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per formance and producesfbgs SRONTHBXSY r aon. Electronic or
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el ectronically generated i mages. Wether for use in hone-entertai nnent,

advertising, videoconf eren%hggbnaﬁwuéﬂ; e %—N@?B&erenci ng or group
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presentations, the demand exists r an appropriate video display device.
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Currently, the most common video display device is the

typical CRT monitor, usually recognized as a television set.
30 CRT devices are relatively inexpensive for applications
requiring small to medium size images (ilmage size
traditionally is measured along the diagonal dimension of a
rectangular screen). However, as image size increases, the
massive proportions and weight of large CRT monitors become
35 cumbersome and severely restrict the use and placement of
the monitors. Also, screen curvature issues appear as the
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A new category of video presentation systens includes so-callged thin Plasm

di spl ays. Much attention has been given to the ability of plasma displays

to provide a 25 relatively thin (about 75-100 mm) cabi net) which nay be

pl aced on a I a picture display in an integrated co age.

However, at %@’%&gsent time, plasma displays are costly mﬁ}ss&??gsrg from
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FLOJ’ etcti on a_S%’ISé ,Ahassiﬂgelfdiagﬁl;éﬁe‘{t@‘dnemﬁ?g bk i@aﬁt hsfaadis@i@t ; en.rat][ler
an trans ed.. An_gx of fran r cti on st.ens is. .use o

portabl e f;Hoancttk-?r;' 88?6%?3% 25 ron %r%gg‘cdu v 3’({‘%&@% FFEUSE TR neet i ng

room set ti meFhanisp |dpdt thes vie¥erns axe aPRplenrosddisi nsidee oif t Khe
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smal | est pcéslg%%ltte%?ogﬁ)%%t&%éa lﬁggrgn gggédll'éf/oﬂ%\é%grol be the area occupied on

a table or bencBY thheife YSXQ] srAtdire, PHERED| RF FHeGHLOPr FYSCEBEs MIeadrBeen

devi sed hadpageabeRiglt thé sdaadn [Hd Aedohmodbtd. bhe pigjectibn Nevemkhel ess,

front ool Sidddan s WhaRRiEn! 30hOTALLY BahnoOR s WRhAZEEhAACt Ve

for newer interactive applications becausé of, factors such -as ocki ng of

the i mlfe WPRIGELpr Seddested, 1HEhthr Bht ST IGLY me§IrBARghRNeE&2T| mage
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proj ectors dng3lecalib} RfitineS @ TREM A ndBYndf f Qbfth DR B OhEEELON YOl UMe

necessary for i nage expansi on_w t hout an Ph si.cal obstructions. Al though

i mages may HEFERES] 80t 88 HBofCAd| §P§e°21:b%? fRakh angd feduce, theadeptly) | |

better inmagss quaki thousingd achhvedeby i USKeind-tIRPBEREENSClsPRABe

Fi gures_1 and illustrate_a traditional front Ero' ection system A

proj ect8r BFSLISLEPDnPETHMT %6 Dt FBPT eIPXPALEE 180, g pTdj ct an

i mage upon waldoreen or projection surface 20. Those fanmiliar with the use
gf | el eCE1 ronic perOjree_Csx Ocsafstéeg'dﬂy Xk a@ﬂ&ﬁiﬁﬁ@sér{tﬂtﬁbﬁ tdy@elnge iHQua f@hﬁr

el ow t he nornal .axis. of t screen_produces a istort e
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limted dedtiserof tReytheneakidritact PEn. PRk edispdaify apvdeat ad in

|Fi gurefis, tMaQin%ﬁ?Efﬁlaﬁf t(haogé psopeot an)naltaﬁij/lé'ﬂ:,s igmhae&erx&aw bk the

i ne of sight t udj e. 14 ,eat er
signifi can%’e alcgedt h%gf %ctwﬁ;gt %o %cvggggég ?&% gg;ec‘il]nrragé, slﬁ.'zq%,ggaar? Tal so

due to focl2PHHagt apagkage+ he HeveweXor at0 EhguiRkesedtcekimen 'md@spacti on

zone" in fraidplelyst BeeSebEENy 24hd HUFRrAfiroat §hé heisadbdrahirédss pacitbwcat i ons
5 for some G ¢ CRldIYLE M A-GDC Sa MY TElde) | nd NAiFBIKEILy TR € A
30 making repairs. Plasma display panels are heavy ("80-100
lbs., 736-45 kg.), and walls on which they are placed may
reguire structural strengthening.
A traditional type of video presentation device that
has not received the same degree of attention for newer
35 applications 1is front-projection systems. A front-
projection system is one that has the projection mechanism
and the viewer on the same side of the screen. Front
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Anot her issue that prevents opti nal
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correct FonfPK 6SOME\D GFOWEP521ECHrQISID,/ PFYJSCEORfer ewyent 1y ailnabfhe
portabl e emaekeenic front projectors is between 10 to 20. The need renains
for a large screen video presentation systemthat offers efficient space

stone

utilization, |Iower weight 5 and attractive pricing. Such a system should
preferably yield bright, high-quality inmges in roomlight conditions.
SUWARY OF ENTI ON An enbodi nent of the present invention conprises a
to front projection display systemthat integrates an optical engine,
havi g quRbEgh: o Y FhcaPIRELY, © FRIGAN Y Suffth = PRHOR T CTMALRLET T 00
screen tjo drCV|de a conpacf video ¢irsplay device. The proje¢tiron eng|lne is
coupl ed [tRypa hi gh |dangthpr o] Piagomah $8creen, h&hrawy an| Rgiol m zeKeysedneecl i on 15
patternijto give ogdti mumoptical pe ornaqce1¥ﬂ anbient |ight_and vi e ng
angl e sdnsitive ervironments. ConpoR¥8PRelof RHECE, of ection efGIREoR, b
nodul ar IhCTX @pRd 1 a retrprd3anme anlmmpl vqtlall mY cohnected {epd he scleen.
The armijoffers prgcise regjstration is to tthe screen apparajus and thus
r epeat at|BZPDD 8 edi sel y al | 518t i cal |y and mechanj cal |y t poffse¢ scr pen.
The projlection wal|{l system has;@h ¢pen projlecti on ppsition ag@kglclosed
storage |position. |The archjtecture|is very |flat and| |ight, haVing depth of
| ess thgn three inches (-7/5 em) &and a wei|lght of Ipss than|25 pounds (11
Ki | ogr angm 25 Ysegpof—arafizalty offset—prgrectonthead—thaytpg—atchi ng
keystoneﬁ@(’rcrﬁgcticn f eat ur eisgj'gh ovvs;1t3h'§ ar nﬁf%hpr otrh e abo t he hepd of
the pregdiP4ef and |of fer a FReflepti@nd unobtrysi ve projection zefiet An
exenpl arly i ntegratled front § j ectijon displjay in 30} accordanpce wth he
present (i nvention |i ncl udes ont |proj ectijon screep, a pivoting arn
coupl ed [tcchishBen T I dt43p9805 €Cl 2PMmSCr €835 nt he [aramhavi hgza stofage posifion
and a prloj ection pgosition;|and a front projlection hpad couplled to the arm
When t he 3 X800 mme pr o] Reflective position,| the 7 | WO 001 528ggronic
PCT/ US991 14803 frdnt projeffegn head is at |a predetFrnined Wosition Mt h
respect [to the frant projeftion scieen

Epson 55-72mm |[33.5mm |0.58m I.lm 1.9 *

Powerlite Transmis-

7300 sive LCD

Proxima 45-59 mm {23 mm 0.5m 1.0m 2.0 12°

Impression Transmis- offset

A2 sive LCD

3M 167 mm 163 mm 1.0m 1.2m 1.2 16°

MP8620 Transmis- offset/

sive LCD optical
10 * Not given in published specifications
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The projection head includes projection optics having nechanical off-axis
keyst one corréction conpensation greater 5 than or approximately equal to
22, a throw d| stance of at nmost 800 mm a throwto-screen diagonal ratio of
at nost 1. (Pt proj ection screen nmay have a verti call,k%c k@t ed
reflection ut| on, wherein light rays emanating fromthe projection
position generally ale to ref lected by the projection screen in a

presel ected direction, normal to the vertical axis of the screen. In the
hori zontal diregtion, h screen h hor i zont al ributi rein the
light rays gene 959y gr" %FE??egtsedgﬁtg’h%‘? 5y oty e% 88°FI Ifﬁﬂnhm?ﬁ

spread wi tarpa-gg‘émntdere the Hde zpredeckionr. sTreen: ont %ngvecrﬁt;hom spl ay
further nmayshati des rmdﬂiﬁéd agel ﬁ%)&fﬁl% &l fe elertdnbaaabngcaedﬂl es.

The i magin nDdu aced in ro ectlon h
el ectr O%I cgﬁga | S p jgcegk?ht?%% §W8‘é| H‘t& Zﬁegﬁ Fﬁ nmodul e
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t hr ough th§ gnﬁth of . 1one QW Lur = The gog gng g ag a heat
exchanger ang Rest generaet ed Bythe 25%pY oj 8ct of Zﬁt 8%h

convect i on(B?PFﬁélw‘éﬁlmgzeﬁrr‘f@nﬁ - Thanelggnsy c @vayst fren urtéealveailacps as an
EM / RFlioshieekrdenThe cell size, material thickness and orientation of the
honeyconb structure are tuned to attenuate undesirable high el ectromagnetic
frequenci es. 30Thel axbsterldecrafatthie EpbofedEivn Adme”f ﬁantfrphﬁj ect tha

di spl ay may | Rg)Ugde fold IS QLGS 20BLCLXe BLASSTS TATLAG. LTRd! Bl

conponent s”an S umonati on wavegur de i RatT on
wavegui de Prenesped céﬂ“ii?ecouﬁlfeé‘rhﬁhé’rleisgﬁte%ouf@’é esappe; nWgFhes cbaponent s

in the propapptrbashhend. indgd) Sthé rpleééeeﬂmt iwig 1eledkMehlkes pricjectiont

proj ect,ion yst.e cIu CPU placed within the frane and
di gi tal 5anng ?IL% %os}po({r?’e"{r1rt‘:i°}s{1 Itg ﬁ%%b’l 52526 BRI EF DESCRI PTI ON OF THE

DRAW NGS PCT/ USP4d #8{bhd1l guifrdgtaten pebﬁ@?@éﬁd&% Vi 9&;@&@ tb@dh&wnal
projecti onagewg ea,ﬁg sgLeen arran enent . %m éﬂ‘lr I g ee/atl n si de
vi ew of the APF‘H% nfUPPI 7§ r TEFE AW F?\éﬁrf)é Bi %? cét‘B':er ective
vi ew of anrieppegtam%ﬂar r@st webl easi omeshanigali nadjustaente wuch t as
present i n‘tﬁmhiﬁ@ bﬂ tFént! Ssupporf Qjeeetl OR1QE6Fén Y. cdrihedtdvhe , 4shéha

per speg i VeV i gW the |fasqec%r at e t% t %r wﬁgghgng‘ggstﬂg@el I I&EF fged in

Flgure i ATthe ¢ osed or age 051 tion
vi ew of th&oj rfkhegrRadgctesnt thus; @@Fﬁéﬁl‘?x?%t@n thatsthat pgoiactPyubke 3 in

the use or rasdmpj Qekte8Biprs| EbOItheFlﬂ.tHs%rﬁdrS cr SEN€Bthe @lesanByrside
el evati on *.1 e%ééé S{nb" ggnni o;d‘%g]_le arm and projection head of the
i ron tl ?

i ntegrated prolec rated in Figure 3. 20 Figure 7 is
a schematic cut aa¥eNes| d r%'b@.‘éﬁt' Ohwnewsifon% se pajie@mml gt otpghe arm

and prqj.ect,ion _head o he inte ront 0j ect S |IIus rat ed
in Figffe 3™ ﬁFgﬁ’F%“‘éeu Ya Et“a \e)léth’S'n vi g{ﬁ Lf?ﬁ‘t%“?ﬁo {-’ of 25
an i nt egr ap¥a@itebar prcﬂla!tufenaaysmmtlinnaafor@mtcermQ#Qmelmlﬁsehﬁ
invention iséatBere&cann rirsowz:tlmm‘?clew HackFi@r €nd aﬁdfeﬁ@étenaﬁ:ha

cut - away Si de el ion,view of a our.t rrbod t .0

proj ection 1RESq 2 %fa"a ® 30 7Rt e 5PEREES £ M8t lﬁ‘r mggglgonmg sete gﬁtg’gggl’dance
with the pheserainadentian. hmwe H@fl@@mhm cuts- awigpisalde.

el evatison woeevet, a trd t RopabadirTentioé i assréen, praeeciargemegteof an
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sources. The present solution, when viewing high quality

projection systems such as 35mm photographic color slide
presentation systems, is to attempt to extinguish all
35 ambient 1lights. In some very critical viewing situations,



WO 00/ 52526 PCT/ US99/ 14803 Figure 11 is a top plan view of the integrated
front projection systemillustrated in Fig. 10. Figure 1Z is a perspective
view of a sixth enbodiment of an integrated front projection systemin
accordance &650/535{6“ present invention. Figure 13 is a p SPEShAXE: vi ew of
a seventh e nment of an integrated front projection systemin accordance
with the present invention. Figure 14 is a side elevation view of the
vertical 10apehkeehpOnnist Beéﬁ fhaa eoaﬁrebl eénu»abt tAbStrel-puki oo f&ont
proj ection sgrﬁ r}hl n AcGer 1nce Wt é% gt L{g E{'I#IOI’] Fi gure 15 is a
pl an vi ew oP*t Ao TP PEr FER | VEFKH 1Y front projection
system il |l ustrateme ns¢se@h g Resignersi QIQVG 1sttempteder £ cHddresss-shet i onal
view of a canbiold e ddht (bBIEhOUI A hBRb-BIPLEEIMAN STeBGlckibh

accordance wt resent 1 nvention. Fi gure zont a
cross-sett i 6@EEERS ewthatt HE /f ronProdedkifmecEPoReR c AEERTPEE UK adker
Figure 16. Eigntend8 brigipstiigctirom vheéWwpebjacPéer)i wRiDé hARiMDAENEONMD

structure og Lhe é%‘f{'&rj]%%edoffroﬁkcﬁgﬁfmi ‘fyo%tﬁq?ﬁh%%%§5a%€%"e nuf' gure

3. Figure 19 Ts d | an view o0 he por %/
structure i ALERERIANRJOT n tbey P ecter Al L YRR emseN inceEPer e O A
preferred epbojiedtesrs Odré hemr g€aen} boreablenandnpiesased fa[tDWaﬁI@}é&Ctl on

syst em ypat thP{»@gﬁi‘E€§n@£E 3938%353&@9&\% Pay! ngemdd g, {mt " Parpnd

power suppl X ectronics I cat ed pr ection scre rovide a
conpact and3ifEHEULE dE® APERMAZe davisEeep gﬁ?rresalsl 6PPFFiRte aP€°&e“r"Fﬁ‘%t
exenpl ary epbsiitiend 0fd apticakgerdratterdstipsoj ection system 100 in

accordance with ife Atespgtide 11/enbl tesith Cat&gi%?é@ g%ééééﬁo% 14803

The front projectlon %/};5 em 1 I ncludes a ection
screen 102 f@GhtEW on M%ﬂn neﬁeﬁb‘iaé‘aﬂ éh deddga 68 PQ" %‘H y
nount ed 19y moomy nid Oéhiah sheepire]etber pamd i swresn tpesikiane aémwall asi nge

1118'6tt110 5%:ﬁer P Jé@n”%\’ Retiehat eéh%?t%h@dl@éﬂ nga&céedPKQbf-‘G&éﬁ‘t head
posi t on.  THeRkErbied 1 "Jaaafrr FeSaAry SOEBrERreh PhEngs dtay e HeRSE The
screen 102 tmy sbepend| @OEblS@lﬂﬁteﬂl @troegc'eqmdrqm ther deriding104 Qmcermy be
frans are neos opated: a@“@?‘éfwﬁ’%%’i’eo‘@f o ety o, el ude
S i y u
i 1 pr et a9’ “BaelHEY Snadi peede ch o Rooh (At ~tR e Laska et
erasabl e whpeebakibityl.5 The franme 104 contains and supports ot her
comﬁonents of thfn&&ﬁ%xeml%s-'s_bélfﬂ@é@ Jg%vaagsh%ﬁelmﬂl tfmaﬁsaagowtst |
such, as inte akers inn n S n contro
panel 114. %lﬁgf‘ﬁ ?igétrﬂrsexl m])‘i%e ke& ttgﬁerfﬁ?ggg ;gcﬁ %%T'& dré
i nfrastruct Blaced Plﬁé peotert ifﬁﬁm2¢h§ysﬁ@rﬂemo kQX‘f‘é:%lmlwldndO?%érf rame
104, inebudreysedhivg ghis M efdaditscaUsh aﬁm@dédelwﬂormngﬁeswéi-e ortl-.rpi ?st Ih C
conposi tes tire praqjectj erg. agcordin y, |'i ght
(20795 pounBaosetion "pBy B, HdeihaMaL Ty PSR "Hadae | BebEIEL AR 05 O
arm 108 i s FFEepem anéimﬁ'aﬁl oﬁhathe rgeamkbdes coﬁfpr |k§ar§tene'ca a%| urlisnurd or
ZagnﬁSI um Qua@tiPatenil ahbeindt paral Sel swipperndath byoﬁ?igarslild@sast%wt shel | .
t the top i;nge unit al l ows the
projection gfggn 1%&%%\&0%1"?%{0?% %&ﬁ: i v?)lt%t &fween a cl osed (storage)
posi ti oA®and an ¥pEwrdsus&EPrpokhei o'ﬁ’quqtg}l?Pe ofj | kexstoniag t RE2HPoj %% i on
system 100 Bepéndé®wsagthar tHeOpagetpoRi bf Othe \Wi) dakiorl WitRerespecuires 108
may be kept thg %E?e&ll Oseﬂﬁf@ééé bRt oRCnd PO BEARERFhL¥a PRy abhElcay th the

frame 104, an
and by electronlc methods. TFor large keystone correction in

LCD imagers, optical methods are presently preferable, as
35 electronic methods may suffer from pixelation distortion, as
pixels become misaligned. Presently, to the applicants'
knowledge, the available optical keystone correction in
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35 no obstruction to objects that nmay be noving in the space in front of
the frame 104: Although the armis shown folded 11 WO 001 52526

PCT/ US99/ 14803 back to an audi ence | eft position, the systemmy be
adaptabl e t storage of the arm and projection head i ence

ri ght posi t‘lggilbblg%l% ability to select storage position rraypggm\ggbﬂa@gl ein
avoi di ng obstacles present in 5 the projection area prior to the

install ati ggnRéré el BY 4@ 1ab1@ Ghirtabi eOfelll@r8h it 188oche HRb3kBtors
contributes to the projection system s nminimal thickness, appfoximately 2-3
i nches (5-¥s5bewwgen 19"t e 2@orage position. The system 100 allows for the
proj ecti on headrdO6nd&y berdifl acid 4 MAYLXAG e UBldRo HRYsthtatigR i n the

operating or projection de in.relationto the optical screen 102. In

syst em 100SYEEER pHRAT |45 ML T4 HBPImFPaT T UhbH ARH1GR/r JOYEE: YEoShhe
screen &ndapdnetdirhgtiveveriltdnger eefuckoweveysten hehoetdogreferabipy be
desi gned ayeund of gt 1%iRMhedaheity NBthydS i @Bem MRYREESEnPRI WD the two
positions may be assisted manually or nmay be notor-driven. In the present
enbodi nent, an electrical notor |16 residing within the hinge unit 110
controls the novenent of the arm 108. The notor 116 may be AC, DC, nmanually
driven 20 by d~tentes, over-giiMaRy 68MriE PENVENTIGNIEd) or any ot her
suitable type that provides reliable repeatable positioning. The notor 116
iS a precision yoi dedbogdaentlr i o ruhieor phesemy tinvehtibh seomparisesi tahes to

accuratgl y epgatt HeBjEbeiEM nhwﬁla}angy@e&préi\m' YntbhFaPEL] St iogeibsild 106,
in precise 25,and rg{}sgt abl e cl osed enent of the

and open positions, The no
arm 108 an8nBHESt UREFTBASCORCTRL APG| BEVSF SYEPLY) SABHESMERS C T of | od
t hrough t hdeddpated pamdlection asceemsi e toonprovideota shmmpactor videer
control neghgphap adide, t hendr prd{&3font RAgRNA] @6t kelps¥at €8 A0RigR IS
pivotally fixed at_a sin Iesom nt, those skilled in the art |1 readily
appr eci at e 9RHBt Br%ﬁ‘i*e]t‘%‘ of°FifFPer eRRVETRKYR TR c\/oﬁ%eﬁ%&ﬁ‘éni sns
may be IfnpPaktaredtoi giver aptdmuyi opticalt berfoxmande in ambient RLiaght
al ternati van@mMpogi ikdt sng id1 & dHRa¢ i 38de At It Sfedt. Udmpdheht8Nnak Bhage 35
or telescopic.myvenent and the aroalbga% be %J ed to other portions of the
861528 a

frame or t8FRIREFIOR SN 2F2 ™ U deAS T 2R Ce2pPai ned i n
nore det ai Pivataklyt fonnectad e ethd 48Freeme sPheearn0@fdpranbresisae
coupling okehhigtBaOi&Et idNEENEhdEsdtddh tdphadattls RO AR RepabthBeyhead
106 in 2Bel ation t th?.screentloz #o ¥|§I hﬁg{g coﬂ rast grl htest 5
enhancenenPFeFﬁﬁﬁ uﬁf%??n’ ?9, 1%?)} raf ™S nﬂﬁ% P Sk n, %n& €h rcﬁefgéus.

Si nce the @pei paripatieet wpilosyshemphapeani Gpeangined egtdorndagishen

sel ecr:]t ed f@hacaPaioded i b¥ordde Ej Pese¥ 86 . Positd Oilr&liiﬁé”lﬂzdli'reoj Bet Oériaeritgzl%
in the use [ N, i n ; eter sgLee

my be 1o A38Tghad MM torihraR BERH bE! TeSF nan TR ReRREsTRTER {he
audi ence weEm.¢ rPreducd nyeighter PEr dese hhamb? enporndsit (1Wh&H 1QOERRE) - t he

pr oj eclzgzi;onu&;stc&mioeaeea@m}engsbeaﬁreﬁeJ:i:gdm hexangaipyumaltchyngf |i ght
rays : iQ .Coor sy in_the scr nes a
z-pl ane, 1%%’%2{381% gc%fllr(r%é% l§§2 ?én%:%tgeess %%rfng)%%w;ﬁ{hge ala(i)'ﬂg %ot ﬁ&-{&ﬁgﬁfsg

hori zont al 2PP¥ParEeinBephe Rer itheal PYRFANRE. FRE Rffier op iFhaendBdof each

| i ght beamuh6Btupeivé hersjdardenl@dndepends on the optical characteristics
of the projector, such as F/#, and the position of the projection head 106
inrelation 20 Ap tewempdagyn igPegrated front projection display in

30 accordance with the present invention includes a front
projection screen, a pivoting arm coupled to the flat
projection screen, the arm having a storage position and a
projection position; and a front projection head coupled to
the arm. When the arm is in the projection position, the



Figure 14 is a side elevation of a vertical axis ray diagram illustrating
the reflection of light beams 162 emtted by projection system 100. Poi nt
164 is the known precise |ocation of the ideal point source for projection
25 lens 14 (oo/kishgistrated in Figure 6 ) when the proj EoRsdb3shy 106 1S
in the ' USEQOpg’g%st‘?on The angl es of incidence of the Irgk beans 162 on
the screen increase along the positive xdirection (see directional axis in

Fig. 14). Iffontt padijeceiah headens tde hi predetstmihda Wpok it eas hwdbnbe
reflected %_%??gggrggnﬁee \@x;orh ge iﬁ'g@ﬂlrfﬁ é)Jr ci dence. Especially at the

sharp proj on angl & of sy eresutrn light pattern would be
scattered, w thThfl Pr&jBEH‘P%nhBPdt HQCFPQ% PH?Ee‘F‘éh‘é’hl Agtiee Bavibdce. To

conpensat emte&hahlneagraﬂﬂaam iKtyistene cbrieét i cconpedisationdd girataer een
102 includes a verti cal Ig){Tgr aduat ed ref | ect]on patter n._oriented to recer ve

the propectBan Fh2RPEp¥IRgsely ggnal V@OB?BZS“% ey AosFaned Pt hat
expect ed | mosgdenoe mngl® tﬂ'ﬁfoweabhsbﬁeé’lﬁ dingdmlseaees dPZantirbdtw v.efl ect

the rays approxigt ehyordl B96TRE: 300 S AT hi§ VELL °Y Reditcalfy |ioht

beans 162 are réeflecte lon vertica ose to_noria ause
that 5 cor PE8F8ARSAt o rERdeckpRRt cBiFBERIRHIPLf t‘ﬁée%ﬁjdl ent¥ght n ERYSrnative
enbodi nent emahaténghe favdli ethe | preypetien t pobetiona deﬁéﬁi:ﬁm pagétion, a

difforapt sethecthdn pt!ehl TBkolectibheEBied FLAUTS 1kbiskighes o

top plan view o ri zont Istribution of manating from
poi nt 164. dA¥echionydnerpal i Eoekpecvegtitabe axdei f’ént"éﬁ ys‘iﬁ%et"rr bul®d, the
hori zont al thef | eoriieonpal t alirenftibhe Stheenscwear r araged a 0 hprdeodean w der
|1 Tum nat i Qf <35 Bagi oA, tmmrrr 290t gl gfLrpafd oaenérﬁaﬁlygwr% }arhblyshrates

an expanded vr ew of a Vvertical cross- sectr on o ection screen 104.
Figure 17 PPRYt Bt BEISFeRiisde dt i gt éW‘ofSP&eﬁE?rr aFetRs Eection
of the i§cr ¢be. hthézpntakahiien screen conprises a nulti-layer material. The

lscreen |1:04 lncl @ﬁes effpfir?gt dééﬂ%’i{l l%rltesm% |Qﬁ%tﬁlet§”§$%y| anc?uaécond
I near resn el e n r ective C onen 1 IS

second spa®&ft AFEr’r@ﬁ’Es ?Pfrﬁ& f’a;:? %ﬁ ngg Sm AP es'ﬁg

el enent s 1idagddglmadahel mweenplme@emﬁmeﬁté@nmroelesmgn hgad aaddt he
reflective tﬁLaeEQ@Etgﬂ:Lé e&da@afel \ysl Elaé’&i THhe duenea&vgwﬁaeérﬁ ens el ements

170 172 76_and 178 Iy, ,and t
ol do. P80 and 188%; EpBEETOLE) ORALS  PRY 1 CRHIOARe ibht 41 PO ENEPBRCS &

thin isot rGrtir@cuhrﬁusmgWW |Bvh prroducepi an@%lmg BA%. crmrentf andi ng
| ayer 184 E%@CH&@§c8ﬁbaBthﬁ@Qﬁ'e?QistV|t|Pﬂ Teollang. chbeRt| eaams»:sr de

180 i ncl ude_%trto g{’ur‘% tl)énggves ° qY&s 1 6 L Q{-‘éng t}gf t%rr'-rte in a

graduated p are o] contro rcal
| i ght spre®@tsThes | énsh%&efnt eKxchanggys Pnéné‘dl%ehﬁa'ﬁ haenggasedt Hy prfectl on
screen.2535 pHageptbsMlikC audella%cof Byhe saseutibhnesy Frasnelcobenfgel enent

172 includ ur al t C 00 2 6

PCT/ | 18991%3%85%8 @Qf}e ca%nrbna‘%ﬁqilece%%ur a]féo \O%Q gr%éoveé §/R¥It he
first Fres®dield mzel'hé“ast@&}ﬁd Iq%PeFFes“ﬁél qrdentakémpnt 172
has a | ens dfentﬂlie POfiohePs6fb ON sgrvethr€al alrene tudeandi g t ardeghatle

center of ?Fggge l'll' 4%1%r&%r§m§§££&c€ %ciggond Fresnel elenent 172

faces a bac [ ca YWoPRear “structure reflecti ng

t he I|g¥]t back R taB o‘l]r"@?t"la(‘}ﬂ"ef enROBRANENCc e theh L X0y &F OFeCthan
structure ladelplagf magt thiﬂdepdieiﬂj}ﬂb|é/ovhﬂiée renitlell pd plagkds f2pr, thech as a
lenticular i %Eg‘.iﬁé“r&qp% e?i@lé ]a(}\f Hl%%?ﬁib”%l%ﬂ&iég ?ﬁt%f%g ifgkcro

facets that appr i tal 5 of the
back ref| edP8r 1?'.‘&’“&&9‘35%“ sﬂ%\ﬁ%ﬂ‘a’rd%rt*tﬁ"f fQPsté-cPéflVeGPPﬁées nehg| Lightor

whi t e coat ethurdepetuli the Oimhhéngnadhipoatbnesr dan tiee npaudet:ypm oheadt een
appear ajce pqggi 1 ‘%‘Lq\ JaEl ‘EBQ??\:L' ”Eﬁ‘ﬁoﬁ{ﬁ{’c@ elggrente Z-{(’: ‘tﬁ‘&%k:ﬁ!@ﬁt' on

with the structured ector 17 rovi des contr Stribution
spreadi ng |dr+5PIJréYh5YFE%‘ﬁt’8ﬂY dincdddeos €8 aE@:B‘Fr?R)d&’c"é“\ﬂ é\}&% r'ARE ape

posi ti oned digriitadnaahbyat iorf rcmmpoakntse screen. Alternatively, the
reflector structure 174 20 may be enbosged into the plano surface 178,
reduci ng the nunber of screen elenents. Alternative enbodi nents of the
screen may conprise 3Mnulti-layer filmtechnol ogy.



As may be appreciated in Figure 5, the projection 25 system 100 pl aces the
projection head 106 at an extrene angle and cl ose distance to the screen
102, thus mnimzing the possibility of the presenter's interference.

Pl acenent of t tical head 106 at the end of a radical f -

proj ection ‘Q{Pﬁp’%ﬁ present ed uni que nechani cal and opti cakxygsscgzlgéq%nges.
Even the |ightest and nbst conpact conventional portable projectors at

about 7 Ib. (3.2 kg.)) nmay have | everaged unbal anced strain upon the
structure conponents. Optically, the throw di stance necessary to even focus

anpl i 1160 Stressos on ¢ REVEF, AEECHErH e oK PupsBRAgRed) 3c” * O

PCTI US991 14883, St Rugkurl ﬁevdrs%mqvet kﬁe%y%ffera diélerxslpwog%%ﬁoﬂ

severely keyStone distort and rel ativel 1%/ I mage ctronic
optical engine AREICRIANG REGeRY arpaRISNg 1b’nr c conponents. As better
illustrate#igaréi RIrds6, adb ielgadjiont | shdeystiem 160 ttiee aranradd8ementt rigi d

hol | ow structurelwqunbyl?grguier plastic shell 118. The structure of
arm 1d8 defjnes an ar,m chanber 122 .and allows for the nodul ar. and separate

pl acenent 84990 r 3 afd RENERESHLYE: r B1¢¥Es YfodfPe AAERHAFeSh fREBFng
nmodul e 120. Theprojewkiorol systegowdm elaswiordance nwdbhe the | presdsns

control boards, meézl.efsn ianenet hee efeﬁf&ﬁuﬁﬁogeemeﬂaﬁ The el ectronic
e internally connected. throu h an € g\y {n nt er naj ower and
des'®a

el ements a

dat a co‘ﬁne%tlpﬂﬁ? 4rhdSi gPrgs Hﬁﬁﬁf‘ée ¥nc? Aratsst c&ront

proj ecti on optipsojection ﬁsﬁ%relllandterm Blioghiret B3i Lt ithe cdnpedent s of
t he projection gysggégﬁé)rig,stﬂ&e_oﬁrm and the frane, a | esser load is pI aced
on the hi n$e and arm A‘Iil 5 sgal h?cég d Si e beco

possibi o FREGES SR HEeA | RiPFoeRFYtTen Fif BnaAttRI5aFPR( $78nT

di f f erent nodul Brolectiom myshem sIM§tb@t$ﬂ)sm Higuxiet Bi Analther naei ox

enbodi ngnt s of ﬁh Qf{_ef&{]tpdsl’j_\te_ahl_on For exanpl e, al ternati vely,

conponent s pQ eeI eCt%ﬁff% dcul | lg,e ;)Jd%cedl ffwra 104 A

consi der abF armunt of g s Tequi red 184i 71 oftal

proj ector desi ghirsl embriimeniy &%ﬁ?al%%étﬂﬂe@#%ﬁ@tﬂaﬁphaﬂd Pﬁethe

el ectroni c conpeResgtatedl tordiyve prsiidtiionqueseyemontianageratedheifeparate
pl acenent of el gel r]g)nrf: conponents within the arm 108 natural ly reduces
EM/RFl interfefence. Further nmore, in the exel Iar system 30 100, the
pover BppFyoune donits i@ efkematpit cautmanaye s %md’w aOhoﬂeyconb

structure 124 iaebuﬁ& nﬂnwodiwnatl ofey thé E?ﬂ(am%r&ﬁdﬁthSeaﬁhefhﬁﬁéyconb
structure surr o&lg Cpomgror&upﬁ%%{j%%qugl ectsrﬁgryegs qqgglsgﬁ;ggdang

provi des both E T el di erna agenent aracteristics.

Fi gures 18 and E@‘Ji"r'?u%trate det ails of the honeyconb structure 124. As

descri bed Fagapependisng atidie elevdPibN1v26@60PCH WRARAL4MBIddMeAtSbgned

LJ.S. Batent Appgli 0 I n and
% b ﬁ’%ﬂeca}am ﬁ{‘ 1 ?ggeg{guﬁ esgrsteﬁo ?mf&o'r'dqm:e

Heat Trap for Proj I ncor por at ed er ence, the
shape, orientat }"b ttlli'reckﬁ’fé%%e’h*-ndl%‘f%’d’f“ tie FBRag¥ifal °€elﬂr§ IegFighpe
tuned to att enupbslsmsr fic el ect rorragnetr c frequencies. In the present

exenpl ary equgbmgntls tges?ﬁ]é@%gipl cifldiwayl 201 & e BLVANGH

| ongi t udi na al ong the are riented at a predeterm nea
specific angle °P6g%t erbRdinens ff éf@ctarr&r@ﬂetﬂrehef’éaﬂﬁnb%g ofhan
honeycaob 10 st inecégr#td®4frentanpabliactivn hexsgemalincaceoltdanag @i2h0. 0625
inch (0.635-0. 1§ﬁecgi-éséﬂluﬁ)e% &18n.0- 002 inch (-0.005 cm) foil thickness
T, and a corrosion resistant coating. The physical _separation of the

el ect r oni c FdGHEENERt dSarfd %?T@"}?d‘r’ré’y%ag’?i’u@t‘%ee}zxab%%| UteY 5oE uPf i ci ent
attenuation to féduneembediment fof othéearmr adiit pepndectiban i hgad oofshnel ds.

integrated front projection system in accordance with
35 the present invention.



The present arrangenent also offers an efficient thermal nmanagenent system
An air intake 126 is located in the housing of the hinge unit 110. A fan
130, located in 20 the projection head 106, draws air through the air_
i nt ake 126, the interior of the hollow projection - cool i ng
t he el ectrorﬁ&csog#gz’gpomer supply conmponents 118 | ocat ed the]?éejﬁ#gg/%% air
exits the projection head 106 through an air outlet 127. Air also may be
drawn throughgwe the Pigj eft itdp hgagh 106.ewlNesf | Ok Ofi ntagh-hRdaai xS0 may
be used to cool cor?onents Ioc%}lrgﬁll n trr%% Bro ector head 106 or a separate
cooling air floRHH 9P nEREY lustERdats el Be ol oyed. The
ori ent at i onFbFurtenel o e qrer spectidver view4of| sosistBOevesdimant taf ot as a
convection heat giddgratedbsichtt -dijketiBh @patar AeNeiddsahdnte heitn
el ectrong c nodule 118 and transfers the heat by convection into the f | ow
of coolihg air aﬁéﬁ/ﬁrﬁfepﬁew‘éﬂ’ﬁ’s@‘ The honeyconb structure is oriented to
direct air Fiowevkd tenai pevepectinmentay &G D séeenth embadigrentofoft he
honeyconb structay e jhRégr@tedateofit! f¥ydctionl | Spdi@n angl 88cord4hdd I ect
air flowto 17 Vt\:g Q__?‘! S2526 PCT] | BS%QI 14803 di fferent conponents. The
chanber 122 may @%b PR PRERSRR Y 26P i nterior fins, 127 and 128
respecti vel Jiguxe ack4 asishi gh ofifdeci @levasieonexvhewmgert fbhe bovertigal and
telhecE1 rom cs mC)ooltﬂém.ethe?g?qlcitwnt %fd!a e@éx_’x&f&].c]fédw\hig%hél la&ei:fw@iibcrnt;/vi th
e honeyconb structur iLnto_the interior ns , ws for er
convecti on. cool itrrfgcf L':t %§3§ﬁ§5P%‘n§EFﬁee" u%g 8?0%“#%%9051\% nai%opfﬁse en t he
use of natural | yirte®&den.convecti on. The cooling arrangenment offered by the
arm and t herhpeycasb s&ruct pnanal vhewl lodwstle Hvrivontahoweresdddorpover

consunpt i on_ and J.au iy e o peon COPPES haldey QYAdA0] pelsalugni g, ront
projectors are designed to projéect a Spetified screen diagonal at a

speci fi &4 t hrow BABENd4-(TD). The throwratio (TR of a 15 projector is
defi ned as rhgureatie ief al Wepwidast absss4sectdonal ¢iegoofl a dbgedrdilation is

measured as scr i ag k di ?chgﬁl . L th trusjve
arrangenent of tej‘f?1 hg:lr 0j ggtglkg%gﬁgg%f‘ 106 of pr o%%??g%k%{?ste%%pr e(L:liE{l res
that the i nage AGANRGEREEUYEYD e ARSEENE LAVERt N very denandi ng

requi renentBigyded Fhoid -4 hiexi abrtlaaneepsE23edt ibnatgridw catt i the fruht 3)

| ar ge kgystone i;Qn. 1 Ny J e hﬁﬁﬁﬂ e I N the present
exenpl a% errbod&sr)#r\eJ fe%tttl%g Eggeée?(‘:tniolrrﬂ‘%géjaq%&l;ﬁs oca‘{]glcf'at. a projection
angl e > 22 B %e 18 mifea urRRESRSGHVSe VHeY 2% - &1 ROEREP™ 1o Jdt%een 102
has a screen di dgoregiconbt stencti@re oof0thachntegrdtad 1ERomhspyo]jekdtticndi ngl vy,

the design goal ssfdienf 1916XERRLE] VirfliFBua¥ §YyStem 100 included (1) a throw
di stance 5 800 mm ﬁéZ)' a magpifi, at%gn z [0X; keyst one forrecti on
a e

; and (3)
for a projectHf angl S 22F¢ #Pi ndo i’—?g&?‘@ PoL e 8f edtt®n head
106 i ncPudes a |hameyeoimb $82ucture riddastyatedgim FHid.vdsl34, condensi ng
optics 136, a color wheel 138, a condensing mrror 139 and a projection

| ens 140. The projectign head may al ipcl ud ol arjzation converters (for
pol ari zation rotating Bﬁﬁﬁ&’% ,D%%I%%ngeagaWLﬁ@W%gpet absorption or
reflection filtefs, nat . L i.glat r 0SSy ou ' a

| anp 18 WO 00%253%%%%%893%‘%%?&?%&%% C%e%ha%%rf{“?ef%ﬁ%ﬂﬁrror S,
and ot her opYMREASESHBonERPRE ( RICOIGTSHAT. Emgt?‘%mﬁh&ﬁi t 1P8SIT LR IR o

refl ectder 1Sdtioul aehgipe l3haviing reddweidmr cdBtrdbc uses bowveri ghitpgiiyoduced
by the | anpe @3 {49 anle aC Yelli cWBER! pt3Fectidl &R Ho | icﬂtehacln I'S

condensed by the condensi B,ghOptl ¢s 136_and the condensing_mrror 139. The

now condensEPBAEM &9 i JABRFs VERERIHPIRY t REVAGRdensi RYTW$TF orP #hd i s
direct ed t ohhlwistrdte ref |fdeity cexemgaryl Sdnbadiinenti nof uram r thtemtatddhe
light onto $PShPrPi&fdddy eiakSml4bo | th ThEcd Rt daNivi th3 2l Gh gl an
e||lptl(?: reflector 131 and a high intensity arc discharge lanp |33, such as
the Phi Pl ps™B" %38k, from Philips, Eindhoven, The Netherlands, or the
OSRAM VI P-270 from Gsram Berlin, Germany. Qther suitable bulbs and | anp
arrangenments may be used, such as 15 netal halide or tungsten hal ogen

| anps. 10



In the present exenplary enbodi nent, the imger 134 conprises a single XGA
digital mcromrror device (DVD) having about a 22 nmm di agonal, such as

t hose manufactured by Texas Instrunments, Inc., Dallas, Texas. The color
wheel 138 Zg’oif’%’S%f?spi nni ng red/ green/blue (RGB) color sequyedhised1483SC
producing 16.7 mTllion colors in the projected image. In alternative
enbodi nents, the-col or wheel and the inmager 134 may be replaced by
different suitahlhe CdrntIUpPd)dutSons UsYstadn 2106 04hd1Ga¥st Al &K datled
sequenti al .shutter, and a %g.reflectl vel% trané%ss& ve Ilgw d @rys.t?‘lE

di spl ay (L&D HEFE PERISSE ISR PPEGCT n1PATQPRLGH | P BEF RS, &R8yni 2o t hat
ot her opti cxojeskponchesdahléaisanyertarly mounedpdysian @rnm 198cdodance
with the spidriteroftdgiep®Fescit ot N¥RS! ifpBme3Q okhaad NRYBAndE4 it tihe .| anp

132 may ,be cool ed b he_airfl ow generat ed t fan . A further

t her mal 5advigl‘net age: o o:% h%a%r?%nﬁé{:rr%?ﬁdeo?mf hges)%r %2’2%"{1%%‘% n%’ﬁ?Jeléstr}ﬁ{'at t he
war mer conpmteht k06 ste hPa%ot héremnp, capsefioext &foxagan Posdtient ten as¥ t he
cool i ng ai roddn@d Rat BrotBubideH @eyilting .35 the intense heat fromthe |anp
fromaffecting delicate el ectronic conmponents. 19 WD 00l 52526

PCT/ US99/ 14803 Thadisdreeal 1920jisctepticides guupled thes utheabprojectbicoonpl i sh

the sinmultapgeus reqei cepBBAS10E hh9 BeSH ap1 Sy ddr ABCOEidiHas the
present inventio addreeslgtﬁs this problem by the innovative conversion of

Y
35nm calfer LYY ef&@halPhg & s Penudber*H £OPRPEEFrel d BT Wew into
proj ecti on ddrmwativhee gnhgddoentn betid h@ hecreerf ozrd thagtfirameodrels to

20 Mm  and padest M {Aedt0r diRSt oFUidaAlkhgahenseame Ndreds NigeOmal8 N
f/2.8D N kkar frdom Ni l‘fgn éJ_(a)]Pan, or _Canon Phqto EF, 14 Jm f/F‘. 8L U%Mfrom
10 Canon, J@bc AeThEY IS HRYSEE | 8hs SRS pFR % SEPPNe®S r &0l utii on
on screen ROLOWTd tsr yskdas 2an enasahie wbitebeawdh. the |ight valve center is

shifted fromthe prol#é_ecti on lens center by an am)unghg ual t

o the
proj ect 'on angl €PesdEA™g F4f gEORRY L aﬂéj@f“pl?é’ﬁﬁoﬂ r?%’&??rberf‘qiss Yossi bl e
because t hethpr ojp=ttemon aBlye eframkndom wayl housepaddibienalit compyrerttison

angl es exceggifg 24, inReqgPhELECIHRAKLESS 113 ,Selfiitedah@ RAMNPu fiddkd ield
coverage angl.e exc&edl ng 90. In al ternﬁtl ve gnb?__ﬂl ment s ven ]%Wzlié]%er

keyst one cot¥irct PBR & CPUEAhI R2NSY Lhtis endBl i*RE tHFE of*® o 4
shorter progmesadimendr, mthghadchpntioad dbfrastiwgtunsatafi ethecprojrttion

lim t edyonl gy dtent QL | Ghe KQ¥ht 0RB8CORKACt BHe OPELSRe €16£) I OMMELYGRY St ONe
correction s ‘ag% scrg_en.l ?cl I nation mayaQe cr?nbl ned toe achi eve a
suitabl e i nggé‘ weioky amPEFRARITe BRERAI REnt 2TERENYE s PRSI be HWot or
driven, to plssfiican Fambesiteyyr 0j ectThm pestiren @mraiectiiome t$xstemhe arm
is placed igcdd¥iRAY,P0SId | OFe1dtiige1e 7 lilgnest r@iessa Sauaiuas,exesqiary
enbodi nment }91‘ <;heagrpsresent invention. The sane last two digits in the 30
ref erence nu’r’rJEr%ﬁ dési ghate simlar elenments in all exenplary enbodi nents.

To decr gﬁse_ t Eie IS"% zgnof p&taaehhg@éceg.gg'h% %\ﬁ%af%mghhfr t%'ég?éﬂn r Q@lglceiézgg
size and wei of projector a nd arm 2p an n are
pl aced wit hﬂg?’rﬁ n@'éguh%’fl?i‘o of P #FP n%?gaﬁﬁm%’zls.éﬁ%&br%) %%stuﬁg’f?ﬁh%

el ect r oni ¢ @onpagees sup,18omr ethex aseitabis deaferipd sz04wmpupdedndys @ een
202. A sequeitd gli£iQ0 oHReel 28r D Y Wl @Rt Use ot hd8PBankaB1 04,

projection | ens 240, and candensi ng, optics, 236, includipg a.cond { g
mrror 239, %R W‘?M“L’ﬂgzn WhéESPBTeE’B (PHERF 2608, 2A™ rd‘é% R F‘F?‘E #;ti on
wavegui 8k 24® pdvohahedwednt [ oolgsade (profags)i opoaiti@D8andd a0 the s
i1 lumnati opuddPpddrictIP Fidur@ls SQUERrdddst @nkhpre§agdeish NGySpdn Cs
236. The | a 232 focgses Ilz?_httl nt o an ent:.rance erture 246 oé ttt}]e

i 11 uni nati oh°%avgdi §8°93%. °ThEtPTafR PLEIriiem (18 B3P% it i 19%mi 723 i on
wavegui de 2#emuplaso amyexbe HKeottuin X% wWiesedt heosikjinn | st htA W ected

to thr Ouggbégssx%ﬂﬁalw@egiarﬁ&ehowabﬁ €pBdepsih80169) | £84a 28Rusnprdsént | N the
pr esent Odl

t, the illumnatjon vegui de 242 .1 S spolid_| arge, core
pl asti c3opt T‘%ang%%‘bﬁtfloéh&ﬁ %]gﬁ{ﬁltﬁ%ﬁ '?dfpgoﬁ_ﬁ?gﬁﬁgf rggmggﬁmsP%ﬁ%
Conpany, LtfrontYapfinther f8aag- A04x t Aldhomghsomef ragm Limeshown | foddedit i onal
Corp., 15 of Irvine, California. Cooli nﬂ in system 200 is perforned in a
reverse direction than in system 100. T b cool i ng mechani smor fan 230
draws air fromthe air intake 226 | ocated in the projection head 206 and
exhausts air through the air exhaust



20 227 located on the hinge unit 210. Figure 8 illustrates a third

exenpl ary enbodi ment of a projection system 300 in accordance with the
present invention. The projection system 300 includes a projection head 306
nount ed al o i d-span of a pivoting arm 308. 25 The } i head
306 is subs@n@?gﬁzﬂ simlar to the projection head 106 i%@{”g éfr% 00. The
i mage projected by a projection |lens 340 of the projection head 306 is
reflected Qfacka Kbl r&h QdudiRincect L¥et SUSdsidE o6 @REO SySEdeemagO2beThe

ar rangenent, f.eaRiLoal sYpLemafadl Le'RnboLrANadl LASEASEH HAbaWed! st ance
and magni fi cari on"whiTe nmaintalrni g the sanme arm gtnor for e "Sane

t hr ow di st @¥c Aauhienegg i ¥ghtatPAHBAcNh a5 Amopbétily v6Pi S§lech SHoyase 9
illustrat epozitauht Magx gl aayuastwdineavodfiing Pebseation pyetent 494 in
accor dance it e ln\enti ' scre 02, frame 404,
a proj egti c‘fn ehg’géggﬁg,ig’gn %%%?%1%%48%. %ﬁetl]g%{éjgg%:%looﬁ{ h?gfg&ifog y%]‘ e%“ﬁe 21
WO 00/ 5252 FhecTakidodiy1 4853 theojadt | P8 s ot TAGE | petiidntes ok %hs
optically gricjeedivht heystianetizs nindaiingl calmiickiesel, 43Spraeiwatudgnserg optics

436. After . iLngthr t hg c r . t he condensing optics
436, a |igh9‘%§%§‘mq?sl’]f%g‘%£‘e’d 36’0%% g%ﬁ%é%}b?svlg’qgﬁéger 434, which, in

turn, directs thgel bgbteerid tOVIMWES £ar €heOpBESPIsH Hdda0Aokers £40. The
proj ec t 400 _i ncl ud system el ectronics

tar syste s_nodul ar r_.supply._a
418 and’a SARSFR: dPnBRuEARh; PYEP REF P IART TGP, 4D (e EP B ING 0O qur o
10 illustr&@redegtipnt nodredpl zejativndiaetheoprhipadj sereem 392¢ emIBOO0 in
accor dancelgy'stﬂlamt heo gy e&egtl poBi®ibnOnis | Att he a;—,gjngpt iag-ﬁhf sy,sgpéSnO?QeR L_he
power supp t rpni re. po iQ e me , i nge
510 coupl esr\éasﬁ’eg:%m g‘88cﬁbﬁ di%r?%eanpr%#Jéct%&%}#eagé%qgg%‘égﬁéfa%e ST ame " 504.
El ect r oni c BoMievVesl e S9bocdiBenss fayneee widafignede a¥oNmBhg othps
pr oj ectison predéteemihed | pokeit Forlsanp Moviemeh8 2betwden athe &iwd Posikibhes 536,

a tranam sgj i roLect i all aligned in a
strai ght ﬂﬁ“fﬁ&%%%ﬂ@. Q%‘fm}ﬁ’ﬂ‘?s‘@g?gﬂéis%g“n%%?fgﬁ’?% 20 iliustrated in
Figure 11, the 3Pm Yo MEPsSEBt: ABhedmenty o ap gelecirigalometar (214ht or
the left sirdmidinguwégshi? €hel Hingé |wsit a0 tduntuerlsatthlel mpvemehbeof

proj ection st fagt he £ SRito Nt j.QN..., JFigur 2 t(,a di gi tal
whi t eboar d t?yésta?rﬁ 30°f. nc t?di n(];_‘é:a;;J Q\Si%gﬁddﬁgt?t{#s%c}e%%gé%ilk g%égrgaance
with t e pr¥seMREeHRRst | QYPLIRENEST T Aplt (GRFiiRE, 183d8dds F sRYY uSFhe53. The
pr oj ect i on saitadlebtPpe nthaid geroviideg ateddabllectrepeatablerpaitdondngt i on

system 652 m@s itk 356We hRpredsfioR g@idd Jodie Afiveensrbs Badindhe
sensors 654 are 1Ergjn‘lsbrated o3 c of

t 0 track the m)vigﬁnt t.he st%tléus 653 on
the surfacd¥sr t cFERACT TRYLEEHES s tOs PETHRATS Yy R G400 utRe arm
transmtterl®8andirst aeeewtingly,aithd nproiekiion dmhd 01@9or dhnaprecissi ng or
controlassi Gl $epehbaBl &CdIHUL 205 3ped oSt RA1y.602 may be coated to allow
for erasable whiteboard use. The 35 Integrated el ectronics 652 nmay include
a CPU. 22 WO @k5abenERt/ 089 ThbA&Y¥h Fiagir@end 3thé| fiahectiass aof the
vi deoconf erppr%g,'e%%g”%&gﬁzeﬂaﬁ%o% %C'cﬂﬂu%%ﬁtl%ﬁ‘ 8 oubACkHd! RYnRro)

0 Wwth t

proj ection system I'n accordancCe e 1?resent I Avent 1 on. caner a
756, such R&neloned ore Ceereteefantyel btk e8ROWY hepr SFBEFI GPNSTREad 706
or on the fwexmaniés. Thidanthae arxtk @ [Eifvdthe Emgectienasysterntod or to
captur ejodoqtgmv%bgllqgeqiqut Re SC rﬁ%llo%oiﬁltt,e"tﬂ%EleV%qué@d%' enal
canmeras may he djrectéed resenter. and . Screen. %al n, the

to the S to the
screen may Bé& cBhttd rteﬁdégi’ FPERPERLC AT NPt SIRFASFY TRE (WEERREPE 756 i s
directly cdupkedet end/GPlp¥E@tinyg ampchlanispbavay bet biplenemtfedand th@n. A

m grlophone t?x%o ApIPitSs Qfa%?ewiﬂ&ngheihbaggigﬁfl- AGE] t 1 DNGd a8 QR ONI C
noaul es, SsucC S a tuner n r cara, sound, card, vigdaeo.card, .,
comuni cati%‘}?%é‘%}‘iee g %hg gf\f%gr SNt rPe "t?lyac‘éﬁ:%\}d%t%iar‘?%’%éq_‘sgf PARge704.
35 or telescopic movement and the arm may be coupled to other
portions of the frame or to a wall or post.
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Those skilled in the art will readily appreciate that elenents of the
present invention rmay be conbi ned, separately or in ,one system to provide
vi deoconf er enci ng, dat a- conf erenci ng, and el ectroni ¢ whiteboard functions,
as 20 wel |l g her function where a light and conpact ystem
may be usef u? £ the systemof the present invention is Egg’?g*lr?egs"?

optim ze the projection inage at the predeterm ned projection position, no

set-up adj ust mexd Se:agsfamfdesl&armbﬁeo da&xalihe mptr'bqatlaﬁclaan'wcigureé 14~

el ectronic o cr rf mangc n er ed. The
integral s rUc?ﬁ%ggg%@?ﬁ {IOOS ]%’(f q:Ihe co&gﬁgé ogr %%‘goﬁaé‘éa %1
por t abi | i t gngkne a\whi s é'—él?l i ﬁgaaﬁd prisitiiosdngg afsoehait deas t B06heinse of
: L adi ti onakemaaimtw Ssthe3Gchizene 19ki Il:beﬂlémtlbft;kﬁrdfoﬂédridfsté)pmgh?éﬁt} hat

e present_jny n e yse jiety of different optic
corrpgne%tsg"b\ﬂn? ch’ ;r;?ﬁé%‘gnt‘gﬁng%r é(}'n' JIS“eex Jdné%%erlsgﬁl\e/\ﬁrh'pa lF“gielference
to exenpl aﬁpaﬁPef@‘F\P%-d eHg® Rt 9Pt@ﬁéllmm¢"cﬁ"¥srmf fhecpredestiitrn ot her
speci fi c 3en§0hes ave hrndwitlepaat lmefdwam therswdmphtebllheyl RNt £Re .-

Aecor di nol Yokl SDO P 00AS BLGELIRnAT AIDSSH TR S8 pcal, 801 52520

PCT/ US99/ 1 2eribed An ere| n areée on ary and
shoul d not iBekpenBi Eéﬂeﬂr%ée#ﬁ“?ﬁlﬂ%‘g ttlﬁ‘@ SFepRlaryt ﬁérﬁﬁésé% ravehei on.
Q her veri aes9ghedndndvdptifpiédnso n@yobedaadexmuﬁc(iQudamﬁetNﬂ hgbhe

spirit and o] r 6 | M5 WHAT
'S cLAI NEDSRE: Qﬁ%ﬁ%’lﬁ%é‘/”%&%oggﬁ% s eég&aétreééﬁg ta‘g’?%é'g‘gf% %ItdAu spl ay
(100) f conpr i SWHQ% aatla;ef I @il EEQbééﬁi&ﬂl %@m 1(ob02;)etneaeadeb) aabéaﬁﬂt

proj ection_he e ro ion_scree erein
the front p?o?ég{’%oﬁgﬁ %a@i“y%lr &gtogf(rjr%ilﬁg gj eé??on 383| Fﬁggiwth
respect toteha EQ°§@¥’E@1‘=€ ifFephehssetanthe wqmlqeflmsee #oPlanei ve and
r ef ljeCtl5| | gAthr aysgr(tl629ayermaat | g Tudus t h:embbﬁiaﬁﬁil cufn&‘r@ad baitht hehe

pr edet er mi 0 n r p tion

G ool ay. of Lo iPRAGSE KOPy B dnd hn %.gflﬁ@lé%e‘% A o Dhe MRS BE0 ) o
to the pr OFEEW%C%C‘?%(#?CQ HégéanPﬁavl Fa@ UReDH IR sRrsen dQ2adgrandse

posi t :Azn and V\t/thﬂe Wept B4l t bna{-w&uhrﬁmoe;ctd:f)nthaa(bmﬁ;ewwf | edsdcgn 28st heh g
arm ere t S I on hea
" "5 pr EQE¢ oEha ol BB ' EnlP BrBISHH A nd b el tn BelkEEbh

pr oj ectzpont§cFE6n5°BeeTTHé72| nt egrated front projection di spl ay of claim1 or

25 2, wherein the écre n |ls a co, roli vat|1'o ht fldl strlp front
proj ection scre houLe e *fr ént® Y %n S *¥}F Ef¥ins 1
to 3, diagram, illustrating the reflectlon of 1lgh beams 162

emitted by projection system 100. Point 164 is the known
precise location of the ideal point source for projection
25 lens 140 (illustrated in Figure 6) when the projection head

106 is in the “USE” position. The andles of incidence of the

light beams 162 on the screen increase along the positive x-
direction (see directional axis in Fig. 14).

In a traditional screen, the light rays 162 would each

30 be reflected in accordance with their angle of incidence.
Especially at the sharp projection angle of system 100, the
resulting 1light pattern would be scattered, with only a
portion of the 1light rays reaching the audience. To
compensate for the graduated increase in incidence angles,

35 the screen 102 includes a vertically graduated reflection
pattern oriented to receive the projected light rays 162 at

13



a) wherein the front projection screen has a 30 generally flat surface, the
generally flat surface defining a horizontal axis and a vertical axis, b)
the front projection screen having a vertically graduated reflection _
dlstrlbutlo in the light rays are reflected by the | screen
in a presel ec?ed%@é pattern. 25 WO 00/52526 PCT/ US99/ 1488%%599%%% ront
projection display of any one of clains 1 to 4, wherein the light rays
general6l y ﬁtﬁer%fxbaeted ilacadaﬂwa{angliée@bi:oaawht h;formi&peﬁ{ £Ke t Berygnti cal
axis. 6. T r rojc S ne o C 1 to 5

wherein the B ht“%r If'jt:ys rgeener&l déhé;rxgé/ \?% "1319( a} gﬁ% a]gu?ﬁgle

i 1l uninati oaleme'al@le VWQ’T’FJF@S"-[D@@-?“FG t'ﬁbe hb*'ﬁt‘brh%ﬁmsa)m@ are ThREleebed

proj ect I( ogzdhsm ayil(i‘fec&ﬁbfionﬁeoﬁﬁlcfdldymcioéé) Go f uahhsx( gmﬁ’\fﬁ' Nghét | ihght
sour ce n X a vequi ere| t he
proj ectlgn ce’gﬁgs ’F‘%ﬁgejég ?rlﬁé r?%cg%%néﬁggtm%é ggzgg. 1e?§3

optical |y calpeeptive r@nhqd@nlengsuwber%ytnmeawqwcm dsi exparted i b?l be
wavegui de. §n 3haifEepénprpoeiticr) i spifferehtanerQeet9bnCpatbtdrr nway 15 7,
further congpi $f 0fefdh qectronl ¢ nodul e (118) and an i magi ng nodul e (120),
wherein the |mag$ng no e is nodularly placed separately fromthe

el ectroni cdm)dul Big \.9re TI:F 'flrlﬁhgftr?{:ebesttéwtﬂlaﬁph&éapfofckﬁbﬁhggm?ﬁf.fi n the
|nag|ng | ce projection_head an ectronic
rodal 6 1 pPAEEEERRE FE SRy & i, BB tabSr FBRR RPN TFum o oFhg o
claim8 or sudipree| st hexpaakad ok c h%dhﬁ@ﬂ@@idwoswwmlﬂwneytmm
str;ct li(r) e (h3dflzonddl FEL14d¥NUNn mafut@ew 0353 o&rﬁglﬁaré%n afy Qﬂ&ﬁ?@@éﬁs 8
to 2s coppr.i s n produging 2 cool |
current, g%éPgn?& Q’p méb%}g 21r1hi1 ééggh&gl o Jta;@g‘la)edd h%l I %\% structlu?ngaq%md t he
honeyconb s?#ﬁ@?ﬁ%@‘dl rects the cooling current to flow through the |l ength
of the IIowst ucture 2. . The front il on _displa n ne of
Claime 8t 11 EHEHE n16hd WIGRETRSS PO shanneay TREHSE M PRE TRR, 26
WO 00/ 525260P9}r$t59t9¢4m809fgem atrgieptiae Eayesmn ol04s di Fdgpaeedlby

convection b.nhser&@é&i A8 CeMpgatided 1P1an TREehr a3 A Ohoreddrtaldi pbey Of

any one of ¢l a{__ 2 wherein t,ﬂg‘a hop 3/ otnb structure includes a
pl ur al i ty 0 i0on O € 8screeh. ection screen comprises

multi-layer material. The screen 104 includes a first

20 linear Fresnel lens element 170, a second linear Fresnel
element 172, and a reflective component 174. First and
second spacer elements 171 and 173 may be placed between the
Fresnel elements 170 and 172 and between the second Fresnel
element 172 and the reflective element 174 respectively.

25 The linear Fresnel lens elements 170 and 172 include a plano
side, 176 and 178 respectively, and a prismatic side, 180
and 182 respectively. The first Fresnel element 170
includes a thin isotropic diffusing layer 184 on its plano
side 176. The diffusing layer 184 functions as an image-

30 receiving surface. The prismatic side 180 includes a
plurality of 1linear grooves 186 running horizontally in a
graduated pattern. The grooves 186 are designed to control
the vertical light spread. The lens center is positioned
near the top of the projection screen.

35 The prismatic side 182 of the second linear Fresnel
lens element 172 includes a plurality of vertical grooves
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5 cells (125) and wherein the size, orientation, and wall thickness of the
cells are tuned to ‘attenuate specific el ectromagneti c wavel engths. 14. The
front projection display of any one of clains 8 to 13 further including a
CPU (652). digital annotation system (601) inclu ront
proj ection dlspgﬁffbf any one of clainms 8 to 14. 16. A V|gg§g§%ﬂ?e§en0|ng
system (701) including the front projection display of any one of clainms 8

to 15. 17.1d8e (fpigntaipy Ofﬁﬁii@ntﬂbsFﬂl&&a@.ﬁt@rﬂ}bﬁ)n&%v@é allas % Orde 16,

wherein th ctio ad |n ud S j ection o
mechani cal ?6%9 EFES?Q%/ n&con%hﬁsﬁf P‘éﬁ?@? EFe;“EI
appr oxi mat ¢ens eglementy 32722 lb?S @t#ﬁ%%%n@@séﬁlaﬂeﬁogn soVerkicahd 20 c)

3 therV\Ft]?iSﬁéeeﬁtdmaﬁ:ﬂ@f alhrcligho thle @entest of. thA8. szEbsebﬁronmhargneﬁ&l on

I splaygo e cl al 0] able arm_co ses a
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structure of arm 108 defines an arm chamber 122 and allows
for the modular and separate placement of a control and
power electronics module 118 and an imaging module 120. The
10 control and power electronics module 118 includes control
boards, ballast, and other electronic components. The
electronic elements are internally connected through an
array of internal power and data connections. The imaging
module 120 includes a light source, projection optics, color
15 wheel and imager. By distributing components of the
projection system along the arm and the frame, a lesser load
is placed on the hinge and the arn. Also, a smaller
projector head size becomes possible. Those skilled in the
art will recognize that a variety of different modular
20 arrangements may be possible within alternative embodiments
of the present invention. For example, alternatively,
components of the electronics module may be placed inside of
frame 104.

A considerable amount of EMI/RFI shielding is reguired

25 in traditional projector designs to reduce EM crosstalk
between the lamp and the electronic components and to have
radio frequency containment. The separate placement of
electronic components within the arm 108 naturally reduces
EMI/RFI interference. Furthermore, in the exemplary system

30 100, the power supply and control electronics module 118 is
enclosed by a honeycomb structure 124 including a plurality

of hexagonal cells 125. The honeycomb structure surrounds
the power supply and electronics module 118 and provides
both EMI/RFI shielding and thermal management

35 characteristics. Figures 18 and 19 illustrate details of
the honeycomb structure 124. As described in co-pending and
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co-assigned u.s. Patent Application No. 08/883,446,
entitled, “Honeycomb Light and Heat Trap for Projector”,
which 1is hereby incorporated by reference, the shape,
orientation, thickness and size of the hexagonal cells may
5 be tuned to attenuate specific electromagnetic frequencies.
In the present exemplary embodiment, the hexagonal cells 125
are aligned generally longitudinally along the arm 108 and
are oriented at a predetermined specific angle ¢ to
attenuate high electromagnetic frequencies. The honeycomb
10 structure 124 is an aluminum hexagonal core having 0.25-
0.0625 inch (0.635-0.159 cm.) cell size S8, 0.002 inch
(T0.005 cm.) foil thickness T, and a corrosion resistant
coating. The physical separation of the electronic
components and the honeyconb structure 124 provide
15 sufficient attenuation to reduce the need for other
traditional coatings or shields.

The present arrangement also offers an efficient
thermal management system. An air intake 126 is located in
the housing of the hinge unit 110. A fan 130, located in

20 the projection head 106, draws air through the air intake
126, through the interior of the hollow projection arm 108,
cooling the electronic and power supply components 118
located therein. The air exits the projection head 106
through an air outlet 127. Alr also may be drawn through

25 the projection head 106. The flow of cooling air also may
be used to cool components located in the projector head 106
or a separate cooling air flow or heat management elements
may be employed.

The orientation of the honeycomb structure 124 also is

30 designed to act as a convection heat sink to absorb the
thermal energy generated by the electronic module 118 and
transfers the heat by convection into the flow of cooling
air drawn by the fan 130. The honeycomb structure is
oriented to direct air flow over sensitive components.

35 Different portions of the honeycomb structure 124 may have

different inclination angles ¢ to direct air flow to
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different components. The chamber 122 may also include
exterior or interior fins, 127 and 128 respectively, to act
as high efficient heat exchangers for both lamp and
electronics cooling. The ability to direct the flow of

5 cooling air with the honeycomb structure 124 into the
interior fins 128 allows for better convection .cooling, thus
enabling the use of a low CFM fan 130 or even the use of
naturally created convection. The cooling arrangement
offered by the arm and the honeycomb structure also allows

10 for very low overall power consumption and low audible
nolise.

Commercially available electronic front projectors are
designed to project a specified screen diagonal (D) at a
specified throw distance (TD). The throw ratio (TR) of a

15 projector is defined as the ratio of throw distance to
screen diagonal. Magnification is measured as screen
diagonal/imager diagonal. Optically, the unobtrusive
arrangement of the projection head 106 of projection system
100 requires that the image simultaneously accommodate three

20 very demanding requirements: (1) short-throw distance, (2)
high magnification, and (3) large keystone correction. To
minimize image shadowing, in the ©present exemplary
embodiment, the projector head 106 1is located at a
projection angle > 22° and the arm measures about 36 in.

25 (791.4 cms). The screen 102 has a screen diagonal between
42 to 60 inches (7107-152 cms.). Accordingly, the design
goals for the exemplary display system 100 included (1) a

throw distance < 800 mm; (2) a magnification 2 50X; and (3)

keystone correction for a projection angle > 22°.

30 Referring to Figure 6, the projection head 106 includes
a lamp unit 132, an imager or light valve 134, condensing
optics 136, a color wheel 138, a condensing mirror 139 and a
projection lens 140. The projection head may also include
polarization converters (for polarization rotating imagers),

35 infrared and ultraviolet absorption or reflection filters,
an alternative 1light source possibly coupled with a lamp
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changing mechanism, reflector mirrors, and other optical
components (not shown). The lamp unit 132 includes a
reflector 131 and a lamp 133. The reflector 131 focuses the
light produced by the lamp 133 through the color wheel 138.

5 The beam of light then is condensed by the condensing optics
136 and the condensing mirror 139. The now condensed beam
of 1light is reflected off the condensing mirror and is
directed towards the reflective imager 134, which in turn
reflects the light onto the projection lenses 140.

10 The lamp unit 132 includes an elliptic reflector 131
and a high intensity arc discharge lamp 133, such as the
Philips UHP type, from Philips, Eindhoven, The Netherlands,
or the OSRAM VIP-270 from Osram, Berlin, Germany. Other
suitable bulbs and lamp arrangements may be used, such as

15 metal halide or tungsten halogen lamps.

In the present exemplary embodiment, the imager 134
comprises a single XGA digital micromirror device (DMD)
having about a 22 mm diagonal, such as those manufactured by
Texas Instruments, Inc., Dallas, Texas. The color wheel 138

20 is a spinning red/green/blue (RGB) color sequential disc
producing 16.7 million colors in the projected image. In
alternative embodiments, the color wheel and the imager 134
may be replaced by different suitable configurations, such
as a liquid crystal RGB color sequential shutter and a

25 reflective or transmissive 1liquid crystal display (LCD)
imager. Those skilled in the art will readily recognize
that other optical components and arrangements may be
possible in accordance with the spirit of the present

invention.
30 The imager 134 and the lamp 132 may be cooled by the
airflow generated by the fan 130. A further thermal

advantage of the arrangement of the present embodiment is
that the warmer components, such as the lamp, are located at
an end portion of the cooling air flow path, thus preventing

35 the intense heat from the lamp from affecting delicate
electronic components.
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Traditional projector 1lenses proved unsuitable to
accomplish the simultaneous requirements of the display
system 100. Accordingly, the present invention addresses
this problem by the innovative conversion of 35mm camera

5 lenses having a small f-number and a large field of view
into projection lenses. The projection lens 140 has a focal
length about 14 to 20 mm, and a speed of £f£/2.8 or less.
Suitable 1lenses include Nikon 18 mm. f£/2.8D Nikkor from
Nikon, Japan, or Canon Photo EF 14 mm. £/2.8L USM from

10 Canon, dJapan. The focus of the lens 140 is preset for
optimal resolution on screen 102.

To provide 22° keystone correction, the 1light valve
center is shifted from the projection 1lens center by an
amount equal to the projection angle. Such a large degree

15 of keystone correction is possible because the projection
angle is known and is repeatable. At projection angles
exceeding 22°, the projection lens is selected to have a
full field coverage angle exceeding 90°. In alternative
embodiments, even larger keystone correction are possible,

20 thus enabling the use of even a shorter projection arm. The
keystone correction features need not be limited only to the
optics. Keystone corrected optics, electronic keystone
correction means, and screen inclination may be combined to
achieve a suitable image. In an alternative embodiment, the

25 screen may be motor driven, to reach an inclined projection
position at the time that the arm is placed in the open
position.

Figure 7 illustrates a second exemplary embodiment of

the present invention. The same last two digits in the

30 reference numerals designate similar elements in all
exemplary embodiments. To decrease the size of the light
engine even further and to reduce the size and weight of
projector head 206 and arm 208, lamp 232 and fan 230 are
placed within hinge unit 210 or within frame 204. Power

35 supply and electronic components 218 are located inside
frame 204 and behind screen 202. A seguential color wheel
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238, a projection 1lens 240, and condensing optics 236,
including a condensing mirror 239, remain within the
projector head 206. A flexible illumination wavegquide 242
is channeled through the projection arm 208 and couples the
5 illumination from the 1lamp or 1light source 232 to the
condensing optics 236. The lamp 232 focuses light into an
entrance aperture 246 of the illumination waveguide 242.
The light is transmitted by the illumination waveguide 242
up to an exit aperture 245, where the light is then directed
10 through the color wheel 138 to the condensing optics 236 and
239. In the present embodiment, the illumination waveguide
242 is a solid large core plastic optical fiber, such as
Spotlight type LF90FB from Sumitomo 3M Company, Ltd., Japan,
or Stay-Flex type SEL 400 from Lumenyte International Corp.,
15 of Irvine, california.

Cooling in system 200 is performed in a reverse
direction than in system 100. The cooling mechanism or fan
230 draws air from the air intake 226 1located in the
projection head 206 and exhausts air through the air exhaust

20 227 located on the hinge unit 210.

Figure 8 illustrates a third exemplary embodiment of a
projection system 300 in accordance with the present
invention. The projection system 300 includes a projection
head 306 mounted along the mid-span of a pivoting arm 308.

25 The projection head 306 is substantially similar to the
projection head 106 in system 100. The image projected by a
projection lens 340 of the projection head 306 is reflected
off a mirror or reflective surface 346 onto a screen 302.
The arrangement of optical system 300 allows for an

30 increased throw distance and magnification while maintaining
the same arm length or for the same throw distance and
magnification with a shorter pivoting arm.

Figure 9 illustrates a fourth exemplary embodiment of a
projection system 400 in accordance with the present

35 invention, having a screen 402, a frame 404, a projection
head 406, and an arm 408. The projection head 406 of the
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projection system 400 includes a lamp 432 optically aligned
with a transmissive color wheel 438 and condensing optics
436. After passing through the color wheel 438 and the
condensing optics 436, a light beam is focused upon a

5 reflective imager 434, which, in turn, directs the 1light
beam towards a retrofocus projection lens 440. The
projector system 400 includes modular power supply and
system electronics 418 and a separate modular driver board
448 for the imager 434.

10 Figure 10 illustrates a fifth exemplary embodiment of a
projection system 500 in accordance with the present
invention. In the projection system 500, the power supply
electronics 519 are positioned inside of a frame 504. A
hinge 510 couples an arm 508 holding a projector head 506 to

15 the frame 504. Electronic control boards 550 are positionead
within the arm 508. The projection head 506 includes a lamp
unit 532, a polarizer 535, optics 536, a transmissive LCD
imager 534, and projection 1lens 540, all aligned in a
straight optical path. A fan 530 provides ventilation. As

20 illustrated in Figure 11, the arm 508 may be rotated a * 90°
for storage on the right or the left side.

Figures 12 and 13 4illustrate the versatility of the
projection system of the present invention. Figure 12
illustrates a digital whiteboard system 601 including a

25 projection system 600 1in accordance with the present
invention and an input device, such as a stylus, 653. The
projection system 600 includes integrated electronics for an
annotation system 652, as well as UV, IR, laser or other

type of sensors 654. The sensors 654 are calibrated to
30 track the movement of the stylus 653 on the surface of the
screen. The stylus 653 similarly may include transmitters

and/or sensors to aid in tracking and to coordinate timing

or control signals with electronics 652. The screen 602 may

be coated to allow for erasable whiteboard use. The
35 integrated electronics 652 may include a CPU.
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Figure 13 illustrates a videoconferencing and/or
dataconferencing system 701, including a projection system
700 in accordance with the present invention. A camera 756,
such as a CMOS or CCD camera, is mounted on the projection

5 head 706 or on the frame 704. The camera 756 may pivot to
capture a presenter or to capture documents placed on the
screen 702. Alternatively, additional cameras may be
directed to the presenter and to the screen. Again, the
screen may be coated to act as an erasable whiteboard. The

10 camera 756 is directly coupled to a CPU 758 integrally
placed within the frame 704. A microphone 760 also is
placed within the frame 704. Additional electronic modules,
such as a tuner, network card, sound card, video card,
communication devices, and others may be placed within the

15 frame 704.

Those skilled in the art will readily appreciate that
elements of the present invention may be combined,
separately or in .one system, to provide videoconferencing,
data-conferencing, and electronic whiteboard functions, as

20 well a any other function where a light and compact display
system may be useful.

As the system of the present invention is designed to
optimize the projection image at the predetermined
projection position, no set-up adjustments are necessary to

25 the optics, mechanics, or electronics and optimal on-screen
performance is consistently offered. The integral structure
of the system 100 allows for easier storage and portability
and avoids cabling and positioning associated with the use
of traditional projectors.

30 Those skilled in the art will appreciate that the
present invention may be used with a variety of different
optical components. While the present invention has bheen
described with a reference to exemplary preferred
embodiments, the invention may be embodied in other specific

35 forms without departing from the spirit of the invention.
Accordingly, it should be understood that the embodiments
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front projection head is at a predetermlned projection
position with respect to the front projection screen.

3. The integrated front projection display of claim 1 or
25 2, wherein the screen is a controlled 1light distribution
front projection screen.

4. The front projection display of any one of claims 1 to
3!
a) wherein the front projection screen has a
30 generally flat surface, the generally flat surface defining
a horizontal axis and a vertical axis,

b) the front projection screen having a vertically
graduated reflection distribution, wherein the 1light rays
are reflected by the projection screen in a preselected

35 pattern.
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9. The front projection display of claim 8, wherein the
imaging module is placed inside the projection head and the
electronic module is placed in the movable arm.

10. The front projection display of claim 8 or 92, wherein
the electronic module is enclosed by a honeycomb structure
(124).

11. The front projection display of any one of claims 8 to
10, further comprising a cooling fan (130) producing a
cooling current, wherein the movable arm has an elongated
hollow structure, and the honeycomb structure directs the
cooling current to flow through the length of the hollow
structure.

12. The front projection display of any one of claims 8 to
11, wherein the honeycomb is a heat exchanger and the heat
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13. The front projection display of any one of claims 8 to
12, wherein the honeycomb structure includes a plurality of

5 cells (125) and wherein the size, orientation, and wall
thickness of the cells are tuned to attenuate specific
electromagnetic wavelengths.

14. The front projection display of any one of claims 8 to
13 further including a CPU (652).

10 15. A digital annotation system (601) including the front
projection display of any one of claims 8 to 14.

16. A video-conferencing system (701) including the front
projection display of any one of claims 8 to 15.

17. The front projection display of any one of claims 8 to
15 16, wherein the projection head includes projection optics
having:
a) a mechanical off-axis keystone correction
compensation greater or approximately equal to 22°,
b) a throw distance of at most 800 mm, and
20 c) a throw-to-screen diagonal ratio of at most 1.

18. The front projection display of any one of claims 2 to

17, wherein the movable arm comprises a swiveling arm

coupling a top portion of the front projection screen to the
25 front projection head.
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