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WO 2006/129307 PCT/1L2006/000624 COMBINED HEAD UP DISPLAY
FIELD OF THE DISCLOSED TECHNIQUE 5 The disclosed technique
rojection screens in general, and to systems an ?2 ;
“;é?e%%%ﬁsig%ﬁ)t{ng the operation of a head-up display (HUD) ingﬁg% %@gﬁ&"
an audience, in particular. BACKGROUND OF THE DISCLOSED
TECHNIQUE 10 Syst&wistsifiel prethctsforrdisplaying a projected image
to an audience are known in the art. Such systems employ either a front
projection screen or a rear projection screen to provide either a still or a
video image for the audience. Head-up displays (HUD) are also known in
the art. A HUBImah/dss TRECBARIOBRISCTRR AEINformative
data, is such as a symbol or a numeral, on to a glass screen located
betweehg diebpsest tachniaun wialgpiotuniestiorcsrepninmanss),
and§ BURISAR SRR PR MBS %@f@r’ét?&ﬁ%é’hl@%%gp

without having to look down to the gauges on the instrument pane

displaD(RHURRAIR Roetoidosran faudioneerdttasticuifsw inches on each

side. 20 US Patent No. 6,870,670 B2 issued to Gehring et at., and
entitled "Screens and Methods for Displaying Information”, is directed to a
system A GIKEROY MbORIHEONRGEGSEDTECHNEREIENS,
custo rsTan audience, spectators, and drivers. The.gy tem.includes a
NS Sl e R RS A e
audiéndewahie krdace. ifhéheaamrofgtionserkandnandsisn RiMMIty:0ffront
refractive elements, a light transmitting substrate, a light absorbing layer,
ProlEG b SEiral Phe RN BIRE R IE RIRVIR e By o
videodtad e Rireaisdeeiitedio it transpitirgupstiatenT e ortical iadhesive
is coated on the opposite side of the light transmitting substrate, and the
the_art. A HUD inciudes a projector o project an image of informative data,

such as a symboi or a numeral, on {o a giass screen located between a

canopy of an aircraft and a pilot of the aircraft. in this manner, the pilot can
obtain relevant information, such as the air speed, or a map, without
having o look down fc the gauges on the instrument panel. This HUD is
usually in the general form of a rectangle a few inches on each side.

US Patent No. 6,870,670 B2 issued to Gehring et al, and
entitled "Screens and Methods for Displaying Information”, is directed to a
system for displaying information to viewers, such as pedestrians,
customers, an audience, spectators, and drivers. The system inciudes a
projector, a rear projection screen, an optical adhesive, and a transparent
viewable surface. The rear projection screen includes a plurality of
refractive elements, a light transmitling subsfrate, a light absorbing layer,
and & backing. The refractive elements and the light absorbing layer are
coated on one side of the light {fransmitting substrate. The optical adhesive

is coated on the opposite side of the light transmitting substrate, and the
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WO 2006/129307 PCT/IL2006/000624 backing covers the optical
adhesive during storage, to be peeled off before attaching the rear

“mj,%g 'Qfgécreen to the transparent viewable surface. The H@P/?f’ﬂ»ﬁﬁ%uaz s

viewable surface can be a window of a shop. The projector Is locate

in rojection,screen, i er.to s display the image ta t
bac e e R SRR L S A R i e
altephidgtéteneed pejedioitiswrehare e trimnspeaemrdiestignesesigénmean
be detached from thetanse?r t viewable surfa&ge. The aystem fur(tj%lgr
includes's QAR Rt ONSVE B SHE) 57 T 08 @ AHIGMASE SRAgR:
TheT peajeotsr! konteilerdsiasinectektodae masiedibalosaasANdio dhger to
dis pgr@cg'ector,s via a nefwork. The projectors are spread in different

PE N8 ol tm ¥ oW RS, hERURI e AR haIEniBWa RIS Barart:
terdRimrRpRaciVID OESpIRUBLIMARES R-PRIGCETPHAICOtRE YRdTaleR! MNayr

4,025,160 issued to Martinez and entitled "Dual Purpose Projection

Proi§giih SGeanccab s it iremdbs Hansprspiiviewaksagurtacm
TheAdgiaaes flrfhwidpMieudag AnglReENeHraisAEON SHRRRIINFIHASS A dlastc

film having a front surface and a rear surface. The plastic film is
andranRREHtAARERKy Whiteehinal pepalEriandontatngidad dee tbenstrsa

face. ) . . . .
S B oA T B S 0 R
differantegciogaphijedtnaaiinng. the dant canfaicepaise sahtwlgotieopiistic

rriERSs eleean o e el ochan e

plane dta dgtatant Alwlet eLkiiviE D rmieentcalMaiting thandrejatited 2DUS
PubED MR aaier e eteg, Ealsranent o
projedéiogndorimaips sy ste s fdietisplayiagdel wiahityref énggest he projection
screen includes a plastic film having a front suiface and a rear surface.
The plastic film is franslucent and milky white. Fine parallel random
striations are formed on the rear surface, by the rotating action of a bristle
brush, and a reflective metaliic coating is app!ied to the parallel random
striations. Light emitied by a projector toward the front surface, passes
through the plastic film and is reflected from the reflective metallic coating
in a lenticular manner. Due o the lenticular efiect, the light is reﬂ‘éc‘ted in
the horizontal plane at a greater angle relative fo the central axis of the
projector.

US Patent No. 4,962,420 issued toc Judenich and entitied
"Entertainment Video Information System Having a Multiplane Screen", is
directed to a video information system for displaying a plurality of images
to an audience. The video information system includes a pilurality of celis
ana a piurality of projectors. Each cell is in form of either a front projection

screen or a rear projection screen, having either a verlical axis or a

9~
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to an audience. The video information system includes a plurality of cells
and a plurality of projectors. Each cell is in form of either a front projection

W%Ol&%r@ggeqr a rear projection screen, having either a verticg&%g&%n& 4
WO 20061129307 PCT/IL2006/000624 horizontal axis. Each cell can

nor A b e ohl OIS AP0 e SR NE B el o the

projéssieed trojeniy aniffientiitdniFtohdble frapsptvent&kreens for Image
Projecti tem", is 5 di for di i lyrality. of
oo e ey H R oot o 2B R e

"SwithHaliie of isieeiarsni he creeigstidarsclarigis Nadcetiadrasgspaent, is

material having a plurality of switchable portions, Each of the switchable

diregiRtolR BapYEEHHh P RN PaRIilM Of HERESN® AToBHYIRNCe-
Thei??fﬁe@ﬁ%%ﬁ?&é@é%@@%ﬁ&?@%@@ﬁ BfpiesteIaRIfjaseiRdieneideThe

of the projection screen. When a switchable portion is switched to an

projgpHgtessERE e MadR et drPeRRERNAIgI8)arvinsy FnRigrajEv &t
swil%ﬂé}%?es_"ﬂé‘?ﬂéﬁlﬁ POV RaH NS 6rB2 dsstieshiQwitched

ruz-Uribe et al., and 15 entitled "Enhanced Contrast Projection Screen”,
betiegirected itarsgRmay Sjstem agénifihceBasidentiistor flenibgally or

cheﬂk?eggﬁdfﬁeaweaa@ in-doy ambient liohkrapdiiians, T AedisPiayction

system includes a computer, a reflectance processor, a light engine, a
screariabheicztaiiigraldetiparioreds, sutichred|dotran copmsitslisriaite the

audGER A GEAP RS AR SO L R ket
porfigplay element includes one or more active pixel elements. The

reflectae® PLASRPIes S aBack Ry WIN LR S3MBUSMSribe et al., and
entitied "Enhanced Conirast Projection Screen”, is direcied to a display
system to enhance the contrast of an image displayed fo an audience in
fow ambient light conditions. The display system inciudes a computer, a
refiectance processor, a light engine, a variabie-refiectivity projection
screen, and an electrode controlter. The variable-refleciivity projection
screen includes a plurality of display elemenis and a bias region located
between the display elements. Cach display element includes one or more
active pixel elements.

The refiectance processor is connected with the computer, the
light engine, and with the electrode controlier. The electrode controller is
connected with the active pixel elements. The elecirode controlier alters
the refiectivity state of each of the aclive pixel elements. The reflectance
processor converis the image data which Is used by the light engine to
generate an image projected on the variable-reflectivity projection screen,
to corresponding reflectance states of the respeciive active pixal elements.
Regions of the image projected on the variable-reflectance projeciion

screen which have high luminance, benefit from projection onto active
e



light engine, and with the electrode controller. The electrode controller is
25 connected with the active pixel elements. The electrode controller
W@J?}}% /tg}gsgﬁflectivity state of each of the active pixel eIemer];(? }EE%W) 000624
reflectance processor converts the image data which is use Eyt e light
pixel LB A0MRIS %@ﬁ%ﬂﬁ&é‘?ﬁé’?@%@éﬁﬂe&“‘ﬂ% image
projection screen, to corresponding reflectance states of the respectiv
projactive piretietemanthisd #egiznsef thejecdyes psojemadwhithe have low
variable-refle ce projection_screen which have high luminance, benefit
BB R S IO M) GoBE 1S s e D RO o
a lowixefelements which exhibit a high reflectance. Regions of the image
projected on the variable-reflectance projection screen which have low
luminance, benefit from projection onto active pixel elements which exhibit
a low reflectance. -4- SUMMARY OF THE DISCLOSED TECHNIQUE
Embodiments of the present invention seek to provide a novel method and
system for demonstrating the operation of a HUD. In accordance with a
first aspect of the present invention, there is provided a system for
simulating, to an audience including a plurality of viewers, a view from a
cockpit of an aircraft, the cockpit including a head- up display, the system
comprising: a concave panoramic projection screen; a plurality of
panoramic projectors for projecting on respective sections of said
panoramic projection screen at least one respective portion of a
panoramic image, said panoramic image simulating a view of outside
scenery as seen by a pilot from said cockpit, said panoramic image being
viewed by said audience; a beam combiner located between said
concave panoramic projection screen and said audience; an auxiliary



projector for projecting an auxiliary image toward said beam combiner for
simulating its display on said head-up display, said beam combiner
producing a combined image of said panoramic image and said auxiliary
image, to be viewed by said audience through said beam combiner from
respective positions of said viewers, by transmitting at least part of said
panoramic i&id AR Q&I T H Edi5e | OB & daEic i bBHd WExiliary

closbT R Rbe P B i GH R ot dar Biachder 2 novel
meiBA%RAYSBIA iR FaSRRCINE BbepidiBANSratiemage, and

auxiliary image data respective of said auxiliary image; a user interface

for diRpRa@atpedice amdiady fivsdgrsirct wiethemprepeaid iavenkiice, $hire is

user interface, producing an qutput according,to an inpyt from said user.
ProF R ey Ry 10 S o otk Araean Sl Ry by, of
VieAsr e, RiogessardnteBlRckpitiboaifl BRPSAMNIG BIeiRABIS IFaIGRN iaead-

projector, said database, and with said user interface, said processor
UPretieminl, sdhe palsiamicarTageTing framoniidaidatiRaroEitirdingriection

Id outp id prec r retrieving.said auxiliary image data, accordin
SCr’tsgaég'll’idlé oﬁgjuﬁg I@éié %l%%ﬁ%g%?rﬁ we’%@@ ngi?pa%roéﬁ%%e%?ec?grsr?osmcgve
septiojpst sdicsganantcdmrypasiseiidbnagerasic piojRAIEN SBeraspective

according to said panoramic image data, said processor directing said
PORRANI QY PrioRER 1 CpibjReRs SR AURARPYARIRY & RS Hedaling by of

cordi ' ligry | , rej | ramic i e

o LS, S e o e e, SIS h¥mage

besynohimngdlirbacsaidangdianiten sebeahasaoboidhdgrasent hriamion, said
there is provided a method for simulating, to an audience including a

COBi¥fty RANRERMRIS, BIAIGHIPEMSEERRRpR BF af@IfcrArdIPR G cidgt auxiliary

pr gro%{ggr%ﬁa%ﬁ?gt%%dj ISR e P HAg S ARERAANE BLAGRABESer for
simulating its display on said head-up display, said beam combiner
producing a combined image of said panoramic image and said auxiliary

image, to be viewed by said audience through said beam combiner from
respective positions of said viewers, by transmitting at least part of said
panoramic image toward said audience, and reflecting said auxiliary image
toward said audience, such that said auxiliary image appears closer to said
audience than said panoramic image;, a database for storing panoramic
image data respective of said panoramic image, and auxiliary image data
respective of said auxiliary image; a user interface for displaying said
auxiliary image for a user among said audience, said user interface

producing an output according to an input from said user, respective of one

of a plurality of options included in said auxiliary image; and a processor



according to an option selected by a user among a plurality of options;

retrieving panoramic image data and auxiliary image data from a

database, according to said output; directing a plurality of panoramic

projectors to project at least one respective portion of a panoramic image

on respective sections of a concave panoramic projection screen,
coapteddingtto saidi pemeceaNtdmpasdtitsdiregingANABHliap: HOISION said

to project said auxiliary image toward a beam combiner, located between

datahpesncald peHbrERIR proRicibiedaeen aat saiaasraicastiteviningaid

o auxili ' ; ' mhined.image, of said .
P S S A ey BN DS 0 P fofn s
prooessyT saittidaeam sabmeifitoy iesngstivataosiians ahspis vimersuyut,
transmitting Sa said panoramic image toward said audience, by said beam
SAGLYIREPSENE 1) GSiERtingaidid RARMER IMadEURFIPISsala atiriask, BRid
' biner, .S ' Hary. ima, e rt :
e P L T G S B R
papanaraititimggedatethegdnoransiss prajidaicingcredd, aggdisingiojector to
pr(s%ngramifi image data. The beam combiner is located between the

fora &ioh SeRsEH QR4 TAE' RRACACECTIRIGmIARERIFRg e said
au&f@ﬂ%%é@é@@@!tt{naé@@%@@%Wé%ﬁéﬂ?éhﬁﬁ&dﬁﬁ%BXj:sary

the beam combiner, and by deflecting the auxiliary inTage towar
imageienedebybiabiyandemalisdly suoketiattive sgnxiisoyjmage may

0LHB5 PR B0t DPBB3H BPAEFLOE CAIeREN Grenien. there i

pré¥RYy 1Bl GReTieddierlasaiLiaghgiaus Wil Be BRI IAFRPIAGIIRY of
viewers, a view from a cockpit of an aircraft, the cockpit including a head-
up display, the method comprising the procedures of: producing an output,
according to an option selected by a user among a plurality of options;
retrieving panoramic image data and auxiliary image data from a database,
according to said output; directing a plurality of panoramic projectors to
project at least one respective portion of a panoramic image on respective
sections of a concave panoramic projection screen, according to said
panoramic image data; directing an auxiliary projector to project said
auxiliary image toward a beam combiner, located between said concave
panoramic projection screen and said audience, according to said auxiiiary
image data; and producing a combined image of said pancramic image
and said auxiliary image, to be viewed by said audience through said

beam combiner from respective positions of said viewers, by transmitting

5a



more fully from the following detailed description taken in conjunction with
the drawings in which: 5 Figure 1 is a schematic illustration of a system for
displaying a panoramic image on a panoramic projection screen, and
informative data on a beam combiner to an audience, constructed and
operative in accordance with an embodiment of the disclosed technique;
sapirs G omageatioast stiid eldisidesidwy ciitetsysteraohtbifer, and
by;:‘%j cjf'a Flgure 3is s hematic illustration of a top view of the system of

iRk X %Xk'aﬁ@%m@mﬁ% SRR YHEgere PYFRRIE Bgam
colpBisenesiric iHasteianRb A iaydmagsdr refirdrd Py e Qﬁﬁfgnce

combiner of the system of Figure 1, toward an audience; Figure 5B is a
thaysiseishigianuemaoireigaother auxiliary image simulating a cockpit

B PR TR AR

prdfeagiensirsetating adddbrdisglayingmanrsvassfiect Ingaaéiae apgiene am
|

by the beam combiner against a panoramic image; Figure 5D is a

CogpiaRatie ilRcai@fbrPel WasH M eI RNage PEIRtiitny admad and the
layi |nf [ ata reflected toward,the 25 audi nce the b
aug@?@g 2 'ﬁ%:\ﬁ rodt.hcdei:_l gugrfgrgrg EE!HS ecpanoramtc

combmer agaln apanora mage; a

1malgnetltam@ftaeneumrf@eowaﬁ@ga@@nsmﬁms%ﬁ%@ byogerpibtthg the
according to another embodiment of the disclosed technique. -6 WO

auytigsy 936 e tispadissee, by the beam combiner, such that the
auxiliary image may appear cioser to the audience than the panoramic

image.

Sb
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DETAILED DESCRIPTION OF THE EMBODIMENTS The disclosed
technique overcomes the disadvantages of the prior art by projecting a

W%aiwgﬂga%.jmage for an audience, on a large and distant p?@?fﬁ%ie%mﬁmm
projection screen, and by projecting informative data on 5 a beam

combiner Iogg}%:%g%m@?ﬁ@pwﬁgwﬁﬁﬁgn and the

audience, su e Informative data appears to the
audienTheatdististsadetelogaighan ikt ind thmpensiodicandjestipreciated

screen., A system according to the disclosed technique simulates.the .
mOrB AP 0r O RO AER e A SO ks e, B Y gt
the therenedGrenabting the audience to view the informative data against a

panoramic view of a cockpit of the aircraft, as if the audience was flying

the airE/@HreThdSens SAGKIANS LB IRIR FeR(F R Ol iSpRd a

pan@éﬁﬁ& SH@@;@S@ fﬁ%ﬂﬁ?&ﬂi'&gﬁd}é&%ﬁ’ StRBWIiINN PRYANSLR. data
image of a cockpit (not shown) of an aircraft (not shown) as seen by a

on RoPERY TOBHINGY dethairakMentsmiravsttsied gnd operative in
acchMaHimeRniondl BIABaINEs dmessianabmapdighidaia). and the like.

Alternatively, the auxiliary image is a still image. The term "panoramic
image'HigEn Do sehesalia livsbatiny&simeidengewiehtbesisigs
of ﬁgﬁp{gry as seen by a pilot from the cockpit. Alternatively, the panoramic
image 1$ a still image. 20 Reference is now made to Figures 1, 2, 3, 4, 5A,
513, 5€igntesh isFiginemaiia Hetssmboo tilsiréiorvisva efsteams yisenatly
F}ga(?ggﬁer!ced 100, for displaying a panoramic image on a pgnoramic
projecttion screen, and informative data on a beam combiner to an
audienbegurandtie ctddcniddmmativef ithacoostiemes! Withuaa @mbodiment

of the disclosed techniqgue. 25 Figure 2,is a schematic illustration of a side
Ciow of OB ani B e ser gt AR Sfon ol el SRR e
refleeteditheisysterarnf Egulsrier Fajutiesd sysibnckidiignam dof thewsystern

c?f Figure 1. Figure 5A is a schematic illustration of an auxiliary image
au ed by the beam combiner

Figure 5B is a schematic illustration of another auxiliary image
simuiating a cockpit reflecied by the beam combiner against a panoramic
image, foward the audience,

Figure 5C is a schematic illustration of a further auxiliary image
simulating a HUD displaying a map reflected toward the audience by the
beam combiner against a panoramic image;

Figure 5D is a schematic ilustration of another auxiliary image
simuiafing a HUD displaying informative data reflected toward the
audience by the beam combiner against a panoramic image; and

Figure © is a schematic iliustration of a method for operating the
system of Figure 1, operative according tc another embodiment of the
disclosed {echnigue.
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~ of the system of Figure 1, toward an audience. Figure 5B is a schematic
30 illustration of another auxiliary image simulating a cockpit reflected by

W@gogﬁgggﬂgombiner against a panoramic image, toward the,aydiegenaos24
Figure -7 5C is a schematic illustration of a further auxiliary image

simulat;ﬁ\@.?Alﬁ_% %@%@/ﬁ@%@?@dﬁjlqﬁ@ %@Wg{tﬁx ce by the

beam combineragainst a panoramic image. schematic
illustrafitve afigolutbed dachaiyuenayesionRsntia didBdlisptageg of the
._informative data reflected toward the 5 audience by the beam combiner
priok @t QY PFRGH &

n&Y PFARGAIRIE iR YE AR TORFENEE B E9e, @ Jetes, pnd
distaA0 paclveesia projeretinic sveieetiemachsenrbRtmg!infdithafipenasaimic

rojectors, 104A, 104B, and 104C, a beam combiner 106, a reflector 108,
ab ﬁr’au&ﬁm%@W@F%@eeé“ﬁ%fee%m%&a%@%w SHESNsARd

the iatRifaseel 1.8 apasseliidg d G ol taritiaren ot CRINRFO the
104A, 1O4Bé and 104C, auxiliary projector 110, database 114, and with

audjpiceat Reis NS ScHiaseh HiaR WhaldhiRe PRparais RERipskioB e een.

A s$efBRINGEIAGIRJORAIRE BRIVBRR PIBEFATIGP SIREHafR SaReH A BRI
plurality of viewers 118A, 118B, 118C, 118D, 118E (i.e., an_audience),
an edus diradip] teERipandraine mbjeticeEatbvongs fithivelpeseby

enalift tHO M HBRAREIRCER MATREHARL BN =S Wek iRt Weanoramic

~ pandramic image simulates the real scenery as viewed from the cockpit
viewfdreasifibytte pilsralo aatibive andipassraar fbfagt [radicnalt
projectipn s i 102:4S, .or LY; C vlindri :
spheric@ﬁge!gceirjtﬁog?rj sé‘%ﬁ’%ﬁ%@%ﬂveiy @893 lgﬁrﬁg%?grognggg% é%ﬂiln%(?r{am?ga ’
sucprgjectionaerenciLoingreyplefaliynad Gimutativniohiioperaividanetd a
cocRHilenES [ObsPSIalchaeaienn LRl ARaReB MY § Suor. (not
panoramic projection screen projects a panoramic image at infinit
shdweysyfltienatedtafiatitiermaiiodiaztof(thg clentemsisihensiondiguegs B

tordg AN AR RRI LY S na e Arbrablvgs olneSiRRER,
image is a still image. The ierm "panoramic image" herein below refers to
a video image simulating a view of outside scenery as seen by a pilot from
the cockpit. Alternatively, the panoramic image is a still image.

Reference is now made to Figures 1, 2, 3, 4, 5A, 5B, 5C and 5D.
Figure 1 is a schematic illustration of a system, generally referenced 100,
for dispiaying a panoramic image on a panoramic projection screen, and
informative data on a beam combiner fo an audience, consfructied and
operative in accordance with an embaodiment of the disclosed technigue.
Figure 2 is a schematic ilustration of a side view of the sysiem of Figure 1.
Figure 3 is schematic illusiration of a top view of the system of Figure 1.
Figure 4 is a block diagram of the sysiem of Figure 1. Figure 5A is &
schematic illustration of an auxiliary image reflected by the beam combiner
of the system of Figure 1, foward an audience. Figure 58 is a schematic
iltustration of another auxiliary image simulating a cockpit refiected by the

heam combiner against a panoramic image, toward the audience. Figure
e
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25 With reference to Figure 3, a cross section of panoramic projection
screen 102 is in the form of an arc of a sector of a circle (not shown)
having a center 0. This sector subtends an angle a, where a can be for
example between 100 and 140 degrees. A length L of this arc can be for
example in the scale of 10m. With reference to Figure 2, a height H 30 -8

56t isaroramRFife tiisirstie i G buihpe pwdlianiprasayveisnutatinge HUD
digBlayRRRE Rap AR A RERENST dBRSRAE EF\Q ISR BHE bgainst a

and can be made of a transparent sheet with a reflective coating, a
PRUPAENGaIpa8g: shiserof lasls & pemeaiadiHetmionBainposifsingtuxiliary

imQ8-canheiaihe 5 trmoﬁﬁsﬁw'%ﬁ&rﬁém'sé‘@“@l&fg&%@@twgm the

width of between 1m and 2m. Beam combiner 106 is oriented at an
aysiaRaECY rBIakaas shioRiReainsha RRNS @SR BB’GRINterclockwise

from the Qpficabaxia WS SNREaT C&%b@%ﬁqgﬁ%g‘%emgg%erﬁgigraméc

best seen by angle,8 in Figuré 2. Reflector 108 can be for example,

ProiRIGProsarpeyMEE. 18 impralivael PatPremegisgiarierss $06had 04B, and
1dRetal besdsmRelefipet 0808, Iacaledbslowdeagcambingy, 106y iector 110, 3

auxiliary Pr%ector 110 is located above both reflector 108 and beam _
preseBseer 16, suentahassuxiidrydnejcctesan dbastagendt BloEkaresgen 112 is

SERBAVARAIGHRBASHY HRRIHRECRo A thesal th RTINS
© 1,@, and 3, E)anoramic ééo'(%l:ét%ﬁ screen 102 is g%?n?%%%bt?ﬁ ﬁ% Projector

1Hersiaiabrsrd Idamsiamiéprsiecipis e 1 164@ithen Wihe wiesddins@r by a
wRERER and infEant AfnaBmamiroRraieqtieaerl eeB R Sk 'Yvﬁl]élfé #}%}ecﬁon

panoramic projection screen can be a rear projection screen, in

SERES thB A AnRiup ik @bidawe k84 baARR thd HandidRlc 118E (ie., an
alpipiacl names@o%i@%miwob%@awé%éé icﬁ'ﬂg&gégﬁ@fé’jd%‘é%tatively

different 20 portions of a panoramic image Figures 5B, 5C, an ),

digdprésERBdIBY AyRiaRsEmIor2oxaPRIarddManway, B4R, tirf theApancramic
inPEGH RIS MEG S scenery as viewed from the cockpit of an aircraft by the

pilot. To enhance the panoramic effect, panoramic projection screen 102 is
preferably concave, such as cylindrical or spherical sector shaped. The
relatively large dimensions of panoramic projection screen 102 provide for an
image which is perceived by the audience tc be substantially located an infinite
distance away (i.e., panoramic projection screen 102 projects a panoramic
image at infinity focus). It is noted that the proportions of the elements shown in
Figures 1, 2, and 3 may be exaggerated and do not reflect actual sizes or
distances of the various elements of system 100.

With reference to Figure 3, a cross section of panoramic projection
screen 102 Is in the form of an arc of a sector of a circle (not shown) having a
center O. This sector subtends an angle «, where ‘@ can be for example
between 100 and 140 degrees. A length L of this arc can be for example in the
scale of 10m. With reference to Figure 2, a height H
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S8, and Sc, respectively, of panoramic projection screen 102. Panoramic
image 150 includes an image 152 of clouds, an image 154 of an aircratft,
and an image 156 of a landscape, which the pilot would see through the

cockpit, and through 25 a HUD (not shown) disposed in front of the pilot.
Ok PREWGHTS: BIRIBGEMY e s ithivi s e es BRI SalwRRRGEORND 4m.

panoramigggﬁg%é%iﬁé?e‘ﬁﬁébggrh?f@i%ih%?""crgﬁs’gﬁ?é‘ﬂitc_&r e nsparent
screen 102 reflects |I%ht beams 122A, 124A, and 126A, as light 30 -9

apd£A8 PeIBads At afanerere b RhAe EthLaiE RS inPoRRR IEam substantially

figeaiReofBfstNe Ysa\Rhee Ve RIBISRIOrBREH BB RBNEAMIS can be in the
projectors 104A, 104B, and 104C is preferable with a relatively large and

faranQive [RataraificTprafetiom ssbrvdng irilcpsiBisrdoMidd pEibgiween 1m and

2RANBEARICHRISHSF fahs BRRARMISOHN QIcAliRNiSF eeRiSo the audience,
compromising quality and limiting the size, spread or curvature of the

€ gandthrfite (HBfEERSn SRrEERICIpicHE BRI Te fiRIRPifS etly- hrBVeen beam
CEMIRHENEOOUNHINRE RY\IERNAABKS{NAYE LY BHIRE/ PROIERIGFeL20

projects an auxiliary image, such as auxiliary image 158 (Figure 5A),

auxiliary ifelRCI¥0 1BRpesEealiilisxAimelse 182d¢09FiglRthse), ar polymer
;rﬁ'g_e@@m&aamﬁ%ﬂ%awr@ DyicRresgated Byadightheas 1808 ector 108 is
(Figure 2), on reflector 108. Reflector 108 reflects light beam 130A as a

IQ@??Q%W%@@B@MMBQW%%%%@WM Bdmisipaietoabove both

rdffleeis 1eDthepRLEOBASmMgNY bearg LB thdowaydi _B%!S}l@&‘éﬁﬂ 10 wouid

Beam combiner 106 produces a combined image by combining lig
npkhiask Bynvieyusf RavpaBiFiRAcE Oy R AHEaNRragRseaKample set forth

irCoRRIAS 106 Withlightheaimdde Gryigho s saliested FPMbeamnt projection

combiner 106. Hence, the audience can view some portions of panoramic

SEERRiE HE0WGirRancaseRaiISS By AR antie4FojebtolPééreareliozated above
agg‘a@frﬁl Rewtons B&ﬁ@%ﬁ@&%@ﬂ%ﬂegﬁe@@b agERRSIVERM TRECYWIM oramic
projection screen can be a rear projection screen, in which case the panoramic
projectors are located behind the panoramic projection screen.

Panoramic projectors 104A, 104B, and 104C, project different
portions of a panoramic image 150 (Figures 5B, 5C, and 5D), represented by
light beams 122A (Figures 1 and 2), 124A, and 126A, on sections S, (Figure 3),
Sg. and Sg, respectively, of panoramic projection screen 102, Panoramic image
150 includes an image 152 of clouds, an image 154 of an aircraft, and an image
156 of a landscape, which the pilot would see through the cockpit, and through
a HUD (not shown) disposed in front of the pilot.

A method for producing a substantially seamiess panoramic image of
panoramic image 150 is described herein below. Panoramic projection screen

102 reflects light beams 122A, 124A, and 1268A, as light
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20 combiner 106. The audience can view each of auxiliary images 158,

160, 162, and 164 simultaneously, as reflected by beam combiner 106.

Each of auxiliary images 158, 160, 162, and 164, is focused such that it

appears to the audience as if it was located on an image plane 120.
bdaragel g2Re 1205s andch 2Risetdwaiite taedsmtietican ffavagmizam combiner

ojection screen 102, thus.providing an image 25 resembling,a cl

O e r oS5 s T BRI SUrt 7 e Qe Aiee i, 1048,
arbB10h@ge plaferdBi ceithbe lelzdiesl VoamxampiedustomeniZanosadidprojection

fiom theaicience, 3010 Altematively, an spnropiais optiedl 838emblY o o
Sc(ﬁgt s‘,howns) B1eR'asin aux?liary pr%j%c or , CEnPARE prowae or mic
projevidrintagessy ribes aqrlame mistend odlilyageglénetihz) tirorsizamgpesad or

a cylindrical sector in canformity, with_the cylindrical sector shape of .
o R BT SR A B R BE, e reairy-
likienaxgpeeoithes gxtevivea byitbarpentointieimimgaft, as seen by the pilot

through a,¢ f the airc gg e.g., images_of_ather.aircraft flying in the ..

viinity o B Do s R O g Bary
imeged obfect&-ipareobAqtraasjhaeyidroapditiods, Stighras S8¢udsixiliatgrimage 162

rople gghtnin .and the like) of auxiliary im 58, 10.16

FRRRe e B S50 e T oL SRR By 2y beam
130k éXigupde? )f anxilediyatond 88.6Rédlectonpt 8BickeBectiusghtdokiarFigBeA as a
. th O[T tq the actual scenery shown by panorami
B 2ot TP 1 MEh e B BLich 06 reflcts
lightisiested 130 ae SDghhédaformalte datact thspandietathdaammbombiner

SRR IRRES W es e e ROt D oo
whiicjusr d 1 rthmithap shandghforaative diaef 1H8,instruhgm isesorrasibdwhich
s (S B4R SCBOSH SBAHBY pagoramic video image 150.

Hence, the audience can view some portions of panoramic image
150 directly, as reflected by pancramic projection screen 102, and other
portions of pancramic image 150 indirectly, as transmitted through beam
combiner 106. The audience can view esach of auxiliary images 158, 160, 162,
and 164 simulianeously, as reflected by beam combiner 106. Each of auxiliary
images 158, 160, 162, and 164, is focused such that it appears to the audience
as if it was located on an image plane 120. image plane 120 is much closer to
the audience than panoramic projection screen 102, thus providing an image
resembling a closer object, for example the instrument panel in the cockpit as
seen in Figure 5B. image plane 120 can be located for example between 2m

and 4m from the audience.
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User interface 116 can be a visual user interface, acoustic user 20
interface, tactile user interface, a combination thereof, and the like. Hence,
user interface 116 can be a touch screen, a combination of a display and
a pointing device, a combination of a display and a sound detector, and
the like. For example, operator 118F can navigate through the menu in

each of afiREIFINRNG &S PRPeBTa I OPHAR! ARESMPIN LRSI &dFh as in
a@kiiasy intedacsr 10 264Angasisrdiile ITas aceessd usripatataaed - plane

_ User interface 116 displays an image which can be also projected to the, )
ingtRpdcbiqegr Qﬁ&’ﬂ%r%z mBge SXaRPIR AURHIERYTRRIRe TS 8t ERRIRIBAY with

thé/hiedexencatadrighip 581 paabiatitspid&itrigiviedn ang beam
combiner 106 both display an auxiliary image 158. Auxiliary image 30 -11
158 is anTARGEBYS Mags SPHifk AeHEsSbRads Jpemmriemat sodpament of

thiEoacrAtXiiarydengs 4hdmrn tRedudd difterabpoRifans receskNENE . images of
different aircr?ff[ models, for example, an (éption 168 ri%resenting an F16
S 2 R e A %ﬂdﬂ%‘&e%ﬁ%ga FabrSHenipeasystR™ 100, an

ineRyeNck 7éhecesatinghd Gesene Jintieial, 13tneneiaty thBGigaRs, such as
navigate in the menu via a pointing device (not shown), by to_t:_ching the

Claidpray BHEE S RREF IR o Gk Biea ibten Sadied) aHyliREMikgages 158,

1§dhemeparaiord4.8k peigstiefoirexanpiompiathlydhopspsess@ieblitnage 150.
(Fi%ure 4 retrfjeves_ data respective of an auxiliary image of a pluyralit

( ( of
FRigRYBRiRS i didab iEaor 1 0A dRB LR R 1 34588 S HE R fRdrigkre SC,
tref ?qalprabw;s‘p@m&aw hﬁ@m%aotaa@ia@lligh@%maagrmi%memeo image
INC Ing the Images P e, such as complete video images. Proces or
1 AU e B4 14 SVO g ARaiotiat 2 NSATRAIS Eire 5D.
i rHfeRrRARiecita 1800 dusieridhe rABIEaIAUXEBmEIMagsen Beaianoramic

combiner 106_yia reflector 108, toward the audience. The is auxiliary
RSB Bl AU TRESR Rl 2P ESBHE, A0S G ABarSTtment pane

of a cockpit, such as illustrated in Figure 5B, the maps and informative data of
the instruments correspond to the actual scenery shown by panoramic video
image 150.

User interface 116 can be a visual user inierface, acoustic user
interface, taclile user interface, a combination thereof, and the like. Hence, user
interface 116 can be a fouch screen, a combination of a display and a pointing
device, a combination of a display and a sound detecior, and the like. For
example, operator 118F can navigate through the menu in each of auxiliary
images 158, 160, 162, and 164, via the sound detector of user interface 1186.

Operator 118F has access to user interface 116. User interface 116
displays an image which can be also projected to the audience as an auxiliary
image, such as auxiliary image 158 of Figure 5A.

With reference to Figure 5A, user interface 116 (Figure 1) and beam

combiner 106 both display an auxiliary image 158. Auxiliary image

-14-
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scenario, an option representing an assault scenario, an option
representing an attack scenario, an option representing a training
scenario, and an option representing a navigation scenario. Processor

o SR R s A AR ST i o
Atﬁdﬂiﬁﬁtia{ﬁaga d'?‘og-dﬁg waild é&ﬁﬁbmm@mkeﬁréséng@tt&ﬁﬂaﬂgm aircraft
ight. Processor 112 directs ramic projectors 104A,.104B, and 104C, .
Qb ofSE GIREIER BT b i GBI OGS oL AL U unlsrafePtion
1 70 QistsiéRR ntelg e A 68rd hastdnpenabing dheoptitentE2oetevspatiogpaiCessna

video jmage 150. 25 Auxiliary image 160 in Figure 5B is an image of the
ARl BSTAE 13 30 C2B (FRTGRIE It I AN SRR TG ghie (ot
shaiaitbhulibingnsige Hibean diclusier anfertges174®f@ case of a touch
two-dimensional, f th bel he aircraf [ 176 of
S e e e A e P WA 0 70
préd8sebilightdarg 3R - 13 Witieteteréace tosigutiodDf wihe awikaatonid@s of a
selects tq enlarge auxiliary imag 4 to be, displayed as a full screen
pi%rr% S rf?ig}girgg lioré%x)fﬁ%'@/ p%}é%%?ﬁ16%%%%%%%&)3”?&‘%%%’&63 data
redfdotive &l haphaitiany iofagexitianpanasyeenabider hlGality oflemtord08; images,
) t?ward e audience. Panoran?}c S pro'ectotrs 1D4A,h;n04B Sand 104C
inclicing IR IFIARES PEh I UIAS SIS 'S &SR HHASFSic projection
screen 1020Askakarylim2aghrd6is incledeastBightalatd Sedpediveiaf am BHticular
during flight training, [titude, ali d, headi ining fuel, ..
T e R
imagynehroramwitcabimemitdddeia imsHigetbs01 06, Tiwmvattbviivg suglience. The

R T D e
scafsem 0o propessnietéitniceats assmutiragenario, an option representing an
attack scenario, an option representing a training scenario, and an option
representing a navigation scenario.

Processor 112 furthermore retrieves data respective of a panoramic
video image 150, which corresponds to an exiernal environment which the pilot
of an aircraft, (e.g., an F-16) would see though the cockpit during a training
flight. Processor 112 directs panoramic projectors 104A, 104B, and 104C, fo
project different portions of panoramic video image 150 on panoramic projection
screen 102, thereby enabling the audience {o view panoramic video image 150.

Auxiliary image 160 in Figure 5B is an image of the cockpit as the

pilot would see (i.e., the instrument panel) while flying the aircraft. Auxiliary

image 160 can include an image 174 of a two-dimensional map of the ground

below the aircraft, an image 176 of a three-dimensional map of the ground

below the aircraft, and an image 178 of flight data.

19.
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projectors 104A, 104B, and 104C to project different portions of

panoramic video image 150, on sections SA (Figure 3), SB, and Sc,

respectively, of is panoramic projection screen 102. Due to the relative

locations of panoramic projectors 104A, 104B, and 104C, there is

generally, a.discrepancy between the. images on sectio e, and Sc

and th es?ﬁeﬁi'ﬁ‘aE]ee%?raer%(;ggelf%)e%ﬁ)‘/J iga igvr\{e% or Bﬁ{%%)gcﬁééé’f%%%ogg n%hiarge
alaniigherinmygterrci0toc e faiitdavedude anfnllagerdetectomogasssirov} directs

. I ' ocessor, The,ma tectar, detects the images
o B o A e A o R Smece on
berojectionbiweehCiD2 viRrocelisowt 12 Gfbtetmivaes tHbeliseoeipamey.  Panoramic

I; jacen i imal rocessing the detected
P T e R a0 SIAR mage
1 Sheadisprepanos, ofeetioh afc?8grandamicipiidestorat@4A6404Bluaed flight

4 . . iod. ; chon
I R R et T R e e R A R " irspeco
héhditessemaiséagriest wegiraf pempraatioreidendritey ke Sy theapife wouid
I hat. [ h b
S e S B R 808 B e,
processqﬂlaz Wies theseapaiestiiptges, auch thraettitg gégrisproducing  a
sﬁ%&gﬁm@lys‘ém%gd Iﬁé‘é&heg‘gjé’gh%‘?a%'{co‘yla%%ﬁ%rﬁé‘%&lgt?%dP,y which is

panoramic projectors 104A dnd respectively e ga

- paytibstdiallyring thelforatiofh ofesyataie, tGen Brocessor M2 peifectaspmnoramic

p § mOQ@fA\fveF@ciﬁthﬁﬁS p?dﬁ%f '{Ba&ﬁ% tt f%q‘gA? ?ﬁ@%&'% é%goramic

e form of a trape20|d, en processor perrorms a on a
vidstatinagswted, tiesespaticofs indagésiglihe giip & anditiey, atespectively, of

G L A T
projectors 104A, 1048, and 104C, there is generally a discrepancy between the
images on sections Sa, S, and S¢, and these images are generally misaligned
or out of scale relative to one another.

System 100 can further include an image detector (not shown)
coupled with the processor. 'The image detector detects the images which
panoramic projectors 104A, 104B, and 104C project on panoramic projection
screen 102. Processor 112 determines the discrepancy between every adjacent
pair of these images, by processing the detected images. Processor 112
modifies the images by substantially eliminating the discrepancies, and each of
panoramic projectors 104A, 104B, and 104C projects the respective modified
image on panoramic projection screen 102, thereby enabling the audience to
obtain a substantially flawless and seamless view of panoramic video image
150.

For example, processor 112 determines that there is a gap (not

shown) between an adjacent pair of images projected on sections S, and

-13-
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to As a further example, processor 112 determines that the pair of
adjacent images projected on panoramic projection screen 102 by
panoramic projectors 104B and 104C, are of different scales, and hence
processor 112 modifies these pair of images to substantially unify the
Sa, %?@“P?eﬁ%%‘ HgE Onge 1R ggr’r‘é@éc ﬂ@?@tﬁﬁr 4?’*:&:8@% 2¥ch that
104 prOJectt e respective is mo Images, t lence perceives
thipgaornsichsiediaihagbnbaiad ﬁamﬁhmmepcbi@ﬁ@mw%mam mmajected by

P e VA ST TR, NN, L B TR suppentaly o

e alrcratft,
th%ﬁmmwayrmtmw@ortmz qerocediboitd $Yseenad0accdrdimgjation 2etween

I :
theoﬁgtﬁetﬁ[rr%gtgsg gglflrst cali ?t]o%rlg‘réé%g? #!ghﬂ" %d%%i?éﬁ%%%%%,sthen
prqmmma:mik:i Pmgetnoms046tioenséiion Ssdcan m@ﬂim%fch@ympléhaa‘ﬁspair of

fid h
A B R RS TS 50 e
prsjamim)n ropeeddsy 2iopaneraaTicaopatottkdgaiomebaimmBA, cainclined to

? %Jrg?)ﬁtgﬁ"éd fiducial (not shown) at an upper right corner thereof, and a
ORI Ty

uaﬂsﬁot shown) at a lower right corner thereof. If there is a gap
(not shovis) befwrteer tieadinsp iealibrattessotadge Zantkthesioesnthalitratioair of
a ctgr?f trf}]%n & corrod&g(eg 6&%%@?\% fthe '%ag&,gﬁ tgg}g e]ied%' t Snoramic
ASECaIDAHsR | e and esecon all ra ion image, processor
pr&j&‘dﬁﬂedm&nﬂgam%@ dre dbthifiered thatibe f&sﬁfldmae@nmessor 112

ith_the third.fiducial d that the seca u i i
q%ln ourtr??dumafndﬁ?oce’té?sor g%n r%ls ﬁg ol-g%% %ﬁ‘% pgn%%a%r%r}:a%f
Opmjepmusrmﬁn@\ pruiehids, s‘lﬁzhﬁthaﬁ B firstrfcd utiat (5 aigived With thespective

ﬁ c§1|u0|al andttit‘le gsgc nd fldgClaJ IS aI| n%oww éh%ﬁurth fiducial

5 man T, the Images w fichh panoramlc projéec Fors 1 anciTﬁ?fB‘150 en
pmomhmanmcgmmemldmz in a substantially flawiess and seamiess

manner, as if viewing the environment around the aircraft from inside the cockpit

_of the aircraft.

Alternativeiy, processor 112 can calibrate system 100 according fo a
plurality of fiducials (i.e., landmarks) located at the edges of adjacent pairs of
the images. A first calibration image (not shown) projected by pénoramic
projecior 104B on section S, can include for example, a first fiducial (not
shown) at an upper left comer thereof, and a second fiducial (not shown) at a
lower ieft comer thereof. A second calibration image {not shown) projecied by
panoramic projector 104A on section S, can inciude a third fiducial (not shown)
at an upper right corner thereof, and a fourth fiducial (not shown) at a lower right
cormer thereof. If there is a2 gap (not shown) between the first calibration image
and the second calibration image, then according tc an output of the image

detecior detecting the first calibration image and the second calibration image,
processor 112 detects this gap, and
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screen 102 during a real-time operation of system 100, on sections SA
and Se, respectively, are substantially of the same scale, and furthermore
any gaps between the images are eliminated. 10 As a result of the
alignment procedure of the fiducials, a left edge (not shown) of the first
image and a right edge (not shown) of the second image can overlap. In

dekpsrpings Hraclwdratidugipbimnel alignpdnaiibnion shindgueial, and that the
sRIBIRFIIEIAAE RodaligAB SRR thalBigdeHgdggiand the right edge are

eliminated from images which panoramic projectors 104A and 104B

project o T8gRARNaMIE e EalsntaereaRTEI R ToPleRaRMPIRBIE cropisiigre 104A
aRPrionm! 1R HMRgehdTIRISAHARREISPARNFRRIGRICIERIMFNOIARY, and the

1046 project the left image and the right image, such that substantially no
serrsHhfidured incatiopetviedih Hir ot dislecirledntaigernsoner, the images
Sidps @H@Hyrﬁ%aml%%%té\@xﬂiewmiectm@ FpiRe t%ﬁnf%%'liém' i
Wsuchtgs auxiliary 20 image 162 (Figure 5C), \?\?r?ich should also spa!tia ly ection

SCEBRd IR odEIRSr anTRaliHEY PReqRlIPsOTrsyBiaiN PRags FeTlienad®s and Sa,
relpR-EHNapsignal BB SHERIRS crUKbaLL IMAgS 4R2 @W%é@f%ﬁﬂ% By gaps

addition to temporal synchronization of auxiliary image 162 wit
bewesaine iresrigeelisnnaiedpatial synchrony thereof should also be

provided AEhg sgatifl synRBrany s APHrsalMhe 257 REHOTIRIAY. a left edge

methods analogous to those described above with reference to the

(netchryen o thedirstdmnds aedRisshirdge oPphndrmicafides speged image
cakP Qv NAIvaY caylliars fieientan 21 FaRRINGRIE D BSIgN6PES b anoramic

combiner 106. In this case, auxilialalk prolﬁeé:tor 11{2&rojects the auxiliary
PradREieron! BaAmARsnbi? 1 6BchnthBb dhe chifibpeea caneéfid@srabt edge are

elRHIAEASY IMaaeinsi oy AIidReAMdIERAR FRYECIBRGIRA0L58™MBER project on

eliminated from the system. Itis_-15 noted that the beam combiner can be
PRIRIRECaPERISHINR SCTepRxARTpId0n S degRia Yo EkNIRE Qvith RexsBiest of the

i8G5 OH O ORGP YT G NANO BB CRYRR SHraeRas MBject the loft
audience. In this case, .the auxiliary projector is

image and the right image, such that substantially no overlap exists there

between, and panoramic video image 150 is substantially seamiess.

Auxiliary projector 110 projects an auxiliary image, such as auxiliary
image 162 (Figure 5C), which should also spatially conform to panoramic video
image 150. If auxiliary image 162 includes a two-dimensional map such as
auxiliary image 162 (Figure 5C), then in addition to temporal synchronization of
auxiliary image 162 with panoramic video image 150, the spatial synchrony
thereof shouid aiso be provided. The spatial synchrony can optionally be
performed by methods analogous to those described above with reference to
the production of a substantially seamless image of panoramic video image 150.

Alternatively, auxiliary projector 110 can be located below beam
combiner 106. In this case, auxiliary projector 110 projects the auxiliary image
on beam combiner 108, and beam combiner 106 reflects the auxiliary image

toward the audience. Thus, the reflector can be eliminated from the system. It is

-15-
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located directly above the beam combiner, the reflector can be eliminated
from 5 the system, and the beam combiner reflects the auxiliary image
directly toward the audience. Reference is now made to Figure 6, which
is a schematic illustration of a method for operating the system of Figure
1, operative according to another embodiment of the disclosed technique.

natepréiaidtiie bepmABURINEICER freuidd ey atuderandaet, fac@ramgle, 45
dd8raRdNRi SN & Usfh rﬁéﬂfé&woofaﬂngﬁwaplﬁsaétxbei\%aﬂn%ﬂec%&am

in an auxiliary image displayed by the user interface. With reference to )
PrRigaHes 15aresnd B8R0 dheraAbrierse sdiedidisphishe 1 FasamBraptichgiector is

loddtbdlafeBid AFSvdBEXIRIMIRRYBIHEP displayReben veel UBtelfatRated from

116. User interface 116 produces an output according to this selection ]5
thpysypiaatopNddhepRPSe FesThisYupliettspioecaadsian imppredgGHy toward
1802 daRemic image data respective of a panoramic image is retrieved

from a database, according to the output. With reference to Figures 4 and

5C, procd3e6rancerdirvspadeintioniade agichigacacaamatic ilustration
oPRARQEARRIS JAEeR dnARR 180 <5eeardiBorR the selssipmoboptiantdifg BY another

20 operator 118F in procedure 200. In procedure 204, auxiliary image

epRedisgiciRe BandiRineey iBSHBIAVR iV cBreRsHiE Jdfihagd output is
prReRRIENG Jothas oAt AGE) teierenreyte RidUMLAIRBR A SEr respective of

_processor'112 retrieves auxiliary image data respective of auxiliary image

ong of a:ebitatly wftretiansdnsh epddicinaMiropErase disriegednby the user

inRiAsedue/ R0t RIS dYIRId0R Pt lefsh ARCSRANGFARIR PHOIGHEdfects option
directed to project a panoramic image on a panoramic prOéectmn screen,

TH@RARG RPN difitvedSAritabife iRyl RESctSRHigptayed on user

infdetdes 114, 80 SeREREEs50T Jrbd dHestsPBNMsaMIC EERIREOS #ldAelection
104B, and 104C, to project 30 panoramic video image 150, on panoramic
by\ppecata gg,%%naf@%e@gs this output to processor 112,

In procedure 202, panoramic image data respective of a panoramic
image is retrieved from a database, according o the output. With reference to
Figures 4 and 5C, processor 112 refrieves panoramic image data respective of
panoramic video image 150, according to the selection of option 174 by
operator 118F in procedure 200,

in procedure 204, auxiliary image data respective of an auxiliary
image is retrieved from the database, according to the outpul. With reference to
Figures 4, 5B, and 5C, processor 112 retrieves auxiliary image data respective
of auxiliary image 162, according to the selection of option 174 by operator
118F in procedure 200,

In procedure 206, at least one panoramic projector is directed fo
project a panoramic image on a panoramic projection screen, according o the
retrieved panoramic image data. With reference to Figures 1, 4, and 5C,
processor 112 directs panoramic projectors 104A, 1048, and 104C, to project

panoramic video image 150, on panoramic projection screen 102,
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according to the panoramic image data which processor 112 retrieved
from database 114, in procedure 202. In procedure 208,.an auxiliary
projector is directed to project the auxiliary image toward a beam
combiner, located between the panoramic 5 projection screen and an
audience, according to the retrieved auxiliary image data. With reference

aé@cﬁlﬁ%@as’t&’_tﬂea}ﬁgrﬁ%rﬁi@cf?ﬁﬁgélégtgir@ﬁ%ﬁ%iﬂ%&sﬁ?]%@&&@e‘&éd from
dggéect auxiliary image 162 on beam combiner 106, according to the

RES Trhdgd BERLSHMER Hécessor 112 retrieved from database 114 in
procedurgr?Qdo BeAFCOMBINgGH 156d5dagatedbelvesn arasianie é)éo}ect the

projection 10 screen 102 and the audience (viewers 118A, 118B, 11

aiiipyy1 {BBISnIPHRktafor PEREE) CAMRRESURER RS tREN&GS InikifaRaROramic

prijestrf tadispiayte Andliar¥ntBagr fordeguaehRCEIANG MRiiiary image
retrieved auxiliary image data. With reference to Figures 1, 4, an

d 5C,
datacd¥ilh; roTaNeRUEP RS fAcd POt 35 dRIRSSSSRkikTY iﬁ%%?slay?ﬂﬁaw

pREESIINY10 theppspdiaptimree fatkwhish gropessarcbiryRkieved fdBording
database 114 in procedure 204, for operator 118F. It is nated that

h
tpioecRitrianOnang SAtENISEHBISE Sin B lS e thinoLdatresse 114 in
poeaRksezhimage-eh therRBmeaN G iIBape aRd therasstiafi HORHAIS projection

produced for the audience, by transmitting the panoramic_20 image
SRR THR 200 e S e BB A P dckiUiting 1RD- 118E. and
opéiditaryinggge toward the audience, by the beam combiner. Deflecting by

the beam combiner can include reflecting or refracting the auxiliary image

toward tHE RiRFEUEC R (1R APREINSATFGRS £ oglisplay the auxiliary

irRBEWINGF 108 RERGUCESCA P IRE G ags fei vigWRIRildSAirkd8B. data. With
118C, 118D, 118E, and 25 operator 118F. Beam combiner 106 produces

RS R dISHTES e Toy R i BERRRAM T R R Y F st iRkRSe 116 to
dtpmighaanidry reflaging eruxiliahs iage #62nk isoatesHhatiaewista which

procedure 210, the method can return back to procedure 200, for the user
t

PIRCRSSEF gr}gtﬁ@}r@blﬁgnfqﬂrfhgatabase 114 in procedure 204, for operator 118F.

it is noted that procedures 208 and 210 are performed simultaneously.

in procedure 212, a combined image of the panoramic image and the
auxiliary image is produced for the audience, by transmitting the panoramic
image toward the audience, by the beam combiner, and by deflecting the

auxiliary image toward the audience, by the beam combiner. Deflecting by the

"beam combiner can include reflecting or refracting the auxiliary image toward

the audience. With reference to Figures 1, and 5C, beam combiner 1086
produces a combined image for viewers 118A, 1188, 118C, 118D, 118E, and
operator 118F. Beam combiner 106 produces this combined image by
transmitting panoramic video image 150 there through, and by refiecting
auxiliary image 162. It is noted that following procedure 210, the method can
return back to procedure 200, for the user fo select another option in the
auxiliary image displayed in procedures 208 and 210.
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auxiliary image displayed in procedures 208 and 210. 30 -17 WO
2006/124307 PCT/IL20061000624 It will be appreciated by persons

W 5'&39/1]55&9? art that the disclosed .techniquef is not limited tpdﬁ‘}iﬁﬁéﬁ%ﬂosz P
been particularly shown and described hereinabove. Rather the scope of

the disgl hpique is_.defi h ims, which follow. -
Qs G 5 bt Babeatetiun o N Sl dne
disclosedrsechniyué tevaicihoiist dbanteitchals, teecookpicinicidish@vn and

head-up display, the system comprising: 5 a goncave panoramic . .
des G G Ve RIS o rty e Rrole e rr e e s
defirespeeiiyegapiioniaivkstliparfolimwic projection screen at least one

respective portion of a panoramic image, said panoramic image

simulating a view of outside scenery as seen by a pilot from said cockpit,
said panoramic image being 10 viewed by said audience; a beam
combiner located between said concave panoramic projection screen and
said audience; an auxiliary projector for projecting an auxiliary image
toward said beam combiner for simulating its display on said head-up
~display, said beam rs combiner producing a combined image of said
panoramic image and said auxiliary image, to be viewed by said audience
through said beam combiner from respective positions of said viewers, by
transmitting at least part of said panoramic image toward said audience,
and reflecting said auxiliary image toward said audience, such that said
auxiliary image appears closer to said
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10

20

20 audience than said panoramic image; a database for storing panoramic
image data respective of said panoramic image, and auxiliary image data
respective of said auxiliary image; a user interface for displaying said
auxiliary image for a user among 25 said audience, said user interface
producing an output according tqanifpyt from said user, respective of
one of a plurality of options included in said auxiliary image; and a

prostaRpiGigIERNG faiapandiante preiddiossa Rialivipinjewers, a view
Wr@ﬁﬁ?&’%@iﬁaf#%@%%i@gwimé%@d@% intalfase, sakkRpeRsSSREpREY), the

retrieving said panoramic image data from said database, according to
Saig MR RIIG BEbcessor retrieving said auxiliary image data, according

to said; Uity e MPsessprdiddimctpgeaid panoramic projectors to
project said panoramic image on said panoramic projection screen,

accordingf AP ARSI AT RIGICAIRE RAicPTRIBERSER IR ¥gigections

abpilialy PIIRFIhIe pioRektaidsarednitimans AheSalkheaiSORPIRAY of a
according to said auxmarcg image data, wherein said 5 panoramic image
PRNSARTHGXINARS i RRIGr 8 IBRIBENHy AP ep alinmalingieBeii of outside

SYRERERDaL <EBG Y518 RIREOPHING LR chaBk i fthe eemRitRiedRage being
reflector located below said beam combiner, to wherein said auxiliary
pYisuEEMY fidiBHdBBe8 said reflector and said beam combiner,

whereig gaishabdanBroisSAes PIoieriscsakha xHaRaBagmeRssdd projection
reflector, and wherein said reflector reflects said auxiliary image toward
SIS RANGSEhRHsESNCe.

an auxiliary projector for projecting an auxiliary image toward said
beam combiner for simulating its display on said head-up display, said beam
combiner producing a combined image of said panoramic image and said
auxiliary image, to be viewed by said audience through said beam combiner
from respective positions of said viewers, by transmitting at least part of said
panoramic image toward said audience, and reflecting said auxiliary image
toward said audience, such that said éuxi&iary image appears closer to said
audience than said panoramic image,

a database for storing panoramic image data respective of said
panoramic image, and auxiliary image data respective of said auxillary
image;

a user interface for displaying said auxiliary image for a user among
said audience, said user interface producing an output according to an input
from said user, respective of one of a plurality of options included in said
auxiliary image; and

a processor coupled with said panoramic projectors, said auxiliary
projector, said database, and with said user interface, said processor
retrieving said panoramic image data from said database, according to saic
output, said processor retrieving said auxiliary image data, according to said

output, said processor
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2.

3. The system according to claim 1, wherein said beam combiner is
selected from the list consisting of: semitransparent glass plate; 20
semitransparent plastic plate; transparent glass plate; and transparent
plastic plate. 4. The system according to claim 1, wherein said auxiliary

InARGSiHE Selrciesh SR fftilflisbepnsisthie &f sEanvknepskit #hage on said
aircraft; and informative data. 20 5. The system according to_claim 1,

VPREIIABI SISO B S REPaRSRATIIN A RAch BRGNS 9 44564 Said
selestd Honvdeanstennsistingaf mdlcary tddrejeb: dhia smETY image on

according to claim_1, wherein each of said pangramic images is

SAISARRTY CUBRRIRGS. ATPPTHRE Ltaid adliamgBadsiHatawnbrisin said
seithuaphibteraeR isaselestrd Homithe listsqasistingfipdsaR); as@uspstially
and _tactile. 15 8. Method for simulating, to an audience including a
pNiPigEESE RSWBRTeWew from a cockpit of an aircraft, the cockpit

including a head-up display, the method comprising the procedures of:

producingt an output, according to an option selected by a user among
The sysiem according to claim 1, turther comprising a reflector located

below said beam combiner,

wherein said auxiliary projector is located above said reflector and said
beam combiner,

wherein said auxiliary projector projects said auxiliary image on said
reflector, and

wherein said reflector reflects said auxiliary image toward said beam

combiner.

The system according to claim 1, wherein said beam combiner is selected
from the list consisting of:

semitrahsparent glass plate;

semifransparent plastic plate;

transparent glass plate; and

fransparent plastic plate.

The system according to claim 1, wherein said auxiliary image is seiected
from the list consisting of:

menu;

cockpit of an aircraft; and

informative data.
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20 a plurality of options; retrieving panoramic image data and auxiliary
image data from a database, according to said output; directing a plurality
of panoramic projectors to project at least one respective portion of a
panoramic image on respective sections of a concave 25 panoramic
projection screen, according to said panoramic image data; directing an
auxiliwrojector to project said auxiliary image toward a beam

FeT;

cofimEtaBt AeePERte & SEtcdncleTpih SalRRShroRRInssideRANOTaMIC
aRtheRIRRYLISRCEuAGERIINEJe RAIGRINEIRRYIMANE AslaoRBkmgdieing

a combined image of said panoramic 21 image and said auxiliary image,
to be BBy said audience through said beam combiner from
respegjjMedpositions of said viewers, by transmitting said panoramic
image toward said audience, by said beam combiner, and by deflecting
said auxiliary image toward said audience, by said beam 5 combiner, such

thafeSa i UM LRBOLITRGCIGRISATSIClasRIF&MSaLAUHRRRS JhROraalt images is
panoramic image. 9. The method according to claim 8, wherein said
pPEBSERIMEANY HBBTLATF said combined image comprises the

sub-procedure of projecting said panoramic 10 image and said auxiliary
image in temporal and spatial synchrony. 10. The method according to

cHI® 8YSIRBYATCRIEIREER RIRITHf Ui rdBRAG BRI UK RsfasErS Selected

cgmgr{ggg;gp@ogfgggqgrgﬁ of: directing said auxiliary projector to project
said auxiliary image toward a 15 reflector located below said beam

combir-8hd reflecting said auxiliary image by said reflector toward said
beam gamkineradd. System for simulating, to an audience, a view from a
cockpit of an aircraft, 20 according to any of claims 1-7 substantially as
descrit@ét¥fereinabove or as

Method for simulating, to an audience including a plurality of viewers, a view
from a cockpit of an aircraft, the cockpit including a head-up display, the
method comprising the procedures of:

producing an output, according to an option selected by a user among
a plurality of options;

retrieving panoramic image data and auxiliary image data from a
database, according to said output;

directing a plurality of panoramic projectors fo project at least one
respective portion of a panoramic image on respective sections of a concave
panoramic projection screen, according to said pancramic image data;

directing an auxiliary projector to project said auxiiiary image toward a
beam combiner, located between said concave panoramic projection screen
and said audience, according to said auxiliary image data; and producing a

combined image of said panoramic
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10.

1.

12.

illustrated in any of the drawings. 12. Method for simulating, to an
audience, a view from a cockpit of an aircraft, according to any of claims
8-10 substantially as described hereinabove or as 25 illustrated in any of
the drawings. 22

image and said aukiiiary image, to be viewed by said audience through said
beam combiner from respective positions of said viewers, by transmitting
said panoramic image toward said audience, by said beam combiner, and
by deflecting said auxiliary image toward said audience, by said beam
combiner, such that said auxiliary image appears closer io said audience

than said panoramic image.

The method according to ciaim 8, wherein said procedure of producing said
combined image comprises the sub-procedure of projecting said pancramic

image and said auxiliary image in temporal and spatial synchrony.

The method according to claim 8, wherein said procedure of directing said
auxiliary projector comprises sub-procedures of:

directing said auxiliary projector to project said auxiliary image toward a
refiector iocated below said beam combiner; and

reflecting said auxiliary image by said reflector toward said beam

combiner.

System for simulating, to an audience, a view from a cockpit of an aircraft,

according to any of claims 1-7 substantially as described hereinabove or as

illustrated in any of the drawings.

Method for simulating, to an audience, a view from a cockpit of an aircraft,
according to any of claims 8-10 substantially as described hereinabove or as

illustrated in any of the drawings.
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