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ABSTRACT

An overview of piloted aircraft simumlation is presented that reflects
the viewpoiut of an aeronautical technologist. The intent of the document
is to acquaint potential users with some of the basic concepts and issues
that characterize piloted simulation. Applications to the development of
aircraft are highlighted, but some aspects of training similators ave
covered. A historical review 1s given together with a descripition of some
current simulators. Simuwlator usages, advantages, and Ilimitations are
discussed and human percepbion qualities important to simulation are related.
An assessment of current simulation is presented that addresses validity,

fidelity, and deficiencies. Fubure prospects are discussed and technology
projections are made.
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SECTION 1.0
INTRODUCTION TO PILCTED SIMULATION

1.1 HISTORICAL PERSPECTIVES SURVEY
1:1+1 Definitions

Flight simulation is the art of mimicking flight. Although practiced
in an engineering sense, it is not far from pure art in that it uses the
mechapisms of illusion and deception to achieve a purpose. While strictly
speaking, the term "flight simulator" refers to any device that imitates
flight such as a wind tunnel, it is commonly used to mean a piloted flight
simulator. This class of devices is-used for both research and training
in the integration of man and flight vehicle. The emphasis may vary from

man to machine but always with the inbteraction of both.

The modern flight simulator consists, in varying degrees, of a cock-
pit, computer, visual system, and motion system. The cockpit, which may
be supported on a moving plaitform, contains seats, instruments, controls,
visual displays, and aural and tactile devices. All of these elements
are conbrolled by the pilot through a central compubter which solves equa-

tions representing the similated ajircraft.

The simulator is designed to create ashma.n;)r of the sensations of flight
as are experienced by the pilot. Figure 1-1 shows an example; the flight
simulabors used by the British Aircraft Corporation.

1.1.2 Advences in Flight Similation Technology
The chronclogical development of flight simulators is described in
the following paragraphs and in Table 1-1. There, the advances in conbrib-

uting technologies are shown together with milestones in simmlator develop-
ment.

Flight simmlation began with flight itself. The flight ploneers
bullt speecial devices zuch as wind tunnels that helped them to develop

TR 1074-2 1-1



A4 NI
@% 5 .éww“.
Y

sy e
VA \.\ ‘“, w&%&

S—

KXY,

E.,..?.““Eﬂ% cis i
Y hﬁﬁ@’@ 4&@*%.‘
% rjﬁgﬁ_:

| &w o

/T D ()

v
AAAAA R e ks
ﬂv@ﬁz‘ﬁ%ﬁwﬁ% ,

m.kwwzhrb v ddd‘o
oo\ G
AL

5
=
Ea
37
Zus
va =
W
T W,
tagZl
e
mupa
SEpw
Yo
BtH s
L
sssssssssssss e1]
lllllllllllll M
nun
QOCE
<
< O J
x 3
2 £ 2S5
H 2 M«Ls
= 3 P
£ 3 & ESuk L=
" -
=8 BEL xEEipd TN
By 257 _mBizii &
vawa ERadUEE
SEERId L, o228 3
oZgI8szapBLEs
ELeE. cErEaFEY i
f¥ESiaugiEisl
MAWEIDHMCNHIF
L :lPLﬂliClM

lllllllllllll

TR 10742 5

The British Aircraft Corporation Flight and Combat Simulator

Figure 1«1.
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their machines. They also developed additional pilot training aids.
According to Valverde (Ref. 1) two devices appeared in England together
with early powered airplanes. They were advertised as the "Sanders Teacher”
and the "Bardley-Billings Oscillator.” They were parts of aircraft that
could be moved on pivots to simulate the attitude movements expected in
flight. Most early aircraft were single-place machines and one learned

to fly them by triasl-and-error, at best a risky prospect.

For thirty years following the advent of the powered airplane, the
simple flight simiators that evolved were used mostly for pilot training.
During the same period, advances in aeronaubtics, conlbrol, computing, and
cinema conbtinved. Simulators, however, appear to have developed on theix
ovm, i.e., with 1ittle influence from related technologies. By the time
of the start of World War II, however, the picbure began to change. The
related technologies of aircraft control, servomechanisms and dynamic
analysis, electro-optics, and computers began influencing training simule-
tor designers. The first Link trainer introduced in 1929 grew into a
relabively sophisticated and widely used wartime instrument trainer. Air-
craft control and autopilots became reasonably well understocd and the
wartime need for accurate fire control systems spurred the development of
servomechanisms and analog computers. Although the Greeks appear to have
built an analog for compubing celestial body motions as early as the first
century B.C., the modern mechanical analog computer appeared about 1910
(the Great Brass Brain used by the Coast and Geodetic Survey to calenlate
tide tables) and refined versions were developed at MIT about 1940 by Bush.
About the same time, the communications -industry developed the operational

amplifier, the essential element of clectronic analog computers.

The mechanical digital "computt-ars" prior to World War II were not
suitable for the real-time caleulations requirved of trainers. This was
due to their use of relays. The application of vacuun tubes to digital
computers at the University of Pemnsylvania during the war resulted in
computational speeds high enough for real~time applications. The Univer-
sity's design was converted into a prototype by 1960 that resulted in the
Universal Digital Operational Flight Training (UDOFT).

TR 10Th-2 Tul



After the war the influence of the related technologies grew. The
analog compuber bagan to he nsed for laboratory simplations of fiight
dynamics and in the 1950 decade, television became popular. By the 1960
decade, the digital computer had firmly found its way into training devices
and the television camera/model tecknique was first explored for takeoff
and landing training. TFurther motivation was provided by the Apollo lunar
exploration, as the high concern for safelty in thal program resulied in
training and engineering development devices that incorporated the sophis-
ticated virtual image daisplays and powerful digital computers that are

essential. to Today's simulators.

The related technclogies such as aircraft flight dynamics analysis,
ailrborne computers, and the compuber-generated dlisplay were developed to
the point that refined aireraft models were possible together with simple
but potentially complex displays. By the late sixties and eaxly seventies,
the airlines had successfully attempbed transition training using only

simlators.

A variety of devices were used by the airlines for training pilots
for the 707, 727, 747, and DC-10 aircraft. They incorporated large motion
platforms, television and cinematic visuval systems, and digital compubers.

The military services followed later with extensions of the Apollo
virtual image displays for their full mission simulators requiring wide
fields of view (SAAC, ASPT).

While the airline use continues to be driven by profit constrainks, the
militaxry use of sophisticated trainers is motivabed primarily by a peace-
time atmosphere emphasizing cost effectiveness and the beginnings of the

energy shortage.

The simulation industry today is characterized by rapid advances in
visual system technology and is heavily influenced by computer hardware.
The current ability to define complex aircraft models capable of representing
the full flight envelope drives the computer requirements. New concepts
in computer systems and architecture are emerging that, together with the
advanced displays, will press the visuwal simulation technology to new and
dramatic highs. Today, the military use is the wain stimulns for Tull

TR 107L4-2 1-5



mission simulation development., Military sponsored srork on laser displays
and computer-generated imagery shows promise of achieving full field
coverage and high brightness levels with a rescluiion approaching that of
the eye. The television cemers/model technigue will probably Tall into
disuse by 1985. The television industry, however, is already developing
the solid state plecture tube, a device that could reveluticnize visual
simlation of all kinds by 19%0. The full mission simulators such as the
Similator for Air-to-Air Combat (SAAC) and the Advenced Simulator for Pilot
Training (ASPT) (formerly the ASUPT; Advanced Simmlator for Undergraduate
Pilot Training) represent the advanced military simulators and hold the
vision of what's to cone.

While a look at the simulstor techunology certainiy reveals a strong
emphasis on training uses, the research commumnity to which this report is
addressed has been busy pubbing together pieces of this technology for its
ovn use in develcoping aivcraft. It is not clear exactly when the first
engineering development simulator was assembled. It probably took place
in a computer laboratory during the early Tifties in response Ho an engin-
eer's desire to understand a simple f1ight control problem. The extension
of a simple lzboratory sebup to a more sophisticated simulation is almost
The natural result of engineering growth and awareness. When components
are common (servomechanisms, etc.), it is easy to justify an engineering

developrent simulator on the basis of total development cost effectiveness.

The mobivation for engineering development simmlators, of course, had
to be different from that for training. The early stimulus probably was
curiosity, laber, it was necessity. Two nobable examwles from the past
and one from the present are cited in this respect. In the 19%0's, the
century-series of fighters encountered roll-coupling problems that were
subsequently solved with the aid of sophisticated compubter simulations.
The unstable dynemics of the Vertical Takeoff and Ianding (VTOL) aircraft
of the 1960's prompted the use of simulators to ascertain their suitabilivy
Tor piloting without elechbronic assisbance. Recently, high-performence
fighters show departure (spin entry) properties ab high angles of attack.
This has spurred Tthe use of development simulators in both alleviating the
condition and training for its prevention.

TR 10742 1-6



1.1 Kinds of Simulstion

The overall purpose of a training simwlator is to develop pecplels
skills, wvhereas that of an engineering development simulator is to develop
gircraft. Within the two broad classifications of training and engineering
development simulators, several distinet bypes can be identified. For

training simulators, the types vary wibth the training scope. With engin-

eering development simulations, the important factor is the amount of Flight

hardware included or represeuted. The important feabtures of several types
within each class are further amplified in Table 1-2.

1l -1'!' Resulis of Simuletlon

The result of all simulation is learning although it assumes many
forms. The learning assoclated with pllot traluming is obvious. It results
in what is termed "transferability" to the actval aircraft. This simply
means that skills learned in the simulator will allow the pilot to fly the
actual aireraft with the same performance. Measures of simulator training
effectiveness include training trials (time) required to perform according
to a criterion (performance) compared to that for the actual aircrafb.
While it is a relatively easy matber to measure this “transferability,"
it is more difficult to debermine what elements of the simulation conbri-
bute to it, e.g., cockpit, visual system, motion platform, instructional
method, etec.

The result of engineering development simulations is knowledge aboutb
hardware or design concepts. This takes the form of pilot opilnion, maneuver
time histories, hardware performance in a simulated enviromment, or engin-
eering judgments following observation of +the simuiated aircraft as it is
"flown" through various maneuvers. The physical result of the training’
device is intangible, whereas that from the development simulator is usuvally
quite visible and sizable. The training simulator's computer is a "hard-
wired" device that canmot be re-programmed or accessed easily while the
computer of the engineering simmlator is a general-purpose device that permits
re-programming and access bo a large number of its computations, a feature

that is necessary in the laboratory. This aspect is the main distinguishing

TR 1074-2 1-7



TABLE -2

CIASSES AND TYFPES OF SIMULATION

actual flight hardware

environuental effects

END
CLASS TYPE DESCRIPTION USES PRODUCT
Simple, non~functional | Teaching normal and Procedural
B Frocedural cockpit emergency procedures Skills
R . -
A Sluple, Db mited Teaching reqmred Flying skills
I | Part-Task - Y skalls for Limited for a few
- commter, displays, fasks tasks
T motion platform, ete.
g Complex, full capa- Feaching required Full spectrum
FalL bility visual, mobion skilis for all phases of flyang skalis
Mission cockpit mlti-~crew of a given aircrafl’s for a given
mtii-garerals, ete. nission aipcrafh
E Sinxple or complex N
N computer with some To study dynamie Dynemic problem
G Compubexr S s problems, proof-of- solution,
- N hand manipalator 4 PN -
I Similation inprbs and eraphic concepts, preliminary design
N o grap design, ete. verification
B outputs
E Simple oxr comples
R Rudimentary puter with simple To conduct preliminary | Preliminary
I Cockpit ggitf:g'itrand cnxé_.zp assessment of handling | handling and
N Simulation - and ride gualaties ride aualities
c displays -
D Sophisticated computer | Engineering design
E simiation with veritication and . .
v S:?frisl:.:{;on complex displays and refinements. Detailed g_g:?deggic:nt
E motion, esbensive data | performunce estamates. g P
I analysis First flght procedures
o}
P Sophisticated computer,| Hardware verification,
M Hardware motion, visual systems | farluwre analysas; life | Confidence in
E Simlation | integrated with cycle estimates and hardware
N
by
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Teature between training and enginéering development similations. The
Advanced Simulator for Pilot Traiming (ASPT) is an exception since it is
used for training research. It uses a general-purpose compuber and is
operated in a laboratory enviromment.

1.2 BURVEY OF STMULATION ADVANTAGES AND LIMITATIONS

1.2+1 Savings Through Simulabion

By far, the largest savings assoclated with simulation is the operating
cost per hour compared with that of the machines represented. This is the
case for both trairing and engineering simnlations but is especially clear
for trainers. This is because accountability assoclated with a training
program is simpler than that for an engineering laboratory where hardware
is shared with other programs. Engineering development simulators, on the
other hand, canmnot be easily described in the same terms becanse direct
comparisons of cosits assoclated with development without simulation are

seldom available.

Some examples of direct operating cost, however, are available and
they are described here to illustrate the point. In the sarly 1970's,
American Airlines set out to achieve TA7 transition training using only
similators. The cost drivers cited were that the Th7 direct operating
cost for training was $2900/hour (loss of passenger revenue is not included)
while the simulator cost was about $300/hour, a cost advantage of ten to
ohe. This demonstrated example iz zn airline industry milestone and since
that time, the acceptance of simulation for nearly all training among the
airlines has been high.

The acceptance in the military services has been slower, primarily
because of the difficuliy in designing simmiation equipment to meet the
more demanding military needs. Recently, the rate of acceptance is increas-
ing because hardware (particularly visual) is rapidly improving, and because

of the pressures to reduce fuel usage and extend the life of aircralt.

The exemple cited for engineering development is one where an airborne
control. computer was verified using a ground based simulation. The actual

computer was integrated with an engineering simulation of a helicopter, and
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its control laws were verified by "flying the simulation" to the design
Limits., Approximstely 100 hours of simulstor testing were required to
"debug"’ the computer which was subsequently flown without incident. It
was estimated that the reduction in flight test costs (approximately
$4000/hour) more than offset the cost of the simulation and resulted in a
savings of at least $100,000.

1,842 Flight Haxrdwere Eveluatlon

Although the methods for analysis of piloted aircraft are highly
developed, these methods are still not comprehensive or able to handle
complex inbteractlons. The large varieby of flight conditions possible
also makes analysis cumbersome.

In the early days of aircraft development, the only way to assess the
"flyability" of an aireraft was to fly it. The pilot's observations and
judgments were the only "flight data" available. While today's engineering
developnment simlations are largely justified and evaluated on more
technical. and abstract terms, the "bry it out" philosophy still provides
a great stimivs to simuwlation work. The "first flights" in an engineering
similation of a new aircraf{ are quite revealing., The complete flight
envelope can usually be explored in an hour and potential problems guickly
assessed. The controlled laboratory environment allows for safebty while
simplifying data acguisition.

What is really attractive about an engineering development simulation
is that actual hardware elements may be inserted into it for evaluation.
When a new alrcraft is built, a "hardware test stand” is built to verify
the flight control concept. This consists of an "iron bird" that mounts the
actual flight control hardware. It usually conbains a partially instrumented
cockpit and sometimes a platform-mounted sensor unit. It is a relatively
sinple matter to ineclude more visual display eguipment and build an engine
eering simulator out of the stand. On the other side, a simulation that
includes only mathematical representations could be tied to the hardware
test stand. In essence this is nothing more than replacing computer models
by real hardware. The important interaction here is the gradual replacement

of simulated elements by real elemenbs. This is the basic mechanism that
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gives the designer a means for evaluwating his knowledge and establishing

confidence in his designs in a safe, controlled operational enviromment.

Sonme of the more important uses of an engineering development simzla-
tor are summarized below:

@ Evaluation of Flight Control Hardware. The kinds of
hardimare commonly evaluated by this method are:
control surfaces, actuators, linkages, force feel

systems, sensor packages, airborne control and air

data computers, and central and side manipulators.

¢ Evaluation of Displays. ¥Fire control, btarget ac-

quisition, recommaissance, systems monitoring,
navigation, and landing displasys are among those
evaluated by the silmulation method., Low-light-
level television displays, infra-red scanning
devices, and other similar equipment is generally
not evaluated in the simulator but used as an
element in an experiment. This is because these
devices are not usually compatible with the outside
scene generator of the similator.

6 FEvaluation of Human Factors Equipment. It is

especially useful to test equipment designed to
mainbain human effectiveness. ILighting, panels, seat
arrangement, auxiliery controls, and commumnication
equipment can be effectively evaluated. Devices such
as "g" suibs vhich compress paris of a pilot to
prevent blackout under high acceleration obviously
cannot be evaluated in a device that can only produce
small accelerations. Centrifyges are normally used
for this level of work. Thsse are of course a special-

purpose simulator.

The reader will see that the above uses center about the human and
how he is integrated with the machine. Human outputs and inpubts are gener-

ally areas where fruitful work can be accomplished in simwlabors. Devices
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that more effectively accomplish human inbegration can easily be evaluated
by the simulation method.

1.2.3 Effects of Fldelity on Results

Fidelity is a word commonly used to indicate the degree of quality of
a simdation. It is inferred thet quality is synonomous with closeness to
the real world but this is not necessarily true. For example, a particular
visual display may provide enhanced cues so, in some respects, its quality
may exceed that of the real world. To aid the discussion, fidelity will

be defined in two ways. Engineering fidelity will mean the measured

physical closeness to the real world. Percepiual fidelity will rean the

perceived closeness. BEngineering fidelity will be used to describe the
mathematical model quality, for example. DPerceptual Tidelity will be used
to deseribe the quality in terms of subjective pilot response and could be
used to describe the quality of a visual landing display, for example.

it is natural to expect that the fidelity of simulation will affect
simlation results. A clear egample of this is the fidelity effect of
the mathematical model”. A1l simulations include a body of compubations
that describe the motions of the aircraft being simulabted. Pilot conmtrol
commands form the inpubs to these computations. They then produce the
aircraft's attitude and position in space and higher derivatives of these
guantities. The "modeling art" is highly developed, and the "modeler's
bag of tricks" is extensive. With the use of sophisticated tools such as
wind tunnels, flight test instrumentation, and good theoretical methods,
a model. of an airecraft can produce responses that can closely approach

those of the real aireraft.

When these models become large enough that their compuber implementa-
tion becomes difficult, compromises are sought that generally reduce
engineering fidelity. This is almost always the case and the desired model

has to be simplified in order to "fit" on the computer.

Y The term "model” means the mathematical function has a theoretical
basis as opposed to a representation wnich could be a fitted function
of measured wind tunnel data.
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If such a compromise is made, the resuliting similated aircraft re-
sponses will differ from those of the real alrcraft end the observed handling
qualities, for example, may also differ.

The similation user must, therefore, debtermine the level of engineering
fidelity required for his experiment. Some of the factors that affect this
Judgment are:

@ The kind of results sought; handling qualities estimates
generally do not reguire the high fidelity that performance
measurements do

© The accuracy of the envirommental aerodynamics, propulsion
data, ete., that are the basis of the model

® The degree to which the simulation can show to the pilot
the effects under study. If, for example, the visual
or motlon system cammot show the differences between
several configurations due to system limitations, there
is no justification to examining these configurations.
In other words, the engineering fidelity desired should
depend in part on the perceptual fidelity available.

Perceptual fidelity is the term that is usually used to describe the
pilot interfaces, i.e., the visual, motion, force feel, tactile, and aural
subsystens, This index relates to the quality of information Lo and from
the pilok. Tt can be measured subjectively using pilot opinion and, in
some cases, objectively through the identification of pilot model parameters.

Often, a low value is the root cause of simulator-related problems.

In assessing perceptual fidelity, the most important factors appear
to be:

@ Hardware performance relative to human performance.

By this it is meant that hardware performance should
be Judged relative Lo human perfoxrmance. For example,
the ability of a visual display to show fine detail
should not be greater than that of Tthe eye. The
ability of a motion platform to show a force change
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should be judged relative to the human's ability to

sense it.

© Pilot bias or prejudice. A pilot familiar with
helicopters would probably be less sensitive to fine
changes in perceptual £idelity associated with a
transport because he has bhad to learn so many compen-
sating control technigues not reqguired for flying the
transport.

© Pilot skill level. There is some evidence suggesting

that neophyte pilots are insensitive Lo mobion platforn
engineering fidelity, whereas experienced pilots are
more sensitive. This suggests Tthat skill level is
commensurate with information processing capability.

The inference is that training simulation mzy not require

the fideliity that an engineering simvlation does.

¢ Pilob workload. Recent research results (Ref. 2)

indicate that motion perception threshold levels wvary
with workload. The varying threshold implies a
varying percepbual fidelity.

© Task. This is considered to be one of the more
imporbtant factors in establishing validity. Whether
the task be height judgment using a visual system
or tight control of attitude during an sttack using
visual and motion systems, the task will affect
Percepltual £idelity because the sensory mechanisms
of the human are structured for excellence in some
tasks bubt not others.

The effects on the fidelity measures described almost alwaeys result
in degraded total (pilot/aircraft) performance. There are cases, however,
when no degradation is apparent because the pilot adapts a new strategy
in flying the simulator. For example, the current television visual systems
do not allow real-world landing performance (e.g., touchdovm sink rate)

probably because of their optical and mechanical properties. Pilots, however,
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can, by practicing, achieve real-world landing performance using them
(Ref. 3). Their workJoad is higher than that in the real world and their
eye scanning behavior is diffevent. It is generally agreed that for
perceptual fidelity to be high, pilot workload, pilot behavior, and

aircraft performance should be close Lo that of the real world.

Before leaving this introduction to fidelity, which is covered more in
later sections, it is stressed that engineering fidelity is a relatively
straightforvard measure. It is readily estimated by a variety of mathe-
matical methods and is applied to the hardware elements of the simulation
that include the mathematical model and those that affect the hardware
performance. The percepbual fidelity, on the other hand, is used to de-
scribe the effectiveness of the pilot interfaces such as the force feel,
visual, aural, tactile, and motion systems. It is a more difficult measure

to take and requires clever experimental procedures and special equipment.

1.3 SURVEY OF CURRENT SIMULATORS
1.3.1 Overview of Visual and Motion Simulators in Use Today

The following paragraphs contain an overview of five simulators in
use todsy within the U.S. and Canadian Governments. Both engineering devel-
opment and training devices are represented. They are described in terms

of their major subsystem elements and uses, namely:

© Cockpit

© Computer and control statbion

@ Visual system

@ Motion system

@ General uses.
Four of the five examples illustrated are of the ground-based type. The
fifth is an airborne simulator. All show the variations possible such as

provisions for single or multi-crew members, single or mulbi-aircrafdt,

visual or motion emphasis, and engineering or training emphasis.
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The in-flight simlator will obviously appear different because it
is a modified helicopter as opposed to the laboratory environment of the

ground-~based facilities.

One ground-based simulator described (ASPT) is devoted totally to
training research. A comparison of this device with the others will reveal
the basic differences hetween training and engineering simuiations. This
is, in essence, a difference in the structure of the computer control
station. In general, the training device computer is s special-purpose
machine whose program 1s relstively fixed. The control stationf(usad oy
the instructor) contains an extensive array of controls and displays.

These allow the instructor to vary quickly the flight condition and monitor
student performence. The ASPT compuber system, however, is general-purpose

in keeping with the research uses of the device.

The engineering simulator is usnalily supporited by a complex of generals-
purpose coumpubers and peripherals. The control station in this case is the
computer terminal and may include graphic displays, plotters, and strip
chart recorders. These permit the monitoring of the aircraft being
simplated.

The concepts employed in today's simnlations are summarized below by

element.

a) Cockpit

This is uswally a metal structure similar to the

cockpit portion of a typical airplane or helicopter.

It conbalins seats, manipulabtors, instruments, displays,
and aural devices. The engineering cockpits embody
guick-change principles so that the instrument, control,
and. seat arrangements can be varied. Some cockplts

nay he completely lified -off their mounts for changeover
to another. The interior of the cockpit of the P-3C

Weapon System Trainer is shown in Fig. 1-2.
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Figure 1-2.

Cockpit of the P-3C Weapons Systems Trainer
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b)

Computer and Control Station

This is the intelligent heart of the simulation.
From here, all functions are monitored and controlled.
The computer may be of the digital, analog, or hybrid
type. Commonly employed peripherals such as printers,
teletypewriters, etc., can be attached or a sophisti-
cated control station may be included for the instructor's
use. All the computations required by the simulation
are performed by the computer complex. Figure 1=3
shows this complex for the Air Force Flight Dynamics
Laboratory Flight Simulation Facility.

Visual System

This element produces the outside scene as would
be seen by the crew members. Three concepts are
commonly used today, television, computer-generated
imagery (CGI), and point light projection. The television
concept employs a camera driven past a vertical model of the
simulated world. This is accomplished by a computer=
controlled motorized gantry structure. The camera is
Titted with an optical device called a probe. This
varies the "look angles" of the camera and serves to
fix the "viewing point" relative to the model board.
The small size of the probe head also allows a close
approach to the model board to simulate low altitudes.
A view of a model runway with a penny on it is shown in
Fig. 1-4 as photographed through a probe. The gantry
and model board of the Flight Simulator for Advanced

Aircraft are shown in Fig. 1-5.

The computer-generated scene is employed in much
the same way. The cockpit display elements are similar;
the method of creating the scene being different.
Within a digital computer are stored the coordinates of
and numbers representing the light values of the simulated
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Figure 1-3. Computer Laboratory of the Air Force Flight Control
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Photograph Represents a Horizontal 97 degree Real Field of View and was Taken at 0.2 inches
(8 foot long Model 1400:1 Scale) at F/7.0. Tilt Focus Correction Applied
: (Focussed on the Runway).

2 Figure 1-4. Pilot's Eye View of a Scale Model Runway
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Figure 1-5. GCantry and Model Board of the Flight Simulator for Advanced Aircraft
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world. These are then retrieved for any viewing

point in this world and the data used to reconstruct
the scene as would be viewed from this point. The

scene details are then "drawn" on a cathode ray tube
device in the cockpit. Smoothing and shading technicues
are used to create imagery that is convincingly real-
istic. Several computer-generated scenes are shown

in Fig. 1-6.

Point light source projectors are also used when
wide fields of view are required without fine detail.
A transparency containing models is driven past a
point source near the center of a spherical screen.
The transparency's shadows projected onto the screen
will form a dynamic image of the models that is useful
for wide-angle visual flight reference. Figure 1-T
shows a photograph of a scene created by a De Florez

point light source projector.

When the cockpit device is a cathode ray tube (CRT)
a series of lenses or mirrors and beamsplitters is
used to create the impression of distance. These
optical devices collimate the light emanating from
the CRT so that the scene appears to be far away.
When large lenses are placed before TV monitors, they
act as magnifiers; enlarging the apparent view of the

TV picture while collimating it or focusing it far away.

Collimation can also be created by a spherical
mirror except that the TV monitor must be coincident
with the viewer's eye. To overcome this, the viewer's
eye and the TV monitor display device are offset.

This is the principle of DUOVIEW. A 45 deg beamsplitter
may be used to separate monitor and eye. The "pancake
windows" of the Advanced Simulator for Pilot Training
fold the light path through the use of polarizing
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Figure 1-6.

Orbiter Airport Scene for the ILufthansa Trainer
Computer-Generated Scenes (Courtesy of Evans and Sutherland)
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Six-Degree-of-Freedom Motlion System




Figure 1-1¢. "G" Seat of the Advanced Simulator for Pilot Training
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1.3.2 The Flight Simulator for Advenced Aircraft (FSAA)

The NASA~Ames Flight Simmlator for Advanced Aircrafd

General purpose, engineering research and development.
CIASS ?
Grounds-hased.
USES Research and development of aercnantical vehicles and
systens
Elements

COCKPIT Transport-type; side-by-side seating weth Jjump seat. Center
e OVEeThead and side consoles. Three-axis control loaders
with stick or wheel and pedals. Standard insbtruments. Dual speakers
for aural cues. Collimated television monitors for both pilot and

copilot for oubtzide scene. Commmications and computer controls are
provided.

COMPUTERS | Xerox Sigma 8 and Sigma 7T, two FAT 8400 digital compubers.

PDP-11 graphics digital computer. EAT 8800 and numerous
221-R analog ccomputers. Comcor 175 analog computers. Disk units,
princers, CRT terminals, and conversion unibs.

VISUAL

Two color belevision camex-a/mod_el systems. Scales of 400/1
SISTEM

and 600/1. Field-of-view 36° vertically by 48° horizontal-
1ly. Resolubion about k80 TV lines in both directions.
Roll and yaw conbimious, piteh + 25 deg. Approximate Tly-over space,
15 ko x 3 km x 700 m. Closast approach to the model is sbout 2 mm.
Closest focus is aboub 25 mm. Generates scene from a single aircrafs.

MOTION

Six~degree-of-freadom gantry and gimbal assenbly supporiting
SYSTEM

the cockpit. Driven by electric motors through gears,
chains, toothed wheels on rubber Taced tracks. Large
amplitude; approximately + 30° rotations, + 12 m sway, + 1.5 m heave,
+ 1.0 m surge. Bandwidth 2 - L Hz. Variable llnear drive logic with
1iwmiting functions.,

Photograph of this deviece in Fig. 1-11.
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1.3.3 The Advanced Simulator for Pllot Training (ASPT)

Advanced Simulator for Pilot Training (ASPT)

CIASS General-purpose training research simulator; ground based
USES Research and development of training methods and related

simulation equipment

Elements

COCKPIT Two T-37B cockpits, twec-place side-by-side; standard
instrument group. Additional displays and controls for
simalator operation, monitoring, and control. Control loaders for both
student and instructor for stick, pedals, and throttle. Aural simula-
tion of engine, airflow, landing gear, rain, hail, thunder, etc. Closed
circuit television for monitoring pilots.

COMPUTER/CONTROL STATION | Single SYSTEMS 86 central processor unit

with 93K word core memory. Peripherals
include: teletypewriter, line printer, card reader, disc, two magnetic
tape units, and digital plotter. Linkage and real-time monitor system.
Foreground/background computational capability allows computer use
without simulator down time. Two conventional and one advanced in-
structor/operator station. The conventional station is a standard
instructor/operator station with repeater instruments and traditional
input/output. Advanced station uses four cathode ray tubes, switches,
and a keyboard for control of many varied simulator and training
functions.

VISUAL
SYSTEM

Wide-angle (+ 150° horizontally, +110°, -LO° vertically)
high-resolution (7 arc-minutes) display formed by seven
pentagonal display units. Units are 30 inch diagonal high-
brightness CRT's with panceke windows for collimation. Units are
mosaicked together and held by a common frame. Monochromatic images
are generated by a computer-generated imagery scheme producing 2000
edges in the scene. Scenes generated include Williams AFB, all T-37
contact practice areas, auxiliary airport, a formation flight image of
another T-37, and a 50 nautical wide perimeter around the flight areas.
All attitude capability.

MOTION
SYSTEM

Six-post synergistic six-degree-of-freedom electrohydraulic
motion platform with redundant legs. G seats in both
cockpits. Stick shakers and buffet simulation. Flexible
drive algorithms for research.

Photograph in Fig. 1-12.
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1.3.4 The Differential Maneuvering Simulator (DMS)

The NASA-TLangley Differential Maneuvering Simulator

General-purpose engineering research and development.

i Ground-based.

Research and development of air combat vehicles and

ks tactics.

Elements

COCKPIT Two cockpits, single-place, century series fighter configu-~
ration. Standard instrument group with head up and head
down graphics displays. Three-axis control loaders with conventional
stick and pedals. Aural cue generator. Buffet actuator on heave.
Communication and computer controls. "G" suit. Interchangeable front
and side consoles. Bubble canopies.

COMPUTER Eight digital computers operate in multi-program, multi-
———— ' processor enviromment. These include three Control Data
Series 6000 machines, two Cyber 175's, two Cyber 173's, and a Star-100
Vector Processing Computer. Multiple access switches provide access

to standard peripherals, bulk storage, and special real-time interfaces.
A real-time simulation subsystem synchronizes and accesses programs for
the Differential Maneuve<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>