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SYSTEMS AND METHODS TO GRAPHICALLY DISPLAY PROCESS CONTROL SYSTEM INFORMATION

FIELD OF THE DISCLOSURE
[0001] This disclosure relates generally to process control systems and, more particularly, to systems and

methods to graphically display process control system information.

BACKGROUND

[0002] Process control systems, like 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/digital buses. The field devices, which may be, for example, valves, valve positioners, switches and transmitters
(c.g., temperature, pressure and flow rate sensors), perform process control functions within the process such as opening
or closing valves and measuring process control parameters. The process controllers receive signals indicative of
process measurements made by the field devices and then process this information to generate control signals to
implement control routines, to make other process control decisions, and to 1nitiate process control svstem alarms.

[0003] Information from the field devices and/or the controller 1s usually made available over a data highway
or communication network to one or more other hardware devices, such as operator workstations, personal computers,
data historians, report generators, centralized databases, etc. Such devices are typically located 1n control rooms and/or
other locations remotely situated relative to the harsher plant environment. These hardware devices, for example, run
applications that enable an operator to perform any of a variety of functions with respect to the process of a process
control system, such as viewing the current state of the process, changing an operating state, changing settings of a
process control routine, modilying the operation ol the process controllers and/or the [ield devices, viewing alarms
generated by field devices and/or process controllers, simulating the operation of the process for the purpose of traiming
personnel and/or evaluating the process, etc.

[0004] These hardware devices typically include one or more operator interface displays to display pertinent
information regarding the operating state(s), condition(s), and/or characteristic(s) of the control system(s), the devices
within the control system(s), and/or process variables associated with the devices 1n the control system(s). Example
displays include piping and instrumentation diagrams (P&IDs) that represent the equipment and other components
within the process control system, alarm displays that receive and/or display alarms generated by controllers or devices
within the process control system, control displays that indicate the operating state(s) of the controller(s) and other
device(s) within the process control system, diagnostic displays that provide detailed information regarding the current

state and/or historical values for key parameters associated with components i1n the process control svstem, etc.

SUMMARY
[0005] Aspects of the invention are recited by the appended claims.
[0006] Systems and methods to graphically display process control system information are disclosed. Some

example methods include monitoring process variables 1n a process control system, determining a current state of a first
one of the process variables, and determining a trend associated with the first process variable. Some such examples
further include generating a first graphic representative of information associated with the first process variable, the

information comprising the current state of the first process variable and the trend of the first process variable. Some

example methods also include rendering the first graphic via a display.
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[0007] Some example instructions, when executed, cause a machine to at least monitor a process variable in a
process control system, generate an icon indicative of information associated with the process variable, the information
comprising a current state of the process variable and a trend of the process variable, and render the icon via a display.

[0008] Some example apparatus include a processor to momtor a process variable i1n a process control system
and to generate an icon to graphically represent a current state of the process variable and a projected state of the

process variable. Some such example apparatus further include a display to render the icon via an operator interface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 1s a schematic illustration of an example process control system.
[0010] FIG. 2 1llustrates an example manner of implementing the example operator station of FIG. 1.
[0011] FIG. 3 illustrates an example operator interface that may be used to implement the operator

application of the operator station of FIG. 2.

[0012] FIGS. 4-17 1llustrate example 1cons to indicate conditions, characteristics, trends, and/or other
information associated with process variables corresponding to components within the example process control system
of FIG. 1.

[0013] FIG. 18 1llustrates an example process variable summary pane for display by the example operator
station of FIG. 2 containing example basic graphics corresponding to three process variables associated with a
component of the example process control system of FIG. 1.

[0014] FIG. 19 1llustrates the example process variable summary pane of FIG. 18 containing example mid-

level graphics to indicate more information than the example graphics of FIG. 18.

[0015] FIG. 20 illustrates the example process variable summary pane of FIG. 18 containing example

detailed graphics to indicate more information than the example graphics of FIG. 19.

[0016] FIG. 21 1llustrates the example process variable summary pane of FIGS. 18-20 1n a collapsed form.

[0017] FIGS. 22-25 illustrate another example process variable summary pane containing other example
basic, mid-level, and detailed graphics similar to the example process variable summary pane of FIGS. 18-21.

[0018] FIG. 26 illustrates an example navigation pane for display by the example operator station of FIG. 2

contaimng example navigation buttons associated with components of the example process control system of FIG. 1.

[0019] FIG. 27 1llustrates another example navigation pane containing the example navigation buttons of
FIG. 26.
[0020] FIG. 28 1llustrates another example navigation pane containing the example navigation buttons of

FIGS. 26 and/or 27.

[0021] FIG. 29 1llustrates another view of the example navigation pane of FIG. 28.

[0022] FIG. 30 1llustrates the example operator interface of FIG. 3.

[0023] FIGS. 31A-31B 1illustrate a more detailed view of the example operator interface of FIGS. 3 and/or 30
after navigating to the heater module of the example process unit displayed in FIG. 30.

[0024] FIG. 32 illustrates the example sidebar of FIG. 31B after expanding the basic graphics of the process
variable summary pane to mid-level graphics.

[0025] FIG. 33 1llustrates an example event history table for display by the example operator station of FIG.
2.

[0026] FIGS. 34A-34B 1s a flowchart representative of example machine readable instructions for

implementing the example operator station 104 of FIG. 1 and/or 2.

-9 -
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[0027] FIG. 35 1s a schematic illustration of an example processor platform that may be used and/or

programmed to carry out the example process of FIGS. 34A-34B and/or, more generally, to implement the example

operator station of FIGS. 1 and/or 2.

DETAILED DESCRIPTION
[0028] Many plants 1n the process industry represent a capital investment of many hundreds of millions of
dollars. Achieving the desired return on investment in a plant depends heavily on consistently achieving the
production targets that were the basis of the plant design. The people within a plant who are ultimately responsible for

the minute-to-minute operations are the plant operators. Operators insure correct plant operation 1in one or more process

arcas under all processing conditions. An operator 1s responsible for changing area production rates to achieve planned

production targets. To meet planned targets, operators monitor process operations and make adjustments to maintain
correct operating conditions and scheduled production levels. To successfully perform the functions of an operator,
operators must have a thorough understanding of the process and its physical layout. To achieve this level of
understanding, plant operators often have many years of experience with the process they oversee.

[0029] The operational scope of an operator varies depending on the process complexity, the number of
pieces of equipment within each process area, and the degree of automation that 1s provided by the process control
system. Operators normally interface with processes through control system software applications via an operator

station or workstation containing one or more monitors or display devices to render graphical interfaces. Typically,

control system software 1s designed to be hghly customizable and configurable (both 1n terms of the processes that are

=

specified, and how the processes are graphically represented) because most plants have different processes, process

configurations, plant organizations and sets of requirements. Indeed, control system suppliers frequently market their
software as highly customizable and/or configurable because such features are appealing to a broad market of potential
customers across diverse domains without the suppliers having to provide elucidating explanations of the software

and/or designmng to the 1diosyncrasies of each domain. Additionally, customizable and configurable control systems

appeal to operators and other plant personnel (collectively herein referred to as operators) because graphical interfaces
can be tailored to preference and functionality corresponding to particular process operations can be placed at the center
of focus.

[0030] However, there are subtle but potentially important downsides to completely configurable user
interfaces for plant operation. First, user-configurable interfaces are premised on the notion that users know what 1s
good for them or, 1n technical parlance, that operators possess metarepresentational competence. However, recent
research has suggested that this 1s not necessarily true. For example, studies have shown that people exhibit a
misplaced faith 1n their ability to parse and use complex visual displays that are more “true to life” when task-irrelevant

realism can actually slow task performance. Additionally, such a preference for realism 1s not only limited to spatial

realism (e.g., “true to life” graphical displays with 3D perspectives) but can arise out of temporal realism (e.g., instant
replay and real-time updating displays). Furthermore, other studies show that individuals with low spatial ability may
be particularly prone to these misconceptions.

[0031] A second challenge presented by user-configurable interfaces is that users often underestimate the
difficulty that others may have in interpreting their idiosyncratic user interface configuration and coding schemes. In
process control settings, plant operation generally involves several operators working together at, and between, multiple
displays. Insuch a setting, some studies suggest that operators may underestimate both how difficult it 1s for others to
extract information from their personal user interface configuration when they call others over for assistance, and how

difficult 1t 1s to extract information from it themselves. Furthermore, the circumstance where asking for assistance from
-3 -
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another operator arises 1s likely to be when faced with cntical 1ssues when a quick, accurate understanding of plant

status information i1s most important.

[0032] A third difficulty presented by user-configurable interfaces related to the first point above concerning
a misconcelved desire for realism 1s that realistic displays provide superficial details consistent with novice level
understanding of processes but fail to support expert level functional understanding of processes. For example, real-
time updating (temporally-realistic) in a “realistic” piping & instrumentation diagram (P&ID) display (€.g., a display
that mimics plant engineering diagrams) does not support the extraction of task-relevant temporal trends. Rather, such
displays force operators to rely either on mental integration of display data across time or on spatial mtegration of
display data across separately provided charts, graphs, and/or trend windows. That 1s, when operators are limited to the
current state (€.g., the current value and an indication of any corresponding alarms updated in real-time) of a process
variable, there 1s the potential for operators to miss changes to the parameter values and/or fail to recognize a trend
associated with the changing value over time. Additionally, providing real-time values of parameters does not provide

an explicit indication of the relationship to corresponding set points or target values such as whether a parameter 1s low

or high, how much difference there 1s between the parameter value and a set point, and/or how significant the difference
1S between the values (e.g., whether a large difference 1s indicative of the parameter approaching an alarm limit or
indicative of a broad range of values within the normal operating state for the parameter). Even if a set point value 1s
provided alongside a parameter value, each of these indicators of the condition and/or status of the parameter still

require mental effort and/or calculations by an operator and/or require the operator to open up new windows and/or to

navigate to different screens and drill down and/or sift through significant amounts of data to locate the desired
information i1n a spatially-dispersed, disorganized layout instead of a consistent, tightly organized layout. Systems that
rely on the mental efforts of operators are prone to errors, and systems that provide the information in other formats via
different screens, pop-up windows, faceplates, etc., are inefficient to quickly review and compare relevant information
and/or relate one piece of information in context with other information displayed on screen. Thus, many known
process control systems result in slow and/or error-prone problem detection and identification.

[0033] A fourth potential downside to user-configurable interfaces that stems from the previous challenges is

that, 1f given the option, users are likely to make configurable displays overly complex. With significant latitude in

configuring a display to desired preferences, operators are able, and studies have shown are likely, to inundate P& 1D
displays with variables, each dispersed across the interface i1n a different location, from unit to unt, and color-coded
with a rationale only apparent to the operator. The teachings disclosed herein provide systems, methods, and articles of

manufacture to alleviate some of these obstacles by coding salient characteristics, conditions, trends, and/or other

information within simple graphics that can be consistently used throughout a user interface and/or grouped at a single

location within a display to enable operators to quickly assess the state of individual parameters and how they relate to

cach other to assess and overall state of an operating process. More particularly, the teachings disclosed herein enable

the graphical encapsulation of process vanable trend graphs into 1iconic symbols 1n which the icon design matches the

task-relevant aspects of the trends (and related information) to their salience in the coding of the visual attributes of the
icons. In this manner, operators can proactively monitor controlled processes and spot deviations from normal
operating conditions before the deviating conditions trip alarms because the deviations are emphasized 1n salience in the
icon design.

[0034] FIG. 1 1s a schematic illustration of an example process control system 100 within which the
teachings of this disclosure may be implemented. The example process control system 100 of FIG. 1 includes one or
more process controllers (one of which 1s designated at reference numeral 102), one or more operator stations (on¢ of

which 1s designated at reference numeral 104), and one or more application stations or workstations (one of which 1s
- 4 -
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designated at reference numeral 106). The example process controller 102, the example operator station 104 and the
example workstation 106 are communicatively coupled via a bus and/or local area network (LAN) 108, which 1s
commonly referred to as an area control network (ACN).

[0035] The example operator station 104 of FIG. 1 allows an operator, engineer, and/or other plant personnel
(referred to herein as an operator) to review and/or operate one or more operator display screens and/or applications that
cnable the operator to navigate between various displays and/or diagrams (¢.g., a P&ID) representative of one or more
components (€.£., a process site, a process area, a process unit, an equipment module, a control module, etc.) of the
example process control system 100 and to determine the current and projected states of process variables

corresponding to the components of the example process control system 100 being displayed. Additionally, as will be

described 1n greater detail below, the operator applications also enable operators to assess and visualize other

conditions, characteristics and/or information associated with the process variables associated with the corresponding
components of the example process control system 100. An example manner of implementing the example operator
station 104 of FIG. 1 1s described below in connection with FIG. 2. Example operator display applications that may be
used to implement the example operator station 104 are described below 1in connection with FIGS. 3 and 30-32.

[0036] The example operator station 104 includes and/or implements an operator interface (e.g., the example

operator interface 300 of FIG. 3) to graphically display a process diagram (e.g., a P&ID) representative of one or more

components of the example process control system 100. The operator interface also generates graphical and/or 1conic

symbols (referred to herein as icons) that concisely indicate, 1n a visually intuitive manner, various conditions,
characteristics, trend information, and/or other information corresponding to process variables associated with elements
representative of the displayed components. For instance, in some examples, the icons may indicate any of a current
state of a process variable, a projected state of the process variable, a corresponding trend of the process variable, a
direction of change of the process variable, a rate of change of the process vanable, a relative position of the process
variable with respect to the set point (€.g., above, below, or approximately at the set point), a relative deviation of the
process variables from the set point with respect to an operational range of values for the process vanable, a relative

distance of the process variable with respect to an alarm limit, or an actual value of the process variable, set point,

and/or alarm limits, among other information as will be described 1n greater detail below. In some examples, at least

some of the above characteristics or attributes of a process variable may be visually mapped within the graphical nature

of the 1con while the other characteristics or attributes are not directly mapped 1n a visual manner but are nevertheless
inferentially perceived from the corresponding icon.

[0037] In some examples, the operator interface provides a navigation pane to enable operators to quickly
assess the relationship of the components displayed with other components in the example process control system 100
and/or to navigate to any of the other components 1n the example process control system that are of interest to be

displayed via the operator interface. Furthermore, in some examples, the operator interface of the example operator

station 104 provides a process variable summary pane that may display the graphics associated with the process

variables corresponding to one or more of the displayed components of the example process control system 100 as a
group for easy comparison. Additionally, the process variable summary pane may display the graphics with varying
levels of detail to indicate more or less information as desired by an operator.

[0038] The example workstation 106 of FIG. 1 may be configured as an application station to perform one or
more 1information technology applications, user-interactive applications and/or communication applications. For

example, the workstation 106 may be configured to perform primarily process control-related applications, while

another application station (not shown) may be configured to perform primarily communication applications that enable

the process control system 100 to communicate with other devices or systems using any desired communication media
-5 -
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(c.g., wireless, hardwired, etc.) and protocols (e¢.g., HTTP, SOAP, etc.). The example operator station 104 and the
example workstation 106 of FIG. 1 may be implemented using one or more workstations and/or any other suitable
computer systems and/or processing systems. For example, the operator station 104 and/or workstation 106 could be
implemented using single processor personal computers, single or multi-processor workstations, etc.

[0039] The example LAN 108 of FIG. 1 may be implemented using any desired communication medium and
protocol. For example, the example LAN 108 may be based on a hardwired and/or wireless Ethernet communication
scheme. However, as will be readily appreciated by those having ordinary skill in the art, any other suitable
communication medium(s) and/or protocol(s) could be used. Further, although a single LAN 108 1s illustrated in FIG.
1, more than one LAN and/or other alternative pieces ol communication hardware may be used to provide redundant
communication paths between the example systems of FIG. 1.

[0040] The example controller 102 of FIG. 1 1s coupled to a plurality of smart field devices 110, 112 and 114
via a data bus 116 and an input/output (I/O) gateway 118. The smart field devices 110, 112, and 114 may be Fieldbus
compliant valves, actuators, sensors, etc., in which case the smart field devices 110, 112, and 114 communicate via the
data bus 116 using the well-known Foundation Fieldbus protocol. Of course, other types of smart field devices and
communication protocols could be used instead. For example, the smart field devices 110, 112, and 114 could instead
be Profibus and/or HART(RTM) compliant devices that commumcate via the data bus 116 using the well-known
Profibus and HART(RTM) communication protocols. Additional I/O devices (similar and/or identical to the I/0
gateway 118 may be coupled to the controller 102 to enable additional groups of smart field devices, which may be
Foundation Fieldbus devices, HART(RTM) devices, etc., to communicate with the controller 102.

[0041] In addition to the example smart field devices 110, 112, and 114, one or more non-smart field devices
120 and 122 may be communicatively coupled to the example controller 102. The example non-smart field devices 120
and 122 of FIG. 1 may be, for example, conventional 4-20 milliamp (mA) or 0-24 volts direct current (VDC) devices
that communicate with the controller 102 via respective hardwired links.

[0042] The example controller 102 of FIG. 1 may be, for example, a DeltaV™ controller sold by Fisher-

Rosemount Systems, Inc., an Emerson Process Management{RTM) company. However, any other controller could be

used 1nstead. Further, while only one controller 102 1s shown in FIG. 1, additional controllers and/or process control

platforms of any desired type and/or combination of types could be coupled to the LAN 108. In any case, the example
controller 102 performs one or more process control routines associated with the process control system 100 that have
been generated by an operator using the operator station 104 and which have been downloaded to and/or instantiated in
the controller 102,

[0043] While FIG. 1 1llustrates an example process control system 100 within which the methods and
apparatus to control information presented to process control system operators described 1n greater detail below may be
advantageously employed, persons of ordinary skill in the art will readily appreciate that the methods, systems, and
apparatus to control information presented to operators described herein may, if desired, be advantageously employed in
other process plants and/or process control systems of greater or less complexity (€.g., having more than one controller,
across more than one geographic location, etc.) than the 1llustrated example of FIG. 1.

[0044] FIG. 2 1llustrates an example manner of implementing the example operator station 104 of FIG. 1.
While the following description i1s provided with respect to the operator station 104, the example manner of
implementing the example operator station 104 may also be used to implement the example workstation 106 of FIG. 1.
The example operator station 104 of FIG. 2 includes at least one programmable processor 200. The example processor
200 of FIG. 2 executes coded instructions present 1n a main memory 202 of the processor 200 (e.g., within a random-

access memory (RAM) and/or a read-only memory (ROM)). The processor 200 may be any type of processing unit,
-6 -
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such as a processor core, a processor and/or a microcontroller. The processor 200 may execute, among other things, an

operating system 204, an operator display module 206, an operator application 208, and an operator interface 210. An

example operating system 204 1s an operating system from Microsoft®. The example main memory 202 of FIG. 2 may
be implemented by and/or within the processor 200 and/or may be one or more memories and/or memory devices
operatively coupled to the processor 200.

[0045] To allow an operator to interact with the example processor 200, the example operator station 104 of
FIG. 2 includes any type of display 212. Example displays 212 include, but are not limited to, a computer monitor, a
computer screen, a television, a mobile device (e.g., a smart phone, a Blackberry(RTM) and/or an iPhone(RTM)), etc.
capable of displaying user interfaces and/or applications implemented by the processor 200 and/or, more generally, the
example operator station 104,

[0046] The example operating system 204 of FIG. 2 displays and/or facilitates the display of user interfaces
(c.g., the operator interface 210) by and/or at the example display 212. To facilitate operator interactions with
applications implemented by the example operator station 104, the example operating system 204 implements an
application programming interface (API) by which the example operator display module 206 can define and/or select
the operator interface 210 via the operator application 208, and cause and/or 1nstruct the operating system 204 to display
the defined and/or selected operator interface 210. An example operator interface 210 is described below in connection
with FIGS. 3 and 30-32.

[0047] To present process control system operator displays and/or applications, the example operator station
104 of FIG. 2 includes the example operator display module 206. The example operator display module 206 of FIG. 2
collects data from one or more process controllers (€.g., the example controller 102 of FIG. 1) and/or other elements of
a process control system, and uses the collected data to create and/or define a particular operator interface 210 (e.g., the
example operator interface 300 of FIGS. 3 and 30-32) via the operator application 208. The created and/or defined
display 1s rendered at the example display 212 by and/or via the example operating system 204. The example operator
display module 206 also receives operator inputs via the operator interface 210 (e.g., in response to the operator
selecting, adjusting and/or operating elements of the operator interface 210) to update the operator interface 210 via the
operator application 208.

[0048] While an example manner of implementing the example operator station 104 of FIG. 1 has been
1llustrated 1in FIG. 2, the data structures, elements, processes and devices illustrated in FIG. 2 may be combined,
divided, re-arranged, omitted, eliminated and/or implemented 1in any other way. Further, the example operating system
204, the example operator display module 206, the example operator application 208, the example operator interface
210, and/or, more generally, the example operator station 104 of FIG. 2 may be implemented by hardware, software,
firmware and/or any combination of hardware, software and/or firmware. Thus, for example, any of the example
operating system 204, the example operator display module 206, the example operator application 208, the example
operator interface 210, and/or, more generally, the example operator station 104 of FIG. 2 could be implemented by one

Or more circult(s), programmable processor(s), application specific integrated circuit(s) (ASIC(s)), programmable logic

device(s) (PLD(s)) and/or field programmable logic device(s) (FPLD(s)), etc. Further still, the example operator station

104 may include additional elements, processes and/or devices instead of, or in addition to, those illustrated in FIG. 2,
and/or may include more than one of any or all of the illustrated data structures, elements, processes and devices.
[0049] FIG. 3 illustrates an example operator interface 300 that may be used to implement the operator
application 208 of the operator station 104 of FIG. 2. The example operator interface 300 of FIG. 3 includes an
example piping and instrumentation diagram (P&ID) display area 302. The P&ID display area 302 contains a process

diagram or image 304 of various elements representative of equipment, processes, process variables and/or components,
-7 -
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and their relationships within a process control system (e.g., the example process control system 100 of FIG. 1). In
some examples, the P&ID display area 302 includes a title 305 to indicate what component(s) of the process control
system are represented by the process diagram 304 relative to the rest of the process control system. For instance, in the
illustrated example, the title 305 indicates the process diagram 304 corresponds to an overview of a particular process
unit (labeled “Crude Unit 1) within the process control system. In some examples, the application associated with the
operator interface 300 may generate and display different process diagrams 304 within the P&ID display area 302
corresponding with different components and/or subcomponents of the process control system at various levels within a
hierarchy of components defining the process control system (e.g., a particular site or plant, area, unit, module, etc.).
[0050] Additionally, the example operator interface 300 of FIG. 3 1s provided with an example sidebar 306 to
help operators quickly assess the condition of the process control system by: (1) identifying the relationship(s) of the

current view 1n the P&ID display area 302 (e.g., current process diagram 304) with the rest of the process control

system, (2) 1identifying any 1ssues (€.g., alarms, projected alarms, etc.) that may require attention and their relative

severity to enable operators to prioritize their actions; (3) identifying the relationship(s) of the identified 1ssues and their
corresponding components with the rest of the process control system and/or with the current view 1n the P&ID display
arca 302, and (4) providing varnous levels of information associated with the process control system so that operators
have the data they need to respond to the i1ssues and or perform relevant tasks without having to sift through or be
inundated with information unnecessary to the task at i1ssue. In particular, the example sidebar 306 of the illustrated

example may include a navigation pane 308 that enables operators to determine the relationships of the component(s)

and/or related 1ssues 1n the process control system represented by the currently displayed process diagram 304 with the

rest of the process control system. Example navigation panes are described 1n greater detail below in connection with

FIGS. 26-29. In some examples, the sidebar 306 also includes a process variable summary pane 310 that provides
graphics 312 corresponding to specific process variables associated with one or more of the components of the process

control system represented within the P&ID display area 302. The graphics 312 may be selected by operators with

varying degree of detail to provide the operators with the desired level of information to appropriately assess the

condition of the process variable(s) and/or take any suitable action as the need may arise. For example, at a basic or

cursory level, the graphics 312 may provide sufficient information to enable operators to generally supervise the

conditions of the process variables and i1dentify 1ssues. At a mid-level, the graphics 112 may provide further

information to enable operators to monitor and control the process control system, troubleshoot identified 1ssues and/or
analyze the conditions of the process variables and corresponding portions of the process control system. At a detailed

or comprehensive level, the graphics 112 may provide further information relating to the relevant history of the process

variables leading to a current time, project or forecast the condition of the process variables 1n a future state, integrate
critical events and/or triggers (e.g., alarms) from an event log into the 1dentified temporally based trends to enable

operators to understand the 1ssues in context with changing circumstances and/or diverse aspects of the process control

system. Example graphics and associated process variable summary panes are described 1n greater detail below 1n

connection with FIGS. 4-25. In some examples, where screen size and/or resolution 1s constrained, such as, for
example, on a display screen of a portable handheld device (e.g., smart phone, tablet, etc.), the sidebar 306 may be
rendered via the screen without the corresponding P&ID display area 302. Further in some such examples, only a
portion of the sidebar 306 may be displayed at any given time along with the ability to scan (¢.g., scroll) to any portion
of interest. In other examples, only one of the navigation pane 308 or the process variable summary pane 310 are
displayed via such display devices.

[0051] FIG. 4 illustrates example 1cons 402, 404, 406 to indicate conditions, charactenstics, trends, and/or

other information associated with a process variable of a process control system (¢.g., the example process control
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system 100 of FIG. 1). Specifically, in the illustrated example of FIG. 4, the characteristics and/or conditions
emphasized by the icons 402, 404, 406 include a current state of a process variable, a projected state of the process
variable, and a corresponding trend (¢.g., direction) of the process variable, which are represented by the shape,
orientation, and notations on the icons 402, 404, 406 1n the 1llustrated example. For example, the 1con 402 1s triangular
in shape with a peak 408 pointing upwards to visually indicate an upward trend of the process variable. By comparison,
the 1con 406 1s also triangular in shape but with a peak 410 pointing downwards to visually indicate a downward trend
of the process variable. The characteristic of the shapes of 1cons described herein to indicate a direction or trend of
corresponding process variables 1s referred to herein as the trend 1dentifying shape of the icons.

[0052] Additionally, the icons 402, 406 each contain two sections: (1) a current state section 412 that 1s
opposite the peaks 408, 410 to visually indicate the current state of the process variable and (2) a projected state section
414 that 1s adjacent the peaks 408, 410 to visually indicate the projected state of the process variable. The icon 404 of
FIG. 4 1s 1n a generally diamond or rhombus shape (or any other suitable shape) to be distinguishable from the
triangular shapes of the 1cons 402, 406 to visually indicate that the process variable 1s maintaining its present state (€.g.,
there 1s no trend upwards or downwards). The current state sections 412 and the projected state sections 414 of the
icons 402, 404 are positioned 1n a stacked manner corresponding to the direction the process variable 1s trending (e.g.,
the direction the peaks 408, 410 are pointing). As used herein, the term “state™ of a process varnable corresponds to the
operating state of the variable with respect to its set point and/or any alarm limits. For example, if a process variable 1s
operating within allowable limits, the “state™ of the process variable would be normal or as expected or as desired.
However, if the process variable has exceeded a high alarm limit, then the state of the process variable would be a high
alarm state. Similarly, the state of an alarm may be a low alarm state if the process vanable drops below a
corresponding low alarm limit. In some situations, a process variable may be associated with multiple alarm limits set
at different values corresponding to varying levels of seriousness or criticality (e.g., a high alarm limit and a high-high
alarm limait).

[0053] In the 1llustrated example, the current and projected states of a process variable are visually indicated
in the 1cons 402, 404, 406 by a textual notation or other visual indicia within the corresponding current state and
projected state sections 412, 414. For example, as shown in FIG. 4, a single exclamation point 1s indicative of the
process variable 1n an operating state (€.g., the current state section 412 in the icon 402) corresponding to a first alarm
state associated with a range of values for the process variable outside normal operating conditions (€.g., the process
variable drops below a low alarm limit or rises above a high alarm limit). A double exclamation point is indicative of
the process variable passing a second alarm limit (€.g., the process variable drops below a low-low alarm limit or rises
above a high-high alarm limit) into a corresponding low-low alarm state or a high-high alarm state (e.g., the projected
state section 414 in the icon 402). Additional exclamation points and/or other notations may be provided to indicate
other operating states associated with the process variable (€.g., passing a third alarm limit). No exclamation point
shown (e.g., the projected state section 414 of the icon 406) 1s indicative of the process variable operating within normal
operating conditions.

[0054] The 1con 404 of the illustrated example 1s not divided into sections because the i1con 404 indicates that
the corresponding process variable 1s being maintained 1n a specific state (e.g., it 1s not trending upwards or downwards
to change states). Put another way, the current state and the projected state of the process variable are the same.
Accordingly, only a single notation (e.g., a single set of double exclamation points) 1s represented within the icon 404 to
indicate the corresponding state within which the process variable 1s being maintained (€.g., it 1s remaining steady 1n a

high-high alarm state).
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[0055] Visually representing the current state, the projected state, and the associated trend as described above
cnables an operator to quickly and intuitively assess conditions associated with a process variable including the current
state of the process variable as well as a projected state. In this manner, an operator can anticipate when a process
variable 1s approaching an alarm limit to proactively take measures to resolve the situation even before the alarm 1s
tripped. Furthermore, even if the process variable 1s operating within an alarm state outside a desired range of values,
visually indicating current and projected state characteristics associated with the process variable enables the operator to
quickly recognize the qualitative status of the trend (¢.g., whether the state of the process variable 1s improving (moving
towards the set point) or worsening (moving away from the set point)). In a similar manner, where a process variable 1S
bounded by alarm limits on a single side (¢.g., either high limits or low limits), the current and projected states can serve
to 1dentify the direction or trend 1in which the value of the process variable 1s moving. However, where a process
variable 1s bounded on both sides (e.g., has both upper and lower alarm limits) the trend of the process variable may not
be immediately apparent based only on the current and projected states. Accordingly, the icons 402, 406 of FIG. 4 are
shaped like triangles to point 1n the direction in which the process variable 1s trending as 1s shown and described in
greater detail in FIG. 3.

[0056] FIGS. 5-7 illustrate other example icons 502, 504, 602, 702 to indicate the conditions, characteristics,
trends, and/or information associated with a process variable as described above 1n connection with FIG. 4.

Specifically, the example icons of FIGS. 5-7 emphasize current and projected states of a process variable, and the
direction of the process variable. The example icons 302 of FIG. 5 are similar to the icon 402 of FIG. 4 in that the icons
502 are generally tnangular in shape and point upward to indicate an upward trend of the process variable. The
example 1cons 504 of FIG. 5 are also similar to the icon 406 of FIG. 4 1n that the 1cons 504 are generally triangular in
shape and point downward to indicate a downward trend of the process variable. Furthermore, while the icons 402, 406
of FIG. 4 include exclamation points to indicate the current and projected state of the corresponding process variables,
the current and projected states in the 1icons 502, 504 are represented by the shading (e.g., flood 1ill) of the
corresponding current and projected state sections. Other methods of indicating the operating states of the process
variables may alternatively be used including different patterns, colors, shading, shapes, sizes, outlines, textual or
symbolic notations, flashing, highlighting, etc. For example, a normal operating state may be indicated by a gray color,
a low or high alarm state (relatively low criticality) may be indicated by a yellow color, and a low-low or a high-high
alarm state (relatively hgh criticality) may be indicated by a red color. Further, in such examples, the background or
surrounding color may be indicated by a gainsboro color (¢.g., a light bluish gray). More generally, the color scheme
implemented 1n some examples 1s specified 1n industry standard perceptual color discrimination spaces (€.g.,
International Commission on Illumination (CIE) standards). An advantage of such a color scheme 1s that the colors
may be distinguishable by color anomalous (€.g., color blind) as well as normal (e.g., non-color anomalous) operators.
In the illustrated examples of FIG. 5 and throughout the following figures, the high criticality states (¢.g., low-low or
high-high alarm states) are represented with dark shading, the low criticality states (e.g., low or high alarm states) are
represented with light shading, and the normal operating state 1s represented with no shading (e.g., white).

[0057] For purposes of explanation, the icons 502, 504 are shown above corresponding process variable

graphs 506 that indicate an example value of the process vanable over time. Each graph 506 shows a set point or target
value (indicated by the centerline 508) at which the process varnable 1s to operate under normal conditions and two
levels of high and low alarm states or ranges (referred to herein as a high-high alarm state 310, a high alarm state 512, a
low alarm state 514, and a low-low alarm state 516) delineated by hashed lines corresponding to alarm limits and
distinguished with different shading associated with the severity of the corresponding alarm state. The state of a

process variable within the area between the high and low alarm states 512, 514 1s referred to herein as the normal or
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target operating state. Additionally, each graph includes a dot 518 representative of the current value of the process
variable disposed along a line 520. The solid portion of the line 520 i1s representative of the value of the process
variable over time leading up to the current value. The dotted portion of the line 320 1s an extrapolation of the solid
portion of the line 520 to represent the projected value of the process variable going forward in ime. Additionally or
alternatively, other icons (or variations on the icons 302, 504 shown in FIG. 3) may be used to represent corresponding
process variables changing in other manner over time not shown by the graphs 506 (e.g., a steeper trend line 520 that
crosses over the set point).

[0058] As shown 1n FIG. 5, the 1cons 502 are placed 1n a row 522 associated with an increasing process
variable (¢.g., trending upwards) and the icons 504 are placed 1n a row 524 associated with a decreasing process
variable (¢.g., trending downwards). Based on the trend identifying shape of the icons 502, 504 (¢.g., a generally
triangular shape oriented to point up or down), an operator can easily identify the direction or trend of the process
variable. Furthermore, 1n some such examples, based on the direction of the trend in conjunction with the ordering of
the states indicated by the current and projected state sections, operators can infer the relative position of the process
variable with respect to the set point and the qualitative status of the indicated trend (e.g., worsening or improving). For
example, 1f the trend 1dentifying shape indicates a downward trend and the projected state section indicates a worse
alarm state than the current state section, operators can infer that the process variable 1s below the set point and
dropping (1.e., getting worse). In contrast, if the trend 1dentifying shape indicates an upward trend with the same current
and projected states as 1n the above example, operators can infer that the process variable 1s above the set point and
rising such that it 1s again worsening. In a sitmilar manner, if the relative severity of the current and projected state
sections of the icons are reversed from the above examples, operators can infer whether a process variable 1s above or
below the set point and that it 1s qualitatively improving (i.¢., moving towards the set point).

[0059] In the 1llustrated example of FIG. 3, the icons 502, 504 are grouped 1n separate columns 526, 528, 530
based on whether the state of the process variable 1s improving in that it 1s moving towards the set point (column 526),
worsening in that it 1s moving away from the set point (column 528), or maintaining in that it 1s in a substantially
constant or steady state condition (column 530). Within the improving column 526 and the worsening column 528 of

the increasing row 522, FIG. 3 provides each possible icon 502 for each projected transition between states as the value

of the process variable 1s projected to move from the low-low alarm region to the low alarm region, from the low alarm

region to the normal operating state, from the normal operating state to the high alarm region, and from the high alarm

region to the high-high alarm region. Inthe columns 326, 528 of the decreasing row 524, FIG. 5 illustrates each icon
504 corresponding to the reverse transitions from the high-high alarm range down through the low-low alarm range. As
with the icons 402, 406 of FIG. 4, the current and projected state of the process variable associated with the icons 502,
504 of FIG. 5 are based on the visually distinguishable characteristic (e.g., shading or flood fill, patterns, colors, shapes,
sizes, outlines, textual or symbolic notations, bordering, flashing, highlighting, etc.) of the current and projected state
sections of the 1cons 502, 504.

[0060] Within the state maintaining column 530, the 1icons 502, 504 have the same generally triangular shape
as the icons 502, 504 of the other columns 526, 528 (to indicate a direction of the trend associated with the process
variable). However, 1n contrast with the icons 502, 504 1n the columns 526, 528, the 1icons 502, 504 of the state
maintaining column 3530 are filled or shaded with a single color corresponding to a single state of the process variable.
In this manner, an operator may recognize that while the process variable 1s either moving up (icons 502) or down
(icons 504), the trend 1s evening out such that the projected state 1s the same as the current state. In some situations, the
process variable may be substantially constant over time such that there 1s no trend up or down. Under such conditions,

a different shape may be represented such as a generally octagonal shape as shown by the 1cons 602 of FIG. 6 with
- 11 -



08 04 21

appropriate indicia (€. g., shading, patterns, colors, outlines, textual or symbolic notations, bordering, flashing,
highlighting, etc.) to visually indicate the corresponding operating state of the process variable. The generally
octagonal shape 1s provided because of its association with a stop sign to intuitively indicate the process variable 1s not
changing (i.c., it has stopped). Additionally or alternatively, where the trend 1s oscillating or the trend 1s not otherwise
clearly moving up, down, or maintaining a steady state, a different shape may be used to indicate such a condition of the
process variable as shown by the shape of the icons 702 of FIG. 7. While certain shapes have been described in
connection with FIGS. 4-7 to indicate various characteristics (e.g., current state, projected state, trend) other suitable
shapes and their corresponding orientation may alternatively be used. For examples, an arrow or other shape that
indicates direction may be used in place of the 1cons 402, 406 of FIG. 4 and the icons 502, 504 of FIG. 5.

[0061] FIGS. 8-10 1llustrate other example 1cons to indicate conditions, characteristics, trends, and/or other
information associated with the process variable of the example process control system 100 of FIG. 1. In particular, the
1llustrated examples of FIGS. 8-10 show 1cons that emphasize current and projected states of a process variable, the
direction of the process variable, and the relationship of the process variable to a set point associated with the process
variable. FIG. 8 illustrates example triangular icons 802, 804 similar to the triangular icons 402, 406 of FIG. 4 except
that the 1cons 802, 804 are divided into a current state section 806 and a projected state section 808 where the projected
state section 808 extends along an edge adjacent a peak 810 of the triangular icons 802, 804. In this manner, the
horizontal relationship of the sections 806, 808 (¢.g., viewed from left to right) represents the change of state of the
process variable over time. That 1s, the current state 1s indicated on the left (by the current state section 806) and the
projected state (1.¢., the state at a future point in time) 1s indicated on the right (by the projected state section 808).
Additionally, the vertical relationship of the sections 806, 808 (e.g., viewed up or down 1n the direction pointed by the
peak 810) represents the direction of the process variable. FIG. 8 also 1llustrates example steady state icons 812 having
a genecrally rectangular shape. The steady state icons 812 also include two sections to provide consistency with the
increasing and decreasing trend icons 802, 802 but each section 806, 808 has the same visual indicia of the operating
state (e.g., shading, pattern, color, outline, textual or symbolic notation, bordering, flashing, highlighting, etc.) because a
steady state implies that the projected state of an associated process variable 1s the same as the current state of the
process variable. Accordingly, the example icons 802, 804, 812 of FIG. 8 provide the same information regarding the
current and projected states of a process variable as well as the trend of the process variable as was described above 1n
connection with FIGS. 4-7.

[0062] Additionally, the example icons 802, 804, 812 include a set point indicator 814 (e.g., a lin¢) to
indicate the relative position of the value of the process variable with respect to a set point associated with the process
variable. For example, in the left hand column of FIG. 8 the set point indicator 814 in each of the corresponding icons
802, 804, 812 1s positioned above the rest of the corresponding icon 802, 804, 812 (¢.g., above the sections 806, 808) to
indicate the process variable 1s below the set point. In this manner, an operator can recognize that the process variable
represented by the increasing icon 802 1s improving (1.e., moving towards the set point) while the process variable
represented by the decreasing icon 804 is worsening (1.€., moving away from the set point) without having to mentally
inte grate the meaning of the shading in the current state section 806 and the projected state section 808 and the order in
which the sections 806, 808 are stacked. Thus, whether a process variable 1s getting farther away or closer to 1ts set
point can be 1dentified even if the current state and the projected state are the same. In a similar manner, as shown in
FIG. 8, the set point indicator 814 1s placed below the rest of the icons 802, 804, 812 to indicate the value of the process
variable 1s above the set point, and the set point 1s positioned at the same level as the rest of the 1cons 802, 804, 812 to

indicate when the value of the process varnable 15 approximately at the set point. While FIG. 8 shows the set point
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indicator 814 behind the rest of the icons 802, 804, 810, in some examples, the set point indicator 814 1s placed in front
of (1.e., overlays) the rest of the icons 802, 804, 810.

[0063] FIG. 9 1llustrates example 1cons 902, 904, 906 that function 1n the same way as the 1cons 802, 804,
810 of FIG. 8, except that the icons 902, 904, 906 have a different shape. In particular, the trend identifying shape (e.g.,
triangular shape) of the 1cons 902, 904, 906 to indicate the trend or direction of the process variable 1s exclusively
assoclated with the current state of the process variable, while a separate section runnmng along a side of the triangle
serves to 1indicate the projected state of the process variable.

[0064] FIG. 10 1llustrates yet other example 1cons 1002, 1004, 1006 similar to those described above 1n
connection with FIGS. 8 and 9. In FIG. 10, the current state of the process variable 1s indicated by a generally
rectangular shape with a chamfered-like edge 1008. In the illustrated example, the slope of the edge 1008 (moving
from left to right) serves to indicate the direction of trend of the process variable over time. The 1cons 1004 of the
illustrated example do not have a chamfered-like edge 1008, thereby indicating that the process variable 1s maintaining
its current value. In some examples, the angle of the slope 1s indicative of the rate at which the value of the process
variable 1s changing. The use of the edge 1008 provides an alternative trend identifying shape that does not point the
direction of the trend like a triangle or arrow but 1s nevertheless intuitive because it 1s representative of a graph plotted
over time,

[0065] While the example icons 802, 804, 810, 902, 904, 906, 1002, 1004, 1006 of FIGS. 8-10 provide some
indication of the relative position of the process variable with respect to the set point (e.g., via the set point indicator
814 of FIG. 8), 1n some examples, 1n addition to the relative position of the process variable (1.e., above, below, or at the
set point), 1t 1s desirable to indicate the relative deviation of the process variable from the set point with respect to an
entire range of potential values for the process variable (e.g., how far above or below the set point). An indication of
such a relative deviation of the process variable from the set point 1s provided in the 1llustrated examples of FIGS. 11-17
along with other indications of conditions, characteristics, trends, and/or other information associated with process
variables described more fully below.

[00606] In particular, FIG. 11 illustrates example icons 1102, 1104, 1106, 1108 with shapes similar to those
described above. For example, the triangles in icons 1102, 1106 indicate that the trend of the process variable 1s
moving up or down, respectively. The rectangle in the icon 1104 1ndicates a steady state of the process variable, and
the wavy rectangle in the 1con 1108 1ndicates an oscillating or indeterminate pattern of the process variable. Further,
the shading of each shape indicates the corresponding operational state (€.g., normal operating state, high alarm state,
low alarm state, high-high alarm state, low-low alarm state, etc.) of the process variable as described above.

[0067] As shown in FIG. 11, each of the shapes 1s positioned at various points along an operational range
indicator 1110 (e.g., the solid vertical line). In the illustrated example, the range indicator 1110 1s representative of a
range of potential values at which the process variable may operate and a process variable indicator 1112 (e.g., the
central dot of eachicon 1102, 1104, 1106, 1108) corresponds to the location or position of the process variable within
the range represented by the line 1110. Thus, as 1s shown in the icon 1104, the process variable is nearly at the upper
extremity of the range of potential values and, therefore, 1s shown with a pattern corresponding to a high-lmgh alarm
state. The dashed horizontal line in each icon 1102, 1104, 1106, 1108 1s a set point indicator 1114 (¢.g., a dashed lin¢)
representative of the set point relative to the range of potential values indicated by the range indicator 1110. Although
the set point indicator 1114 1s shown 1n FIG. 11 as approximately in the middle of the range indicator 1110, the set
point indicator 1114 may be located at any location along the range indicator 1110 depending upon the value of the set
point and the corresponding values associated with the range defined by the range indicator 1110, In this manner, an

operator may immediately determine the relative position (e.g., above/below) of the process variable with respect to the
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set point as 1n FIGS. 8-9 but also visually assess the relative deviation of the process variable from the set point with
respect to the extreme values of the process variable within an expected range of values for the process variable
represented by the line 1110 to obtain a more accurate picture of the condition of the process variable.

[0068] FIG. 12 illustrates example icons 1202, 1204, 1206, 1208 that correspond to the same states and
corresponding trends as illustrated in the example icons 1102, 1104, 1106, 1108 of FIG. 11, respectively. However, the
example 1cons 1202, 1204, 1206, 1208 include a process variable indicator 1210 that 1s an arrow head or pointer,
instead of the dot 1112 of FIG. 11, to point the specific location of the process variable relative to the set point and the
entire range of potential values for the process variable. Additionally, the example 1cons 1202, 1206 1include a projected
state section 1212 to explicitly indicate 1n a visual manner, the direction of the trend and the anticipated state of the
process variable if the trend continues on its projected path without change.

[0069] FIG. 13 1llustrates other example icons 1302, 1304, 1306, 1308 that correspond to the same states and
corresponding trends as 1llustrated 1n connection with the example icons 1102, 1104, 1106, 1108 of FIG. 11,
respectively. Furthermore, as shown in the illustrated example, the icons 1302, 1304, 1306, 1308 of FIG. 13 are based
on the same shapes as the example 1icons 1102, 1104, 1106, 1108 of FIG. 11. However, in the example icons 1302,
1304, 1306, 1308 of FIG. 13, a set point indicator 1310 (e.g., the central line) and an operational range indicator 1312
(¢.g., the rectangular bar) are shown within the outer shape. The relative position and relative deviation of the process
variable with respect to the set point and outer limits of potential values for the process variable 1s indicated by a black
band that serves as a process variable indicator 1314 within the range bar 1312. In this manner, the icons 1302, 1304,
1306, 1308 remain stationary and can be larger and of a consistent size when used 1n an operator display as compared to
the examples of FIGS. 11 and 12.

[0070] In addition to indicating the placement of a process variable within an overall range of potential
values and relative to a set point, in some examples disclosed herein, the placement or relative distance of the value of
the process variable with respect to one or more alarm limits may also be indicated (as shown in the 1llustrated
examples of FIGS. 14-16 described 1n greater detail below). For example, FIG. 14 1llustrates another example icon
1400 with a set point indicator 1402 (e.g., the central bar or line) located on an operational range indicator bar 1404. In
the 1llustrated example, each end of the range indicator 1404 includes an outer (more critical) alarm section 1406
corresponding to a sub-range of values associated with a high-high alarm state or a low-low alarm state. Immediately
within the outer alarm sections 1406 of the example 1icon 1400 1s an inner alarm section 1408 corresponding to a high
alarm state or a low alarm state while the remaining portion of the range indicator bar 1404 corresponds to a normal
operating state. The relative position, deviation, and distance of the process variable with respect to the set point, alarm
limits, and entire operational range (as well as the current state of the process variable) 1s indicated 1n the example 1con
1400 by a process variable indicator line 1410 that may move along the range bar 1404. The trend or direction of the
process variable and, therefore, the projected state of the process varable, 1s indicated by the direction in which an
arrow marker 1412 1s pointing along the range 1406.

[0071] FIG. 15 illustrates other example icons 1502, 1504, 1506, 1508 having operational range indicator
bars 1510 similar to the range indicator bars 1312 of the example icons 1302, 1304, 1306, 1308 of FIG. 13 except that
the range indicator bars 1310 of FIG. 15 are substantially longer and extend beyond the trend 1dentifying shapes
associated with each of the example icons 1302, 1504, 1506, 1508. The longer range indicator 1510 provides a greater
distance over which the range of potential process variable values 1s represented to provide greater precision or
granularity in visually indicating the relative position, deviation, and/or distance of the process variable with respect to
the set point, range, and/or alarm limits. Furthermore, as shown in the illustrated example, additional alarm limit

indicators 1512 (e.g., lines) are included within the range indicator bar 1510 to represent the points on the range
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corresponding to alarm limits for the process variable (€. g., similar to the alarm sections 1406, 1408 of FIG. 14
described above).

[0072] FIG. 16 1llustrates other example icons 1602, 1604, 1606, 1608 that are similar to the example 1cons
1502, 1504, 1506, 1508 of FIG. 15 except that the icons 1602, 1604, 1606, 1608 include a textual notation 1610
identifying the actual value of the process variable. In other examples, the actual value of the set point and/or the alarm
limits may also be mndicated.

[0073] FIG. 17 1llustrates a series of example icons 1702, 1704, 1706 similar to those of FIGS. 15 and 16
corresponding to a process variable at various locations along a range defined by a range indicator. For simplicity,
different shading (e.g., flood fill) in the 1cons 1702, 1704, 1706 has been omitted but, in some examples, when being
used would be shaded (or flood filled) in a similar manner as described above. In the four left-most increasing icons
1702, the process variable 1s shown above the set point (based on the position of the process variable indicator (e.g., the
black band)) and the trend 1dentifying shape of the 1cons 1702 1s an upward pointing triangle. As a result, 1n the
i1llustrated example, the four left-most icons 1702 are indicative of a worsening state (€.g., the process variable 1s
trending away from the set point). This 1s similarly true for the four-right-most decreasing icons 1706. As shown 1in the
1llustrated example, the trend 1dentifying shape (€.g., a generally triangular shape pointing up or down) associated with
the 1icons 1702, 1706 1n a qualitatively worsening state are represented with a thick border 1708 to capture the attention
of an operator and/or enable the operator to quickly identify when a process parameter 1s worsening and, thus, may need
corrective action. In other examples, the icons 1702, 1704 associated with a worsening state may be distinguished in
any other suitable manner such as flashing, changing in color, size, intensity, pattern, orientation, etc.

[0074] Another characteristic associated with a process variable that can be beneficial to an operator 1s the

rate or speed at which a process varable 1s changing. For example, if a process vanable 1s rapidly approaching an
alarm limat, an operator can benefit from this knowledge to know that action must be taken quickly to avert potential
problems whereas 1f a process variable 1s trending towards an alarm limit, but at a modest pace, the operator may
monitor the process variable to determine if it 1s corrected before taking action. Accordingly, in the illustrated example
of FIG. 17, the rate of change of the value of a process varable 1s indicated by rate indicators 1710 (e.g., the lines or

tails stemming from the trend identifying shape). In some examples, a greater number of rate indicators 1710

corresponds to a greater rate of change of the process variable. As 1s 1llustrated, the rate indicators 1710 may also be

displayed as thick lines when the corresponding process variable 1s 1n a worsening state.

[0075] While the example 1cons describe above 1n connection with FIGS. 4-17 provide various visual indicia
(c.g., shading, patterns, colors, shapes, sizes, lines, pointers, outlines, orientations, symbols, notations, bordering,
flashing, highlighting, etc.) to convey the 1dentified characteristics, trends, and/or conditions of corresponding process
variables, other visual indicia and their appropriate orientation and composition may be used in addition to, or in place
of, what 1s described above to convey the same characteristics and/or conditions. Furthermore, the visual indicia of the
icons described above may be combined 1n different ways and/or be given different meanmings from what 1s described
herein to convey the desired information and enable the salient attributes to stand out to operators in an intuitive manner
with relatively little mental effort and/or time on the part of the operators. The intent of the visual indicia of the

example 1icons described herein increase the efficiency of operators while reducing the potential for errors.

Additionally, the different 1cons and corresponding visual indicia described above 1n connection with FIGS. 4-17

tradeoff 1n terms of the attributes of the process variables and/or the aspects of the corresponding trend information that
arc emphasized to an operator. Accordingly, the particular icons used 1n any particular process control system setting
can vary based on the needs and/or circumstances of the particular operations being monitored and controlled and/or the

preferences of the operators associated with the particular process control system. In some examples, to further assist
- 15 -



08 04 21

operators 1n quickly 1identifying circumstances and/or process attributes of particular interest and/or concern, the 1cons
rendered 1n a relatively sparse layout and arranged (e.g., horizontally aligned, vertically aligned, etc.) in a manner that
draws the attention of the operators to the salient 1ssues. For example, an 1con indicating a single decreasing parameter
among a number of other icons indicating parameters that are non-decreasing may pop-out or attract the attention of an
operator for easy spotting. Some such example arrangements of the icons are described in greater detail below.

[00706] FIGS. 18-21 1llustrate an example process variable summary pane 1800 that includes example

graphics associated with three process variables of a desalter module of a process control system (e.g., the example

process control system 100 of FIG. 1). The graphics may correspond to the graphics 312 described above 1n connection
with FIG. 3. The graphics in each of the FIGS. 18-20 include varying levels of detail to provide varying amounts of
information relating to the process variables based on the needs and/or desires of an operator. More particularly, FIG.

18 1llustrates the example process variable summary pane 1800 containing example basic graphics 1802, 1804, 1806.

FIG. 19 1llustrates the example process variable summary pane 1800 containing example mid-level graphics 1902,

1904, 1906. FIG. 20 illustrates the example process variable summary pane 1800 containing example detailed graphics
2002, 2004, 2006. FIG. 21 1illustrates the summary pane 1800 1n a collapsed form with the graphics hidden from view.

[0077] As shown 1n the 1llustrated examples, each of the basic graphics 1802, 1804, 1806, mid-level graphics
1902, 1904, 1906, and detailed graphics 2002, 2004, 2006 include the same icons 1808, 1810, 1812, respectively, which

are similar to the icons described above 1n connection with FIG. 8. Additionally, the basic graphics 1802, 1804, 1806 1n

the illustrated example of FIG. 18 include summary information such as a name 1814 of the process variable or
parameter being measured and a corresponding units of measurement 1816. In some examples, the basic graphics 1802,
1804, 1806 may be limited to the icons without any additional information.

[0078] The example mid-level graphics 1902, 1904, 1906 of FIG. 19 include the same summary information

provided 1n the basic graphics 1808, 1810, 1812 but also add additional details. For example, the mud-level graphics
1902, 1904, 1906 of the 1llustrated example include a parameter code or tag 1910 associated with the process variable, a
set point or target value indicator 1912 for the corresponding process variable, a measured value indicator 1914 of the
corresponding process variable, an output indicator 1916 associated with the corresponding process variable if
appropriate (€.g., output of a control valve), and a mode indicator 1918 to indicate whether the process 1s under
automatic or manual control. As shown in the example 1llustration, the measured value indicator 1914 1s positioned at
the same level as the trend indicator of the corresponding icon 1808, 1810, 1812 while the set point value indicator
1912 1s positioned at a level corresponding to each respective set point indicator to provide a second visual indication of
whether the value of the process variable 1s above, below, or approximately the same as the set point. Furthermore, the
measured value indicator 1914 1s filled with the same shading as the current state section of the corresponding icon
1808, 1810, 1812 to indicate the current state of the process variable.

[0079] The example detailed graphics 2002, 2004, 2006 of FIG. 20 include the same information provided in
the mid-level graphics 1902, 1904, 1906 of FIG. 19 but also add additional details. For example, the detailed graphics
2002, 2004, 2006 may include a trend graph 2008 that plots the value of the process variable over a certain time period.
In some examples, the trend graph 2008 includes a projected trend region 2010 to visually represent an expected path of
the process variable if it continues on 1ts current trend. As shown 1n the example trend graphs 2008 of FIG. 20, a set
point line 2012 and one or more alarm lines 2014 are included to visually indicate the relative position of the process
variable with respect to the set point and alarm limits over the time period displayed in the graph 2008. Additionally, 1in
some examples, the trend graphs 2008 may identify alarm state portions 2016 (¢.g., via different shading, patterns,
colors, or other visually distinguishable indicia) that enable the timing, duration, and state of alarms associated with the

process variable to be tracked or tagged over time.
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[0080] A top banner 1818, of the example process variable summary pane 1800 of FIGS. 18-21 provides a
title and/or code 1820 associated with the plant, area, unit, module or other component of a process control system
corresponding to the summary pane 1800. The top banner 1818 may also include a summary icon 1822 that provides
summary data associated the process variables associated with the component of the process control system
corresponding to the process variable summary pane 1800. For instance, in the illustrated example, the summary icon
1822 indicates the worst current state (e.g., by the shading or other graphical indicia of the large circle) and/or the worst
projected state (e.g., by the shading or other graphical indicia of the small circle) among all process variables associated
with the corresponding component of the process control system. In some examples, the top banner 1818 includes a
navigation button 1824 that enables an operator to navigate to a dedicated screen (e.g., a process diagram 304 displayed
via the P&ID display area 302) associated with the particular component of the process control system. In the
1llustrated example, the top banner 1818 of the summary pane 1800 also includes a collapse/expand button 1826 to
collapse the process variable summary pane 1800 to just the top banner 1818 as shown in FIG. 21, or to expand the
process variable summary pane 1800 of FIG. 21 to anyone of the expanded views shown 1n FIGS. 18-19.

[0081] FIGS. 22-25 1llustrate another example process variable summary pane 2200 that includes example
graphics associated with three process variables of a desalter module of a process control system (e.g., the example
process control system 100 of FIG. 1) similar to FIGS. 18-21. FIG. 22 includes example basic graphics 2202, 2204,

2206 comprising icons 2208, 2210, 2212 along with similar information described above 1in connection with FIG. 18.

FIG. 23 includes example mid-level graphics 2302, 2304, 2306 comprising the information shown 1n the graphics 2202,
2204, 2206 of FIG. 22 plus some additional information similar to that described above in connection with FIG. 19. In
particular, the graphics 2202, 2204, 2206 include icons 2308, 2310, 2312 that correspond to the icons 2208, 2210, 2212

of FIG. 22 except that they have an expanded range indicator bar that includes alarm limit lines similar to the icons
described above 1n connection with FIG. 15, FIG. 24 includes example detailed graphics 2402, 2404, 2406 comprising
all the information shown 1n the graphics 2302, 2304, 2306 of FIG. 23 plus additional information similar to that

described above 1n connection with FIG. 20. FIG. 25 illustrates the process variable summary pane 2200 1n a collapsed
state with the graphics hidden from view similar to FIG. 21.

[0082] One difference between the example process variable summary pane 1800 of FIG. 18 and the example
process variable summary pane 2200 of FIG. 22 1s the type of icons used. As discussed above, the example icons 1808,
1810, 1812 are simular to the icons 802, 804, 806 described above 1n connection with FIG. 8 that visually represent the
current state of the process variable (¢.g., based on the shading of the current state section), the projected state of the
process variable (e.g., based on the shading of the projected state section), the trend (¢.g., direction) of the process
variable (e¢.g., based on the trend 1dentifying shape), and the relative position of the process variable with respect to the
set point (e.g., based on the position of the set point indicator). In contrast, the example icons 2208, 2210, 2212 of FIG.
22 are similar to the icons 1602, 1604, 1606 described above 1n connection with FIG. 16 that visually represent the
current state of the process varnable (e.g., based on the shading of the icon), the direction of change (e.g., trend) of the
process variable (€.g., based on the trend identifying shape), the qualitative characteristics or status of the trend (e.g.,
worsening or improving) (e.g., based on the thickness of the border of the trend 1dentifying shape), the rate of change in
the trend (e.g., based on the number of rate indicators (€.g., lines or tails) attached to the trend identifying shape), the
relative position of the process variable with respect to the set point (e.g., based on whether the process variable
indicator (e.g., the black band) 1s above or below the set point indicator), the relative deviation of the value of the
process variable with respect to an operational range of values (e.g., based on the length of the process variable

indicator relative to the range indicator bar).
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[0083] In FIG. 23, the example graphics 2302, 2304, 2306 include a corresponding measured value indicator
2314 and a set point indicator 2316 that display the digital value of the corresponding measured value and the target
value (e.g., set point) of the process variable. As shown in the illustrated example, the target value indicator 2316 1s
positioned to correspond to the set point indicator of the corresponding icon 2308, 2310, 2312 while the measured value
indicator 2314 1s positioned to correspond to the location of the process variable within the operational range of values
as indicated in the corresponding example icon 2308, 2310, 2312 via the process variable indicator band. In this
manner, the graphics 2302, 2304, 2306 provide a second visual representation of the relative position and deviation of
the process variable with respect to the set point and operational range that includes the actual values of both the set
point and the measured value of the process variable. Additionally, as shown in the 1llustrated examples, the shading of
the measured value indicators 2314 correspond to the shading of the corresponding icons 2308, 2310, 2312 to indicate
the operational state of the process variable. Furthermore, 1n some examples, the measured value indicator 2314 and/or
the target value indicator 23 16 may be selected (e.g., via a mouse click, or mouse hover) to display the full precision
digital value (e.g., including all signmficant digits). In the illustrated example of FIG. 23, the example graphics 2302,
2304 1nclude an output indicator 2318 to indicate the output of a field device (e.g., a control valve) associated with the
corresponding process variable as well as an output device operational state indicator 2320 to indicate the state of the
corresponding field device (e.g., the actual position of a control valve).

[0084] The example detailed graphics 2402, 2404, 2406 of FIG. 24 include the same information provided in
the mid-level graphics 2302, 2304, 2306 of FIG. 23 but also add additional details. For example, the detailed graphics
2402, 2404, 2406 may include a trend graph 2408 similar to the trend graphs 2008 of FIG. 20. In some examples, each

trend graph 2408 includes a set point line 2410 and one or more alarm limit lines 2412 that may be normalized to

substantially align with the corresponding alarm limit indicator lines and set point indicator line of the corresponding

icon 2308, 2310, 2312. In other examples, the trend graphs 2402, 2404, 2406 may be normalized based only on the set

point. Furthermore, as shown in the example i1llustration, each trend graph 2408 1s vertically aligned with the other

trend graphs to enable comparison of the values of different process variables over the same time period, to compare
different parameters to identify temporal coincidences and/or relationships in process variable changes, and/or to

support diagnosis of the system. Additionally, in some examples, alarm tagging over time (€.g., tracking the timing,

duration, and state of alarms associated with a process variable) may be graphically represented in the trend graphs

2408 via alarm state portions 24 14 identified by different shading or other indicia (e.g., patterns, colors, etc.).

[0085] A top banner 2214, of the example process variable summary pane 2200 of FIGS. 22-25 may provide
similar information and/or functionality as the top banner 1818 of FIGS. 18-21. For example, the top banner 2214 may
include a collapse/expand button 2216 to collapse the process variable summary pane 2200 to just the top banner 2214
as shown 1n FIG. 25, or to expand the process variable summary pane 2200 of FIG. 25 to anyone of the expanded views
shown in FIGS. 22-24. In some examples, the top banner 2214 may also include an alarm summary icon 2218 that
provides alarm summary data associated the process variables within the process varnable summary pane 2200. For
instance, in the illustrated example, the alarm summary icon 2218 includes a low criticality alarm section 2220 and a
high criticality alarm section 2222, Within the low and high crificality alarm sections 2220, 2222 a number may be
displayed corresponding to the number of process variables associated with a corresponding low criticality alarm states
(c.g., a low alarm state or a high alarm state) or high criticality alarm states (¢.g., a low-low alarm state or a high-high
alarm state) of the particular component of the process control system 1dentified by a title 2224 1n the top banner 2200,
Furthermore, 1n some examples, the low and high criticality alarm sections 2220, 2222 contain the same visual
characteristics (e.g., shading, color, pattern, outline, intensity, flashing, etc.) as the example 1cons associated with

corresponding low or high criticality alarm states.
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[00806] Additionally, as shown 1n the 1llustrated examples, the top banner 2214 may also include a normalize
button 2226 to normalize the trend graphs 2402, 2404, 2406 as described above in connection with FIG. 24. The top
banner 2214 of the illustrated example also includes zoom buttons 2228, 2230 to enable a user to change the degree of
information provided in the process variable summary pane 2200. For example, pressing the zoom button 2228 when
viewing the example process variable summary pane 2200 with the basic graphics 2202, 2204, 2206 as shown in FIG.
22 will convert (e.g., “zoom 1n”) the summary pane 2200 to display the mid-level graphics 2302, 2304, 2306 as shown
in FIG. 23. Pressing the zoom button 2228 again will display the summary pane 2200 with the detailed graphics 2402,
2404, 2406 as shown 1n FIG. 24. Pressing the zoom button 2230 will reverse the process described above. In this
manner, an operator may control the amount of detail that 1s displayed and/or the amount of space that 1s consumed by
the process variable summary pane 2200.

[0087] In some examples, a new window button 2232 1s provided in the top banner 2214 to enable an
operator to open the example process variable summary pane 2200 1n a separate window. A module options button
2234 1s provided 1n the top banner 2214 to enable an operator to add, delete, and/or edit a control module of the process

control system. A sort button 2236 may also be provided in the top banner 22 14 to enable an operator to sort and/or

filter the graphics displayed within the process variable summary pane 2200 (e.g., sort by alphabetical order, engineered

order, order of severity, etc.).

[0088] FIG. 26 1llustrates an example navigation pane 2600 associated with at least a portion of a process
control system (¢.g., the example process control system 100 of FIG. 1). The example navigation pane 2600 includes
multiple navigation buttons 2602, 2604, 2606, 2608, 2610, 2612, 2614, 2616, 2618 grouped or arranged 1n separate
columns 2620, 2622, 2624. Each navigation button 2602, 2604, 2606, 2608, 2610, 2612, 2614, 2616, 2618 corresponds

to a particular component (€.g., a plant, an area, a unit, an equipment module, a control module, etc.) in the process

control system. Each column 2620, 2622, 2624 corresponds to a different level in a hierarchy of components of the
process control system and, therefore, contains the navigation buttons 2602, 2604, 2606, 2608, 2610, 2612, 2614, 2616,
2618 associated with components corresponding to the hierarchy level of each column 2620, 2622, 2624. In the
1llustrated example, higher or upper levels of components (€.g., parent components) are towards the left and lower
levels (e.g., child components or subcomponents) are towards the right. For instance, in the illustrated example of FIG.
26, the left-hand column 2620 corresponds to the plant level of a hierarchy of the process control system and includes a
single navigation button 2602 labeled as “Texas Plant” that corresponds to a single plant in the process control system.
The next level down 1n the hierarchy (corresponding to the middle column 2622) of the 1llustrated example 1s the unit
level, which contains the navigation buttons 2604, 2606, 2608 respectively labeled as “Crude Unit 1,” “Crude Unit 2,”
and “Crude Unit 3”7 that correspond to three process units within the plant of the process control system. The next level
down 1n the example hierarchy (and bottom level represented in the example navigation pane 2600 in column 2624) 1s
the equipment module level, which contains the navigation buttons 2610, 2612, 2614, 2616, 2618 respectively labeled
as “Storage Tanks,” “Desalter,” “Heater,” “Tower,” and “Overhead Receiver” that correspond to five process modules
of the process control system. In some examples, the navigation pane 2600 may contain more columns to represent
other levels within the process control system hierarchy (e.g., equipment module levels and/or control module levels).
[0089] In the 1llustrated example, each column 2620, 2622, 2624 in the illustrated example corresponds to a
single branch of child components associated with a common parent component in the hierarchy. That 1s, the
navigation buttons associated with lower levels in the herarchy that are shown in the example navigation pane 2600
correspond to components that are a subset of components contained within one of the components represented by one
of the navigation buttons in the level immediately above the corresponding lower level. For example, the navigation

buttons 2610, 2612, 2614, 2616, 2618 1n the right-hand level column 2624 may correspond to process modules that are
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all associated with the same process unit within the process control system (e.g., the first crude process unit associated
with the navigation button 2604 1n the middle column 2622). Similarly, each of the three navigation buttons 2604,
2606, 2608 1n the middle column 2622 may correspond to process units that are all associated with the same plant (e.g.,
the plant associated with the navigation button 2602 in the left-hand column 2620). Thus, while the crude process units
assoclated with the navigation buttons 2606, 2608 may have multiple sub-components (¢.g., multiple equipment and/or
control modules), these are not represented by navigation buttons in the navigation pane 2600 shown in FIG. 26 because
they are within branches of the hierarchy other than the one shown. In the illustrated example, the particular branch of

cach level of the hierarchy that 1s displayed 1n the navigation pane 2600 at any given fime may be based on a current

view (€.g., a current process diagram 304 in the P&ID display area 302) of the process control system. For example, if
the heater module associated with the navigation button 2614) of the first crude process unit associated with the
navigation button 2604) 1s currently being viewed, all the navigation buttons in the branches from the top level (e.g., the
plant associated with the navigation button 2602) down to the level associated with the heater module are displayed. As
shown 1n the 1llustrated example, the sibling components (¢.g., components that directly branch from the same parent

component one level up the hierarchy) at each level of the hierarchy are also displayed. In some examples, the

navigation button corresponding to the specific component currently being viewed (e.g., via the P&ID display area 302)

1s graphically distinguished from the other navigation buttons. For example, as shown in FIG. 26, when an operator 1s

viewing a P&ID for the heater module of the first umt of the plant, the navigation button 2614 corresponding to the
heater module has a unique visual characteristic (e.g., different pattern) to distinguish i1t from the remaining navigation
buttons. Although the illustrated example shows the navigation button 2614 having a unique pattern, any other visually
distinctive characteristic may alternatively be used (€.g., shading, color, shape, size, outline, orientation, symbol,
notation, bordering, flashing, highlighting, etc.). Additionally or alternatively, each navigation button 1n a direct path or

line from a top level of the hierarchy (¢.g., a plant) down to the particular component (€.g., area, unit, module, etc.)

being viewed 1s graphically altered to be distinguishable from the other navigation buttons. For example, the

navigation buttons 2602, 2604, 2614 include a thick border; however, any other visually identifiable characteristic may
alternatively be used. In this manner, operators may quickly determine what they are viewing and how it relates to
other components within the process control system and the other navigation buttons within the navigation pane 2600.
[0090] As shown 1n the 1llustrated example, each of the navigation buttons 2602, 2604, 2606, 2608, 2610,
2612, 2614, 2616, 2618 includes an alarm summary icon 2626 similar to the alarm summary icon 2218 described above
in connection with FIGS. 22-25 except that the alarm summary data indicated by each alarm summary icon 2626
corresponds to process variables associated with the corresponding navigation button 2602, 2604, 2606, 2608, 2610,
2612, 2614, 2616, 2618. For instance, in the 1llustrated example, the summary 1icons 2626 indicate the number of
process variables associated with the component corresponding to each navigation button and which are currently in an
alarm state (e.g., alarm states with a high cniticality and/or a low criticality). The process variables associated with a
particular component may include the process vanables that are directly associated with the component and/or
associated with any lower level component contained within the component (€.g., a child component of the particular
component at 1ssue). For example, the alarm summary 1cons 2626 of the navigation buttons 2610, 2612 indicate that
cach of the corresponding components (€.g., storage tanks module and desalter module) are associated with one process
variable 1n a low criticality alarm state (€.g., based on the light-shading) and the alarm summary 1con 2626 of the
navigation button 2614 corresponding to the heater module indicates one process variable 1s 1n a low criticality alarm
state and one process variable 1s 1in a high criticality alarm state. In the 1llustrated example, all three process modules
(¢.g., storage tanks, desalter, heater) are sub-components with the first crude process unit represented by the navigation

button 2604. Accordingly, the alarm summary 1con 2626 of the navigation button 2604 i1ndicates one process variable
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1n a high criticality alarm state (e.g., from the heater module) and three process variables 1n a low criticality alarm state
(c.g., one from each of the storage tanks module, the desalter module, and the heater module). The navigation button
2602 associated with the entire plant indicates one additional low cnticality alarm state corresponding to a process

variable associated with the third crude process unit as indicated by the alarm summary 1con 2626 of the navigation

button 2608. Based on this convention, operators can quickly determine what component of the process control system
they are viewing via the P&ID display area 302 and its relationship to other components in the process control system.
Thus, operators can also quickly assess and/or identily the state of the components and where their attention may be
needed to resolve outstanding alarm 1ssues.

[0091] FIG. 277 1llustrates another example navigation pane 2700 associated with the same portion of the
example process control system represented in the example navigation pane 2600 of FIG. 26. The example navigation
pane 2700 1s similar to the example navigation pane 2600 except that each branch in the hierarchy 1s placed within a
separate tab 2702, 2704, 2706, 2708. Accordingly, in the illustrated example, rather than marking the navigation
buttons in the direct path of the herarchy (e.g., via a thick border as described above 1n connection with FIG. 26), the
tabs 2702, 2704, 2706, 2708 associated with each component in the direct line of the hierarchy are brought to a front
view and highlighted with a bold outline and/or otherwise graphically identified. As with FIG. 26, the navigation

button 1n FIG. 27 associated with the current view (e.g., the process diagram 304) of the P&ID display area 302 (e.g.,

the navigation button 2614 associated with the heater module) 1s visually distinguished (e.g., via shading, color, pattern,
highlighting, outhining, flashing, etc.). In this manner, an operator can visually 1dentify the context of the current view
displayed in the P&ID display area 302 relative to the rest of the process control system. Additionally, the outline of
the tabs 2702, 2708 serve to graphically represent that each of the three crude process units (represented by the
navigation buttons 2604, 2606, 2608) are subcomponents within the plant (represented by the navigation button 2602)
and that each of the five process modules (represented by the navigation buttons 2610, 2612, 2614, 2616, 2618) are
subcomponents within the first crude process unit (represented by the navigation button 2604).

[0092] FIG. 28 1llustrates another example navigation pane 2800 associated with the same portion of the
example process control system of FIGS. 26 and/or 27. However, unlike the example navigation pane 2600 of FIG. 26
and the example navigation pane 2700 of FIG. 27, the example navigation pane 2800 1includes a top banner 2802 with a
title 2804 1dentifying the top level of the process control system represented in the navigation pane (¢.g., the Texas
plant). As such, in the illustrated example of FIG. 28, a left-hand column 2806 corresponds to the unit level of the
hierarchy and contains the navigation buttons 2604, 2606, 2608 and a middle column 2808 corresponds to the area level
of the hierarchy and contains the navigation buttons 2610, 2612, 2614, 2616, 2618. A right-hand column 2810 of the
example navigation pane 2800 includes navigation buttons 2812, 2814, 2816 corresponding to components 1n the next
level down the hierarchy (e.g., equipment and/or control modules). In some examples, each column 2806, 2808, 2810
may have an adjustable width to account for more or less components associated with the corresponding level of the
hierarchy. Additionally or alternatively, the columns 2806, 2808, 2810 may contain more navigation buttons than are
shown at any one time but may be viewed by using a corresponding scroll bar 2818. The example navigation pane
2800 1s similar or identical to the example navigation pane 308 of FIG. 3 except that the navigation pane 2800 shows
additional detail and corresponds to the heater module displayed via the P&ID display arca 302 rather than the first
crude process unit being displayed via the P&ID display area 302 as shown in FIG. 3.

[0093] In the 1llustrated example, the lower level components contained within a particular higher level
component represented 1n the example navigation pane 2800 are identified by a marker 2820 (¢.g., a triangle or arrow)
located next to each higher level navigation button corresponding to the direct line of components in the hierarchy

pointing down to the navigation button associated with the currently viewed component. For example, the marker 2820
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next to the navigation button 2604 indicates that all the navigation buttons displayed in the lower levels (e.g., the
navigation buttons 2610, 2612, 2614, 2616, 2618 1n the column 2808 and the navigation buttons 2812, 2814, 2816 in
the column 2810) correspond to subcomponents within the first crude process unit of the process control system (1.¢.,
the upper component associated with the navigation button 2604). Similarly, the marker 2820 next to the navigation
button 2614 indicates that the navigation buttons 2812, 2814, 2816 correspond to components within the heater module
(1.€., the upper component associated with the navigation button 2614). Additionally or alternatively, the direct path of
components from the top level of the hierarchy down to the currently viewed component may also be indicated by
altering the appearance of the corresponding navigation button(s) along the direct path (e.g., by changing the shading,
color, pattern, brightness, outline, etc. of the corresponding navigation button(s) similar to what was described above 1n

connection with FIG. 26). Furthermore, as with FIGS. 26 and 27, the navigation button 1in FIG. 28 associated with the

current view (€.g., the process diagram 304) of the P&ID display arca 302 (¢.g., the navigation button 2614 associated
with the heater module) 1s visually distinguished (¢.g., via a unique shading, pattern, color, shape, size, outline,
orientation, symbol, notation, flashing, hghlighting, etc.).

[0094] As will be described 1n greater detail below, selecting (e.g., via a mouse click) any one of the

navigation buttons may change the current view (e.g., the displayed process diagram 304 1n the P&ID display area 302)
of the process control system to correspond to the component selected. In this manner, in addition to providing
contextual awareness to operators regarding the current view relative to other components as well as the alarm state of

the components, the example navigation pane 2800 enables an operator to quickly navigate to any component 1n the

process control system and bring up the corresponding P&ID and/or other information for further analysis. In other
examples, selecting (e.g., via a mouse click) one of the navigation buttons may not immediately change the process
diagram 304 to the selected component but merely give a preview of the selected component within the navigation
pane. For example, an operator may be viewing the example navigation pane 2800 as shown in FIG. 28 and want to
know the source of the single alarm indicated in the alarm summary icon 2626 of the navigation button 2608
corresponding to the third crude process unit of the process control system. To do so, an operator may select the
navigation button 2608 1n the left-hand column 2806 to then update the remaining columns 2808, 2810 to show
navigation buttons associated with the subcomponents of the third crude process unit as indicated in FIG. 29. That 1s,
upon selecting the navigation button 2608 1n the example navigation pane 2800 of FIG 28, the marker 2820 1s displayed
next to the navigation button 2608 to indicate that the middle column 2808 has been repopulated with new navigation
buttons 2902, 2904, 2906, 2908, 2910 corresponding to the components within the third crude process unit of the
process control system. Then, upon selecting the navigation button 2904 (indicated as the source or location of the
alarm based on the alarm summary icon 2626), the right-hand column will be populated with navigation buttons 2912,

2914, 2916 and another marker 2820 will be displayed next to the navigation button 2904 to indicate that the navigat:

rm—

on
buttons 2912, 2914, 2916 1n the third column 2810 correspond to subcomponents within the desalter module
represented by the navigation button 2904,

[0095] Although the content of the columns 2806, 2808, 2810 between the example navigation pane 2800
shown 1n FIGS. 28 and 29 1s different, in some examples, the navigation pane 2800 of FIG. 29 1s a preview of the
desalter module of the third crude process unit such that the P&ID of the heater module of the first crude process unit
will remain on display in the P&ID display area 302. In some examples, navigating to a preview display in the
navigation pane 2800 may be accomplished by selecting the corresponding navigation buttons in a first manner (€.g., a
single mouse click) and actually navigating to a new P&ID display area 302 (e.g., with a different process diagram 304)
may be accomplished by selecting the corresponding navigation button in a second, different manner (¢.g., a double

mouse click).
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[0096] As described above, the markers 2820 next to the navigation buttons 2608, 2904 of FIG. 29 and/or the
distinctive appearance (e.g., based on shading, color, pattern, border, notation, ¢tc.) of the navigation buttons 2608,
2904 of FIG. 29 indicate the relationship of the navigation buttons in each column 2806, 2808, 2810 (e.g., the branches
and/or paths of the hierarchy) that are currently being displayed. However, when a preview navigation pane 1s shown
(¢.g., the navigation pane 2800 of FIG. 29), the navigation button corresponding to the particular component actually
being displayed in the P&ID display area 302 may be hidden (e.g., the navigation button 2614 of FIG. 28).
Accordingly, as shown in the example navigation pane 2800 of FIG. 29, a separate marker 2918 may be shown next to
the navigation button corresponding to the branch of the hierarchy of the process control system associated with the
currently viewed component in the P&ID display arca 302. Additionally, the marker 2918 may be different in
appearance (€.g., based on color, pattern, outline, shape, notation, etc.) than the markers 2820 described above to
distinguish the purposes of the markers 2820, 2918. In some examples, the unique visual characteristic of the marker
2918 may correspond to the visually distinguishing feature (e.g., color, pattern, shading, highlight, border, etc.) of the
navigation button associated with the component corresponding to the P&ID display area 302 (¢.g., the navigation
button 2614 of FIG. 28).

[0097] The top banner 2802 of the example navigation pane 2800 of FIGS. 28 and 29 includes a
collapse/expand button 2822 and a summary 1icon 2824 that are similar to the collapse/expand button 2216 and the
summary icon button 2218 described above in connection with FIGS. 22-25. Additionally, in some examples, the top
banner 2802 includes a P&ID display button 2826 that returns the example navigation pane 2800 to show the navigation
buttons associated with the component in the process control system currently being displayed via the P&ID display
arca 302. For instance, if an operator were to select (e.g., mouse click) the P&ID display button 2826 after navigating
to the preview navigation pane 2800 shown 1n FIG. 29, the navigation pane 2800 would return to the view shown 1n
navigation pane 2800 of FIG. 28 corresponding to the heater module that 1s currently being displayed in the P&ID
display areca 302. In some examples, the top banner 2802 may also include a back button 2828 and a forward button
2830 to browse back and forth between different views that an operator has navigated through while using the

navigation pane 2800. Additionally or alternatively, the top banner 2802 also includes a previous alarm button 2832

and a next alarm button 2834 to skip back and forth between pages (€.g., process diagrams 304 1n the P&ID display area
302) that are associated with at least one process variable currently 1n an alarm state. Furthermore, the top banner 2802

may include an alarm filter button 2836 to reconfigure the navigation pane 2800 to only show navigation buttons

assoclated with components that include at least one process variable under an alarm state and/or to filter the navigation
pane 2800 to only show navigation buttons associated with high-criticality alarms. Additionally or alternatively, a
separate sort button (similar to the sort button 2236 described in connection with FIG. 235) may be provided to sort
and/or filter the navigation buttons in other manners (¢€.g., sort by alphabetical order, engineered order, order of severity,
etc.).

[0098] FIG. 30 illustrates the example operator interface 300 of FIG. 3 with the P&ID display area 302, the
navigation pane 308, and the process variable summary pane 310. As explained above in connection with FIG. 3, the
process diagram 304 displayed within the P&ID display area 302 may change to correspond to various components
and/or subcomponents within the process control system that are selected by an operator for display. As such, 1n some
examples, one or more of the elements within a particular process diagram 304 associated with an upper level
component within the hierarchy of the process control system (e.g., the process unit as shown in FIG. 30) may be
representative of lower level components within the hierarchy that are associated with a separate, more detailed process
diagram 304. In some examples, when an operator selects (e.g., via a mouse click) and/or hovers over (€.g., with a

mouse pointer) an element 1n the process diagram 304 representative of such a subcomponent the element may be
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highlighted, outlined, or otherwise distinguished as shown by the dashed line 3002 identifying the element
representative of the heater module of the displayed process unit of the process control system. Further, the
corresponding navigation button within the navigation pane 308 may also be identified at the same time (e.g., as shown
by the dashed line 3004) to enable an operator to assess the relationship of different information displayed at different
locations within the operator interface 300. Similarly, in the illustrated example, selecting (e.g., with a mouse click)
and/or hovering over (e.g., with a mouse pointer) the navigation button will highlight, outline, or otherwise 1dentify the
navigation button and the corresponding element within the process diagram 304 of the P&ID display area 302. In
some examples, if the element within the process diagram 304 or the navigation button are selected (e.g., via double
mouse click), the P&ID display area 302 will be automatically updated with a new process diagram 304 corresponding
to the selected component of the process control system. In such examples, the navigation pane 308 1s appropriately
updated.

[0099] FIGS. 31A-31B illustrate a more detailed view of the example operator interface 300 of FIG. 30 after
an operator has selected the heater module for display via the P&ID display arca 302. In the illustrated example, the

process diagram 304 has changed from a representation of the first crude process unit (€.g., Crude Umit 1) as shown 1in

FIG. 30 to a representation the components and/or elements of the process control system associated with the heater
module. In the illustrated example, the title 305 has changed to reflect the updated view. Additionally, the navigation
buttons within the navigation pane 308 corresponding to the selected heater module have also changed to reflect the fact
that the navigation pane 308 corresponds to the process diagram 304 currently displayed (which corresponds to the
navigation pane 2800 described above 1n connection with FIG. 28). As with many known process control system
operator interfaces, the process diagram 304 within the example operator interface 300 of FIG. 31A and 31B includes
basic process variable data 3102 providing real-time information for specific process variables associated with the
displayed heater module (¢.g., tag or name, process variable value, set point, output, etc.). Additionally, as shown in the
1llustrated example, adjacent at least some of the process variable data 3102 are corresponding icon 3104, 3106, 3108,
3110, 3112, 3114, 3116, 3118 that may be similar or identical to one or more of the icons described above 1n connection
with FIGS. 4-17. Inthis manner, operators do not have to compare (¢.g., determine a numerical difference between) the
displayed values of the process variable and the corresponding set point to identify the condition of the process control
system components (€.g., the trend direction, alarm state, alarm severity, rate of change, etc.). Furthermore, the 1cons
3104, 3106, 3108, 3110, 3112, 3114, 3116, 3118 enable operators to quickly identity the trend of the process variable to
assess outstanding alarms and/or to anticipate imminent alarms, which 1s not possible based solely on the information
provided via the process variable data 3102 because the data 3102 only provides the most current data available (e.g., at
a single point 1n time) rather than changes in the process variable over time.

[00100] As a result of the information conveyed by the icons 3104, 3106, 3108, 3110, 3112, 3114, 3116, 3118
in the 1llustrated example, operators can quickly and intuitively recognize that two process variables (associated with
the 1cons 3106, 3108) are 1n alarm states (¢.g., based on the shading of the icons) while the remaining process variables
are within a normal operating state. Further, the operators can quickly and intuitively recognize that the process
variables 1n an alarm states have reached a steady state (e.g., based on the trend 1dentifying shape) and that 1n both cases
the measured value of the process variable 1s below the set point (e.g., based on the position of the process variable
indicator (¢.g., the black band) relative to the set point indicator line). Additionally, the operators can recognize that,
although the remaining process variables are all within normal operating states, one of the process variables (associated
with the 1con 3104) 1s dropping e¢.g., (based on the pointed direction of the trend identifying shape) at a relatively fast
rate (¢.g., based on the rate indicators of the 1icon) 1n a direction away from the set point (1.¢., the condition 1s

worsening) (e.g., based on the thick border of the trend 1dentifying shape). The icons 3110, 3112, 3114, 3116, 3118
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corresponding to the remaining process variables enable an operator to recognize that the process variables are 1n a
normal operating state and maintaining their current value (1.¢€., steady state). Furthermore, operators can quickly and
intuitively determine whether the value for each such process variable 1s above, at, or below the set point (based on the

relative position of the set point indicator line and the process variable indicator).

[0100] In the 1llustrated example of FIGS. 31 A-31B, the operator interface 300 also includes an alarm banner
3120 that specifically identifies the process variables that are currently operating in an alarm state, projected to be
operating 1n an alarm state, and/or are associated with a trend that 1s worsening. Furthermore, in some examples, the
process variables 1dentified 1n the alarm banner 3120 are provided with the corresponding icons 3104, 3106, 3108). In
this manner, operators do not need to visually canvass the entire process diagram 304 to i1dentify potential 1ssues within
the current view as they are grouped 1n an alarm banner along with the icons 3104, 3106, 3108 that provide the
additional information to enable operators to quickly assess the condition of each identified process variable without
having to click on the alarm banner 3120 to open a separate alarm display to determine the details.

[0101] Additionally, 1n some examples, the 1icons 3104, 3106, 3108, 3110, 3112, 3114, 3116, 3118 are

displayed separately from the process diagram 304 within a process variable summary pane 3122, In this manner, all of

the icons 3104, 3106, 3108, 3110, 3112, 3114, 3116, 3118 are grouped together regardless of whether the corresponding

process variables are associated with an active alarm condition for quick comparison and/or review by operators. More

particularly, the example process variable summary pane 3122 shown 1n FIG. 31B comprises basic graphics 3124,

3126, 3128, 3130, 3132, 3134, 3136, 3138 similar to the basic graphics of the example process variable summary panes

1800, 2200 described in connection with FIGS. 18 and 22. In some examples, operators may select one or more of the

process variables (e.g., those listed within the alarm banner 3120) for review 1n a second process variable summary

pane 3140, In the 1llustrated example, the second process variable summary pane 3140 provides detailed graphics 3142,

3144, 3146 similar to the detailed graphics described above in connection with FIGS. 20 and 24. In this manner, an
operator can 1solate the process varnables that potentially need attention and/or quickly review the additional
information provided by the detailed graphics 3142, 3144, 3146. In some examples, operators may select specific
process variables or parameters for the second process variable summary pane 3140 by selecting (¢.g., by right-clicking
with a mouse) a particular graphic within one of the process variable summary panes 3122, 3140 and then selecting

from a resulting pop-up (€.£., in a drop-down menu) an existing process variable summary pane (e.g., the first process

variable summary pane 3122 or the second process variable summary pane 3140) to which the graphic 1s to be added

and/or creating a new process variable summary pane for the particular graphic selected. Additionally or altermatively,

the pop-up options available upon selecting (e.g., by nght-clicking with a mouse) one of the graphics 3124, 3126, 3128,
3130, 3132, 3134, 3136, 3138, 3142, 3144, 3146 may also enable operators to open a faceplate for the corresponding
parameter or process variable and/or to navigate to a different process diagram 304 associated with another component
of the process control system that also contains the corresponding process variable.

[0102] Furthermore, as described above 1n connection with FIGS. 22-25, operators may sclect the zoom 1n
button 2228 in the process variable summary pane 3122 to request the basic graphics 3124, 3126, 3128, 3130, 3132,
3134, 3136, 3138 to be expanded out to mid-level graphics (€.g., as described 1in connection with FIGS. 19 and 23)
and/or detailed graphics (e.g., FIGS. 20 and 24). However, as shown 1n the illustrated example of FIG. 31B, the sidebar
306 does not contain adequate space to expand the basic graphics 3124, 3126, 3128, 3130, 3132, 3134, 3136, 3138 of
the process variable summary pane 3122 to mid-level graphics because of the second process variable summary pane
3140 containing the detailed graphics 3142, 3144, 3146. Accordingly, in some examples, to maintain all the desired
information displayed within the sidebar 306, if an operator zooms 1n on the process variable summary pane 3122 to

mid-level graphics, the second process variable summary pane 3140 automatically zooms out from the details graphics
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3142, 3144, 3146 to corresponding mid-level graphics. Thus, FIG. 32 illustrates the example sidebar 306 of FIG. 31B
after the process variable summary pane 3122 has been expanded to include mid-level graphics and the second process
variable summary pane 3140 has correspondingly adjusted to also include mid-level graphics. In this manner, operators
can drill down to obtain any desired information while maintaining all other information on the screen such that the
operators can compare the information i1n context without having to scroll back and forth, swap between display
screens, and/or have to relocate information each time the operator desires to review the information. Additionally or
alternatively, if the zooming 1n on the process variable summary pane 3122 consumed more space within the sidebar
306, the second process variable summary pane 3140 may zoom out further to contain only basic graphics associated
with the corresponding process variables and/or entirely collapse to the top banner similar to what 1s shown i1n FIG. 25.
[0103] Returning to FIGS. 31A-31B, inasmuch as the example icons 3104, 3106, 3108, 3110, 3112, 3114,
3116, 3118 and related information may appear multiple places within the operator interface 300, 1n some examples,
when an operator selects (€.g., via mouse click) or hovers (e.g., with a mouse pointer) over one of the icons 3104, 3106,
3108, 3110,3112, 3114, 3116, 3118 or corresponding graphics 3124, 3126, 3128, 3130, 3132, 3134,3136, 3138, 3142,

3144, 3146, each location within the operator interface 300 associated with the process variable selected that shows the

corresponding icon or graphic may be highlighted, outlined, or otherwise i1dentified (e.g., the thick solid outline 3148

shown 1n the process diagram 304 and alarm banner 3120 of FIG. 31A and around the graphics 3138, 3142 of the

process variable summary panes 3122, 3140 of FIG. 31B). In this manner, operators can quickly determine

relationships between information without having to match or look up tags or compare data entries in some other way.

[0104] The use of the example 1cons 3104, 3106, 3108, 3110, 3112, 3114, 3116, 3118, and all the

information they convey, positioned within the process diagram 304, the alarm banner 3120, and the process variable

summary panes 3122, 3142, along with the ability to zoom 1n and out for more or less detail as desired enables

operators to quickly assess the current condition(s), forecasted trend(s) or projected state(s), and/or relationship(s) of

process variables 1 an intuitive manner. Additionally, by combimng this ability with the use of the example navigat

Jrm—

on
pane 308, operators are enabled to quickly move around an entire process control system and understand what they are
viewing and how it relates to other components within the process control system. Furthermore, with the use of a
common 1nterface and appropriate icons for each process diagram 304 associated with particular components within the
process control system, each time operators switch screens to view a different part of the process control system, the
operators can quickly determine what they are looking at, how 1t relates to what was previously viewed and/or other
parts of the process control system, determine what the key 1ssues are (e.g., alarms, etc.), identify the locations (¢.g.,

components) within the process control system where the 1ssues appear, and navigate to a screen (€.g., a process

diagram 304) associated with the 1ssues to thereby assess and/or diagnose the 1ssues 1n a wider context of the entire
process control system and prioritize tasks that are most important.

[0105] Additionally, as shown 1n FIGS. 31B and 32, in some examples, the sidebar 306 includes an event
history button 3150 to provide operators with more temporal context for the events (e.g., alarms) and further augment
the trend-based monitoring and analysis of the condition of the process control system. As shown in the illustrated
example, the event history button 3150 includes an alarm summary icon 3152 similar or identical to the alarm summary
icons 2626, 2824 described above 1n connection with FIGS. 26-29. In some examples, selecting the event history
button 3150 opens an event summary table 3300, an example of which 1s 1llustrated in FIG. 33, that provides additional
information about alarms and/or other events monitored in the process control system. In some examples, the event
history table 3300 may be displayed within the sidebar 306 of the operator interface 300. In other examples, the event
history table 3300 may be generated 1in a pop-up window and/or other display area.
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[0106] As shown in FIG. 33, the information provided in the event history table 3300 1s based on key
changes, alarms, and/or events within the process control system that are tagged over time to provide situational
awareness and recovery for operators to better diagnose potential problems and understand how they relate to other
aspects of the process control system. For example, the event history table 3300 includes the date and time (e.g., hours
and minutes) of each event, a description of the event, the umt and/or parameter associated with the event, and action
items to be performed and/or already completed that are associated with the event. In addition to the above information,
the event history table 3300 also includes a column corresponding to the status and/or impact of the event. As shown in
the 1llustrated example, the status and/or impact column of the event history table 3300 i1ncorporates trend-based
graphics 3302 corresponding to the graphics used throughout the operator interface 300 as described above. In this
manner, operators may quickly identify the timing and relationships of the process variables associated with the
graphics 3302 that are displayed throughout the operator interface 300,

[0107] A flowchart representative of an example method for implementing the example operator station 104
of FIG. 2 1s shown in FIGS. 34A-34B. In this example, the method may be implemented using machine readable

instructions that comprise a program for execution by a processor such as the processor 35312 shown in the example

processor platform 3500 discussed below 1in connection with FIG. 35, The program may be embodied in software
stored on a tangible computer readable storage medium such as a CD-ROM, a floppy disk, a hard drive, a digital
versatile disk (DVD), a Blu-ray(RTM) disk, or a memory associated with the processor 35312, but the entire program
and/or parts thereof could alternatively be executed by a device other than the processor 35312 and/or embodied 1n
firmware or dedicated hardware. Further, although the example program 1s described with reference to the flowchart
1llustrated 1in FIGS. 34 A-34B, many other methods of implementing the example operator station 104 may alternatively
be used. For example, the order of execution of the blocks may be changed, and/or some of the blocks described may
be changed, eliminated, or combined.

[0108] As mentioned above, the example process of FIGS. 34A-34B may be implemented using coded
instructions (e.g., computer and/or machine readable instructions) stored on a tangible computer readable storage
medium such as a hard disk drive, a flash memory, a read-only memory (ROM), a compact disk (CD), a digital versatile
disk (DVD), a cache, a random-access memory (RAM) and/or any other storage device or storage disk in which
information 1s stored for any duration (¢.g., for extended time periods, permanently, for brief instances, for temporarily
buffering, and/or for caching of the information). As used herein, the term tangible computer readable storage medium

1s expressly defined to include any type of computer readable storage device and/or storage disk and to exclude

propagating signals. As used herein, "tangible computer readable storage medium" and "tangible machine readable
storage medium” are used interchangeably. Additionally or alternatively, the example process of FIGS. 34A-34B may

be implemented using coded instructions (€.g., computer and/or machine readable instructions) stored on a non-

transitory computer and/or machine readable medium such as a hard disk drive, a flash memory, a read-only memory, a
compact disk, a digital versatile disk, a cache, a random-access memory and/or any other storage device or storage disk
in which information is stored for any duration (€.g., for extended time periods, permanently, for brief instances, for
temporarily butfering, and/or for caching of the information). As used herein, the term non-transitory computer
readable medium 1s expressly defined to include any type of computer readable device or disc and to exclude
propagating signals. As used herein, when the phrase "at least” 1s used as the transition term 1n a preamble of a claim, 1t
1S open-ended 1n the same manner as the term "comprising” 1s open ended.

[0109] The program of FIGS. 34 A-34B begins at block 3400 by an operator application (e.g., the example
operator application 208 of FIG. 2) monitoring process variables associated with a process control system (e.g., the

example process control system 100 of FIG. 1). At block 3402, the operator application determines and/or stores
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condition(s), characteristic(s), and/or other information associated with the process varnables. The condition(s),
characteristic(s), and/or other information may include any of a current state of a process variable, a projected state of
the process variable, a corresponding trend of the process variable, a direction of change of the process variable, a rate
of change of the process variable, a relative position of the process variable with respect to a set point (€.g., above,
below, or approximately at the set point), a relative deviation of the process variable from the set point with respect to
an operational range of values for the process variable, a relative distance of the process variable with respect to an
alarm limit, an actual value of the process variable, and/or the historical or archived values of the process variable
tagged over time.

[0110] At block 3404, an operator display module (€.g., the operator display module 206 of FIG. 2) generates
1cons representative of the condition(s), charactenstic(s), and/or other information associated with the process varables.
For example, the generated icons may correspond to any of the icons described above 1n connection with FIGS. 4-17.
At block 3406, the operator display module also calculates alarm summary data associated with each component within
a hierarchy of components 1n the process control system. The alarm summary data corresponds to one or more of the
presence of an active alarm associated with a process variable corresponding to each of the components, the number of
the active alarms associated with each of the components, the current state of each of the corresponding process
variables, or a projected state of each of the corresponding process variables. As described above, each component may
correspond to any of a plant, site, area, unit, module, etc., and higher level components i1n the hierarchy may contain
multiple lower level components. Thus, the alarm summary data of each higher level component may include the alarm
summary data of corresponding lower level components (€.g., subcomponents).

[0111] At block 3408, an operator interface (€.g., the operator interface 210 of FIG. 2) renders a diagram

representative of at least one of the components within the hierarchy via a display. In some examples, the component

for display 1s selected based on a user 1input (€.g., an operator input). In some examples, the diagram 1s a piping and

instrumentation diagram (P&ID) composed of multiple elements representative of various aspects and/or

subcomponents of the selected component for display. Furthermore, the diagram may provide key indicators and/or

other relevant information associated with the process variables corresponding to the displayed component of the

process control system. Inthe example process of FIGS. 34 A-34B, when the operator interface renders the diagram, the

operator interface includes the generated 1cons (block 3404) adjacent to, or in place of, the key indicators and/or other

relevant information. For example, the 1icons may be displaved next to elements 1n the P&ID corresponding to the
source of the corresponding process variables. Additionally, the 1cons associated with process variables 1n an alarm
state may also be rendered within an alarm banner.

[0112] At block 3410, the operator interface renders a navigation pane via the display corresponding to the
rendered diagram. The navigation pane includes navigation buttons representative of components within the hierarchy
similar to any of the navigation panes described above in connection with FIGS. 26-29. In such examples, each
navigation button may be associated with a corresponding alarm summary 1con that 1s representative of the calculated
alarm summary data (block 34006).

[0113] At block 3414, the operator application determines whether a request to navigate within the
navigation pane has been received. A request to navigate within the navigation pane may arise from an operator
selecting (e.g., via a mouse click) on a navigation button that 1s not within a direct path of the hierarchy associated with
component currently represented by the displayed diagram (e.g., previewing the relationship of other components). If
the operator application determines that such a request has been received (block 3412), the operator interface updates
the navigation panc. The updated navigation panc may include new navigation buttons corresponding to components at

a lower level 1n the hierarchy below the component associated with the selected navigation button (e.g., child
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components). Furthermore, an indication of the direct path in the herarchy to the navigation button associated with the
currently displayed diagram may also be provided if the new navigation buttons prevent the entire path from being

represented. Once the navigation pane has been updated (block 3414), control advances to block 3416. If the operator

application determines that a request to navigate within the navigation pane has not been received (block 3412), control
immediately advances to block 3416.

[0114] At block 3416, the operator application determines whether a request to render a different diagram
representative of a different component of the process control system has been received. A request to render a different
diagram may arise from an operator selecting (e.g., via double-mouse click) a navigation button corresponding to a
different component than the component currently represented by the rendered diagram. In other examples, an operator
may select (e.g., via double-mouse click) an element within the diagram corresponding to a subcomponent within the

currently displayed component. If the operator application determines that a request has been received (block 3412),

the operator interface renders the different diagram via the display (block 3418). As described above in connection with

block 3408, the operator interface may display different icons corresponding to the process varables associated with the

component represented by the new diagram within the diagram. In addition to rendering the new diagram (block 3418),

the operator interface updates the navigation pane to reflect the different diagram rendered (block 3420). For example,

the navigation button associated with the component represented by the new diagram may be altered to be visually

1dentifiable from other navigation buttons as described above. After updating the navigation pane (block 3420), control

advances to block 3422, Returning to block 3416, 1f the operator application determines that a request to render a

different diagram has not been received (block 3412), control immediately advances to block 3422.

[0115] At block 3422, the operator application determines whether a request to display information in a
process variable summary pane has been received. The process variable summary pane may be similar to any of the
process variable summary panes described above in connection with FIGS. 18-25. A request to display information
within a process variable summary pane may include an operator requesting a new process variable summary pane to be
created or for an existing process variable summary pane to be expanded to display additional information. If the
operator application determines that such a request 1s received (block 3422), the operator display module determines
whether there 1s enough space within a designated display area to display the requested information (block 3424).
Whether there 1s enough space depends on size of the designated display area, the amount of information that 1s
requested to be displayed, and what information 1s already displayed. In some examples, the designated display arca
corresponds to a screen space on an output display device having a defined size (e.g., a defined width and height of

pixels) such as, for example, the sidebar 306 shown and described in connection with FIGS. 30-32. In such examples,

as more process variables are to be summarized and/or as more information is to be represented (e.g., via basic graphics,

mid-level graphics, or detailed graphics), more screen space 1s needed to display the requested information. In such
examples, the total amount of information to be displayed (based on what 1s already displayed and the additional
information requested) may exceed the available arca defined by the screen space and the operator station would
determine that there 1S not enough space within the designated area to display the requested information (block 3424).

[0116] In other examples, the designated display area 1s not limited to a particular size but can vary
depending upon the information requests of an operator at any particular moment. As such, 1n some examples, the
designated display area may be greater in size than the corresponding display screen through which the designated
display area 1s rendered such that only a portion of the designated display area 1s available at any given moment (e.g.,
by scrolling up or down). For example, rather than displaying the requested information in a sidebar (¢.g., the sidebar
306) on a display screen of an operator station, 1n some examples, the requested information 1s displayed via an

interface of a portable handheld device (e.g., a smart phone, tablet, etc.) where the screen size and/or resolution 1s
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limited. In some such examples, the requested information, as represented by the 1cons and related graphics described
herein, 1s displayed 1n an independent interface that takes up all or substantially all of the screen display area of the
corresponding display device (e.g., the icons are shown without displaying a corresponding P&ID) with the ability to
scroll between various portions of the designated display arca when it cannot all be rendered within a single screen of
the display device. In such examples, the operation application may determine that there 1s enough space within the
designated display area to display the requested information (block 3424), because the designated display area 1s not
limited to a defined size.

[0117] Continuing 1n the example process, if the operator display module determines there 1s not enough
space within the designated display area (block 3424), the operator interface adjusts the zoom of existing process
variable summary pane(s) (block 3426). For example, the operator interface may reduce the existing process variable
summary pane(s) to a lower level of detail and/or collapse the summary pane to only display the top banner. Once the
existing process variable summary pane(s) have been adjusted (block 3426), the operator interface renders the process

variable summary pane with the requested information via the display (block 3428). II the operator display module

determines that there 1s enough space within the designated display area (or the display area can dynamically change

size) to display the requested information (block 3424), the operator interface directly renders the corresponding
process variable summary pane (block 3428). Once the process variable summary pane has been rendered, control
advances to block 3430. Returning to block 3422, if the operator application determines that a request to display
information in a process variable summary pane has not been received, the example process of FIGS. 34A-34B
advances to block 3430.

[0118] At block 3430, the operator application determines whether a request to 1dentify relationship(s) of on-

screen elements to a particular element has been received. On-screen elements may correspond to any of graphical

clements within the diagram representative of components or subcomponents within the process control system, textual
clements within the diagram providing information associated with process variables corresponding to the displayed
components, 1cons displayed within the diagram corresponding to the process variables, information in an alarm banner,
and/or graphics within one or more process variable summary panes. A request to identify a relationship between any
of the above elements may arise from an operator selecting (€.g., via a mouse click, mouse hover, etc.) one of the
displayed elements. If the operator application determines that such a request has been received (block 3430), the
operator interface i1dentifies the on-screen elements associated with particular element selected via the display (block
3432). That 1s, the components represented within the diagram may be 1dentified along with the corresponding

navigation button in the navigation pane as described above in connection with FIG. 30, Additionally or alternatively,

an alarm banner entry, an icon and/or textual information in the diagram, and/or one or more graphics in one or more

process variable summary panes associated with the same process variable may be 1dentified as described above 1n
connection with FIGS. 31A-31B.

[0119] Once related elements are 1dentified (block 3432), control advances to block 3434, If the operator
application determines that a request to identify relationship(s) of elements has not been received, control advances
directly to block 3434. Atblock 3434, the operator application determines whether to continue monitoring the process
control system. If the process control system 1s to be monitored, control returns to block 3400 of the example process.

If the operator application determines not to continue monitoring the process control system, the example process of

FIGS. 34 A-34B ends.

[0120] FIG. 35 1s a block diagram of an example processor platform 3500 capable of executing the
instructions of FIGS. 34 A-34B to implement the operator station 104 of FIG. 2. The processor plattorm 3500 can be,
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for example, a server, a personal computer, a mobile device (e.g., a cell phone, a smart phone, a tablet such as an
1Pad(RTM)), a personal digital assistant (PDA), an Internet appliance, or any other type of computing device.

[0121] The processor platform 3300 of the 1llustrated example includes a processor 3512, The processor
3512 of the illustrated example 1s hardware. For example, the processor 3512 can be implemented by one or more
inte grated circuits, logic circuits, microprocessors or controllers from any desired family or manufacturer.

[0122] The processor 3512 of the illustrated example includes a local memory 3513 (e.g., a cache). The
processor 3512 of the 1llustrated example 1s 1n communication with a main memory including a volatile memory 3514
and a non-volatile memory 3516 via abus 3518. The volatile memory 3514 may be implemented by Synchronous

Dynamic Random Access Memory (SDRAM), Dynamic Random Access Memory (DRAM), RAMBUS Dynamic

Random Access Memory (RDRAM) and/or any other type of random access memory device. The non-volatile memory
3516 may be implemented by flash memory and/or any other desired type of memory device. Access to the main
memory 3514, 3516 1s controlled by a memory controller.

[0123] The processor platform 3300 of the illustrated example also includes an interface circuit 3520. The

interface circuit 3520 may be implemented by any type of interface standard, such as an Ethernet interface, a universal
serial bus (USB), and/or a PCI express interface.

[0124] In the 1llustrated example, one or more input devices 3322 are connected to the interface circuit 3520,
The 1nput device(s) 3322 permit a user to enter data and commands 1nto the processor 3312, The input device(s) can be
implemented by, for example, an audio sensor, a microphone, a camera (still or video), a keyboard, a button, a mouse, a
touchscreen, a track-pad, a trackball, 1sopoint and/or a voice recognition system.

[0125] One or more output devices 3524 are also connected to the interface circuit 3520 of the 1llustrated
example. The output devices 3524 can be implemented, for example, by display devices (€.g., a light emitting diode
(LED), an organic hight emitting diode (OLED), a liquid crystal display, a cathode ray tube display (CRT), a
touchscreen, a tactile output device, a light emitting diode (LED), a printer and/or speakers). The interface circuit 3520
of the illustrated example, thus, typically includes a graphics driver card.

[0126] The interface circuit 3520 of the illustrated example also includes a communication device such as a
transmitter, a recelver, a transceiver, a modem and/or network interface card to facilitate exchange of data with external
machines (e.g., computing devices of any kind) via a network 3526 (e.g., an Ethernet connection, a digital subscriber
line (DSL), a telephone line, coaxial cable, a cellular telephone system, etc.).

[0127] The processor platform 3500 of the i1llustrated example also includes one or more mass storage
devices 3528 for storing software and/or data. Examples of such mass storage devices 3528 include floppy disk drives,
hard drive disks, compact disk drives, Blu-ray(RTM) disk drives, RAID systems, and digital versatile disk (DVD)
drives.

[0128] Coded 1nstructions 3332 to implement the operations of FIGS. 34 A-34B may be stored in the mass
storage device 3528, in the volatile memory 3514, in the non-volatile memory 3516, and/or on a removable tangible
computer readable storage medium such as a CD or DVD.

[0129] Although certain example methods, apparatus and articles of manufacture have been described herein,
the scope of coverage of this patent 1s not limited thereto. On the contrary, this patent covers all methods, apparatus and

articles of manufacture fairly falling within the scope of the claims of this patent.
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Claims

1. An apparatus comprising:

a processor to monitor a process variable 1n a process control system, the processor to generate an icon to
graphically represent a current state of the process variable and a projected state of the process variable; and

a display to render the icon via an operator interface, wherein the icon 1s concurrently rendered 1n at least two
locations displayed within the same screen display, and wherein the at least two locations correspond to at least a first
location 1n a diagram graphically representative of one or more components of the process control system and a second
location 1n an alarm banner, wherein the alarm banner 1identifies process variables that are operating in an alarm state,
projected to be operating 1n an alarm state, and/or associated with a trend that 1s worsemng, and wherein an operator

selecting or hovering over the 1con causes the icon to be highlighted or outlined in both the first and second locations.

2. The apparatus of claim 1, wherein the information represented by the 1con further comprises any of a relative
position of the first process varnable with respect to a set point, a relative distance of the first process varable with
respect to an alarm limit, or a relative deviation of the first process variable from the set point with respect to a range of

operational values.

3. A method, comprising:

monitoring a process variable in a process control system;

generating an icon to graphically represent a current state of the process variable and a projected state of the
process variable; and

rendering the icon via a display, wherein the 1icon 1s concurrently rendered 1n at least two locations displayed
within the same screen display, and wherein the at least two locations correspond to at least a first location 1n a diagram
graphically representative of one or more components of the process control system and a second location 1in an alarm
banner, wherein the alarm banner identifies process variables that are operating in an alarm state, projected to be
operating in an alarm state, and/or associated with a trend that 1s worsemng, and wherein an operator selecting or

hovering over the 1con causes the 1con to be highlighted or outlined in both the first and second locations.

4 The method of claim 3, wherein the information represented by the icon further comprises any of a relative
position of the first process varnable with respect to a set point, a relative distance of the first process variable with
respect to an alarm limit, or a relative deviation of the first process variable from the set point with respect to a range of
operational values.

5. A tangible machine readable storage medium comprising instructions that, when executed, cause a machine to

at least perform the method of any of claims 3 or 4.
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