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THE STEREOMATRIX 3-D DISPLAY SYSTEM

Stephen Earl Whiteside, Ph,D, -
Department of Electrical Engineering
University of Illinois at Urbana-Champaign, 1973

3TEREOMAfRIX~is a large screenAinteractivé 3-D lgser '
display syétemAwhich.presehts compu£er-generated wire figures-
l‘steréoscoéicalij.‘ The presented image can be rotated, traﬁs-
1ated, and'scgled'by the systgm user and the'perspectivé-of’tﬁe
image 1is chaﬁged accofding-to'the poSiﬁion ol the ﬁser. A
cursor may be positionéd in threeidimensionslté identify points

and allows communication with the computer,
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.1, INTRODUCTION
Large screen displays have long 1ntrigued the imagination

of maﬁ. There are many applications where information'presented by

'large displays is vitélAto daily operations, With the advent of

poweffﬁl lasers and more importantly a meaqs of deflecting their
iﬁtense light heu éossiblities in large screen displays were oﬁened.
ThevSTEREQMATRIX system was pr0p0§ed by Professor Poppelbaum to
explore some of thesé new.possiblities;

' The fundamental concept of the propbsed system was to

' present stereo views to an observer, but to really testAdisplay

possibilitiés many unusual features were combined in STEREOMATRIX,

The overall system was designed to be a real time, random access,
interactive, large screen display, The system was to correct the
presented image for the observer's actual position and the observer

could rotate, translate and scale the presented three.dihensional

image,



1.1 STEREOMATRIX Display Method

' The basic method chosen to produce a three dimensional

display rélies on the steréo?air inf;éséction.points,'PL apd PR’
as 111ﬁ§;£;ted in Figure 1, For each ;)oint 1;1 the éis?lay volume
a steréoﬁair—of.p;iﬁ;s ;re éene?a;eé ﬁ; the gara;;r; Qf'the é&s;;;
and préjected on a screen b& £w§ crosé-polarize& 1asér Séamé; By
weariﬁé'a'paif éf'anﬁlyziﬁg élasses the obéér§er's ieft ;nd righﬁ
e&ééqa;; coﬁstrained.fo see onlyﬂiﬁe resPectiv;ﬁleft and figﬁt
pointsl“ Thé.;b;érver ;ill fﬁeﬁ péféeive a single pgigf‘éﬁiéﬁxls
fprmed a distance behind the scréén at tﬁ; interséc£ion of the
extendéd igét eyea;na;riéht.ey; 1mége lineg. ”f;‘k;r;ﬁer %Qhance

PRI

the ste;ebgéirt£;ree dimensioﬁﬁl effeét the persP;;;ife';f the
figufésis.éhangéd as the ﬁbservér moves, ‘Aﬁ obéérvef'éoéitién
detec£o£ determiﬂes the Xo, Z° coordinates of thé observer aﬁd
the égreéﬁ iﬁﬁges areJmodified:in siié, séﬁara£ion ;nd'angular‘
positioﬁ;( For #}&atﬁ'péin% é(x;Q;z) ;;eA;ys;eﬁ'uses th;.fol-

lowiééﬂéihple;ﬂgéoﬁetriéaliy-derivéd equatipﬁs to.generaté'tﬁe

steredpair points,

)
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a Zo - K a
xL = xo + E + Z z (x - xo - E)
a zo4- K a
xR = xo - 5. + Z° -2 (x - Xo * E

[V] .
Y 7 — (¥)
. o)

hhhiﬁeudéfiQQEiéﬁ'ofAfheéé éduafidﬁsfisziACIHHéa as Apﬁehdix I,

These equations differ from previguély published equations (Vepma,

1972) by the screen position constant K, the sign of -z, ard the ="

sign of a/2,"

fo accomplish the desired rotatiog and translation on
command, the STEREOMATRIX system generates a 4 x 4 transfor-'
mation matrix and Qontinuously modifies the appropriate coef-
ficients, Each incoming data point is premultiplied by this
matrix,

Scaling ;sﬂ;éco;piished‘Sy cont#?iiing.;hé gain of
an_Operational'amplifier and a three dimensional cursor is

-multipiexed in to allow the observer to identify points to a

computer,

L
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1.2 . STEREOMATRIX System Components

The six sysfem components are shown in Figure 2, An

(x,y,2) triplet for each picture point is accepted in digital

or analog form by the perspective'transformer} This analog

'computer geherates a stereopair of points from each picture

friplet déing'the persPéctive equations, Varilables in~the
equations:ar; the observer's ppsi#ion an@ inputs from the céef4.A
fipient generaﬁérAwhich speéifylany rotations and translations
the observer h;s requested.

The_coefficient generator 1s basicallyva singie purpose ..

~digital computer which responds to commands from a remote control

box and computes new elements in a three-by-four matrix which

tdetermines'rotations and translations,

The poéition detector is an infrared sensing system
which‘uses“digif,a.l shaft encoders to measure'ahgles.' Analog
cbmputation ié then pérfdrmed.and X;,Zo coordinates are supplied

to the transformer,
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Figure 2, STEZREOMATRIX Block Diagram



The_;nverSe tf#hsformer accepts the analog X,Y,Z
1np§t from the cursor joystick and perfbrms an analog;
1qve;se transformation to maintaip the ‘cursor stationary in
:_ the viewing vdlume regardless of the rotati&hsfand translations
ﬁgrformed on the input pattern,

fhe céntrol box.encodesvthe pu;h button switcheg

which allow the observer to select an axis of rotation or A

translation, It<§1so contains the'cu?épr joystiék and on-off
.s?itch ésiweli:gs sléw andvnofmal operation switches,

S'EThe‘laser display 1s a random'access,‘ultr€sqniCe.
_deflectgd sys%em. TH% ;bservef'wears perpendicularlyipélarized
glassé;'to vieﬁjright and left eye images on é rear projeétion
screen,

' FiguréfB is a pictorial drawing of'the'complete system.
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2, OBSERVER POSITION DETECTOR
fhe obseryer4must wear analyéing glasses.to separ#te
the #wo polarized images so that each:eye sees pnly one image,’
Mounted onlthe glassgs is a battery-powered infrared source,
‘The angﬁlar position of this source is detected by two ro£ating
mirror4photot?ansist6r uﬁits which contain optically-enched discs.
The geometry Of'the position detgctdr is shown.ih Figure 4, The

~resulting equations for.XO,Zo aré as follows,

-d)
+'¢‘)

S
S

in (
in (

e
8

<
(]
N

. Zo: ; 'Léfiﬂzggééﬂagy' + K
N?tiqe'that these équations differ by the sign of Zo‘and'the sc?een
position constant K from previously published equations'(Pirnat,"
1972). |
The action of the position deiector is as follows,
At the 1nstéqt that the rotatiﬁg mirfo; reflects the infrared
to the phofotransistor detectof Strobe, t@e 0pti§a11y encoded

disc is read to eight bits accuracy of sine and cosine for both
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of'the twolangies, fou; Qalues in éll. vIn éynchronism with the
overall sysﬁeh, theSe.digitalrvalﬁéS‘are converted to analog
.andithe Eomputations~of Xoland Zo ére'perfor@ed. The resultant
xvanalqg VOitages.are transmiﬁted by cable to the STEREOMATRIX.
Transformer,

.Nof;ce th;t for a realistic three dimensiéﬁal'system
there must be an jdentical séale factor between tne viewing
volume and the observer space if we are going to cﬁrrect'the -
presented image for.observer motion,

In tﬁis system the observer ma& exisf between Z equal . |
‘j3 to ~-10 feét. At.our chosen scéle factor of 5 volts per foot,
this is -15to =50 volts, For a.practical signal range the
pésitioﬁ deiecﬁor actually traﬁsmits Eg y & sigﬁal ranée

10 .

of -1,5 to ~5,0 volts.



3, CONTROL BOX v s

‘Thé control box provides observer interaction with the “*"

system, The observer may reset the system from the control box,

This initializes the rotation -and translation matrix -of cdéf- Clat

ficients to the augmented unlt matrix, . Scallng

OO"“
Q. (ol il e

0
0
1

o OO

is contrdlled“oniy by the Forward and Backwar buttons and
resets only when the system is switched‘én.

"~ ~The observer may select an axis of'fofation or a
direction of translation and execute the desired amount of -
movement by- pressing Forward or Backward, Speed of movement
is éeiectable as Slow or Normal,

A cupéér of three siall crussed lineb'may be multi- -
plexed in by‘preséing:thg Cursor On switch, AThe cursor may be
positioned in three dimensions with a Joystick.: This.WOuld be.

-useful for identifyling points to a computer,
The schematic of the control box is given in Figure 5.

The thirteen digital commands are stored and encoded into eight

wires, The analog joystick is not shown as it is simply three

12

.?
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Figure 5, Partial Schematic of Control Box
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pots and a commercial mechanical assembly, All selected switches

are lighted to indicate to the operator the state of the machine.
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b, COEFFICIENT GENERATOR :

When the operator commaﬁas a’rbtdt;on or a traﬁslation,
he 1$-ac£ualiy commanding a change is the coeffibient matrix
" which describos the transformaiioﬁ from data.Spacé ﬁo display
space, Whgn resef, the'transformation is the simple augmented
unit m#tri# given 1njChapter 3.‘ All twelve of fhe possible'
elements of th#t matfik are stored‘in digital fegigters and
‘converted to analég to drive the.STEREOMATRIX Transformer, When
a translation is desired along thé X-axis, for exgmple, tiﬁ is
periodically iﬁcremented; Similarly, a Y.trgnslatioﬁ involvés
incrementing on}y tZA’ and a 2 traﬁslation affects only tBU'

A rotation”is far more cémplicatéd as up fo elght
of the tran#formatién coefficieﬁts mus#-bé changed each time
frame, A rotation about a selected gxisbmay beAaccbmplished by
: premultiplicatipn of the transformation coefficient matrix with

a matrix operator , The matrix operéfbr for an X rotation is,

1 0 0
L =10 cos 8 sin 8 |,

‘X
0 -sin 6 ‘cos 8



A single premultiplication by Lx rotates the image through an

angle 8, Observe that a second premuitiplication byﬂthe same

operator produces terms like (c0526 -_sinzé) = cos 26, Thus

we may incrementally rotate the image to any desired multiple’

"of 8 by repeated pfemultiplication, (See Appendix II for an
example of 3,900 rotation).:‘In STEREOMATRIX 6 = 2° and the

new coefficient matrix rotated by 2? is computed for each

picture {rame, The order. of computation and the incremental

~ new values of the coefficients are listed in Table I, All
of the new coefficients are stored as they are cglculated ‘
and at the beginning of each frame a‘complete‘new coefficient

matrix is gated to the output digital-to-analog converters,

16



Coefficient

-Computed X-Rotatibn Y-Rotation Z-Rotation X-Trans.
n+l n n n. n n n
) t~11 tll Ctll + St:’)l Ctll + Stal tll‘
n+l n  n n - n n n
t21 Ctay + Stxy)  tgy Ctay - Sty tp)
n+l n n n - n n n
ts1 Ctzy =Sty Ctyy =St tzy tay
n+l n n n n n n
tlz tlz Ctlz + St32 ctlz + Staa . tlz
n+l n. n n . n n n-
tzo Ctop + Stzp  tpp Ctogg =Sty tp
n+l n n n n n n
tap Ctzp = Stag = Ctzp = Styp tsz tz2
n+1l n n n n S n n
tl.5 t.13 Ctls + St33 Ctu + t23 tl.s
n+l n n n n on n
tos Ctoz + Stzz  tps Ctaz ~Styg  tpz
n+l n’ n SN n n n-
t33 Ctzs = Staz  Ctzz = St)g tay t33
.+l n n no. n s n n X
Tt t14 Ctyq + Stz Cty, +Stp,  ty, 0
n+l n n n : n n. . n
tay Ctoy + Stz tpy Ctay =Sty toy
n+l n n n n N n

tzy

TABLE I,

Y-Trans.

i-Trans.‘

i
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5, ANALOG TRANSFORMER

The Transformer is a two megaHertz analog computation .
unit which accepts the coefficient matrix (tij) and the data

points “P(x,y,z) and then performs the matrix multiplication to

transform the data into display space points P(xt,yt,'zt).
() (0 = (x)

At this point’ the i:'nage;has been rotated. or translated according- o

to the commands of the operator, Now to:present a 3-D image we -

must ge’neraté the two distinct images for each eye, P and. P

L R’

'I;}'iislis"baccomplished by another analog computation in the

’fra.nsformer. "~ The equatlons for this last analog computation a.re",‘

'Z_ -K
[o]

N
N

a .
XL.xo+2+Z-z(x-xo-
| 0" E
z -X
y & . T h. a
Xp =X, 3 .1zo—z'~(": Xo*2)
z_ - K
Y = 77— (y)
R

Where K = Screen position = -10 volts,
(x,y,z) = data point,

(Xo, Y, Zo) = observer position,
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.See abpendix IAfor the simple, ggoﬁetripal dérivation of these
. equations, |

. A block diagram qf t#e Transfofmer is given in'Figure 6,
Nqﬂ;shown 1$ a digit;l interface section which allows gable
~co¢muniéation with a PDP-8, Analog data and the cursor coor-
. dinﬁtes ar?ivgion the 1ef£ side, fhe Cursor multiplexAgquratqr
is turned on.and off by commaﬂd of the 6bserver~a£ the control
box.‘ When.thé curéor is seleCted:the'two agalog gates'pass
d;ta‘to thg summer cards at alternate times, Cursér coordinates. :
‘ are.passed 1/4 of the time since.théy.form a very smallApicture
element, Longéfvfimé spent passing the cursor would make it
too Brigﬁt. Thé»ﬁ?l cards perfor@ the agalog transformation

equations which are as follows,

>4
[}

t

T z+ Yy

X+ gyt 1k

13

Yo =ty Xt iyt Yzt ty,

Zy = tyx 4 §32y + tgan by



Figure 6,

Transformer Block Diagram
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Size cont;ol is also achieved here with an'LED—phoyotran-
sisto? combination 1nvthe'feedbac# loop of the output operational
_ amplifigr._ The overall frequency réspoﬁse:of_this card is 2 MHz,
Tha'transzrmcd Aatu (.xt'Yt’zt) is then tested for
excesgive'magnitude and if too large the pext ana;og éaté.is'turneé
off, 1If a@piitudes arg less than 10 volts the signgl; are Pas§ed
on.to the stereOpéir generator, Here the stereopaIrAequations are
executed, The 458 card.fo;ms the (Zo - K)/(Zo - z) te¥m. Then 
the 453 car& doés tbe final multiplication and sum@atioﬁlﬁo.
complete the stereopalr generation,
.~ The frequency response of ﬁhe stereopair generatqr is
determined by'the:uSS.divider cg¥d. This is about 500 Kﬂz; and 1is
a satisfactory figure since the deflection system is liﬁited to. 

approximately 150 KHz,
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.é. CUBSOR SYSjEM'4
. The cursor system is included to.allow a use? to-

identify points of .interest, to draw pictures;'and to-designate
points to the computer, The cuysor is a small 3-D cross which
may be positioned anywhere in the 3-D viewing space by'mbving' ’
the Jjoyslick.on- the cohtrol'ﬁox;‘ The cursor is stationary ‘in
the display space, so rotations and translatiocis of a figuré.déﬂ
not move the cursor apout, . This is accbmpliéhed déspitéléhe
suzcessive unordered mairix.multipiiggtioné peffbfﬁéd B} fhe
coefficient generator simply by calculaiiﬁé fh; iﬁvéfée of tﬁe.
latést val&é of iheucoefficieﬁf ﬁa£rii. Tbié invefée coefficient
matrix is then u;ed'£§ ;feﬁultipiy thé\(xé,fc;éc) Cutsor coordinatoc
beiore they afe.i;put fo.the diSplay'sy;tem. In the display systenm
the coordinates are'subsequently rremultipliec by the COefficié;t
matrix, These two premultiplications fo?m the identity hatrix and
the true cursor coordinates are then displayed, Figgre 7 is a

block dlagram of the cursor system, Notice that the output
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coincidence signal must be a gaied signal as the comparator should
see the true cursor coordinatesigt both inputs when thé cﬁrsof is
being displayed,

It 1s necessary to-g; this complicated route tg é?o-
duce the cursor as a simplg in;ut‘bf the straight anaiogfgurébr
slgnal; to the}fransfo;wer would result in Lhe cursor roﬁating ’
and trun;lailnénkiih the displayed image, A user would [ind it
quiLé 1mpossib1e tc~p§sition4t5e cursor after auny sequégg; ofr
operations as inis simple rlght-@irécted novenent of the.joyéfick

could correspond to any direction of the screen depending on the

receding operations and thelr order of occurrance,
b =3 :

'
% !

Figure,S:ig;a biocﬁ'diagram of the actu%iilnverse
Matrix CeneraLo;. (tij),>the coefficient matrix comes in'oa
the left énd-is ased Lo form all of the eleménﬁs of ﬁhg iﬁverse‘
malrix, The'pf;blem is simpiified in our éysﬁem because we started
with the unit nmatrix and successively multip;yfby matrices wnose
determinaétéi;qua; one, Now since Dei (A)(Ejkw (éet A)(Def B)

"we see that the determinant of the coefficient mairix is always
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Figure 8, Inverse Matrix Generator
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equal to one, Thus, there 1s no necessity in this cgse for the usual
inisién by the determinant éf‘the'matrix; This réduces the original
desigﬁ (Cheng,'1971)«by'fifteen multipliérs, a summiné ca?d{ and
a polarity correction card,

Figure G ié,awdiagram of the ipvérSe operator card;.vThree

of:these carus perform the premultiplication of the cursor. coordinales

by the inverse mairix,



2
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Figure 9, Inverse Opefator Card
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7. LASER DISPLAY SYSTEM

By fac the most difficult part of the overall ST:'EREO-'-,.,
MATRIX pr‘}s‘jgcll' was: the Laser Display System. To accomplish a
‘:high-speéd;'réﬁéom aég;sé, 1argé“screen*display:requiresdéoi;£i;n$iz.i
to extr;mely difficult problems, The most difficull problems are’
the lignt sour;e and Lhe defléction of that lighff” THe(?olhtluns‘
attempted in this pfoject required four sﬁate-of-the-ait or near
state-of-the-art dg?ices. As 1s ofien tﬂévcése.githAsucﬁ é?fiées‘.
theis Iciiability pr§ved Lv be extremély pocr, Hence, work was ofien
impeded Ly fallures of these devices,

The Argon ion laser light source was obtained e;rly in
the ﬁroject at a Liﬁe when they were very new, ‘Neither of the two
manufacturers at that ti@é coﬁid'produce'a ;eliable unit,

The three'ultrasonicllighi deflection cells were spec-
ially built Lo our 5pec1fi;ations at ccnsiderable éffort'by several
manufa?turers and requiired eighteen moqths to build ratiher than their
estinated 120 days, Ever then we had to accept units which fell short

of the desired perfcrmance as the best that could be produced, These
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deflectors then proceeded to fail with only a few hours of use,

Pirogress on the complete d'iSplay was thus disco_ufé.gingly ‘slow due

to these difficulties,
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7.1 DISPLAY BRIGHTﬁEss

Although it gaé hoP?d‘eafly in thé‘Project th?t a Qigb"‘”
intensity arc lamp or some similar inexpensive incohérept ligh?w
source could be used, the reguirement to controi the 1igh£ and
producg a small bright spot on the sc#een quickly dictates thé :
selection of coherent laser 1ight. To maximize brightneés.and
produce an appealling display the Argon ion laser with its green
5145 A° 1ight seemed the be;t choice, This was the most poyerfulA
laser available producing'light nearest the 5600 A° peak of ihe
eye sensitivity curvé. Economics required that we beam split a
single powerful iaser rather than purchase a laser for ea§h eye
view,

A reasonablg estimate of tﬁe laser power was obtained
from other large screen work (Baker & Rugari, 1966), This RomelA?B
disflay was powered by a He-Ne 6328 A° laser driven at about 60-70.
milliﬁatts,‘and produced a screen brighﬁness of 5-10 foot~lamberts,
This is a dim display requiring a darkened réom for viewing, Since .

a brightness similar to normal television (20-40 fooi-lamberts) was
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desirea,for STEREOMAfRIX to allow viewing iﬁ a normally-lighted
room, it was conServativéiy estimafed:(B#ker, 1968) that one watt
" of 5145 A® Argon 11gh£ would provide this brighthess by assuming
an optical efficiency of 50% and é screen gain of-0.5.

Using theée va}ues we can calculate the expectedi
luminancé’in‘foot-lambérts.i The one watt beam isAspliﬁ so’each
eye seeS'oniy that half beam which passes the épéyépriaie aﬁalyzéf; |
So én'effective 0.5 watt beam ehcounters the'optics for.an ad&iﬁipnal
12'

reduction to 0,25 watt, Now at 5100 A° é.8‘x'10 "Photons = 1,1 micro-

~ watt = 275 microlumens, Thus,

(0.25 ﬁatt)‘x‘%zf—%g%%n§ = 62.5 Lunens,

If the screen is 3 by 4 feet and our image covers 10% of the séreen

area, we have

égxﬂ_éﬂﬂggg = 52,0 foot-candles,
(0.1)(12 Ft°)
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With the estimated gain for our rear projection screen of 0.5,

the brightness is then,

Be g I

B = 0,5 (52.0) = 26 foot-lamberts,

This is a quite reasonable brightness, Unfortunately some importént

o

facio?s haye'been overloqked, i?st, the Optical‘efficiency estimatg
Qa§ bas?d on g‘mi??or.deflgcti?ﬁ §ys§em apd we final}y deci@ed to
use the much more lossy ultrasonic cells, ?hgse cglls def}ect‘ap Pesta
50% of the input, Two cells in series to do X and Y deflection means
{(50%)(50%) = 25%, Fgrthermqre to use Phe'u}tfasonig cells required
many more optical operations on the beam than was expected, This
iutfodu?ed morellossfg ?inglly,.fhe one gat{ la§er proved capgp;ey?f
pfoducing only about 500 miiliwatts output,

Expensive coa{ings improve this situation to the point
that the twenty-two surfaces usgd'ip'fhg ;pt;cél degign yielq an
“pverall transmittance of about 80%, However to obt;in thé 0p£imum

spot size at the screen it is necessary to 1limit the expanded bean,

v
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This réduces thg powef ;vaiiabie by a fﬁétOr of about one-fifth.
The deflection losé; the coatings, and ihe Segm limitér ;an be
combinedita arri#g‘at a more accﬁrate optical effiéiencj of h%
. 1nstead §f fhe earlieﬁ figure of'SQ%. -TheA26 fdot-lambérts
briéhtness figure then pécomés 2.1 foot-lambérté. This figurg

agrees quite well with the visual experience,




7.2 LASER

HERPUN

Sua R K S T

The Argon ioplla§§r uses g hemi;pherica}.resqnato?4ﬁi§hm“;
the fla?.mi?ror replgced by awPittrowqprism gingle g#%e%gngﬁb-.
selector, The %esonaﬁf cav;#y 1s:thirty-si§ ;nsh?s:}qgg.i-ihe N
power QUtPP#_is ;pproxima?ely 500 milliwatt; ;n th 51&5‘50
green line,’

208~voltAth:ee-phase power is full-wave rectified to
supply 175 volts and 35 amperes IC to the laser tube, fifty-oune
trans;siors form a powerful current regulator whicii dissipates .
several kllowatts at maximum power cond;tions. Cooling water is
circulated through the transistor heat sink at all times when the
laser 1s running, - The laser tube is also water cooled, Figuie 10
is the circuit diagram of the laser power ;upply.' Not sﬁown is
the three-phase full-wave rectifier bridge of 1N1168 diodes which

supply DC to the plus and mirus terminals on the left of the dia-

gram, .
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7.3 ULTRASONIC DEFLECTION

A random access display requires a high speed deflééiion.f
system}> Ul;résdniéldeflebtﬁrs have the smallest access times of
the availab1e4lightAdeflectionAsysiems. A one-inch aperture lead
molybdatévcrystal is driven by ; lithium niobate transducer over
a:frequency range of 80 to 160 ﬁééaﬂertz to create a variable
diffraction grating and consequently ; variable defleC£ion angle;
The limitatioﬁs on such a system are the very smaillaﬁéular deflection
obtained (1'0':j millira.dig.ri;), t.he” large light loss""M( only 46-50% is
defiected); and the time‘requirea 10 establicsh a frequency'in the
c£y§§a¥ (the length oflthé crystal aperture divided by the veiocitytb
of-géﬁﬁé 1ﬁ"the qrystal is 6.7‘mlcr§$écondsfi§’#hié syst%m).

.The eiectronic driver for these deflgctors must supp}y
Zito.j watts to the transducer  over thg wide ffequency range.' A
vé;iébleACépacitancé @igde is used to vary the-freéuenqy and:a:
noplinear amplif;er compensates to provide’én overall iingér

deflection,
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YR ‘OPTICS

Figure 11 iliﬁsé?ates th¢ opﬁics required in this systen,
The 1n§om}ng laser beam is expanded from appréximﬁtely two milli-
meters to thirty millimeters by the first two lenses, Then the
beam'ié~restricted and.reduced about one axislonly by thé 
cylinder 1én§. The vertical line of 1ight at this poin# passes
through the common Y deflector, The secon& cylinder 1ens’then
reforms the beam to a circular pattgrn before Splitting. At the
beam splitter half the light continues straight forward to be.
def1§c£ed according~té the right;eye signal and the other half
of the beam goes through'a doﬁble reflection before paséing
through the left-eye deflector, XL‘ Tﬁe two double boxes
1mmediate1y following the beam splitter indicate the quarter
wave plate polarization rotator and analyzer necessary to obtaip
different polaizations for each eye view,

The final outputs pass thrgugh the 500 mm, ané 25 mm,

_ inverting ﬁelesc0pe which magnifies the deflection angles by a

factor of 20, The beams then reflect from a mirror which is not

shown and travel a distance of 28 feet to the rear projection screen,
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8; -CONCLUSIONS AND RECOMMENDATIONS

. The overgll_eléqtronics of the system work reasonably
ﬁgll. The 3-D dis?}ay lacks resolution and brightne;s an& could
be.signific;ntiy improved by use of a more powerful laser, The‘
resolqtion would be .much better with a high quality beam exp#nder.
The present'exfgnder must bé limited to one-fourth theAmaiihum
availablg.;pertufelfp produce a.good Sp6t on fhé scfeén.

The reliabiliﬁy‘of the deflector drivérs needsrto be much’
-imp?oved ap@ their output pgwér level should be better contrplled:tp |
give a more unigérm screen 1llumination,

The ofserver position detéctor needs some wbrk to
stabilizg its oﬁtpﬁt.

The multipliers 15 the stere0p§ir tranéformer=exhi§it

considerablé drift and should be improved or replaced.
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APPENDIX I

STEREOPAIR EQUATIONS

Heferring to Figure A,1 for an‘dbserver at (XO,ZO) and
a data point at (X,Z), the image point P ls the screen intersection,
By similar triangles,

Z -KXK

. _
Z -2 (xo - X,
[e]

b=

Zo-’K
“Then P= XO -b = X +

otz -z Ko - %)
R fo) . .

[¢]

For an eye separation of a, the observer's left eye would be at Xo + af2

and his right eye at X, = a/2, Hence the respective equatioris are:

'Zo - K a
' Zo -2 (X-- xo f 5)

Z -K as
zZ -z (x: - Kot E)'




|2

5 (x,2)

z-K

SCREEN

— S—— —

K"ZO

(Xg,Zo) -

| Z=K

X -—

Figure A,1, -Sterv‘eOpz-lxi.r’ Geometry
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APPENDIX II .

X

*(x,y,z):(—1,0‘,—1)

(xt"yp zt)‘é (-1 !'1_, 0)

Figure A,2, 90-Degree Forward X Rotation
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