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ABSTRACT

Appropriate selection of hardware can simplify simulator operation as well as increase
training effectiveness. Generally, flight simulation groups are aware of this and plan
accordingly. Too often, however, hardware is selected without a complete front end evaluation
of the functional requirements of the application. The effective use of hardware in the
development of an instructor/operator station (I08) is just as important as its selection.
Thig fact is often overlooked, partly due to the lack of money applied to this area and
partly to an assumption that requirements from one simulator to another remain the same.

Most flight simulators are built as if the simulator and the IOS have the same require-
ments, That is, the entire system is built around the concept of tight cycle times, generally
ranging from 20-50 milliseconds (ms). Furthermore, the IOS will tend to resemble a cockpit
ir the sense that numerous repeater gauges are used. For simulator realism, these concepts
are very important. However, an 105 has very different requirements from the £light simulator,
The IOS does mot require tight cycle times, nor does it require real-time operation, except
for certain monitoring capabilitjes. The I0S should be an instructor support work station.
It should not be used merely to control the simulation, but should enhance the training
task, relieve the instructor of tasks unrelated to the training function, and collect data

that is necessary in evaluating student progress.

control, flexibility, and meaningful output.

An IOS requires instructor-oriented

Iypical 108s comsist of functiom keyboards, CRTs, repeater gauges, and occasionazlly

hardcopy.
hardware.

More modern systems include high resolutiom color graphics and digitized speech
While these trends are encouraging, the effective use of this hardware still

lags behind current training requirements, causing a reduction in the training benefits

which state—of-the-art hardware can provide.

This paper considers several types of I0S hardware devices in terms of their potential

to support the trazining task.

It also discusses optimal ways to use this hardware to provide

the appropriate instructor support while maximizing training effectiveness.

BACKGROUND

In the past, simulation/IOS design was con—
strained by the inadequacies and restrictions
of the hardware/system software available. TFor
example, only one program could run in a computer
at a time. This meant that the simulation and
the IOS had to be highly integrated to provide
control of the simelation while still maintaining
cockpit operation fidelity. Because memory was
limited, highly compressed code had to be written
to provide complete functionality. In additien,
instructor inputs were very primitive, relying
on teletypes and hardwired push buttons to control
the system. Due to these limitations, the primary
focus of simulator and I0S5 design became the
simmlation. Training support was virtually ignored,
because the hardware simply could mot support
the instruector effectively. The 10§ became primarily
a control device.

As new hardware devices developed, the focus
of design gradually expanded to encompass both
the simulator and the I0S. Currently, the I0S
is begiuning to receive more attention amnd new
hardware configurations are being presented to
improve I0S operation and increase training effective-
ness. TUnfortunately, the general approach in
hardware acquisition has been to procure equipment
without understanding how to use each device
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effectively in the training environment. Thus,
some of the new simulators have three input devices
(among them keyboard, push buttons, touchpanel,
light pem or joystick), three output devices
(CRT, graphics display and printer), and a degree
of complexity previously unheard of. Im this
situation, the instructor has to be an operator/
engineexr/mathematician just to accomplish simlator
operation. TUnfortunately, instruction remains
a parallel task. This is not to say that selection
of state—of-the-art hardware is not appropriate.
The problem irs a lack of understaanding of just
what is needed and how it can be used most effec—
tively. Some of the issues that should be considered
in selecting and using I08 hardware are discussed
in this paper.

I0S REQUIREMENTS

Becanse of hardware restricrions in the
past, the 105 gand simulation have been designed
as if they had the same requirements. In fact,"
the IOS and the simulation have quite different
requirements, and hardware ard software degign
should reflect this, A simulator must respond
to pilot inputs in a realistic fashion. The
visual sceme must be smooth and continuous.
The cockpit instruments must reflect the aircraft
and _vehicle Bystem gtates accurately and with
strict adherence to aircraft fidelity. These



requirements have traditionally required short
interval timing loop#, high speed computers and
minimal T/0. On the other hand, the I0S should
monitor selected events in the gimulatiom. It
should respond to instructor inputs in a timely
fashion. It should also maintain and present
student records, conrse syllabi, ard statistics
on demand. These requirements require large
amounts of computer memory, flexible asynchronous
funetions, disk I/0, and instructor-oriented
control.

To assess these very different requirements,
the I0S and simalation should be different programs.

Cost and spare requirements tend to require these

programs te reside in one computer. Tdeally,
the two programs should reside in different computers,
linked with 2 universal interface to provide
maximum flexibility. A universal interface would
allow different computers to be used on either
side. In this way, hardware selectiom could
focus om the actual application rather than on
the idiosyuncracies of individual computers.

INPUT DEVICE SELECTION

There are many types of input devices available
for I0S operation. A brief overview of these
devices and their potential for supporting the
training task are described below.

Kevboard

The traditional typewriter-style keyboard
has been in use for some time., This device was
useful because it permitted any number of different
commands, TUnfortunately, to be completely effective,
it requires the operator to be able to type while
performing other tasks. In addition, it diverts
the instruator's attention away from the student
and requires extensive error checking capabilities.
It is useful for systems support and debugging
but has drawbacks that hinder its effectiveness
in the training enviromment.

Function Revboards

This type of keyboard has speciazlly made
keycaps for each function designated in the I0S.
It generally provides one button operation which
is certainly an improvement over the traditiomal
keyboard. Unfortunately, there is no way to
determine what function ie wvalid at any time.
Exrror checking is required and a message must
be genmerated to provide the imstructor with feedback
in the event of an invalid inpet. Worse, in
mzny cases invalid imputs are ignored in the
interest of saving code,
futilely pounding the keys in an effort to imitiate
an unavailable function. The function keyboard
also inhibits expansion, Spare keys must be
provided and new keycaps generated whenever a
new function is implemented.

Pushbuttons

These buttons are gemerally built into the
I0S conmsole, They are very useful for emergency
operations that require immediate action such
as motion abort or emergency power off. For
more extended uses, however, they are subject
to the same limitatione as function keyboards.

leaving the instructor.

Jovstick, Trackball

These devices can be useful for defining
waypoints or tactical elements of a2 mission.
Occasionally they are wsed by the instructor
for flying the simulator in a demo mode. TUsing
a joystick for this function requires practice
to ensure a smooth flight. Joysticks and trackballs
are not useful for precise data input and therefore
should not be used as primary input devices.

Mouse .

This is a small box connected to the display.
As the box is moved over a flat surface (such
25 a table top), a cursor on the graphics display
follows its movement. The mouse has 3 programmable
function buttomns that can be selected independently
or in "chords"™ for increased functiomality.
The mouse can be used for menu selection or to
input precise data.

Light Pen

The light pen was designed to take advantage
of a2 menu-driven system. A menu-driven input
system has rezl advantages in YOS5 operation.
The approach allows instructor—-familiar language
to be used on flexible graphiecs formats. As
training requirements change and new functions
are added, the menu database can easily be changed
as well, requiring only minor software or data
modification to remain current. Basically the
instructor uses a light pen to select elements
from 2 menu on a display screen. The concept
is a good one, but there are tremendous limitatioms
in this implementation. For example, ambient
light can affect the acceptance of a light pen
input, Each screen requires its own light pen
beczuse of the individual idiosyncracies of the
pen/screen pairs. Thus, if multiple input screens
are required, it may be difficult logistically
to make wvalid inputs. Light pens can also be
lost or broken. Generally they miust be tethered
to the output display. Ignoring these problems
for 2 moment, a menu driven system is a good
idea, and hardware exists that can provide such
a facility with fewer problems.

Touchpanel

Tounchpanels are becoming more widespread
in simulation/I0S contrsl. A touchpanel can
either be overlayed om a graphics display or
be a self-contained package, Generally, touching
a point on the screen closes a circuit or breaks
a2 light beam and the position selected is stored
for validation by the software. The touchpanel
provides the flexibility of a menu-driven system
without the problems typical of light pen devices.

Frogrammable Pushbuttons

This device is relatively mew, but provides
a good compromise when the more flexible touchpanel
displays are not feasible, Basically, this system
consists of pushbuttons whose legends are software
controlled zlphanumeric or graphic data. Only
the buttons which are valid during the selected
state need be imprinted and the legends can be
blinked for feedback or to attract attentiom.
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Speech Recogpition

This area is 2till very new. It permits
control of the IOS by simple vocal instructions.
When the technology reaches maturity, it will
probably be a very effective approach to IOS
control and training. At this time, however,
there are several reasons why it may not be entirely
appropriate for am I0S. For example, each user
must provide individueal wvoice patterms for the
speech recognition device to use in evaluating
voice commands since no two people have the same
voice patterns, If the tolerance is set low
enough to recognize two different people using
the same voice patterns, invalid commands might
be recognized with unpredictable resultg. A
second problem is the lack of comsistency of
language in a trzining enviromnment. To use speech
Tecoguition for control in an enviromment where
the language iIs not rigidly specified is not

generally feasible at this time. -

OUTPUT DEVICE SELECTION

Although there is less wvariety in the major
areas of I08 output devices, some comsideration
needs to be given to what is most useful for
any 108 application, Often the most elaborate
cutput system Is not the most effective. On
the other hand, too limited a capability can
bamper the instructor in the training task.
A brief description and evaluation of currently
available output devices is presented below.

Aircraft Ganges

Often the traditional IOS relies on ajircraft
gauges to provide the instructor with cockpit
information, These indicators are usually identical
to those used in the actuwal aircraft. Although
these indicators are certainly realistic and
familiar to the instructor, they often provide
little or no instructional support. These devices
require constant scanning to determine potential
problems or inappropriate actions. Their maintenance
schedule is low priority behind azctual aircraft.
Often they break or are borrowed to repair working
aireraft or the simulator. They are more expensive
and wmore difficult to use than their graphics
counterparts. Although some gauges are necesgsary
to provide complete information to the instructor,
a good graphics display can provide the data
of many aircraft indicators without the potential
problems.

Printer

Printers provide hardcopy output. They
can be very ugeful for providing student records,
flight data and syllabus information for postmission
analysis. They are not particularly useful for
real-time mission data analysis. There ara many
types of printers available. Coleor and graphics
printers are available in addition to high speed
laser printers. The need for these advanced
technologies is very dependent on the application.
Therefore, a careful evaluation of the requirements
of a particular system is wvwital.

Alphanumeric Display (CRT)

The zlphanumeric CRT has become the primary
output device for the traditional I0S, It provides

alphanuperic text and has been used extengively
for data display. Modern CRTs have some graphics
symbology and are more analogous to graphics
display systems. In gemeral CRTs do not provide
the flexibility available to a good graphics
system.

Graphics

Graphics provide a useful source of information
for the imstructor. Graphics can be used to
supply aircraft positional information, diagnostic
feedback and display onlime/offline technical
information related to the mission performed.
Graphics combined with touch sensitive panels
can also provide software controlled touch inputs,
very useful in a complex I0S. There are seversl
issues associated with graphics technology which
impact the IOS.

Display Technology., There are two general
ways to display graphies. Stroker or calligraphic
technology involves moving & beam to discrete,
predefined points to draw the vectors associated
with a display. Raster displays perform a horizontal
line by Iine update of the entire display. Although
stroker technology is still used on some simulators,
it is, for the most part, obsolete. Stroker
displays are generally monochrome, although there
are color stroker systems available. Stroker
technology has potentially more resolution than
raster, but raster is cheaper, more flexible,
and reflects the current technicsl tread. TUatil
recently, only two-dimensional presentation was
available. There is now one 3-D system whose
display is impressive. At this time, however,
there are severe comstraints in viewing positions,
amount of displayable data, cost factors, and
maintenance that limit 3~D application. Appropriate
use of 2-D shading and colors can provide am
effective simulation of 3-D graphics.’

Resolution. Generally the higher the resolution
or precision of a display, the better the picture
and the more it costs. Most state—of-the—art
applications use high resolution graphics, Low
resclution graphics are difficult to read and
often tiring. Resolution is defined by the number
of lines discermable in one plame by the number
of linea discernable in the other. A resolution
of 512 x 512 ip the minimum acceptable resolution

for an I0S. 1024 x 1024 is the best resclution
readily available.
Coler. Color has become a key hardware

issue in recent years. The number of colors
used at onme time is a mzjor question. For most
graphics applications, eight to sixzteen colors
is popular and sufficient. Color can be of great
benefit in enhancing instructor support. Appropriate
use of color to identify key elements in student
training has only recently been provided in modern
systems and has proved to be remarkably useful,

Yoice Output

Voice ocutput can be very useful in supporting
the instructor. For example, a voice output
device can simulate air traffie controllers,
boom operators, and other outside agencies that
usually require the instructor or other students.
Voice output can also be useful in instructorless
training, to inform the students of potential



preblems during a practice mission. There are
three types of voice outpnt generally available,
The first type, tape output, is gemerally not
very useful except for replay or demonstration
purposes, Because tape output cannot be accessed
randomnly, it provides little realism during a
real-time mission. The other two methods of
voice cutput both provide the capability for
selection of any pre-recorded phrase at any time.
These methods are phonmeme voice output and speech
digitization., In the phoneme method of voice
output, the phrases are defined by the use of
phonens codes, which the output device generates
as sounde., In the speech digitization method,
#ctual voices sre recorded for storage on disk.
Of these two methods, the phoneme method gemerally
requires less disk space, but it requires an
expert to program it. The result is intelligible
but lacks realism. The speech digitizer provides
more natural, intelligible phrases and gemerally
is worth the extra space it requires.

FINAL SELECTION

Selection depends strongly on the application.

For this reason functional requirements should.

be established well before a specification is
generated. Functional is the keyword here.
Too ofter requirements are presented with rigid
definitions as to the capabilities of hardware
devices. Because there is generally a substantial
amount of time betweer when a specification.is
written and when it is bid, new technology may
arrive in the interim which cannot be used due
to the rigidity of the definition. In many cases,
the result is a system that is obsoclete by the
time it is completed. For example, a display
might be specified at 1024 x 1024 pixels of resolution
with a 60 Hz refresh cycle, when what is actually
desired is the highest resolution available,
continvous lines with minimal stairstepping and
no flicker. Should a better system be developed,
it is effectively excluded from the competition.
Obviously risk must be taken into consideration
before selecting any form of new technology.
However, a functiomal approach can protect the
end user while still providing the capability
for the best system possible.

HARDWARE TUSAGE

For purposes of illuatration, a candidate
system is described below. An operationmal flight
trainer (OFT) IOS is gpecified. The hardware
purchased for this device includes four color
graphics displays with touchpanel overlays, two
sinicomputers to drive them and provide instructor
support, two disk drives, one tape drive, one
printer with graphics capabilities, and a speech
digitizer.

The first step is to determine which hardware
is ngeful in whichk TO0S fumction. Some of these
decisions are self-evident. For exsmple, a tape
drive will be useful in development and for saving
student records and £light data, but would be
ineffective for data retrieval in real-time online
operations., In this example, one minicomputer
will contain graphics and touchpanmel related
gsoftware and the other will contain imstructor
support softwsre. This will permit the graphics
system to rum independently, snd reduce the disk
access required on the instructor support computer.
The printer will be used for generating student
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reports and hard copies of pertiment graphics
displays. The printouts will be used to supplement.
the instructors' logs and provide readable charts
for later review. Usually these papers will
not be examined until debriefing. The speech
digitizer will be used to simulate air traffic
controllers and the copilot and to ccach the
student in the instructorless practice mode.
To provide realism and prevent confusion, a distinct
voice will be used for each individual simulated.
Two of the graphics displays will be used for
real-time migsion comtrol, and two will be used
for scemario generatiom and debriefing. This
approach will prevent valuable simulation time
from being wasted with offline functions.

Once the IOS configuration has been established,
more specific data should be coneidered. For
example, display formats should be carefully
defined, The instructor must be able to find
required data quickly. Datz should be organized
in meaningful! groups, In this example, communication
and TACAN-related data will be displayed in cne
area of the display and aircraft configuration
dats in another. These groupings will remain
consistent regardless of the number of displays
to prevent confusion,

To improve readability and ensure quick
recognition, windowing and icoms can be used.
Windowing permits relevant data to be highlighted
without removing background data (see figure
1}. TIcons are immedjately recognizable pictures
that represent actions and objects to the computer
user. JTcons take advantage of the symbology
already familiar to the system's intended users
and conveys more information thap can be meaningfully
di;played in standard text. (Again, see figure
1.
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Figure 1. Windowing and Icons

Only one primary input device per work station
should be necessary. The instructor should not
have to search for the comtrol menu. In this
case, one touchpanel per statiom will be used
for input. The number of inputs required to
invoke a funetion will be severely limited.
During real-time mission control, two menu levels



should be the deepest an imstructor will have
to go from the primary runtime menu. The legends
for the touchpanel should be in user—oriented
English or graphice symbols. There should always

be a return touchpad on each menu to allow the
1R8tTUCTOT to recover gracefully from unintentional

inpnts., Invalid functioms should not be available
on any wenu and touchpads should zlwzys be the
same size and color for quick recognition.

Color phould be used for clarificatiom and
differentiation. For example, on a menu, different
colored backgrounds might reflact different menu
levels. Thus, the primary menus would have blue
backgrounds, secondary mepus greem, and tertiary
menus would have yellow backgrounds. Color on
both the input and cutput displays should be
relevant. WUsed properly, color can provide the
inatructor information guickly and effectively.
Aircraft flight data might be presented in green
when the aircraft is engaged in normal flight,
in yellow when its stress boundaries are mneared,
and ir red for eritical conditions. Blinking
hypereritical data could provide a secondary
signal to alert the instructor to problems.
In extreme caseg, the speech digitizer could
be msed to alexrt both the instructor and the
student to critical situatioms.

Color should not be used as a substitute
for well designed displays., It can and should
be used to enhance such displays.

CONCLUSIONS

Previous flight simlator/T0S hardware configur—
ation designs have been Testricted by the inkerent
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limitations of the hardware used. Hardware advance—
ments have reduced or eliminated many of these
restrictions, but I0S5 degign has remained the
same. Future I0S designs must take new technologies
into account to ensure a usable, state—of-the—art
I05.

After a hardware configuration has been
determined, its functional application in the
I0S should be carefully evalvated in terme of
benefit to the end user, control requirements,
and instructor support. Selecting snd using
appropriate state-of-the-art hardware doesn't
have to be difficult, It requires creative thought,
front end evaluation and design, and an understanding
of the end user's requirements. With these consider—
ations, a hardware configuratiom can be provided
which will be used for many years.

ABOUT THE AUTHOR

Cathy Meyn graduated from San Diego State
Taiversity with a double degree in Computer Science/
Psychology. ©She has worked for Logicon, Imc.,
in San Diego as a Computer Scientist for the
past six years, concentrating on instructor support
in the flight simulator. Prior to that, she
worked for the Navy Persomnel Research and Development
Center in San Diego designing and implementing
adaptive testing and computerized counseling
software.



212





