THE FARRAND GROUND EFFECTS PROJECTOR*

MR, JOSEPH A, LA RUSSA
Vice-President = Advanced Engineering
Farrand Optical Co., Inc.

INTRODUCTION

The Farrand Ground Effects Projector Is an outgrowth of the Mission Effects Pro-
jector which we designed and bullt for the Apolio MissTon SImulators. MIlsslon Effects
Projectors were used to provide full color visual simulatfon for the NASA Apolio Simu-
lators from the launch pad out to and Tncluding earth orblt, translunar trajectory and
lunar orbit through the use of strlp fllm. From lunar orbif to lunar touchdown o LEM
Vlsual Simulator was used which the Farrand Optical Co., Ine. also designed ond
manufactured for NASA. The Ground Effects Projector, however, Is specifically
designed to provide real world views for alreraft flight simulation.

The Mlssfon Effects Projector and the new Ground Effects Projector have very
much Tn common In that they both utilize very wide full color strlp fllm Tn multiple
cassettes and thelr opilcal systems,as well as thelr functioning,bear « close resemblence
to each other. The basic difference between the two systems lles in the fact that the
Misston Effects Projecter, In simulating orbital flights utflizes two~dimensional ortho-
graphle color strip flim and distorts the imagery to provide o spherical earth view where-
as the Ground Effects Projector utllizes continuous full color sirlp fiim to provide o full
color presentation of simulated alreraft flight and rather than the generatlon of a spher-
Tcal earth's view we now provide a perspecilve generailon with vanishing polnts af the
horizon.

One might ask why use sirfp flim when one can utllize elther cine-motion fllm
or closed clrcult televlsion systems and mop models. In the flrst place, fllm systems will

- always supply an Inherently better view of the real world than any closed circult tele~

vision device can possibly achleve from the standpolint of color, resolution,and realism
because films are actual photegraphs of the real world. Secondly, all fllm systems ore
far more compact than any medel can ever be and aside from the Increosed reallsm, strip
films in particular do provlide wider operating mergins. This last remark should be quall~-
fled. Vlsual simulators utilizing clne-motion projection systems are dectdedly |imlted -
In translatlonal excursions that con be provided to the simulator. - It {s the strip flim

- system that provides latTtudes and flight corridors far In excess of any model capability.

Limits of a fypleal sirlp fllm are shown In figure 5. It 1s reasonable to ask at this point
If f1lm systems are so much betiter than television then why are closed clreult television

-~ systems still used? This question must be answered in several steps. Flrst of all lef us

consider the clne-motion system. Cline-motion systems provide exceptional reallsm but
there are certaln compromlses that one must accept.

*Patents Pending

For example,

a. The varlation In alrcraft velocity cannot sefely exceed a ratlo of 2:1 with
respect to the fllming veloelty.
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b. Cine-motlon systems cannot come to a complete stop or cannot make a
standing start at ony place other than the vicinlty where starts and stops
were actually filmed.

c. Even with 70mm fllm the full frame cannot be used for the Instantaneous
vlew since o resldue surrounding that portion of the frame projected for
the Instantaneous vlew Is necessary Tn order o allow for lateral and
vertleal translations os well as the angular degrees of freedom, These
two parameters of Tnstantaneous flim projection size versus maneuvering
freedom are Tnterchangeadble so that avatiable resoluiion with respect to
fleld of vlew must be traded against the moneuvering envelope.

d. Since the maneuvering volume Is Inherently limited by the frame size Tt
Is obvious that all maneuvers must be contatned well within the filmed
view of each frome and so fly-arounds and wide approaches cannot be
simulated.

Alternatively, the full color sirlp flim system not only provides all of the advan-
tages of better resoluilon ond realism to o grecter degree than the clne-motion fllm
system but 1t also avolds all of the disadvantages mentioned cbove.

OPERATING PRINCIPLES

Before we explaln the overall system ond tts advantages,as well os some of Tts

- minor disadvaniages, Tt s best to Hlusirate whot we meon by o full color strip fllm

Image generator and the difficulties that had to be overcome In order to make such o
system functlonal. In flgure 1 It Is evldent thet an afreraft flying a course at constant
altitude may photograph o very thin {ateral sifce of the earth below continously with

a strip Fllm camera. At the end of such a mission the "frameless® strip fllm photography

- would represent a two-dimenstonal sccle model In full color of the terraln that was

flown over. Addltfonally, Tf the thin slice photographed were well vhead of the afr-
craft say at 20° to 30° below the horlzon,, the two-dImensional rectiiinear map model
would Include the aspect of three-dimenstonal ebjects. The rlght half of figure 21s o
portfon of a full color fllm strip just deserlbed which Is completely devold of perspec=
flve but whieh Includes aspect. The left half of figure 2 shows the same view but with
perspective regenerated. This particular view Is conflned to Inelude an angle from

30 fo 50 degrees below the horfzon. At this point, we should say that the method
described hereln for making a sirlp film Is purely descriptive and far too complex and
therefore does not represent the monner In which such o film would be actually evolved.

in order to use this rectllinear two-dimenstonal medel as an Image source for
flight stmulatfon, one must be cble to effectively locate the observer's eye at any
alittude h above the fllm strip as shown In figure 3. The observer must be made to
view thls fllm sirip out to o tremendous distance such that the angie of no detall below
the horfzon Is minlmal, say on the order of 20 minutes of are. Thls means that a
tremendous expanse of strip fllm must be used and Tt must be projected or viewed at
such an acute angle that the perspective In the sirfp film Is regenerated. Neediess
to say, use of any film In this manner s optically Impossible and perhaps this s one
of the reasons that such o system had not been devised up until the present time. We
hove been able to provide exactly the required view by the use of optical systems
employed In the Apoilo Visual STmulator together with o new optical device that

-regenerates perspective from o perspectiveless fllm sirlp.

135



PILOT'S EYEPOINT OR NODAL
POINT OF CAMERA LENS

FILM DRIVEN AT
. PROPER Yy RATIO

20 ARC Min,

INSTANTANEOUSLY PHOTOGRAPHED LATERAL STRI®
MOVES FORWARD OVER TERRAIN AT AIRCRAFT VELOCITY : - o

Figure i. Forward Oblique Film Strip Fotography

Figure 2. An Orthographic Strip Film View with Aspect is shown
to the Right and the same View after Processing by the
Perspective Regeneration System is shown to the left
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Figure 3 tllustrates the sirip fllm principle used In achleving o reconsttiutied
external world view. The system provides an Instantaneous terraln vliew from 1.7h
or 1.7 tfmes the eye helght forwerd of the nodir polnt to 150 h forward of the nadir
polnt, an Included vertleal angle of approximately 54°. The Farrand Perspectlve
Regeneration Sysiem permlts the optical system fo view the flim In an orthogonal.

menner as shown, thereby avolding TlluminatTon problems os well as shallow angle
viewlng problems. - Note from figure 3 the angle af which the film would have to be
viewed from an equivalent eyepoint in order fo regenerate the proper perspective if
the Perspective Regeneration System were not avallable =— an cbsolute Tmposstbility!
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Figure 3. System Diagram

The recillnear sirlp fIlm Ts viewed In an orthogonal menner by a conventlonal
optical system and the Tmage Is then processed by the Perspectlve Regeneration System,
reconsttuting the perspectlve out fo 150 h or to within 23 arc minutes of the horfzon.

Another noteworthy advantage of the sirfp film system employing a Perspective
Regeneratlon: System s the ease with which clouds or ground fog can be realtstically
simulated. The cloud or fog.strip fllm shown Tn figure 3 1s of {Inear denslty but be~
comes exactly analogous to the real world conditlon when the Perspective Regeneratfon
System compresses the view vertically and laterally In accordance with elevation angle.
This compression parallels true fog or clouds In the real world where the attenuation of
visibility 1s a functlon of the angle of view through the fog. Because the fog source Is
of |tnear denstty, 1t Is relatively simple to provide accurately. repeatable RVR's.(Runway
V1sual Ranges).

Resolutfon capeblllty of any film system Is directly related to the resoluilon
copability of the film and the film patch sfze used to.provide a given fleld of view.
Considering a 136° fleld of view to provide 95° flelds fo both pllot and co=pllot with
a 54° central overlap ongle, the Instantaneous patch size required of 5-Inch and 9-inch
strip fllms s shown In figure 4. The patches for both strip flim slzes are compared to
the Instantaneous patch slze of a 70 mm cine-motfon system. When one constders the
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relative fllm areas used for projeciion,it Is obvlous that the resolutlon of efther sirlp film
system far exceeds the resolution that can be expected from the 70 mm cIne-motfon system.
Additionally, the resolution Increases as the angle of view approaches the horfzon because
of the compression or miniffcation of the film area.

TO MM ' 5 INCH . 9 INCH
CINE MOTICN FILM STRIP . FILM STRIP
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¥ BEPENOENT ON LATERAL EXCURSIONS DESIGNED
INTO S5YSTEM FOR LOWEST ALTITUDES.

Figure 4. Comparative Sizes of Image Source

PERFORMANCE CAPABILITY OF THE SYSTEM

Detalls of system operation will not be discussed ot this polnt except for o few
principles that will serve to exploin the flexIbilTiy of the Ground Effects Projector. In
order to achleve altitude variatlon, we employ a 2:1 varifocal lens system as well as o
duplicate set of fiim cossettes. The reason for this dupllcation Is so that when the vari-

- focal lens In elther cassefte system opproaches Its limit of operation the adjoining vari-

focal lens and adjolning cassette system con be gradually brought Into operation to re-
place the orlginal system. In thls manner one tan leap-frog from one system to the other
to almost any simulated altitude desired as fong as different scale sirip fllms are avollable.
SwitchIng from one set of cassettes to the other Is accomplished by a cross dissolve system
exactly In the same monner as was done In the Apolle Simulators. [t must be noted at

this pofnt that the switching process from one system to the other Is cbsolutely Invisible

to the observer.

The next polnt to be discussed concerns the lateral franslafional capebillty of «

. strip fllm system. Agaln referring to figure 4 It Is seen that the patch sizes used for

Instantaneous projection do not extend to the edges of the film strip. To simulate lateral
translation the fllm strip 1s merely translated laterally with respect to the opileal system
and when visual limits are reached, cloud banks and fog enter the scene so that no abrupt

- termlInatlons are. encountered. Translatfons are simply simulated because the perspective
. regeneraifon system Is fixed with respect to the optleal axis and, therefore, the horizon

remains fixed with respect to the abserver and only the fiim terrain Input moves In

- accordance with the simulated motion of the observer,
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Longftudingl translations or forward veloctty can actuclly vary from rearward
motlon. to zero veloclty or havering simulatfon on up through simulated supersonlc and
hypersonic veloclty since veloclty s a direct function of 1inear film speed —- quite
unltke a clne-motion fllm system where frame rate determlnes apparent veloclty.

The angular degrees of freedom are eastly simulated by well-known optical
techniques employlng scanning mirrors for pttch, cassette rotailons for yaw ond a
derotating prism for roll.

As an example of the maneuvering volume of the Ground Effects System we
may refer to flgure 5. Each of the rectangles shown In the length profile and In the
width profile represent sirlp films photographed ond reproduced in the laboratory to
different scales fo stmulate different mean oltftudes. Using a 2:1 varifocal system and -
using five film strips of different scale we can simulate flight anywhere from touchdown
up to a 2287 foot altltude where the alreraft con cross the film sirlp boundarfes any-
where at any time with complete freedom. Note alsc the extenslve widih profile which
s 42, 250 feet at 7287 feet of altftude, 16,800 feet at 925 feet of altitude, and 1350
feet wide at 75 feet of altltude. A final observation on the compaciness of such a film
model 1s contalned Ih the note on figure 5 where the fotal film length for all of the
scales shown Is only 136 Inches.

At thls polnt Tt would be well to mention that the film sirlp system so far des-
cribed Is used to generate only terraln vliews. The sky Is separately Injected by another
projectfon system. The Ground Effects Projector System not only provides unusual reallsm -
for ground fog with exact repeatabllity of RVR In the manner deseribed previously, bui
strobe lights are also generated in a unfque manner so that frequency can be varfed and
the strobe effect wiil never appear to separate from the lamps themselves as very often Is
the case with cine~motlon slmulations. A final point to be consldered Ts that the vislbiltiy
of thls system as far as runway lights and runway detall {s concerned Is too good and must
be ottenuated to simulate the real world view. The reason for this surprising character-
IstTe Is that runway and terraln detail are photographed at a relatively low altitude and
all objects are therefore photographed at relatively close distonces. This detall appecrs
Tn gbsolute clartty on the sirfp fllm and when 1t appears just over the horfzon ft is gen-
erated by large scale fllm detail which s compressed by the optical system so that such
detatl appears unreallstieally sharp and unrealistically too vistble. We might add, how~
ever, It Is far better to purposely degrade a view than to try to upgrade a scene where
the detall Is not present.

An addltional advontage of the sirip flim system arfses from the fact that the
Film s practlcaily Indestrucitble. The wear and tear associafed with cine-motion
systems does not occur with sirip fllm because 1t Is not an ntermlttent drive, rather it
Is run through a gate at a simulated alreraft speed which s inversely proporifonal to
the real world scale. Furthermore, the cassettes are so designed that the film Itself
never comes Into sliding contact with any other materfal; 1 Ts In fact supported on
layers of coollng air while In the film gate,  In addition to this cooling oir flow, the
strlp fTlm s never subjected to excessive heat because of the relatively low flux density
of Hllumination required as a result of the large patch stze used for projectton. Should
a fllm eventually deterlorate, the cost for replacement Is minimal since 1t Involves re-
production of @ flim length of approximately 12 feet.
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LIMITATIONS OF STRIP FILM

Up to this peint we have descrlbed the advantages of o fllm strip system without
polnting out the Iimltations. So far as we know there are only three [TmftatTons osso-
clated with the Farrand Ground Effects Projector System. The primary [Imliaifon con-
ststs of an aopparent lean of tall bulldings, a defect which 1s Infroduced when regen-
erating perspecitve. Originally all detail is recillinear, however, since bulldings
can only be represented In two-dimensions, when perspective Is generated In the two~
dimenstonal plane, the bufldings are made to lean or palnt towards the vanishing polnt,
For one or two-story bulidIngs af reasonable simulated aliTtudes In excess of 500 feet
the lean Is not perceptlble when flying of some forward veloclfy., Thls defect does not
show up when landing on runways since runways are relatively flat with no veriical
prominences vistbie.

The second minor defect concerns the appearance of bulldings as we translate
laterally In excessive amounis. Since bullding detalls are locked Into the flim we can
never fly "oround" them and so wlth large lateral displacements, bulldings will always
presenf the same face to the observer. Findlly, the last limftatfon of a strip film system
agaln derfves from a two=dimensfonal film model where vertical prominences cannot be
made to rlse above the horizon. Fortunately, thls limitation does not usually offect o
commerclal alreraft simulator. '

CONCLUSION -

In conclusion, 1t would be well to Mlustrate not only the size of a fllm strlp
system such as we have descrtbed but also the flelds of view currently avatlable. Figure
6 fllustrates the fields of view that can be provided to both pllot and co-pilot using en
L=10¥1 alrcraft as an example. Flgure 7 shows the film strip Image generation or
-Ground Effects Projector feedIng an Infinfty Display System where both unlts are
mounted to an L~1011 simulator cab.
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