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Met hod and device for encodi ng and reconstructing
conput er - gener at ed vi deo hol ograns BACKGROUND OF THE

wo bbdET1268 1. Field of the Invention The i nvenPCDREP2005/009604
relates to a nmethod and device for encodi ng and
reconstructing conputergenerated | arge-area video
hol ograns using a display with conventional, i.e. with
commercial |y available, resolution; the display gives

Methodaaﬂdadaﬁc foﬁ‘é’h@&dlgﬁ%@_rﬁéﬁs uBﬁ@ﬁ&pghfe@' chBRAE vnde&holograms

The dispfay i es a raphic arr h
controllable pi xel s, which el ectroni caIIy affect the

BACKGRRWNDUQE Td'lﬁl)%VEHW@N of light. Such an array is

known as spatial |ight nodulator (SLM. A suitable

1 Fﬁélﬁ%tﬁé)fnvéﬂﬁ&ﬁ al anplitude nodul ation of a |ight
' pattern to reconstruct video holograns is for exanple

a Liquid Crystal Disp I;y (LCD). However, this
The inventamfielatas ¢aa ngthed pad Qplcﬁ‘é@lf engogingand teeonstructisigecomputer-

r.r [
oenra§ 3Rt A s BT b ki
commef’dlmlytamanablpj tesbIUtisttheicﬁmﬂay givediadagecuiewing drigée and a high
spatial lg}ggtgﬂl%;?t p [ gfgggﬁgﬁxgm r &ra})ﬁ@: d%gﬁg@,]tcoﬁtlréﬁgb?e gi];(els
which ele%ﬁ@hlébll@ﬁffeafhﬁe bﬂ’fﬁﬂud%@r@d)ﬂ%as@&ﬁmghbﬁxch% ARy is'known as
whi t eholol\% aphic array is Su&ﬂlled with control

spatial Ng{t M%OE M) A suiablesarrictos spatia asepltydmmedylation of a light
pattern ?&Fé&%gfﬁ?&vd@ﬂ%lb@aﬂg ) fbrné/faﬂﬁblg% Lli @Q@?Blép%oy (LCD).

t hr ough iem ng wn
Howevérsthishiaventier catalsobedppling to oﬁwr ngnu@mlmhdlogra@hlc arrays, which

use cot S IBRY tof nf8titathd s R AR S P Ge Fhe oot g

W ndow 3. Description of related art A drawback of
2. [Bdhindtidnosftteme®scopi ¢ di spl ays using conventional optics
is a msmatch between parallax information and

The torBSEROTSHRLEES B lsRfadh B Bls Lot DeniPel M5 Achtivo
adjacenthixels 6f ahma et udephiacterzee e dizphiy rebplatbs. at
arbitrary di st ance. On the other hand, each

t | t .
The terRCE RSN L FesbBeh b5 P Sl IS RS ey L e it
control #1de£36 %QYtere%sﬁéir@ts a three-dimensional scene. According to this

invention, said scene is viewable through ‘viewing windows’'.

A viewing window is the intersection of the viewing zone and the observer plane. The
observer can see a reconstructed object if at least one eye is inside the viewing window.

3. Description of related art

A drawback of 3D-autostereoscopic displays using conventional optics is a mismatch

between parallax information and accommodation of the lens of the eye. On the one hand,
each eye sees a different perspective view of a scene, which simulates a depth impression
of objects at arbitrary distance. On the other hand, each perspective view is located on the
display surface itself. Hence, the eye focuses on the display surface, and each eye sees a

flat image. That causes a mismatch between seeing objects at arbitrary depth, i.e. not on
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flat image. That causes a m smatch between seeing
objects at arbitrary depth, i.e. not onthe display
wewobazr28 achi eved by paral |l ax i nformati on andp¢EP2005/009604
accommodation of the eyes to a fixed display surface.
This may cause an unpl easant feeling and eye fati gue.
This can be avoi ded by usi ng hol ographi c displ ays,
whi ch reconstruct the objects of a 3D scene at correct
the dlSﬂSﬁEUﬁaceAaEHieQQ& ?:Qrﬂa‘ialfaxﬁﬁ‘oﬁi‘tﬁﬁ&?QH&HéJ%c%nﬁ’rkﬁbﬁﬁt‘icﬁ\ Bthe eyes
erent superposition of waves. For this
to a fixgrlidisplay sudfas@athiaimdyi @useramm;maaan@ &ﬂh}wg g@day&tfesgwe This can

v avo S BB oqBBh JRPREL MR P geene

correctdiepfhsact s the |ight waves and reconstructs t he scene.
As the hologramis sanpl ed, a periodic replication of
structlon 0c i S a3300|ated

A nologihif i et lher SBRRGY FingrEnatpeiodn ot okt faves. For

this pury)b@@vl d\gpatRiNBgleti ndeduIBor (BEMPEEn&rdited 4 walBlpaktea . Wh@@@ram is
reconstruction. The maxi mum di ffracti on angl e of

the Freglp@ trangformrefdhe @g)psgqg\g which ’%toppq(@comtfl&qﬁed d&%ﬁwr@gracts the
light wavR§ aﬁﬂﬁ%&%t%&eth gﬁé OAs 9{&?&8@%@&5‘?&%@ 2 g@@%célf >r/ep||catlon

reconstructln ol ograns | at a su
of the re@amuou@v\po@rsm lmssoamie@mmwajpencfdnltwntamaigThm the observer

within a{ﬁé\%&%te olﬁ% gdn%hn%y !oedqéd\yg t\felq%éggfegqaéé?e%@%&bgﬁ/oﬂ The

mamm@ﬁmﬁffratﬂlomangdél o€ ther $ICM1 WaB;hajemlenﬂk odithe piXe! pich, Bétéfmlnes the
Even for .a small af{ are

vnewmgﬁﬂnet %emao;( grobiem,in e\ﬂpq)qhng@n tr(gp Ll&%g%@grams is that a

sufficieflly largvietHgSzdrtinast SQMEHVIGeQ%W@WﬁP@ rle@é‘fgstructlon
conputation tinme even en the display is sinplified

to a horizontal parallax only hologram Currently
In CO"VQOMW%BP@QFQ}?'@%C"E§P|§’é(3dﬁh§|d4'%iﬁ’/'§9tzﬂﬂﬁ &hpyld qoyer at least the eye

separalgkﬂ"{ ?\Q{cﬁpmqﬁlrﬁé %adf)?el‘@lzterbf%apﬁ o] Im Bi fd8t. \HVeRtoPs |si'hall dn%ﬁlay area

into a very's Vi ew ng zone,
of 100 imm T 400 npnsmemlmltcounﬁ will be qfébemsierrupcf,ﬂ 8@ million. ThIS causes costly

nardwal o e R e AFET el R T ls SRR o @ horizontal

paralla)dmlﬁlymrdgr?]ﬂﬁl Cuhemﬁy alhilablk Ryge- aﬁéal\dﬂlidg'aywﬁwﬁically ulse holographic

El ectr o- hol ogr I C usin a pi.xels .
arrays Wiha pixel pHeR g“%‘[ﬁ’ ng%ﬁﬂ‘ﬁh wig YR WP‘?’B?@E'PG‘”QQBQ@“” so that itis
impossE fo vidila re%@ﬁﬁrudt&‘j ﬁfréeidﬂn@ﬁ&&i’dl aRBhE with tﬂitﬁ’ Blays

using commercially available Liquid Crystal D Splay
(LCD). This docunent describes a video
Severahslgiipnsrare kpewaite selverthesrpiodienhat uses five speci al

displays with a high resolution, instead of a
The doE@R¥RNKI RI2hoLGDFUkdya, ©. NRWiKaAP! “Bid@d-hdIB§raphRMiS8lay using 15

Mega pixels LCD”, Advanced 3D Telecommunication Project, 1996, SPIE, Vol. 2652, refers
to holographic 3D displays using commercially available Liquid Crystal Display (LCD). This
document describes a video hologram-reconstructing device that uses five special displays
with a high resolution, instead of a conventional LCD with a low resolution; the viewing
zone is enlarged because the resolution values of each displays is combined to give an
overall high resolution. All displays are joined either directly or by way of optical
reproduction. Only the horizontal parallax is used, the vertical parallax is disregarded. The
known solution requires a resolution of 15 Mega pixels provided in a unit of the five special
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zone is enlarged because the resolution val ues of each
di splays is conbined to give an overall high

wo emohe2eon. Al l displays are joined either direrEP3009009604
by way of optical reproduction. Only the horizontal
paral l ax is used, the vertical parallax is
di sregarded. The known sol ution requires a resolution
of 15 Mega pixels provided in a unit of the five

d|splay§ B&EA ﬁlf\éj KSR §6¢ g&@ﬁa%éor%%c%a %ﬁoﬁidﬁ@drﬁn{ i‘Pn a v%lgme of only

reconstruct a vid ogramin a vol une
50 mmx 1E80mmarxha depthepft 50 mim. Sﬁ\enwewrnlgaomees\pny Qﬁ)m wide,

coess TIP3 B EE gRECH  eon on
just be kieddedngittvbethesyewi Tihe bédd‘redyesmufrdﬂedemndsrm'dtheamﬂlretilm of the

Video hIGGrII A S YRS FERAPHENSH: SIS SRR as oA
dnsadvagiltggjlc;k%éC 'uﬁé%?a%ﬁﬁﬁx\ﬂérﬂf@%%ys%ﬁj #farge 1efisttbf Hé@nsfruction, leading to

ays and a large lens for reconstruction, |eading
a largedepth and veluaepand heavy demaads an@omwg POMERds on
comput i ng power. Another way of enlarging the view ng

Anotheé%@ﬁ o‘#‘éﬁ@?%vﬁ?hé Vl@mﬂ%c%’(?@é;@es-@nb% Hu @@cun%rgflU'Mlsﬁrna M Okui, F.

zone e enment met hod for sanple
Okano Hilieygngzoté anlang@sem lglatfmdcfgr sampleddelogram thAbmﬁ%fdgh -order

dﬁfract% ﬁ@&"eﬁgfp%gﬁi gd%@"#.“ﬂ's\?’ Oyt £ rac? [ngntggtr“%qnét?ba Lagt pnly the first

dlffractlfoi':lfordﬁ!‘é’rl i9 Us8dforemudogramikiconstrudtioh, blitsaisd furtheediffraction orders;
diffraction orders; these are conbined to fo
these 256 RRBIRMPCIAITAG) SEAEETOT W SRR AP g RERANG video holograms

for a cé?'%llrpgﬁ%efsar%%rhoﬁm‘:@éc{t@hﬂaI%@Ql(ﬁd@pl%?OW‘lh&ﬁ‘él %élﬁ ofd §&cond LC
di spl ay of a Second LC displ ay,
displaywivhich ants as aspatiaifraqugincy filbeju gm;'}nquqaéghffr@cﬁ@n orders are filtered

during Feé’gb#_!,@ja%l ﬁlg%f\lfsﬂﬁé a?éb %r?ge%e%tgd sbéﬁ@ﬁt%y%‘ﬁ'& dglﬂed spatially.

GGt | & VI Sl areas ar
The achieqaleiatvieihy zand ig stilheairapertthah 6%. mrT\heo Huatities eddomstructed object

till th t hat
can onlecyieRe S B By s Adaih (U TP taed D i pevanshes by 4o
deman&géh "bon*d“dtlﬁg HRWepdnhasitionetHd sirelvarriy8 e ?éq@reRito have extremely
demands ‘on conputing power. In addition, the pixel

short switekipg deleysy equired to have extrenely short sw tching
del ays. When joining several diffraction orders

When J%ﬁwg?gqe%\}e%ll dfﬁfratcf?@n Gfo%% §¥(§uéfﬁi%ﬂy HE JispPMB (& eldi rilist have a high

ution and hi gh swi tch |n%ws] peed to prevent t he
resolutiomeayel @ higin mutcdamsmd toiprevend thshinagenBiem flickesigpahiis is why

binary R ggfa&ﬁfgﬁgéfgeqb % %evghgg%)( §H1fférq‘Fonf1 B EHBSI AR Rhused by

binary encoding.

A common additional disadvantage of the cited known holographic methods is the great

demand on computing power for encoding the holograms.

A device described in Document WO 2003/021363 (A1) reconstructs horizontal
respectively vertical parallax only video holograms. lllumination means use a line light
source which generates monochromatic light with a bandwidth of less than 10 nm and
which is coherent in horizontal direction but incoherent in vertical direction.
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A common addi ti onal di sadvantage of the cited known
hol ographi c nethods is the great demand on conputing
w@owen2f2e8 encodi ng the hol ograns. A devi ce deBCT/EP®AS/009604

i n Docunent WO 2003/021363 (Al) reconstructs

hori zontal respectively vertical parallax only video

hol ograns. ||l um nation neans use a line light source

whi ch generates nonochromatic |ight with a bandw dth
in conv@htGrE haldBpeh e AREIA oy RRANFIEMuch Terlef R the pupil o
the eyedsrd ennsesmsinchds owchsifod isldepe &g/projeaidight iata mglqmsmakme no

i S arger than the pupil of the eye is. A
ObSGN%rdﬁE&%E%Ance is much effort is done to project |ight

into regions where no observer is |located. A basic
A basid idea obappglimaht' fortries patentrapplication W aEH1046244659 (AR) is to reduce the

e 0oRSA e i T BT B A EALBRGPATERY B
signific@Mfy: leddursthel reuisériantsionahe Inyaxitaireresohion e the dﬂpratys

on the maxi num resol ution of the dis I|'1 The. docu )
The dogigraept dassriges adevicerfar refcee%ﬁﬁ%qtmaew%g @Pa@éﬂw d 84 size

V|ewmd \nlnaoﬁve FHE vk ZonYi ﬁ gadl dmaoﬁbmtﬁ%t %Mr‘c%%rqmeth@hﬂ%urce

[ east one 0|n t source or [|1ne |g ht source,
which prVIdhs puﬁﬂmedé;s cshmfent:ilgima iensoaed erh0|¢9f§h|t"0 agrayewith cells

srans 3 A CERE0 BNt pEELAE 17 BRRRE Y Wi o e
openngbemg‘rddntroda)lefAtviuwmgpemnegs hewiateyl incthe nmbgelplan'e ok the light
viewi ng plane is located in the image plane of the

Sourcey j ght source. The holograminformation is sanpled in
pi xel s and di splayed on an LCD array. Sanpl ed

The hold@r&HaiEEmaliovSsanpied Insixels aperdisplafedoer laﬂdJOD array. Sampled
repetitions of the recgnstruycted scene_an e vwg g
hologramsatways dave theyprapery of pgredicraRgtitons oft ‘@mgnw gdgtene and

the vne\?@ggﬁ g&)&?@h%oha@f%ut?é;tag(tiﬁtthé?t%@ vigWind Ririows do not overlap, as in

structi ons WD e seen L|n1t|ng the area on
that casmmunmle)gecmmstmcMnisorwpumbe§ceneLlnnmng thgtarea anghe hetngsam on

i GR3EENE o OB A B0 el A B e

such thlas||g1ﬁr€mm|ngdrmeeoonet/mctgdwcedewomwsra:‘rﬁned tcb bae viewing
evi ce reconstructs a Vi ﬁ@\gg ﬁram n.on

window,deBPS, 19 ARVES (songiug QoS L PO peridigiy interval of

the Fod’rle‘?Waﬂgfo‘PIInQH% v@Wﬁg&ﬁ&r@tﬂWe%b@nﬁ’stid&'tétﬁﬂﬁééfﬂnﬁélﬁm&hal scene can
scene can be viewed with both eyes throu%h a vie

be viewsdnaitinbpthcepasdhravghrayiewiito wingowyegatediifront of the eyes The
reconstructed scene is visible inside a reconstruction frustum, which stretches between the

display area and the viewing window; the scene can thereby be reconstructed on, in front
of or behind the array surface. The known solution allows the use of a conventional LC
display with resolution near 3 million pixels at reasonable hardware expenses and

computing power.

A light source according to this document is considered adequately coherent if the light is
spatially coherent to an extent allowing interference, so that it allows holographic
reconstruction with an adequate resolution in at least one dimension. These requirements

can also be met by conventional light sources, like an LED arrangement, if they radiate
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reconstructed scene is visible inside a reconstruction
frustum which stretches between the display area and
wo bwewrRes Ng Wi ndow, the scene can thereby be PCT/EP2005/009604
reconstructed on, in front of or behind the array
surface. The known solution allows the use of a
conventional LC display with resolution near 3 mllion
pi xel s at reasonabl e hardware expenses and conputing
: C |
light thregﬁﬁ ereghQ% eyqﬁé;%\{igag ﬁere ﬁl Btahg'\ivﬁltlgef:h'@ﬁfﬂnghﬁwess LEDs is
sufficiesthanarsow yo eosigedampocal anhenenemformqlmn@lmrﬂt:@nst@ncameﬁ line light

source & heFoosiigfild BEBit o RFSaRL§ sb ST BV A HERLATIE G e Bhotn. The

light is thediWwoherantirsthisdiredtion drel mecﬁhdwntcmmwepEIpHmﬂicullargiMectlon In order

sources, |ike an LED arran radi at el i
to ensufe R50R b e R T JOH R aa 5 RS R PAGPR wavelehgth
range. B86dWh8foraths Bhe Bellid@hfdteRRet Bl&Sinfcimatibh infdyepé HK/lded spatially
narrow to ensure tenporal coherence for hol ographic

into moneelyestatigepeetial porionte sepgentialy o by wayrofifilies Bieginger kel

electrorﬁ\gﬂ&cﬂ)tnt%gﬂ% p?)%‘é Sﬁab%ed; ﬁ\?ﬁ E\r %ré‘pﬁb%ﬂ{ag%%ﬁlb%é@ah?pﬁtude-

modulatingl SLIM; chieaeset- mlodulaheg |S¢Maenaim SuMuthatiimogletates bothrthe amplitude

and the e 1 o BP0 o ke S hich are

unable WH@Q&tg%n%ntrb%r@séﬂifW@dowém lighe, lIk@faJCdif&Ielnﬂﬁnal'ﬂ.meemay use
di vi ded spatially into nonochromatic spectra

the knopmqet@wsph%q@émg aethpdoso that amplividersetings Wbﬁ%vefq*r@ntm"able
pixels q?r%%‘d’lg?%rﬁ@'irhéfgé:eam ch)rkt?&?glﬁe m%h%sérlf 2 rLg‘; ) BSnI\*}lplex value

Ic ar can be I'i t udenodu
for a su@aﬂehgnmhlatma@e Bhibt of therarsiynuchamnomncnceding tbchrmque.@ses

three ofERoh AN GAMREPRARATE i xel ar ays. whi ch are

unable to directly control the phase of the coherent
In conttaisgtut corhimloa kaoemrsodutions e pteSent imeg nlireand theksaution according

avpicafg s AERIEE0LA, B3t 138 b St b4, AL Plppene

point to@fé&mﬁ@@bh@bdéd"ﬁre‘a‘ cﬁhﬁe ﬁbl@ﬁ%ph’?@érr@ﬁ@ﬁ@l The %xté‘h@‘ldn@hd position
val ue for a single hol ographic i mage point of t

of the eheprisd StRmATE IARCRSHGR I therSoANEIL-ial 860t paist 1 visible only
within tﬁ% %ﬁ%ﬁgm&w THY GBI afnbi 3! the ﬂéﬂm@%b@ﬁﬁoﬁs"of the

nown sol utions the present invention and
reconssudtad soenapaiot, disrthe dight ¢érvanating fram 2bosy Mn&s@oe(smt reach the

conra SERRES iy e PR B8 TR o8 o BB Gy B PBBep on e .
y, and ﬂbb@wur@ﬁéyofmbgc@né@amt@n and position

The pupil of the eye has to be located in the viewing window. Due to the smaliness of the
windows, an eye position-tracking device detects the observer’s eyes and controls the
position of viewing windows according observers movement. Vertical tracking is achieved
by vertical shifting of the light source. This will shift the viewing window containing the

reconstructed scene.

Another way to reduce the expense of reconstruction video holograms is to assign two

separate viewing windows, each to one eye of the observer, achieved by two separate,
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of the encoded area are chosen such that the
reconstructed scene point is visible only within the

wo c@eiozg2svi ndow. The observer cannot see the peeT/@P1005/009604
repetitions of the reconstructed scene point, as the
i ght emanating fromthose points does not reach the
central viewi ng w ndow. The extension and position of
t he encoded area depend on the x , y, and z

adequﬁgﬁghé@h?ﬁ%ﬂfs&gﬁ Sﬁb‘?rﬂfaﬁ‘é’rggm ’rl}l tu-rrrﬁ’é‘d o th t\% sTeBSBa?é( Rolograms

o0 be cate n the vi w ndow.
encodedmyhblnreseusjy wmndhwsmtoh@veanf thy'dlgpbscburcesm 'EheaSkMrfgternately

encode ¥ o 5 Solodiefis e el Rg s Bl '

rroverrent Vert| cal tracking is achieved by verti cal
Due to ahmvf/reﬂ'@lmeqdwrcylagrutlomg)awrtmmg' Hekysiof hvailablé hatdevare, a
t.he recon cted scene.

sequenfia7EREReAATon JeFtcieoen g bREEBrthe 868 RYER et  on

vi deo hol ograrrs IS to assign two separate view ng

SUMMMRNCOMTHEEINVENTDI@Me eye of the observer, achieved by
two separ ate adequately coherent |ight sources being

tis an BhisBl G Nantonan cPsPrimient ViteS BRPEEHTS Jre At R esing

electrorluuteﬂmc@wrlé@grxewrﬁd@dahta@rdradyawh aneiafesl rebslutio® e.g.
vi deo hol ograns | 'ay |n9 di fferent perspective views

commersjain Ay REP Bt BRI pasiiRiriDg reARs MBHG! SRy of fickering and
cross tdle! B¥ontfuchyaid ?ea ah85 S WA bofh ?)‘E&“&ﬂ%'aﬁ‘i'arge we ing area, so that

representation s to cross ta etvveent
the reqelyextreer@NmRYssﬁbSﬂaEtlaIWEWTI ON It is an object of this
i nvention to reconstruct video holograns in real-tine

In orderut%I aﬂ?}r|e§)eetﬁrsr@diqrje&a{hleyprgggﬁtriﬁ%énﬁgn Fr’é Egéecd &h E%%inif& &{Eoding
array wth a ni mal” resolution, e.g. comrercially
and recawsirlictingeviddo helagramabiveerosdheirent lighesumsiedriay &k éhe light source

mum of flickering and cross talk; (e tru
and imgae L opEaie SR arBrag presspdtraspbreoat PR rhidls plig sngle
holographRAarrOintd dbwirtewingews! Hicheiré ﬁﬁi&téoﬂﬁ'r%desdlffractlon order near the
substantially low. In order to achieve this obje

eyes Oft&r‘eoqﬁeé\ﬁnm Qrageia fe@ﬁn%‘»téuoéasséén%rh‘@%%%%l‘yfwoded by the
controllggfﬁgﬁiérga H%Jseﬁ%ﬁfiépl?bfgy atﬂr?ne Wgﬁgﬂ:ﬁ% VATl dNIndOWS for

I ght supplied source a
the obsenmgedwhyeyept i cal | y focusi ng neans passes through
controllable pi xel s of a single hol ographic array into

AccordiY\I @sgﬂﬁr\ﬁ’éenﬂ'gﬂ % ﬁ'&rﬁ u|388?§ Srqu 'cBh8ftnt H éﬁi@&ltdir%'&tion, o)

that the controllable pixels generate a vertical, one-dimensional reconstruction of
holograms of the same 3D scene for both eyes of the observer. The encoding of the
holographic array is horizontally split into two groups of pixel columns. Each group is
assigned to one of two separate video holograms: each displays one of the two perspective
views. The holographic array is encoded with both groups of pixel columns horizontally
interleaved at the same time; thereby two spatially interleaved holograms of a scene are
generated. This means that all pixel columns of a first column group of the pixel array
reconstruct a hologram for one eye of an observer, while the adjacent pixel columns of the
second column group reconstruct the hologram for the other eye at the same time. Since
the horizontally incoherent light reconstructs the scene in a conventional way, known
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eyes of an observer, in order to reconstruct a scene
hol ographi cally encoded by the controll abl e pixels and
wo baos/orT228 ender it visible through two separ at BCER2W0F 9604
wi ndows for the observer's two eyes. According to the
present invention, the light used is only coherent in
vertical direction, so that the controll abl e pixels
generate a vertical, one-dinensional reconstruction of
. f t
mage I3 Tiels A SAERE AERERE/HanllRaPRS el s ca be
used tohswiect dimt Bd folegtans fartte tefloangt mﬂ@y@f be ¥ehge separation means is

sspon e T3 5 Bl T e B TPRUFE H 1. nc covers

the collthB\§Pouplfor thob®er aphi ¢ array is encoded wi th both
groups of pixel colums horizontally interleaved at
t her eby

vis b et b SH G 8033k PSR ggonsrctng

video hdldgrath¥ @singd ﬂé‘ffhﬁmohrﬁhéds"lﬁ af@tHataveide wp sty ah@epvyBptical and
array reconstruct a hol ogr am for one eye_ of an

electronivaley Wardwaygh cormpenpenta dyitidarae physioal dgnensisof t he
second col um group reconstruct the hologramfor the

The defQicBYecEiimdfihelilfentfofls bhEd oFlanhm@ ghesbck AfiéRplaides coherent

I ncoher ent |ght reconstructs the scene in a
Ilght andomiviemcontaés wsn;allmf@wammgf@aaégaﬁ@ml&ﬂ areyneoniRinig controllable

o, SR AOOR PR PSR e o D, S

and right eye. The inmage separation neans is di sposed
Accordirtg ta the presene inventiore tpe }hglht souregyis arsangaddarizentady usmthat its light

is coheg@rﬁérg vgalgapqlfeq?ﬁnfatrj\?m%q el ntd%ﬁgﬁ%gﬁ%f@%ﬁ?ﬁsgﬂ%Qflmgﬁﬁonal
video H@Id@féﬁh@ ate @AVOER bpf:omra@lmgxelscbfmm:pmtamay lnrmxelllatbﬂﬂnns S0

hol ograns using a flat and thin hou
that a fokATiLa 86eANd CONANIALAYY SBRATAISI cRrRie:A BoErimERgPNg. verticall

dlffractl%ﬁ I%Q@t\i/rﬁn?@ﬁﬂ@@% ctinkhol e oRlVESidsitlondi WRBF B6tA-column

Ice according the inventionis based on a |ine
groupslarg Mtedwedehqmlootallpr Bhe pixel edwang @re intgigaveddn @ivanthe image

separaﬁgmrg%aﬁlls néﬁ %&?H% ?rb{t‘%é a{ﬁ?‘éggﬁaﬁg logwmﬁqrﬁn&@ag% )623 fev¥ai@dhe column

groupsBpPbhé Bge thhepimevmr alhxbtbwqmntefuemercﬂhmf e)tehmtlm mmhdptof
| ight. Accordin F otheser i nvent.ion, g h%
separatipg £lmenis arr@aag% aFRYET LolUmns 6\ Belgeran Lon8agReYes
reconsﬁrﬂ@@ﬁﬁé‘ihrb@ _NiREhsieAAI SEehB G tHRreabastiubtioR &pasé in front of teach
orizontal direction. One-di nensional vijdeo hol

respecavgvewwwmd@w dbattwelholegramsidifferdn gtharizental ieéra?'gr ggording to
the observ@rJ g(gye ggla [XBSTRE two holographically encoded column groups represent

two holographic reconstructions of the same scene. Both eyes see these reconstructions at

the same time in separate viewing windows.

A barrier mask may be disposed at a distance to the pixel array as an image separation
means. The separating elements are then transparent and non-transparent stripes which
always reveal one of the interleaved column groups for the left or right eye of an observer

and which cover the ones for the other eye.
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that a first and a second colum group separately
encode a one-dinensional, vertically diffracting
whodoegeaes of the sane scene for the two eye pOBCT/EPRII85/009604
where both col umm groups are interl eaved horizontally.
The pixel columms are interleaved in a way the image
separation neans, which is in the optical path of the
light, exposes or reveals the colum groups for one
The holGhfapRlaal f nPaRE] ¥GlmnSBF aRUE) Brefbiabl rebfisict P frupaes o
the sameosaene ansbrding to thergyleqapsition whickeare coyrpasedda ferinyattetal

s % BN B A B 20T LT,

two hol ograms differ in a horizontal parallax
The ordec obexkauioh @f threcalbdsemeatioredyrocdss steps enayTvaryt lnoparticular, the

| ographically. encoded col rOuUpsS. represent, two
steps of Befndriin a8t s B Rzt Ao BPioBrAN 32pa ERETEAY a Harped.
eyes see these reconstructions at the sanme tine in
In ordestepaaled available the wiewidgwanddwdar @ iazge woand forehie lobserver, an eye

.. disposed at a.distgnce to e pi.xel arra n i nage ..
positiorcyBRian oy tora ok Hrohaoatals Yed cudiare ey e, afabositon o
observérsdERalcARht et dsRbnt SfARS RRWERY wiidowRSsanYalleh a2Lvriirfgly if the

reveal one of the interleaved colum groups for the

observargneves: Altegtativelyetherensedigsdawasr camhenangiecH regirdqulatadhe
onccd gk S NI RISheE g DOMPEIRRIN Bl Ko BEOEE: posiin. oo
that thei r&ag@rtm,tiomeppaara‘ostherm)saucemrdiﬁpi@admrtdﬂer tyreed, i.e. seen from a

. ositiqn, which e conmposed tp forma total .
difterenf aRglss PrheRqBg opthe 4 SBSTIENs1ER PXeLaBaY bt Ancoded with the
help of §¥fFare ldiEthat B hdbgrasRicUtESrbtaktibm Beodrays visiIé aoaditted spatial

process steps may vary. In particular, the steps of

positiort. ocusi ng, hol ogr aphi ¢ nodul ati on and hol ogr am
separation may be swapped. In order to nmake avail abl e

If the vérii€al'\Ho8WoRS oMH@@d&r@éfjsaey}e@,rcgﬁné@,nlﬁef\ﬁéwﬁwEQviﬁ@&% W tracked by
an eye position detection systemtracks the

vertical igligpilaasment of the light gouteed preferably the axial position
of observer's eyes so that the position of the view ng

If the h%i%&@%{)ﬁﬂ‘iﬁp% Bk‘ ttﬁ%&%?&%%hé&@é%hiaﬁgéhﬁe%?%eﬂo‘éﬁfonrﬁé@&ion system

lve e encoal evi C can ange or ] .
corrects theodéwingaviedowepositiongeeferaily by sinptacing thef ¢alurdntgroups in relation

.perspective viewDb n.,t n r [ ti .
to the 18565 RERarelfn Fichllec ARGiMefisle g Bdoe REPAEREn BRRuls, i
particuldi fel stpatatingdélements, mmsche displacse enrelatiom t thé bunengroups. The
angl e. Dependi ng on th,? eye positi _ogs, th?(.Aoi xel array
use of hpfizoptal fine Hghlspisces fapl |(qt%s viewing window tracking.
If the positions of the observer's eyes change axially, the distance between light source

and optically focusing means will be adapted accordingly.

Tracking the viewing windows according to the positions of the observer's eyes in front of
the display ensures that the holographic reconstruction is visible in a large zone at

continuously high reconstruction quality.

Now, the method and device according to the present invention will be described in more

detail with the help of an embodiment. The principle of the invention will be explained

8
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hel p of software so that the hol ographic

reconstructi on becones visible at a fixed spati al
w@omshenes |f the vertical positions of the obBer/EPR1005009604

eyes change, the view ng wi ndows are tracked by

vertical displacenent of the [ight source. If the

hori zontal positions of the observer's eyes change,

the eye position detection systemcorrects the view ng

based cYH Qﬂ%\’&g‘?ﬁﬁ*\ré é&?)n@frﬁé nf\ﬁftﬁ( n@ﬁo@hl%%a"i&' IRt tHGwER UiRBse skilled in

lon to € |1 nage separation neans.
the art \Allltanpmemateehyt thmeventmgnensxepamlh bmam:‘d@dsto caledir ihalographic

reconst L?Frtrtrolgg Ulp%bﬁﬁ%{ger cﬁggr@% '&ﬁﬁtrg!lll g&élmg%\égg%o&l ﬁgiuﬂﬁrer%present

the prinaxyicouir@teduired for gbbloaorarcmstnﬁamnl mtw&rﬂiauy entemgporally
. wi ndow tracking. If the posjtions, of \tﬂge obs i/er'.s
multpleKE S g SR OR SeTpiars ABab BaWLERISHT il MOUS ce
holographft BRI, Ifim$ Qcorspner FRAES all sheSiglist&pli€stions benefit from 3D
ccordingly. Tracking t vi e ng wi ndows according to
video repredpelisint i ons of t he observer s eyes in front of the
di spl ay ensures that the hol ographic reconstruction is
P;—@n@ conti nuously high
BRIEFwE?o%?F&@W%E%% ity Ir\ﬁ%%v the nethod and device
according to the present invention will be descri bed
Fig. 1 showsr @cgestmqtlowqf 8 3hecens Wit fwakupeiss of fys betwgen a viewing
e I be expl ai nedbased on a
planeaﬁ 'H‘% %Pgiart'tggg‘?rés%% .‘Z'M th nonochromatic |ight.
Hovvever those skilled in the art wll appreciate that
Fig. 2 shoivs & detaiof the devjcengcaneding e thepipyvertipn (Prejestiam).-
hol ographi c reconstructions. In the latter case, the
L I | sent the
Fig. z%gméar{j/ét%@logbh%s re ué&m?&‘ﬁ g t&gﬁgglhl\’%ﬁd‘mcéﬁ%t uction
in a spatially or terrporally mul ti pl exed way. The
Fig. 4 shoesenteconstenttionroftahsnestowbichreabl kespérgeived dlydhe obseiver (top
noti on hol ographic television, filnms, conputer ganes
and specialist applications benefi t from 3D vi deo
reproducti on. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1
DETAISBOVBEE SCRIZETIDN OFCTHBEAMNYENTIGD scene with two bundl es
of rays between a view ng plane and i mage separation

In the %{ng%grsegl(et{gg?%h%m 'ﬂ\{fg'rﬁtl oﬁne( progﬁlggﬁh %'bknupg tﬁrjag oqr%\-’)hgrgnal scene

is encoded in a transmissive holographic array, where the pixels are computer controlled

view).

according to the encoding to form a pixel pattern. However, the basic idea of the invention
is not limited to the described transmissive holographic array. Both transflective and
reflective holographic arrays or arrays that directly modulate the phase of the light waves,

such as Freedericksz cells, may be used.

Fig. 1 shows a line light source 1 that illuminates via focusing means 2 a holographic array
3. The focusing means 2 is a horizontally disposed cylindrical lens that images the light of
the line light source 1 into a viewing plane 5 containing viewing windows 8, 8,.

Fig. 1 relates to a holographic encoding of a single small object; the holographic array
reconstructs the 3D scene to be displayed. This small reconstructed object 11 is shown by

a circle. According to the invention, the holographic information of the reconstructed object

9
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Fig. 2 shows a detail of the device according to the

invention (top view). Fig. 4 shows a reconstruction of
wa@2@emer28 whi ch can be perceived by the obser vECT/EPDP5/009604

view). DETAI LED DESCRI PTION OF THE I NVENTION I n the '

preferred enbodi nent of invention, the information

about a three-di nensional scene is encoded in a

transm ssive hol ographic array, where the pixels are

11 is e&%@&ﬁ@ﬁu&ﬁ&ﬁ&é& E'geaiécﬁoér% RY o{){?\et moﬁﬂéﬁﬁ@ :ﬂgayl 9 ohR¥ The extent

I dea o
and posutmsmf tbe einsoded atdasiAcArtaoe ch@seiesmh ﬂbeblther r&ngmtw‘teﬁbobject

v1is G ERAbD B Bhdd WA BB LN o o

the phase of the |ight waves, such as Freedericksz
For recomsthutingalye bbjeuseﬁ, thEithoglapm«:)aErayz 4lis eacoderhwits @aupixel phttern

it forb S R 655 g PR oTERY 4 o ABB bing ey

the con%ﬁélﬂé%n@bﬂlésr\ﬂ! p.ﬁ@lk df eishélbgiaphiegesy she 1ight of the

l'ine light source 1 into a view ng plane 5 contai ni ng

Accordwmte@m%a%ﬂ%’?sﬁﬁr'% thy neridinvavisainen o, Bt soureg 1 generates

light thé(}% 8 étﬁa‘i’lp'c%héférﬁ‘}’n (&6eAifcefdP ahd thcdRe iR N hbfzdHRal direction due
|sp his small reconstructed object 11 is sho

own
to its lingar anent;atjp@ Ttm;plgeb. af drolagraphic aﬁag@targ@ncpﬁgd with patterns of two

iterr R RSB o PRSIy ponsucti

the vertidx divottigy. ThkirecenstatiGnocarybe Shen axa eiffractiah prer thHrough a

.. of the encaded areas osen such that the
viewing Wi R g a0 Alzhed B e aERsTRR T HahCin
horizon®8dir@Ee dh& dgiti SHUIrdd1 V8 inCtRIedirdetion ofly-infa@ed by focusmg means 2.

reconstructlng the object 11, the holographlc array

is encoded with a pixel atterg F
Fig. 1 shoygifurhgrsarimagse aepareialyMepas | é‘[‘ﬁ%"ﬂl 'beh'P” a0l AR wﬁ'b'e only
for the HWQ?%%QHQ BuhfR S98d P LRIbieohly 3oSiRes&lt €ge i xel s

hol ographic array 3. According to the present
i nvention, the horizontally disposed |ine |ight source
Because t@eﬁmwr&maagﬁﬁ anvbtheu@l%aﬁh'mamav&@i@r@ﬁ@om at a minimum

dlstancé%te'agﬁ‘ rﬁfei éﬁét%ﬂqﬂé @\%}?ngha e@ofﬁt%_f?ﬁ‘éggél separatlon means

irec LS I hear - OFT entatton xel s of
7 with itmwanﬁg elearents/inzheoptieal patiethayialsp badisposed @t vaneus positions.
di fferent video hol ograns, which are arranged in

The opﬁgélffl%gdsiﬂ$ﬁle%ﬂls%§y %@la\’vérﬁgﬁ@%éﬁjﬁﬁg E{}‘Iindrical lens as shown, a

Fresnel lens or a lenticular.

The holographic array 3 corresponds with that of a high-resolution transmissive flat display,
e.g. a conventionally LCD. If the detour phase coding method, or a similar method that
modulates the amplitude of the light, is used for setting the phase relation, a higher
diffraction order in the periodicity interval is used for holographic reconstruction. Further,
the pixels needed for phase control must be disposed next to each other in vertical
direction; because the light is not capable of creating interference in horizontal direction.

Pixel arrays typically used in flat displays have sub-pixels disposed next to each other in

10
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the vertical direction. The reconstructions can be
seen in a diffraction order through a view ng w ndow
w@rqocmb722$7 t he viewi ng pl ane . Due to the i ncoPer/EPIEs/009604
of the light in horizontal direction, the Iight source
lisinthis direction only inmaged by focusing neans
2. Fig. 1 shows further an i nage separation neans 7
maki ng the bundle of rays 9 visible only for the right
honzonfz}@lrgct?d?p thil E%Eh %ﬁra? Wt b8 tMl'n%HmyGQC?‘n beefl QFraE/? @ith pixels,
t ecause t ocusi ng nmeans
which dnebtb;gmphlate apthegmplitade add maseof tie laghrfn mawrﬁferaélﬂsahe gsed.
to each other, their position nay even be swapped. The

o2 VRS JBOF SBT3 el BEREERH L IED S s

the top pizsv bf @dstailThiee optticaty tghe‘renmttwmgmanamnfseachrhylobeara results in a

vertical Ly focusin |nr|cal | ens as wn, a
recons{fFeRa] of B e TRl e e RSB BGr IB ARy 135 32 that
stretch BEfWeRTAB &eigwk tof thdpikedrray ?ﬂbﬂ@tﬁeﬁﬁu@Mﬂg \mhdows 8., 8, In contrast to

transm ssive flat display a conventional ly

Fig. 1, Fig. 2 sBowe @oplogiarsie r@@@nwcﬁerﬂﬂwf acﬁorfaolgterﬁmapeml%ﬂmﬁd
reconsﬁ@%n”i”l%hi%@%&él@d ﬁf‘gbhttdden Bﬁbém 'thegpgalogfasprh@ﬁﬁayf/ 8 The

hase rel ati on ction order
horlzonltailytltnm)heeemtoﬂumlmayom atlewy khows meg@ semrahom owransip de used to

select tbgﬁwpp(sg}rérﬁ% 'roeg%chorﬁgé%cg&s &gxf,g R%? gﬁgrgﬁqﬁgtlgﬂrof m&asc'éeene with

honzonYéI [par 1Rl i€lgersiatedby t}m:tmsmlbdnerﬂg whén viewedtwittabathl eyes. This
creatin |nterﬁf8eren e.in horizontal direction
means fradrotno YAy BIEaln § NOUERIAPArAIAK SHOOHIEG 40 Higave distance.
sub- pi xel s di sposed next to each other inhorizontal

As shoﬂh F@th antwd Bhé-dirfieMI¥n A Wedecideyrafssdrelncoded @l chntrollable
Pixel arrays with pixels, which di rectly nodul ate

pixels qiélbmp@sﬁbarr@sua@r@ﬁeeéwa@%eb@dwnes 1Pdnt16” nubeis tbe colummr group 15
to 15" Lot fets. gh %ne%lﬁgﬂ%néﬂ‘?‘ol ¥h1ci%r ﬂ?r%ﬁ'é“y@ R @f Héeothserver and
Inven proj ection shows
the colurap gvcbu:plvl 6)to a6 dac@nStrudthe qr&dlrrmlsloylatwegm of the same scene
| um natjon, of each tFol Q

o e AL 8R-cBIR FRLBSEAR Gt ety gotuprarous r

alterna@@iRkctieaded i hotigdntasdikation. IIZie itfagye seipaedtidn letne@Tontains

t he edges of the pixel 3/ nd the view % % V\g
separatifg elgmemthéqnﬂ?@ﬁaneedm[w w'th& pixgl %%Wgsg to 167and being
Iocated?ﬁ'tl?@ﬁﬁt@cml alteSARE imdgéd ﬁéhtlihé’fnté‘rlé‘&mﬁ RircaeSina\Ray, that the

e recons ructlon 117 may located in front of, on
image sgparafiomoheahe 7Hevea)s &mc@luamrmyua 151nd 5hdon onsneys pithe observer

and ool @S ME bl orolf EouE e PR e TR SRRSO

respective eye, so that a reconstruction of the scene
The spuididlly interleaved holograms may be separated by a barrier mask having vertical,

alternately transparent, and non-transparent stripes 17 to 19, the mask being disposed in
front of or behind the pixel array 3. The transparent stripes reveal the first column group 15
to 15" for the right eye R. The first column group is at the same time covered by the non-

transparent stripes for the left eye L.

In Fig. 2, the arrows 20 and 21 show the view of the observer from the tracked, virtual
viewing windows 8, 8 in the viewing plane 5 to the pixel columns 15 and 16 by example of
a single column 15, 16 of each column group. In reality, several hundreds of pixel columns

11
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hori zontal parallax is generated by the two hol ograns
when viewed with both eyes. This neans that both
whodoegeres differ in a horizontal parall ax accePCTOEPD0$/009604
the eye distance. As shown in Fig. 3, two
one-di nensi onal video hol ograns are encoded in
control |l abl e pixels of the pixel array 3 arranged in
pi xel colums 15 to 16", where the colum group 15 to
. g u
anc i SR 0B 0 i 80 S dapne R b o e
three-dincerisidnal scemss 1l t Lhesinzagensepdirationsineans corthingrasvmany shparating
anme scene for the left eye L of the observer. In the
eleme“g‘iescribed enbodi nent, the two col utm groups are
alternately interleaved in horizontal direction. The
The distargehetwpen e magm[mritlrcgmnaak ﬁ$nsietpalpa¢e|l agagl3eiseatrig. 4) and

19 ar ne w X€ L. ums
the distagos Refisar e ndeka TIPS anch FEdrelsiehy &F e Eampayaf i
chosenl dothkt orfiPend (ides Ihfgrad ihentedfdrre aksighed@ye i$ Biibld for the
i mage separation neans 7 reveals the colum group 15
observelo 15" for one eye of the observer and covers the
colum group 16 to 16", respectively, for the other
Accordﬁ;ée(o aTﬁ]%gﬁE&‘ érﬁbbéﬂrﬁe’?ﬁ %f lh%%’r@geﬂ}%\%ftléﬁssé@falbéd jacent pixel
barri er havi ng verti cal,
columnalm@y h@gmqpetdrtarﬁ@mammmmmuwﬁ pixgheglumanEash mutinle pixel
th r
columrifiis Bt HF Mp AEIJaSrh BRARE ferdBrod ABibic e Ahuhole hologram
for the fés‘peaihvet éee Riords b)cmeumaggrs@pprallﬁntmedrﬁ 7 flarthisluase| thletmultiple
Teflrtcou up,.i s tthesarretlrre
pixel C@W@?@étr@yt ﬂ%’ﬁﬁ%‘%&?%ﬁ?“ﬁ“@ s for the left eye
L1. In Fig. 2, the arrows 20 and 2 1 show the view of
Encodlh@ﬂo%%yﬁf rrfult[iﬂl@ pixel édlémh§¢edudestdn@és tail g Bﬂemsnkﬂﬂvwobserver

in the wevwng pl ane. 5 to the ?} col ums
movesanazqrsalby adAh #BPEING T HesyIRYING WiBHOWS oa8 & eslitel aopress image

dlStOﬁlgﬁ% 4 Spﬁiéé‘éelunl\ 6fetﬁle'rﬁMt|pI§%Y)%rl @bluh#ﬁddrﬁfg?ab"@ nﬁ’cbdiﬁéte the light
c

| Xe ol um dgr oups contribute to
differeritiyt Eoi mmeh@rnlm@nammat colupunel tvecari roere aﬁjawé plxel columns of

d
cach €7 e BT S S e HREITGRe 2R LAR e
inactivé ethiesieah8 memeumﬂdadfaﬁhegnomkerﬂ range whthopt creks talking from
see i sStance between the

e di
the h°'PQféWf°&G&?°§‘FFPg%§“’)"\?\?ﬁeéi? PE‘H’E@%T erably of the same

wi dth, is chosen so that only the video hol ogram

This re%m%lfsﬂﬂ%%’esfn‘éﬂ idhe mawben etk Byevie®ing windb@s fiwwhidreno reconstruction
observer
is visible. Without this measure, an observer would see a distorted reconstruction in this

zone until termination the tracking.

A tracking in horizontal direction can only be accelerated if the position detection and
tracking system activates and deactivates individual pixel columns within muitiple pixel

columns when the observer moves horizontally.

The image separating means may be a barrier mask, a lenticular designed for this purpose
or a prism mask. The image separating elements of a preferred embodiment has about

twice the pitch of the corresponding column group of the pixel array.
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According to a preferred enbodi nent of the present
i nvention, several adjacent pixel colums nmay be
w@eadperr2ge o form a comon nul tiple pixel col unPCT/ERDNS/009604

mul tiple pixel colum belongs to one of the two

hol ograns and is rendered visible as a whol e hol ogram

for the respective eye Ror L by the inage separation

nmeans 7. In this case, the nultiple pixel colums of
Apos't‘hn%&%@ﬁgqnﬁq‘: H dp%%%%gﬁ‘?‘t col uﬁ'nserr(ildwl?c%s bfSbserver's eyes
to controt tlr&Spdsatidnsn:g vigwieg mgndadvis.t he observer noves

hori zontally, a full tracking of the Vi ew ng wi ndows

chanoS BB HOUTE Sad OBBSHIE O HERmg TR Rl
elemerit@dﬂtlhetlmagbSebagimbndnéérfsrkﬁthlsycan:be denarqiﬁecﬁronmlly fonexample

with tnEhER aranpl T & 3ps Bop R PRy Al e R

light, whereas the other one(s) are inactive. This

Alternafi®aipstheppygitdhalctedtivachref trackifges ystern Macreartgmmmtgnmps 15 to 16"
cross tal king fromthe hol o%ramfo t he oth

horizontalbiB 4elaton i tedMAge,PePRrAton BeaNs & tq FoniTldas pasjtiop kthe

VIewmgf\ﬁ’ﬂn‘ﬁ%% g.hg Tie rrYé;FéNsG%e"&dﬁ@fél‘éctfdhld’d“ycﬁrdf&ably by re- encodmg the
econstruction is visible. Wthout this neasure,

above-oientioned madipliel pB@deuant kﬁpnkycpneemwsqqlttmﬂ 0hRach nwlﬁpée pixel

zone,.unt
coumTRARsUBELh i BFAUAE.HBRg 258l e LPEHifofhuclcoum o
a multipleixd| eoludet ean swppcﬁhuomzroaﬁdltnagkmgst em acti vates and
deactivates individual pixel colums within multiple

e oSS 0O SRR Ot

The wévﬂﬁ@ mindcWs ARy LeNeshtioned imvertipalrdhestion by aeptrctaﬂyrdmaiiicmg the line
he i mage separating el enents of
ight scueso i GEROITG BB IRICE EBEEaT BEOPE ROGEE ghd the cylindrical lens 2

mayc&ﬂﬁérfs%ri’@aﬁ'a% geé.uamcsé of the pixel array.A

poSI def'ection and tracking system (not shown)
tracks the position of observer's eyes tg control P?\
If an olpsEsver mnmea;movpemth@vwwmwdomaw@é%ow Thgeontents of the

hologr?rﬁé'niayél BYE-A Iété{t? %nﬁ?@ e*ﬂ@o&é@ﬁ@dfﬁglﬁb%a%?{H&asmgned

|ng e he | mage separati on neans
perspeétivdhi s can be done electronically, for exanple with
t he hel p of another transm ssive pixel array with

The d|€tg{]b)ﬁ | Erlgﬁqﬁﬁf gél{g%n pﬁ%pt %EG%& tP{glleenttllaﬁ f’?r?dttfbroébch of the

'ng"systemdi spl a um gro
observkPseQed & L a corresponding video hoIogram is calculated encoded and

reconstructed at the same time, and that these holograms are spatially interleaved using a
single pixel array 3, and that these two holographic reconstructions may be rendered
visible separately in the respective viewing windows 8R, 8L for the right and left eye using

the image separation means 7.

The two video holograms are characterized by a horizontal parallax that corresponds to the

eye distance. This ensures a true 3D impression of the scene.
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horizontally in relation to the i nage separati on neans

7 to control the position of the view ng wi ndows 8r,
wW@poo6/0ki2s8 may al so be done el ectronical ly, preper/apiogs009604

by re-encodi ng the above-nentioned nultiple pixe

colums. If only one pixel columm of each nultiple

pi xel colum is active at a tine to nodul ate the

light, switching over to a different pixel colum of a

The sinﬂ}ﬂaﬁwhebg hgfoéﬁép#‘f@ éﬂ:@ﬂst? ioR ‘YT R EcdH fof BB ftﬁé %“b%él‘%r s eyes

orizonta |spl acenent nethods may
guaranteesra rmtumhtvlew isolthatrtbe astgmnpidation ant cgnvieigeons Oﬁﬁye cm,server s

eyes ofRypat RrerhehP ISy Sl BaoRbelREhyfy Ve

di stance between the light source 1 and the
The vewtighi ditheinsian dfehes vi2wing/ wirciopeis séthin ane difirad¢tiqnossider and should not
T er

change. .|f an obse not Vi e
exceed PaaRRRdGY MegaLeT tiree it b RE Mbag oo Bl Wagrwise, the
observétI Will B8 o Supetintddsionchfans ré@n@ﬁﬁﬂdﬁﬂof&%@d}bd&ﬁyﬁﬂr@ehon orders.
adapt the assigned perspective. The distinctjve

Furtherf thet size obthet viewigg windews mt@ng @GaBSthtﬁltge PRYEARINGPregision and
speed 6“% gogﬁloﬁ%‘élﬂed% e tp#ﬁﬁlrlg s‘zé temeyes R L a
eo ho am |

spon s cal cul ated, encoded
and reconstructed at the sane tine, and that t hese
A delibbmatte gatiowingref the aettishl size af thel viewing wisdows asskneyyrefrom WO

OOB/O?Lﬁ@r Y e§am%fedtotﬁgﬁ1r éﬁgét?c Vtﬂehgﬁlﬁ%oatﬁ’igbl‘é ?C;/Iu?onn and the

tions may STEa VisTBle separa
volumet ckf&ialt@ﬂ:pﬁ@brocesse@mdl gransmittedsatdéast By o ialctctrtoé 1ODg ht
and |eft eye usi ng the inage separation neans 7. The

h .
The prosns MVERCom B1Ren et 5 St ety dylaBl dfehdbie
matrlcéénélq EE Rfl&t dispI3Y3, fonigisgranreebnsthectivaene. The

si mul t aneous hol ographi ¢ reconstruction of the scene

1 o Sl g S K At G BB g

reconsf?Gétqmé%r inQivRIAP pAfiaPRYlogranit ofaf plimansestogr, whishnarertadn
glven a correct focusing. The vertical dinension of

composérkto/foami heplanhigsansteuaiitthi n one diffracti on order and
shoul d not exceed the periodicity interval of the

Fig. 4 gt'g)%nac‘ﬁé\%é PF&brﬁfngttBQhé/ ieRtGPIVREABY P@lﬁ%@éé@unﬂlﬁg of rays 13

server w see a superinposition o
for the rigbbeyst andt bindiesbf tays TAdoatheneft@yef raction orders.
Further, the size of the view ng wi ndows nust be

A majo?%gﬁeﬁdofttﬁe bﬂ%eﬂpﬁ%t\t‘?&“ RAhA'tRE deURB r8R¥in a space-multiplex mode.
That allows doubled image frequency compared with a time-muitiplex mode. Thereby, one
pixel array provides parallel two holographic reconstructions both are seen separately by
the observer thanks to the image separation. This method allows the use of holographic

arrays with a medium refresh rate.

The viewing windows8R, 8L must have a size of at least the dimension of the eye pupil so
that the observer is able to view a flawless holographic reconstruction. However, this
minimum size would make extreme demands on the tracking precision and tracking speed,
which were rather unrealistic to be achieved, so that in practice the viewing windows must

be considerably larger. However, the height of the viewing window cannot exceed the
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15

speed of the position detection and tracking system A
del i berate narrowi ng of the vertical size of the
wo e@eiozg2svi ndows, as known from WO 2003/ 021 36BCT/RR20)5/009604

for exanple to 10 mm reduces the required display
resolution and the volunme of data to be processed and
transmtted at |east by a factor of 100. The present
i nvention makes it possible to use commercially

extenm@?{ Gf h%&leeho?i ﬁ’({el'\PalPl EurlRt (it SGeceSsdly t&gantfslt Fﬁe wndth of the

ogram reconstructi ons
v1ewmgomhd0|ws eamﬂ oy thet mittabf hemixed cRBRINNY Iﬁngusxeq:me\red by fratching the

vrs WY, T R SRR S B0 bl g v o

pitch ammadthbcse‘p@ranr@ eﬂ@ﬂneurs The tms ifewihg ainddwsgareddispasssl with
a devjce accora to the invention with all

their ceglige APAYALEYSH AISHTEE AR ays 13 for the right eye and
bundl es of rays 14 for the left eye. A major benefit

The us®@bf bR&dMETHoal] VargedllyTBcorstiubeitg hbRgERME AEconjdsction With
space-nul ti pl ex node. That all ows doubl ed i nage

honzonfaﬂgqrm{wer@d;gﬁgfqg@cq\m mcgnﬂrg@wqqs&e&blmg@ces the computing
power r-ggﬁirrg@yor tREBrligi&h oPEAMIRY Q%thdﬁ%opﬁfea&érﬁbn&é"@n the Eesolutlon of

raphi c reconstructi ons are seen separate
the plxebyarnalyen bbsmntakdltawnkgre uneritieal, sadbatdarger-anciaonidearholegrams can

e recs s b G 7S e DR 2803 308 MBI g positons o
an obsélg¥etoamsvge of at |east the di nension of t he eye pupi l

so that the observer is able to view a fl awl ess
r econst m si ze

In contiag RPRNISnE PYERs. e Jan Janteurse Crec ke RsPolh G &,
reconstﬁitduohwéﬁ i@ cheeArdr mdleghaterile rather unrealistic to
e achieved, so that in practice the view ng w ndows

st be conS|derany | ar ger. However, the h

Anothef pavateas ALIGIRESRMABIRIYEN i kel coRLetanRL Y i spurce can be
used lnF?:,S)r IR With Ets%t\fﬁbsk indfchB¥f a lhderl S necessary to
just the wd of the view ng w ndows. Based on the
w dt h of the {)I er colums, this is achieved by
o

The inveatiemisrpiiehis 105N EHBTRTBANLISAOT He. |7 Tonsiisedn, game
station§p ?'1?% h‘ﬂ%ﬂg ﬂ\?\ﬁlﬂg%églé ?é}ﬂgfﬁﬁ@%nd' fOr B&h e%'i%?épdl’lc%ﬂgﬁ??\/\%ch as 3D

séparating el enent's
CAD, ivimedicatand nillitasy equepmiest)as aklvast manhether@@ptlamesdbmwing
. an eye di stance apart. The use of one-di nensional,
disPlay§ertical Iy reconstructing hol ograms in conjunction
wth
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Claims

hori zontal ly incoherent |ight for scene reconstruction
consi derably reduces the conputing power required for

wo b@epeTaes si on of encodi ng data. Al so, the denp@DEPDNS/009604

the resolution of the pixel array in horizontal

direction are uncritical, so that |arge-area video

hol ograns can be reconstructed with little effort in a

| arge viewi ng zone, thus allowi ng the eye positions of

an observer to nove. In contrast to point |ight

sources, the line light source used allows a

conti nuous reconstructi on when the observer noves

1. Methed &xr@lncowngtmrrea@wmc&g@ vigeothedogramsewherenoptivallp neitisal

focu }imBafi® PAHALLR BHicAN biedi sl BRUAHS iGRTLATEH TS [ ight
sounca\(ehamd)mddssllateld balelemtrborcabptdmttdﬂabtmpmel&a:lfrarm)“ld)graphlc array (3)
ne stat

into AotirWia0 RiATE (e ewPmiadans By Bon GRheiagapnicaly

recONBRECR S8 HieRdloa s8BhEARNiri She'@ifitehbn drderBnd fo%uder this
equi pment, as well as many other appliances involving

scenf glgqbgg,gomytap yiewing Nérdews @or B frs Bpthgyem(R, L) of an observer,
charraﬁfé‘?ﬁéﬁwc“ ng vi deo hol ograns, where optically
cal “focusing neans (2) inmage vertically
adequat ely coherent |light emtted by a line |ight
- the@gntf@lla(olqplxahoenmdaltwo@epbgateah@l@gram'ﬁ ohtheysame scene in pixel
ool P-30une% B et AR LR B 4 ey beng
om@imensmnlabindgeavphloaadllr@ctnbecwher(eruhetpmels are arranged in separate
ee- di mensi o scene t hi e diffraction or
colu SEUB B a0ttt ) o6 e R s paiieBaioRg Folograms are
hdMZB ‘n?"{t&r]eav%ld) ah@r both eyes (R L) of an observer,
characterised by - the controllable pi xel s encode tmo
separate hol ograns of the sane scene in pixel colums
- animagegepardips MEANS H NIk sapeatiigselpentsarsgrged parallgl to the
pIfEHBIANOAEE) Roleals HRGSbSEIRE AR Lolufy 41 518" 6l - 167) for
direction, ere the pixel's are arrange separ at e
ortecﬂmﬁncgc@(mstf(emfortnsotmﬁ@y% - 16") so that the two
one- di mensi onal hol ogranms are horizontally

. Methm 55&0‘?@%8% R 1 viHerd TROG it a?t{eerflﬂ?%@?rﬁser(c%e"! hdtizontal

atIng element's arrange
parallax according to the eye to eye separation distance.

. Method according to claim 1, where an eye position tracking system tracks local

changes in observer's eye positions.

. Method according to claim 3, where the holographic encoding of the pixels in the pixel

columns (15-16") is updated according to the change in the eye positions.

. Method according to claim 4, where the reconstructed scene (11) is encoded so that it

will appear for the observer at a fixed horizontal and/ or vertically and/ or axial position if

the eye positions change.
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pi xel colums (15-16") reveals the respective pixe
colums (15 - 15" or 16 - 16") for one eye and covers

wo beaiotes t he ot her eye. 2. Method accordi ng tBCT/EPR200F/009604
1, where the two separate hol ograns encode a
hori zontal parallax according to the eye to eye
separation distance. 3. Method according to claiml,
where an eye position tracking systemtracks | ocal

. Metﬁgé‘gggérﬁlrﬁ {8 {nV@ rvgﬁer@Xﬁe R&%‘ntsir &éd sﬁen%’?{ 1194 enaoc}]egd so that it

accor where the o ogr aphi ¢ ‘enco
appeérstfhethe; odzsesvermotnlzenqailx ahdicar ventically dmna@u) andf or turned

depéﬁ&ﬁéﬁ%&ﬁg g@@g{;@ghé&{/g} glregp:%r%ﬁd/iﬂ? ea}L&?fsﬁéﬁgé) %Stih%i e%%sp'ositions.

reconstructed scene ( 1 1) is encoded so that it wll

) Methp@aaeorﬂmg tolotaiob3 avhere the vmewﬁrig(wmdmwsi (BQnSLaIaratrdbkem by

verlpl Plachd Berlog aBLbpeR § B eyermap ori a8 gt ety

reconstructed scene ( 1 1) is encoded so that it

. Methpp@aacsrdingy totdmmbswmelrerthdﬂ OTeWZlQ:ﬂWHidOWSa(BQ/ 89tare tracked by

vertijcall i spl aced and/ or rned dependi on t
norigGRIpbAERIcHsCINe G NTE Bieues (45c]B i AN ¢ ﬂgﬁw@%ag%separat'on
meér{},eamh@e% bbsifidns zhar{@; moafaqngr ding to claim3,

wnere the view ng w ndows ) are tracked by
vertically displacing the I|ne light source (1)

. Method ageydinddasiaimbdgenerethe vigming wihdows: (§Fd 8ht ata tnacﬂﬁgd by

horig e B e S A R st Broans ()
relafidm td Bie) pikel aohjrams ord-1@°) titHbe ieya ositiopachanga haszamdally?)
if the eye positions change horizontally. 9. Method

10. Met§§§ % gérﬁ t8 c(f d%@@ner\éﬂﬁé 315&%}1%%%%%89 tP(g ‘%u (%%1 and the

are F1"zont al aci ng

optlearyefbamgmg ntdaﬂSE(l) B aﬂaptétbamom@egls'eptaeawecposﬁms:h@ﬂge axially.
inrelation to the pixel colums 15-16") if the eye

oot RS g A S o

1) érhittidRgHth@hientis aaéé%té@wemn ifedlﬁ@d(rédtldnsalﬁﬂa@bﬁﬂlcally focusing
accordingly if the eye positions change, axi al
means, Bovin G41gP h@#ﬂ%ﬂﬁ)’ﬁ@é"ﬁﬂ&%f&&%?ﬁ&@% ff&;?faaly;shaped

rec&?&ltrﬂgflm?aé%rmﬁ sﬁﬂgift@r g&ﬁla'tnh?'?ﬁe ﬁ@%rﬂifecdntr%]lable pixels

emtting equately Tohérent in one
arragiged dn a(mkmﬁapfaﬂ aor;au'u(a)alchgrafctﬁﬂ;gﬁrty means (2), in
order to hol ographically reconstruct a scene in

- the iASUIAE SORARED1) is arranged horizontally so that its light shows adequate

coherence in the vertical direction,

- the controllable pixels are arranged in pixel columns (15-16"), with one column
group (15 - 15" and 16 -16”, respectively) for each of an observer’s eyes (R, L), and
contain one-dimensional, vertically encoded holograms of the same scene, where
both column groups (15 — 15” and 16 -16”) are interleaved horizontally, and

- there is an image separation means (7) with separating elements arranged parallel to
the pixel columns (15 -16"), that releases the pixel columns (15 - 15" or 16 - 16",

respectively) for one eye and covers them for the other eye.
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reconstruction spaces (12r, 12i) after nodul ating the
light by controll able pixels arranged in a hol ographic

w@reoap21229 , characterized by - the line |ight BODYEER®0£/009604
1) is arranged horizontally so that its |ight shows
adequate coherence in the vertical direction, - the
control |l abl e pixels are arranged in pixel columms (
15-16"), with one colum group ( 15 - 15" and 16 -16"

12. Devfc%’é&%‘éh{u‘@'tcy dlal" 1e@ﬁgre°§ev%%l%§ﬁﬁlﬁgrpnél%ﬁlﬁwr(speaéh)are
con n one- |nen3|onal tic encod
comibiriesighodosn edminhen mitmlespmbqolumms,eulwereveoy omattinde pixgkcolumn

can o peleclid 1§ 3l oring el Bl BN nRAGS £ 80 g means ),

in offRPES SlpPTEsS bRTBRbIKINg Tetwgenl thearegbhstrudtiont fof the Kelbgrams and/ or
col Urmsﬁ.é 15 -16"\2’_, th(ﬁ rel eases the pixel colums

to adipst thejpize gftheyiewing WingWsyect i vel y) for one eye and
covers themfor the other eye.12. Device according to

13. DeVidedddBolding W elaiin 32V &hate thejphiglicolnpis<ef a aitipipixebediumn
are conbi ned_to form conmmon mult i pl e pi xel col ums,

modipiate dhe ightdifferentpl e pi xel col um can be selected as a
whol e for the respective eye by the inmage separating

14. DeVitRPatotding td Blafthdqr wheresmenfpﬁéﬁnwo@agng Fhéd g2 & aRenically
the reconstructions of the ranms and/ or to adj ust

focusing eylindriedl lente Fyesnal i@swrrﬂ@ﬁm? ar13. Device according
to claim12, where the pixel colums of a nmultiple

15.De ex&l.co?cﬂhg R cBERAYN a%e@ﬂ“ne u‘n%BE s@bfafa(t‘lbﬁ%éyns (]ﬁ is a barrier mask,

I ce ac |ngtoca|m where the optically
Ientfoutanyrpgsmﬁaask(Z) is a vertl cally focusing
cylindrical lens, Fresnel lens or lenticular. 15.

16. De\)%eevé& {lﬂﬁg% gfaﬂﬂ 14 y\/ﬂle?é {feliha @’%%bﬁrétl'aﬁ Té@&e 7) |s a barrler mask

bar mask, | ent
wﬂl*phrarwp\araﬁlsmpb& wtﬁ)ehlreleasaectl:mrablwrgn @mmnsamtartded fmhem@eye of the

et BB R SRR il PR TR g b ror
eye! ntended for one eye of the viewer and with
non-transparent stripes which cover the other columm
17,00 G880 g D B P P S R P BT e v

mad}é(7), tRE prism mask or the lenticular is about twice the horizontal pitch of the

corresponding column group of the controllable pixel array.

18. Device according to claim 11, where the controllable pixels are arranged so that the
sub-pixels for colour reconstruction or the pixels are disposed one below the other

vertically for detour phase encoding.

19. Device according to claim 12, where the viewing windows (8r, 81) have a size near of a
pupil, are defined by the width of the image separation means (7) in horizontal direction
for each eye, and are such that the centres of the two windows (8r, 81) are about an eye

distance apart.
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mask (7), the prismmask or the lenticular is about

twi ce the horizontal pitch of the correspondi ng col um
w@emap2nbs t he control | abl e pixel array. 18. DeRCT/EP2005/009604

according to claim 11, where the controll able pixels

are arranged so that the sub-pixels for col our

reconstruction or the pixels are di sposed one bel ow

the other vertically for detour phase encoding. 19.

20. DevB%Vécf%Srcﬁt‘g%Rf 6’13'?? E%ﬁé@tﬁb%wnﬂ@ﬁf@d\ﬁ?(m M) rP@ve a vertical

ave a size near of ppll,
extemsfonnenichys notgranter thaﬂtherp@npd@gnlm@r;vargftcpltﬁwdlﬁé%mlgn(orger (6) but

i,n. horiza [ on for each eye, and are such

W““E%‘ét“‘%‘ﬁ%‘a@éﬁwg ar@f‘; he two windows (8r, 81) are about
an eye di stance apart.0. Device according to claim 12,
where the viewi ng wi ndows (8R, 8L) have a verti cal
extension which is not greater than the periodicity
interval of one diffraction order (6) but which is not
smal l er than a pupil.
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