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1. Contemporary GCI Night Visual Systems

The CGI Night Visual System belongs to
the general technology of computed image -
graphics, which has been in existence .for more
than a decade. Computed image graphics has.
been applied in many fieids. A few examples -
are architecture, mechanical .and electrical
engineering design and drafting, civil engi-
neering, and the study of multidimensional
mathematical functions. The zenith of the
state of the art is unquestionably found in

the application to the large scale real-time__ -

simutation of visual environments for alrcraft

and spacecraft engineering studies and train- = -

ing., In recent years the trend has been to-
ward expanding. the size and complexity. of vi-
sual environments and the creation of faster
and more efficient hardware and image process-
ing algorithms.

If one divides the CGI field into two
equipment categories, namely, caligraphic
{random stroke), and raster edge generation,
the nignt visual falls into the Fformer equip-
ment ciass. The CBI night visual system simu-
Tates the essential visual environment encoun=
tered Tn nighttime flying conditions by
arranging :lightpoint patterns into appropriate
scenes, with prime attention being paid to a
very precise representation of runway and ap-
proach_]i%hting patterns. -Figure 1 shows an
example of & full ICAC ILS runway -lighting
pattern at a touchdown distance of approxi-
mately one-half mile. A random scan graphics
unit is usually employed, and this unit dif-
fers. from conventional computer graphics
equipment in that it is designed to permit a
much higher degree of beam positioning preci-
sion. A display unit with 1000 x 1000 ad-
dressable beam positions would not be accept-
able in the night visual simulation applica-
tion, and, in fact, around 4000 x 4000 display
locations are usually required to present
night scenes with the required degree of reso-
lution and smoothness in image motion. The
beam position accuracy is usually attained by
employing a beam penetration cathode ray tube,
which is superior by far than the best cur-
rently available shadow mask tubes. One must,
in consequence, accept the limited hue range
available from beam penetration tubes. The
resolution of a properily designed beam pene-
tration display translates into 1ightpoint
resolution approaching 3 arc minutes. In a
well-adjusted CGI night system, the edge

lights on a 10,000 x 200 foot simuiated runway
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may be perceived as clearly separated -~ = _
strings at Tine-of-sight ranges in the order
of 12 miles or more.

FIGURE 1.

ICAQ ILS RUNWAY LIGHTING

The total environment size usually varies
between 1400 and 2300 1ightpoints per scene,
with scenes storable for immediate access in
the visual computér core, or rapid access from
small tape cassette peripherals. A tape cas-
sette unit may easily store 12 scenes with ac-
cess times Tn the order of seconds. Large and
small scale maps and approach charts are used
as source material. User requirements vary
quite widely, and in some instances, very
caretully prepared scenes of problem airports
with non-standard runway lighting have been
generated. No detailed work appears yet to
have been performed in determining the best
distribution of Tightpoints in an approach
scene. . It may, however, be desirable %o pro-
vide the trainee with vertical height cues
during all phases of the approach.  Such cues
are usually simulations of vertical towers
topped with flashing red lights. If a given
scene is distributed over an area of say 14 )
miles square, the maximum useful number of en-
vironment lightpoints, including the standard
runway approach lighting, appears to be around
2400. Allowing about 1000 points for rurway
and approach lighting, and distributing the
remaining 1400 around the airport, results in
an extremely well-defined ground plane.

In common with all other CGI_systems, sceng
perspective and relative motion are computed

and therefore exact within the limits of the
display data conversion equipment, the CRT



deflection correction circuits, and the resi-
dual aberrations of the collimating opties.

In the latter case, a reasonably good match
between the radius of curvature of the cathode
ray tube face plate and mirror focal surface
is required if reflective optics are used.
Without this match, image field curvature may
appear and cause observable false parallax
and non-uniform image magnification.

2. The Night Scene Concept

CGI night visual systems have, over this
past 2-1/2 years, attained an uncommonly rapid
degree of acceptance by the pilot community.
In spite of this acceptance, one factor is
frequently cited as a possible drawback of
this type of system as compared with full-day
scene systems. This 1s the Timited visual
environment. Pilots are naturally concerned
about whether training acquired with a night
sceng environment carries over to the daytime
real-1ife operations. This 1s a complex ques-
tion, and it may not be fully answered until
all of the conscious and unconscious processes
involved in piloting an aircraft through the
Tanding phase are understood.

Tne relative performance of different
types of visual systems may, however, be com-
pared. One method is to measure some of the
more important parameters such as the disper-
sion of sink’rate and touchdown point after a
number of trial runs on flight simulators
equipped with different visual systems. Usu--
ally, trials are made with pilots without pre-
vigus visual simulation experience. Paimer
{Ref. 1) of NASA AMES has reported the resulis
of a series of experiments of this kind. In
the experimants a group of eight pilofs was
employed. Repeated trials were made in a TV
mode] and a monochvome-computed image night.
visual system. The key comparison parameter
was the dispersion of vertical velocity at
touchdown. As the pilots gained experience
with both systems, a progressive reduction fn
sink rate at touchdown was noted. The results
showed that there was 1ittle difference be-
tween the two systems in the matter of touch-
down velocity, and both systems produced re-
sults comparable but higher than recorded
real-world flight data. Thus, the only ex-
perimental data obtained to date indicates
that considering one parameter only, sink
rate, wight CGI and TV model appear to be sim-
“ilar. In other words, the visual cues present

in both systems used to control sink rate are
approximately equal in effectiveness. R

It is therefore difficult to account for
the widespread acceptance of the night visual

Reference 1: “Touchdown Performance with Com-
puter Graphics Night Visual Attachment", E. A.
Palmer and F.-W. Cronn, NASA AMES, ATAA Paper
73-827, September 1973.

-to visual simulation.

system when we consider traditionail attitudes
It has been argued that
one should attempt to simulate all of the
characteristics of the real world, day, dusk
and night, in the hope that all of the cues
hoth essential and desirable would thus be
embadded in the scene. Unfortunately, past
history has shown that such attempts have ne-
cessitated tradeoffs which have affected and
degraded all of the visual cues provided. In
the case of the present manufacturer, the
night scene concept was chosen with due consi-
deration to the specific difficulties of night
flying, and realization that computed image
techniques offered the possibility of an ex-
tremely precise simulation of the limited vi-
sual environment. Consider the folliowing se-
lection of illusions and pitfalls peculiar to
night flying:

@ Runway Tights appear to be more dis-
tant when viewed through mist and
rain, than in clear air.

& Temporary loss of visual contact with
the runway due to a low, close-in fog
bank.

# Long straighi-in approach over water
to a runway on sloping terrain.

® A narrow, shori runway seen at low
altitude may present the same appear-
ance as a wider, longer runway at some
_ higher altitude.

# Breakout over the approach 1ights. from
Tow cefling in reduced visibilitys is
the thousand-foot 1ightbar ahead or
behind? B

It has been determined that some, perhaps
all, of the above situations have contributed
to accidents in both military and commercial
flying. 1In avoiding the pitfalis of these
“false cue" environments, total reliance on™~
radio altimeter readings may not be suffi-
cient. Runway altitude cannot always be as- .

~sumed to be the same as the altitude of the
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terrain immediately below the ajrecraft.
Therefare, as Litchford {Ref. 2) has pointed
out, both the available visual cues and the
flight instrumentation must be correctly in-
terprated, Visual simulation in these hypo-
thetical situations must provide the very 1im-
ited visual cues with almost eye-Timiting de-
tail at extended ranges in order that a Tast-
ing and significant impression can be provided
to the trainee. This then summarizes the
philosaphy of the CGI night visual. We be-
lTieve that current and advanced forms of CGI
visuals will be used to explore these phenomena,

Reference 2: . "Low Visib{lity,Landing“, G. B.
Litchford, Astronautics and Aeronautics,
December 1968.
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and perhaps contribyte to real-worid flight

. safety.

3. The Economics of Night Visual Systems

In the two years since introduction,
around 45 systems have been ordered worid-
wide. It seems almost certain that by the_
end of 1975, almost 25% of all Visual systems
in commercial service will be the CGI type.
Since they are hardly more complex than moder-
ately sophisticated computer graphics systems,
they are easy to maintsin. Required mainte-
nance skiTl levels are almost always Found in
normal flight simulator operations, and usu-
glly a short training course fs all that is
required for equipment familiarization, in-
cluding the construction of new scenes, up-
dating and re-arranging supplier-furnished
scenes. The following are some principal
economic considerations: .

@ Initial Cost:

The initial costs for first generation
(lightpaint only) systems range from
$150/170K for single dispiay equipment
to $400/500K for second generation
multiple display illuminated runway
systems. Installation and integration
costs vary widely depending on the
host simulator configuration and con-
dition. Spares:costs may be as Tow

as $10K.

® Reliability:

Due primarily to their -almost total
use of solid state electronics, relia-
biTity and therefore eguipment avail-
ability is high. Statistics gathered
from nine MDEC systems currently in
service show an MTBF average per sys-
tem of a little over 1400 hours.

& Maintainability:

Average time to repair appears to run
.in the range of 2.5 to 3 hours. Peri-
odic maintenance consists-only of the
gafn and offset adjustments required

to perform color alignment.

Total operating costs including amorti-

‘zation in the range of $10 to $20 per hour are

probably not unrealistic, but are subject to
the vagaries of accounting methods. - Consider-
ing that the July '74 reported mean operating
costs for DC-10, 747 and L-1011 aircraft is
$2000 per hour, the economy of a visually-
equipped flight simuilator needs no emphasis.
Although the additional maneuvers permitied by
Federal authorities on visually-equipped sim-
ulators can theoretically be performed. in less
than 30 minutes, the additional aircraft time
required to enter flight patterns and set up
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for maneuvers must, of cburse, be taken into
coensideration. ’

4: _Growth Potential

The CGI night visual system is free from
the traditional limitations of electro-optical
visual simulation methods. Clear lines nf =~
advance are opening which will lead to advanc-
ed equipment forms providing more complex
scenes. Even in the first generation systems,
improvements in the Tightpoint-only scenes are
technically possible. For example, to. ap-
proach the ideal in the basic night scene, the
following redl-world characteristics couid be
simuiated ~- theoretically at least.

o [Elevated street 1ighting Tocally i1~
Tuminates the ground surface. and pro-
‘vides a well-defined height cue at Tow
afrcraft altitudes.

e Environment lights are not steady.
They are randomly occulted by inter-
vening terrain features, building,

_.ete.

e Both peint and extended 1ight sources
are present in the night scene. Many
1ight sources exhibiit sirong direc-
tionality.

® Envirormental conditions may partially
obscure the ground plane, merging in-
dividual Tights into areas of low lev-
el glow.

~ Whether the incTusjon of these effacts,
which would involve additional development
costs, would be cost effective seems question-
able. Of much more immediate interest is the
need to provide the pilot with visual contact
with the runway surface during the last few

seconds of the appreoach. The rationale for

this 1s that runway texture and the rurway
all-weather markings are almost always visible
to the pilot ejther from the aircraft landing
lights or the immediate rumway lighting or B
both. Contemporary CG! night visuals provide
touchdown zone light strings to avoid a dis-
turbing 'black hole' effect at the instant of
touchdown. This measure has proved to be rea-
sonably effective, but obviously less desip-
able than-a clear view of the threshold and
fixed distance markings which are always pres-
ent on an ILS equipped runway. Figures 2, 3,
and 4 show recent developments along these
Tines. The reai-time software used to geher-
ate these scenes generates a moving band of
tapered visibility ahead of the aircraft cor-
responding roughly to the range of idealized
landing Vights. A tapered horizon band is
also generated. As with the basic night scene
the design emphasis has been placed on provid-
ing maximum precision in Tocating and defining
the runway texture and markings.
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FIGURE 2. RUNWAY SURFACE TEXTURE
SIMULATION: VIEW 1

FIGURE 3. RUNWAY SURFACE TEXTURE
SIMULATION: VIEW 2

FIGURE 4. ' RUNWAY SURFACE TEXTURE
SIMULATION: VIEW 3

5. tConclusion

The night visual CGI system is not 2

special, simplified, case of the Targe, elab-

orate day scene system which soives the hidden
and occulted surface problem and provides com-
plex three-dimensional imagery, but is rather
a device developed in its own right to Tulfill
a specific need in commercial and military ap-
plications. In this. regard, the evolution of
more advanced forms of the system may follow
quite different directions and employ differ-
ent techniques, since refinements, as a matter
of expediency and economy, will be closely and
perhaps even solely related to specific user
needs. ; o
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