WO 01/ 59738 PCT/ US01/ 00085 OPTI CAL PROJECTI ON SYSTEM | NCLUDI NG PROQJECTI ON
DOVE Field of the Invention The present invention relates to visual

proj ecti oyosyzbegs and, nore 5 particularly, to.visual prejesdheessyst ens
i ncludi ng projection dones. Background of the Invention Hem spheri cal :
optical projection systens are used to project imges onto the inner
surfaces of dones. 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 imges 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 to
nore than 30 neters. Such systens are well-suited for displays to |large
audi ences. However, such systens may be |arge and cunbersone and often
cost several hundreds of thousands of dollars, thus maki ng them

prohi bitively expensive for many uses. 1 WD 01/59738 PCT/ US01/ 00085
Summary of the Invention Enbodi nents of visual workstations according to
the present invention are adaPted for use by a viewer and include a done
havi ng an open OFIF&AT RROHCEIGNSY HHEEMINGLHING PROBG TN P QME ace. A
work surface is disposed in front of and adjacent the done front end. The
work surface defines a viewer area on a side of the work surface opposite
the done. The viewer area is sized and configured to receive

Field of the Invention

The present invention relates to visual projection systems and, more

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

Backeround of the Invention

Hemisphérical optical projection systems are used to project images onto the
inner surfaces of domes. Hemispherical optical projection systems are used in
10 planetariums, commercial 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 real environment.
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.



the viewer and is positioned relative to the spherical inner donme surface
such that the viewer, when |ocated in the viewer area, may view the

spheri cal W(ﬂﬁ? s§4ome surface. 10 A projector is disposed Reiy@epohfas Vi ever
area and the donme. The projector is operative to project a truncated

spherical projection onto the inner done surface. According to other
enbodi nents of the present invention, a visual presentation systemfor use
by a viewer includes a donme having an open front end and a truncated
spherical inner dome surface. A Suipmary ofthefdnyention di sposed in front of the
15 donme front end. The systemis configured to maintain a prescribed

di stance bet ween Emhbedisepporfivisial fvadstatinos ddeerdingerthel presers trveatien ard
projector is supported by the support surface. The projector is operative

to project aadaptsddet ed EiwePAndineesh tiome havihe ah Bferl fABATend@AB aSUr f ace.
According to ot her enbodi nents of the present invention, a visual 20

pr esent at r ?“?%53 i LRPEN
front en ang %léet%%frl]éc%‘taggﬁg %eﬁ?lega nnAe‘?&%oqnga%%rs éhzﬁpﬂrbgji g@tor is
operativeto uncat ed, s ri ection onto the.inner done
surface. The Cﬁ?ﬁ?ﬁﬁ%ﬁélamf#f’éﬂt ‘51 ‘flhe[ %ﬂ‘g(r “ﬁ@ﬁ%g%toﬂlre? 0 T %ﬁl%?fgiaarret er
of no nore than twp neters. According to other enbodi nents of the present

i nvention, aversiilacoepnasie therdomeont hsyevesharesis siged pyd eonfisurgditorerelviedes a
done having an open front end and 2 WO 01/59738 PCT/ US01/ 00085 a

truncat ed spthenievedr and isepositiomed selativede thelpberigead irmer dome hanfadesuthuthesthan

i mage source conprising an array of image pixels. A projector is operative

to project tvieweqmwhay ledatddindge: viewel feh) iy e thoupherichd ifthes dothagerfas. a
truncated spherical projection. The nunber of pixels of the array of inmage

pi xel's wy € hAEfJ'r% cROPIsREIPRSdWetlvBE BB Ytk Aea 2@ Micdne THYRbjeERRR Surface
i s adjustable.
operative to project a truncated spherical projection onto the inner dome surface.
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 project 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 a dome having an open front end and
a truncated spherical inner dome surface. A projector is operative to project a
truncated spherical projection onto the inner dome surface. The truncated spherical
mner 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



Preferably, the truncated spherical projection has constant angul ar
separation anong adjacent pixels. Preferably, the truncated spheri cal

proj ecti ofd (ﬁ%grgges an axially asymmetric, truncated sphgidG@yiBhdssary
i mge. Prefera , the array of inmage pixels defines an array center, the

rojector include ens .assenbly having.an optical 10 axis, .and the
lrOeI ative pos?%%??zecﬁﬁphjfﬂ%aléﬂﬁrgg@%ﬁ% %Ceag%letsﬁg&& rangldss aBiage; ust abl e.
According to other enbodi ments of the present invention, a visual
pr esent at i onSAVes CRATHING @earkRy of ipRggBixelsn & praiestos iqunesativaye arpient thepen
front end and a truncated spherical inner dome surface. An inage source
di spl ays a samacef imaggpixelsiino elinoe donggerfacecdsiademcatep spinaicy] projegioand a
secondary i mage adjacent the 15 primary imge. A projector is provided

which is sel BB¢ hwBbot dTRRXadbfhé Brridy of idtoe phls WiidE 6@ profeeied @gtﬂ@e ﬂrb_ﬁcfo? ner
donme surface as a truncated spherical projection such that oth the

primary and § i ; j ected onto the inner dome surface
8 IRCRABRG FRAE UGl o

and, alternati at only e primary image is projected onto the
i nner donme surfage.. 20 Preferabl t he projectqr is selectively operable
to project the enﬁefgf‘@yoﬁilemcgg%wgc?lr?ﬁ‘ﬂé&%?ﬁ‘tqﬁs PW@%‘W ﬁ’égul%fcﬁ%a@@‘?l? ace.
Preferably, the souyrce inmage_has a center, the projector includes a |ens
assenbl y havi‘rﬁﬁn%ﬁfg #50f pixplsq Preferablyqthetamsgisd spherigelnyejetionipalydes asy
adjusting the relative positions of the optical axis and the center of the
sour ce i mageaxigihedsynubitiyic, trunsated spherigal prigayiimage. URreferabdy, dhe awdyeof inagbaped.
25 Additionally, the source image is preferably rectangular. 3 WD 01/59738

PCT/ US01/ 000fixels Aefinescinngraly@entcl) ehie projrathr ioMides aflerdshesdpitds amting By 8pfidapn, a
met hod of displaying an i mage on a done having an open front end and a

truncat eth sphgs,iaadkhe 19t pHATBNSH thAGRidaN SN SRR LAYY Bile Re 3@HESRE] MBI
including a primary image and
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. 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 which is selectively operable to project the
source image onto the inner dome surface as a truncated spherical projection such that
both the primary and the secondary image are projected onto the inner dome surface
and, alternatively, 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.



a secondary inmage adjacent the primary inmage. The source inage is projected
such 5 that only the primary inmage is projected onto the inner done surface

as a trunﬁ@;(ﬁ&”ﬁ‘,pheri cal projection. Thereafter, the sougrcq-/ﬂ]mfaﬁ)sgs
projected such that both the primary inmage and the secondary | mage are

projected onto the inner do surface as ..a truncated.spheric rojection.
Preferably, each Ccfrﬁlélgé?é’ rS?lgﬁ&B}eB%tqfﬁlbe Rrﬁ‘?ﬁnﬁﬂ]ggntb(}‘gjaé’?:etﬂ?oﬁgmf he source
i mge 10 using a |ens assenbly having an optical axis, and the nethod
further incl %@wngwwgfh@i # Hame bpwing ga opeisirentend apd atmwacypd sphgricalxi s and
a center of the source inmage. Preferably, the primary inage is truncated

circul arly shapedbramsirface infwies pfoviding e stumgimadedncloding @ primege irsagehandhat
only the primary image is projected includes spacing the optical axis and

the center of sédoad69inege AdjREAt MBPEimarstindde] ok Sowte ihasdlk pRfdtied AENT i ON
wi |l be appreciated by those of ordinary skill in the art froma reading

of the Figurgs:ah tﬁi@icﬂrall t; ggéiigg)? @5&@%@3@{@%&& a&farceggi%rﬁﬂ&%!i ment s

whi ch follow, such d g nmere ustrative o e present
invention. 20.Brief Description.of the Drawings Fi.qure 1.i ront,

per spective %hg%cagfpr%lﬁ&boﬁlt ?fglﬁfeag%jt (NI 1@%‘%8%‘5%%{8&8?%&3&&%8&}%@ present
invention; Figure 2 is a fragnentary, top view of the optical projection
syst em of Fi BiiRary ipagy angihg spepdary image ers@reigeiog sntopthe inngr dome sygface as
fragnentary, front, perspective view of the optical projection system of

Figure 1; Fi gtrnecated spherigabarojeqsionspecti ve vi ew of the optical projection
system of Figure
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 positions 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.
15 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



1; 5 Figure 5is a front elevational view of the optical projection system
of Figure 1; Figure 6 is a side elevational view of the optical projection

system of wig fuosss 1, Figure 7 is a fragmentary, side vi eW#@Tﬂ%E/O@BBi cal
projection systemof 10 Figure 1; Figure 8 is a schematic b(oc I agram

representing the tical. projection .systemof Fi.gure 1; Figure 9.is a
schemati c represeﬂ}tg%‘f'ie?hls £ Wr&iff:@%sﬂemgm‘f%g‘g OEF}&@tIC%dFPﬁeHBOIh part

of the optical projection systemof Figure 1 and displaying a first 15

i mage; Fi gur &stem pkFigusehenntic representation of the two-di mensional image
plate of Figure 9 displaying a second, alternative inmage; Figure 11 is a
front view of theFigume4as atdae, peppectasle yievo o€ tieiopticalysdjectiaf systeipefiRigireM t h a
first optical projection displayed thereon; 20 Figure 12 is a front view of
the donme of {:he optical projection systemof Figure 1 with a second,
alternative optical projection displayed thereon; Figure 13 is a front,

perspectiye view gf i i egt . t : | .
Bt ornative embod (Rane Saf » Eat BLRoRR A oF SRt GRL 1T G higure
per spective je/;i ew of an optical projection system 25 according to a further
al ternative enbodi mrent of the present invention; 5 WD 01/59738

PCT/ US01/ 00085 Figure 15 is a left, front, perspective view of an optical
proj ection syst en¥igure 6 is a side elevational view of the optical projection system of Figure

L;
Figure 7 is a fragmentary, side view of the optical projection system of
10  Figurel;
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, alternative 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 a 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 view of an optical projection system

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



according to a further alternative enbodi nent the present invention; Figure
16 is aright, front, perspective view of the optical projection system of

Figure 15y0yiEbedre 17 is a front elevational view of the ﬂﬂ*/ﬂls‘b‘[‘i‘)oooss
projection systemof Figure 15; Figure 18 is a side elevational view of

the optical projegtion st f Figure. 15. a Figure 19 i.s a front,
perspective view g#gugﬁlgéﬁgeg 38%}’%818?"8?46 ¥§?¥’t§drﬁn Col RGNS ™ £ ur t her
alternative enbodi nent of the present invention; Figure 20 is a front,
perspect i ve 68T tohiugiber aliamative eapdisient theasscRtiRBR iRy to a furt her
alternative enbodi mrent of the present invention; and Figure 21 is a
fragment ary, fronFiguselépeatightefronteperapective viswi afdhe pptigabprojestion systdre of
according to a further alternative enbodi mrent of the present invention. 15
Det ai | ed DesEigupé i®n of the Preferred Enbodi nents The present invention now
wi |l be described nore fully hereinafter wwith reference to the
acconpanyy ng dr aw t ! i ot Lnyention are
shown. This inve\rll\fiiggﬁe rlrg;f/b Mﬁ%@%&ﬁa,ﬁgﬁﬁwﬁb%g%@@%gﬂ |tn1t§ ? sét?ﬁelr?);f 20 fornms
and shoul d nﬂgugglg,onstrued as limted to the enbodi nents set forth herein;
rat her, these®enbodi nents are provided so that this disclosure will be
t horough and conplete, _and wll fully .convey the scope.of the ipvention to
those skilled in Wélra?l%masa&‘%slemﬂ?aé ‘é‘e‘i"é‘f@% qoicpl prajegficngysten o4 FignEmout .
Wth reference to Figures 1-7, a visual presentation system or workstation
25 100 accordbigdto a first enbodi nent of the present invention is shown
therein. The 6

Figure 19 is a front, perspective view of an optical projection system

10 according to a further alternative embodiment of the present invention;
Figure 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 1-7, a visual presentation system or workstation

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



WO 01/59738 PCT/ US01/ 00085 workstation includes a done 110, a desktop 130,
a supporting franmework generally designated 150, a projector 120, an imge
gener at or wlfi,so98€ Figure 2) and a seat 140 (preferably g 05/0@}% shown) .
The projector 120 includes a projection |lens assenbly 122. e vvorﬁstati on
is adapted f r e e rat o may be
a general pu&p%%%ggg%%%f&ggdg%l élo ap?sgil'/% rl-% aa{l}%%?ta% Vly%{[{t%?n?fﬁ Y ot her
sui tabl e dev ce As be no parent from grl pt on t hat

fol I ows, thede Wétlgpr %Hromoraﬁ g?ﬂsnw@aigf gurg 5&1%%&9140

i mersive experience. Additionally, the workstation 100 provides a
conveni ent adcierabbea ¢hadr asphRrwnk nlhemraiveier 13ththchndes i prdjerbonilensiagsemidy
nodul ari zed conponents which may be 10 further broken down to be portable.
As used her el22. THeewOikstation isaidapteé fetare b hQisérsortviev e nTiEnapt geheatdone
110. "Left" and "right" are indicated fromthe perspective of the viewer

U As shown jn I'EhﬁHé @ eder@lshrose (cBRPURE, aStiadd PByk0P dGAR @hiea ity Willtr

40

various peripheral components to enhance its 8¥ lity as workstafion. A
keyboard 144 f I use 148
are provi dedgul o%gdeglrcgaﬁsjvgi I%E%ﬁlgéég g%%ﬁgte%oqnna (%B%WI?’P lgaq ﬂ)q"lsg>t<}£1é0rrpI e, the
optical projection s em 100 maybe ed . as. a_.presentation-only system or
o BT Pt e eRaR DD AR T Eor OB £Tisr By RS FOREGRG devi ces
are not shown in Figures 3-7. The done 110 is preferably fornmed of nol ded
LEXANTm  KYDEsditipnally, the wersyhatiors] @rpayides aepyyeniens andeffrstivewotkabl e ri gi d,

| i ghtwei ght nmaterial. The done 110 has an interior truncated spherical
proj ecti on senvimometitighd Milneinphudp éntividnal nsedulaized tdDpomwmnis whick magtbea f r ont
peri pheral edge 114. As indicated in Figure 2, the front edge 114 defines

a verticg fﬁ@m%rmbﬁ&ed&wﬁtoﬂ'&@ﬁabwt plane F-F is preferably
substantially perpendicular to the horizontal center axis X-X of the done

110 and the As used herein, the “front” of the dome 110 is the open end of the dome 110.

“Left” 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 100 may be used
as a presentation-only system 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 CELTEC™, 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 attached to



25 projection surface 112. The donme 110 al so has a surrounding fascia 115
attached to 7 WO 01/59738 PCT/US01/ 00085 the front edge 114. The

proj ecti oosHisbage 112 is adapted to reflect incident |ighcrh®oroslissP! ay of
projections to the viewer U Although the surface 112 maybe \Aﬁte, |§t IS

preferably tjinted. o t wi t.h .a | ayer substantially.o i nt.
More pref er a%‘leﬁ% nf ﬁ%getcﬁ%t el%‘lﬁ PEAPFHOD Sély%éet gjxfézelﬁ agﬂ%ﬁ?ttog@?ﬁ% an@%‘%‘ Eglﬁ?'or The
donme 110 may ., 5 be formed of or coated on its .outer surface with an opaque
materi al . Theisgley eERrojestiprsiodherigwar Yo Athough thspusipcs bl 2ampy e WaHe.gF Bser vi ng
material. The done 110 is a truncated sphere, preferably a hem sphere, and
i s pref er abl prefaslztiniedoy spased iithadayer of substantialiy opasfue peint.eMoaxi s X- X (see
Figure 7) as shown. Preferably, the dome 110 has horizontal and vertical

sweeps of bepweeiblghhetinfléidaif isbdwi@Daboansmde0ps efagr ahk oat 1adaisy 150.
Wth reference to Figure 7, the interior projection surface 112 of the

dome 110 shopd §Rayerar Ea@dmﬁmsdd@&%hﬁace@vﬁhgnoPﬁ%n&A;&iJﬂ e sGoge 114) of

no nore than 2 neters. Mire preferably, the nax lameter D 1s between

about 0.5 an r no. ef er.abl the maxi.mum diameter Dis
about 1.5 neﬁléfaé’% Og%gg%eﬁéﬁﬁ?zgﬁ%bg%F%'&nﬁgﬁn”agﬁn%gri ght orientation by
a T-shaped pedest 154 formng a part of the supporting framework 150.
Ot her supporting ﬁ‘%ﬂ%rﬁ? éi(ﬁﬁf tl’LH’éa‘i&’géthf?} pﬁ?g@@fyo@f ﬁ‘?i?lspl?Précfﬁiiﬁ BRIy he

pedestal 154. For many applications, the done 110 is preferably detachably
fast ened to @¥allntennegsikadowtitshotinentplagater axis 36X (see FighroV) dssbawkdown f or
shi ppi ng and noving of the workstation 100. Optionally (not 20 shown), the
done 110 nmayPieferitiynthd dofne 10 hapherizahtahaibidricad sdeestdbbides abagmdot s. The
pedestal 154 may be formed of wood, fiberboard, plastic or any other
sui t abl e10 MaiRT 180P, and more preferably of about 150°. With reference to Figure 7, the interior
projection surface 112 of the dome 110 should have a maximum diameter D (i.e., at
the front edge 114) of no more than 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 pedestal 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



The desktop 130 is supported, for exanple, by legs 152 form ng a part of
the supporting framework 150. For nmany applications, the desktop 130 and
the | egs 1/597340 01/59738 PCT/ US01/ 00085 are preferabl pdetashsiky
connected. The oi’eskt op 130 may be fornmed of wood, plastic, nmetal or any

ot her suitable erial. best seen . ,n Fi.gur 1-3, the desktop 130 has a
mai n secti onarfé’ggftﬁﬁi’bhéet?fﬁ%‘?}iycfggneﬁ%%or%eéjgﬁlg[%?? B’ray#’ﬁéo@‘?egl\ﬁzrw qﬁ%and a
support surface for the projector 120. 5 The work surface is preferably
hori zont al | yPBptice it onangabgnsuitablerpaieridddge 131A of the main section 132

i s di sposed adjacent the front of the dome 110. Optionally (not shown),
the front edge 13AsbastypecebmtFighresflrhihe deskwp(li30das amivgn feamtion 32 $hjchof t he
dome 110. A cutout 133 in the desktop 130 fornms side wings 134 and a rear

edge 131B of prowviies awioik s@¢idedor thd 2iewdr U W4 suph6a skidheel for fhefpkdjestonriacent
the rear edge 131B on 10 the side of the desktop 130 opposite the done 110.

As shown, 5 t heny i BiedurAte prdferduly hdidohBEl, HRhiAed shywi. N& FiinfEadd 193 JB4:
whi ch are opti onaY}é.a uI¥’r efer%%jl%r,b%{%e é’irnstgnce (% ggt ween tﬁ?g rg(l)gnt %Iane F-F
and the rear_edge. 131B i.s,n0,npre.than inhche re r ra t he

di stance G itshetg‘gatﬁ\}\é%c%logl}gatls %‘S%"ﬁadi %5 gﬁ%esﬁ,orgﬁgt I\G%Pe&l@f gp ]l?flgll%g’(%t 10
inches. Preferably, the length L of the rear edge 131B is at | east 40

| nches. 15 PHISPENae fton EedadATBRY 30 s ont du5s (eewibiorassin 10 of eciomsy at

| east 1000 square inches. As will be appreciated fromthe draw ngs, the

vi ener area 185 Asuiwghl3Zjinrtbe desking Bi0Aetins side adugsid4and pgemredge b31BoSi ze
and di nensions within a prescribed range in a seated position and such

t hat a prescthelwedn sedtientld2i dnviawek ared 133 i¢elefinsd ddjavenbibt veerdZO131Boi ewer U
and the done 110, and nore particularly, the projection surface 112, are

provi fledm astidisflebTHRIIRRIPI30 DRBodHeRCAdRE U101 RWSKoWRMUSViBRY: drisi3sig, for
exanpl e,

further 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 area of at least 1000 square
inches.
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 relative 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 range may include, for example,
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.



t he expected sizes and dinmensions for typical adults or the expected sizes
and dinensions for typical children in a prescribed age group, dependi ng

on the degidgfdo7application for the workstation 100. 9 V\D&JI//[%%%,%@)SS
PCT/ US01/ 00085 The seat 140 is preferably a chair. As shown, the seat 140

has a supporting destal.and Ls.not connected tq the r i nder of. the
system 100. Alter ﬁg‘? F?)aé%o 1stmatlera§>2ya% chaty Hvashosan gletsg?:tﬂélgqglf ASTRROGHDE | v
formed with the dome 110, the desktop 130 and/or the supporting framework
150. 5 In t heedssigbendismot epnnspishin the remdipdef #1q wyrterotP0. Aligraativgbe theor use
by a seated viewer U Alternatively (not shown), the workstation 100 may
be adapt ed f sgat 14Bmajpeattathad o ngegraléyviormed witithé doras 10, tthedssitmpdl30i ng
framewor k 150 maybe vertically extended to raise the desktop 130 and the

dome 110, anghd/tethy sepiitigd £anewsdk 158y be reconfigured to provide the
desired orientation and relative position 10 between the standing viewer U

and the dome 110 fighelehftoBinfn® ad L W R6ksthttén 106%%@%4%?9&%3@ Fi gures

2, 3, and 5-8, the workstation 100 i ncludes an optica rojection system

121 includin e.projectior 120 h ens, assenbl y,.12 includin

term nal Ien%m%géﬂgv nd ﬁﬁ?“%ﬁﬁﬁﬁk%ﬁsﬁ%%?*%ﬁ@”%?ﬂ%ﬁ%?iﬂ”%ﬁ%gFﬁ %ﬁ%&@r an

i mge plate 101 and syitable el ectronics 103 (see Figureié% for. receiving,
15 interpreth Y%ﬁ'?%ﬁn%WWéF-t%"%P%a‘i@ SHPROMMRG EansHek 100 maybe The i nage
plate 101 may be any suitable two-di mensional inmage source the resolution
of which is uvetitalboextgndsd ke reiseithgdesitap 130esmd ththdome1 1, apd shel views ansed
herein refers to any such unit area. Preferably, the imge plate 101

i ncl udes an 133 myy bt recdafipimed to p@gRlepheédsired brientati@ngidaclatise positikie provi ded
inaliquid crystal display. 20 However, non-segnented inmage sources or

ot her segyenb&teblBRtHAHNESW&T®hnd the dome 110 and the projection surface 112.

With reference to Figures 2, 3, and 5-8, the workstation 100 includes an
optical projection system 121 including the projector 120, the lens assembly 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 “pixel” as used herein
refers to any such unit area. Preferably, the image plate 101 includes 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 projector 120 may fixedly

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

10



exanpl e, having scan lines) may be used as well, in which case the
resolutions thereof nay be defined by other unit areas. Preferably, and as
shown, thgdfi®kesgt or 120 is secured to the underside of ther/E8sks mai n
section 132. %?ternatively (not shown), the projector 120 nay f?xéﬁ?y 25

or |loosely nmpunted on .top of the.deskt 130. terpatively (not shown),
the 10 WO 01PBYF "Eﬁé‘r‘?iﬁ%@‘i‘#@%@%ﬁ‘so &?@99’6 epﬁ’ﬁ?ﬂg"ﬂ‘ﬁﬁﬂﬁg% ﬂ*%ﬁoPH’uEﬁRn st and
i ndependent of the desk. The conputer 124 is preferably |ocated beneath
the desktop 1Zbispreferablicloptied bensathohe Heskinmol 30candris compgetey taiths prajedive
connector (not shown). Wth reference to Figures 2, 3 and 7, nost of the

| ens assenbl ¥20Bpa syitdblaitaposted(nat shitivn)a casi ng 120A with the terninal |ens
122A extendi ng forwardnost and beyond the casing 120A. Mst or all of the

remai ni ng conponetith eferédt to Wigjres 203 anklPf) ndds€ o£lihe Pafessenibly 122 Basi ng 120A
and leftward of the lens assenbly 122. This arrangenent provides a

rel atively cg{gp%gﬁe vﬁ{h%@%}sgﬂgplﬂﬂ %vﬁtﬁ%%_é%ﬁnﬂ}%ﬂ%liﬂfexﬂe&ﬁngé gar%%%i‘ﬂfo%{] the

vi ewer and the roj ector ens asse I'ncl udi ng

the |l ens 122A),and e co r.ar referably .as described in U S Patent
5 762 413t o NG UfcaGREADR] 20T pREEAF G et gt O hERpeiTy aife 71 1 abi e
Hem spherical Optical Progjection Systens _and Mt hods Havi ng Const ant

Angul ar SepaP I5cls 18P ars Gspased i thecatiag 1200 apdleftyagkaf the daps asssmbhel 25 si gnee
of the present application, the disclosure of which is incorporated 15
herei n by refhis@rreegdnent providesiarelaiivelgupmpdt grqjecspr particslailpelongehd he Epson
PowerLite 710c available from Epson Corp. of Long Beach, CA and the LP330
DragonFly aleagthddetwecdnrthenvienieo andthSyistens | nc. of Wlsonville, OR The
optical projection systemof the present invention may al so enploy the

dual pol gyi zati onTRPpiofétor 120, the lens assembly 122 (including the lens 122A) and the

computer are preferably as described in U.S. Patent 5,762,413 to Colucci et al., filed
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 invention may also 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
Projection 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 systems,
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



proj ection systens and net hods descri bed in copending application Seri al
No. 20 08/618,442 to Colucci et al., filed March 19,1996, entitled "Dual

Pol ari zat {y@yyP@tdgcal Projection Systens and Methods", V\himﬁsﬁnmggned to
t he assignee of the present application, the disclosure of ich s

i ncorporated herein by reference in.its entirety. ~The qptical projection
System of t Wby AURHEY PrARSHTHTSRaAE, o8 Ry s B dsr s o Nopplarerbnagicg
conput er program products described in copending application Serial 25 No.
08/ 806, 788 tBatadashigh ivassigned tof thye aspignes of; theypresgnt appyratioan thetdissdpsusyeft ens,
Met hods 11 WD 01/59738 PCT/ US01/ 00085 and Conputer Program Products for
Converting |whigk iSacarpbmtédoingrtiabyreferange in iBadrditety wSutdblé modiRiatjoieckotthe t he
assi gnee of the present application, the disclosure of which is

i ncor por at edoftREED]deMon Sfstdr@\EcRcritbdl Hebeiff Will b6 bypardiditd Bk onBidatatiiions to
the optical projection systens described herein wll be apparent” to those

of ordinay i i . L: o\l herein and the
cited di i:l O@lm}&léér-t ﬁwlgﬂéaggﬁgééﬁ%gﬁﬂé @%g%?gngﬁ%t(ﬁ%ag%% f&%{éﬁ%’pr oj ection
system 121 proje a .truncated sgherical projection 1 nta the interior
proj ecti on surfaggEQTﬁﬁ%?wfﬁ% “?Vﬁﬁb@?@ﬂggﬁﬁgp%gﬁpS&%ﬂﬁqfi@?n?ﬁéaprojection
10 has constant angul ar separation anpng adjacent pixels as indicated by
angl e do whi &wncpted sphericahproigeling 18 apiadhe mterer projestionsopaqaoN 2 ofifbe const ant
angul ar separation truncated spherical optical projection system 121 is an
i nver se t el epiatsdspheranal demaé ht0.abhd prajecbeml 0 Hasstonstount angnlar séffaeationmage

hei ght is proportional to f O, where f is the focal length of the | ens and

0 is the prghésd RFacRighiReldbs ifdecatddBYankRCES Whith i EhsRREIAbAELEERABT r uct i on
and attributes of the optical projection system 121 will be further

aDT eCi AP0 5O ACY SPhOSHE Pkl i EAUERL A Ryt i {0, Col v

et al. Prefera as' s surface mnal |ens 122A
is . : . . et
projection system 121 is an inverse telephoto system having an -0 focal distribution.

The image height is proportional to £-0, where fis the focal length of the lens and 0 is
the projected angle at the image location. 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.

Preferably and as shown, the front surface 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



substantially coincident with the front plane F-F of the projection surface
112. Alternatively, the termnal |ens 122A may be di sposed forwardly of
the planewiyfisand W thin the interior volune defined by tﬂﬁ/ﬁ(}%@(ﬁgi on
surface 112 of the done 110. 20 The projection 10 preferably extends across

a full field o i,ew of. about, 180,. However, if t termnal., lL.ens 122A is
pos:Jti oniad vﬁ’?%ﬁra\rﬂl}’ ﬁV%ﬂF elé)lrﬁldﬁli‘ %}\?g}‘lﬁ%r ﬁ?eadtefiés 10&?1‘8?{@&‘?35% §?ﬁ‘?%\@é‘aﬁ(112§ a

field of view greater than 180 should be used. Notably, the groj ector 120
and the |ensVE§l§@%p3¢om2119rV@1q§dbmeWﬁ@H ip egaipsldn the Wewer aged33) and t he
projection surface 112. The terminal lens 122A is | ocated 25 beneath the
vertical m dpoi nt Thvieskpd 3Biagditiee vipwerd aredhE3Stene talfékiticihthe vieswse U duchs 12
WO 01/59738 PCT/ US01/ 00085 preferably positioned such that his/her head H

is located aipavBe visverRHeh® B stifsdRekdtn ab¥ieff ald e Hieh® Fd MMRB;jcbfiéh Vi ever

Uis seated in the viewer area 135. The desktop 130 and the viewer area 135

tend t iti ' ' ; H. St t

about zero s s AR G by et | FiEhes oA B0, " 20
f bl b 10 .inches. Thi i tiani I jth.th

pref et od. o TRARGREES drigura SRS aRdopedr0vs A SrgmEed B he

af oredescri bed conponents, provide the viewer Uwth a realistic

t hr ee- di mens#eredescrippd gempensits sroviderthowicwenlnivivhp replisiothrgeodimgnsional
inconsistency in the inage as a function of the viewer's position within
t he vi ewer avissal ¢@&ronfient withksinanalalistdfion b inpoosistdesy ia thaimdgeuk ar | y

i mrersive visual environnment in that, when the viewer Uis | ooking

directly forfvacitbn ¢itthe Viee cetefosifidh) withieths viyvwee bed 13BRJhe oiestdion 100
substantially fully across the viewer's range of peripheral vision in all

IR T R SR L
fascia 115 %Xkl?xg 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
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, entitled “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
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15 omtted or the projection 10 may extend to the inwardly facing surface
of the fascia 115. Optionally, the workstation 100 nay be adapted to

di spl ay sw(ﬁggfﬁphi c images. The viewer U may wear shut tgregkghasses
which alternately open and close the left and right eye views in synchrony

W th projectiLons.of .corresponding |eff. and 20 right images, Usin

pol ari zat i onlLQE]P?é'élég %WS@Bﬂéﬁbﬁgﬁéﬁéﬁn}aﬂ@Pé%p%ﬁéﬁ@?r%ﬁ?mﬁém 1‘6%8? #ded. A
suitable nethod is described in application Serial No. 08/618,442 to

Col ucci et athereaftpy aprefairadhalignativgggibodimanty elomanming aRprajectiag thenmaps i cal
Projection Systens and Met hods". Wth reference to Figures 9 and 10, the

i mge whi ch tosachieof godatt resolwionhsing2he shareeqhifinérs apd efee béptoyectioistiifad. t 0
provi ded enhanced i mage resol ution. The 13 WO 01/59738 PCT/ US01/ 00085

fol I owi ng di scussipiure9sa6WHEAisprAtaBniS A FRARItHS-EREnH6RI BaE¢NT an
i mge and, thereafter a preferred, alternative enbodi nents of mapping and

proj ecti t i13ag t i . i i .

el prent artiis g e B b b e 103Gl WhEahiR S e o

i mage 20A on. t he -dirensj.onal .image 5 plate 101. The display. o

| mage pl at o TS 20A WA PG SIBLIE ah ek SRGAPERe B SRR HORMIR d be
di spl ayed on a pl anar _di splay device such as a conventional CRT or other

t wo- di mensi offagtheydeedimensiangl sergen. pTha imnage platad 0bmay berfor gxammle angativet i ve
matrix liquid crystal display such as an Epson 0.9 inch Poly-silicon, TFT.
It will be mppixdiiad edstahdisplagsychtdsan Bpsen D9egeh Polatsdicb 1 THRY Ithyalldry

sui tabl e two-di nensional 10 inmage display device. According to the first

enmbodi ment s, appheidte@® w0, Emthédﬁﬁﬁ@plﬁierml|rﬁﬁylpd" utable ARERIimefioMal ch i's

mapped fully within the bounds of the inmage plate 101. The | ens
10  image display device.

According to the first embodiments, the image 20A includes a circular primary
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 is limited by the graphics software
and hardware employed. The primary image 22A is magnified by the lens assembly
122 by the amount 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



assenbly 122 is configured and arranged relative to the image plate 101
such that the entire circular primary inage 22A is projected onto the
truncat edygpfiaohgal dome 15 interior projection surface 1Ly Jdd&osRster C
of the image 20A is coincident with the center of the done 110. The

primary inmage 22A is ed ont.o a scribed nunber,.qf pixels of the

i mge plate i%%@%?%ﬁ%ﬁ‘gpﬁ@ﬁﬁytlgﬁgﬁgﬁghﬁa PQBWF%EH%thZ\?%S@w silﬁ?]e dwar e
enpl oyed. The primary_ inmage 22A is magnified by the | ens assenbly 122 by
the amount n@wated grcle riaced poHen ¢3 6prrespending et Jowerege o2tk as 20

projected substantially coextensive with the front edge 114 of the
proj ecti on spmharyamagd 22AAg owside thy togd dfshpimedgerplad 10hbndthestforeds not
enbodi ments, the resolution of the projected prinmary image 22A is

increased bymbappdd @id tHe@ixds debof by feadriptEcs AEwaPPER1 hadgwsBOWN in Figure
10. The preferred, alternative i mage 20 as di splayed on the two 25

di mensi onal i mageyn| r‘tﬁe’ﬂﬁ}ﬁ- 0085 ; LG B Btk ol SIBEY 4 .%Mch i's
enlarged 14 WO 01/ 5%73 PC%"?I?JS(%% 00(1) gjegﬂsa ggnpa@glfg?o ?ng&g?fﬁ@&‘ |emage
22A. The prigary, i mge..22_has, the shape of. a . truncat ed.ci . A |l ower
Cruncat ed” pot kgt BRRGHRF L BBIRR g PERE il SitPE g ke LY Bnmiiage
22A is outside the range of the inmage plate 101 and. therefore is not

mapped ont o ¥MESFAHARPEATS puthesm 1 \Figure 1d, Ak is sccommlishedbyreniigaringant. 5
Wien the primary image 22 is projected by the projection system 121 (Figure
8) as the propepuiatng il® lors assemblytlR2 eefaliomsndi 8 wahveptiona projetionsystane 112,
the primary inmage 22 appears as shown in Figure 11. This is acconplished

by confi gur i thg optichl arBrif thd @bjeding eas Isensinaisd BbingidérPwalk tHeakhien€1 ofn a
conventional projection system the optical axis of the projecting lens is

mai nt ai ned  colk AshstephteViol fwha i 8186 &le dehtePbs thE ithge i@?@fcy Rndh&, Bdratnphi ch
is also the center of the image 20). By contrast, according

to the present invention, the lens assembly 122 is moved vertically relative to the

image plate 101 or the image plate 101 is moved vertically relative 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 asprojected 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 lens 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 configured such that a portion, and preferably
substantially all, of the image 20 outside of the primary 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

15



to the present invention, the |l ens assenbly 122 is noved vertically
relative to the inage plate 101 or the inmage plate 101 is noved vertically
relative {g §ii8-4sens assenbly 122 such that the optical PeSyRhsdie | ens
assenbly 122 co?ncides with the center C2 of the primary inmage 22. As a
result, the center C2 of.th rimary i e 15 as projected.onto the

proj ection s?f%ﬁ;ﬁ%ori?ﬁoﬁl% tggl?eﬁ(??”%ﬁ({ge\ﬂ% %eééﬁ’f 5}3%@1 %@@Splﬁe&&netﬂil) of
the done 110, The_prinmary inmage 22 is magnified by the | ens assenbly 122 by
the anount Weagsplas $0% oAssordinglye theavimai ipags 22 K Preestahpwioithmpeicetion s

proj ected substantially coextensive with the front edge 114 of the

proj ecti on ssiurfase#12 492 trinefak spheygal prgedtion sviich msixamillylagyri@tricytheonst r uct ed

and configured such that a portion, and preferably substantially all, of
the i mage 20h@ikoatallecér dxivcofMhé a@ny 110Bgag A% referédceRRY by the |ens
assenbly 122 (i.e., is not projected). The projection 10 includes a |ower,

non- i maged, ”U“B?Teﬁﬁrgiﬁgﬁfé%ﬁz%%fﬁ?@ﬁﬁrﬁﬁ‘} i&%j&éé‘éc’%lﬁso %&@ﬁr?d"%ﬁh@%?m%m the

i mge 22 and the Tower” periphery of the pro ace 1 ich

corresponds 1o t truncated 25 tion 23.of the_pri.mary. image 22. The
region 12 ismﬂ)argg:i giAa(B} @‘ebﬁl%\%ﬁ@aa‘;?ﬁ§51 lgmagni Ce\ﬂﬁn(ﬁ?{ %gaéﬁr%@ﬂ%otﬁOSS
edge T corresponds to the | ower .edge of the image 20 as napped and

di spl ayed onPiRKet it oerfac gesited Pigjectionares dhhgreyulis greateiespiryon isagfacyed | s
projected onto the projection surface 112 as a truncated spheri cal

proj ecti on whiec he ratia i pixelp (exgtheraunif areq ofithe ithage plantl8l) penndareaxifs of t he
done 110 being the reference axis). 5 By enlarging the size of the primary
i mge 22 as mojgpased Highdrhe primary inmage 22A on the inmage plate 101, |ess
magni fication of the inage 22 is required to project it over the desired

projectimgn area. A%f@aBI9sHb brimdfeRtRE 22858kt hfinhb dekedY £308Y poditiSned t he
ratio of pixels (or other unit area of the inmage plate 101) per unit area

of such that the lower edge 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 Microsoft™ 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  image 22. 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. In
order to allow the viewer to view these outlying portions of 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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projection is higher). 10 Preferably, the primary inmage 22 is sized and the
desktop 130 is positioned such that the |lower edge T of the inmage 22 in

the proje 'ﬁygs,-éag is located a distance K (see Figure 7) hg) @y bhRsupper
surface of the desktop 130 of between about 12 and 20 inches. In this

manner, any recognition the vieper U that the | e has_been truncated
is subst an%/i al | ygﬁhﬁlﬁ’@%@qéraﬂglﬂr?ﬁﬁgﬁ’e&e "_(%&WF?P ?Wlﬁé e fwegaigire 10,
many conputer programinterface displays are desi gned for use on

convent i onal PYOBWWP@NQI@@IB@HS@E@ nejingahe piogestiay d 0 e edleciivelyipeojedi spl ay
101. For exanple, the Mcrosoft Wndows 98Tm operating systemmy |ocate

secondary i negesor2fl efithhimspewagion 24 ontoohs projesties, surfhdeci] 2deskit apecaidaryol s
and w ndow control buttons in the displayed i mage regi on 24 outside of the

primary 20 ig@gi8y &dot BESRYS ®ork PErtRURIIGCihb Whs Hsenibl) WL a9 BL YeddhRtdlth MBI Y
i mge 22, these secondary inmages 26 anhd the inmage region 24 cannot be

viewed i th <11 L r . al | t: I i t

out | yi ngrsporﬁogfﬁs 5 "? Floe‘Jl &r}g%elg%?ﬁﬁ?gh 0% 1[S3|fa g??%?ﬁ%éﬁ%ﬂfﬁ%s&ﬁgﬁ}g%ed with
a second, two-di pensianal displa itor dapt ed t.o displ the full
mage 20, 167GEPbIP B SHOBEH ero 0Bl p ths BBy RYES haABAEFBHabl y, t he
wor kst ation 100 solves the foregoing problem by providing neans for

adj usting t homs ¢jdlafithpimageregign L4 smayhe projseisH eato the pragechion guifacsfliZhe

i mge region 24 onto the projection surface 112 so that a secondary

di spl ay i s nRe¢stateddiecllend/bssemphr k22qubjacts n, grédter dueniser afthe ptels df2Re amyy b2
readjusted to 5 zoomin i.e., provide |l ess magnification of the inmage plate

101), t her ebyixéledicithabplateddie tRfprbjectidt SirRet iPN ShY Viawer hividediteat ed to
the primary image 22. As a result, some or all of the inage region 24 may

be proj el ed, i Gutlth SetBirOb &l hidfcA 166 Perchf the primary image 22 fills the
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 the projection surface 112, the lens assembly 122 is preferably
further adjusted as follows. To convert from the projection 10 (Figure 11) to the
projection 10A (Figure 12), the lens 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 iﬁlage 22, a portion or all of the

25  image region 24 (including the secondary images 26) and an enlarged truncated

17



Restated, the |lens assenbly 122 projects a greater nunber of the pixels of
the array of pixels of the inage plate onto the projection surface 112.

The vi ewefygRysotfaer eaf ter 10 zoomout to return to the prqicgstdoPMocks
wherein the primary imge 22 fills the projection surface 112. T?1e | ens

assenbly 122 may he zgoned in and. out hand -0 by using a |lever (not
shown) gr a & A ‘%%WSWF‘E—%‘% XWomﬁmp@ﬁ@ttﬁ%%Ma}y gges %géﬁ‘bﬂ@? I n
order to reduce the degree of zoomin required to display a given anount of
15 the i nagerat&gite thexaigsinl praseqiionjlOdpr baites yiervabidity. 11 will e aprraeiated dhatify 122
is preferably further adjusted as follows. To convert fromthe projection
10 (Fi gure 1dgsited, thetenpassembly 122 h&AbE Eognedinkbd)amduhelebethan assesadby 10 122 i s
zooned in as just discussed. Additionally, the lens assenbly 122 is noved

vertical ly releatthyentire itbg 2018 &iRhabee aﬁgr%cﬁfedttﬂﬁ thd @GR aPA:Ad 6f ths |dBved
vertically relative to the |l ens assenbly 122 such that 20 the optical axis

O i 08 (1S ASBEER) iy B Rk R ARD el o AEIRERAY AR 1 B BliPpe 90

pl ate (and, hence, e |1 nage center el nage er eby

rojected onto the center C3 of the donme 110. .As a result, e di agonal
Ironatxji mum | engPHOGH ntaﬁeésar?'ﬁ%be(glsﬁqfﬂé‘?(%arﬁ%eﬁt@’f égémﬁi © fpe cal?tﬁ’hé?'er of the
projection surface 112. The projection 10A includes the primary image 22, a
portion or all of Wifiwefeyence e Figuredponworkstatian 209 pergrding tasz Bsthgar y | nages
26) and an enlarged truncated 17 WO 01/59738 PCT/ US01/ 00085 region 12A
The vi ewer neypbadimgntofdherpresqni imtcatiohs shewotitkaciy. Thagesksefioakd0t hen return
to the original projection 10 for better viewability. It will be

appreci ated tdidsporids to desiorketatishe00 espaITeNdyY ThAwoikytatien ZEOMERs N an
anount | ess than necessary to viewthe entire image 20. It will also be

appreci afed £BRthd HerQelioao it fe dem&%ﬁ Qﬁ\?isittﬁﬁa%ﬁ'?@mé d%RY 19 yye! ocat ed
11 an the

vertically relative to the inmage plate 1 ess t

means of the supporting framework 250. More particularly, the feet 253 on the legs
252 are secured to the front dome pedestal plate 254A by tabs 253 A 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

15  prescribed distance. The distance between the viewer (not shown) and the projection
surface 212 and the distance between the projector 220 and the projection surface 212
are thereby fixed. The workstation 200 may be modified, supplemented and used in
any 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 workstation 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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anount necessary to register the inmage center  with the done center C3.
Wth reference to Figure 13, a workstation 200 according to a further

enbodi nenh,(pd‘llsg,%% present invention is shown therein. The pqikghasdsen 200
corresponds to the workstation 100 except as follows. The workstation 200

differs 10 fromthe workstation 1 i.n that .t he degkto 0 is attached to
t he done 21OB%VtaIWd\ﬁgﬁ%gloFﬁégé’yﬁgg?SﬂY%Qreﬁ gﬁ%\Wﬁ%Séﬁt%@e%r hﬁlEul arly,
the feet 253 on the legs 252 are secured to the front donme pedestal plate

254A by t absdosgAlkissubpanded from the deskinpd Wo ieccaonpeniiops 856. Thae distence253 have

a prescribed length. In this way, the distance between the desktop 230 and
t he proj ecti betwsen thadesl2dR 336G arid the gpraectmn EorfpeceeXQrik fieed. dTlsd dimance The
di stance between the viewer (not shown) and the projection surface 212 and

the di st ancepbfg¥emi vidwerfhet sB6WRY ardiife gﬂﬂe&ﬂa_ﬁ sRFfReeNDIAA tRMifBe® 212 are
thereby fixed. The workstation 200 may be nodified, supplenented and used

Winrar ot encaeey Bl i AUKEoRoh SR 8 By AR PBe, 20

enbodi nent of, t he se invention.is shqgqwn therejin. The workstation 300
cor r esponds IEBG Wﬂﬁé@?ﬂgpg{q% ef’@?ﬁ@?&‘iéb?pqﬁ@e%ﬁ?ﬁ‘&ft\gs.edﬁ%nmtggf’vﬂ’?6‘?’1' 300
differs fromthe workstation 100 in that the desktop 330 is directly
attached to it Bbappyithgegardto theworletgiond08: s 317 are forned in the fascia
315 of the donme 310. Portions 337 of the desktop 330 are inserted into the
slots 317 such t hatithieferéncerne Fighges B318, anfoptia R&sedesikn oyst33000 scodidipgsed
in the slots to formconnections 356. The portions 337 nay 18 WO 01/59738

PCT/ US01/ 0008% fulttter @hisddi@enti i sdveh e Bie/syoienpaliveis ia&@te@fo@&ﬁspfablﬁ? ng or
ot her suitable neans. The donme 310 is suspended fromthe desktop 330 at

the conngpti SR, stﬂlﬁn@b&%f‘&&l_r%(gﬁgi £ vide s Wik khidite3 3 3Ddeh 00

projection surface 312 1s fixed. ance
includes a dome 410, a projector 420, a terminal lens 422A (Figures 17 and 18)and a

computer or other image generating means (not shown) corresponding to the dome
110, the projector 120, the lens 122A and the computer 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 support
460 positions the projector 420 and the lens 122A relative to the dome 410 in the
same manner and configuration as in the workstation 100. The support 460 includes a
plurality of support arms 462 affixed to the dome 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 to the workstation 100.
With reference to Figure 19, an optical presentation system 500 according to 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 530 is

25  attached to the dome 510. Slots 517 are formed in the fascia 515 of the dome 510.
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bet ween the viewer (not shown) and the projection surface 312 and the
di stance 5 between the projector 320 and the projection surface 312 are

thereby fipeefl/assel | .  The workstation 300 may be nodifi gy sdspRhREEN €d
and used in any of the ways set forth above with regard to t']i§6 Egtatlon

100. Wth referenc 18, a ste 400
accor di ng f[a% o140 ?%ﬁi}%ﬁ'tﬁ%%’i%‘i’l?éﬁ{ arieéns§ﬂ8€\ﬁ" ﬁ’&rsgﬁﬁgfﬁ %éb@{ﬁéer#

adapted for displ ayi 10 inmages to a standing viewer and does not prOV|de
a work surfad¥l Oﬁh@t@%é%ﬁ(m@hﬁpﬁ&qdméhe gotgéeroraye@nnections S8¢t Bhe pEtions
termnal |lens 422A (Figures 17 and 18)and a conputer or other inage

gener at i ng ni3hway hetetahedum)the slotseslydnydidhesiv® prdse fitkorgeor otlidd suitdbde meagsect or
120, the lens 122A and the conputer 124, respectively. An extended

pedest al 450Théi@ins 510 iskapstated edBstaf 50abht)is rddi€edCiiMetht 88 conuréloe 1S
15 positioned at a hei ght of bé)?'v\]ag%n about 48 and 72 mcﬁ%ls fromthe

ground. A S%ﬁg@&es‘[a‘fﬁgo pgﬁbﬁfa {?eciygﬁtﬁ SHS\% e st 1%%0’6'}9 gy;lt}@jf:rleéaﬁﬁi 122A

relative to t done 4 amamaher confl uratiron as in the

wor kst ati on 10 cI u raI| f s ort ar 462
atfixed to tNE ta%}}{?@%ﬁfﬁotﬁﬁa%‘)ﬁ%ﬁa ﬁ"?ﬁag oo diie? sppelBBRttad
system 400 may be nodjfied, supp Ierrent ed and used in any of the ways 20 set
forth above Wefln peyalihe P@ys bl Towh kla,qvatw@qreweltoweﬂﬁorkétﬁa%h% to Figure
19, an optical presentation system 500 according to a further enbodi nent

i s shown t herei n. Withaegyaice ho Bignre 30, asqpdicalpressntation syst¢re 608.0ccording éps  as
follows. The system 500 is adapted for displaying imges to a group of

seat ed vi ewefustharngniprdimientas tihe prabdng irdientién Wehéws tHek¢ia e TheBystchih 600 abl et op
530 is 25 attached to the dome 510. Slots 517 are forned in the fascia 515
of the daye fifides d SNRIOBRYEBES T ENLHAARSRom B Sdadfial A Rvbn  he

tabl etop 530 are insert into the slots 517 such that the front edge

supports the dome 610. A projector 620 is supported on a support platform 630 at the
top of the pedestal 652.
With reference to Figure 21, an optical projection system 700 according to a
further embodiment is shown therein. The system 700 corresponds to the workstation
15 100 except as follows. The 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 722 A 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



531 of the tabletop 530 is disposed in the slots to form connections 556.
The portions 537 may be retained in the slots 517 by adhesive, press

fitting oyyPlagssgsui tabl e neans. The dome 510 is support g{ysedompsest al
550 t hat O?Vs reduced in height as conpared to 5 the pedestal 450.

Al ternativel .not . shown)., -t system 500 . he free and nattached to
the tabl et opxrg%%t.en 3"%&%@@0‘@% %%0%5:?%1‘8&8‘,’6@886? Bﬁ%?ﬁ%éa g dein$sed in
any of the ways set forth above with regard to the workstation 100. Wth
ref erence t oltFiggleamsaneags phst fupgiionglasenatgintendeshia cevirghostastvedi ng to a
further enbodi ment of the present invention is shown therein. The system
600 10 i ncl udessribedsleeinat perfeiang die B8R dnction sdsepanigtsauittaireqiiealpadest al
654 which supports the dome 610. A projector 620 is supported on a support

pl at f or m 630bwtaldoheuivabt Sfudniies. PERGSToad, G5 % bdderst@iEhanee idreedth@iyr e 21,
an optical projection system 700 according to a further enbodinent is

shown they ei ﬁ}usffﬁﬁve%ﬁﬁegél’eg&@ i@%ﬁ%ﬂf&ﬁg Bl 8 bteb:ggs teﬁrs)ars ?&B&g rt]%‘ghlé sziggﬁg xcept

as follows. The project 720 depends fromthe 0

vertically djsposed (i.e ot gted 90,. abaut ransyverse ri zontal .axis
as conpar ed ?‘% O(ﬁﬁlgn%rdésj%d@f’%ran%lf# Héoglétﬁc R4t t%tth%gllsglﬂ?‘i?@%?ﬁf?ﬁ wedl
vertically oriented. ﬁ\n el bow , shaped mrror elenent 727 is interposed

bet ween the Horthersmbadimenss.iassinkended fbsimpludediithirotha seopg of the apperdedder of
the lens assenbly 722. The arrangenent of the 20 system 700 may al |l ow for
great er | egr damsh ekheanvention ividsfined by 1x0following deipgowith eiqsivalehtssf that | ve of
the present invention and is not to be construed as |limting thereof.

Al t hough a feuinextenpliaslydedrthadinrents of this invention have been

descri bed, those skilled in the art will readily appreciate that many

nodi ficatg ons are possible in the exenplary enbodi nents without materially
departing fromthe 25 novel teachings and advantages of this invention.
Accordingly, all such nodifications 20
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WO 01/ 59738 PCT/ US01/ 00085 are intended to be included within the scope of
this invention as defined in the clains. In the clai ns,

means- pl Ug:f {ietdgon cl auses are intended to cover the stryii®soofaescri bed
herein as performng the recited function and not only structural

equi val ents _hut ,aéfo equi val ent structures. Therefore, it is to be
under st ood t MRS AMELASi ng is 5 illustrative of the present invention
and is not to be construed as limted to the specific enbodinents

di scl osed, and that nodifications to the disclosed enbodi nents, as well as
ot her enbodi nents, are intended to be included within the scope of the
appended cl ai ns.1.The Arwisnl workstasiod b1 use bhylayvi¢vner, $add wovlistegion lcampssingid t h
equi valents of the clainms to be included therein. 10 21 WO 01/59738

PCT/ US01/ 00085 What i g démehb®egias opdn fréntindWad a\WRnkat@ERAcA Yfindd I8mBY @
viewer, said workstation conprising: a) a donme having an open front end

and a truncated spherigak Lnhner done 5 surface; b) a work surface di sposed
in front 'of and adjacent said done front end, said work surface defining a

viewer area on a sjide of said.work surface . o si.te sai one aid viewer
area sized and confi guf &§" %mfaéﬁg}s%sedtlﬂéom %ﬁ%ﬁ ad e%&%ﬁt‘%&??ef&orﬁgp ive to
sai d spherical inner done surface 10 such that the viewer, when located in
said viewer area, may Wi@Wosaswiace defining aviqvssercaduresida offsaidovotksarfage o
proj ector disposed between said viewer area and said donme, said projector
operative to project aopposiestiédomplmaid vawepared sized ol mnfigursdiareceive
the viewer and positioned relative to said spherical inner dome surface
10 such that the viewer, when located in said viewer area, may view said
spherical inner dome surface; and
C) a projector disposed between said viewer area and said dome, said
projector operative to project a truncated spherical projection onto said
inner dome surface.
15

2. The workstation of Claim 1 wherein said spherical inner dome surface

has a maximum diameter of no more than two meters.

3. The workstation of Claim 1 wherein said dome has a horizontal center

20  axis and said work surface is horizontally disposed.

4, The workstation of Claim 1 wherein said work surface and said viewer

area are configured for use by a seated viewer.

22



i nner donme surface. 15 2. The workstation of Caim1l wherein said spherical
i nner donme surface has a maximum di aneter of no nore than two neters. 3.
The wor ks{afd12978f Caim 1 wherein said donme has a hori ZOW/USQ)E/@&(%g 20
axi s and saic} work surface is horizontally disposed. 4. The workstation of

Claim1 wherein said k surface .sajd viewer area are configured for
use by a seated v"evxe\r,\?ﬁ?‘foﬂ@agﬁ88&%’8’“@?@@@@%6‘8‘#}?%?& *F‘%‘ﬁ?l‘{;\)(i?‘gg‘i ation
of Cdaim4 including a seat disposed in said viewer area. 6. The

wor kst ati on &fFa.Claim 1 wherein said work surface and said viewer 5 area
are configured for use by a standing viewer. 7. The workstation of Caiml
wherein said workstation is configured to maintain a prescribed distance
bet ween said i nner donme surface and work surface. 10 8. The workstation of

Caim1l wherein s@i d Whkwsistafi6 of 61t 186 A&@8ints@id Wadlkdutao®and%aidMbwer
wor kstation of Claim8 wherein said work surface is directly attached to

sai d dong &%F%%ecgﬁggﬁgaﬁgﬁ%hggﬁo&%ggg%&g wherein said done is suspended

from sai sur ion of Claim8 including a
supporting framework 20 supporting each of said work surface and said
donme, wherein said supporting

7. The workstation of Claim 1 wherein said workstation is configured to

maintain a prescribed distance between said inner dome surface and work surface.

10 8. The workstation of Claim 1 wherein said work surface is attached to
said dome.
9. The workstation of Claim 8 wherein said work surface is directly

attached to said dome.
15
10.  The workstation of Claim 9 wherein said dome is suspended from said

work surface.

11.  The workstation of Claim 8 including a supporting framework
20  supporting each of said work surface and said dome, wherein said supporting

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

12.  The workstation of Claim 1 including at least one of a keyboard, a
telephone, a speaker and a computer input device.

25
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framewor k connects said work surface and said done to one another. 12. The
wor kstation of Claim1l including at | east one of a keyboard, a telephone,

a speakerw@\flse7gomput er i nput device. 25 23 WO 01/ 59738 R/ 45944439085
13. The workstation of Claim1l wherein said spherical inner done surface

is gray. 14. The rkstation of. G aim.1 wherein: . 5 said.do has
vertical midpoi nt,Y\?' sa{rge WPQ}SWBP?%%B ergin i, snbgrc qé‘ﬁ?ﬁ%’&?du&%ﬁm nal
|l ens is | ocated bel ow said vertical mdpoint; and the viewer's head is

di sposed abo¥et&ai d vertical m dpoint when the viewer is seated in said
viewer area. 10 15. The workstation of Claim1l wherein: said spherical

i nner donme surface defines a front plane; said projector includes a
terminal lens; and said termnal lens is disposed within said front plane

or within said 1p domehe $Brksldtion\WeCrsinat wabre@f: C aim 1 wherein said
truncated spherical projection extends across at |east 180 degrees. 20 17.

The vvorksg ation of C a%dﬁ&oﬁﬁ@%?%@gﬁ@iﬂniﬁf} [.i cal inner done surface has
a

vertical and horizontal sweeps o etween Gut 140 and 180 degrees. 18.

The workstation of d ai nal wh?rei ] aid truncated spherical projection
saild 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.

10
15.  The workstation of Claim 1 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
15 dome.
16.  The workstation of Claim 1 wherein said truncated spherical projection
extends across at least 180 degrees.
20 17.  The workstation of Claim 1 wherein said spherical inner dome surface
has vertical and horizontal sweeps of between about 140 and 180 degrees.
18.  The workstation of Claim 1 wherein said truncated spherical projection
includes an axially asymmetric, truncated spherical image.
25
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i ncludes an axially asymretric, truncated spherical inage. 25 24 WO
01/59738 PCT/ US01/ 00085 19. The workstation of Caim 18 including an i mage
sour ce hayig\g,s973scenter and wherein: said projector incluggrs,doiss
assenbly having an optical axis; and said optical axis is spaced apart
fromsaid center saLd i sour.ce.. 20. .The workstation of Claim19
wherein said i nagig'soulrrg%wgg%gaﬂoé‘é’gﬁﬂm ggrlﬁla@‘d% A0 FEES BRI RAVIEP sai d
projector is operative to project said array of inage pixels onto said

i nner done stefeeadydheseiny uncat ed spherical projection having constant
angul ar separation anong adj acent inmage pixels. 10 21. The workstation of
Claim 1l including: an kadgejssurincudeplcnsassgmbly avingyanafpticatagss; padkel s,
wherein said projector is operative to project said array of inmage pixels
onto said inner donme sidbpEenl agisds dfabRCafafidrdik BAH icedbr HF QidEiataeBoursdld 15
t he nunber of pixels of sard array of inmage pixels which are projected by
said projgctor onto said inner donme surface is adjustable. 22. The

wor kstation of Claim 1l wherein said projector includes a vertically

oriented | ens ass ly..a _harizontally orjented termnal |lens and a mrror
el ement 20 betwee &?heTP%Wgﬁ(ﬁé]é’H‘&?éléﬂjdﬁW TP SHALIA8P SPYCC LIPIREY PRy al
presentation systemfor use by a viewer, said system conprising:

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.

10
21.  The workstation of Claim 1 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
15 the number of pixels of said array of image pixels which are projected

by said projector onto said inner dome surface is adjustable.

22.  The workstation of Claim 1 wherein said projector includes a vertically
oriented lens assembly, a horizontally oriented terminal lens and a mirror element

20  between the lens assembly and the terminal lens.

23. 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
25 surface;

25



a) a dome having an open front end and a truncated spherical inner done 25
surface; 25 WO 01/59738 PCT/ US01/ 00085 b) a support surface disposed in

front of ﬁ@j(ﬁ/sg%e front end; and c) a projector supportegdyysdoshssupPport
surface, sald projector operative to project a truncated spherical

projection onto sajd inner done. surface:; ) wherein said systemis
configured to mai it ai n® P ss&lfffa%ee(g‘sl%ﬂsg‘?ghiggg%é?'aéigﬂlesiqn&eﬁuﬁﬁg dome
surface and said support surface. 24. The systemof Caim23 including a
support arm extenth ng HEIGRESF SUBRRTERddY Bl PP SWasgpiait Prodssior spetatiyipier ei n
said support arm maintains said 10 prescri bed di stance between said inner
donme surface and sai d Buppcta sundagedesph@ical fitogecsips batm safd iGhaidon23 wher ei n
said systemis configured for use by a standing viewer. 15 26. The system
of Claim 23 including surpedestal supporting said dome. 27. The system of

Cl aim 23 wherein said donme has a horizontal center axis. 20 28. A visual
present at4 on syst fo J i ] A Sl Ag..2) a done
havi ng an5 open frgm eﬁg&gﬁldﬁgdﬁsﬁ%ﬁéﬁ:&gﬁ%&ﬁ%ﬁ%ﬁh@eﬁ% r oBrfc'I?a1 dﬁ%ﬁl}%ace; and
2{3 2yl ﬁf‘tefr dopet gfj'r]‘?/eggtgé’n gag@in%%% a8hnd EHRGRLES <SR NG s RLL) ection onto

24.  The system of Claim 23 including a support arm extending between
said dome and said support surface, wherein said support arm maintains said

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

25.  The system of Claim 23 wherein said system is configured for use by a

standing viewer.

15 26.  The system of Claim 23 including a pedestal supporting said dome.

27.  The system of Claim 23 wherein said dome has a horizontal center

axis.

20 28. 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
25 said inner dome surface;

26



WO 01/59738 PCT/ US01/ 00085 c¢) wherein said truncated spherical inner done
surface has a maxi num dianeter of no nore than two neters. 29. The system
of O aimgd whetgi n said done has a horizontal center 5 %T?Uso%ﬁos;he

syst em of alm 28 including a supporti ng frarrevvor k supportl ng said done.

10 31. The system.,of C aim 28. wher done surface is
gray. 32. The system of’ W%W%&%ﬂﬁpﬁ ‘E’P ié‘WearmﬁWé‘HH%nd
wherein: said done has, a vertical mdpoint; 15 sai d prol ector includes a
terminal |ens; said tefiAnsss Of@%lor%th%é\a@wt%@ ow said vertical nidpoint;
and the viewer's head is disposed above said vertical mdpoint when the

viewer is seated in said viewer area. 20 33. The systemof Caim 28
wherein: said spherical inner donme surface defines a front plane; said

proj ector includex.a tehddyRain dATIRIm 2BHHRAdiA sdi€ H6e Ahs h BOSzdn%al @bsBOS ed
within said front plane or within said done. 25 27 WO 01/59738 '

PCT/ US01/{0008%s, 34. The system of C aim 28 wherein said truncated spheri cal
projection extends across at |east 180 degrees.

30.  The system of Claim 28 including a supporting framework supporting

said dome.

10 31.  The system of Claim 28 wherein said spherical inner dome surface is

gray.

32.  The system of Claim 28 defining a prescribed viewer area and wherein:
said dome has a vertical midpoint;
15 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.

20 33.  The system of Claim 28 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.

25
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35. The system of Claim 28 wherein said spherical inner dome surface has 5
vertical and horizontal sweeps of between about 140 and 180 degrees. 36.
The systefmfy&ha m 28 wherein said truncated spherical prgj96doh s
includes an axially asymretric, truncated spherical inmage. 10 37. The

t f Claim3g,i di j havi t. d_..wh in:
A d proj ector | netudodie oL CIRARA M gttt BERHE D i °Sai 0

optical axis is spaced apart from said center of said i mage source. 15 38.
The syst em of*teRdsiagiosyatlgast dPY degeeF- i nage source conprises an array of

i mge pixels and said projector is operative to project said array of inmage
pi xel s onto said inner done surface as a truncated spherical projection
havi ng constant angul ar separati on anong adj acent image pixels. 20 39. The

wor kst ation of C 3§.m 28hé¢ s@tandoNQlain 28 FFELEeis 94id 6ph&RADINNS dbEndtrfads hay Of
i mge pixels, and wherein: said projector is operative to project said

array of 3§ meggipi%ed fofrttal siRk 3m%eeﬁ%ﬁ'8utsﬂr0fa?ﬁq 89316%’655. uncat ed

spherical projection; and the nunber of pixels of sai rray of image
pi xel s which are projected 25 by said projector onto said inner done
surface is adjustable. 28 WO 01/59738 PCT/ US01/ 00085 40. The workstation

of Claim28 wherein said projec .inclydes a vertically oriented, | ens
assenbly, a horiz%(ﬂt aﬂ[@ﬁ%fsfeé‘h? @faf"%@gd rein g3id tynepted sRhereal Projpeitdint
between the |ens assenbly and the terminal lens. 5 41. A visual

present at i oninglpdesssn Poallyiasanimetac, tunaeted spherigalsysegem

10 37.  The system of Claim 36 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.

15 38.  The system of Claim 37 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.

20 39, The workstation of Claim 28 including an image source comprising an
array of image pixels, and wherein:
said projector is operative to project said array of image pixels onto
said iner dome surface as a truncated spherical projection; and
the number of pixels of said array of image pixels which are projected

25 by said projector onto said inner dome surface is adjustable.
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conprising: a) a done having an open front end and a truncated spheri cal
i nner dome surface; 10 b) an inage source conprising an array of inage
pi xel's; CloPBoRsect or operative to project said array of ﬂd%l/ﬂj)(ﬁ Il's onto
said inner c}orre surface as a truncated spherical projection; and ?
wherein the nunber of pixels of said array of inmage pixels which are
projected by said projector onto said inner done surface is adjustable. 15
42. The system of Claim 41l wherein said truncated spherical projection has
constant angul ar @par gb? yiorkstation of §lamedt whergig|said projectpR diclides 8m of O ai m
41 wherein: 20 said array of inage pixels defines an array center; said
proj ect or i nedrtically eridnésdslenssasesrhbly, hbarizogtadly oviptied ddrodmdl dgnsand a mirrer
position of said optical axis relative to said array center is adjustable.
29 WO 01/ 59738mhEdpiecty A0 036 asséblyl iRl thy Sr@ifadient] ai m 41 wherein said
truncated spherical projection includes an axially asymretric, truncated
sphericalg primary image. 45. A visual presentation systemfor use by a
viewer, said system 5 conprising: a) a donme having an open front end and a
truncated spheri C%li i nRer. rf ; i g 2ource c{i spl aying a
ystem

source image, sai d souf R su%ggn}gegenﬁa 1onas(§fgtbmb1)or g% byrrar’1 Ewer, sai
comprising:

a) a dome having an open front end and a truncated spherical inner dome

surface;
10 b) an image source comprising an array of image pixels;

c) a projector operative to project said array of image pixels onto said
inner 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.

15
42.  The system of Claim 41 wherein said truncated spherical projection
has constant angular separation among adjacent pixels.
43.  The system of Claim 41 wherein:
20 ‘ said array of image pixels defines an array center;

said projector includes a lens assembly having an optical axis; and
the position of said optical axis relative to said array center is

adjustable.
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including a primary i mage and a secondary inmage adjacent said 10 primary
image; c) a projector selectively operable to project said source inage
ont o sai dyg JjAg4zgdome surface as a truncated spheri cal p“%éﬁ%&ﬁﬂm§§0h t hat

both said primary and said secondary inmage are projected onto sald inner

dome surface and, ,alte i vel uch -t hat .onl.y . sai rimary inmage is 15
projected onto saﬁ% |ngg$53§gﬁ%xggf %é.wn}??m é@gggﬁf%?n@iﬁ%&%@%erei n
said projector_is selectively operable to project the entirety of said
source i mageM§HdEs EngallnarypiaciHe W?tﬁ‘éél?h%allzpﬂmaffﬁém%%t emof O aim45
wherein: said source inmage has a center; said projector includes a |l ens
assenbly having an optical axis; and the position of said optical axis
relative to said center is adjustable. 30 WO 01/59738 PCT/ US01/ 00085 48.
The system of O aéifn 45Awianepresanatibnsbtemrfisr igettgea viswer, ynidayeem circularly
shaped. 49. The system of Cl aim 48 wherein said source inmage is

rect angulgar.corg»p&qn -A met hod of displaying an i mage on a done havi ng an
open front end noga truncated spherical inner done surface, said nethod
conprising the stgps of: (o di r i i ing.a pri.nary

i mge and a secon%%ry éﬁgggkﬁﬁ?ggﬁﬁngﬁﬁﬁf%?ﬁ%@?%%ﬁﬁﬁéiﬁﬁfag%# f%g?yﬁg t he
source image such that only the primary inmage is projected onto the inner
done surface as a trunt® aé?é spherical projection;

b) an image source displaying a source image, said source image

including a primary image and a secondary image adjacent said
10 primary image;

c) a projector selectively operable to project said source image onto said
inner dome surface as a truncated spherical projection such that both
said primary and said secondary image are projected onto said inner
dome surface and, alternatively, such that only said primary image is

15 projected onto said inner dome surface.

46.  The system of Claim 45 wherein said projector is selectively operable

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

20 47.  The system of Claim 45 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.
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thereafter, projecting the source imge such that both the primary inmage
and the secondary inmage are projected onto the inner donme surface as a

truncat edwq)qn%?i,ﬁal projection. 15 51. The nethod of O aigpH&oMisysei N each
of the steps of projecting includes projecting the source Inage using a

| ens assenbly havj opt | cal LS, aid nethod further. i ncludjng the
step of adj ugti nghé?gea’?]é? g}{ﬁlﬂ%"%@é}?i“é eB?IHEWQPBIﬁWQPageﬁPEn?ﬁ a center
of the source imge. 20 52. The nethod of C aim51 wherein said prinmary

i mage is truﬁ%%@%g”m§P?%ularly shaped and said step of projecting the
source imge such that only the primary image is projected includes

spacing the optical axis and the center of the source imge apart. 25 31
WO 01/59738 PCT/ US01/ 00085 53. A visual workstation for use by a viewer,

sai d workstation 4%nprThé §iGtem af Chirt d8&vHeaslh Bgd 30urep @Raddio Mct@pdlagnd a
truncated spherical inner done surface; and b) a work surface disposed in
front of sand adjacent said donme front end, 5 said work surface defining a
viewer area on a side of said work surface opposite said dome, said viewer

o2 Steed and cond) OukSHl By LENGgne AR URLoBRELROR BhaRSHATLBH 1 1°
said viewer aztinrdeaii t&'unrg?l edvsi;ﬁg}lic%ﬂnger (fo%]éa srulr a%!a, sialn r(ralgthgg rggmlsorl{sri}clg S[:h(?e'steps of:
providing a source image including a primary image and a secondary
image adjacent said primary image;
10 projecting the source image such that only the primary image is
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.
15
51.  The method of Claim 50 wherein each of the steps of projecting
includes projecting the source image using a lens assembly having an optical axis,
said method further including the step of adjusting the relative positions of the optical
axis and a center of the source image.
20
52.  The method of Claim 51 wherein said primary image is truncated
circularly shaped and said 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.

25
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10 54. A visual presentation systemfor use by a viewer, said system
conprising: a) a done having an open front end and a truncated spherical

i nner dom@go @upfgce; 15 b) a support surface disposed in fpcangso@bhocsgi d done
front end, said support surface adapted to support a projector; and c)

botween sai d | ner dond o] SEECaukA ARRT AGy A, EAFHoRatyBhabAiSas | g

bet ween said i nner done surface an pport &ur

of displaying an iyrage, ,sai d net hod coppr. si.,ng.the steps .of.. . .providing an
pr Gt dormehavi Ho. an® S58R BFTERAS GRg RE Saidadne e Serbndfie il S some
surface, the inner done surface defining a horizontal center axis and
havi ng a maxi num di amef®facgfando nore than two neters; and projecting the

i mage as a truncated spherical projection onto the inner dome 25 surface.
32 b) a work surface disposed in front of and adjacent said dome front end,

5 said work surface defining a viewer area on a side of said work surface
opposite said dome, said viewer area sized and configured to receive
the viewer and positioned relative to said spherical inner dome surface
such that the viewer, when located in said viewer area, may view said

spherical inner dome surface.

10
54. 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;
15 b) a support surface disposed in front of said dome front end, said support
surface adapted to support a projector; and
c) wherein said system is configured to maintain a prescribed distance
between said inner dome surface and said support surface.
20 55. A method of displaying an image, said method comprising the steps of:

providing an upright dome having an open front end and a truncated spherical
inner dome surface, the inner dome surface defining a horizontal center axis and
having a maximum diameter of no more than two meters; and

projecting the image as a truncated spherical projection onto the inner dome

25  surface.
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