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Vi deo hol ogram and device for reconstructing video
hol ogr ans DescCérpiddamansldtR i thelberman esgudgei nvent i on
refates 1o a video hologram and a device for

reconstructing video holograns conprising an optic
T

system that consists of at |east one |ight source
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arranged in a matrix or an otherw se regul ar pattern *159159*

with at |east one opening per cell, the phase or
ude of said opening being controllable and a
Des%ﬁghphg plane located in the imge plane of the |ight

source. Devices for reconstructl ng vi deo hol ograns
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forn? Wﬁﬁﬁénm h@logf’a Q%QWA scefElisiblé farlithe vlmidﬁ@reconstructed
known from WD O 5698 and US 6,437,919 B1, .snual
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Armgrmmﬂallny)wwdram ldrgewided aolpgramsléo prdvidesbwithe so-called
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In the CGH with controllable openings arranged in a matrix or in an otherwise regular
pattern, known e.g. from WO 01/95016 A1 or Fukaya et al., “Eye-position tracking type
electro-holographic display using liquid crystal devices”, Proceedings of EOS Topical
Meeting on Diffractive Optics, 1997, the diffraction on small openings is taken
advantage of for encoding the scenes. The wave fronts emerging from the openings

converge in object points of the three-dimensional scene before they reach the viewer.
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Certified translation fromthe German | anguage 2 The
small er the pitch, and thus the smaller the openings
in the CCHs, t Qertifipddmngationdromtiee Gernfah tamgiagen angl e,
I.e. the viewi ng angle. Consequently, with these known
met hods enlarging the view Bg angle neans to inprove
the resolution. As is generally known, in Fourier
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The usabl e extent of the reconstructio
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requires at least three equidistant openings per sampling point. SLM having such a

great number of controllable openings are hitherto unknown.

The hologram values must be calculated from the scenes to be reconstructed.
Assuming a colour depth of 1 Byte for each of the three primary colours and a frame
rate of 50 Hz, a CGH requires an information flow rate of 50 * 10" = 0.5 * 10" Byte/s.



Assum ng a col our depth of 1 Byte for each of the
three primary colours and a frane rate of 50 Hz, a
CGH requi res aQertificdamansistion fromltie Gerake laofudgd * 1012 =
0.5 * 1014 Bytels. Certified translation fromthe
German | anguage 3 Fourier transformations of data
flows of this magnitude exceed the capabilities of
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dlsafd%hfagbénénﬂ 96 PréVide ekteRded Rlal NintterocBR4ALEIBAT of Videb Hoyrams at
view nNg angl es. According to the present invention,
largeviewiopppgesve i s solved in an inventive manner by a
AP LOH IR, 65 I56cfEGRSBhEYH B it manner by
a videb dolagearnsanaf a ﬂbwce forerecoostruntiog Ivided bidegrams bavingrthe2features

i d h ' . :
of oo B Rfed b 857 s EREMER A W Bl s 21 10,
Theeniidegs Inslograrisncarido devicesr ésrerrtecmrlstmntlmg) nvidee holograms with
confR RS SRR e Wibert G B Blpdbeliff e n e
wevﬁﬁ? pldhe fAbastUne VI¥RINGwinQowiie forhfe@lﬁﬁfappéﬁdﬁ cﬂfyhﬁteWeﬂl @8 a direct

ogram  said view ng wi ndow al | ow ng
or mverse Fourier transform of the video hologram, sald viewing window allowing a

viewer to view a reconstruction of a three-dimensional scene. The maximal extent of the
viewing window corresponds to the periodicity interval in the plane of the inverse

Fourier transformation in the image plane of the light source. A frustum stretches




viewer to view a reconstruction of a three-di nensi onal
scene. The nmaxi mal extent of the view ng w ndow
corresponds t oCérhifiedransiaiidh Gorinyhe Gdrean mhguaget he pl ane
of the inverse Fourier transformation in the inage
pl ane of the |light source. Afrustum stretches
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betwRin'RE MoldyPari Anddhe Mewisy itriow, emrfmswmdsamumﬁ? the entire three-
frustumcontaining the entire t hree- di mensi onal scene
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Viewi ng wi ndow i s provided for the ot her eye of the
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dd 8‘% anot her aspect of the present invention of the
a '(98 é'@ F¥UPR}onstructing a vi deo hol ogram the
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: v r

Thlsgﬁd'eg%tﬁg\ffég\(}few"%% Wi Jgof:br\nggdg anlené){%‘r’]‘tﬁ)ec;fglsét falk fhet ﬁﬂ‘\é Eg{ Bfthe viewer
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distegiion Pk PRI BIAL PELNES, 147 SXAPIELIR carlc dynaion WhiEh rapidly
decréabed G iapiplitddec Endq@frﬁ@%e§|n&$uﬁ¢tibndwmcﬁn@éi:reé§é%\/\fés tHé&listance
nunber of openings in the display determ nes the
growdaxi num nunber of values that nust be cal cul ated for
Thaﬁ%mﬁﬁ‘bg:&{eﬂﬁ{gﬁﬂh tﬂ@gléstdlvﬁf‘ﬁ@?egﬁltnﬁg t@% Sngéiﬁrﬂuﬁ{ AihBer of values
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com?ﬁ[)gg Wﬁ#h an(??(\?{m‘ketﬁ ftp% %ﬁs ﬂa&t r%a %s%ﬂ?ﬁ%‘%%r\g{?@os hEBéram is limited
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dataI #IAVV ‘F’at\tcreg 1i(ﬁ(‘)jw\rlmvlfropn typlcal Hlspl%ys usdd toa(aynRJow this will be illustrated with

the help of an example.

If the viewing window is reduced, for example, from 50 cm (horizontal) by 37.5 cm
(vertical) to 1 cm by 1 cm by choosing a sufficiently low-resolution display, the number
of openings in the hologram will drop to 1/1875. The required bandwidth is reduced in
the same way during data transmission through a network. Video holograms created



If the viewing window i s reduced, for exanple, from 50
cm (horizontal) by 37.5 cm (vertical) to 1 cmby 1 cm
by choosi ng a Garfiffed drarshtioy frorowker Gesmbwitanguageli spl ay, the
nunber of openings 1n the hologramw | drop to
1/1875. The required bandwi dfh is reduced in the sane
way during data transm ssion through a network. Video
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rman | anguage 5 with known net hods require
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magneti c  sensors can be used heneficially

This IBveHiaralse AlwS B MOOBREIGLE Video ROoBTA eﬂt qwﬁ'adn Colour. Here,
the RQUoRBtracloR ik garfRpfnkY \Anfh SPIeQHf thré’@'bﬁenmb&"%er ceII representing the
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of récmnstructml a yideorhologramadh colosr jis tmmrtornnatdeast thieeonelgsenstructions
biljgty _of .1 t.Lct ' I PN
one {3, Aoty pafient. i 1Ne Myl pfimbly S8olfs, M@l device of the
presmelrwéhﬁxﬁn anot her, nanmely for the individual prinary
ol ours,. usi devi ce, of .t he rese i nve
TR EPStchFO TRl 3, SRiGiRItY (ateriE AR oPHE epStructions of
spafidlly Oébftéuﬁﬁéocséeﬁfé%nﬂhwuth b@rﬂfollﬁble @iﬁé\byéﬂ duchead Frdetht screens in
scénes through contrall | ays, such as TFT fla

realdisne @Y, PHON| ngeéarge.wmadarmlw "Hhess Videgehdlowsycan 'be used

d;
bengmgéelssim'l:a({‘ tu‘ﬁb% gé\ﬂ}e |991aébﬂﬁﬁal‘§ﬁ§ in thegmedlcal and military
sectopepl andhtin cmany |ofthetrhereaed¢fc acoramw rangi scamqty Jbet tree-dimensional

oci et The
scoff T Befe Blihy AL8iRuRr R RPRRUNBE R T 1Y
Ao gmidogiiment |oﬁ theypresémtr invantionris cifistcited randofexplained below in
vention is.illustrate nd expl ai ned bel ow
°°"F‘H° %W]f& PRy Ing Aéaﬂﬁ‘@érrwgﬁ@"ﬂg dr awi ngs,

Fig."heligiangeneral illustration of a video hologram and a device for reconstructing

video holograms showing the generation of the diffraction orders and the
position of a viewing window;

Fig. 2 is a general illustration of a device for reconstructing video holograms showing
a three-dimensional scene which can be viewed through a viewing window;



Fig. 1 is a general illustration of a video hol ogram
and a device for reconstructing video hol ograns
showi ng t he gep&tifeldit@nsigtion from il Gdrmas tanguager der s and
the positiron of a viewmng wndow, Fig. 2 1s a general
illustration of a device forgreconstructing video
hol ograns showi ng a three-dinensional scene which can
Fig. kge fgﬁﬁeltahm%ﬂ@tlo?\ of £dbiite %ﬂ@@&ﬁst@é{lﬁg fvld%@ holograms showing
ransl ation fromthe German | anguage 6 Fi
genmeaenqqdmgs@frtbe thyae-gimensienal seenain @ eefs@gthm\ed%gologram
vj deo _h e;
Fig.h,r B0 2 HERAACRneRY B8 1RSSRy HeyRutbn the viewing plane
hol dgpemding-bg theldiffsactiodioadpranarghowi ng t he i ght

.. ; i
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i |1 s pediiomofothe avieleing aendows foe botiséyascofi angewed with regard to the
hol o ang shqw 05|t| Rn of the view ng w ndows

n t he
f or dBGREH ger&ftggr fos§iteKiNGegard to the

AdidevicRC Foro e BrdGUStINE W HlogtaMBs thplisét - thé\ H@Mgm bearing
for reconstructing video hol ogranms conprises

medugnogrs@ﬁiqgﬁlmqq@er%dreghpr gmggt fpiO[ﬂté)ﬁﬂlp? |Igbh§9lgﬁ? and an optical
syst{aﬁflTh‘%rvﬂéJ ﬁ?\@hqamﬁ’_ﬁbgﬁn Fne'dhf?ﬁ Itgém% siis!bf Seli%'\ﬁhl@ﬂ are arranged

cal ol ogram eari ng nmedi um
in ai matrle o inan sitiservfisec edguarvsittenn avith alr leasyene dpeniag per cell, the

phafg & Sfiinih. At SHf cPBldfio " BN boRRlEBEY the bftbal system for
recc&%trdctﬁrrgethler\?démtmiggmmtam IbieabhlasedTﬁyeam pplicaimagiag system known
recopstryctin

in theyark, FoBBBIIAP! § REGE ACITES BESH e SHclen Y FalieraioRFsbice.
FiP SsKdws the er%rﬂCHrFHng@Fne'nlt B¢ al Viget helbgrans bhdl iiteireednstruction. A
coherent |ight source. 1 shows the general

lighty spuiieg nehtlens 2.4 ay helegranyd %ggﬁrégnrg%uw% and a viewing plane 4 are
arrah@ﬁ&"?)ﬁ%r IPBthef sécﬁrgﬁﬁtthé g%ﬁorjrof the Sl'?)‘baé’atlrfg I|ght The viewing

ogram peari n a view ng p ane
plarer4 snogredponds afithethea frourier plange af |thretlhv:,erae rtéamefm <§>|f the video

The viewing plane 4
holg @E?G'Pé'!"@@‘qﬁg?ﬁ%g?%‘;’{ﬁ@gﬁoun er plane of the inverse
'ﬁhegligihft @ouroef1 ishimagedieon tdxdhe)gyrewmg\mldnemmrduglﬂ rancoptmal system,
order Th ht sorcells 0 e.viewn I
rep@heied, bynisidina A ot Po APlogjaheaing o el Ao ¥ bERRte. it s
recdridficiéd |hftth@ \h?hrglrmmtaéﬁeads a0 mi‘iaiselrﬂoﬁrlistransferrheafheIﬁologram-
is reconstructed. in e viewn ane 4 a i nver
bearipg imediugry 3,yéthy patiodis OREHINGS: ﬁrﬁ%t%eﬁﬂ‘t"ﬂﬁtar@bj i SROGEIRA ¢ cﬁffracﬂon
ordﬂ@rlh(’cﬁé GiEWRRG! pléite 4! FABRS tHR0 Hbl@bﬁdpihi& bicEding #to Grﬁghehr diffraction

fraction “orders in the viewng plane 4, where
orders|takgsaplace, @gcbyiway afibe spicaied dstqur Phase gffect; Besause the light

mteﬁ@h’é@&é@%&%a l?gveag(ilsn Hﬁhﬂ@ﬁ{fﬁéctfcﬂeoragrsc %C# qd o‘?'et1gudlfﬂ|%'aﬁx§? order is

I ntensit ecreases to
usebiaghthe dewingawindow &rlﬂ eotsexplmlylmqpreﬁsed Iatherwise, rthe t1” ogtiffraction

ora e s 5 padiedn i hERT Gesti Bl ot ne thvdin, o,

Tgi’eddrmdndndn hﬁfmejlf'moastrmtbaswasihm%dw hare ercorrespond with the
escri on af .the.inventjion. s the .
dimpgaioh.oF the PeBRdi neaLt il o eBretiRodidahi®ind Heping plane 4.

Consequently, higher diffraction orders are attached without forming a gap, but also

without overlapping.

Being the Fourier transform, the selected 1%t diffraction order forms the reconstruction
of the hologram-bearing medium 3. However, it does not represent the actual three-
dimensional scene 6. It is only used as the viewing window 5 through which the three-




di mension of the periodicity interval of the 1 st
diffraction order in the view ng plane 4.
Consequent | y, UGegiirtratsibtiondom thaGemdeanagasge att ached
w thout formng a gap, but also w thout overlapping.
Bei ng the Fourier transform 7the selected 1St
diffraction order forns the reconstruction of the
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resent the actual three- dinensional scen
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ord%"hrﬁl% §6drd fd aflist fogafejdaF s fHePraddns E&fdmﬂuét"ﬁﬂ?%'% étretches
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betwesruthe hhlogeardibearisg onediumst @nd tbei \dewingi wmndew 8.nThehecene 6 is
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ren%e%ﬂa% h%oﬁharsg'nr g (teﬂra%{?grg éﬁgg\ﬁew@bﬁn‘%e%ﬁﬂg u:irﬂgé éﬁﬁereas the
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wi ndow 5 is azart 0 Fourier transform
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encé9thed6ft ey at a(vew%w @ﬂénsﬂyembteh& cofressorflsab tid1ss™ diffraction order.

hol ogram 3 wi t 0 ee
For théJ left eye, the 1tp dn!f]rac ion os er corresponding to the position of the light

source 1 was chosen. The left viewing window § is formed likewise. According to this

diffraction

invention, the corresponding three-dimensional scenes 6 and 6’ (not shown) are
reconstructed using the light sources 1 and 1’ in a fix position in relation to the eyes. For



Fig. 5). For the right eye, the right view ng w ndow

5" represented by the -1st diffraction order of the

| i ght source 1Cermmal tahsiston froAthe@giman lzpgeei n t he

drawmng, this Tirght 1nflTu- ences the left eye at a

very low intensity. Here, itg8corresponds to the -6th

diffraction order. For the left eye, the 15t
this Hnb HA6graAT WilflBE ré RhESSRPWMAERThé Q?ﬁthébd‘?@éd {iaRB 19%aré Bfned on.

| |gg_ht source 1 was chosen. The left view ng w ndow 5
Alternatively mile | tmeelightesoureesr di agd t, AN ssimulfaserushh regenstruct the

' ; = di | 4pd’ scenes 6 and 6' (not

ho'@ﬁ%ﬁmﬁﬂgﬁ%w\éﬁg%@ﬁg?@g%us| ng the light sources 1

Ifathe viewemmaveés,xthpdight sources 1ranidat’i ane tracket escethat the=two viewing

. rtLfl tr t r h . [ :
winddHie 5 Sy 26T, Hopfied PBR SSeiON B, VEREE [Py, Bafd! Soptes for
movementein theaotnal direction liren perpemdiculir te theatide® hglogtane.
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FEBEn SVGEY (TS YT NS GRS REEG PeRlIen ) AHHiRaR. viewing
windovidgreXreatel thﬁrﬁmf&\ﬁédmﬂ&ﬁﬁ,lighh@drbéﬁ]t sources 1 and

1' are tracked so that the two viewing w ndows 5 and

5 remain localised on the eyes of the viewer. The

sanme applies for novenents in the normal direction,

i.e. perpendicular to the video hol ogram Further,

several viewers can view a three-dinmensional scene if

additional viewing w ndows are created by turning on

addi tional |ight sources. |, Andreas Schweitzer, of

Borstral e 31, 01445 Radebeul, Germany, am fluent and

conversant in both the English and Gernan | anguages. |

hereby verify and certify that the attached docunent

IS an accurate translation into English of the

i nternational patent application having application

No. PCT/ DE2003/003791 filed with the Gernman Patent

O fice as Receiving Ofice under the PCT on 11

Novenber 2003. Radebeul, this 27 May 2005 Andreas

Schwei t zer

I, Andreas Schweitzer, of BorstraBe 31, 01445 Radebeul, Germany, am fluent and
conversant in both the English and German languages. | hereby verify and certify that
the attached document is an accurate translation into English of the international patent
application having application No. PCT/DE2003/003791 filed with the German Patent
Office as Receiving Office under the PCT on 11 November 2003.

Radebeul, this 27 May 2005 Andreas Schweitzer
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Certified translation fromthe German | anguage 1
Clains 1. Video hol ogram and device for reconstructing
vi deo hol ogr arcertifie® ti@isiafibrfgonithe @trhardlbnguayest em t hat

consists of at Teast one real or virtual point Tight
source or line |light source  which provides
sufficiently coherent light, a lens and a

Claimi®! ogr am bearing nmedi um conposed of cells arranged
inamtrix or in an otherwi se regular pattern with at

| east one opening per cell, the phase or anplitude of
1, v@%HCg?@@%gﬂtl 3fid 21%\1?&8 fGPFlﬁfcgﬁgﬂng@i'ng hvé@e{bﬁhﬂ?gﬁégﬁﬂﬂgg%p%%ean optical

systeah Hrad consistseaf atrieastaane reai be virtuahpnigt lightreouace beline light source

| t [ iodi city. .
i oo AN bt Tab 88, "SGR b medum
composad if wells @frahjed Vn deﬁa'ﬂrml orginaan bﬂm)enllvish rregglar gl)attgﬂm witle at least
reconst r uct of a three nsi gnal scene. i S
one G Ber il Toe Bhase OR eI o410 DesNg G banTaieble, and a
wewnhé pl&h‘é |8ERad af tHerage!Ramesf thd ilight sourdd, Q:!h%i’éctel'ziseéi/hl@I tifat
hol ogram and devi ce ‘according to clajm1

in the wigwing Riane atilgast one viewirg windavwne) is locajeddp @ perjodicty interval of
the r@&%%bﬁﬂ?’at t?# the F%ﬂﬂe‘?‘iraﬂgfﬁrrﬁﬁoﬁﬁ the ARl Hdiodr%hﬁg%,gl{ﬁﬁdedrbh which the

I stance of a viewer or
reconmmwadm of axthfae-dBnenmmai sheme)(ﬁ)asrwatbd}e devi ce accordi ng

and t&% gxlg%é{ﬁgrldfltﬁg gtursglﬁgqﬁ\rgl §w (gglgt{g)?t féaagr tgmtan?!&e ggr?ctcg&iy interval.

achleved by a second, real or 20 virtual, sufficiently

2. Vi ?H Sg@péa S %ﬁger gtgcqt él?nﬂ_] g cg%m eqdrpg |s§gaiﬂgé?? tlhe viewing
windéw QS)QQtabpﬁixuﬁéﬂ‘élyelﬁhlte‘B and S@Qtldi@dqmr@lml@ﬂﬁb @t@e/eyt@ an eye distance

according to claim3, characterised in that the
of a igwercq{|to %9%%%3?@ hol ogr am beari ng nmedi um (3)
are arranged so that the higher diffraction 25 orders
of the video hologram (3) for the first view ng w ndow
3. Vide® h@lagr@naanéld@vqgeuawommgate claim éneharpctarisesuim that thecother eye

of th%?/f (‘)’{:;érr agna%'ghggvfge acco?‘&wgn‘g{ W’@VY écjuévedgby X' s%%nd real or
virtuat Imrfﬁmefalyl cobrent Iighasomnbe (m<))lbeg1gaimndnbm ahgnothdr suitab® position
nco htbc nd eye synchronously to
to forf et ol S35 randn Sie, SAiEl FERIFMg i now (59 . 6.
Vi deo hol ogram and devi ce accord| ng toclainms 3 to 5,
characterised in that seyeral ht sources

an pe .
4. Videp helpgsmrayid devies accvdmsetosca& ChAERFters |"attﬁahthe optical

systeﬁ‘r‘i SRy tRen&Bh FH?ﬁ‘-beﬁl%J ﬁ%ufm ?3)8are\érfjdi@ea (Hoolﬁbﬁme@il&her diffraction
devi ce according to one of clains

orderstofthe visiepwdogram: (3 for thaffisstrdewing WI@@RW I(@dha\@ a zero point or an
f
|nteng|fy{)®|§rﬁ‘ggﬁb§/ﬂ§? Bpglgéllt'l BPtRf secBRd viedih Wog\?gsc)cor ding to

one 03|t|on ensor
the position of the V|emer(s)

5. Video hologram and device according to claim 4, characterised in that the hologram-
bearing medium (3) can be re-encoded for the second eye synchronously to turning on
the second viewing window (5').

6. Video hologram and device according to claims 3 to 5, characterised in that several
light sources can be turned on for several viewers.
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7. Video hol ogram and devi ce according to one of
clains 1 to 6, characterised in that the light

sources can becqped traiioh tym FRGWAaCRhguage €l ect roni c

displacement, by novable mrrors or in another

suitable way. 9. Video hol ogg am and devi ce accordi ng

to claiml, characterised in that a video 10 hol ogram
7. Vldéo hSB@Fb?ﬁrdﬁGtﬁdlldé‘aMr&Hg to \WAB' i dhimBel to 6, characterised in that

ogram beari ng nedi um bei ng conposed of cells
the lsgm B/YECES §aR h@tnqsttmnedu hy aneehanicali efe elasjanigr dlsplacement by
e openi ngs per cell,

movﬁ%b@@é}ﬁ}’&rﬁ{haﬁﬁtggfﬁ?fgglép@%ﬁmy col ours, the phase

and/or anplitude of said openings being controllable,

o RS AR O RS VR oL e n

inforrA@ticH flqugredl %o eefirmink th@fws&mecsﬂ th€ tight'sduréds ishrodiae® by at least

reconstruction i s achi eved at | east three
one Rﬂ?ﬂ?@qﬁ?@ﬁ?! ?C%éﬁ"f‘&t?rﬂlf 9‘@&‘!9&'59 fibe viewes(s)in  the
i ndi vidual primary colours. 20 25 |, Andreas

Schwei t zer, of Borstral e 31, 01445 Radebeul, Gernany,
9. Videe thalegramignd deies: Begendingn to slaimt hechrargrtesisegnin that a video

hologﬁmnréce &P in co[?)‘?ﬁ eRNeri the ndidr &ﬁrﬂeﬁ'a‘ﬁp?trﬁ@&lum (3) being

ttac ocunren I's"an accurate-trans
compaset i of feedl$ arnaagednreranm'atrmm inpan etiterwisppiegular ipattern with at least

oved i Rlo b 50 B B HERIRE T bl e ancior
amplitinde FRETsaid dgeriloye eing 2Hoofollaldle,Radabsail, opénings? beifiy encoded
indiv%ggl?y %r each primary colour.

10. Video hologram and device according to claim 1, characterised in that the colour
reconstruction is achieved by at least three subsequently performed reconstructions in
the individual primary colours.

I, Andreas Schweitzer, of BorstralRe 31, 01445 Radebeul, Germany, am fluent and
conversant in both the English and German languages. | hereby verify and certify that
the attached document is an accurate translation into English of the international patent
application having application No. PCT/DE2003/003791 filed with the German Patent
Office as Receiving Office under the PCT on 11 November 2003.

Radebeul, this 27 May 2005 Andreas Schweitzer
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