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ABSTRACT

This paper discussed the presentation of information in computer-based control
rooms. Issues associated with the typical displays currently in use are discussed. It is
concluded that these displays should be augmented with new displays designed to better
meet the information needs of plant personnel and to minimize the need for interface
management tasks (the activities personnel have to do to access and organize the
information they need). Several approaches to information design are discussed,
specifically addressing: (1) monitoring, detection, and situation assessment; (2) routine
task performance; and (3) teamwork, crew coordination, collaborative work.

1. INTRODUCTION

New computer-based information displays are clear improvements over the
information displays provided on control panels in old control rooms, e.g., analog
indicators and strip charts. However, in many respects, their similarity in both
information content and overall display logic is apparent. The displays are largely
system-oriented, that is, information is basically organized around plant systems with
indications and controls linked by mimic lines, much like the piping and instrumentation
diagrams they are based on. While this type of information presentation is very useful for
much of what plant personnel have to do, they have been associated with limitations in
some areas, €.g., for obtaining the "big picture" about the overall plant status. There are
simply too many displays to monitor and the information is not synthesized to a level that
provides high-level status (thus operators have to mentally integrate information). Even
when large "wall panel" or "group-view" displays are provided to help provide an
overview, personnel still have to access many individual displays to obtain all the



information they need. Display retrieval is an "interface management" task (the activities
personnel have to do to access and organize the information they need) and can
significantly add to workload and create distractions (O'Hara and Brown, 2002).

System-oriented displays also do not match routine tasks very well. Typically
operators need parts of several displays to perform their tasks. Thus the time personnel
must spend performing interface management tasks increases. In part, this additional time
is due to the added mental workload imposed when the user needs to know what
information is needed, where it is in the computer system, how to manipulate the human-
system interface (HSI) to get to it, and how to configure the display to clearly present the
information needed. In some situations, the added time means that the abnormal
conditions will last longer, and as a result, get worse. If the situation is exacerbated by a
“mistake” caused by faulty memory or inadequate experience, the situation can worsen.
The situation can be worsened when the viewing area provided is limited to a small
number of monitors. In particularly bad situations, they may be forced to make repetitive
transitions among displays.

Another issue faced by crews using computer-based information systems is that
teamwork and crew coordination can be made more difficult relative to an analog control
room where everyone's actions can be observed. When operators perform tasks at
computer workstations, it is more difficult to help each other out, to know what each
other is doing, and to provide peer checking and supervision. Separate operator
workstations can increase isolation and decrease communication between crewmembers.

The main implications of this issue are that: displays should be designed to best
meet the information needs of plant personnel, and HSIs should be designed to minimize
the need for interface management tasks, especially under high workload situations. In
this paper, approaches to address these issues will be examined, specifically in the areas
of: (1) monitoring, detection, and situation assessment; (2) routine task performance; and
(3) teamwork, crew coordination, collaborative work. Detailed guidance and its technical
basis for each area were reported in O'Hara, Pirus, and Beltratcchi (2003). The results
are summarized below.

2. DISPLAY DESIGN FOR PLANT MONITORING, DETECTION, AND
SITUATION ASSESSMENT

An analysis of the cognitive processes underlying human monitoring, detection,
and situation assessment was conducted. Based on the results, the following general
principles for display design to support monitoring, detection, and situation assessment
can be derived:

e An operator's information needs are very broad, both in terms of range of
information and the level of abstraction that has to be considered. Personnel
monitor the status of the plant from high-level functions to lower-level equipment
conditions. They also need to identify the nature of problems when detected. Thus
displays should to present information at varying levels.

¢ Information presentation should take into account the operator’s goals and the
information required to make goal-directed decisions. Information should be
organized in terms of what the operator is trying to accomplish.
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Information should reflect real on-line status of functions and components in a
manner that makes it easy to understand and accept. Operators should not be
required to mentally process data in order to obtain the needed information. It
should be expressed in terms that are at the level that will directly impact situation
assessment, e.g., processed and integrated to meet the operators’ need to
comprehend the current situation.

Information about plant functions and the operator’s mental model (understanding
of how the plant operates) should be highly correlated. This is necessary to ensure
that the displays trigger the appropriate mental representation of the situation.
Since situation awareness depends on activating the appropriate mental
representation for the situation, the critical cues needed to do so should be
determined and displays should make these cues salient.

Displays should support the projection of future states of the system.

These general principles were used to develop detailed guidance for the design of

displays for supporting monitoring, detection, and situation assessment. The basic
elements of the displays are:

a hierarchy of displays at various "levels of abstraction" from high-level summary
information to very detailed information

top-level overview displays suitable for plant monitoring

displays providing progressively more detailed information suitable for situation
assessment in the event something is not normal

navigation aids to enable users to quickly and easily move from higher-level
displays to lower-level displays in the hierarchy

Providing information in this way enables crews to quickly visualize plant status,

the complexity of the process, and the propagation of failures from low levels to high
functional levels. The key step in designing displays is defining the type of hierarchy to
be used to organize and define the displays. An abstraction hierarchy (AH) should:

completely describe the entire plant in terms of its main purposes or missions
reveal goal status at each level

reveal both physical and functional relationships

reveal interactions and dependencies of the hierarchy elements

be applicable to all operational situations and reflect differences associated with
different operating modes (from fuel load to full power, including outages)

be meaningful to the users

One approach to establishing an AH is based on a plant's two principle missions

of supplying power to the grid and maintaining safety. This approach uses the plant's
natural hierarchal structure of functions, processes, systems, and components. Figure 1
illustrates a partial hierarchy for supplying power to the grid.

Once a hierarchy is specified, displays can be designed to provide information

about each level. At the higher-levels of the hierarchy, information is provided so the
crew can easily monitor plant status. These displays can include:

overall summary measures for mission achievement, such as megawatt production
and integrity of critical safety functions
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e information about the integrated status of functions. Model-based displays can be
used for this purpose, e.g., mass and energy balance displays (Beltracchi, 1995
and Appendix B, Model-Based Displays of O'Hara, Pirus, and Beltratcchi, 2003).
These could show identified and unidentified RCS leakage rates (calculated and
measured), as well as real-time measurements that depict the overall plant thermal
efficiency for overall electricity production cycle (including nuclear, thermal, and
electric measurements). When problems are identified, such as increasing leakage
rates or a drop in efficiency, operators can consult the lower-level displays.

e performance or status indicators of important plant functions. These indicators
may be based on synthesis of many lower level conditions and parameters.
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Plant Missions Power | Safety
e
. Rx Heat Steam I —
Functions Generation [Production Electricity Electricity
v Generation Ipjstribution
Water
Processes
Cleanup
I <
Letdown Charging
Systems System System
7N
Components Valves Pumps

Fig. 1 Plant abstraction hierarchy for supplying power to grid.
(Note: Only a portion of the hierarchy is shown.)

At the intermediate levels, plant processes and systems are shown. While some
functions directly link to systems, there are times when an intermediate process can be
defined that is accomplished be several systems. Examples include "Reactor Water
Cleanup" under the Supply Electricity to the Grid mission and "Feed and Bleed" under
the Maintain Safety mission. The detailed information needed to support troubleshooting
or more detailed status monitoring is provided in lower level displays.

With respect to monitoring and situation assessment, one of the main things that
the users care about is whether or not the function/system/component, etc. is working
properly or not. If it is not, then they need to determine the next appropriate alternative
that can be used to achieve the satisfaction of the current control goal. Thus each
function/system/component has to be depicted in terms of its status and its purpose or
goal. While, procedures need to be considered as part of the process by which users’
choose between alternatives, this activity can be supported by the HSI and its real-time
indication as to the current status and of possible alternative choices that are available in
case the function/system/component becomes degraded or fails. To achieve this goal,
displays should include:

e arepresentation of the main elements of the plant's AH appropriate to the level of
abstraction of the individual display

¢ indication of important modes relevant to the information contained in the display

e overall status indicator for key AH elements

e performance indicators for key AH elements

e dynamic information (where information is changing at important rates)

e signaling of conditions requiring operator actions
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e signaling for results of automatic control system automatic actions that result in
changes to process equipment configuration or state
e signaling of changes to other displays above and below in the hierarchy

All this information not need to be on a single display page, but on sets of related display
pages. To be effectively used, operators have to be able to move easily through the
hierarchy. This can be accomplished through a combination of navigational aids, such as
direct links between related displays, such as moving up and down the hierarchy, and aids
that provide random access, such as display menus and keyboard commands.

An example of an HSI that reflects this type of functional approach is provided by
Pirus (See O'Hara, Pirus, and Beltratcchi (2003), Appendix A, "The FITNESS Approach
To Functional Analysis And Information Presentation" for a description of FITNESS;
and Anderson, Friberg, Teigen, and Pirus, 2004).

3. DISPLAY DESIGN FOR TASK PERFORMANCE

While monitoring and handling disturbances are important activities, personnel
spend much of their time engaged in routine tasks, such as plant start-up, conducting
surveillance activities, and performing maintenance. These tasks often involves many
individual system-oriented displays and thus they are subject to the interface management
issues discussed above. Task-based displays can address this situation.

It is not practical or even possible to develop specific displays for every
conceivable task. Thus guidance is needed to identify candidate tasks to be supported.
The identification is based on three main factors: human performance reliability
improvements, efficiency improvements, and interface management reduction.

Tasks requiring highly-reliable human performance should be considered for
task-based display support. These tasks have the following characteristics:

e important to nuclear or personnel safety

e important to maintaining power generation

e important to equipment protection for significant items such as the main turbine
or generator

e time limited

e complex

Task-based displays can help support reliable performance by reducing the
demands on human memory to remember information from one display to the next and
by reducing the distracting effects of performing interface management tasks. Some
examples of the types of general tasks that might be considered as candidates for task
based displays include starting up and shutting down the plant, changing system
configurations, and following of plant procedures. Examples of some specific tasks for
which task-based displays would be useful include: letdown and makeup for a PWR,
RCP operations for a PWR, feed and bleed for a PWR, and BWR suppression pool
cooling.

Another type of task to consider is one for which improved efficiency is desired.
Task-based displays may support efficient performance by reducing the time taken to
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perform a task. Candidate tasks falling into this category are ones that are performed
frequently and/or ones that take a long time to perform, e.g., maintaining operating logs.

Finally, tasks that would have high-interface management and navigation demands
if performed without a task-based display should be considered.

The final selection of tasks for which task-based displays swill be developed
should be made with input from final users, e.g., operators, because they are familiar with
and regularly deal with the complexities of actual task performance.

Once candidate tasks have been selected, the requirements for those tasks should
be identified. Task-based displays are obviously closely coupled to task requirements and
this information comes from established procedures and task analysis. Additional
information can be obtained from manuals, training materials, and from interviews with
appropriate personnel or subject matter experts.

The specific requirements for any one task are unique, but the task elements
needed to design the displays include:

e information indicating that the task is needed
necessary preconditions
task instructions
plant information needed to perform the task
cautions and warnings
task-related alarms
controls needed to perform the task
task termination criteria

Task-based displays are made up of information presented in a variety of forms,
including system mimics, trend displays, etc. Their defining characteristic is that the
specific information presented in the display is organized around task requirements.

4. DISPLAY DESIGN FOR TEAMWORK, CREW COORDINATION, AND
COLLABORATIVE WORK

A nuclear plant crew works as a team. They share information and perform their
tasks in a coordinated fashion to achieve the goal of safe plant operation. Several
crewmembers may perform a task cooperatively from one location; while in other cases,
a control room operator may have to coordinate tasks with an operator in a remote
location. Computer-based displays can support teamwork while helping to overcome
some of the problems raised earlier. We refer to these as computer-supported cooperative
work (CSCW) displays. The key elements of CSCW displays include: (1) providing a
common frames-of-reference for the entire crew, (2) supporting awareness of the
activities of others, and (3) the availability of collaborative workspaces and tools for team
interaction with CSCW displays

A common frame-of-reference can be achieved in two ways. First, a high-level
overview display such as those representing the upper levels of the display hierarchy (as
discussed above) can be shared by all crewmembers. An example is a large "group-
view" or "wall panel" display that is visible from anywhere in the control room and is
permanently in view. In addition to supporting plant monitoring, the display provides a
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common frame of reference for the entire crew, especially for activities such as shift
turnover.

It is also important to provide a second frame-of-reference that is operator
addressable. That is, crewmembers should have a workspace in which they can put
displays that they wish other crewmembers to see. Attempting to coordinate activities
when looking at different displays can be very difficult. If crewmembers need to
collaborate on some aspect of a task, they should be able to view the same information,
whether locally or remotely. This will enable multiple personnel to work on the same task
without leaving their workstation. While it is ideal if such a space is provided in a group-
view display, it can also be presented at individual workstations. This type of
functionality can also support the coordination of actions at different locations, e.g.,
between the main control room, local control stations, Technical Support Center (TSC),
and the Emergency Operations Facility (EOF).

CSCW displays can also assist crewmembers in maintaining awareness of the
activities of the other crewmembers, so that separate activities can be coordinated and
operators can monitor each other’s tasks to help check for errors and promptly lend
support when needed. This assistance may take many forms, including providing
information about operators’ locations in the display system, locations in ongoing
procedures, and actions performed using computer-based controls. For example, such a
display can allow personnel to observe a control action, such as the alignment of a fluid
processing system. In this case, a mimic display, in which operators manipulate graphical
objects, may provide more useful information to an observer than if the same task were
performed via text commands on a keyboard. This is because the display conveys to the
observer physical characteristics of the task, such as the type of valve being operated, and
functional characteristics, such as the relationship of the valve to the overall piping
system. This provides the observer with a better understanding of what action has been
performed and its significance to the plant system

A collaborative workspace 1s an interactive display that is common to all
crewmembers. Collaboration requires that the display should provide tools that enable
crewmembers to interact with the display and engage in coordinated activity.

When considering the implementation of CSCW displays, it should be recognized
that it may constitute specific new displays that are a part of the overall information
display system, or it may be implemented as functionality that is added onto the other
monitoring/situation assessment, or task-based displays already available.

5. DISCUSSION

Well-designed displays can serve to integrate information in ways that are
unachievable with analog hard-wired technology. Computer based HSIs provide the
opportunity to present information at just the right level needed for the task at hand. With
good information design there is little need to transform or mentally integrate the
information to make it useful, little demand on memory, and little to distract users from
their tasks. In addition, the information displays can be designed to require far less
interface management workload. Navigation cues embedded in high-level displays can
provide access to lower level formats for greater detail, thus easing the burdens of
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interface management. For example, a sensor symbol associated with a process variable
can serve as a cue for the display of a trend plot for the measured process variable.

Using the information design approaches described in this paper, displays can be
developed that augment the typical system-oriented display formats used in many
modernized and computer-based control rooms. The new displays will enable the HSI to
better support a broader range of user tasks, while significantly reducing the need for
crews to engage in distracting interface management tasks.

The guidance from this effort will be included in guidance on Hybrid Control
Rooms and Digital Instrumentation and Control Systems being developed jointly by the
Electric Power Research Institute and the U.S. Department of Energy. An interim overall
guidance report is currently available (see EPRI-1003696).
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