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Background of the Invention The present invention relates to
simul ati on di splay, and nore part&cularly to a
360[ err] panoranic sinulation display system
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from a hatch or window of a tank or armored
carrier vehicle, or from the cockpit of an °
aircraft. The scene portrayed to the viewer i
representative of surrounding terrain. Up unt
the present time, existing display simulators
have been quite large, bulky and relatively
fixed in position. Thus, a projection system
"in the round" includes a plurality of viewing
screens in circular array, while a number of
projectors are synchronized for portraying
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segments of the panoramic scene. Alternatively,

a mirror system can reduce the length of the
overall projection path. For instance, a
plurality of projectors can be positioned to
depict portions of a display on a toroidal
screen, wherein the latter comprises a segment

of a sphere. The observer can view this screen

through a toroidal mirror, also comprising a
portion of a sphere. This arrangement is
somewhat more compact and still provides the
illusion of viewing a panoramic scene from a
distance. Nevertheless, the apparatus teands t
be large in size and not well adapted to
transport from one location to another.
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through a toroidal mrror, also conprising a portion of a sphere.
Thi s arrange sonewhat nore conpact and sti L,des the
[ gﬁﬂﬁﬁk view ng a %éngggp«ﬂg

30 il panoram c scene from a st'ance.
Nevert hel ess, the apparatus tends to be large in size and not well
adapted to transport fromone |ogation to another. 35 WO
96/ 14713 PCT/ US95/ 14075

2 Summary of the Invention It is

accordingly an object of the pSummairy of the Tnventiom to provide an
i mproved 360[err] panoq%ﬂfg accordin ?ﬁg“%ﬁtbgﬁegtsgkaﬂhéygfggént 5

It is a further object of the presen tion to provide an
i mproved panoranléﬂventl°nfﬁq“mﬁﬁﬁﬂéﬁ ans prayoyedt 30 df panewambet desi gn.

I n accordance mnt@jﬂﬁigﬁﬁﬁﬁ@hspﬂﬁgnhygﬂem‘ ,plural projectors provide
respective portlons of fold mrror associated

with 5 each prOJ FH§%§§Ft gbeﬁﬁ P%dFP@cPrﬁi??Eal pat h
for the propagatedddqﬁﬁ;othd«anWLde an lmnmbeedeﬂaﬂbeamﬁager recei ves

projected |ight sxmulaﬁgéi1&T%pﬁ%§0%&§kg% gkrrorgmsggt éEiSX? a
In accordance with the present invention,
plural projectors provide respective portions of a
10 panoramic scene. A fold mirror associated with
each projector forms part of an indirect optical
path for the propagated light, while an ‘
intermediate imager receives projected light
via the associated mirrors and displays a
15 continuous image. A toric collimation reflector,
comprising a compressed portion of a spherical
surface, then forms an enlarged virtual image of
the scene for observation. According to a
preferred embodiment of the present invention, the
20 aforementioned mirrors are disposed such that the
projectors, intermediate imager and collimation
reflector are contained within about a 2.5 ft.
radius.  Each of the mirrors effects a reflection
angle of about 90°, with each projector disposed in
25 space efficient, tangential relation to the
intermediate imager and collimation refliector.
According to another aspect of the present
invention, the intermediate imager comprises a
spherical rear projection screen receiving
30 projected light on an inner surface and presenting
a panoramic object on an outer surface. The
plurality of projectors supply projected light to
the spherical rear projection screen, with each
projector providing light for a predetermined
35 portion of the image.



15 continuous inmage. A toric collimation reflector, conpri sing

a conpressedygogidren of a spherical surface, then fopowusssnasisar ged
virtual image of the scene for observation. According to a
preferred enbodi nent of the present |nventi9n, the 20 af or ement i oned
mrrors are disposed such that the projectors, internediate inmager
and col limation reflector are contained within about a 2.5 ft.
radius. ~Each of the mrhoi-8lhgcts é‘né@ﬁé@cfé%r? of théf&sdy about
90, with each projector dlspose ficient,” tangenti al
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portion of the |nag@anoramlcm@ugg/;a7mgunted on a platform having a

PCT/ US95/ 14075 central aperture where the viéwer is located. According
to another feature of the prése I nyention, each projector
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for 10 particularly pointed out and distinctly claimed in
the concluding portion of this specification.
However, both the organization and method of
operation, together with further advantages and
objects thereof, may best be understood by
15 reference to the following detailed description
taken in connection with the accompanying drawings.

Brief Description of the Drawings
FIG. 1A is a partial cross-sectional view

20. of the present invention illustrating an optical
path for a given projector;

FIG. 1B is a partial perspective view
illustrating the field of view of one projector
forming a part of the present invention;

25 FIG. 2 is perspective view of a spherical rear
projection screen and a toric mirror;

FIG. 3 is a cross-sectional view showing the
spatial relationship between the spherical rear
projection screen and the toric mirror;

30 FIG. 4A is a perspective view illustrating the
present invention as a compact panoramic projection
system;

FIG. 4B is a side view of the FIG. 4A
projection system;

35



~producing a col or display. 5 Accordi ng to anot her aspect of the
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Dr awi ngs 2 lyrality’ of prpipcrars cPRdstReiti BREPCIRESH 20  of
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FIG 3 is a cross-secpio%g V?EM/shoggngltEec ¥ g%atiéf ?%?ationship
bet ween t he spheri @flejesdor of FIG.pfBjection screen and the toric mrror

30 _ FIG 4A is ¥mearyreet aveerbpctivestiaki 88 4h€old mirroPresent
Il nvention as a corrpact I'_IQI’ am Cc proj ection syst em
FIG 4B is ad&ide AEFOF¥he FIG 4A projection system 35

FIG. 8 is a partial top view of elements
of the fold mirror assembly associated with the
mirror's yaw adjustment;

FIG. 9 is a view of the elements of the fold

15 mirror assembly employed for pitch adjustment;

FIG. 10 is a block diagram of circuitry
utilized to drive a CRT and color switch projector;

FIG. 10A depicts a video waveform;

FIG. 11A is a side view of representative

20 optical elements showing a linear relationship
between a projector and a screen, looking along the
projector's longitudinal axis;

FIG. 11B is a top view of representative
elements of FIG. 11A;

25 FIG. 11C is a side view illustrating image
light as projected onto a screen from a projector
wherein the projector is tilted and rotated for
casting the image light downwardly onto the screen;
and

30 FIG. 11D is a top view showing elements
of FIG. 11C.

35
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4 Sis apartial top view of the present

i nvent.i on shovmsr{éﬁ?) acenent of two proj ectors of rg,rgts?woyf
projectors and their associated %e proj ection paths

FIG 6A is a perspective view of a prOJecto enpl oyed with the
present invention; FIG 6B is a partial cut-away view of the

rojector of FIG 6A; FIG,,7 S a perspective view of a fold
gir{or 10 assembl y; gg&éi%ﬁér§§§$2$83éaﬁtial top vi ew of
el ement s of the fitith mafranen&as@domcasseci at edmpath phforamic

mrror's yam/adjustrgyg' +i t %di tgl We© Q | ements of
the fold 15 mrror %?%éﬁ% fziw)oye E? i %rg § €

FIG 10 is a bl ock di¥AMmM Rhesemtsr ¢ PanoramthsbezedtOOVdewee B0 CRT and

col or sw tch psoj ectwo observes from EE@tlegAlgthCEﬁeac¥h9F9 Yevehor m
FIG 11A is a side vi ew of of r%present ativ I.ca enent s show ng

a linear relationshi¥® FONEST OF gpo}écPGFPaﬁﬂdaséégééﬁY #RR¥%® ng
al ong the pra)mei:LquerallOd.ngt adi aalspnérical, translucent] GeddB is a

top view of rep_reselrkfﬁaotjset jon scree§ §%eaha Qi LS }léht &Swn and FIG

11Cis a side view |ng Ima
across the diameter of the screen onto the inner

10 contoured surface of the screen. Projection screen
16, in a preferred embodiment, is a relatively thin
monolithic body of tramslucent plastic that provides
an image at its outer surface in accordance with
light received on its inner surface.

15 Toric reflector or mirror 14, having a radius
greater than that of the spherical rear projection
screen, is disposed slightly below the horizontal
piane that is central to the spherical rear
projection screen. A toric reflector or mirror is

20 advantageously employed because it controls
divergence, convergence, dipvergence and distortion.
Toric mirror 14 is one piece or suitably assembled
from a .number of concave mirror segments (six in
this embodiment) wherein each spans a partial

25 sector of the overall mirror configuration.
Coupling flanges at the ends of each concave mirror
segment confront similar flanges on neighboring
segments by means of which the segments are secured
together.

30 FIG. 1B illustrates fundamental features of
the projection system. The spherical contour of
projection screen 16 presents a continuous

- panoramic image 30 at its outer surface in
accordance with light received on its inner
35 surface. Toric mirror 14 reflects and collimates



| ight as projected onto a screen froma projector wherein the

proj ect or | ll4,ed and rotated for casting the i '

downwar dl y{v?)’n%s}&m{l e screen; and 30 FI G n???)mlbbsg{a}b-{sop Vi ew
show ng el enents of FIG 11C 6 39 WO 96/ 14713
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Detail ed Description Wth reference to FIG 1A a conpact
panoram c DigteCtdyd 6 @Red 1a@eer Qh:BgiHQnghSn PELEEPEed

i nvention presents a panoram c scene to viewer, 10 0 Observes from

station 12 at the ¥Ent#d ofmqgf at a locagjepcin Ehﬁrg}EEFB+°Q0°fs di sposed

slightly above arrow aB3er ivilevexl 1ol pookiagsphesi enk, tétposl ucent, rear
proj ection screen 16_and 0SS %gg di amet er
n.

48,20 ﬂ rﬁg:tsclein%ht g,om.and ion 15CLOS

of the screen ontd tHe Fn'%r %M Eont'a7aR9s GFREERR of 41 RESEC

Proj ection séreen image of Hthe isphericafleread pwbjdction, scseenrasati vel y

thin monol 44 he ey Db V1 @S liGRat 3B 33LhEANAL 0F O¥hfi&Sent
position beyond the toric mirror, the apparent
viewing distance being much greater than the actual
optical distance to the rear projection screen 16.

10 Optionally, viewer 10 may view the virtual image
through a vision block or unity periscopes 13
(FIG. 1A) at center viewing station 12. Vision (
block or unity periscopes 13 provide a limited
viewing window at wviewing station 12 through which

15 an operator sees the virtual image. Vision block
or unity periscopes 13 thus emulate a small field
of view or small window available to the operator.

The viewer's vertical field of view, absent
vision block or unity periscopes 13, is limited

20 only by the bottom of toric mirror 14 and the
placement of the spherical rear projection
screen 16 which the viewer must look beneath in
order to see the toric mirror. The viewer's
horizontél field of view is limited essentially

25 only by the viewer's own field of view.

Each projector of a plurality of projectors,
shown in FIGS. 4A and 4B, supplies a portion of the
panoramic image 30 on the spherical rear projection
screen. FIG. 5 illustrates each projector 20a,

30 20b, ... as casting its particular image light 66a,
66b, ... of the object scene onto the projection
screen 16 for producing the corresponding image
sections 30a, 30b, ... disposed in side-by-side
abutting relationship with respect to neighboring

35 sections. The particular portion 30a of the image



an image at its outer surface in accordance with |'i ght received on
its i nner syobst@iz 15 Toric reflector or mrror 14 POTASISE403s

radi us greater than that of the spherical rear projection

screen, is disposed slightly below the horizontal pl ane that is
central to the spherical rear projection screen. Atoric reflector
or mrror is 20 advant ageousl y enpl oyed because it controls

di vergence, conver gedefesfloR¥Srgeneite altthgk SIOFHd ¥ba receiveldric mirror 14

I's one piece or suitably assenpled . fr a _nu r, Qf concave mrror
segnents (six in lnglg?ﬁfgyggﬁ _i?&ﬁﬂicﬁﬁﬁizﬁﬁm%kﬁ; %ﬁ%ﬁﬂg'a partial 25
sector of the overahirmdrrd8aconfiguration. Coupling flanges at the

ds of each | (5085 f i i9/q f
ends of each concave mi rﬁ%j%Ct%%azni;gﬁ%Iézorhf%’o@o I@gﬁ{g 4 on

nei ghbori ng segnent s ] i ch the segnents "are secured
together. 30 5 intes ity (RT uprevides anlaieagalwitied dises of t he

proj ection system dJpeisReyiErdcod@Wy dptics 24P/ /G i tSEheen 16
presents a conti nuous, , %?B%amc |%,e 3% at its quter surface in
accordance with |igPPE+ERE|RR RE FhRFIMEER axgf (I ch ARGS9 B8 ror 14
reflects and col | i mehesugh coldP Sifuitirlerl R6a and toward folding

PCT/ US95/ 14075 . . . . lJ,.ght rays from
the i mage providingmﬁﬁr%ﬁl%?%éd Folding mirror Zé% redirects the

10 light toward the spherical rear projection
screen 16. To enable compact assembly, each
projector, such as projector 20a, is angularly
disposed just above an upper peripheral edge of
the spherical rear projection screen 16 in a

15 region opposite the allocated area for receiving
image light 66a. 1In accordance with the present
invention, folding mirrors 28a, 28b, ... each
provide an indirect optical path such that each
projector may be oriented with its longitudinal

20 axis disposed in tangential relationship to the
periphery of the rear projection screen 16. The
folding mirrors 28a, 28b ... each define an angle
of reflgction of between 70° and 110° and
preferébly, an angle of about 90°. Each folding

25 mirror 28 has two degrees of freedom for
adjustment, i.e., yaw and pitch, to assure the
projected image from an associated CRT is
appropriately directed onto an allocated area of
the screen 16. A mirror 28 rotates about pitch

30 axis B8 for pitch adjustment, and about yaw pivot
axis 96 for yaw adjustment.

FIGS. 2 and 3 illustrate in greater detail
the relationship between the spherical rear
projection screen 16 and toric mirror 14.

35 Spherical rear projection screen 16 is a



“virtual image at a location in the direction of arrow 32. Viewer 10

| ooki ng i nt ric mrror 14 fromcenter viewn 2
sees the &’59‘(71“?@% of the spherical rear projection scregléfé@gﬁﬁ%;
enlarged virtual image 32 | ocated at an apparent position beyond
the toric mrror, the apparent view?ng di stance bei ng nuch greater
t han the actual optical di stance to the rear projection screen 16.

10 optionally, jew.the viftual i . hrough a
vi sion bl ock or uni f“y ;% %gg%%éﬂh& Qraxys%%?‘& é%%%dtc csé‘nat dt W ng
station 12. V‘s|onsectzon oﬁlackpberqnhavim@rasnaiﬁus:Rg[nannarsdadm mted

vi ewi ng wi ndow at vggwa a s%%q aor sees
the virtual imge. ?gﬁﬁﬁ Eéﬁﬁrég QQ{QU§§ Mh?&g é%?%co es ﬁh%
emul ate a smal | f.e|carrespond80t°vieb@m2%ml mwmqe@ma@m @he

oper at or . 5 horiZbatylepeans pessisg! tir&h Cﬁhé/lc%te%b%@tthe

vi sion bl ock or unltﬁ gerlsc8€es 13, is limted Q/the bottom
of toric mrror 14 SRASFRe e real DERHRntieH ??ﬁf?ﬁﬂkﬁ %%#

proj ection horéennt81lipi chwahelyiwieh nespedtoaio h&uaaih in

order to see the tO%I {igringgaglgwg%e@?ﬂ 1s ablguyazgyg o &%Id of

viewis limted esseéen |a i ewer of Vi ew.
Each projector of aPBPQFémFFylﬁﬁgﬁrb?%%@%hsthe lower kﬂnmmfunheFu@sr 4A and

4B, supplies g%po”bQBJQEtRBﬁ screen. pﬁ@%a;%&&féﬁvaf- Hbdiineit ,SRARN i cal
rear projecti Screen. rates each prOJector 20a, 30

20b, ... as castingSPhETrpsa |Eﬁ?§rp¥ﬂ%§%t+?§hﬁc¥ﬁﬁp is disposgghwith of the

obj ect scene onto thesptepeeti phane substsﬁtﬁemﬁﬁaltﬁnea ditH R’Giet he '
correspondi ng i mage by- si de

abutting relatlonshhﬁrﬁf?ﬁtﬁi £%€Q56§£%?3%3E¥ W 9P SIP%%%E{%ﬁﬁ?qe The

particul ar portion ®dgeobft hericemerror 14.

15 Referring to FIG. 3, line 34 is a centerline
of the illustrated cross section of mirror 14
(e.g. on the right hand side of the drawing), such
mirror cross section comprising the arc of a
circle. The length of line 34 is equal to the

20 radius Ry of the circle having its center of
curvature at 37. If centerline 34 of the toric
mirror 14 were rotated about central axis 35 of
the apparatus, a figure of revolution comprising a
conical shape could be visualized. 1If the toric

25 mirror 14 were spherical, the distance from the
mirror's surface to an apex on axis 35 of such
conical shape would be equal to the radius of
curvature of the mirror section. However,
according to the present invention, the radius of

30 curvature R, for the toric mirror section extends
beyond axis-35. Thus, the toric mirror is not a
sphericai.surface, but is instead representative
of a compressed portion of a spherical surface,
comnressed inwardly such that a diameter extending

35 from one side of the toric mirror to the other is
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7 w6 dri4egponds to the image |ight 66a received PCT/USISNd078ect | y
from projector 20a via folding mrror 28a. Pr oj ect or
20a in FIG 1B, conprising a high 5 ¢ ntensity CRT, provides an inmage
which is optically projected by optics 24a on an initial

optical path along an azinuth axis (pitch axis) 88 t hrough col or

shgtter 26ahand t ovess f:ﬁhdi tagiccce]I the raﬁim@ro?&hrﬁﬂxﬂidﬁ ifflororchaBa
redirects the 10 _._ L] t rical rearn Rrqj | Q

screen 16. To enabfnérkggpég%gggéénb%,‘Eggghbe seen acq#ojcgé%tclc?r ,“{}'gﬂ: as
projector 20a, is aAgbRarkys largestddigmeterjastitidap @dgeppanderi pheral
edge of theu§9e§raﬁalarafgregf'&eéé&iwra&w&m g If.}g‘ﬁ% uEh | Tegion

opposite the allocated area for el vi ng . Ima In
accordance wiih th&ippeserr Since Rynignthenradigiofy WA F 48T 28D,

. ea;:h o PG tderaa. inmsj:?gc%e@e;dgﬁg!tm?i %%J%déla,tpﬁaﬁﬁ 40 i
projector may be oriented,with, its |opgitudina axi.s di sposed in
tangential rel ati ofSRPE 6n?hg4' Is af ?)e‘yﬁ)‘ﬁ%’?‘f/e ATHHe Hoedm/Fr FFE® i on

screen 16. The the miokdrngeotionrsr28me-REDf .the emdiuwdefafhe an angl e
ool bt bon *holShFARaERLSE yR s AR CRLL 0, mne aedE SLOELY,
freedomfor 10 surface of revolution which comprises toric
mirror 14 has a radius less than radius of
curvature Ry in a vertical plane, that is, less
than the radius of curvature of the arc comprising
the mirror 14 cross section as depicted at the
15 right hand side of FIG. 3. The described
configuration contributes to reduction in size of
the device, while producing accurate imaging.
Rg, the radius of curvature for rear
projection screen 16, extends far enough such that
20 the rear projection screen is disposed
intermediate focal point 40 of the toric mirrer
and the concave surface of the toric mirror. By
providing the spherical rear projection screen
intermediate such focal point and the mirror’'s
25 surface, the image reproduced by toric mirror 14
appears as an enlarged virtual image at a distance
beyond the toric mirror. The apparent distance of
the virtual image beyond concave toric mirror 14
is determined by the following eguation:

30

Hy |
i

N
+

O |-

Eg. 1

wherein £ is the mirror‘'s focal distance from the
35 concave surface thereof, i.e. Ry/2, i is the



adjustnent, i.e., yaw and pitch, to assure the projected image from

an associated CRT is appropriately directed onto a ar ea
of WORMIILY cen 16. A mirror 28 rotates about pitch Qgg}ds%ﬁgﬁjs 88
for pitch adjustnment, and about yaw pivot axis 96 for yaw

adj.ust ment . FIGS. 2 and 3 illQustrate in greater detali

the rel ationshi p between the spherical rear projection screen 16
and toric mrror 14. 35 Spherical rear projection screen 16 is a

VO 96/ 14713 distance of the apparent image beysad ydss/tesdrs

8 nmonol mifker Posiyd 0b 14 aflsé Uusiicdll afidtaridedf@dnaitha

section of a sphe Vi radius. Rl.err] centered appar at us
central axis 35. %*F.e%&g’p%%?i%% rs%%?:?%tlorl scre%z})ﬁ:roeg:g}?né:sochvg hori zont al
slice centered absurface &f thaoctérbmtmirpimne Ressianginy deginst b€ cent er

of the 5 spﬁgfelmibglaggr projection screen is offset
hori zontal | y upwardly th respect to toric mrror 14 so that a
viewer is able to observe the panoram ¢ i nage beneath the lower lip
of the rear 10 projection gcreen. In a preferred enbodi nent, the
spherical rear projectjon gcregn is disposed with its _center plane
substantially aligned with the hori zontal pl ane d&Gnéd by the
upper peri pheral edge of toric mrror 14.

10 If the object image from which the apparent

image is created were located at the focal point
of the concave surface of the toric mirror, the ‘
object would appear to originate at an infinite
distance beyond the toric mirror. However, with

15 the spherical rear projeétion screen just inside
the focal distance, the apparent image is viewable
at an apparent distance short of infinity. Thus,
the concave toric mirror supplies an enlarged
image at a large apparent distance. The

20 magnification achieved by the toric mirror is
determined by:

i
ms= - E03
° q
25 In a specific embodiment of the present invention,

i was 427 inches and o was 15.9 inches for a
magnification, m, of 30.
FIGS. 4A-4B illustrate the overall

organization of projection system 8. Support

30 frame 44 mounted on platform 46 employs inverted
L-brace structures 48. In accordance with one
aspect of the present invention, platform 46 has a
hole or aperture in its center so that a viewer
may position himself as though looking from the

35 hatch of a tank. In this form, the platform is



15 Referring to FIG 3, line 34 is a centerline of the

i | lustratedpwigsgaarsection of mrror 14 (e.g. on the roTgesshenrsl si de
of the draw ng), such mrror cross section conprising the arc of a
circle. The length of line 34 is equal to the 20 radius R err] of the
circle having its center of curvature at 37. If centerline 34 of
the toric mrror 14 were rotated about central axis 35 of

the apparatus, a figyageed agveé%n@rt&p)raflélﬁ%@turret coni cal shape
coul d be V|suaI|zed If the toric r 14 were spherical, the

di stance fromthe °°mpartﬂ???orw%t§Lﬁ??ﬂéiﬁ??Qﬁ?a%&éftaﬁea}P§a§§dof such
coni cal shape woul dpbextmaiaé tlve tieercndasitifon. curvature of the

mrror section. However, to . the present..inventi.on, the
radius of 30 cur vat u?léeR’r‘rW @%%g{, ?r%)llrkl%ce rﬁurptp(?ﬁ %? Sﬁu&?tserdtgs

beyond axis 35 ThuQ?etMQunbcdconnthewpl&tﬁunmantllLZLng fpb&rfdahgssrface,
but 15 1nstead reprggeniath roxinate SNAKOTHLTEG BUILLY 96

spherical surface npr essed |nmar y suc
extending 35 frBﬁ¥5h@nsﬁﬂe°%fat$RPRQﬁﬁ(?ﬁﬁqqﬁﬂfeto MASTOher |s WO
96/ 14713 mounting brackets 52 at the loR@E/@§a§/éiozﬁe

9 | ess than,tw ce, the radi v ure er;L for the
mrror section. It RFHPEHE Js%%rp?ﬁé’tongrﬁ" "LnL"lr F4SREE Pt s
| argest di amgter at torictmprecrel 4 aml frame 44.
Beams 54 are interposed between the inverted
L-brace supports, each beam including flanges at
opposite ends thereof for coupling to the respective
L-brace support structures proximate the upper ends
15 of primary leg portions 47 near elbow junctions of
respective L joints. In the preferred embodiment,
three of the support structures 48 and three
intermediate beams 54 are employed for frame 44.
With reference again to FIG. 1A, a screen
20 mounting bracket 56 disposed on the distal end of
horizontal arm 49 of each inverted L-brace support
structure mounts and secures spherical rear
projection screen 16. The screen mounting brackets
56 depend from the distal ends of respective upper
25 horizontal arms 49 and fasten to lip 57 extending
radially outwardly from the upper peripheral edge
of screen 16. The screen mounting brackets offset
the spherical rear projection screen upwardly
relative to toric mirror 14 in the manner described
30 hereinabove.
As shown in FIGS. 4A-4B, upper support
ring 58 is disposed over the distal ends of the
upper horizontal arms 49. The support ring 58
provides a "roof" from which to suspend and secure
35 projectors relative to screen 16 and toric



‘curves inwardly proceedi ng downwardly, from such 5 di aneter. Since
Rlerr] is the radius of curvature for the toric mrror section,
then its fod¥@9%¥7H 40 along line 34, is at a di st fdEU¥GU4St o
Rlerr]/2 from the mrror section or one-half the radius of
curvature of the mrror section. The actuali2 10 surface of revol ution
whi ch conprises toric mrror 14 has a radius |less than radius of
curvature Rerr] in a vertical plane, that is, |ess t han the radius
of curvature of them&FECEohpri Hargh projectareinipnojectarsr 888,section as

depicted at the 1529p,rightqdsektisideomitdd @fotemehteodeaCkbBedvia _
configuration contributes to reduction in size of . the device, while
produci ng accurate RnBgrRGiRg bracket 60 #qeéiqvn 1% FilSdi 8- of TBGrvat ure

for rear prbrackevs SCress shfaceikleRiuds Mfyaabsngughesuch that 20

th ' ti ' | d i_nt ef Lat e f | int 40
of the tori o mrror cebiRPer&ndd MO Eher swopart aagr SEnebeoPPE HRBror By
provi di ng the spherprafectars parg eiliewiscspared equallynabeubdthee such

focal point and the fiEiffefencé TR &0 ﬁd&%&?g?egigﬁﬂgﬁgdby toric

mrror 14 appears_as an enfT arrlg d virtua 1 stance
beyond the toric ni iPdge Fhghappntemesnentdye sgictions of the yearual image

beyond concave torigrBjéeéfiod4screen 16.JS determ ned by the follow ng
equati on: er.ei n mrror's foca

di st ance froﬁgthe 35 eéé%%ﬁ%%ﬁi??ﬁﬁ?zﬂ§¥ﬁﬂi§ﬁb5&?zi9%hgﬁ[GPWPF%§e? islthe

a rectangular frame 61 provided with hook latches
62. Latches 62 secure the rectangular exterior of
a projector body within a surrounding rectangular
frame 61 of mounting bracket 60 for seating the

15 projector module appropriately with respect to the
support frame. The projector mounting brackets 60
are appropriately oriented so that the axis of
each one of the projectors extends substantially
in tangential relationship with the peripheral

20 circumference of rear projection screen 16. In
addition, brackets 60 are each tilted slightly
with respect to the horizontal, and are rotated
slightly about the associated azimuth axis. The
tilting and slight rotation preserve

25 rectangularity of the projector image portions as
cast upon the designated areas 30 of spherical
rear projection screen from the CRT face plates
via fold mirrors 84. The latches also enable a
projector to be readily attached and removed from

36 the overall assembly. With reference to FIG. 6A,
latch receptacles 64 on each side of a projector
protrude as U members from sides of the projector
housing to receive hook latches 62. In the
illustrated embodiment, six projectors are disposed

35 about the circumference of the upper support ring
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10 Wo96/247¢2 of the apparent inmage beyond the toric PCT/USIHI407Hr
and o is the optical distance fromthe spherical rear projection
streen to the concave surface of theiBoric mrror. Rearranging terns
of 5 Eq. 1 yields: [err] 10 | f the object inmage from which
t he apparent I mage is created were | ocated at the focal point

of the concave surﬁ@c@&oﬁhﬁh@rPOﬁF§lnhrﬁwﬁtemhealthoughobjécffananﬂ appear

to originate at annuﬁﬂe&'b% ro;ect@k%t@Bﬁ@db%%oﬂglﬁgﬁeaoifcdg§i£8g
However, with 15 the_sphefi cal rear projection screen just Inside

the focal distance, theFaFSarenf PRAgd1PsilefkERree the PEPlaﬁtaQEarent
di stance short of b&fhnbkw lﬁbq& in llnehher@Q@%&%ﬁshQéhﬁlﬁhrf&épé@@p|'eS

an enl ar ged 5 e_at a lar €;app rent nce
magni fi cati o achi &V EfpfﬁéePS%lé %\%F8P31§ce“ PrRdEEFAPRBCESS [ err]

16' FIGS. 11C and 11D depict similar projection,
but in accordance with the present invention,
wherein the CRT is disposed above the spherical
rear projection screen as well as being tilted and

10 rotated slightly for projecting image light
downwardly onto the inner surface of the spherical
rear projection screen, while preserving image
rectangularity. Note that because the CRT is
angled downwardly and rotated slightly, a

15 reflection mirror 90 of fold mirror assembly 84 is
appropriately tilted and rotated sc that the
projected image light appropriately fills the
allocated area of the rear projection screen.

With reference to FIG. 11A, a CRT provides an

20 image having a rectangular outer contour as
diagramed at 140, the CRT projecting image light
toward mirror 90 which image light, as reflected,
occupies an approximate area indicated by
trapezoid 142. After being reflected by

25 mirror 90, the image light 66 is directed onto
screen 16', representative of the spherical rear
projection screen 16. FIG. 1l1B is a top view
illustrating the same elements.

With reference to FIG. 11C, the projector of

30 the present invention is located above the screen
16 and is tilted downwardly while being rotated
slightly for projecting its image light down and
onto the spherical rear projection screen 16,
Therefore, the rectangle 140, representative of

35 the CRT image, is shown rotated with respect to
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the top of a tank tuhe @irojector i§OHBAL 6??9% Sy%ﬁé%}{g%fﬂWléﬁrn1aperture

| ocat ed

L- brace support st FFEPSE

foot flang

es 5

;25 In a specific enbodi nrent of the present invention, I was 427

, , e . 30.
hes and 9 inches for a magni fication, m of

;:ln(ése 4A—4B | ls"%ﬁate t he overall or gani zati on of prcﬂ@iﬂﬁ%’M@?stem

8. Support 30 frame 44 nounted on platform 46 enpl oys inverted

L-brace structures 48. In accordance with éfie aspect of the present

I nvention, platform46 has a hol e or aperture ;n |tfhcegger Sﬁ Egﬁto?

’ a
Vi ewer may p [ | f as_t | 0oKk]j romt he
atank. In this fg:r%rﬁt h%ﬁoﬁ%ﬁflor milnsggagjgl %gl YEARezoid area

2 of the mirror receiving thdlimage light mMxwed as to

t he hatch posi e inverted
St AFSES gs #ga hBrlz°EP%ln%@%t%n bine he Hewevfear,mbyt i | i zi ng

| r Jrery leg
nlmngeana ﬁéﬂ&tﬂﬂée‘cl@e P aﬁ&‘%ﬁotcﬁna}r  ckets 52 at

' cture
Pﬁ;tigaef7eﬁgsao?uﬁﬁ9EBr H 5 ?E%??uiﬁﬁrﬁﬁr?#(ﬁﬁﬁAPFQﬂEQﬂﬁd dmaget ur es

secure 10

t ori ¢ights ors 1zteteivedn®t dcreen 16', is prid@df¥ed? £iL°
each beam

i nt er posed betmeenngQPyﬂﬁerEQ ful% %&F?ﬁé} tfgﬁkia& gocagedo t he

I ncl udi ng fl anges

respective

10

15

20

25

30

35

width on the screen. FIG. 11D is a top view
representative of the optical elements of FIG. 11C
and illustrates that the CRT face plate angleé
away from the vertical in accordance with the
projector's tilt, and is adjusted for a given
“pitch" and "yaw" for directing the rectangular
image of the CRT onto the desired rectangular area
of screen 16' with minimal distortion.

With further reference to FIGS. 6A and 6B, CRT
assembly 68 of projector 20 comprises a shell 69
forming the CRT housing that encases and mounts
high intensity monochrome CRT 22. The CRT assembly
68 further includes deflection and focus coils 72
along with appropriate drive electronics 74. The
rectangular face plate 78 of the CRT is coupled via
a liquid coupling 82 to lens assembly 76.

Lens assembly 76 includes a tubular lens and
barrel shell 77 seating lenses 80 for optically
projecting the image from the CRT's face plate
along a path toward fold mirror 84. The lens
assembly projects the image from the substantially
flat rectangular screen of a CRT onto the
spherical image surface of a section of the
rear projection screen in a manner for
preserving image rectangularity. In one
embodiment of the present invention, the lens
system, provided by Norita Precision Inc., Kawgoe,



L-brace support structures proximate the upper ends 15  of primary leg
portions 4Avo®&u473 bow j uncti ons of respective L | oipgirfusodiiaoishe
preferred enbodi nent, three of the support structures 48 and three
internedi ate beans 54 are enployed for fragg 44. Wth
‘reference again to FIG 1A, a screen 20 nmounting bracket 56 disposed on
the distal end of hori zontal arm 49 of each inverted L-brace

suppor t StEuqﬂﬂfelﬁnuat@R@néc&QQQr%%uﬁﬂﬁﬁﬁ'Sféar8§r7 5

rojection screen The screen unt i br acket 56 depend from
Fhejdlstal ends of%gﬁépgﬁtﬁ@b%e erzgg 1. HoerHﬁEﬁFbeﬁﬁlqg @&hd fasten to

lip 57 extending 2.8, a rchdios H}saaMWardEy3ﬁ;mnbhée ﬂ@pepfﬁ§é¢@%g{?Lange
16. Th n t e_sphe
Cear prol ccroonadl %B'n 4 Boeks 8Fa% i Ve tBCRFRALHE r?% 14 in the

rear projection screen upwar
nanneP dgscrr%ed Qﬁ?vatuﬁ@weﬁnﬁﬁéﬁér transmlSSLOnAsféhmmwm¢y|6365 4A- 4B,

upper support greatietd th&ni 854 G@Qﬁeén%&@etP@sg'éfaie§%g§hé§ ﬁggf

upper hori zont al 49. .The support r

ngﬁlmhICh to suspeﬁ&’aﬁ&d58c5F889u§3°n BgofgétﬁFsb?%ﬂ%ﬁlw% 4 F ddteen 16
and toric WOped/ td1l3meter with respect to a 1280 x 1024 pixel

PCT/ US95/ 14075 mrror 14. Each

proj ector of prOJectors ZUlth color EBBreCtloﬂep%%%sf?§§ﬂﬁqhe
af or ement i oddéd roofingilzding liquid coupling between the CRT and

lens. Although these parameters for the lens’

assembly have been defined for a particular

embodiment of the present invention, it is

apparent parameters can change in accordance with
-15 desired dimensions for the system.

Further included in lens assembly 76 is a
color shutter 81 for optically switching between
color states and thereby imparting color to
monochromatic image light as sourced by the high

20 intensity CRT. 1In a preferred embodiment, the
shutter was a NuCOLORT™ color shutter manufactured
by Tektronix, Inc., Beaverton, Oregon. Its general
operation will be described hereinbelow.

Still referring to FIGS. 6A and 6B, fold

25 mirror assembly 84 receives projected light from
lens assembly 76 and reflects the same onto the
spherical rear projection screen. Assembly 84
includes barrel mount 86 that secures the fold
mirror to the tubular lens barrel shell 77 of the

30 lens assembly, the barrel mount 86 being provided
with adjustments for rotating the mirror about a
central pitch axis 88 of lens assembly 76. (See
FIG. 7.) A mounting fork includes arms 91 and 92
extending longitudinally from the diameter of

35 barrel mount 86 and these arms are supplied with



- a nmounting bracket 60 as shown in FIG 4A. The brackets 60 are

spaced equal | t the ci rcunference of upper suppo
wher eby thewa/%%“%% pr oj ectors are |ikew se spaced equally a %%-prkﬁﬂ

circunference of ring 58 for projecting allocated i mage |ight onto
respective sections of the rear pr&jsection screen 16. 10
Each projector nounting bracket 60 corrpri ses a rectangul ar frane 61

provi ded with hook 4 ae%q:ses at tgled.@z dJTS %0@3%56 rgtthgyr ect angul ar

exterior of 2 pr oj ector a suar oun angul ar
frame 61 of nounti mmm@tmmmﬂ%mmmam 86.proj ector nodul e

appropriately with respggiey Gdfirence to FIEIPOR ahKARE. IQG%QQQ%%&W

_nmounting brackets 60 are appropriately or| ented & he axi s of
each one of the prdid@dies &a SHFF Fuhh proxdmefe yaw axipn96apgénbasl

relationship sith the Rﬂdﬁleréid S ecCitit W %@%‘&Q%e?ﬁf?égh poal teft i on
screen i tion cket s are each tiltéd s|i
with respect to th@ﬁﬁﬁ”&i@’ %d’%a FB&’gﬂ’ do0 1s dls?PFGﬁtpﬁg‘éﬁ%t t he

associ at ed azi nut h the shs'lﬁa?l end of yaw tlievgran@ ahidgBher prakimal pesserve
25, gencctanul arilye ofy ey OGO dTR90 RACELIRS B8ric pear pEASLL UPON

t he desi gnated areas | on-scre rom
the CRT face pl at egiount 36. V|P@C¥ (ﬁstf%brlror1§084=°mpﬁésbat twessepavateabl e a

proj ect or t\%dge regdidy atd aaq{heqowwaévqrﬁov%ﬁsrcoadéo pivothg1gverall
assenbl y. h reference to FI G 6A | at ch recept acles 64 _on each

side of a projectorconnected F’Fr%tyrad’ﬁ@aaé-eﬁ%ﬁﬁ‘@r £of £/ Bragingl erd
pr oj ect or hﬁ.uajmg dssociatied draolgll akclhas whilel Betbad

1 ustrated enbod! Ml chld Y 66 U150 3R0IEY aP8 1neBBRlol B
via adjustable sleeve 106. Adjustable sleeve 106 is

15 threaded such that when sleeve 106 is rotated, the
overall length of rod assembly 100 lengthens, or
shortens, in accordance with the direction of
rotation for selectively setting the pivot angle of
mirror 90 about the yaw axis.

20 Barrel mount 86 is provided with a pitch-
adjusting worm gear 108 for determining the pitch of
the fold mirror relative to lens barrel 77. With
reference to FIG. 9, the pitch adjusting worm
gear 108 includes a toothed worm 112 which rotates

25 in cooperation with toothed worm wheel 110 so that
when shaft 111 rotates, barrel mount 86 turns
around pitch axis 88 for altering the pitch of
mirror 90. While not essential because worm 112 is
capable of being finely adjusted, a gear reducer

30 114 may be included for enabling fine-tuning
adjustment of the mirror's pitch. Shaft 111 of
worm 112 is then suitably coupled to adjustment
shaft 113 via a 5:1 gear reduction ratio whereby
five turns of adjustment shaft 113 are required to

35 provide one complete revolution of shaft 111.
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13 wodealhrishe projection system although a differepcrmwsesigors
nunber of projectors could be utilized if desired. FIGS. 11A
and 11B illustrate the projection of,a CRT image in |inear
relationship with respect 5 to a repreSentative translucent projection
screen 16'. FIGS. 11C and 11D depict simlar projection,

but in accordance with the raraqa@:&tath.mgeehéo Paw and pitdhesLighdhe CRT is

di sposed above the spherica gro ectlon screen as well as
being tilted and 13***%ot ;ﬁ%“d%ﬁfﬁgﬁt F? %Pe}ee@mbtla iy el Mgt

downwar dl y onto the whingr csunfpdes &tstbElSQEEédCﬁbctangulaféﬁﬁeéﬂxncxﬂiOn

, Whi | I gularit t hat, because the
s e g e Rauter 1shdE BCPrEiptYea Sl e 1 BT o
mrror 90 of f®ld massemHysddhl yegiect,ed by foappmibprémts4 yand|ted and
rotated so that the dlrectedDrugoﬁcrtﬁ@ b HB98e ! éﬁ’?fa@@%?péﬂéﬁ"vﬁlﬁe:flééls the

al l ocated area of the rear projection screen €rence to
FIG 11A, a CRT prof%&s P&r?lefémn SREGRRhAGH ngThe r¥ay aAdjiHsfment ém cont our

as %0 \C:/In agL anmed @ﬁfleh@,chhmge@fiharﬁbesébﬂeal nﬁﬂ@céﬂx&m of tg;prgg:ﬂﬂn;?e
mirror i ch i mage 1. as re i es an
area indicated by e%ttregpé‘flﬁfgﬁ iﬁﬁgtAﬁ%rfﬁ%‘F er‘? % Py S5

mrror 90, thpoimagelatgithefGmagediseeiehinnthe side bowd&iesl®f the
representative of t@%:%ﬁﬁ%ﬁ%gabog%ﬁgn 30a of the panoramic extension

of the rear projection screen without overlapping

neighboring portions 30b, 30c, ... that receive
image light 66b, 66c, ... from respective
15 neighboring projectors 20b, 20c, ... . The pitch

adjustment in effect changes the rotational and
vertical placement of the projected image light 66a
of projector 20a, so that its projected image light
is located with proper orientation between the upper
20 and lower area edges of the rear projection screen.
As mentioned, the projectors form images on
respective portions of the spherical rear
projection screen from associated positions
vertically offset above the rear projection screen
25 and opposite these portions of the screen. Each
of the mirrors has a pitch for reflecting image
light from the associated projectors downwardly as
well as a yaw for locating an image properly along
the length of the projection screen. 1In addition,
30 it will be noted that each of the projectors is
oriented with its longitudinal axis tilted
slightly downwardly relative to the horizontal
plane. Thus, the yaw pivot axis associated with
each of the mirrors is rotated a slight amount in
35 proportion to the projector's angle of inclination.



‘

projection screen 16. FIG 11Bis a top view Il lustrating the sane

el enent s. Wth reference to FIG 11C, the prOJector of

the present™P8¥MMI on is | ocated above the screen 16 SH’EFS?%“PTQ t ed
downwardly while being rotated slightly for projecting its inage
1ight down and onto the spherical r¥&r projection screen 16.
Therefore, the rectangle 140, representative of 35 the CRT imge, is
shown rotated with resEEct to WD 96/ 14713

PCT/ US95/ 14075 Finally, 1n further reducing ppojection diftarddiomont al .

In addition, the tthperectdangedar screed4@f Ofhd NERTI gre¥ent (ﬁﬁ\HHQQ the

I mge |ight from e t o0 | onger tr w.th

respect to a hori zonflgF Ec'gn §?8#|g§1e?a?—b€\%?/’e$t ‘sb] Sl'ﬁflm d[)l r‘?d’ O%d rotating
the CRT and associ aitgh axis 8@isuoh, thak tk@tfﬁgﬁﬂnguhqr(ﬁuudne pr oj ect ed

i mge s i ght ei‘imé%@?' y@@l gt £k Sléjrl%sceét\é%j r¥m the

occupyi ng the full vertlca g and al ocat
screen. FIG 11D i 8°5iggpt W-ew by sel?%’b*%e?ﬂ%ltﬁ%‘lﬁnﬁ?@ @mgléaIOfel ement s

of Flfca 11tch tlﬁamlnhtﬂsﬁrgﬁﬁﬁtﬁ@a@ﬂm hgmﬁ@%ﬂrz?r&gggglgﬁtem and
ouey (oM Ue vertGRaLphE SSECLIZOEP AN (D he gl Sp2ElOLig €
rectangul ar 15 pmagh aklsheaIEﬁgcwdtht§Eﬂehﬁﬂngntheuﬂpprwﬁnmatérea
of screen 1§ Wi thyDi,nLHRI o0 8f OFSL Ahe f£o14 mirror, it is possible

to impart substantial rectangularity of the iﬁage

as transferred to designated portions of the

spherical rear projection screen.

Each fold mirror assembly provides a particular

15 angle of reflection for iight from its associated
projector axis to the spherical rear projection
screen. The angle of reflection corresponds
primarily to the desired tangential relationship of
the projector relative to the periphery of the

20 spherical rear projection screen and is selected to
be between 70° to 110°. Preferably, the angle of
reflection provided by each fold mirror assembly is
about 90°, enabling each associated projector's
longitudinal axis to extend in substantially

25 tangential relationship with respect to the
periphery of the projection screen.

FIG. 10 is a block diagram of circuitry for
drive electronics associated with producing images
on a CRT within each of the projectors. A video

30 signal demodulator and color separator 116 receives
a video input signal and extracts red (R), green
(G) and blue (B) color components of the video
signal, providing output data representative of
each of the respective R, G and B components on a

35 pixel-by-pixel basis. The data includes luminance



Wth further reference to FIGS. 6A and 6B, CRT assenbly 68 of

proj ect or 20wWomépid4T13es a shell 69 form ng the CRT housirgrnus»sii407s
encases and nounts 20 hi gh intensity nonochrome CRT 22. The CRT
assenbl y 68 further includes deflectigg and focus coils 72

along with appropriate drive electronics 74. The rectangul ar face
plate 78 of the CRT is coupled via a liquid coupling 82 to lens
assenbly 76. 25 valuleesnasaassobiygté@ whthuthre R,tgbahdarBs| €050 dof

b | shell 77 t 0 call rojecting,the inmage
Fromthe GRT s face ok B1Rstoof palh SRULETE Lia af £RE Fido0, Shimaine
| ens assenbly proj &cesanfierdnugdesrohgnad sobindes i o yfB6lds foat
rectangul ar screen ofyed:GBTiRB! 0:hBE for eaSHNELLRB! ok MRUGALS! 80601 . 2

section of the rear ﬁrogecglon screen I'n a nanner )

preserving i meye redPing® HTPFyVidAcontanal, fxapedi aeniveivite present

I nvention, the | ens 335Hz gggtesh ﬁéeéideguby?%@%ia%%?ﬁ%g%?ﬁ%%f%ﬁgateKawgoe’
WD 96/ 14713 .

15 Japan, [&§%aCErt0aEEi (EWRotHEEAS E?Eagg?m925 Each of jthees, an
f number of 1.1, a megperhiteaR,o8 afid B color2d8taaishswypliedance of 30

I nches for projecti : n,j n.a screen of a 1§E¢ncqg{adius of
5 curvature, a c%%ﬁanF%E%% 'Eé?gﬁge IC%%%%§ pYnCHTONOuS HY M t han
85% wi th an ddge | oggspRectévs cplor shutter selections of color

shutter 81 with three separate sequential color
state selections being provided per each field
update. Deflection circuitry 130 scans a write
beam across the lines of the respective fields of

15 the CRT while the write beam is modulated on a
pixel-by-pixel basis in accordance with the
luminance values associated with the R, G and B
color values therecf. 1In scanning the lines for
each of the three respective colors per each

20 field update, the vertical deflection coils of the
CRT are driven at an 180 Ez sweep rate for the
three separate color states per field update, i.e.
three times the normal vertical sweep rate. The
CRT's write beam is modulated segquentially in

25 accordance with the luminance values of each of the
pixels of a given field associated with red, the
luminance values of the same pixels associated with
green, and finally the luminance values of the same
pixels of the same field as associated with blue in

30 synchronization with the associated R, G and B
color state selections of color shutter 8l. Timing
module 126 receives a normal sync signal from
demodulator 116 and provides 180 Hz output signals
for driving switching control module 128 and

35 providing the vertical sync signal driving the



-45% and a resolution of 60% or better at 4.5 LPs per mllineter

W th respec 280 x 1024 pi xel screen with col | on,
and further£v n%nﬁncluding | i quid coupling between the CRTngﬁggéﬁﬁﬁ

| ens. Al though these paraneters for the Iens assenbly have been
defined for a particular enbodi nent29f t he present invention, it is
apparent parameters can change in accordance with 15 desired dlnensions
for the system r se is a
color shutter 81 fofannlngéFFH &Q? Qf&# f&é{&éf§“1§55 lﬁiﬁ&néfates and

t hereby inparting @@IdGrlet 826 Supplmﬁo%h*ﬁlbhml%uﬁ?ﬁgéﬂgngﬂ{ ofs asour ced by

the high 20 | ntfeRGlercPREqualNtd EhES L6 el g 1t:l.tn'h=.% the _
shutter was a NuCOL errL cglor shuttg ﬂgnuf cth€%+ Tektronlx,
‘Inc., Beaverton, £s1iBREBRr I2e o 199 Yescri bed

her ei nbel ow. s signal armbbsrehernoﬁgzémtél ndﬁinpui @F thel d 25

mrror assenbly 84 l.yes o] Lght. f s assenbly 76
and reflects the saﬁ§&§h¥§ ﬁ& ag%iggt %ﬁe?+%éﬁl5§¥uliﬁkn€§ﬁn on screen.
Assenbly 84 proyiiddag bherverhboal Seeemat M:MENRS}%VMGQ

mrror Lo the tubUlalleana Ak gbrale ! bofd: Gat N0 nordkiits y, the
barrel nount 86 belni'prOV| ust ment s or rotatlng t he
mrror about a ratecdft ABPUBi tch axis 88 of | ens assenbly 76. (See

FIG 7.) A nﬁynting fork includes arnms 91 and 92 ext endi ng
| ongi tudi nalTy from t 68 (diaddsgsecdndd X Sb%flfneswﬁmdlda@land Kzse ar ns
are supplied with 2

Eg. 4

For the present invention, employing a high

15 intensity, high contrast monochrome CRT with three
separate sequential color shutter color state
selections, a horizontal sweep rate of three times
15.7 KHz (i.e., 47.1 KHz) is required in order to
update each of the three separate color fields

20 sequentially and separately per each video field
update.

Switching control module 128 receives the

180 Hz clocking signal from timing module 126,
this 180 Hz clocking signal being synchronously

25 related to the vertical sync of the associated
video signal. The switching control circuitry
includes a state machine that supplies an output
signal for driving multiplexer 124 and color
shutter 81 in accordance with the desired

30 sequential color state selections. As multiplexer
124 is driven sequentially per the three separate
color state selections, it passes data from R, G
and B frame buffers, 118, 120 and 122 respectively,
in synchronization with the respective color state

35 selections of color shutter 81.
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16 wopsnianses at their distal ends for pivotally PCT/USS4005 Ng
mrror 90 about yaw axis 96. Wth reference to FIGS. 7 and 8
yaw | ever 98 attaches to mrror 90 proxi mate yaw axis 96 and has 5
Its distal end secured to adjustable length rod assenbly 100. Rod
assenbly 100 is di sposed between the distal end of yaw | ever 98 and
t he proxi mal end coflognsanmtet 61 a2 désbbebaﬁunéfﬂgnﬁeiﬁrmear barr el

nmount 86. Rod assen‘gl %déthgﬁggpmsrﬂ\&%sert\%)a% ayt' %[19 Te&ggﬁgé err]2

and 104 havi ng firdf% I'votal | nnec f and to
the proxi mal end Inc. SMlShGoéggo@MatﬁéraBmPQQY§rkQQWmhtth@@bund

threaded ends of rqdy tempeAdetO4 @&%ra@ae&cengeéles seledt fy@djustabl e
sl eeve 106. Adjustable sleeve 106 t hreaded such that_ when sl eeve

106 is rotated, th&ell 1589§F3|PnI§R§FHf&F EEEUSESENBEYR 19919%Ngt hens, or

shortens, in accord&ﬂ@&thbhrbﬁeedtbevbbmarﬁhers. Byl #éBétOingd or
selectlvely setting_the | e af 90 out .t he yaw axi s.
20 Bar el ASGRERpEBeEASiaG Bhatar: REaThe, BhusaL EEP Se g YN ANS
gear 108 for determelilsg the gotlor shutter paskesfohd ofrRprGret 8Bive to
lens barrel 77. VVtt%ght of g&%%%r%Bg%W%QaEEGE %PohhgeBéEGDn&dwﬁ§£é”9 worm

gear 108 includes a toot hed worm I N~ cooperation
with toot hedlGor m W&t 110 §scorsance the paefedhaftatias setegked. barrel

nount 86 turns Colod %%ﬂ@tlé'r%cht@é'rstﬁgnf eheahEefeﬂSntb@nmtch of
mrror 90. While not es entl ecause capabl e of being

finely adjusted, aS§&&* F@dﬁgEF 8§ can $%4eﬁa °¥8 *ncl uded for enabling

fine-tuning An advantage of the present invention is that

wide field of view (FOV) collimated imagery can be

15 presented in a very compact configuration.
Previous systems using similar components have
been five or more times larger in diameter in
order to provide acceptable imagery in terms of
convergence, dipvergence, divergence, resolution

20 and distortion. The configuration according to the
present invention makes collimation possible in
simulators such as in single pilot aircraft, and in
other applications where a single pefson views wide
field imagery from a relatively fixed position.

25 While a preferred embodiment of the present
invention has been shown and described, it will
be apparent to those skilled in the art that many
changes and modifications can be made without
departing from the invention in its broader aspects.

30 For example, a liquid crystal light valve (LCLV) or
other type of projection system may suitably be
employed in the projectors in place of the CRT.
The appended claims are therefore intended to cover
all such changes and modifications as fall within

35 the true spirit and scope of the invention.



- adj ustnment of the mirrorts pitch. Shaft 111 of worm 112 is then

sui tably coupl ed to adj ustnent shaft 113 via a 5:1 gear_ reduction

rati o wher eW096/14713 five turns of adjustnent shaft 113 are YEYEPEAH#o 35

provi de—one-conpleterevolution of shaft 111. WO 96/ 14713

PCT/ US95/ i 17 In

cal i brat |lmﬁmumummm tch of the 22 mrror, CRT screen 78 is
upplied wth am | ma * whi ch occupies its al | ocat ed rectangul ar area

140 Thi s rectangular i mage is pcbagwged t hrough | ens 5

assenbly 76, reflected by ?%qult[lro%og ggg%ﬁ; ']'Ié%tl%é%&ﬁég’héjpon t he

I nsi de surface of the spher 16. The yaw

~adj ustnment in scengf RhoutcBaNdevingeshationncampplsiepent of the
projected image |light 66a tp r gl-8GLReE Qa dat the imge is
wi thin the side boundarlesbr?gha Bk ] oé eée?aéfb ?%%on 30a of the

panor am ¢ ext&nsi &oviding dighkeTPRELSHR ?%éY?o@fs%r§k¥FWMHQRﬁR°n

over | appi ng ofn@bgab@@hagaggetg@3§e$0b 300 ... that recelve
i mage |ight 66b, 66¢C, . from.espective nei ghbor.i proj ectors
20b, 20c, ... . The pitch & Tefleg Esfﬂﬁnfa?h RFP & %ﬁa t he
rotational and rovrdestamahnnhaeenenptbtalhpaphoiemtthh||ﬂage i ght 66a
of projector 20a, S ARf d i ght is located with
proper orientatioﬁﬁ%gt%\%%tnoEI ot g&%ﬁ%ﬁge&”§98h£

10 an 1ntermed1ate imager receiving the.

projected light from the plural projectors via
the associated reflectors and providing a
continuous panoramic object scene in accordance
with the projected light received; and

15 a reflector that forms an enlarged virtual
image of said continuous panoramic object scene,
said reflector directing the light rays of said
continuous panoramic object scene such that an
enlarged virtual image appears to be located at a

20 distance from the viewing station substantially
greater than that of the actual optical path.

2. Apparatus according to claim 1 wherein
each projector of said plural projectors comprises:

25 a high intensity CRT forming an image on a
screen thereof; and

a lens assembly that optically projects
the CRT image toward the projector's associated
reflector;

30 each said projector having an initial
propagation direction that is substantially
parallel to the longitudinal axis of its associated
CRT, wherein the reflector associated with each
projector redirects the propagation direction by a

35 reflection angle of between 70° to 110°.



20 and | ower area edges of the rear projection screen. As
ment i oned, Wwomspampectors forminmages on respective PBETUSBHHOY t he
spher proj ection screen from associ ated positions

vertlﬁm e the rear proj ectlﬁ):p screen 25 and opposite
t hese m a screen Each of the mrrors has a pitch for
reflectirfg ﬂnage s i ght fromthe associated projectors downwardly as

wel | as a yaw for |oca, ngz@@akaege aée@eaiﬁ' aé&rk@uam 2 whdi@ilgength of the
projection screen. In addi tTon, ? be noted that each of the

projectors is eachoPF@ﬁF€&°ﬁhPﬁ FFédIE#Eﬁ§¥uR?%ﬂe%£ﬂ¥§tﬂqqﬁgf

slightly downwar digempaiisteisva telbbeshﬂttﬂodlis?gbosed in tHeptibads, the yaw
pi vot axi s associ at the mrrors is rotated a slight

amount in 35 %%OPF|3H BrPHSCgF% i@ﬁ%ﬁ s angl e of inclination.

WD 96/ 14713 5 PCT/ US95/ 14075
18 Finally, in fuk u | ti t he
rectangul ar screen of the ég?s%fﬂe:gg 59&(?%%31{33 ﬁhﬂd %gglrhlésr%;l& ated (as

depicted in FIG FBEQ godgr switch pnﬁbwdeﬁlthﬁﬁﬁsﬁﬁH¢Qﬁﬂhlqiﬂ@hOeCtangular
outer 5 peri latlesl4@dobakies CRigheege ésrééﬁé’éﬁdzé '8 3

hori zontal. By selecting the approprlate angl e I nclination for

the CRT from the H&Ei€LoNCAPTS| &ﬁeaccordan%dq% ?l'tﬁ f9QFalst®/Yech of the

i mage about ie selected, said apparatus further comprising:
drive circuitry for sequentially driving
said CRT with separate luminance image information
of said three colors so that said CRT screen is
separately and sequentially illuminated with the
15 separate luminance image information of said three
colors; and
a color switch controller for selecting
color states of said color switch in accordance with
the respective luminance image information of said
20 three colors on the CRT screen.

5. Apparatus according to claim 4 wherein
said drive circuitry includes:
R, G and B frame buffers for providing
25 the respective luminance image information as
associated with red, green and blue color
components of an image frame; and
multiplexing circuitry for sequentially
coupling said CRT to the respective R, G and B
30 frame buffers for receiving the respective
luminance image information therecf, said R, G
and B frame buffers being selected in
synchronization with the selection of associated
color states of said color switch.
35



¢

pitch axis, along wth sel eCting Lue,a_prqp L ﬁe 10 yaw and pitch for
the fold ngblegheridt 1S possi bi 'S Skt 'A' “g‘:r t substanti apcepkangsl arity
f er r eBEPHAREZL

of the+rage as tran$ d portions of the

pﬂql“EI“a“ “H} ll'mm o On Scrgﬁ& e of ref?ect [ Eﬁcpo: O: |dghmt r][(r)gma;s;sgrrbl g

assbcitated " prOJector axis to the spherical rear projection

screen. The angle of r€f|eﬁbb89a€9§r§§l§9£'§§n to clRihMrhyréonthe desired
tangential relationshi rojecfor relative to the periphery

of the 20 spheFPEanFQQWeBFBFQCPWBEQECF@@BréﬁﬁS|§ Lef%cted to be
between 70[err] teorbjekeioh. sPretar ahhy, rebeinagl sabfi projectédf!l ection

prov e by each LoLEeTin o SERILY Cheraor, sodBikeaRLE Ehy 10 |

substanti al sy 25panoramgenbbabcteBaenenehlphanbppbespecsutﬁa¢®e
peri phery of the projection screen. FIG 10 is a block diagram

of circuitry for drive el ectronics associated with producing inages
on a CRT within each of -t hAPPRERERSOASCORA{NFebo30laimsh graereifodul at or

and col or SeDaratQheliéa&eﬁgbﬁeﬁtlon scréedi H88 knPphesi@anl and extract's
red (R), green col ot co onents of ' the video

si gnal , providingCBBFﬁéf)ﬁgﬁgerQ r@s Yﬁ?lGérﬁP erencee%E% ¥ the
respective |y G antaBstaepasgnsaidnpao3dbctedplightbyspredirdeses. The data

ngbbggzlhzg;ganc%y assocygégﬁl%é%}éctors being received upon the
rear projection screen's inner surface and ‘
portraying said panoramic object scene from its
outer surface, each reflector redirecting the
15 projected light of the associated projector with
the longitudinal length of each projector being
oriented in substantially tangential relationship
to the periphery of the rear projection screen.

20 8. Apparatus for presenting a panoramic
view, said apparatus having a vertical central
axis, said apparatus comprising:
& toric mirror having a cross section of
an arc of a circle in the vertical plane of said
25 apparatus’ central axis, the radius of which is
greater than half the diameter of said toric mirror;
a rear projection screen for receiving
projected image light upon its inner surface and
presenting a panoramic object image to the toric
30 nirror from its outer surface, said rear projection
screen comprising a segment of a sphere having a
radius of curvature originating at said central

axis; and
a plurality of projectors that provide
35 said projected image light, each projector
‘s Sheet Has Been Replaced
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19 val ues as associ ate %Qd' B col ors of each

pi xel of eawl%hd2 field of th %rkdg‘éigégi g_.:_l_’ RCTBAYUBA0T vi deo
__spgnaL—kﬁe+udes—rmo fields of L B cin ines for each frane of a

N mnll For an NTSC video sigred, franes arrive with a
lMME e, thus providing a field update rate of 60 Hz (two
s per* frfam8) . Each of the separate R, G and B color data is

supplled seguenidahgyinage hel @RT fompen AswdTiatmd poiicn bE
respective col or sgggae aﬁ@%éﬁiéqg§ (#éﬁ; shutter 81 with three
separ ate sequenti al %Ie sel ettions being provided per each
field updat e. Deflectlon C|rCU|try 130 scans a wite beam
across the lines of thesteswétaf&élﬁéiﬁ:ﬁn %o clidien Rndiidia the wite
beam i s nodul ated on %%gnxel asi s .in accordance wnth t he
| umi nance val-ies a§§85|8f3839ﬁ{§9t ®LERFHES the pangramis,Ahdec

t hereof. | n scanni dgaghetdities faric mirroraxrth afprtdieintiyee loasrediad ve

col ors per each 20 ' fl.ec I t he
CRT are driven at grlllel Bﬁ{igv%\%%ffec%% !H?C&l ﬂ?tlhee[ #ogelc(s;gdﬁ'é:%é’ge col or
states per field uf8anethe focal dlStqnﬁQxihﬁﬁﬁﬁit&ﬂaﬁhﬁhnﬂ magniifded sweep

rate. The CBIrﬁuMImae@aém@hémeﬁ@é@di %ﬂ;@émy% ars
accordance with the | um nance H%Lof each of pi xel's
given fieldldssoci tel HFPH ?%EPa¥ stance Q%Mﬂ rﬁﬁ?\ﬁﬂﬁ$§§§%VQ:he sane

pi xel s associ at ed eutffilace of sgidetorionduidtr@ly the | um nance. val ues of
t he sane pi xel s of the sane field as associated with blue in 30
synchroni zation with the associated R, G and B color state

sel ections of col or shlfterAgdardiws mrcording nodudlaibP® mhegieims a norma

sync signal from ¢he rear projection screen has a spherical, concave
15 outer surface of a radius less than the larger of
the two radii of curvature of the concave
reflective surface of the toric mirror.

11. Apparatus according to claim 10 wherein the

20 rear projection screen has a radius of curvature
from said central axis which is disposed in
vertically offset relation above the center of the
toric mirror for providing a panoramic object for
the toric mirror similarly above the toric mirror so

25 that a virtval image is viewable along an optical
path beneath and without interference from the rear
projection screen.

12. Apparatus according to claim 10 wherein the
30 plurality of projectors project image light of
respective portions of said pancramic image, with
each associated portion matching contiguously with
neighboring portions thereof such that said
panoramic object image is substantially continuous.
35

Sheet Has Been Replaced
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“ demodul ator 116 and provi des 180 Hz out put signals for drivi

swi t chi ng GRBLEpdrgodul e 128 and 35

driving the
PCT/ US95/ 14075

T

three separate colqp

10

15

20

25

30

35

Hilller i

WD 96/ 14713

ng

provi di ng the verti cpér/Bydraagisgnal

20 scanni ng and
ry 130. Timng motfil e 126 supplies a third output
. frequency equal to the 180 Hz frequency tines the

lq%%ebqsthe CRT image and projecting image light
thereof along an optical path t- --d an allocated

g?d t hgﬁbérggﬁég%g&gﬂﬁn ﬁ:ap GcleallgrP"‘l'o (yhle\i'eeﬁ.nt he

hdri Zont al™ sync*i nput . nNi ng ection circuitry 130,

t hus provi died§ht pEoUectprainele@es: For an NTSC vi deo si gnal
and a nornmal col or CRT, theahgg'gopﬁggn§M@§pCRT havid@lE dcs-eapout 10
.60(fields/second) X 525 Lines/f?elQ%:15.7 Hz . ¢ .

[err] providing a CRT image correspondlpg topdtsy For
the present isnventis@gocdarkdypbgtiohi 80 tA& pandriminsidnfedt Ghag@nt r ast
nmonochr onme w th _three separate sequential color shutter col or
state seIecFPgns, a horizontal sweep rate of three tines 15.7
KHz (i.e., 47.1 KHz) is reqproédctionroeti¢® for focusidaf eagachfof the

area of the rear projection scre , said allocated

area of the rear projection scree: being

contiguously related to neighboring allocated areas

of the rear projection screen that are to receive

projected image light from others of the plurality

- of projectors.

14, Apparatus according to claim 13 wherein

each projector includes a color switch disposed in

the optical path of projected image light, the
color switch having selectable states for passing
respective colors of light.

15. . Apparatus according to claim 13 wherein
each projector is proximate a position disposed
above the rear projection screen and opposite,
across a diameter of, the rear projection screen.

16. Apparatus according to claim 15 wherein
each projector includes a reflector for directing
the projector's associate image light down and
across the diameter of the rear projector screen
onto the allocated area of the rear projection
screen.



" 20 sequentially and separately per each video field updat e.

Swi t chi ng ederatisnodul e 128 receives the 180 Hz cl oBRT/R8EsSHHYSal
fromtimng nodul e 126, this 180 Hz cl ocking signal being
related to the verthgal sync of the associated

%Uf'smﬁtching control circuitry includes a state

mlmlmm@l UM i es an out put signal for driving nultiplexer 124

and Eollor * ¢ shutitzer &bﬁaraamgomdancdiwbthothéadmslﬁeﬁheﬁéln
sequenti al col or t litiplexer riven
sequentially per etsahc? %ﬁ?’?e%g %;Eg:tor ﬁo@idte o?%s‘lf efieogef' ? gétﬁi it
passes data fromiRr @ropagatkﬂﬁjﬂBxﬁr&mégﬁuﬂﬁgh§ frog theo and 122

respectively, respddtskneNmonichdl icoh %HhEEB%eﬁ%iBﬁCBb’éﬁcQo' or state 35

sel ections of color “Shutter
PCT/ US95/ 14075 having an optlcal progectlon axigjoriented above () of

shutter 81 as desqid hed greEmairilef @adigential w&aamhlueﬁh@?i:er &h shutter

manuf act ured by Tektron Thi_s col ar hutter | oys knomm
echnol ogy BHA GSTIRRSEY ST HHe o SEodertednsBFEsthve. p
cells disposed in speC|f|c sequence with col or sel ective
refl ector/pol arizers. By sel ecting various operating states of the
plurality oiopi cells, the color shutter passes one of R Gor B
15
20
25
30

35



1ight of given polarization upon receiving white 10 l'ight, in

accordance tiyogiiar3el | states sel ected. Col or shut t erPCTAISSYI407Han
t he af orenenti oned specific shutter can be enpl oyed. An
advant age of the present invention is that wi de field of view (FOV)
collimated i magery can be 15 presentfybi|1 a very conpact configuration.
Pr.evi ous systens using simlar conponents ‘have been five or nore
times larger in dianeter in order to provide acceptable inmagery in
ternms of convergence, dipvergence, divergence, resolution 20 and
distortion. The configuration according to the present invention
makes collimati on possible in si mul at or @Qsuch as i ggsi ngd4 pil ot
aircraft, and in ot-he+r—a —cat-ehRs—wherb—a—si-hgl-e—persofi—i ews W de

: - oo > \'uy
fleldlmageryfromal Stmra rerp = ,aa
preferred enbodi nent ‘of the present | Dyl on Has 'heen Ahdwn and
described, it wll be apparent }o—‘t‘hT) I | 8] gft| t hat
many changes and &Bu f i catiens can be Yade~wid fou
departing fromthe invention_} 'v PT 0ader gspect 3k [0 Ed\ eaup! a
liquid crystal Jlight valwe-T1Cl ¥ (or "ot her };L- of 3 -'fc1ion5§§sten1
may suitably be® ™ V--- oyeda\ t he-Proj ectors pl ace ‘ p |CRT.
The appended cl aj s ar é?eiqﬁg«kﬁfended t o coven gLl Hugh changes
and nodi fi cati onkd as~HA\ i t hi SI._ihe id18pi rit-ppd/ $40pd] df the
i nvention. WO 9624 ~A~o0 j .
PCT/ US95/ 14075 \ ’” - =

{i hl

\
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Cl ai s 1. Apparatus for presenting a panoramc scene about
a view ng stWO®&MM7EHNPri si ng: pl ural project opeTrussnors
projector 5 providing light representative of a given portion of
sai d panoram c scene; a reflector for each projector that
provides an indirect optical path for they propagati on of projected
li.ght; 10 an internedi ate i nager receiving the. proj ect ed
light fromthe plural projectors via t he associated reflectors and
provi ding a conti nuous panoram c object scene in accordance

with the projected |ight received; and 15 a reflector that
fornms an enl arged virtual i mge of said continuous panoranm c object
scene, said reflector directing the light rays of said

conti nuous panoram c object scene such that an enl arged virtual inage
appears to be located at a 20 di stance fromthe viewi ng station
substantially greater than that of the actual optical path.’

2. Apparatus according to claim1 wherein each projector of said

pl ural projectors conprises: 25 a high intensity CRT form ng an
i mage on a screen thereof; and a lens assenbly that
optically projects the CRT imge toward the projector's associ ated
reflector; 30 each said projector having an initia

propagati on di rectF&Gt.ha is substantiall

14




"parallel to the longitudinal axis of its associated CRT, wherein the
reflector sesegiatied with each proj ector redirects t hBCHUSHAYES on
direction by a 35 reflection angle of between 70[err] to 110[err].

WD 96/ 14713 PCT/ US95/ 14075 D 23

3.  Apparatus according to claim2 wlgrein each projector of said
pl ural projectors further conprises a color switch disposed in
t he opti cal path of the projected imge. 5

4. Apparatus according to claim3 wherein said color switch

I ncl udes three sel ectable col or states and passes light of a
respective one of three colors in accordance with the col or
state 10 ted, ,said apparatus further conprising:

drive circuitry 3§hi§qq ially gé}ving said CRT with separate
| um nance image information of _sai d thégé colors so that. said

CRT screen is Separqt el y agfdS¢gquent jaPPy illunminated with the
15 separate | um nance i mage ‘Dbp et on gi~sdi d three col ors;
and QL6 o 'ot’cl°|°e Sel ecting

col or states of sai @QralgiNsiyEet” i g i aemee Wit —_,. t he
respective |uninance i mage!lin{ : {-i* .‘;__‘:&.\E o oPEF higge col ors on

Q1. -

o,

Q,r 7 e

the CRT screen. A D o'l
’p,

: 46
20d —{ LN ° ="




5. Appar at us a&ﬁghghgg to claim4 wherein said drive circuitry

i ncl udes: R, G and B frane buffers for pr &¢TRiSAH14075

25 the respective |um nance i nage information as associ at ed

wi th red, green and bl ue col or /7 conponents of an inmage franme; and
mul tiplexing circuitry for sequentiaqu coupling said CRT to the
respective R, G and B 30 frame buffers for receiving the respective
| um nance i nage information thereof, said R G and B frane
buffers being selected in ﬁ:bﬁiynChronizati3£WA: Q_t he sel ection of
associ at ed color state sand col gF~s N 32

24 6. Apparatus according to clai pA vk >~ 20a

i nternmedi ate i mager conprises a rear A

sai d projected | i ght on one sut§
panoram ¢ object scene on the opposite sy
according to claim®6 wherein the rg
spheri cal contour shape of a givenf
transl ucent, said projected light as ref

|
\




by associatedvgeg ors being received upon the rear projection
'screen's innercggb?éée and i i i

portrayi ng said panoram c obj epCT®ssMAsr OM
its outer surface, each reflector redirecting the 15 projected |ight
of the associated projector with the I ongitudinal |ength of each
projector being oriented in substgnptially tangential relationship
to-the periphery of the rear projection screen. 20 8. Apparatus for
presenting a panoramc view, said apparatus having a vertical centra
axi s, said apparatus conprising; atoric mrror having a
cross section of an arc of ‘a circle in the vertical plane of said 25
apparatus' central axis, the radius of which is greater than half the
di aneter of said toric mrror; a rear projection screen for
recei ving projected image |ight upop its inner surface and
presenting apanoranic oijE?ﬁi e to the @8 c 30 ‘mirror fromits outer
surface, said rear projectt . ¢ ising_a segnent of a sphere
havi ng a radi us of curvatsge % i n t sai 84central axi s;
a plurality of projectors tégﬂ o) gucara==:-"N4t st jected image |ight,
each projector -

90— 7
/

FIG. 9 86
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".provi ding image light for an as associ ated portion of sai d panoram c

obj ect | mageo a3 a folding mrror associ ated w t RCE&SPS/14075
projector fornms part of an indirect optical path 5 for propagating the
li ght. 9. Apparatus according gﬁycl aim8 wherein the rear
pfojection screen prese the panoramc obj ect i mage to the toric
mrror at a proxrmty c%og the concave reflective surface of the
toric mrror than ocal di stance thereof so.that a magnified
virtual inmage of th ctﬁrzag.egopt i cally appears at a substanti al
di stance beyond thegj ef eetTyV surface of said toric mrror. 15
10. Apparatus acc hg t9 claijm 8 wherein the rear projection screen
has a spherical, hve ! quter surface of p radius |less than the
| ar ger of thegtjmo § cTr of curvature of he £Loncave 20 reflective
surface of the toridAm gRor. pargt Us according to claim10
wherein the rear prg}ection screen as radnus of curvature from
said central axis whichZ$ dispose er ial |y of fset relation
above the center of the tori m rror forlgloviding a panorani c obj ect
for the toric mrraf=si m bov@t)hg tpric mrror so that a
virtual image is vi Iong an |oBti c@ c; p&x h beneat h and w t hout
interference fromtRe™T € pscj-fcg dqreg 30 12 Appar at us
according to claim 10 whejein the ty proj ectors prioj ect inage
i ght of respective, p I ons of <a‘Ffd-|b ran’g i mage, with.each
associ ated portion nat CE g conti gq sI y',jvl Neatt-
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nei ghboring portions thereof such that said panoramc 35 object inmage is

substantially conti nuous. WO 96/ 14713

PCT/ US95/ 1300 96/14713 26 1BCT/URSSIHPTS: us
according to claim10 wherein 717 each projector includes:

a high intensity CRT having a screen provi ding a CRT inmage
corresponding to its 5 associ ated portion of the panoramc

obj ect i mage; and _ proj ection optics
for focusing rays of ~ 4ght fS the & i mge and projecting

i mge |ight FIG. 11/reof along Pfreptical path't -4-&0 all ocat ed
10 area of the rear projecti scre *, sal d?a;l*@-sc.at\gd y.

area of the rear projection scregen ng f',guousl y rel ated
to neighboring allocated areas Ny pilection screen
that are to receive proj ected i mapge k¥ gmeitggs of the
plurality 15 of projegctors. _ et 140 Apparat us
according to claim 13 wherein _ ——=—=""fach projector Includes a color
swi tch di sposed in the optical path of projected inmage |ight,
t he 20 color swtch hav.Lrg sB8Bect abl e states for passing

respective col orsrﬁ)iéig{ut_‘B \//\\

FIG. 11C

FIG. 11D
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15.. Apparatus according to claim 13 wherein eaeh—-prorqctior i s
pro .di sposed 25 above the | p;wéecthn
screeﬂ"’m across a di aneter}of,

prOj e mﬁmﬂ”m”m 16. Apparatus a~cordi ng.to cliaijm 15

wherei i ¢ each projector incluges a reflgctor for directirg
30 t he prOJector s associate inmage |light down and r oss
the diameter of the rear6propeRr¥rtus aggerding to claim énwberhénallocated
area of the rear pr ct WO
o6 14713 ehE&C1hRBrmediate imagex'%ﬁh&%@*ﬁﬁsssfﬁﬁﬁ75

27 17. Appar at uspzodectiog scredmitvhadit ndvedisies said prejebtedi d

refl ector provides fol-ded opti cal at fqr at i sai d |nage
light fromthe ﬁiggésﬁﬁc?ﬁ9e§ :k?ﬁﬁ??ﬁaﬁﬁgpp gﬁg ggtlcs

having an optieal ppahE8ehne8 é‘%jéc@ré@éﬁécbrﬁ%‘éeoppos:.teaBQrEHCQr' mar i ' y
tangential relationship to an upper periphery of the rear projection

Screen. 7. Apparatus according to claim 6 wherein
the rear projection screen has a spherical
contour sghape of a given circumference and is

10 translucent, said projected light as redirected
by associated reflectors being received upon the
W rear projection screen's inner surface and |
portraying said panoramic object scene from its
outer surface, each reflector redirecting the
15 projected light of the associated projector with
the longitudinal length of each projector being
oriented in substantially tangential relationghip

to the periphery of the rear projection screen.

20 8. Apparatus for presenting a panoramic
view, said apparatus having a vertical central
axis, said apparatus comprising:;
a toric mirror having a cross section of
N an arc of a circle in the vertical plane of said
25  epparatus’' central axis, the radius of which is
greater than half the diameter of said toric mirror;
a rear projection screen for receiving
projected image light upon its inner surface and
presenting a panoramic object image to the toric
30 mirror from its outer surface, said rear projection
ecreen comprising a segment of a gphere having a
radius of curvature originating at sald central
axis;
a plurality of projectors that provide
35 said projected image light, each projector

Qé\og30- 3
2 % h\ee
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25
providing image light for an aséee%a&eé—peﬁsienwef

said panoramic object image; and
a folding mirror associated with each
projector forms part of an indirect optical path
5 for propagating the light.

9. Apparatug according to claim 8 wherein the
rear projection screen presents the panoramic object
image to the toric mirror at a proximity closer to°
the concave reflective surface of the toric mirror

10 than the focal distance thereof so that a magnified
virtual image of the object image optically appears
at a gubstantial distance beyond the reflective
surface of said toric mirror.

15
10. Apparatus according to claim 8 wherein

the rear projection screen has a spherical, concave
outer surface of a radius less than the larger of
the two radii of curvature of the concave

20 reflective surface of the toric mirror.

11, Apparatus according to claim 10 wherein the
rear projection screen has a radius of curvature -
from said central axis which is disposed in
vertically offset relation above the center of the

25 toric mirror for providing a panoramic object for
the toric mixror similarly above the toric mirror so
that a virtual image is viewable along an optical
path beneath and without interference from the rear

projection screean.

30 12, Apparatus according to claim 10 whexrein the
plurality of projectors project image light of
respective portions of sald panoramic image, with each
asgsoclated portion matching contiguously with
neighboring portions thereof such that said panoramic

35 object image is substantially continuous.
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(57) Abstract

A compact display system simulates a panoramic view (30)

to an observer (10) located at a central viewing station (12). A toric

misror (14), comprising a compressed portion of a sphere, has a concave reflective surface disposed in surrounding relation to the given
viewing station (12) while a sphexrical rear projection screen (16) which receives projected image light (66) on its inner surface presents a

panoramic image (30) to the toric mirror from its outer surface. A

plurality of projectors (20a) are disposed tangentially above the upper

periphery of the rear projection screen (16) and project associated portions of the light image (30a) onto the inside of the screen (16) via

folded mirrors (28a). Each projector (20a) includes a high intensity

CRT and a color shutter.




