of FIG. 2A;

[0052] FIG. 2C depicts a block diagram of an example snapshot in time of an in-progress configuring of a
display view using the graphical configuration and usage system of FIG. 2A;

[0053] FIG. 3A is an example view of a graphical display configuration application for defining graphics and an
example view of an operator application for presenting the graphics according to the definitions from the

graphical display configuration application;

[0054] FIG. 3B is an example detailed view of a graphical display configuration application for defining
graphics;

[0055] FIGS. 4-5 illustrate an example of configuring a layout display view element which may be provided by

a graphical display configuration application;

[0056] FIG. 6A illustrates an example hierarchy screen for configuring and previewing a hierarchy of display
views, which may be provided by a graphical display configuration application;

[0057] FIG. 6B is an example animation of a view of a graphical display configuration application for
configuring the hierarchy of display views;

[0058] FIG. 7A is an example view of an operator application for presenting the graphics according to the
definitions from the graphical display configuration application within the display screen area of an operator

workstation;

[0059] FIG. 7B is a flow diagram of an example method for configuring a layout of an operator display in a

process plant;

[0060] FIG. 7C is a flow diagram of an example method for configuring an operator display navigation
hierarchy in a process plant; and

[0061] FIG. 7D is a flow diagram of an example method for presenting an operator display in accordance with
a layout and/or navigation hierarchy.

[0062] FIG. 1A is a block diagram of an exemplary process control network or system 2 operating in a process
control system or process plant 10 with and/or in which embodiments of the novel graphical display configuration
and usage system described herein may be utilized. The process control network or system 2 may include a
network backbone 5 providing connectivity directly or indirectly between a variety of other devices. The devices
coupled to the network backbone 5 include, in various embodiments, combinations of one or more access points
7a, one or more gateways 7b to other process plants (e.g., via an intranet or corporate wide area network), one
or more gateways 7c¢ to external systems (e.g., to the Internet), one or more user interface (Ul) devices 8 which
may be stationary (e.g., a traditional operator workstation) or mobile computing devices (e.g., a mobile device
smart-phone), one or more servers 12 (e.g., which may be implemented as a bank of servers, as a cloud
computing system, or another suitable configuration), controllers 11, input/output (1/O) cards 26 and 28, wired

field devices 15-22, wireless gateways 35, and wireless communication networks 70. The communication
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networks 70 may include wireless devices 40-58, which include wireless field devices 40-46, wireless adapters
52a and 52b, access points 55a and 55b, and a router 58. The wireless adapters 52a and 52b may be
connected to non-wireless field devices 48 and 50, respectively. The controller 11 may include a processor 30,
a memory 32, and one or more control routines 38. Though FIG. 1A depicts only a single one of some of the
devices that are directly and/or communicatively connected to the network backbone 5, it will be understood that
each of the devices could have multiple instances on the network backbone 5 and, in fact, that the process plant
10 may include multiple network backbones 5.

[0063] The Ul devices 8 may be communicatively connected to the controller 11 and the wireless gateway 35
via the network backbone 5. The controller 11 may be communicatively connected to wired field devices 15-22
via input/output (1/0) cards 26 and 28 and may be communicatively connected to wireless field devices 40-46 via
the network backbone 5 and a wireless gateway 35. The controller 11 may operate to implement a batch
process or a continuous process using at least some of the field devices 15-22 and 40-50. The controller 11,
which may be, by way of example, the DeltaV™ controller sold by Emerson, is communicatively connected to the
process control network backbone 5. The controller 11 may be also communicatively connected to the field
devices 15-22 and 40-50 using any desired hardware and software associated with, for example, standard 4-20
mA devices, I/O cards 26, 28, and/or any smart communication protocol such as the FOUNDATION® Fieldbus
protocol, the HART® protocol, the Wireless HART® protocol, etc. In the embodiment illustrated in FIG. 1A, the
controller 11, the field devices 15-22, 48, 50 and the I/O cards 26, 28 are wired devices, and the field devices
40-46 are wireless field devices.

[0064] In operation of the Ul device 8, the Ul device 8 may, in some embodiments, execute a user interface
(“Ur”), allowing the Ul device 8 to accept input via an input interface and provide output at a display. The Ul
device 8 may receive data (e.g., process related data such as process parameters, log data, sensor data, and/or
any other data that may be captured and stored), from the server 12. In other embodiments, the Ul may be
executed, in whole or in part, at the server 12, where the server 12 may transmit display data to the Ul device 8.
The Ul device 8 may receive Ul data (which may include display data and process parameter data) via the
backbone 5 from other nodes in the process control network or system 2, such as the controller 11, the wireless
gateway 35, and/or the server 12. Based on the Ul data received at the Ul device 8, the Ul device 8 provides
output (i.e., visual representations or graphics, some of which may be updated during run-time) representing
aspects of the process associated with the process control network or system 2, allowing the user to monitor the
process. The user may also affect control of the process by providing input at the Ul device 8. To illustrate, the
Ul device 8 may provide graphics representing, for example, a tank filling process. In such a scenario, the user
may read a tank level measurement and decide that the tank needs to be filled. The user may interact with an

inlet valve graphic displayed at the Ul device 8 and input a command causing the inlet valve to open.

[0065] In certain embodiments, the Ul device 8 may implement any type of client, such as a thin client, web
client, or thick client. For example, the Ul device 8 may depend on other nodes, computers, Ul devices, or
servers for the bulk of the processing necessary for operation of the Ul device 8, as might be the case if the Ul
device is limited in memory, battery power, etc. (e.g., in a wearable device). In such an example, the Ul device 8
may communicate with the server 12 or with another Ul device, where the server 12 or other Ul device may
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communicate with one or more other nodes (e.g., servers) on the process control network or system 2 and may
determine the display data and/or process data to transmit to the Ul device 8. Furthermore, the Ul device 8 may
pass any data related to received user input to the server 12 so that the server 12 may process the data related
to user input and operate accordingly. In other words, the Ul device 8 may do little more than render graphics
and act as a portal to one or more nodes or servers that store the data and execute the routines necessary for
operation of the Ul device 8. A thin client Ul device offers the advantage of minimal hardware requirements for
the Ul device 8.

[0066] In other embodiments, the Ul device 8 may be a web client. In such an embodiment, a user of the Ul
device 8 may interact with the process control system via a browser at the Ul device 8. The browser enables the
user to access data and resources at another node or server 12 (such as the server 12) via the backbone 5. For
example, the browser may receive Ul data, such as display data or process parameter data, from the server 12,
allowing the browser to depict graphics for controlling and/or monitoring some or all of the process. The browser
may also receive user input (such as a mouse click on a graphic). The user input may cause the browser to
retrieve or access an information resource stored on the server 12. For example, the mouse click may cause the
browser to retrieve (from the server 12) and display information pertaining to the clicked graphic.

[0067] In yet other embodiments, the bulk of the processing for the Ul device 8 may take place at the Ul
device 8. For example, the Ul device 8 may execute the previously discussed Ul. The Ul device 8 may also

store, access, and analyze data locally.

[0068] In operation, a user may interact with the Ul device 8 to monitor or control one or more devices in the
process control network or system 2, such as any of the field devices 15-22 or the devices 40-50. The user may
interact with the Ul device 8, for example, to modify or change a parameter associated with a control routine
stored in the controller 11. The processor 30 of the controller 11 implements or oversees one or more process
control routines (stored in a memory 32), which may include control loops. The processor 30 may communicate
with the field devices 15-22 and 40-50 and with other nodes that are communicatively connected to the
backbone 5. It should be noted that any control routines or modules (including quality prediction and fault
detection modules or function blocks) described herein may have parts thereof implemented or executed by
different controllers or other devices if so desired. Likewise, the control routines or modules described herein
which are to be implemented within the process control system may take any form, including software, firmware,
hardware, etc. Control routines may be implemented in any desired software format, such as using object
oriented programming, ladder logic, sequential function charts, function block diagrams, or using any other
software programming language or design paradigm. In particular, the control routines may be defined and
implemented by a user through the Ul device 8. The control routines may be stored in any desired type of
memory, such as random access memory (RAM), or read only memory (ROM) of the controller 11. Likewise,
the control routines may be hard-coded into, for example, one or more EPROMs, EEPROMSs, application specific
integrated circuits (ASICs), or any other hardware or firmware elements of the controller 11. Thus, the controller
11 may be configured (by a user using a Ul device 8 in certain embodiments) to implement (e.g., receive, store,

and/or execute) a control strategy or control routine in any desired manner.
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[0069] In some embodiments of the Ul device 8, a user may interact with the Ul device 8 to define and
implement a control strategy at the controller 11 using what are commonly referred to as function blocks,
wherein each function block is an object or other part (e.g., 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 control system. Control based function blocks typically perform one of an input function,
such as that associated with a transmitter, a sensor or other process parameter measurement device; a control
function, such as that associated with a control routine that performs PID, fuzzy logic, etc. control; or an output
function which controls the operation of some device, such as a valve, to perform some physical function within
the process control system. Of course, hybrid and other types of function blocks exist. The function blocks may
have graphical representations that are provided at the Ul device 8, allowing a user to easily modify the types of
function blocks, the connections between the function blocks, and the inputs/outputs associated with each of
function blocks implemented in the process control system. Function blocks may be downloaded to, stored in,
and executed by the controller 11, which is typically the case when these function blocks are used for, or are
associated with standard 4-20 mA devices and some types of smart field devices such as HART devices, or may
be stored in and implemented by the field devices themselves, which can be the case with Fieldbus devices.
The controller 11 may include one or more control routines 38 that may implement one or more control loops.
Each control loop is typically referred to as a control module, and may be performed by executing one or more of
the function blocks.

[0070] Referring still to FIG. 1A, the wireless field devices 40-46 communicate in a wireless network 70 using
a wireless protocol, such as the Wireless HART protocol. In certain embodiments, the Ul device 8 may be
capable of communicating with the wireless field devices 40-46 using the wireless network 70. Such wireless
field devices 40-46 may directly communicate with one or more other nodes of the process control network or
system 2 that are also configured to communicate wirelessly (using the wireless protocol, for example). To
communicate with one or more other nodes that are not configured to communicate wirelessly, the wireless field
devices 40-46 may utilize a wireless gateway 35 connected to the backbone 5. Of course, the field devices 15-
22 and 40-46 could conform to any other desired standard(s) or protocols, such as any wired or wireless
protocols, including any standards or protocols developed in the future.

[0071] The wireless gateway 35 may provide access to various wireless devices or nodes 40-46, 52-58 of a
wireless communication network 70. In particular, the wireless gateway 35 provides communicative coupling
between the wireless devices 40-46, 52-58 and other nodes of the process control network or system 2
(including the controller 11 of FIG. 1A). The wireless gateway 35 provides communicative coupling, in some
cases, by the routing, buffering, and timing services to lower layers of the wired and wireless protocol stacks
(e.g., address conversion, routing, packet segmentation, prioritization, etc.) while tunneling a shared layer or
layers of the wired and wireless protocol stacks, in an example implementation. In other cases, the wireless
gateway 35 may translate commands between wired and wireless protocols that do not share any protocol
layers.

[0072] Similar to the wired field devices 15-22, the wireless field devices 40-46 of the wireless network 70 may
perform physical control functions within the process plant 10, e.g., opening or closing valves or take
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measurements of process parameters. The wireless field devices 40-46, however, are configured to
communicate using the wireless protocol of the network 70. As such, the wireless field devices 40-46, the
wireless gateway 35, and other wireless nodes 52-58 of the wireless network 70 are producers and consumers

of wireless communication packets.

[0073] In some scenarios, the wireless network 70 may include non-wireless devices 48, 50, which may be
wired devices. For example, a field device 48 of FIG. 1A may be a legacy 4-20 mA device and a field device 50
may be a traditional wired HART device. To communicate within the network 70, the field devices 48 and 50
may be connected to the wireless communication network 70 via a respective wireless adaptor (WA) 52a, 52b.
Additionally, the wireless adaptors 52a, 52b may support other communication protocols such as Foundation®
Fieldbus, PROFIBUS, DeviceNet, etc. Furthermore, the wireless network 70 may include one or more network
access points 55a, 55b, which may be separate physical devices in wired communication with the wireless
gateway 35 or may be provided with the wireless gateway 35 as an integral device. The wireless network 70
may also include one or more routers 58 to forward packets from one wireless device to another wireless device
within the wireless communication network 70. The wireless devices 40-46 and 52-58 may communicate with
each other and with the wireless gateway 35 over wireless links 60 of the wireless communication network 70.

[0074] In certain embodiments, the process control network or system 2 may include other nodes connected
to the network backbone 5 that communicate using other wireless protocols. For example, the process control
network or system 2 may include one or more wireless access points 7a that utilize other wireless protocols,
such as WiFi or other IEEE 802.11 compliant wireless local area network protoco<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>