2.8 "JUL 2004 i OPTI CAL PROJECTI ON' SYSTEM | NCLUDI NG PROJECTI 6 BB el d
‘of the Inventlon 3 The present invention relates to visual projection
systens and, more 5 particularly, to.visua | projection systens |nclud|ng
proj ection dones Background of the Invention Hem spherical optical
projection systens are used to project inages onto the inner surfaces of
donmes. Heni spherical optical projection systens are used in 10

pl anetariums, conmercial and mlitary flight sinulators, and in various
hem spherical theaters. Wth the present interest in virtual reality and
t hree-di nensi onal rendering of images, hem spherical optical projection
systens are being investigated for projecting inmages which sinulate a real
environnment. Typically, hem spherical optical projection systens include
relatively | arge 15 donmes havi ng maxi num di aneters from about 4 neters t.o
. nmore than 30 neters. Such systens are well-suited for displays to |arge
audi ences. However, such systens may be | arge and cunbersone and often
cost several hundreds of thousands of dollars, thus making them

prohi bitively expensive for many uses. 1 2 8 J UL ZUUA Sunmary of the

| nventi on Enbodi nents of visual workstations according to the present

invention are ORFPEAE: g an
open front endoand 5%?'3%@0?/ ﬁ?@ﬁﬁﬁﬁﬁ%ﬂ@ﬁ@ﬁ?ﬁ@ﬁ&%
surface is disposed in front of and adj acent the done front end. The wor k
surface defines a \(i ewer area on a Si de_rof t he

5 r

Field of the Invention
~ The ﬁ‘icsent invention relates to visual projection systéms and, more

5  particularly, to.visual projection systems including projection domes.

Background of the Invention
' He_mispﬁérical optical projection systems are used fo project images onto the - |

inner surfaces of domes. Hemispherical optical projection systems are used in

10 planetariums, coﬁmercial and military flight simulators, and in various hemispherical
theaters. With the present interest in virtual reality and three-dimensional rendering
of images, hemispherical optical projection systems are being investigated for
projecting images which simulate a feal envifonment. | |

Typically, hemispherical optical projection systems include relatively large

15  domes having maximum diameters from about 4 meters to more than 30 meters. Such
systems are well-suited for displays to large audiences. However, such systems may
be large and cumbersome and often cost several hundreds of thousands of dollars,

thus making them prohibitively expensive for many uses.




work surface opposite the dome. The viewer area is sized ah dthﬁ@ﬁredrto
receive the viewer and is positioned relative to the spherical inner done
surface such-that the viewer, when |ocated in the viewer .area, may-view

t he spherical inner donme surface. 10 A projector is disposed between the
viewer area and the done. The projector is operative to project a truncated
spherical projection onto the inner done surface. According to other

enbodi nents of ‘the present invengian. oﬂhge jve gsent ation systemfor use
by a viewer includes a done havin'g—a'n—rg'p'en-ﬁo'nqqiend and a truncated
spherical inner d urface. .A support. surface i I sposed in front of the
15 done front endﬁﬁﬁ%@?&%@@@%&ﬁ@ﬁﬁ%ﬁfgﬁP St IFEILoR BERy

di stance between  the support surface and the inner dome surface. A -

proj ect or i sadapkRddPr Bee B2 viswes sybiseluds a dpmedavingenppei Sonbend andaper at i ve
to project a truncated spherical projection onto the inner done surface.

Accor di nd t otrondatad sphiancil inmet dom stulfiecep ewerlt surfaveistdisposedinvrentalf ag2d
presentation system for use by a viewer includes a done having an open

front end anglijacent theddaicaftbr RNE! ThewolNARfacH AR cE WVidh& aré B RS bOIhe S
operative to project a truncated spherical projection onto the iInner done

surface. Th WURCAE ' | Rner. r ' .d| anet er

of no nore t gi;l t wo ?nge @?%Cﬁ%l%ﬁﬁ%?ﬂg%g%@%‘%@t%? sent

- invention, agvisual 25%.presentati.on s em fqr yse a viewer jncludes a
dome havi ng 4 "SPEH aflaéﬁfosﬁ?ﬂ?egﬁﬂa%"@%ﬁ]ﬁ? &%@A@#B&H@%ﬂcwﬁﬁw i nner
dome surface., The systemfurther includes an inmage_ source conprising an
array of i maf&Wgkaic loogiedipjthe viswer areppeaiipwdhe sphericaldurerdomesmriage. of

i mage pixels onto the inner done surface as a truncated spheri cal :
proj ect ildh. ATmejecionisatispobedrbetwiesn tiks vidveer aranamd dic domgeThe pefectortis ch ar e
projected by the projector 5 onto the inner done surface is adjustable.

5282 re;fllb |0 % ,  bpeativeuo padjed atnliRhied 3phddical 6icbith SRS HePMBEAIImARETCar
According to other embodiments of the present invention, a visual
. presentation system for use by a viewer includes a dome having an open front end and
a truncated spherical inner dome surface. A support surface is disposed in front of the
15 dome front end. The system is configured to maintain a prescribed distance between
the support surface and the inner dome surface. A projector is supported by the
support surface. The projector is operative to proj éct a truncated spherical projection
- onto the inner dome surface.
According to other embodiments of the present invention, a visual
20  presentation system for use by a viewer includes 2 dome having an open front end and
a truncated spherical inner dome surface. A projector is operative to project a
trancated spherical projection onto the inner dome surface. The truncated spherical
imner dome surface has a maximum diameter of no more than two meters.

According to other embodiments of the present invention, a visual

25 - presentation system for use by a viewer includes a dome having an open front end and



anong adj acent pixels. Preferably, the truncated spheri cal péb@eé%ﬁaﬁ84
tincludes an axially asymmetric, truncated spherical -primry inage.
Preferably, the array of inmge pixels defines an array center, the.
projector includes a |l ens assenbly having an optical 10 axis, and the

relative posjil] of ,the. optical axis and the array center are adjustable.
Accor di ng to:l %ﬁc%?edg%%a}f@ﬁ?%‘% © Chr ddeRiay § eludgs 90 Huage
presentation systemfor use by a_viewer includes a dome having an open
front end arfPUe® COPPHEREAR a5gl of itazge Hixder A poojecteis bperativedv projegethsour ce
di spl ays a source inmage. The source inmage includes a prinmary inmage and a
secondary i reatpy efdinagepikels batolthe pmiendonie surtge as AtRAi@TdpheritA psjedticied

- which is selectively operable to project the source inmge onto the inner

dome sur f aceTlasnnber SRHRER G S WRFyFimBEOpigak Mhsﬂgﬁoi&ﬁdn@mggﬁ@ B&or

primary and the, secondary inmage are projected onto surface
- and, alt&r naduty fleVinn tsﬂ?i . primary image is projected onto the
i nner done surﬁaoe.é%ggﬁre ecreag%]}'1 & projector is selectively operable

to project the enfifLe f the ouyce jmage _onto the inner donme surface.
Preferably, the ?OLJ ”6@3’%&%@%@&9 WLPE“JECF%%@PWWMFW@ | ens
assenbly having an, optical axis, and the systemincludes neans for

adj ust i ng -t HENGNg adfacort nikels. Frefesably, thebunsstedspherival projavtion imchadester of t he
"source inmage. Preferably, the primary image is truncated circularly shaped.
25 Addi t i onaizially asprametne, trencatmigphericad prifrarvidhager Priferably] fie ary 23 isthke 2004
According to other embodinents of the present invention, a met P]rod of = :
displ ayi ng gixdlsmaefines &n arsipeant2thic BojeoORERdE Hlohs SRELE avﬁaggtidwaﬁd
'spherical inner done surface incliudées providing a sourcé I nade |Ircluding a
pri rrarymrraggisggﬂhth%raw GF&% Lacent joldl | mage. . The source
i mage is projected such 5 h{at%bn(k)n y t‘%@’%gﬁ%&?@%ﬁ%@%@%ﬁﬂﬁagi‘{%%’l%m0 t he

I nner d.o me surf aChecdrdifly {cro"l{ﬂé:r%tmel\:%djments of the pfesent invention, a visnal

- presentation system for use by a viewer includes a dome having an open front end and
a truncated spherical inmer dome surface. An image source displays a source image.
The source image includes a primary image and a secondary image adjacent the

15  primary image. A projector is provided Wﬁich is selécﬁvely operable to project the
source image onto the inner dome surface as a truncated spherical projection such that
both the primary and the seco1_1dary image are projected onto ﬂle inner dome surface
and, aitemaﬁvely, such that only the primary image is projected onto the inner dome
surface,

20 Preferably, the projector is selectively operable to project the entirety of the
source image onto the inner dome surface. Preferably, the source image has a center,
the projector includes a lens assembly having an optical axis, and the system includes
means for adjusting the relative positions of the optical axis and the center of the
source image. Preferably, the primary image is truncated circularly shaped.

25  Additionally, the source image is preferably rectangular.




spherical projection. Thereafter, the source inmage is projedlngqumgghat
pboth the primary inmage and the secondary inmage are projected onto the-

i nner dome. surface as a truncated spherical projection. Preferably, each
of the steps of projecting includes projecting the source inmage 10 using a

l'ens assenbly hawdgrdidy @Rth&ambdiBentd B the MecsERtiPshtion! & BfRfndgng! udes

adjusting-the relative positions of the optical axis and a center of the

source i mage; . | | i uncated circul arly shaped
and the st opBiEeE iBRist on's forkd e S Srork b WRER bBgod shBeial Ty

I mage i s prgjected include acing,the. optical axjs and the center of
~ the source %gmgsgp{f;ceﬁc %éi’? £ 4 jaresrimage includjeg & pomary inags and

appreci ated by those of ordinary skill in the art froma reading of the
Fi gures and atsﬁ@ﬂé%fdmaﬁ@la@l@g@mt%ﬁpmammage Theedomreedithage ibpmjectedisachnhi ch
foll ow, such description being nerely illustrative of the present

i nventi ofi. 2kt Bnliydhe Pémary intdgens plojédasl ddtaMerigser Hofie strfhce S Atrkcani,
perspective view of an optical projection systemaccording to the present

i nvention; Eplgicsl projestich, f B =N . i rQl ection
syst em of FiE%urg Vﬁ(ﬁig J U'{‘E%OM @éﬁ?@%ﬁ%%&%&n@n a%l;;f,f& ?@ntp{a

0 She e Bld ol PRSP B8 O B ol U i” 1
IE: 83; g ?; is a%aggé spﬂeﬁgﬁtﬁr%réggioﬁfl ew of the optical projection system of
Preferably, each of the steps of projecting includes projecting the source image
10 using a lens assembly having an optical axis, and the method further includes
adjusting the relative positiqns of the optical axis and a center of the source image.
Preferably, the primary image is truncated circularly shaped and the step of projecting
- the source image such that only the primary image is projected includes spacing the
optical axis and the center of the source image apart.
i5 Objects of the present invention will be appreciated by those of ordinary skill
in the art from a reading of the Figures and the detailed description of the preferred

~ embodiments which follow, such description being merely illustrative of the present

invention.

20 Brief Description of the Drawings

Figure 1 is a front, perspective view of an optical projection system according

to the present invention;

Figure 2 is a fragmentary, top view of the optical projection system of Figure

R




Figure 6 is a side elevational view of the optical projectiqbgsgg e {Qf_ _
‘Figure 1; j Figure 7 is_a fragnentary, side view of the optical projection
systemof 10-Figure 1; Figure 8 is a schematic block diagram representing
the optical projection systemof Figure 1; Figure 9 is a schenat}cth
: i : : _ . o
opt1 oal proj ect | ERbT A BRBRGS, ot oGsitoBks wigwitf T prfeel rolestipRoge.
Figure 10 is a sc ti% representation of the two-dinensional inmage plate
of Figure §W§¢§BE§§§H§-é second, alternative inmage; Figure 11 is a front
view of the dome_of the optical pereqtion_syst§n1of_ Figure 1 mnth a first
optical projecti &iguredds ayear, pivspestive vie® dfitipomiciPpiofectiof system uf Pigueé t he
dome of the optical projection systemof Figure 1 with a second,
alternativelpptical projection displayed thereon; Figure 13 is a front,
perspective view of an optical projection system- according to an t
| ternat§ve enbogs, 0% § S0 vikwY | Qn: r :
Serggect?ve viemﬁg a?lggg%%gFﬁgrOJec F@ﬁﬁ?§gﬁg§?ﬁ@gﬂ§§@%é@#%%g{%@QQ?arther
al ternati veqenbodi nent of the present invention; 5 2 8 JUL 2004' Figure 15
Is-a left, }Tont, perspective view of an optical projection system .
according ‘to a further .alternatiye enbodi ment the present invention; Figure
16 is a right, f Pﬁr}%ﬁ%%@fq‘%ow Jigvoot the epligel praiection sysieniof Figret em of
Fi gure 15;

—

7y : o Figure 7isa ﬁagmeniéry, side view of the opﬁcal projection system of
10 Figure 1; | |
Figure 8 is a schematic block diagram representing the optical projection
system of Figure 1;
Figure 9 is a schematic representation of a two-dimensional image plate
forming a part of the optical projection system of Figure 1 and displaying a first
15  image; | |
| Figure 10 is a schematic representation of the two-dimensional image plate of

Figure 9 displaying a second, alterpative image;

Figure 11 is a front view of the dome of the optical projection system of
Figure 1 with a first optical projection displayed thereon;
20 Figure 12 is 2 front view of the dome of the optical projection system of
Figure 1 with a second, alternative optical projection displayed thereon;
Figure 13 is a front, perspective view of an optical projection system
according to an alternative embodiment of the present invention;
Figure 14 is a front, perspective viexn; of an optical projection system

25  according to a further alternative embodiment of the present invention;




5 Figure 17 is a front elevational view of the optical projeqgtipgn 9ysf-em
of Figure 15; Figure 18 is a side elevational view of the opti cal ;
projection systemof Figure 15; and Figure 19 is a front, .perspective view
of an optical projection system 10 according to a further alternative
‘enbodi ment of t heFignesthis 4 lefiefionp perspdetige view26r dnsopticilRtiectiedsRact i ve
view of an optical projection systemaccording to a further alternative

enbodi ment  afccbrdngoesfufther d1eealitive BinbdBEhent i WrseAtinbsntfont F agment ary,
front, perspective view of an optical projection systemaccording to a

further alternatiy i : i ] Lon,. 15 talled

Descri pti on of thl?a'l re g%r%r%é%‘% ﬁ%‘sn@éﬁﬁgleg)r%éﬁgépﬁﬁ},gﬁ?ﬁc ﬂnﬁ‘fﬂ\?%ofl be
descri bed e fully hereinafter with reference to the acconpanying

drawi ngs, i 1he *preferred enbodi ments of the invention are shown. This
i nvention may, however, be enmbodied in many different 20 fornms and shoul d
not be cénstrued %‘gﬂmmtS@d&@lﬂdWMMﬂJsOpﬁqalpnﬁedﬁmmbm;Of rat her,

t hese enbodi nents are provided so that this disclosure will be thorough and
conpl ete, arfdigwid15;fully convey the scope of the invention to those skilled
in the art. Like nunbers refer to |ike elenents throughout. Wth reference
to Figures 1-7, oFivhpe'es i | g §fe@t§ gﬁgﬁlg
—according to a fi rgtl eﬁ%})sg{ ﬁﬁﬁéﬁﬁﬁeﬁ%??ggﬁqnﬁgggt i ondrlg)%stseﬁ%\)/\m e? ein.
The 6 2 8 JY.20§4 c workstation includes a done 110, a desktop 130, a
supporting framework generally designated 150, a projector 120, an inmage

enerator 124 (s Fi e 2 nd a seat 140 ,
9 ( eﬁgurequ 1sa %rorﬂ, perspecgve view of an optical projection system

10 according to a further alternative embodiment of the present invention;
_F-igure 20 is a front, perspective view of an optical projection system
according to a further alternative embodiment of the present invention; and
Figure 21 is a fragmentary, front, perspective view of an optical projection
- system according to a further alternative embodiment of the present invention.

15

Detailed Description of the Preferred Embodiments

The present invention now will be described more fully hereinafter with
reference to the accompanying drawings, in which preferred embodiments of the
invention are shown. This invention may, however, be embodied in many different

20  forms and should not be construed as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention to those skilled in the art.
Like numbers refer to like elements throughout.

With reference to Figures 17, a visual presentation system or workstation

25 100 according to a first embodiment of the present invention is shown therein. The




(preferably a chair as shown). The projector 120 includes a bBojject20ih | ens
‘assenbly 122. The workstation is adapted for use by a user or viewer U.
The i mage generator 5 124 may be a general purpose conputer, a_video

pl ayer, a digital canera or any other suitable device. As w.l|l be nore

t f ; : |4at 1 foll 2t h kst at i 100 id
he i ower U oapeaa oty p S8mk 189, Gl 30; L optRag Befienily Byrectihl ' °°°
k g | . ' d effecti k ' d
may. 1 nel ude FRAPRER a0 SarBishr {50 e omat peron oo g and aser

br oken down to be portable. As used herein, the "front" of the dome 110 is
the open endPFerably aychair 23 sown): (The projesiar 120 igtindesa projentior ns dssembly t he
- perspective of the viewer U As shown in Figures 1 and 2, the workstation

100 can al sd22ndhedeoristationis adapeed foh aseby £ 05 oneRver U0 ThRhABESsdetatett i | i LY
as workstation. A keyboard 144, a pair of 15 speakers 142, a tel ephone 146

- and a mosse 1AGnay e pid stmosoensitedh vidth pidyes @ digil EaTeRY alf oftidh t t €0
For exanple, the optical projection system 100 may use as a ‘
present ati ong S e : | [ slpteracti.on r ati opn. For
clarity, the 3?&8@%9%%?%@5%@&%@%1" e?‘?ﬁcﬁpﬂ;‘lﬁm@?#%- ?Wsﬂtﬁg dome 110
Is preferably faqramed nol ded LEXAN YDEX, 20, CELTECTm _SI NTRATM ,
acrylic 'orﬁ%&?c{a%‘ﬂﬁ}@{)?rg‘nﬂ% ,quweﬁmvg‘h&ﬁ? Y BRSISIVeTRpendigie 110 has an
interior truncated spherical projection surface 112. The projection
surface 1124 WWe@eﬁOTmrﬂoOW‘nmmvwgﬁ@dﬁffeﬁhreiwm'kcat ed in.
Figure 2, the front edge 114 defines a vertical front plane F-F. The front
plane F-F i suprefgentisng mayindudrindividual metderigidashgoneits whechhasy Bont al
ctenter axis X -X of the donme 110 and the 25 projection surface 112. The
done 1100al Sorileebrokendonaito@epertisisci a 115 attached to 7 2 8 JUL 2004 the
front edge 114. The projection surface 112 is adapted to reflect incident

l'ight for As used herein, the “front” of the dome 110 is the open end of the dome 110.

"‘Le_ﬁ’f'and “right” are indicated from the perspective of the viewer U.
As shown in Figures 1 and 2, the workstation 100 can also include various
| peripheral components to enhance its utility as workstation. A keyboard 144, a pair of

15 speakers 142, a telephone 146 and a mouse 148 are provided. Some or all of these -
devices may be omitted. For example, the optical projection system-loo may be used
as a presentation-only systém or as a limited interaction workstation. For clarity, the
foregoing devices are not shown in Figures 3-7.

The dome 110 is preferably formed of molded LEXAN™, KYDEX™,

20 CELTECTM, SINTRA™, acrylic or other suitable rigid, lightweight material. The
dome 110 has an interior truncated spherical projection surface 112. The projection
surface 112 terminates at a front peripheral edge 114. As indicated in Figure 2, the
front edge 114 defines a vertical front plane F-F. The front plane F-F is preferably
substantially perpendicular to the horizontal center axis X-X of the dome 110 and the

25  projection surface 112, The dome 110 also has a surrounding fascia 115 atiached fo

7




di splay of projections to the viewer U. Al though the surfack§113Ln&{ibe
white, it is preferably tinted or coated with a |ayer of substantial l'y P
opaque pai-nt-- More preferably, the tint or paint is between about 5% and .
20% gray. The done 110 may 5 be fornmed of ‘or coated on its outer surface

wi th an opache front @igedll4. Thepasjecion subféd PPis Bt ®eREctiAGIGE 1eht for
pol ari zati on preserving materl aI The done 110 i's a truncat ed sphere,

Pori EE?P 'ﬁuy LA SpI6TBioR Y toviBhel 6] Winbuef fctuile b ?%?2%“@5*2?@' done
110 be 4010 1800,
and ma)l?e g; L@Qf}{%ﬁ &@‘gd Mrtlecﬁggﬁ\g@@fqﬁof taté‘ﬁe n?&q%gtm,l Morg ﬁg interior

projection sur of the dome 110 shoul d have a maxi num di aneter D
i.e. at thd¥ Yséé?jéﬂti’ﬂﬁnbﬁwm@oﬂh&% ad 280egray. Vbedomedd@mey y, t he
maxi mum dianeter D is between about 0.5 and 2 neters and, nost preferably,
t he maxi Aumbedbrmest efforDoated ah distouter Surfadecwish aﬂﬁﬁ)élfjﬂe nﬁhﬂéf?ailme s&re@i/pported
in an upright orientation by a T-shaped pedesta 154 forming a part of the

supporting fﬁ]ﬁﬂﬁlﬁhj(aﬁ&ﬁefdﬂﬂwrot?gmﬁiéﬂ'ﬁe%ﬁg 4@y be used in place
of or in addition to the pedestal 154. For many app I cations, the . donme 110

f bly det th th dest 154
et b e e e

Optionally ( Wn e, done 10rra r med _of rrult |l e attachable
and det achaba?%hgégr@#é QBDF%QSB |© e&@ﬂz’ﬁfﬁg‘r sqecFIgHEE B L.

fi berboard, T}pt%@; r_any other suitable material. The desktop 130 is
suppor t ed, meed"ﬂl'fyl Ochps hpgizonte! ardrerticabaweepsfof bhtween abputridDhg .
framewor k 150. For nany applications, the desktop 130 and the legs 152 8 2 /
8 J. U L 19004061180% ead mostpryfeaiily o alwug 160f With eeferchibe tolBisiiveD, thd @temotbe
formed of wood,

.pro_jectlon sutface 112 of the dome 110 should have a maximum diameter D (ie., at

the front edge 114) of no more thar 2 meters. More preferably, the maximum
diameter D is between about 0.5 and 2 meters and, most preferably, the maximum
diameter D is about 1.5 meters.

15 The dome 110 is- supported in an upright orientation by a T-shaped pedestal
154 forming a part of the supporting framework 150. Other supporting elements may
be used in place of or in addition to the pédestal 154. For many applications, the
dome 110 is preferably detachably fastened to or interlocked with the pedestal 154 to
allow breakdown for shipping and moving of the workstation 100. Optionally (not

20  shown), the dome 110 may be formed of multiple attachable and detachable segments.
The pedestal 154 may be formed of wood, fiberboard, plastic or any other suitable
material.

The desktop 130 is supported, for example, by legs 152 forming a part of the

supporting framework 150. For many applications, the desktop 130 and the legs 152 ,




plastic, netal or any other suitable material. As best seen 18 BUpuPs 1-3,
*the desktop 130 has a nmin section 132 which provides a work surface for
the viewer U and a support surface for the projector 120. 5 The work
surface is preferably horizontally oriented as shown. A front edge 131A of

the main segtJ | L SR0 | age he front .of . the me 110.°

Opt i onal | y-ﬁﬁ&e@?&%c@l& C?’r(t:j%‘=r}1c’[q:‘gd(13dcl'f= %&'ﬂpr}é@ mgyihe o e‘}‘?%ﬁ?o ace i.e
the fascia 1%'5& of .the do 110, . A cutout 133 in the desktop 130 forns

si de wings PHAUC Metal of guy obgynitablesngferial he main section 132. A viewer area
135 is defined adjacent the rear edge 131E on 10 the side of the desktop
130 opposite t heAgbag ssapin Figurdsdind, the tesktopel@r harraanait 3&ction 132 avtidter
defined by the side wings 134, which are optional. Preferably, the distance

G between provides eworpbafieceHofthavibwdi U aRDs sesiae: shath fob troRE®r {PRN 25
inches. More preferably the distance Gis between about 5 and 15 inches,

and nostsprghe MrBbo it j %Eﬁ_@g 1o YA I ) t rear
edge 131B is a?%%&east ﬁ%qrﬁ%ﬁagéfﬁl Fe er al 9,%@#&‘%@?%%%%% plr‘%g!gdes a
from the dr Sad sie132 80 Hhmatpl 23S sl s ot 110, oRforaBP (5t Coci ve
a viewer U af a.sjze apd di sions wthin a prescribed range in a seated
posi tion an%’@@éhth? E'QPP%@gﬁﬂgggrmﬂé@%m%ﬁ?@tfm@qféﬁﬁﬂ 115 oftheidomasm

bet ween 20 the viewer U and the done 110, and nore particularly, the
proj ecti on $1f-fAcutony 133 imthe desking thiforms side wingsiad dudlacear clige 11 B o€r i bed
vi ewer range may include, for exanple, the expected sizes and di nensions
{.;fﬂ,r t ypi cal thedndit sectiontli?. AxyiewtesesiIBE Rfded d&ja@%m&mfeﬂge 1318 62l
‘¢hi | dren in a prescribed age group, depending on the desire application

for theigwor fisiteiofthel@3ktof 1%0%8136!&&119@&:13 0 SRAhdw? the viehvel SE2P3Y 2

chair. As shown, the seat 140 has a supporting
- farther defined by the side wings 134, which are optional. Preferably, the distance G

=
=

between the front plane F-F and the rear edge 131B is no more than 25 inches. More
preferably the distance G is between about 5 and 15 inches, and most preferably about
10 inches. Preferably, the length L of the rear edge 131B is at least 40 inches.
15  Preferably, the desktop 130 provides a work surface aréa of at least 1000 square
_ i_]]ghes.
As will be appreciated from the drawings, the viewer area 135 is.configured
and sized to receive a viewer U of a size and dimensions within a prescribed range in
a seated position and such that a prescribed orientation and J;elaﬁVe position between
20  the viewer U and the dome 110, and more particularly, the projection surface 112, are
provided, as discussed below. The prescribed viewer rangemaymclude, forexample,
the expected sizes and dimensions for typical adults or the expected sizes and
dimensions for typical children in a prescribed age group, depending on the desired

~ application for the workstation 100.




pedestal and is not connected to the remai nder of the systen} 80QyL 2004 -
Alternatively, the seat 140 may be attached or integrally forned with the
done 110, the desktop 130 and/or the supporting framework 150..-5 In the
enbodi ment as shown,. the workstation 100 is arranged for use by a seated

vi ewer U. Alternafg f | ‘ ted for
The/ §da¥ 140 RiprefRpINY mtﬁg%geﬁéﬁé% HEEY s

: : ac
use by a standing viewer. |In such “case, ramne may be

vertically - ' he. deskt o 30 .and t he ne,.110, . and .t he

vi ewer ar ea%{%@ﬁ%&%éﬁ@%@ﬁ "F‘gEﬂ r?lg%ﬂa?f\ﬂf%é“t ) rﬁé%erﬁi?t}‘@ﬁ[’giq on and
relative pos%?tﬁjfﬁ 10 getv\g&g the standing viewer U and the done 110 and the
"projection s ‘Q%Eﬂ ¢ attgghed of aytegrally formed prith the dome 130, thedesktop, 130he '
wor kst ation 100 includes an optical projection system 121 including the
proj ect or 12@nd/qritbe pupportingsfiarhéwork2150. (i ncl uding a terninal | ens 122A) and
the conputer 124.. The projector 120 includes an inmage plate 101 and

sui t abl e Sel ect r onilincthe ERBodinemit ki Shovan, Ble WOksthiBGE1 00 18 Grraded fBF BeBye4 | NO
and/ or converting signals fromthe conputer 124. The inage plate 101 nay be

any suitabl VNS js yTig | '

defi ned by gseﬂé?nti ng%ﬂ?ﬁ%ﬁ%ﬁ?iﬂ%%@é@,&%&%ﬁﬂggﬁ%Se %g%dr%fers to
any such uni .eferabl y, t | mage plate 101 inc s an array of
defined i mg%se%&%wﬁ%ﬁeg%ﬂ%eﬁﬁ?en&?ﬁ&m @Be‘?’??&‘;i%iwnlbe crystal

di splay. 20 However, nqgn_segpented inage sources or other segnented inage
sour ces (f,or"e‘r%‘}?llﬁ‘pﬂx@?“d%m wRipedbe deskigpekd0 %@W@%b@:&%ﬁb@lﬂ%ﬁfﬁmi ch

case the resolutions thereof may be defined by other unit areas.

Pref er abl y, Bifumagberesoniigurbd topojyiteithe dashed bentatinm axd relativéipoditiater si de of .
the desktop main section 132. Alternatively (not shown), the projector 120/
may fixd@l y bed®ean tht sanding viewsi (i dndthelddmedi0the s kieofonl &R facf1 i ®r nat i vel y

(not shown), the 10 2 @JUL 2004 .

With reference to Figures 2, 3, and 5-8, the workstation 100 includes an
optical projection system 121 including the projector 120, the lens asseﬁbly 122
(including a terminal lens 122A) and the computer 124. The projector 120 includes -
an image plate 101 and suitable electronics 103 (see Figure 8) for receiving,

15 interpreting and/or converting signals from the computer 124.

The image plate 101 may be any suitable two-dimensional image source the
resolution of which is defined by a limiting unit area. The term “nixel” as used herein
refers to amy such unit area. Preferably, the image plate lbl ﬁnciudes an array of
defined image pixels, for example, as may be provided in a liquid crystal display.

20  However, non-segmented image sources or other segmented image sources (for
example, having scan lines) may be used as well, in which case the resolutions thereof
may be defined by other unit areas.

Preferably, and as shown, the projector 120 is secured to the underside of the

desktop main section 132. Alternatively (not shown), the projecior 120 may fixedly

25 orloosely mounted on top of the desktop 130. Alternatively (not shown), the

10




proj.ector maybe nounted on its own stand i ndependent of ti’@gdggk.p_g‘ﬁbe
«computer .124 is preferably |ocated beneath the desktop 130 and i s
connected to the projector 120 by a suitable connector (not shown). Wth
reference to Figures 2, 3 and 7, nost of the lens assenbly 122 is 5
--di sposed within a casing 120A with the termnal |ens 122A extendi ng

f or war dmost PRETLEFY HE HioNated o i sand mderengent of facfesi {Ehe computer
remai ni ng- conponents of the projector 120 are disposed in the casing 120A
and | ef t war d2dfis pisteratdyidocated drepeath fi@Rleskivh 30 amnd iacgemetet] tp thevirdeston
rel atively conpact projector, particularly along the Iength between the
viewer and tl26 bgamsmitablle corieetop(@yiebb®n). 120, the |ens assenbly 122 :
(including the lens 122A) and the conputer are preferably as described in
U S. Patent 5, 763 L bty al f] - , entitled

R e R R S R

"Til tabl e Hem spheri cal oj ect oh hods Havi ng

. Const ant s Angg ration raj.ected Pixel s” i ch.,Js .assigne to the
- assi gneesof %@geﬁﬁg{s@ﬁ% cgﬁlﬁgﬁég&vgw &Fﬁmﬂﬁiﬁ%éa?gé{ﬂw(f?r“i%‘ﬂn°g
~incorporated g herein by reference in_its entirety. Suitable projectors

i ncl ude the_aEé “ﬁcd%% Fastrged 20A. oMogh a1 aillpf e Temginimg easeponsris of B Long Beach,

CA, and the LP330 DragonFly available from|nFocus Systems Inc. of

~ W sonvi | | e prgeeiht2bgre dispbsadrivjthetasmg 129Atanhleffwarli of fhedamsrdssenibly 4220 on' may

al so enploy the dual polarization optical projection systens and net hods

descri bed i Thiopendengniapplidess rabativosy ¢ rojéBtol abichlARAldrny thel ucci et
al., fited March 19,1996, entitl ed%:ﬁmplgg%ari zatiq{)n Optli%’c%zlalﬁg Proj ection

Systens andl%ﬁ'@ﬁﬁféen%iwﬁ&éﬁnéﬁﬁé&&ﬂé to the assignee of the present
:application, the disclosure of which I's incorporated herein by reference in

(LS SnUIpely.  THSOREGAL Y 9hokhl 0 5H5 OB GRS O et ATEnL O,
COPEn 10 gl Rt S et AL S s 55 Bl 2l '

January 29, 1996, entitled " Tiltable Hemispherical Optical Projection Systems and

Methods Having Constant Angular Separation of Projected Pixels", which is assigned
to the assignee of the present application, the disclosure of which is incorporated

15 herein by reference in its entirety. Suitable projectors include the Epson PowerLite
710c available from Epson Corp. of Long Beach, CA, and the LP330 DragonFly
available from InFocus Systems Inc. of Wilsonville, OR. The optical projection
system of the present inV‘ention‘may--aLéo employ the dual polarization optical
projection systems and methods described in copending application Serial No.

20  08/618,442 to Colucci et al., filed March 19,1996, entitled "Dual Polarization Optical

- Prajection Systems and Methods", which is assigned to the assignee of the present

application, the disclosure of which is incorporated herein by reference in its entirety.
The optical projection system of the present invention may employ the systerms,
methods and computer program products described in copending application Serial

25 No. 08/806,788 to Idaszak et al., filed February 26, 1997, entitled “Systems, Methods

11




28 J UL 2004 r and Conput er Program Products for Converti r) ﬂg_g%gpta, to
Nonpl anar | mage Data”, which is assigned to the assignee (5‘f present )
~application, -the disclosure of which is i ncor porated herein by reference
inits entirety. Suitable nodifications to the optical projection systens

upon 1 oadi ng e ha e 1Yo onP’?‘fZ"?g# atﬁ’?‘%ﬁ””%{'?%%% Nelmplandr ljpde® '
{runcat ed s praer SRRl suEnafly GBvingt SF bl ﬂ‘ﬁ%ﬁfﬂ%e&e"%w frate 112

of the truncated sgherl cal dorre 110. The projection 10 has constant
angul ar sepaV ek BAncorpertpd é’&}"-’d’ébﬁfﬁfﬁ%@léﬁseﬂchﬁﬁlé@l%ymél@aﬁommﬁch i's

constant anong adj acent 10 pixels 10A 10N. The constant angul ar separation

truncat ed spipdicilembjeciio sysfemsplesgribet] hereis will berafiiiterit so those of exdivery elkiiphot o

system having an f 9 focal distribution. The inmage height is.proportional
to f-0, herin e drbu }Ibdi&eﬁtﬁﬁgihdc&ﬂﬁiﬁhoﬁfhe}éiﬁaﬁ@ﬂféc@t@dd&clo%ure&he proj ect ed

angle at the inage |location. The preferred construction and attri butes of

h | h

i Sclbsur o of 15 UIOREES gl 8 offfsl idfpn ?ﬁ%%fﬂclﬁtﬁ%s%% er abl y- and
hown, f f I 2A |

coi ﬁﬂﬂﬁ?ﬁ%ﬂﬁ%ﬂéﬂ?ﬂ‘% 5t 18 o Rl Pt et SR 1Y

Al ternativel %F& termnal |lens 122A nay be di sposed forwardly of the
pl ane F-F ar%mc Frhsricpldoma K. othapspisatontd hascengiont angulear sgnseatiomn sur f ace
112 of the donme 110. 20 The projection 10 preferably extends across a full

field of vi cmeg adizseit pi€ds as indiveted by anfletdeewhieh i ctdistahbanod 2fadent
positioned within the interior volunme of the projection surface 112, a

Fiel d ofiovi ok PIAAON @a&ﬁaam%g@ 'bﬁi%ﬁtruﬁeﬁtacﬁgﬂtb B ccior 120

and the | ens assenbly 122 are posi pbet ween and the
proj ection e tecn nal s | ocat 2 neath the
verti cal ?11@ Eti:%%y%émt]géésﬁ?&wr%seﬁl “ﬂ?@@nf%hfé’ %“ﬁ\%@‘ﬁ ukipn. o

The image height is proportional fo £, Where f'is the focal length of the lens and © is

the projected angle at the image Iocation. The preferred construction and attributes of
the optical projection system 121 will be further appreciated from the disclosure of

15 U.S. Patent No. 5,762,413 to Colucci et al.

Preferaﬁly and as shown, the front éurface of the terminal lens 122A is
substantially coincident with the front plane F-F of the projection surface 112.
Alternatively, the terminal lens 122A may be disposed forwardly of the plane F-F and
within the interior volume defined by the projection surface 112 of the dome 110.

20  The projection 10 preferably extends across a full field of view of about 180°.
However, if the terminal lens 122A is positioned within the interior volume of the
projection surface 112, a field of view greater than 180° should be used.

Notably, the projector 120 and the lens assembly 122 are positioned between
the viewer U and the projection surface 112. The terminal lens 122A is located

25  beneath the vertical midpoint VMP (see Figure 7) of the dome 110. The viewer U is

12




12 2.8 JUL 2004 preferably positioned such that his/her hgzalg K iszﬁgg?cat ed
+above the vertical mdpoint VMP of the donme 110 when th i‘é r S
seated in the viewer area 135. The desktop 130 and the viewer area 135 tend
to position the viewer U such that the viewer's head H stays between about
zero and 15 inches fromthe projection 5 surface front edge 114, and nore
preferably 258 Pblfd’oﬁweﬂ%iss.mﬁﬁh%btﬁﬂ&rthﬁ%% located shovedhe fyertisal pidppimtr ed

di mensi ons, configurations and relative arrangenents of the aforedescribed
conponent s, VMBwif the ddmee 1i0cwihen tHewiawerd) issahtd iz the tviewee atbari38si onal  vi sual
environment with mnimal distortion or inconsistency in the imge as a

function of the Uhededkisp 1B05id tBE vidwich bital138 1aHd¥PbsiBOE thelidwer KN Gudhor kst at
ion 100 10 provides a particularly imersive visual environment in that,

when the Vi -gpetheWibwer’ ' ' rdqi 0, fhe
projected i mage eex_t eeﬁdésﬁbgggt& % ﬁ%ﬁ%ﬁ/aﬁoﬁﬁ?%@é@c}ggg&%ﬁ;ﬁsgﬁﬁ%ﬁc}n 8 ge of
o1 ane or 1« nErbieR et ol eEipomtiyepta it o Sahor s pOREOUBBSITRE he
done 110. For,_exanple, the fascia 115 maybe 15 omtted or the projection 10 -
may ext end Fothiprrieimndipensions, gonfiguraticss end rehdive azehgemantsof thpt | onal | vy,
t he vvorksta';ifon 100 may be adapted to display stereographic imges. The
~vi ewer U magfonsigscritted icompenknds, psovdde thieividwald withatredlistioinec-diifersicage  t he
|l eft and right eye views in synchrony with projections of corresponding

left and 20visughhvircmges witihfGmaPdislorded dQRcdEREALY ilBe HEhRSR A1at eri al |
stereo inmages may be projected. A suitable nethod 1s described in

licati T, - Q. ICCI e =T )Y 9, 1996,
1 lea "DumreSpEHe vORRIRAOS ifip SREH e o, TR0 Tt

rof er enfe | g GireRu) therki08 isTBS Bt ol B B vRRLPT e

looking directly forward into the dome 110, the projected image extends substantially

- fully across the viewer’s range of peripheral vision in all directions.
Alternatively {(not shown), the front plane of the projection surface may be
defined by the front edge of the dome 110. For example, the fascia 115 may be
15 omitted or the projection 10 may extend to the inwardly facing surface of the fascia

115.

Optionally, the workstation 100 may be adapted to display stereographic

A

images. The viewer U may wear shuttered glasses which alternately open and close
the left and right eye views in synchrony with projections of corresponding left and
20  right images. Using polarization preserving screen material, stereo images may be
projected. A suitable method is described in application Serial No. 08/618,442 to
Colucci et al., filed March 19, 1996, entitied “Dual Polarization Optical Projection
Systems and Methods™.
With reference to Figures 9 and 10, the image which is projected onto the

25  dome 110 is preferably modified to provided enhanced image resolution. The

13




25 done 110 is preferably nodified to provided enhanced infge ieseti on.

The 13 2 8 JUL 2C( 4 follow ng discussion describes enbodi nents of nmapping

and projecting an imge and, thereafter a preferred, alternative

enbodi ments of mapping and projecting the image to achieve greater

resol ution Ysidgink @ schaidh &L 0L O L .ol gur e
: A et Cmtmitle Sl Aing W

9 shows a display of an 1 nmage 20A o SI ona 101.

The di spl ay Loege pl_at 01 cortr.espon to.the manner in which the
Mnge 20n wdiets = pidd Abehid cbRbdmRR i b Pine i draitcinele Hiade
conventional CRT or other two-dinensional screen. The image plate 101
maybe, for AX&HRTYS Srasienfesolyon neipg the samgeuipeptand arep efprajeciorsuriasean
Epson 0.9 inch Poly-silicon, TFT. It will be appreciated, however, that
the i mage pl at e ' Higured shovsradisplay ebhminage 20Anmmiie oneldimdfSionahipeagdi spl ay
device. According to the first enbodi nents, the i mage 20A includes a

ci rcul ar5 pr ipha¢ ¥01.i ThgéisRap onthecimdgs f’l@@ll?@ljcérkﬁsbb’nd@ﬂt& M mbhiRr ROWRRA tRE T he

i mage plate 101. The lens assenbly 122 is configured and arranged rel ative
to the i mag i e r ' 1 Ais
proj ect ed O%géﬁ‘?%@%@? lgg%deé]?%g}aﬁ%édr%ge‘ﬂi%aﬁ e@f’%lrgg%r%gljﬁ%g .g’t%% surface
112. The ce f the i e 2 I.s coincident wt the center of the
dome 110, 1RSSRt e SlmerdpmebSHre the iRt whle ] mihe, o xpiunli b artir

pi xel s of the i,rrﬁge_ plate 101, which is limted by the graphics software
and har dwar &85 PgyErysta dlisplayiach ap ap Epsamphd ing lﬂlp@mﬁiﬂ'-tﬁ@lﬂ&ns
.assenbly 122 by the anount necessary to nake the periphery of the prinmary

i mge 22A agppEcigted; hewentr.shitsheithagel plgte 10k viayrieiang suitdble twe dimensionailge 114,
of the projection surface 112. According to the preferred, alternative <« /
enbodi kbt s imbdeadigpiapdenicean of the projected primary image 22A is

I ncreased by both enlarging and truncating the inage

According to the first embodiments, the image 20A includes a circular primary

=1

image 22 A which is mapped fully within the bounds of the image plate 101. The lens
assembly 122 is configured and arranged relative to the image plate 101 such that the
entire circular primary image 22A is projected onto the truncated spherical dome

15 interior projection surface 112. The center C1 of the image 20A is coincident with
the center of the dome 110. The primary image 22A is mapped onto a prescribed
number of pixels of the image plate 101, which 1s limited by the graphics software
and hardwafe employed. The primary image 22A is magnified by the lens assembly
122 by the‘amqunt necessary to make the periphery of the primary image 22A as

20  projected substantially coextensive with the front edge 114 of the projection surface
112.

According to the preferred, alternative embodiments, the resolution of the

projected primary image 22A is increased by both enlarging and truncating the image
as shown in Figure 10. The preferred, alternative image 20 as displayed on the two-

25  dimensional image plate 101 includes a truncated primary image 22 which is enlarged

14




as shown in Figure 10. The preferred, alternative inmge 20 asgzgi ggtaykmq on
«the two 25 di nensional inmage plate 101 includes a truncated prinmary | mge
22 which is enlarged 14 2 8 JUL 61U4 as conpared to the prinmary imge 22A
The primary inmage 22 has the shape of a ‘truncated circle. A |lower =

truncated pqrtion 23.cqrrespondi ng f, ower part of _the prinmary inmage
22A is outsi gb]?]ﬁgeﬁﬁ%ﬁjé’%ﬁaﬂ{émﬁgﬁgg&p & ROty mage ¢4 &PHaPe 81 Aot

mapped onto the pixels thereof by the graphics software. and hardware 5
Wen the pritfEested piigle. Adlowsr Bregatad raation 23 erarespending foariowemparnefiiRd (Fi gur e
8) as the projection 10 onto the three-di nensional projection surface 112,
the pri mary primeayenggt 2psanssidstherange of thefgge plaid101Hidshérefoacie @ap! | shed
by configuring.and nanipulating the |lens assenbly 122 as follows. In a

convent i onalmgppeﬂaﬁmim@pﬁﬁgtmofgme%%)mggoﬁm a8 nifdgaRy Oj ecting lens is

mai nt ai ned coincident wth the center of 10 the inmage plate 101 (which
- is also the cent : [ . . t . accordi ne present
i nventi oﬁ, t he | mma@égﬁﬁa?%%z ﬁggoé%?gfeﬁﬁggmjﬁc%rogls ﬁ%éﬁiéﬁkgﬂégu mage

plate 101 orntheg image.plate 101 is ved vertigally relative to the |ens
assenbly 125*).%ﬁ@ﬁ%ﬁ&%@%?%&%ﬁ%@aﬁmmwﬁ@ﬁﬂ% tho Prigghici des

with the center_C2 of the primary inage 22. As aresult, the center C2 of
the primary TPAGke? appears asgshown jnFiguge bht Bhis frcaqseuplishel] by configuing and2 i s

coincident with the center C3 (see Figure 11) of the donme 110. The prinmary
i mge 22 i s manipuldtingdhbiens hesetnbiys 128 seitibys. 12 dnvedthnahmottion@erRasary to

make the periphery of the primary image 22 as projected substantially

_eoext ensi ve thd éptichlhedd 6OHE pRAGRInEInsGk nafiRailPERAGARR Wil hOGEitet k2 of

‘Prieferably, the lens 20 assenbly 122 is constructed and configured such

L1 2 Por ! dRfimag Y1k SOCGARIY is AR BHAL e Bldee 28], SPEAIROSAARYT o) d°

of the prinary inmage 22 | I ppe he | ens &sse Ehot
proj ected). ¢Jhe p?éc%ﬁteiﬁ%n%n,l&lellgn%l alrjsge%l%l}? 15? 187 n&bver&%%itically relative to the

-image plate 101 or the image plate 101 is moved vertically refative to the lens

assembly 122 such that the optical axis of the lens assembly 122 coincides with the
‘center C2 of the primary image 22. As a result, the center C2 of the primary image
15 22 as projected onto the projection surface 112 is coincident with the center C3 (see
- Figure 11) of the dome 110.

The primary image 22 is magnified by the Iens assembly 122 by the amount
necessary to make the periphery of the primary image 22 as projected substantially
coextensive with the front edge 114 of the projection surface 112. Preferably, the lens

20 assembly 122 is constructed and confignred such that a portion, and preferably
| substantially ali, of the image 20 outside of the ptimary image 22 is clipped by the
lens assembly 122 (i.e., is not projected). The projection 10 includes a lower, non-
imaged, truncated region 12 (defined between the lower edge T of the image 22 and
the lower periphery of the projection surface 112) which corresponds to the truncated

25  portion 23 of the primary image 22. The region 12 is preferably black. The lower
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| maged, truncated region 12 (defined between the | ower edgem of 'the I nage
22 and the | ower periphery of the projection surface 112) i gHL 200&
corresponds to the truncated 25 portion 23 of the primary inmge 22. The

region 12 is preferably black. The lower 15 2 8 JUL 2004 edge T corresponds

Lo e oWereddCechlosichils lBAToRG: Aho BRRHB0 90 SRLOXE M Al JnTRES

pl ate 101. Accordingly, the prinmary~ nage IS pr

proj ection sur 2 truncated sphericgal. prqjection which is
axially asym%ﬁ%?%fe(%é%%? 2 e-@maéf%egﬁd‘ﬁ%f%éﬁ fo fAQPIRISEHgn ¢ he
reference ax%iu%%. fﬁé enl arﬁ%i ng, the size of the prinmary inmge 22 as
conpared to ceF 1354 iruncated @pbericabprojasiion wihigh is lexially peymmeisicthe

magni fication of the image 22 is required to project it over the desired
proj ect i on drsizoniabeenter gxigiof thegiomat £10 betnpthstreforencs agie)i eved the ratio of
pi xel s (or other unit area of the inmage plate 101) per unit area of

projectién is hi gheelarpidy e Eﬁ@bﬂﬂie)bﬁiﬁﬁ?i:ﬁﬁém%s&o@%?@%htw?&hﬁépzanq the
0 e 1mg

desktop. 130 is positione such that the | ower edge 21in
the project ijgfyod 92 A Snh@e ' = g 4 Frhgur.e 7 | Qw -t upper
surface of -thegdeskt gp 1%&%#’%6%%2%&61 %ﬁg‘éﬁﬁﬁ’fd&ﬂ?%@?%sf%qﬁ%. S
manner, any It .the viewer U that the i mage has, been  truncated
i s subst ant iﬂg&%{?}q?%%éﬁ@geﬁ%}rﬁﬂopﬁcﬁgp@&arﬁ A EEsalrrapRalution igashisved o,
many conputer programinterface displays are designed for use on

convent i onal€3 tka?*aq & o othes s sera of thelineage pjate 0t pexsmitaea ofi spl ay
101. For exanple, the Mcrosoft Wndows 9STm operating systemmay |ocate

secondary i roigeeiongs bighlr)as vari ous icons, menus, other desktop controls
and wi ndow control buttons in the displayed i mage regi on 24 outside of the’

"Tmge 32, Lhese. secontary t mane oh n i e S Yot o
viewed in tRacklggPihd Idver'ddge T of the image 22 in the projection 10 is located a distance K
(see Figure 7) below the upper surface of the desktop 130 of between about 12 and 20
inches. In this manner, any recognition by the viewer U that the image has been |
truncated is substantially reduced or eliminated.

15 With reference to Figure 10, many computer program interface displays are
designed for use on conventional, two-dimensional, rectangular displays such as the
display 101. For example, the Microsofi™ Windows 98™ operating system may

locate secondary images 26 such as various icons, menus, other desktop controls and
window control buttons in the displayed image region 24 outside of the primary

20 image22. Because, the projection 10 includes only the primary image 22, these
secondary images 26 and the image region 24 cannot be viewed in the dome 110. ITn
order to allow the viewer to view these outlying portions uf the image 20, the
‘workstation 100 may be provided with a second, two-dimensional display monitor

adapted to display the full image 20.
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order to allow the viewer to view these outlying portionss., f the image
«20, the workstation 100 may be provided with a second, t | dithes@i4onal

di splay nonitor adapted to display the full imge 20. 16 2 8 JUL 2004
Alternatively, and preferably, the workstation 100 sol ves the foregoing
probl em by providing neans for adjusting the projection 10 to selectively
project some or Adfemavelynand prgfreabipghe wodkstaiiond 00 selves i doregaingsur f ace 112
so that a secondary display is not needed. Mdre particularly, the lens
assenbl y 12protdgm by preddingsheads for adfustiiegtheiprojectéon 19rio seldetivedsproject

magni fication of the inmage plate 101), thereby reducing the area of the

proj ection suinéaf &l bl thedR@bs Alplih Idorth BrdrbjBidh ﬁ%g@u&so ‘ﬁﬁ‘ ﬁ%ﬁ%ﬁbn

sonme or all of the image region 24 may be projected onto t

surface 1124; felgf"id | QE A Ly, 122 Proi.e a_qreater .n er of
t he pixels g*sljgﬁgéglr’ray %#GM& el's ?)%Egrt\%ell%%%e%%ﬁ?mo etrﬁ%cﬁﬂﬁtgﬁyg’gt I on
surface. .112. The.vi ewer. t hergafter 0.zoomout to. return to the
projectidn TOPTHTE Q&w?rf’ﬂgg%f“ H’ég?‘%ﬁ’ﬁ%‘{fe"ffée fpegeglate 401, drepbyirednodng thce

112. The'lens assenbly 122 may be zoonmed in and out by hand or by using a
| ever (not 8¥8wAThegproiection surficy 182 dedicated tasthe pomany inrage 33t Astaowsili, f or
exanple. In order to reduce the degree of zoomin required to display a

gi ven anounsome or 415 of the imapeegicngidonayBe projédial ditoftRhdjesticnyitace1 s 2, the
| ens assenbly 122 is preferably further adjusted as follows. To convert

fromthe pr®esatedOhe 1ehs(@Ricaibe 133 hrojéetd £ &eﬁe?hﬁﬁﬁér%ﬂcq&xélgbﬂill%%%ﬁ)of t he

| ens assenbly 122 is zooned in as just drscussed. Additional e |lens

assenbly 122 I ks _ [ . 0] ‘the
Coage pl at obrem SHEMUBTHIE Briotnd Bl shitied iy, TR RGPy ldeir i, e
20 t he ti 1S . of the.lens ass ly 122 is,coincide ith the center
ad of t (2 i%géd%%étﬁﬁﬂgqnt&?pﬁﬁ%’é’ywﬁfrﬁﬂ Wﬂﬁ?@%@%ﬁ&% t he i nmage
20 is thereb¥_ rojected onto . i

| projection surface 112, The lens assembly 122 may be zoomed in and out by hand or

by using a lever (not shown) or a suitably connected servo-motor (not shown), for
example,
In order to reduce the degree of zoom in required to display a given amount of
15  the image region 24 on ﬁe projection surface 112, the lens assembly 122 is preferably
further adjusted as follows. To convert from the proj ection 10 (Figure 11) to the
Y projection 10A (Figure 12), the Iené assembly 122 is zoomed in as just discussed.
Additionally, the lens assembly 122 is moved vertically relative to the image plate
101 or the image plate is moved vertically relative to the lens assembly 122 such that
20  the optical axis of the lens assembly 122 is coincident with the center C1 of the image
plate (and, hence, the image 20). The center of the image 20 is thereby projected onto
the center C3 of the dome 110. As a result, the diagonal maximum length of the
image 24 extends across the full diameter of the projection surface 112,
The projection 10A includes the primary hﬁage 22, a portion or all of the

25  image region 24 (including the secondary images 26) and an enlarged truncated
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the center C3 of the donme 110. As a result, the diagonal qg?iqyn1g ngt h of
the inmage 24 extends across the full dianeter of the projectt A face
112. The projection 10A includes the primary i nage 22, a portion or -all of
the 25 image region 24 (including the secondary inages 26) and an enl arged

truncated 1%egiof 134l BRMew& éé%l-%P E@, ' ' I.pul ate
t he secondarygii mages 26 and tgj?l n re Srn %ﬂ%'tﬁ\eﬁ{)sref%%?ggfﬁ%ﬂmﬁo for
better vie L Y e.a ci,ated that.. if_desjred, the_lens,
assenbl y 122 my{%ﬂée?%lglwmkdcﬁrpﬁcgﬁ&gﬁ?f ettt%?gw W‘J@?’éﬁg%@l’rﬁa"e@%ﬁhe
entire imge, 20.. I.t will also _be appreciated that the optical axis of the
lens 5 asserftsP§ediir Igns ssseralixii2d mast be zaomeg inen amount less tharensosssgey tl at e 101
| ess than the anount necessary to register the inage center Cl with the

dome cent er &3V theyaniirg isfage @Ac dt will #sgbe eprirBciatad toit Ket @sticalrux 6 the ek di ng t o
a further enbodinment of the present invention is shown therein. The

wor kst at on a2@nbly ataydepelocaed ertibAlyRIARE RS HRIMAOO RIS tles%%ﬁérp%. ows. The
wor kstation 200 differs 10 fromthe }vvﬁkstation 1 Opi n ?ﬁat t he Ieesktop 230

i s attached ahfyuhbfecdeiRy ; Hggq?]@ ing fra rk 250. More
particularly, the feet Ziéérg%lg%{ e egggén}gz\@%?vgﬁggéh?%gc?%eﬁrﬁi\fofront done
The oot 553 haval i eehi o denalEn wokSiston208secortias th ke bet veon

t he desktop 2360 and tgﬁﬁpr ojection surface 212 is fixed at a 15 prescribed
di stance. TRE0aMTpent oE ths presentinyention is ghowr theteis hBbmyvokstition30%r oj ect i on

surface 212 and the di stance between the projector 220 and the projection
surface 212 cogpspopdeiodhy woikstation 106 exoerit as Atliows. AW waakstativn 200cifferd,
suppl enented and used in any of the ways set forth above with regard to < J
t he wor k8t atffoantheGeorkititidn 108 iartkacke dakidpdRs0gs dftachdd WPk Ioaki220 5300

according to a further 20 enbodi nent of the present invention i$ shown
t her ei n.  Theneads k5thd bhyidr@Nfamework 250. More particularly, the feet 253 on the legs
252 are secured to the front dome pedestal plate 254A by tabs 253A and bolts 255 to
form connections 256. The feet 253 have a prescribed length. In this way, the
distance between the desktop 230 and the projection surface 212 is fixed at a
157 prescribed distance. The distance between the viewer (not shown) and the projection
surface 212 and the distance between the pr.oj ector 220 and the projection surface 212
are thereby fixed. The workstation 200 may be modified, supplemented and used in
ény of the ways set forth above with regard to the workstation 100.
With reference to Figure 14, a workstation 300 according to a further
20  embodiment of the present invention is shown therein. The workstaijon 300
corresponds to the workstation 100 except as follows. The workstation 300 differs
from the workstation 100 in that the desktop 330 is directly attached to and supports
the dome 310. Slots 317 are formed in the fascia 315 of the dome 310. Portions 337

of the desktop 330 are inserted into the slots 317 such that the front edge 331A of the

25 desktop 330 is disposed in the slots to form connections 356. The portions 337 may
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corresponds to the workstation 100 except as follows. The V\Qrkst,ation 300
«differs fromthe workstation 100 in that the desktop 330 is (ﬁr-@cﬁtli?i}{?%

attached to and supparts the done 310. Slots 317 are fornmed in the fascia
315 of the done 310. Portions 337 of the desktop 330 are inserted into the

slots 317 sych-that.the fropt edge 331A of the 25 desktop 330 is disposed
in the sl ot g“ﬁﬁ‘%‘“&&ﬁ?ﬁ’&ﬁi?é%ﬁ%‘?béa vepressfting onethgmsniteble mame Theg UL 2004
be retained in the slots 317 by adhesive, press fitting or other suitable

nmeans. The &ure31910syuspended feoma e deskiopt330 atiths compecAat: 386. tThe digamect i ons
356. The di stance between the desktop 330 and the projection surface 312

is fixed Thetwteatthndmkiopessoaad didwrojectve burfie 313 RoRd, A difisdar oj ection

surface 312 and the distance 5 between the projector 320 and the projection

surface 312 hatwednBS GBYef fnkE! : 5 | nmodi fi ed,
_ Cnﬁ?ﬁo%ﬁll)‘%ghvlﬂ\g ygf&t%%ﬁ?%%%tcﬁ%i%&g&%d%g

suppl ement ed and used i n any of above W egard to

 prosentat oneoyar i ilole 380 BhF B ey el tily ST s i Brel Sonst

therein. The, system 400, _is adapted for displayin 10 images to a standi ng
vi ewer and g@@%"ﬁﬁﬁ“‘fﬂ“&ﬂ"@é‘*}gbwm supplementasd aﬁa%&rﬂﬂm af bl wasseh done
410, a projector 420, a termnal |ens 422A (Figures 17 and 18 and a
conput er or ferthahovewithaegardde the workstatios 1060t  shown) corresponding to the
done 110, the projector 120, the |l ens 122A and the conputer 124,
respectively. An Wikteferdnet todtigmites!154) af upRedl bfeséiBiciBtethl400 fesiagiab! v,

the center of the done is 15 positioned at a hei ght of between about 48 and
A2 i nches f i@afirtiRr g 1 ! A6 L QR ; ' 420 and
'*t-kl}el ens 122A rel at fveg%eﬁgsﬁg@n‘gﬁ%%eﬁﬁh%gﬁtésﬂé%gﬁ %ﬁ@%ﬁﬁnﬁ%@w&r ation
as int ' : 460 .i.ncl udes ral it support
arns’ 462§af ? i x%eg%% %%ﬁéﬁgé"%%fgggﬁ%‘imﬁ%‘{“ﬁ%? ﬂﬁog%ﬂl}'ﬁaﬁ?ﬁg&ﬁﬁﬂ%#‘l&; PP

resent ation t em 400,. be nodi fied, supplenented and used in any of
'Ph e ways Inctides & Gome 4163El :Ypm]ector 420, aterm?naﬁ) ens 422A (Figures 17 and 18)a:|1dg :

computer or other image generating means (not shown) corresponding to the dome
110, the projector 120, the lens 122A and the compuier 124, respectively. An
extended pedestal 450 supports the dome 410. Preferably, the center of the dome is
15  positioned at a height of between about 48 and 72 inches from the ground. A suppbrt
460 positions the proj ector 420 and the lens 122A relative to the dome 410 in the
} : same marmer and configuration as in the workstation 100. The support 460 includes a
plurality of support arms 462 affixed to the domé 410 and a platform 464. The optical
presentation system 400 may be modified, supplemented and used in any of the ways
20 set forth above with regard fo the workstation 100.
With reference to Figure 19, an optical presentation system 500 according io a
further embodiment is shown therein. The system 500 corresponds to the system 400
except as follows. The system 500 is adapted for displaying images to a group of
seated viewers and provides a tabletop or work surface 530. The tabletop 530is

25 . aftached to the dome 510. Slots 517 are formed in the fascia 515 of the dome 510.
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20 set forth above with regard to the workstation 100. Wth reference t.0
Figure 19, an optical presentation system 500 according to QBme‘t e
enbodi nent i-s shown therein. The system 500 corresponds to the system 400
except as follows. The system 500 is adapted for displaying imges to a

Vol 0t op 530 205t 1 annagieid €30 St Ik PRI PRl Tl b T S 0°
530 are | nsortoh AR Aisbeler B Mg o e Rk SRpestions Sog. Thepoties o

t abl et op 53% ';75 di]geposed i.n the slots to formconnections 556. The portions
537 may be rat Zavelr Tefripsddndhe sigtssSl7 hyadhemivss puess figingsy other syitagleaneansher
sui table means. The done 510 is supported by a pedestal 550 that is
reduced in Hdieglomes&t s muypposidd iy a fedestel 58dhattistedd&d. in Abight medompated tonot
shown), the system 500 nmay be free and unattached to the tabletop 530.. The
syst em 560 rth@’pd‘ihsﬂﬁib%ﬁ.iEﬂmﬁmeﬁ&@h@@nﬁﬂﬁsgﬁéﬁQWHﬂMsE@eéﬂe ways set

forth above with regard to the workstation 100. Wth réference to Myure

20, an opti Gk hed BRI 13DE (6 380 Ha) be'riodtried, MidiGhefilPOM] ™"

of the present 1nvention Is Shown erern. e’system

separate pe | .65 lch 1S.S rate .fromthe _pedestal 6 whi ch
supports thcellg oﬁi‘emg’ﬁ@%“’m?%&fﬁfﬁ&'évﬂ&f&aﬂbm (Y‘“Eﬁsfétl rt platform
630 at the top g&_éhe pedestal 652. Wth reference to Fi %ure 21, an
optical projecti oniteyeErnrcetaoligare 20, snpptisalpresentation syssm 609 aarding toshown
therein. The system 700 corresponds to the workstation 15 100 except as
foll ows.. Th jcathodimeant of thegeastat inventidrhis shissk thepein,. 3Vhasdtens60er t i cal |y, }
di sposed i.e. rotated 90 about a transverse, horizontal axis as conpared to

the projl@ct dnclide)a sspartetpedestales2l whish assepirale\froh? the ped¥ftaitgsaaitlish or i ent ed
An el bow shaped mrror elenment 727 is interposed between the horizontally

oriented teiksipitis the dome 610. A projector 620 is supported on a support platform 630 at the

fop of the pedestal 652.
With reference to Figure 21, an optical projection system 700 according td a
further embodiment is shown therein. The system 700 corresponds to the workstation
15 100 except as follows. 'i‘he projector 720 depends from the desktop 730 and is
vertically disposed (i.e., rotated 90° about a transverse, horizontal axis as compared to
the projector 120) such that the lens assembly 722 is vertically oriented. An elbow-
shaped mirror element 727 is interposed between the horizontally oriented terminal
~ lens 722A and the remainder of the lens assembly 722. The arrangement of the
20  system 700 may allow for greater legroom beneath the desktop 730.

The foregoing is illustrative of the present invention and is not to be construed
as limiting thereof. Although a few exemplary embodiments of this invention have
been described, those skilled in the art will readily appreciate that many modifications
are possible in the exemplary embodiments without materially departing from the

25  novel teachings and advantages of this invention. Accordingly, all such modifications

20




| ens, 722A and the remainder of the |ens assenbly 722. The anr ggge t of
the 20 system 700 may allow for greater | egroom beneath the"d t “730.
The foregoing is illustrative of the present invention and is not to be
construed as limting thereof Although a few exenplary enbodi nents of this

i nvention h ' £ ha kill.ed in the art_ wil.l readi|l
appreci at e tﬁat té%&%toﬂ%ﬁlﬁﬁhgg ioiiics tﬁgﬁéopﬁcg’g&ﬂ%mé’ew’?ntaﬁéb@“éfrfﬂlt%‘? ammgl
enbodi ment s wi,t hout materiglly de are}ti ng fromthe 25 novel teachings and
advant ages 8‘?%8 Wrﬁ@?ﬂsﬂgﬁs_%%@& aRess yre igtended forpowerdhe steietyrens 20 2 8
JUL 200c are intended to be included within the scope of this invention as
defined i n Ga¥ribpd hersin asperforpingthe mejtedBumBomindsdt uniytstraciural aqueslentse
intended to cover the structures described herein as perform ng the

recited funbuiaso equivalert sonttyres! Mueiefira) it By by ah®Rétsod Mt tha ksegsiapiyal ent
structures. Therefore, it is to be understood that the foregoing rs 5

1St 1 8 | V@l RSt SRRk AR 8hd B L5 Whsik a8 15ARSL0 bRl M t o

to the specific enbodinments disclos icatl e

di scl osed e ks . | s_ot.her. enbodi neni s, . are j.ntended be

i ncl uded wi t ?ﬁ@%@%‘%@sﬁéﬂ%@&ﬁ%‘i‘ﬁ%ﬁ% tg‘F ﬁg“."f"‘r“?ﬁee@?ﬂiféfﬁt?ﬁ“&rﬁsi"%e efi ned
by the foll gw clains, with equjvalents of the clainms to be included
Cherein.  10%508r GRBqgimps,are imisndar dp bp srctided s the saope afhesimpraded

wor kstation -for use by a viewer, said workstation conprising: a) a done
having an ofte#n.r bt inEentionris definad hcthe &ollosying claiad, withreguivelents of¢hs f ace; and

- -*--} ' -claims to be included therein.

10 -
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“b) a work surface disposed in front of and adjacent said Adng ULr 28 end,
said work surface defining a viewer area on a side of said work surface

. opposite said done, said viewer area sized and configured to receive the
vi ewer and positioned relative to said spherical inner done surface  such
that the viewer, when |located in said v2ewer area, may view said spherica
i nner donme surface. | The workstation of Claim1l1 wherein said work surface
i s horizont Whatandldimadad:. 3. The workstation of Claiml further includi-ng
a projector disposed between said viewer area and said dome, said projector
operative to project a truncated spherical projection onto said inner donme
surface. 4. The rkskal:l Al rei.n._sai d,spherical inner donme
surface has a rry)zi w%‘]qg%%ﬁgtg;ekrs%@ h%r%%? g 2R v %’éﬂg TN EOMPHANE: _
wor kst ation of Chai m 8dwheheiing aabgerdbomt dndand ahentaeniHericARMuRs dofsi s and
said work surface is horizontally disposed. 6. The workstation of Claim3
wherei n sai d work sur?%@ée%ﬂﬁ‘é said viewer area are configured for use by a
seated viewer. 7y The i j includi te di sed in
sai d vi ewer areaP)8. %ﬁ@H§%%%%%ggp%%dg%ﬁéﬁ%ﬁﬁ?@%ﬁ#%?@%ﬁﬁégﬁ%{%g#%Rgurface
and sai d viewer ar easat wodonirfagedefithifign vieser byeaanst adwbhgidwweneirfade 8 J UL
2004 - 23 9. The workstation,qQf C aim.3 wherei.n said rkstation is
configured to maint a?I?Poéﬂ?)?aé%a?l?lB’esﬁldgﬁ]’IE‘f"%Fr?é%a ﬁé@%@@ﬁogﬁgﬁeﬂﬁmﬁﬁeﬂﬁm

surface and work surf@eeiewkd and PEsiHISLALIOR Afd Tk Fub8s Sk Bugaled wor k
surface is attached to )
such that the viewer, when located in said viewer area, may view said

spherical inner dome surface.

2. The workstation of Claim 1 wherein said work surface is horizontal
and planar.
3. The workstation of Claim 1 further including a projector disposed

between said viewer area and said dome, said projector operative to project a

truncated spherical projection onto said inner dome surface.

4. The workstation of Claim 3 wherein said spherical inner dome surface

has 2 maximum diameter of no more than two meters.

5. The workstation of Claim 3 wherein said dome has a horizontal center

axis and said work surface is horizontally disposed.

6. The workstation of Claim 3 wherein said work surface and said viewer

area are configured for use by a seated viewer.

7. The workstation of Claim 6 including a seat disposed in said viewer

arca.

8. The workstation Qf Claim 3 wherein said work surface and said viewer

area are configured for use by a standing viewer.




" said done. 11. The workstation of C aim 10 wherein said workdsdyf aggsi s
directly attached to said done. 12. The workstation of Claim 11l wherein

. said donme is suspended from said work surface. 13. The workstation of
Claim 10 includi-ag a supporting framework supporting each of said work
surface and said done, wherein said supgdrting franmework connects said
wor k surface and said done to one another. 14. The workstation of Caim3
including at | east one of a keyboard, a telephone, a speaker and a
conput er i nput device, 15. The workstation of C aim3 wherein said
spherical inner §ome Lhe peestationof Syaim pwhensin spift wetkstation isgonfgeieata
wherein: sgj : L Cidth o { ot I r.Q] | des a
term nal | eﬁiggltéggi r%gﬁﬁl@dn%llﬁﬁf‘&ens I ganldsggda%%r %Oe O%Iglglg C?/é/?{kl gggr% Lérjn dpoi nt;
and the viewer's head is disposed above said vertical mdpoint when the
viewer is seated.in sajd viewer ar%i.. 13; " The_ workstation of Claim3
wherei n: said sph@ri cal® YRrksratgs e Catpr hwhergar saibwo Furigrt spftaried to s aj d
projector igghyslgs. a termnal lens; and 28 JUL 2004 -24 said termnal |ens
is disposed within said front plane or within said done. 18. The

wor kstation of Claim3 wherein said truncated spherical projection

11. The workstation of Claim 10 wherein said work surface is directly

attached to said dome.

12, The workstation of Claim 11 wherein said dome is suspended from

- said work surface.

13.  The workstation of Claim 10 including a supporting framework
supporting each of said work surface and said dome, wherein said supporting

framework connects said work surface and said dome to one another.

14.  The workstation of Claim 3 including at least one of a keyboard, a

telephone, a speaker and a computer input device.

15.  The workstation of Claim 3 wherein said spherical inner dome surface

1is gray.

16.  The workstation of Claim 3 wherein:
said dome has a vertical midpoint;
said projector includes a terminal lens;
said terminal lens is located below said vertical midpoint; and
the viewer’s head is disposed above said vertical midpoint when the

viewer is seated in said viewer area.

17. < The workstation of Claim 3 wherein:
said spherical inner dome surface defines a front plane;

said projector includes a terminal lens; and




" extends across at |east 180 degrees. 19. The workstation of TBaib.3200her ei n

sai d spherical inner done surface has vertical and horizontal sweeps of

. between about 140 and 180 degrees. 20. The workstation of Caim 3 wherein
said truncated spherical projection includes an axially asymretric,

.....

truncated spherical inmage. 21. The work&t#ation of Caim 20 including an
i mage source having a center and wherein: said projector includes a |lens

assenbly having an opdié &drmivdl Sensad@ispsall diQRt ilropisnel ot vaRAE 9 apart
fromsaid center of said innmage source. 22. The workstation of Claim?21

wherein said inaé@n§ource conprises an array of inmage pixels and. said
projector is operative to project said array of inage pixels onto said

i nner donme surface as a truncated spherical projection having constant
angul ar separati o8 anBhgvedjsatntofiiEge3 phyeissai?Bunchitd spaériat plojtonf
Claimincluding; an i mal%e sg rce conprising an array of i1nmage piXxels,
wher ei n sai HXteIﬂijrSd'FgE?Btr pg | gé‘?%rte?%/e to project said array of image pixels
onto said inner done surface as a truncated spherical projection; and the
nunber of pixels of said array of inamge. pixels which are projected by
sai d projector ob¥.o sdhedwornsttiodenClsur 3 adereirssaddtifphstied limer 2dme FTiadace

kstation, of Clajm 3 wherein said projector incl ticall
ori ent ed | ohe eeBhBRonSRE! PoBfar Bolser ahisd 0 and Bbeareits and & mi rror

el enent -~ between the | ens assenbly and the termnal lens. 28 JUL 2004 -25
~25. A visual presentation systemfor use by a viewer, said system
conpri si ng: 20.  The workstation of Claim 3 wherein said truncated spherical projection

includes an axially asymmetric, truncated spherical image.

21.  The workstation of Claim 20 including an image source having a
center and wherein:
said projector includes a lens assembly having an optical axis; and

said optical axis is spaced apart from said center of said image source.

22.  The workstation of Claim 21 wherein said image source comprises an
array of image pixels and said projector is operative to project said array of image
pixels onto said inner dome surface as a truncated spherical projection having

constant angular separation among adjacent image pixels.

23. The workstation of Claim including:

an image source comprising an array of image pixels, wherein said
projector is operative to project said array of image pixels onto said inner
dome surface as a truncated spherical projection; and

the number of pixels of said array of image pixels which are projected

by said projector onto said inner dome surface is adjustable.

24.  The workstation of Claim 3 wherein said projector includes a vertically
oriented lens assembly, a horizontally oriented terminal lens and a mirror element

between the lens assembly and the terminal lens.




a) a done having an open front end and a truncated sphericalzﬂ%ngﬂ—éQWb
surface; a planar support surface disposed in front of said done front
-end, said planar support surface adapted to support a projector; and
wherein said systemis configured to maintain a prescribed distance :

bet ween said i nner done surface and saidspl anar support surface. 26. The
.systemof Caim25 further conprising: a projector supported by said planar

support_surface, 25ai d ApTigid phaEnt@RRh Sleh Rr Lo Y OLEGkr Jalilyaical ed spheri cal
projection onto said inner done surface. 27. e systemo aim 26

i ncl udi ng acguppers: arm ext endi ng between said done and said support
surface, wherei n_sai da%%gl%%g. arm nmai ﬁt aj ns sal d pre(gcrl bed .di st ance

bet ween sai d i nn&r doffe SUrface “aifds PH“'s“ﬁlﬁﬁ' Airgted spherisy inngrdomest em of

Cl ai m 26 wherein sai dsgfsleemis configured for use by a standing viewer.
29. The systemof Caim 26 including a pedestal supporting said done.. 30.
The system of C Bl m 28 Piar @ippog shdacg shspoledindrans of saoh tiathe front @rd, seéils. 31.

A visual presentation a,viewer, sai.d system conprising:

a donme having an openp%¥%%§géﬁgEgﬁﬁgggﬁﬁﬁ%%ﬁ%gao%Bﬁgp?%§¥a? ner dome

surface; and b) @ projvbetedrs saipeysain eohDgReitefhintih b pRE3LRY SRl cal

projection onto said inner dgr,re surface; c) wherein said spherical inner
i

dome surface is gray. efwgen it gme surface’and said planar support surface.

26.  The system of Claim 25 further comprising:
a projector supported by said planar support surface, said projector

operative to project a truncated spherical projection onto said inner

dome surface.
27.  The system of Claim 26 including a support arm extending between
said dome and said support surface, wherein said support arm maintains said

prescribed distance between said inner dome surface and said support surface.

28. The system of Claim 26 wherein said system is configured for use by a

standing viewer.

29.  The system of Claim 26 including a pedestal supporting said dome..

30. The system of Claim 26 wherein said dome has a horizontal center
axis.
31. A visual presentation system for use by a viewer, said system
- comprising:
- a) a dome having an open front end and a truncated spherical inner dome
surface; and
b) a projector operative to project a truncated spherical projection onto

said inner dome surface;

c) wherein said spherical inner dome surface is gray.



" -2b 32. The systemof O aim 31 wherein said truncated spheH(xgaiﬁ%brah%ne
surface has a maxi mrum di aneter of no nore than two neters. 33. A visual
_presentation systemfor use by a viewer, said system conprising: a) a done
havi ng an open front -end and a truncated spherical inner. dome. surface; and
a projector operative to project a trunggted spherical projection onto

said inner done surface; c) wherein: said systemdefines a prescribed
view ng area; said done has a vertical mdpoint; said projector includes a
termnal lens; said termnal lens is |ocated bel ow said vertical m dpoint;
and the vi ewer' s3headThssgiespofEthimBdweheseih daideruntaed sphictpdiinderdbar t he
viewer is seated.in said viewer area. 34. The systemof C aim 33 wherein
sai d truncaf'® Cgﬁﬂ%?F@ﬁFmFﬂﬁ@WK@3§§n0§%FFg@@lﬁﬁ§mﬁmﬁaxinunldianeter of no
nore than two neters. 35. A visual presentation systemfor use by a viewer,
said system conprising: a) a done having an open front end and a truncated
spherical inner dbne duvifuatpresemation systejnefot ose peviatven saitiayfiemj ect a
truncated spheri.cal projection onto said inner done surface; c) wherein:
sai d spheri AP %r dome surface defines a front plane;

a) a dome having an open front end and a truncated spherical inner dome
surface; and
b} a projector operative to project a truncated spherical projection onto

said inner dome surface;
c) ~wherein:
said system defines a prescribed viewing area;
said dome has a vertical midpoint;
said projector includes a terminal lens;
said terminal lens is located below said vertical midpoint; and
the viewer’s head is disposed above said vertical midpoint when the

viewer 1S seated in said viewer area.

34.  The system of Claim 33 wherein said truncated spherical inner dome

surface has a maximum diameter of no more than two meters.

35. A visual presentation system for use by a viewer, said system
comprising:
a) a dome having an open front end and a truncated spherical inner dome

surface; and
b} a projector operative to project a truncated spherical projection onto
said inner dome surface;
c) wherein:
said spherical inner dome surface defines a front plane;
said projector includes a terminal lens; and
said terminal lens is disposed within said front plane or within said

dome.




"said projector includes a ternminal lens; and said ternminal |ensZifs ﬂJLSQQ@ed
wthin said front plane. or within said done. 2 8 JUL 204 - 27 36. The
. systemof O aim35 wherein said truncated spherical inner done surface has
a maxi mum di-aneter of no nore than two neters 37. A visual presentation
system for use by a viewer, said system27conprising: a) a dofe having an
open front end and a truncat ed spherical inner done surface; and b) a
proj ector operatige tThPepi@s bf aldimWIcRheeinSRAGRIneakd E’ﬁﬁ&@ﬁhhﬁé} Bffe0 said
i nner done surface; c) wherein said truncated spherical projection includes
an axial |y Seépehes # meximen iemeier of pleenoredhan tvegeeted8. The system of O aim
37 wherein said truncated spherical inner done surface has a nmaxi num
di aneter of no nore than two neters. 39. The system of O aim 37 including
- an i mage source Bavi n@ﬁs@pfa@éntﬁﬁtﬂmy‘éﬂ:ﬁfﬂrﬂ'se%a deePJS@ﬁts?ﬁteﬂnnC' udes a

| ens assenbly having an optical axis; and said optical axis is spaced
apart from SAPEERHt er of said i mge source. 40. The system of Claim 39
wherein said i mage soyr Wi f ] san sald

Broj ector i operhtva P SATRE ASeR ol dngR v RAE Bl EUSo BN ORE T

i nner done surface assrafzicemrdat ed spherical projection having constant
angul ar separati anon acent i mage pi xels. 41. A visual presentation

system for use by)a vR& ?ct rglﬁeaitlgg 49 Bypject a truncated spherical projection onto
' said inner dome surface;

c) wherein said truncated spherical projection includes an axially

asymmetric, truncated spherical image.

38.  The system of Claim 37 wherein said truncated spherical inner dome

surface has a maximum diameter of no more than two metets.

39.  The system of Claim 37 including an image source having a center and

wherein:
said projector includes a lens assembly having an optical axis; and
said optical axis is spaced apart from said center of said image source.
40.  The system of Claim 39 wherein said image source comprises an array

of image pixels and said projector is operative to project said array of image pixels
onto said inner dome surface as a truncated spherical projection having constant

angular separation among adjacent image pixels.

41. A visual presentation system for use by a viewer, said system
COMIprising:
a) a dome having an open front end and a truncated spherical inner dome
surface; and
b) a projector operative to project a truncated spherical projection onto

said inner dome surface;



. conprising: a) a dome having an open front end and a truncated)spheni ¢al
inner dome surface; and b) a projector operative to project a truncated
spherical projection onto said inner done surface; 28 JUL Q0 -28 c¢)

* wherein said -projector includes a vertically oriented | ens assenbly, a
hori zontally oriented termnal |ens and,a_mrror el ement between the |ens
assenbly and the termnal lens. 42  The systemof Caim41l wherein said
truncated spherical inner.do surfac as a_nhaxi mum di anet er no nore
han tvo mfers. 913, ROGREBHS pridrasvs dofeely PR BRE pShnbheor e o
system conprising: ahordzoR@ilE dIRMicAderdinANAR ahf AHhir@PdleplRbt Berivédingat ed
spherical inner done surface; b) an inmge source conprising an array of

i mage pixels; c) a prlspeeassembbpEddhe teemingl [pnej ect sai d array of imge

pi xel s onto said inner donme surface as a truncated spherical projection;
and d) wherein the nunber of pixels of said array of inmage pixels which are.
proj ected by sai4R.proleetwlen9bl Cld@idd Whvneh sdamRinsated gaRritd iady dsinabl e. 44. ¢
The system of Cl aim43 wherein said truncated spherical projection has
const ant anyiifass hash@asinusn dimsiey Aap sewnthapitye|meteds, The system of O aim
43 wherein: said array of image pixels defines an array center; said
projector includes a |l ens assenbly having an optical axis; and

43. A visual presentation system for use by a viewer, said system
comprising:
- a) a dome having an open front end and a truncated spherical inner dome
surface;
b) an image source comprising an array of image pixels;
c) a projector operative to project said array of image pixels onto said

mner dome surface as a truncated spherical projection; and
d) wherein the number of pixels of said array of image pixels which are

projected by said projector onto said inner dome surface is adjustable.

44, The system of Claim 43 wherein said truncated spherical projection

has constant angular separation among adjacent pixels.

45. The system of Claim 43 wherein:
said array of image pixels defines an array center;
said projector includes a lens assembly having an optical axis; and
the position of said opticél axis relative to- said array center is

adjustable.

46.  The system of Claim 43 wherein said truncated spherical projection

includes an axially asymmetric, truncated spherical primary image.

47. A visual presentation system for use by a viewer, said system
comprising:
a} a dome having an open front end and a truncated spherical inner dome

surface;




N ' . LTy
the position of said optical axis relative to said array cent%rﬁ sk 200
adj ustabl e. 46. The system of C aim 43 wherein said truncated spheri cal
projection includes an axially asymetric, truncated spherical primry
i mage. 47. A visual presentation systemfor use by a viewer;, said system
conprising: a).a-done having an open f &pt end and a truncated spheri cal
i nner dome surface; -29 an image sourte displaying a source i mage, said
source image including a primary inmpge and a secondary i.npge. adj acent said
primary image; 5) a pmopestsonrcs dIPEYIng Vuﬁﬁéﬁg?’éaﬁggcﬁ?cgﬁgc% sai d source
i mge onto said inner_done surfac afd b 54HR 849 dmeghaljaceat sapt o) ect i on
such that both sai d“t?}‘fdg%gr?/pr %%{slgf}agésecondars&?nage are projected onto
said inner done sur gﬁﬁr}aﬁﬁlac%e,al ternatively, such that only said primary

image is projected onto said inner do surface._ . sySdRnHg Caim
47 wherein sai dcpr 0] eqraectpsseleiyglyioper le&Bé’FOquémﬁggm-g?%?e%t the entirety

of said source image.ontq saifd dNRr, ARRReS ypiictea préRctidhechyist bathof O ai m
47 wherein: said sodt¥d rmage has a center; said proj gﬂgtor i ges a lens

i.ncl
assenbly having an ophidGalmayiasd ssiddecontiey poegs 6 H UECEAPYOSBEEA axis
relative to said center is adjus l e..50. The ;i85 rifdasy Ihaké isher ei n
said primary i mage i slomasEacest ’gﬁ‘?rﬁﬁtfvfgf’ﬁué}htg%%%ﬁ$51l. fpz'Ilht-‘i-a’?ﬁ’syst emof Claim
50 wherein said SOUFCp%ojegﬁg%n{ossa{@iﬁhﬁﬂﬂkﬁﬁuxface-
48. The system of Claim 47 wherein said projector is selectively operable

to project the entirety of said source image onto said inner dome surface.

49.  The system of Claim 47 wherein:

said source image has a center; |
said projector includes a lens assembly having an optical aXis; and

the position of said optical axis relative to said center is adjustable.

50.  The system of Claim 47 wherein said primary image is truncated

circularly shaped.

51.  The system of Claim 50 wherein said source image is rectangular.

572 A method of displaying an image on & dome having an open front end

and a trancated spherical inner dome surface, said method comprising the steps of:

‘providing a source image including a primary image and a secondary
image adjacent said primary image;
projecting the source image such that only the primary image 1S

projected onto the inner dome surface as a truncated spherical projection;

thereafter, projecting the source image such that both the primary

image and the secondary image are projected onto the inner dome surface as a

truncated spherical projection.



52. A nethod of displaying an i mage on a done having an openg%om end, and
a truncated spherical inner donme surface, said nethod conpri $ing lhe st eps
~of: . providing a source image including a primary imge and a secondary

i mge adj acent said primary inege; projecting the source inage such that
only the primary inage is projected onéo the inner done surface as a
truncated spherical projection; therea Qér, projecting the source i mge
such that both the primary i mage and the secondary inmage are projected onto
the inner donme Sii.f acﬁh‘ameaaodt)g@&fémt-‘e?deghielrﬁiadabfqbﬁ@iee%@ﬁ@fﬁleCQn% JUL 2004

-30 53. The_nethod of .Claim 52 wherein each of Droject |
ncl ndes. prigPeets fg e Dbupaee MHase g B s Soahl SRR BlaE o

optical axigd meiod rhdroskifding bRrstdp et adglistigy treekktiappaiticajofl geiopgedlhe
relative positions of the optical axis and a center of the source inage.
54. The nethddansta @ragrmi e soHesedmageai d primary i mage is truncated
circularly shaped and said step of projecting the source i nage such that
only the primary imge is projected includes spacing the optical axis and
the center of th® soUh€meihvd@é CAfiar32 wherein said primary image is truncated

circutarly shaped and said step of projecting the source image such that onty the

primary image is projected includes spacing the optical axis and the center of the

source image apart.




