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ABSTRALT

Problems involved in the design of flight simulator displays have received insufficient
attention. Simulator utilization and training problems have a basis jn the design process.
it is generally left to the simulator designer to use 'best judgement' in translating train-
ing requirements to display software/hardware specifications, At present, human factors
data needed to accomplish this are either not available or simply not accessiblie in a form
useful to the designer. Basic sensory and perceptual data, principles, and medels exist
ot can be darived which could serve as a valuable resource for the designer in the specifi-
cation of display requirements. The Integrated Cuing Requivements Study is a current Air
Force sponsored effort to consolidate and publish these data n a format which will enabie
designers to rapidly access and apply this information.

INTRODUCTION

"Psychologists should be able to say what
needs to be simulated and engineers shouid be akie
to say what can be simulated."

"In the absence of guidance from psycholo-
gists, engineers can hardly do more than strive
for realism Timited by technical consideration
and cost." (1)

In the past few years, the importance of
simulation to aircrew training has greatly accel-
erated as have the engineering state of the art
and relative procurement costs. However, rela-
tively Tittle advancement has been made in provid-
ing an objective basis for translating training
requirements into aircrew training device specifi-
cations. Much of the process as it currently
exists is dependent upon the subjective judgement
of experienced simuTator enginegers in the absence
of sufficient behavioral (i.e., sensory and
perceptual) resource data. In fact, the driving
considerations are frequently the most advanced
equipment features that can readily be produced.

The Air Force Human Resources Laboratory,
Aergspace Medical Research Laboratory, and
Aeronautical Systems Division's Deputy for Simula-
tors and Engineering Directorate have jointly
sponsored a study directed at the exploitation of
sensory and perceptual characteristics in the
design of visual displays for aircrew training
devices. Based upon this research, it is clear
that sensory/perceptual data, principles and.
models do exist (or can be derived) which could
assist simulator engineers in the design of

cost and training effective simulators.

DESIGN PHILOSOPHY AND PROCESS

Systems Complexity

The primary purpose of a flight simulator fis
to synthesize information, relevant to the
trajning and performance of piloting activities,
that 1s normally available to the aircrew in the ) .
operational aircraft environment. This informa- -
tion is typically imparted to the aircrew member :
at the flight station via a synchronized array of
visual, motion, and aural displays. These
displays. interface, in turn, with a variety of
non-display components.

The basic components of a Flight simulator
typically include a flight station, visual
display subsystem, acceleration and motion
subsystem, control simulation subsystem, sensar
simulation subsystem, instructional/experimental
control subsystem, and computational subsystem.
Each of these system components is further
reducible to subsystems, assemblies, subassemblies,
etc. (Figure 1). The Flight Station includes
status lamps and indicators,. radar/sensor

. displays, and flight jnstruments. The Visual
Display Subsystem-is interfaced with the Flight
Station to provide a through the windscreen view
of the external flight environment (2}. Tha
Beceleration and Motion Subsystem simulates the
ron-visual environmental forces which act upon
the aircrew member in operational aircraft.

The feel of the controls, mimicking environmental
forces such as aerodynamic loading of the control
surfaces, is displayed via the Control Simulation
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or 'Control Loading' Subsystem.

Interactions occur amondg components and/or
levels of a given subsystem as well as between
individual subsystems (Figure 1). These inter-
actions must be anticipated and specified in the
design process prior to the actuail integration of
these components into a functional simulation.

Design Process

It is the critical task of the simulator
designer to translate training (or research)}
requirements into display system/subsysten
specifications. Training requirements are
identified and reduced by task and cue analyses
into simpier béhavioral elements. This task/cue
analysis results in the specification of aircrew
information requirements which, in turn, is
expected to lead to-a specification of what must
be displayed {i.e., content), and the necessary
characteristics of the display (i.e., quality and
format). These must then be translated, by the
designer, into simulator system/subsystem
specifications.

The probiem is. that in actual practice
there is insufficient information available to
the desfgner to enable this logical and orderly
design process to work. - It is Teft up to the
designer to use his 'best judgement® in those
areas where data are Tacking. Typically, design
decisions are made on the basis of a phenomeno-
Togical integration of a set of variables that
are not necessarily optimal in terms of satisfy-
ing training requirements (Figure 2). These
include the state-of-the-art technology, past
approaches, cost/performance trade-offs,
management constraints, and human factors
guidelines to the extent that they are available
in a useful format.

Design Philosephy

As can be seen from Figure 2, critical
decisions made in the design process are based
on the subjective integration of a range of
variables by the system or subsystem designer.
In the absence of sufficient hard data, the
designer must make some basic assumptions about
what information is.necessary to satisfy training
requirements, the approach to portraying that
information (i.e., display content) and the
necessary quality and format of the display.

Typically, the approach to simulator design
has been to provide as much of a linear egquiva-
lent of the real world (i.e., realism} as the
state-of-the-art technology will permit (3).
This of course is done with the expectation that
satisfactory compifiance with training require-
ments is positively correlated with apparent
realism (4). In other words, if a simulation
Tooks, feels and sounds Tike the real aircraft,
then the basic.reguirements for training should
likewise be present. The design engineer can
hardly be.faulted here since he gets his direc-
tion from a customer (the operational user) whose-
criteria for acceptability is based upon the
degree to which the ground based simulated
‘environment approximates his perception of the
real' fiight environment (5).
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Implementation of this maximum realism
approach has fallen considerably short of its
ideal (i.e., an objective simulation of the Tlight
environment). As evidence of this, the most
advanced computer generated visual displays are,
at best, low fidelity representations of the real
world. These typically appear cartoonish and
deficient in fine detail. In motion simulation,
platforms are pushed to their maximum excursion
{within facility constraints} se as to display the
alrcraft motion environment with as nmuch realism
as possible before commencing washout. Regardless
of these attempts, motion dispTays are beset with
false motion information which is inconsistent
with the aircraft motion environment. Addi-
tionally, there are numerous instances of spatial/
temporal asynchrony between the visual and motion
display modes. In sum, there exist many examples
of what we call errors of omission, inclusion,
and synchronization that detract from the realism
of the display.

Errors of omission generally refer to those
spatial/temporal details that may be lacking in a
display which detract from apparent realism.
Visual errors of omissTon include limitations in
texture, density of scene content, size and con-
tinuity -of the visual field, aerial perspective,
resolution and directicnal iliumination (shadows).
In motion simuTation, these Tnclude high-G Toading
and sustained motion.

Errors of inciusion are those artificial
features or details unique to the simulation that
are not commenly found in the ‘real world'.
Errors of inclusion for visual displays include
saturated colors, Tevel of detail switching,
visible raster patterns, and stylized scene com-
ponents that tend to be uniform in shape or
distribution throughout the display. Similarly,
in motion dispTays there are anomalies related to
motion washout and to equipment 1imitations
{e.g., 'hydraulic bump').

Errors of synchrenization refer to spatial
and/or temporal phase Tags within or across
display modes. These IncTude delays and/or
confiicting Tnformation among control interface,
visual, and motion systems.

It is important to emphasize that these
errors are errors onily in that they depart from
the intended realism of the display:. The actual
effects that these have on performance vary
widely and-are in need of further study. However,
negative effects have been documented ranging from
temporary distractions to which a pilot quickly
adapts (6) to incidents of severe psychophysio-
logical distress (7). On the other hand, planned
distortions or manipulations of the visual scene
have been shown to enhance performance in the
flight simulator (8,9). Several studies have
reported positive effects on training or perfor-
mance by systematically augmenting the information
available to the pilot in the simulated visual
scene in grder to facilitate. the acquisition of
task critical information (10,71).

Another more recent approach has been to-
tailor display specifications to the information
requirements of the afrcrew member. Presumably
this would enable the optimal allocation and



prioritization of technology constrained display
resources. A major problem is that at present
there are no reliable or comprehensive procedures
for determining information requirements for the
training or performance of specific aircrew
activities. While it is possible through task/cue
analyses (including geometrical analyses of the
task environment) to define the information
available to the aircrew to suppart the realism
approach, it is not well understeod which informa-
tion is in fact relevant given the aircraft system,
environment, mission, and a host of individual
variables relating to the aircrew member and his
previous training. Hence, given the current state
of knowledge, it remains for the designer fo
bridge the gap between training requirements and
information requirements. In the absence of
sufficient guidance from psychologists, the
designer has no chojce but to use reality as his
metric.

Once the designer has made these decisions
regarding dispTay information requirements, he
must decide how this information should be. repre-
sented in the display. Unfortunately, there is no
objective methodology for generating pictorial
scehe requirements from visual information require-
ments (11,12). Here, once again, the designer is
called upon to use his best judgement based upon a
subjective integration of variables (Figure 2}
that are not optimal for satisfying the aircrew
memberts perceptual information requirements.

USE OF SENSORY AND PERCEPTUAL
DATA AS A DESIGN RESOURCE

Once the designer has established what is
requirad and how it should be portrayed; it still
remains for him to specify the parameters of dis-
play quality, format, and configuration relative
to the total system. The issues of display
quality are essentially information wanagement
issues. One approach to effective display manage-
ment of ajrcrew information requirements is fo
capitalize on human sensory and perceptual capa- .
bilities and limitations.

The sensory and perceptual data are specifi-
cally germane to the needs of the simulator
engineer or designer. These data provide func-
tional relationships for the variables that influ-
ence the acquisition and processing of information

as well as perceptual motor control output (13,14).

For exampie, in determining the information
requirements for an 'out the window' target
interception task:

2. The information acquisition or sensory
data describe the variables which influence target
detection (e.g., luminance, contrast., target size).

b. The information processing or perceptual
data describe those variables which impact identi-
fication of the target (e.g., perception of size,
distance, motion).

c¢. The perceptual motor control data define
-the variables which influence the manual contrel
of the aircraft while tracking the target.

When used appropriately, these data can be a
vaiuable resource for:

1.  Develoning specifications based on sen-
sory or perceptual characteristics {i.e.,
matching simulator display characteristics io
human- sensory capabilities). For example, it
should not be necessary to simulate a specific -
force of 0.01 G since this is, under most condi-
tions, below the threshold of detectability.

2. Evaluating specifications or prioritizing
design options. Many existing specification
requirements and industrial standards do not have
an empirical basis for their existence. The
sensory and perceptual data can be a valuable
resource for their evaluation. In addition, past
attempts to achieve realism have resulted in
spatial/temporal distortions which could have
negative impact on the acquisition or processing
of cue information. The sensory and perceptual
data can provide a basis for evaluating this
jmpact. More importantly., capitalizing on the
information processing data might provide a basis
for alternatives to realism.

3. Generating new design or training alter-
natives. Data from Regan, Beverley, and Cynader
{1979;15), Regan (1980;16), Ginsherg {1980;17,18)
and others suggest that specific sensory capabili-
ties may be enhanced through special training
procedures. This portends a new approach to
pilot training as.well as a new generation of
training devices which are geared toward improving
the pilot’s "matural' ability to acquire and pro-
cess information.

When used appropriately, the sensory or

-perceptual data can be an effective resource fo

the experienced engineer and designer. However,
there are limiting factors to the value of these
data. Specifications suggested by these data may
not be practical in terms of technology or cost.
In fact, in many instances current technology can-

‘not match the Timitations of human perception.

As an example, consider the situation in Computer
Generated Imagery wherein the displayed image of a
Tight source is decreased in area as the square of
the calculated viewing distance so as to provide a
change in retinal image $ize that conforms with
norpal visual experience. The displayed image
cannot be reduced below one pixel which, for most
displays, subtends an angle two to four times
larger than the optimal resolution Timit (19}.

Appropriate implementation of these data
requires that they be integrated with other
factors by the experienced engineer and designer
(as shown in Figure -2} to yield final requirements
or specifications.

Furthermore, much of the data regarding human
sensory limitations and perceptual capability are
either not yet known or have not been sufficiently
well defined to enable their direct translation to
engineering applications. Where data are known,
they are usually not readily accessible in a form
useful to simulator designers (20,21,22). It

-shoutd be noted, however, that where visual sengi-
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tivity data have been accessible to designers (23,

24), they have been successfully exploited in the
specification of visual displays (25).

The Integrated Cuing Requirements Study is a
Research and Development program under contract to



The Boeing Aerospace Company {Seattle WA) to
exploil sensory and perceptual characteristics,
principles and models useful to the design and
specification of simulator displays. The techni-
cal objectives of this study are:

1. To identify, collect and consolidate
basic sensory/perceptual data germane to training
and engineering requirements. This will be
documented as a data base organized around
principal areas of sensation and perception.

It wiTll contain a minimum of text but will
instead concentrate on detailed {llustrations,
quan%itative functions, characteristics and
models.

2. To develop speciaiized information
retrieval techniques to facilitate the accessi-
bility and application of these data by design
engineers. These will be documented as a User's
Guide which will lend structure to the Data Base
in accordance with the needs of simulator
designers. It is also feasible to develop User's
Guijdes to the Data Base for other user popula-
tions for whom these data could be a resource
{e.g., human factor engineers).

In summary, the Integrated Cuing Require-
ments Study will, in itself, provide a valuable
resource to design engineers. However, optimal
implementatfon of this resocurce to training
simulator displays 1s whelly dependent on also
developing the ability to specify: (1) the
information necessary for effective training of
specific aircrew tasks, and (2) the optimal way
of portraying this information (i.e., levels of
abstraction or realism). A research effort which
systematically responds to these basic questions
is critical to the design of training effective
flight simulators.
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