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METHOD AND DEVI CE FOR COMPUTI NG COMPUTER- GENERATED

VI DEO HOLOGRAMS BACKGROUND OF THE | NVENTION 1. Field
wobkookloesobeivent i on The present invention rel at eBCT/BPR05/013836

nmet hod and device for conputing conputergenerat ed

MET@@W&NB@EV@FOR%@MF&JTMG eOMPUTERGERERATED VIDEO
real -tine holograms, e.g. video holograms, which are

HOLOG@&RAMS of individually controllable hol ogram cells;
each cel |l displays conpl ex-val ued data. Besides

BACKAROND GRTHE VNN Dby “5i e at o r el i zatfon of

vi deo holograns in realtime. The el ectro-hol ogram

13\}:%% gﬁe?me%gﬁctlvel y a Spatial Light Mdulator (SLM

Pl pi xel s reconstructing object points
by spatial nodulating an illumnating |ight.

The pTBééN@rﬁ\féﬁtlane%té@ﬁfafm@t&bd@md devioe for cbaimmrtgocomputer-
real -ti me hol ogranms as vijdeo hol ograns. F

genetstted helogrameHEGH): espeealy rﬁﬂl@g?ea%n%arsrsa@amhoiograms e.g.

e ELE T g A ol g cts o

cell dRplAisaiophplervaumedataeBesideb stitemeabimetvided heokigrams are of

s R e S P L2 BB A g s n
time. %%@%&fo h&loﬁgn{%;ﬂg{/ %Tﬁﬁfé’ﬂv%'iy as ’ué?@@hf MRId udator (SLM) with

I on di scre ogram data from sequences
controlllal:ﬂe phxeteratiomstractingadbjectpeintsToy sp@tlal modidaihng aniilbminating

h d
igh. Braidit bis spredrators e villreler @ BeEliaR o Qs a® Veeo
hologf? %U%Pi‘ho@,e%?dmhﬁ&he aFtapideshdeGaRRSalso cavepiptisally
apter or other hardware conponent. The 3D scene data

AddrmblmSlg,Mseﬁ@edt&@pmygwodﬂla@r&ié)ﬂw @i ther likecwhich do not
S, or rsion of 2D data. 2 . Background

eXh'bgtosﬁ@@ﬁqgiyﬁé?n%? E‘?I ht Modul ators (SLMs) are devices

for spatially controlling the conpl ex-val ued dat a,

In cohtr&st tb %éﬁgﬁblbgf&n§nﬂhlbh ase stdret photogrhphicddy of weanr}ther
col our conponent  of ght. The colﬁgiqur can be enc

suitablg iRy wgthgrfg[m &f |||3ier5¢reln@@m§ttgnp§, q I,f\ pgrags eﬂ§g agmesult of a
com 0538 LIS et kP BeRrRL o 2 el cifeinalscone
Dunngathsfcoﬁqtutaflom phadesgy the ldwrmedSiIG/Eiawts stbeadl, ffer example by

t d t
e o0 JSOLLE flser oy5ellsy 200 St

proc&@8EGrabMMes adapter or other hardware component. The 3D scene data can be
generated in any way, e.g. by interference patterns or 3D conversion of 2D data.

2. Background concepts

Spatial Light Modulators (SLMs) are devices for spatially controlling the complex-valued
data, i.e. the magnitude and phase of the amplitude of each colour component of light.
The colour can be encoded by being spatially or temporally multiplexed. The SLM may
contain controllable hologram cells, each being separately addressed and controlled by
a discrete value set of a hologram data. SLMs can also be continuous and not contain
discrete cells. To achieve colour encoding by spatial multiplexing in a cell based SLM,
each pixel in a cell may comprise colour sub-pixels, each sub-pixel displaying one of

three or more primary colours. Depending on the kind of video hologram encoding used,
1
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each pixel in a cell may conprise col our sub-pixels,

each sub-pi xel displaying one of three or nore primry
w@e 200606®06 Dependi ng on the kind of video hol ogPEIEP2005/013836

encodi ng used, ifurther sub-pixels may be used for

furtheg%%ﬁ&sasls%ﬁsy b@fusbﬁ%péh&@dm?‘éabﬁ)@fﬂwe fAmarpsbines Far instance, a
et our phase” encodin i ke Tthe known Burckhar dt

detowmﬁse@coumﬁk@m@?mw'gamhwt @ading, 1SS arrppgement of
e . i i .
threeGPoRiF S dRb AT PO RawRioEaF TR At fturt TR colour

compit@irr]m@ﬂté, Bhe AURDPBF 8BUbGdls tdtals tb miieafuren hologramared. For instance,

ree primary colours; there are three sub-pixe for
thereee thigle prires®y edlewis; HiaTaay tl&f@ﬁcﬁyi@sﬁ"xﬁlﬁﬁphsgﬁﬁ' Hta‘ese three

. -pi xel s _in .t I 3 t S
primey g MaliioirBhe pubisbeip ™ () n SR NI R0 Leo
enco@iﬁPQéqn'geﬁ esIrisuBSpikals; and aptwoepraskcencealing oedwites tive sub-pixels for
hol ogram cel I . Each hologramcell is encoded by one
each golaurdn @ haleg@im fell-ogr am dat a contai ni ng at | east
anpl i tude and phase information of a given col our

Eachcrﬁ{m kel /Rty Bie BRscf&E 8ePbf RaMEramsdaaadantaining at least
value or nmay be arbitrarily chosen. The hol ogram data

ampl':b[ﬁdeaﬁnd cﬂ:é‘ﬁsbdmfggnaﬁom of agivemealogl gompaaeet satscdataimgy be zero or
ot schenme dri vi the SIM S i ,
ravelsor o] 1SR et et B8e Do ingSeBy Fob PLAHb fa g g video

holo rsﬁ%%ﬂﬁinesuﬂw HEtR! 8655TdPI th e gEhamealrivingthe SLM. Since the
ol ogram data Set contains all the infornmation

entirmbologsamyis madendp 06 thavsagds §f eells, deyeriiedgpusands of digcrete sets
art of .a time sequence to reconstruct a
thooyﬂr@@-%"i'tﬁensi onal scene. A dedicated driver uses the
di screte hol ogram data sets to provide the specific
A holgrdrh@lata isgnhadmtalner altibetinfdriviation nbeessarny de pocddegne single video

sub-pi xel s of the SLM Th [ d i Si
nolog s ol Sh gt e Sesubee 8 e SnmBlEk 4 1R PeHiePloene.

used and is not the subject of this invention. Mny

A dedicatsy ?rfi\ae?Ld\%%s thé RsdréRRIb§ @Y 8atel setS td ?@é\ii&@ the gpetfic control
crysta I splays, mcro optical and el ectro nechani cal
signats foracanstlingsthercorraspiondingssup-pipelis afithe Sdddir Bae divesiand the

provg B ohsReh o S Wb RS ses oot e
subjéeTof 458 ifveiohNRIahg! K61 SLIB, fikectrangthissivdcomiefle pihvaskuid

appropriately controlled and propagates through the .
crystat displayacmicrowaptidal ame elssiieraechanical maicrapystems-on Gogptipuously

o e L STRREAE o PR 0Bt

with #Y fhvenebd. em tted fromthe display to

The modulated light emerges from the hologram with the amplitude and phase
appropriately controlled and propagates through the free space towards the observer in
the form of a light wave front, to reconstruct a three-dimensional scene. Encoding the
SLM with the hologram data set causes the wave field emitted from the display to
reconstruct the three-dimensional scene as desired by creating interferences in the

viewing space.

The present invention provides real-time or near real-time control data for each
hologram cell for the required wave modulation by computing amplitude and/ or phase

for a given wavelength.
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reconstruct the three-di nensional scene as desired by

creating interferences in the view ng space. The
WEe@so690é nventi on provides real -time or near PEHEP10051€13836

control data for each hologramcell for the required

3. vegecriplidul gftrelatedyrtconput i ng anpl i tude and/ or phase
for a given wavel ength. 3. Descrlpt|on of related art A

common probl emin reconstructing e- di nensi onal

A comypen gL %mt'ﬂée‘l"(?i‘\'ﬁtwq('@g ﬂf“@@(ﬂ'mqnéw SCERES {5 thelow pixgl
resolufiBh SRR IbY Célfé}% ?Cl‘ﬁ‘frﬁﬁwgé‘é% ﬂaéqrﬁgg(ﬁonﬁcg Ms. For

reconstructing I nc avail e today a
recongfiuaing2@ inich abdatSWlssravwinulejtd@bayrmpmel pilcit bolt 1 um would be

B R SRSy BB Bk o r v
three pAimannebI8aF é@ﬁ\ﬁ@héntsﬂﬁraehélmnil@@" haed fha‘ﬁomgq)&@s would be

necessary. This requires costly har dwar e and hi gh
necesg@ryp dihigt fesiies spethhaetwaraland kigh @gmméammaé @peed for calculating

d di d. d
the gk bR Em AN gRB R, st s ndleyS Rl e Vit Bt EhBuan
computatianslspaed vilEh eiddiithess dePBRES @Ir@bb%eﬁﬂ@hbﬁ@émme?@@ly
conmputing video holograms it is not necessary f

availablgenes to have existed in reality. This enables
reconstruction of virtual 3D scenes in various fields

For CO%d[\)/lg[n{ﬂ v18é‘6 h8@§rar§1§9ﬂs%t ﬁw?ﬁ@&grg 9 3[3%%85%?&6‘!75\% eQ@?ed in

nmovi n ree-di nensi onal scene

realltythIslmsabiesjrwnds&dcticﬂﬂobwtaairﬁi?lBeerge@wnmnmfs-ma&bﬂhﬁplhcatlons,
de ol ograns can, for exa e e reconstructed. .
such aieagnaloa %ﬁﬁaamera.am S aacehesc@oya e dmensional

scene@%‘?é's%‘ﬂﬂbslzed%?ﬁ%m{gd @%944659 the contents of

are 1 ncorporated rence. The viewer | ooks
tovvards t he displ ay screen t hrough at | east one
Computaertgenieraipd aidesr hologtums can, fohekamples dneereconatnuetadaising a
re.l.ocated n

nologr8pBlgisdag o8 FeEBra Hviae EPalialy if G3riMens ip2tbanasese, the

conterts ®f@/hich ARSihtbporatetiby REerBRES. Phe ROV IG6KS folwditds the display
detection and tracking devices. The inmage plane of the

screen thyaugk atilegstone virtval phaeiver windave wirichie gresterinam amgye pupil.

The ob S ARTELER He B0 hebfite Ry AR A eflB8 i to follow
the viesmitcgosifidrewith 3ies vielp v Wﬁ)@ﬁﬂoh lileteftionearier \eheKi ﬁ@ bgvices. The
be limted to a size just a little larger than th

imageqyigne gf theright sauieesiis the ravdergplane of the:hologearmnas ‘the observer
windoWS8 kYRR FolRef BGnB!3f%he hologram, it is on the image plane of the light

source.

The observer windows can therefore preferably be limited to a size just a little larger
than the size of the eye pupils. This greatly reduces the requirements on the pixel
resolution and pixel count of the SLM and reduces the computational load.
Consequently, the data transfer rate and the required computing power can be reduced
and a light modulator matrix with low resolution can be used. One disadvantage of the
encoding technique described in this application is that it is based on a computationally

intensive operations performed on every single point in the object to be reconstructed.

Video holograms which are computed according to this invention can be reconstructed

for example using pixel arrays of about 3 million pixels.
3
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resol ution and pi xel count of the SLM and reduces the
conput ational |oad. Consequently, the data transfer
WO 2106/066%06 t he requi red conputing power can be PEHEER®U5/013836
and a |light nodulator matrix with | ow resolution can
WO 08/025680 didtfosdissathethb@ i compiinged oridolégrahiivities restricted

escribed in this application is that it is based on a
gfeywi%@%&q B sepipseRtaties; ddatges halagsam isslividedrindo martial holograms
and @éﬁrlbfdl\zigﬂ%' fég%@bﬂ cflﬂméagrg L%%Jd% ngpaéc*g/g (y %ﬁﬂg&%ry’%ﬁ%lzed sub-
hologravrmttlnmremianmrtgetheaeqused uomdtmgrpowamﬁhe itesation grioxess is

. of [ | WO 3/025680
repe ey fhe SHrBoISBmS oA SIE XA B ed 3R PaAmReSed to
form@ tbﬁﬂthb'ldqtrﬁl% \Hftﬁ)éﬁ%alx,l o ﬂgggﬁréegf%r;e?t@f:%?‘?ﬁ@g% ! Iﬂrbrdér to convert the

t ar get ogramis grans
seriat pmqesslngmvhoonmnpmtad:onaltstepﬂ wbith carebesadiddoout S|multaneously,
zed subhol ogr

h
SepalalR EF TSR Al PRER SUBRPIRSTAG: Sl itag Mdeseliestly of each
otherpurﬂlﬂ l@ﬁé deSiré e RaANaY a¢Rldvbd Fbrethaubtd) PloRiyrafe Al ha@mg generated a

greyscal e range can be conposed to forma

target waygrfeant fpn %dhda’@c@tdﬁhﬁ@ujb hotegrangs ey camposadigdoweer,

althoﬁéﬁ%a{él%l é%ﬁve%g ”gp‘?ﬁﬁﬁ %éh}%&xgﬁé g@g §§t gﬁ’zeedi1 %LEJR holograms increases

the psocassirg saess, Yhe BafLiredt son HEWEH Isaitst réducarh
sub- hol ogram are optim ze ndependent |y of each ot her

wo Offbishad Aeckegera et .esfylf'fotg@%fqu?aﬁgigeé‘?g%gﬁé@ﬁs?g@oéceaﬁs and for their
real-tfrﬂé rESH R n?l%% d ag{fﬁll Fﬁ’#beh&ét%% g@m;e%m% data describe a

However, aIt ough processi conp
real arimrtumtthmezwmesnslmrmjlsngnaby theic irtessity dlb’mbptlonmspage The main

oo Bl AT A oSl o i
respddifve degtitme Bébﬁ&é‘r‘ne@ 6?!?1%550@ Shpbifify b dekfbn th'o ram_for each
i magg amyfor

reconstruction from |g|ta a usi ng
secth)miiager canotaseztﬂ.tﬁmuaﬂxe recmBHUctmig the Ccmzmputed sectlon holograms using a

th
ot OGRS, B PP 2 S28idindfaBtirct IS5 buercmansignal mge
defmé@b?c‘aﬁ?ﬁﬂtériéit cﬁﬁﬁﬁﬂﬁén RarsFe &P Hitd AwoadiRlehsional intermediate
(slicin respecti ve section boundaries of the

lmag@, Sefined ng@p@Qmﬁ@X upelian. dheresolytiamaf the thiee-OBmensmmal

recorlsfiBfion RACREAENS Bl b bESCOSHOIN IO ridbess HRY: & fictive

d:ffrae@mhmaga ismmrimht@drfaﬂfeadm@c@e@ébﬂdmw rEpsehes aéyérrmmated ata
i ned by an i ntensi tE/hi di stribution is transforned

dlstan% t? thesgstian favess.omnd thediiastion dnage iaguperémpased by aacomplex
referérﬁB@é}‘éS\ée S T .ﬁ*é%( Fe It dr i n{e'?ﬁlonal halq&;a W&jn the form of

'mensi onal: T econstiuctTono 8 Rner
mterfelfenceepatismmfdrmlgje ml'erenmgayzer Shrihpatterhs qu\xl@lng dlscrete control

.t c ted for each scene sectio
value,s r{o%la %@yér?tgré:g&a lgfw?ﬁ%@gﬂatg{ matrix. The light modulator matrix is
situated in the reference Iayer with this prior art solution.

The diffraction images of the section layers are computed by multiplying the complex
pixel amplitude values and the mathematical expression of a spherical wave according
to the distance between this section layer and reference layer, and integration over all
pixels of the scene section (slice). This integral is interpreted as a convolution integral
and evaluated by computing the product of the Fourier transform of the factors and

subsequent back-transformation.
4
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di stance to the section layers, and the diffraction

i mage i s superinposed by a conplex reference wave.
wahios/o6@sal ts i n expressions of two-di mensi onaPCT/EP2005/013836

hol ograns in the formof interference patterns for the

A disaehatagads thayreal-tipei Ségp@hﬁ@lrréﬁomm/dt@inrtﬁ edichdertion layer requires
control values for a driver to encode the |

. . e |ight
extremgly iRsicompiding keams and iadight meAnlatos matex whtc% is capable of
[

reconSgct b Sevelal ORISR e artiic horSctoRf Blorfbler, the three-
dimena'roenlatsasmmat ied?abgnﬂnhcgfeqbﬁghing tﬂheefmmwdlzeebayp'r.xmis meanfs thata
. a itu val ue n . mat hemat i cal expression of a
V‘ewe%%% ‘ith@gfb wavee EEEWJ”%@QE@W@?%PEW@& ohdnside e Rplogram
displageC“ on | ayer and reference |ayer, and integration

ver all pixels of the scene section (slice). This

integral is interpreted as a convolution integral and
Becausea praped regonsdmstion ofthehdepthed ecscarme inhalves tmdrerthan 100 section
transform of the factors d subsequent .
layersyfif SN fequinks o SxfemeldvaR retest Bleietihe gigplay sgreen. A
satisfzResH il rdtur8 PeAIStirhY ¢édoN tralti6R of nfAid Miled-AMRENSional scenes

. requires extrenely fast conputing neans and a |ight

using [peiun goBpuliagand displerinpdneansiis rotsFxpestashdue te thenlgw speeds

ot 4B, PSR L8 IR CORTRRE PR e ipiey

behind the reference layer. This neans that a vi ewer
sees the 3D scene behind the |ight nodul ator matri x,

SUMMMRY GF deiet vERITOONam di spl ay. Because a proper
reconstruction of the depth of a scene involves nore

than 100 section |ayers, this solution requires an
The okiget efthisyinyenfion isftodsevide samethachier gpepding upce@sputation of

comp B bEAGBIALYCABANBHRR, b6kt FEIOESRRSHRNENS S lageoes
reconstnittidh o balregdimensions sdehe evilohantsibingt thetdpaitiePmisolution and
speeds and the fact that the reconstruction is

reconsteiplip guabity: d hisaveriar erabls intreadive sgrldimaios siegy real-time
. . | :
econ IR ERVELF IOV TRBADRT 0Py kahdl At P EblgPe
provide avpethad-thahallawvse thrge domputé oge meratedsholdgraptdoreconstructions to
hol ograns al | ow ng si mul taneoLis Fecon truqr{i on of a,
be gengipted: HGReab R PSJRIgRASWINAAIRR 12188 HigRg thenologemaiselr.

resol ution and reconstruction quality. This invention

This oBfe@Plk&hidic’f B\ hiMEtho8Fr sdrBufthg Ia%%rmmé}-géhérf%ted video

reconstructi ons of given vi deléﬁ’r?]o ograns and transfer
holograem médhera\nbjeot datb fefning sbjestpinoa threealimensionat seene is arranged
. [ | ar conput.er_aener,at ed hol.ographi c .. . ,
into a fynBiCot HBRLARMRS Bl chae i 93rE8a R fimensionnlgpiect
data sé8 susithat|ssddba Hitdgrafmedatatdet cBAlbROsAIAeRdm some or all of

these two-dimensional object data sets; comprising the following steps:

(@) in afirst transformation, each two-dimensional object data set of the
virtual section layers is transformed to a two-dimensional wave field distribution, and
the wave field distribution is calculated for a virtual observer window in a reference

layer at a finite distance from the video hologram layer,

(b)  the calculated two-dimensional wave field distributions for the virtual
observer window, for all two-dimensional object data sets of section layers, are

added to define an aggregated observer W‘S']dow data set;
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This object is achieved by a nmethod for conputing a

conput er - generated vi deo hol ogram where object data
wa@ledosn66906 obj ects in a three di mensional scenePCBHEP2005/013836

arranged into a nunber of virtual section |ayers, each

| (@yer inef segomgl tRahsforngatioen) the aghregfateat bbsarivar ahidovs data set
ram data set can be calculated from

d h
is tfar%%‘ﬁ%r \r/émﬁﬁefrg%%g@%e lBYBT i thengdem QP'OSIB?'Bd?Y%Fatt% ggae@te the
video ‘Fw% S#rﬁ'd%ﬂa 'Be7dahb @ Wt%l ﬁgr%rafé@ ii8o Rolddr %ﬁ} 4 set

ormati on, each nsi ona obj ect
of the virtual section layers is transforned to a
The objset dataesesi mailatarvalse defielng altwo dirmensional soedet bat inelueling

aditiod ool Mo R 5o Gting e rmphiofl aderpr video data to three

dimer@icHaf0&@. flh@ffbhhethYéé’GFPné}&il@l%laﬂdu@)é@rWItIfﬂmtstsE‘:Spe ‘two
cal cul at ed two-di nensi onal wave field distributions

dimengigmaf’ hEhe depthainfermaiiongnawbedbe,sams fagiall object data sets. Hence,

e el S 5GR0 L rRAO 50 3 B Tt ek e o2

two difgins(onhl mbde, gependingomnihbdnpalsi a1y alkb Q/r@@h@@@éﬁd/lshes to
observer wi ndow data set is transformed fromthe

displayef erence | ayer to the video hol ogram | ayer, to
generate the video hol ogram data set for the

The IR SHELRL 8 Sl SO GpNETo BBl R Bomati
structdnradharbbamde&hhtie thegloimteghat corfstitutatthe scéms theatniy esddnstructed. It
therefofénRUNER 2nY it o1 Vie! Peralel T e sdpg RSy Gtigerithm that can

spatlally‘@éﬂﬁiﬂ?ﬁ\ééﬂetﬁﬁlﬁts' tl—‘foﬁé«%ﬁvu %pré'nﬂfgégtﬂﬂ%'a coMipQERbMlly the

i'nformation may be t sane | ect data sets.
most ¢ffigient formeofdayercte hamdie generates the hol ogram can
switch froma three di nensional node to a two

The /08 R o BB BT SR b B g B st
same abohd Iﬂn@g?e Pmﬂ thelilblunginagihg Hﬁlﬁft $cure@MRIwa R, tighd i9h degree of
vi rt ual inable structure that can describe the

toleranges adan wg@ewg emt@aq:ngsgfé@w@tly lgtasejtg the Fourier plane will see a

pronefy FRATHHER e, L858 ABLHIES ABEEEL npmisgcoun

increasgsit i al | y define these poi nts. However, virtual planar
secti ons are conput ati onal ly the nost effi cient form

In onempte N aatakBn, T s{ e BF# e I BErSRe) Ao saich be second
transfcggﬁ“lggﬁs tagF\;%l{/r’gBr%Q?a Eo?@?l ’gﬁ% tt(ﬂ‘?ré FL@Z‘?’%‘P@?%"&%@%& exz?answely
constraed & inelude ayy matheroatical wiridompiationat tenhmique thed is equivalent or
approxumaEe'-setE) kr%rr]lgfoVMmlatlon Trénsformations used in the normal, mathematical
sense are merely approximations to physical processes more accurately described by
Maxwellian wave propagation equations; transforms such as Fresnel transforms or the
special class of Fresnel transforms known as Fourier transforms are second order
approximations, but have considerable advantage: because they are algebraic as

opposed to differential, they can be handled in a computationally efficient manner.

In order to compensate for errors of the reconstructed aggregate field in the observer
window, an iteration process may take place between the distribution in the observer

window and the hologram layer.
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properly reconstructed scene. The degree of tolerance
i ncreases as the pixel count increases. In one
w0 ppbeemnd at i on, the first transformation i s aPEr/EBIWEH013836
transform and the second transformation is a Fourier
In order tnedacespébkrlet muise, ‘dndasrstiaosstirightnessheuditfrdution efficiency and

nsj vely. constr ued to include any mat hemati cal or
br'ghte%gﬁ)@ﬁfﬁtlﬁ'%m thedefripaeR [aveaof the sepie, feAbiest data sets may exhibit

an ap?'%rﬂﬁ@ ﬁﬁé@épfs tﬁltl&[’)a@ﬁ % d%nranEBﬁ"Pﬁﬁége{TBl%’trﬂﬂﬁloHsed

Sense are nere
approxi mations to physical processes nore accurately
In condirsttoi il dry sdutions, |byape fermeng the figh two of &tﬁjabomsteps according

o s B G oL ST S TS LB R85 uoig

diffractibASmIHE. Bé@a@sﬁé?@ﬁﬁe ugéfpc%?ﬂiﬁrpéf AP Gual v AMEs, this
consi der abl e advant age: because they are al gebraic as

aggregaledswave teldi croméal@ﬁtheaentmermqnc@hmfcwma’cmmoawt|the dhree-

dimer SRRLHEACARb B BB A honst  uct o0 agar egat e

field in the observer wi ndow, an iteration process my

In a pteféeed et diaeneefthisiavehtidn albobjeehdata ddie f@u&erse@tion layers are
wi hdow and t he hoIoramIa){ In order to redu
assigngebibr|samp tatal nunbeeehiner et Majix Rainss. df the; wmaef pignatrix points

f: t
s seflEoL 8B ied O LeRRG SR IE e pORak i BBl ARESan
preferablyeh@pmsmi foattiee phtieecathptitind ptocess, andpracessing steps to adapt the
sel#dg]-rando .phase distri buttl on[ I n contrast prior
resolufipp 1a fie. fpREtVe [FYBESUShATBITREIAPRSY OVh SamRling become
super@?ﬁ)éeﬁb BECOT HARS g&nt%tfblsaﬂ pd i’e%ﬂlltE bl Bh@ALABEr of

a si ng aggr egat ed wave |s cal cul at ed usi ng
encodgifrixels of tre Sbhinlthe hograosdisplayt he super position of
all individual wave fields, this aggregated wave field

.cont ai n th enir.o i cal or th .
R e R T A S
knowrl flo@ W@Q@Ml@dwﬁ@ ahinak Befart tidhsforhiivg fiid RsfeRriceaitg &bt for the

data sets for the section |layers are assigned the sane

aggregaied waweniirld inthaihelegeana layary the greamfihe pPsemer wingdaw(s) in the
referegzze @EF LXn R r'étsﬁlc'rt]esq %8' B¢ ifR! co‘hglcgeg%w gﬁpaglrer Han the area of the

I'ng poI nt's e hol ogram I thims ca

SLM lighefrmrdaldtcyr atiie hef extetiinef thetdbsenee kaﬂmwgn@klma%orresponds
processing steps to adapt the resolution to t

with ”‘reel%?f&,C{"F‘We'“F%'yé'r'n t@%!ﬁ&’eéé!"h"f'h gppigingt theAmaggefdhe light source
used ﬁﬁfgnl‘{ogg @&f%ﬁea@%?gﬁ%{ég@mt Yol IB fn frﬁ) fé@ér;enée layer. This
leads mwthectéfbcp thadlthe @bn‘tplm&rSjMemtetdmdé@ Ihothgmamwbeq@rdmg té\this
mventtqgﬂeor{}y ggégﬁ&(p g%qhg%]kg\pge I r‘{}olnoanngllgs ggr?w%lape& wntﬂ c;Nher solutions,
all the more if the data sets for the reference layer and for the hologram layer have the
same number of matrix point values. Thanks to the computation of amplitude values for
the light modulator matrix, the demands on processing speed are greatly reduced. In
particular, in conjunction with a known position detection and tracking device for
tracking the current viewer position, the dimension of the observer window can be
greatly minimized to benefit from this advantage. Further, WO 2004/044659, as noted
earlier, requires computationally intensive operations performed on every single point in
the scene to be reconstructed. With the present invention, it is no longer necessary to

perform a computationally intensive operation on every single object point; instead, the
7
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known from WO 2004/ 044659 is that before transform ng
the reference data set for the aggregated wave field

WO pooblesod®l ogram | ayer, the area of the obser vRCT/EP2005/013836
wi ndow(s) in the reference | ayer can be restricted so

first tramsforrmations, fopmstateedtdr ezivhl degtioh Na/ertd ehavgtuadbbédioer window
i ght nodul ator matri x. The extent of the observer

|_1|V| |
in the% RERVPRIRNAaIWhere <§fa¢ @QE%W@é’S\ﬂY?ﬁ wilhbede pepigreed n entire section
layc—:'rs'r Fétﬁér" fHarl Sadt Rl WL@CT o[ﬁ Té}letraﬁhé TBEEn Plrah & rmation

| ght r ructi o

source used for
going bacl fretm the Virlgak dizsdred oginaiow o thhmoﬂcﬁjrenelmqer issenvan. more efficient

ds to th ffect that t rat ed
since { %5t A BYF QP IRTICEr dPHGn QRSN mAYBR TPOA BEIEst AEGE:

to realize lower diffraction angles conpared with

In a fupthBe EnfisdithieANSH thid |hvéﬂf?oﬁ‘”(€a%h'cfbjéél@ia‘@é‘tsét éﬁfh% sfe%hoﬁ h&vers is

reference layer and for the hol ogramlayer have the
basedsamhe vittial @rea sizeawhick depiends val |t$etsta1nnarh¢z¢he oefetemce layer. The

sectloﬁi%%ﬁ ?%%8 E%&qut] fﬁorFR i lwg%d T ﬁ%@e%sw%ﬁ{ngg thg e&ggg daf Qi'% respective

obserggre@htiywr tedHe @dgeé df iR BLMIbEthe Vided RBlodRari BeciideloPthe same
known &OSItI on detection and tracking device for

numbergfdRaliex Rajet \alveein eachedaia sristheiasna asgignediieribe indivdual

s SRS PG, U AR blo M08 B gionng tre
origln&lsnbg‘emt etz fo theewbjed:tecﬂaia Isets obtpleation taldry thatieagioitnown as

. tlons erf d on every single point in the
S"C'ngs LJCET r@?ﬁf@ﬂ%ebﬁﬁ/ paint Maluge&f dhe scenein a saspective
matrix! don‘utsofréptvl/é’ Bgﬁénm%@'fé{mé& g%‘iérﬁrtﬂ?algd o %Ealﬁ% angik Yoints on

i'ntensive operation on every oi n
the respextivadectioriayestAccad sﬂgdnrthe |Icmcral pbsmon rufttlae tobjefct points with

respeqiis e PEFINTIBYESR e Origigs EbierbMiasSiatia: g %“Vgg%wned to the
matnx%m@ A %Hi%l%aﬂ@ S§Bierh YGFLs! d?ébés@l’@ﬁ?elr T;ﬁé Eo&'ﬂgﬁ The

each individual objéct points in a |ayer. con
distan¢e-depeodent areas gb theysecicin yers thue Iead touthie effext thadrthe area-

ceporth AL S Lo APl BB HBhe EheRIRR 1070 L e Bl the
closeritiié 8&6Wsn Riyef Rfsitfate PR Bl reRRERES layleh, PhisUhEAR that whlle the
enbodi nent of this invention, each object data set

foregreund eta scene isfpspssirycipdde detail, awa/samaaﬂceaeeeie@entem the

N e

distant Wirtoahgedtionrajdre cangesonsétridia mash &gy ¢icding avs for the
wi ndow to the edges. of the SLM of the video hol ogram

backgr@@@éu@‘éh@fscw% Baﬁﬂslnmfor@.comtwﬁton. of erefte pEviges 3 wery natural
represﬁgﬁflioﬁadgg?ﬁe:btsr i@ﬁn@%@ﬁk@%ﬁhg%‘? Eﬂtstnﬂ%{ E@&dé’ bl gne hand and

anges 1 n-proportiont stance

helps mirémizing tes cexyuiredecompstingpower dméheoothgirnal obj ect
data to the object data sets of the section |ayers

i a priBfec R ol i o i VaihE T Bt 8P b ot
data sEESHARE Wiri®al section layers can be chosen or changed before transformation so
that the entire reconstruction or parts of it appear in front of or behind the hologram
layer. This way, both a natural position of the reconstruction in the depth of the space in
front of the viewer's eyes and a deliberate amplification or reduction of the depth effect

of a synthetic video hologram can be realized through software settings alone.
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matri x point of a two-dinensional coordinate system
that describes the matrix points on the respective

W@ ewbioa0d ayer. According to the | ocal positi oPCDEP100&013836
obj ect points with respect to the section |ayers, the

When ®nicBtingl actdr@ifg td e prBt AR Métiod RAGABYrGRINDNETD4/044659, the
matri x points of the coordinate systemwhich is

recongirusded threg-dimengiogghseene perears dntherfiee space in front of the viewer's

eyes ifl 5 RIFHLE WEDETRI BRAAS b} e R AR AR Bidrik " imaginary
section é@rsiUsed férccatmpatindalsa definkithe position affthe recdséruction in the
Iarrger the closer the section layer is sityated to the

spaceifionk At ke ehpervermindopsaand AeAtUARY at 2 fipite dilgheiiaithe
referegﬁﬁee Rayef.Acedrding G gﬁégpgﬂggsa% Eféﬁ&@' ihvarf B?tiéél‘ﬁ@g?ﬁ?lﬁgthis

inthe e reconstructe
causestivh liglavemtnitedimnuefi each lighivpoat, oftthe holograghieaynteconstructed

irtual section | aye can reconstruct, a.much | arger .
scene fp 4ig AGoEEGeed BRVEITEID 48 RpRAHAE 85 & e Sisghuava i §rovide a
contriliiltit%ﬂ 8fthé e49BEWVAYE oM ir?#he%@é‘e%@r WinBWIRStha r¥Ridnce layer. The

natural representation of foreground and background
transfeimationt of eschakjectriataset nethenefetiance kyer isahfisus be expressed with

adequile oy Ealaito Ao e AEHBRO T o T el mPIEKE \Fifep.of al
objectfdintt e aﬂio"é){efil)ﬂ datPbeaB rablipNdd Watha Brisnef phid factor, which
virtual section |ayers can be chosen or changed before

dependp gidherdigtanem ok the fespective sestiondayercionibergtarense yer.
parts of it appear in front of or behind the hol ogram

The FIRKE[ %hJ&l faci’éﬁ*aﬁbﬁ gxg%ﬁlﬁl\'/{/)iﬁ&% ﬁ@ﬁéﬁ&é’gn%e %‘.Qg%rtedocgifference of

reconstruction | € Space In

the cobitinates \wetweeregash arnigireal detlidelagecandpéictens lapar and other
reducti on of, the deRt h effect of a sy\%heti c .video
factors, dlyge)r Bracessing dime and LOMRUHINg RV Areviae regitirgd iggrerform the

e e e S
this di$admtagerisr®impmsa§§®bg diyigiegrise difficlie Ffese! tpasferinations into
indivicligE oo oo Mgy tere Siorn 648 Be esio e He Aol fadk 1¥lifer

transfoRAIoA8 (FFFEH ¢JuhIcH Witk $R¢hrPro6O88INgG sthsah $9e form of
define the position of the reconstruction in the space

multiplicationswithospheaticabewefaetovs. ddiswmedined has the adearnddgathat

dediogpd ol EEWaIE sr AR s 20T P BPIoREY A dibybR can be
used fohtSmpating sideberdibgiaims Blichi urtiware RicikRshat égdttone dedicated

point, of the hol ographically reconstructed scene to
graphies preggsse with dnasempidgles, fot 8lign® pag stkerngdep ppnsssing steps,

such oWRRERINS S OB B PO LS BRLUIENS pertorming he
Fresndih@ansfansdtiongatithothedhelp af fast Foeier tahsfoseiation rélitihes. Such
reference Iayefr,can t hus be expressed w th adequat

procesggpt BiiNGePITB 9T BioitR! Bladan BTocesanSH(BISR) wdh th%weg,wrﬁﬁlgtFT routines
can beTRLHESHRIVERP uSihgHrlown methods. Recent advantages in common

graphics processors enable operations such as Fourier transforming the data of the

section layers into the reference layer using so called shading algorithms.

In order to simplify the computation of the wave fields, the transformation which
describes the propagation of light between the original section layer and the reference
layer is modified such that it comprises a Fast Fourier Transformation (FFT) and two

multiplications with phase factors describirqy spherical waves. The first phase factor
9
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obj ect points of all object data sets are nmultiplied

wWith a Fresnel phase factor, which depends on the
wale@baemes of the respective section |ayer to tPEI/EP2005/013836

reference | ayer. The Fresnel phase factor has an

depené Rpn@Bcovkdinbtedanand srigihal Sectimuayedand bhaned@tante between
t he coordi nates between each original section |ayer

originad sgctien ayenard rafesenes yst-Hde $m@r%ha%@ﬁt%ﬂ@@@§§§@ the
At CHL,
coordiafER 7 e (tERtce By BT oftife LR GRLBRACRH th chifidt sBtion Iayer
and thprrefaenwlaqebdhiepm’idln@bntthe sollimationi afrlight hn the optical system one
advant age i s, conpensated by dividing the difficult

or botlEPE RS RESRSPEIOMITENES FRkIS 2 FRITPRUMIUST eps so ¢ hat

these steps can be perfornmed with the help of fast
Thus, ﬁ@%#o%dﬁfe%ﬁfé“é?&%ﬁ@%hé 'a’i:s-ﬁ)ibthtfbr\c@f%lérh%tchgﬂ I¥drhinto the

f her processing stéps in the form of
referemag taypr carmbedmoken intodhieersteps: wave factors. This

nmet hod has the advantage that dedicated el ectronic

1. o B0l < sPen BBt Y B ilntyr Hiloffetiis:

har dwar e i ncludes at |east one dedi cated graphics

2. Pirectes genwtrdted productsrdeluesd fora fifst Hasgy Fanﬂbrowmsformatuon in
vi deo processing steps, such as_imge rendering

Ardertedransiern g cemplex l@é%ggw'tuﬁmaf gaghpbiget Mntn‘rﬁ@ the
yg@rfdn%éa%n gapgf%é dTRL NS 4 e)ief? the help of fast

ler tran on routrn Such processors in
the formof digital signal processors (DSP) with the
3. rldwpuihue geREmated utanséernt srmbkiphied withrtbe secend phaseadactgr.
known met hods. Recent advantages in comon graphics
abl e 0 rat urier

The tiSIGR o G e RECa A0 SPt PHo Bei B e < ofeg" (g generate a

holograff 84tansee fdr&héra egﬁeaq"@eﬂ h&gg Rt & e 8é4HY, idaRrdiso be
order to sinp e conputation of the vvaveflelds

expressed hy atfgﬂaﬁqma’ucn dmpahmu dke lighlewaye eronagsdigatayon Feesnel

vansi T SR 530,308 5 HoRF 53, P o S sarioou

accordﬁ@?to frewsteps déseriisé®abeve, but bEfore thisdrdnaformation, the reference
plications with hase factors describir spherl cal

data fafA/eotion2yare 4t ﬂpﬂ]@‘@r%;ét @f%@a@meammﬁsd y way of a complex
addltlogtf’aléjd R Pr@sﬁéﬁréﬂéf Bhe BfBB{hoﬁf h&Vas be settoa

bet ween or1 gl nal "section yer an ere

constandyalue, afépemdangrmh mleamhrﬁatMmmf |'[Q$11)Gﬂﬂ’$e optlddheystem
coordinates in the reference |ayer and on the distance
en the original sect. n | a
i§

A part (Al B pBGR G IRV e B (T3t A PTG Ja E¢ Ik A goaregated
wave ﬁéﬂ& '|§ nérafdeBy QB8R theomfted hefefe btodstals24s of §II 8BY¥tion

to a constant” val ue.” Thus, the procedure of
Iayersx Aﬁarsmertrans@ormaim intthe w@tqgmamdayeméhls@@gregatedwve field serves

asa bé'fnltgggrt trl%% vrlc?étoehe%%?arlnaéls it cgr?talnseth nlfl%l tﬁrgteodl h&fonal scene
information. This allows simultaneous reconstruction of the two-dimensional images of

all section layers and thus the entire 3D scene.

Another advantage arises when one wants to reduce common errors in the video
hologram caused by the encoding process or by technological limits. For reducing the
reconstruction errors of the video hologram an iteration process may be used. In the
prior art, the object data of a reconstructed three-dimensional scene has to be

compared with the original three-dimensional object scene. A complicated iteration
10
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1. The anplitude of each object point is nmultiplied by
the first phase factor. 2. The thus generated products
wae®@onemds f or a first Fast Fourier Transfor mat PONEP2905/013836
order to transformthe conplex Iight anplitude of each

proceSdenpriging hahy ansfoematiogs BelwesstiHeo@cbastalicted thize-dimensional
reference | ayer. 3. The thus generated transformis

objectsaene anddhewiclearanes [ayet Higs i untia desirethieconghyelinmauality is
reacn. AP pRBHEIAER ARA el s B IR DPS PRIBTRL B prbBbss. s
the refeygnapddtadseticdatains tregertire abjédiénfeocmation,dhe it@ratiorbprocess

expressed by a transfor i on descri bing the |ight L
Comp R AN DS eE Hhe DREAOrAITEIAKP AT therf &fesdioelayer which is
only tR&-diRéSsibRaPer formthis step, the transformation is

carried out according to the steps described above,

~ but before this transformation, the reference data for
High-qualitysrecohsliiudtipnsy with todayés imdge encering jechnnlegies are just not

poss IR BHATEEFAT HelBh Fhols P 0%, 200, pn Ao T

factors nay be set to a constant val ue, depending on

The videe hegrameatarerpreferhblgltomputéd eviththedwlip 6¥/4 tdigital Bignal
particul ar advantage of this invention is that a )
processing Ayiee with slicesmeats, uiniciyassigns e okioet infameatio, including
cincroBBG Al 60 RFREAERYY B [ ORGUE e bRa3 s pppiue
three-tinhargicanal segee,, withinsateg goigabpamnsiekviftual sectienvagersssa that for

basis for the video hologramas, it contains the entire. .
each sa¢liga aydieh SPBALAIS SBIRRS Ak St BRISCTREIBIS{N Gagrete matrix points
. . - h o . .
o the Sy AR OGO Wl 20eRok "R LISORITERE] 29Pl 5 o
holograoeiscompuied dromdivese algjectradta setsufsscoatieg Wathis imention the signal

reduae.co nerrors in the video hol ogram caused by
processad dRVER IS UBRESEY by t echnol ogi cal 11 m ts. For
reduci ng the reconstruction errors of the video

tratse BaRSfoAMatib R MéarifoP CORpUEnGEIONR @abls 8Bjedt datdSet a separate
prior art, the object data of a reconstructed

two-dinengienal distriiudiesl ofscwaee figld fob threrefeigpae dayeati sitvatedbat a finite

istant S0 Sy FRAOF g OPATEP G, AR Sttt

sets, between the reconstructed three-di nensional object
scene and the hol ogram | ayer takes place until a

desj.red recanstruction quality is reached. Qur
AdsingeaRa e pagBeBe fraasiasmedobieeial sptss o generate an

expreé'tﬁ(ﬁ{ é’ftérpggﬁée%]%?éé V\{d&% Heltfirl §F%% §ah3efSinfont ai ns

e entir ect ormat i on, terati’'on process
conpri ses transformations between the hol ogram | ayer
datond dransfarmation mages fattrartsforsningltiye taferatices(aggmgdied) data

set in a hologram layer situated at a finite distance and parallel to the reference layer, to

generate the hologram data set for an aggregated video hologram of the scene.

The digital signal processing device comprises at least one independently acting
transformation means for performing the Fresnel transformations, said transformation

means containing:

First multiplication means for multiplying the amplitude value of matrix point

values of an original data set with a first phase factor describing spherical waves, the

11
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15

Hi gh-quality reconstructions with today's inmage
rendering technol ogies are just not possible w thout

W@ wlh/066906 ect i on processes. The vi deo hol ogr anBCHER2005/013836
preferably conmputed with the help of a digital signal

exponghbefessid fgctdediependihg Bnsthe seuarahosordidzitedirathel @epetthe original
obj ect .information, 1ncluding discrete object values

Iayera th@ﬁaﬂaapedpﬁhamﬁhl@m 8. e referpncedaysn erdhealggram layer,
real or virtual three-dinensional scene, with matrix
FFES'PF%UH& H%?ﬂoln‘ﬁbtlé(ﬁ eidls ﬁ?ﬁbhgﬁ&%ﬁ‘%ﬁ apr%‘élu&féaéf th@First
each section Tayer, a separate object “datda set wt

multipbdgtieatmeans from thedi arigiedlesactibnaklaper tottbe dargethdayer, and
t onogr aphi c scene section |ayer is defined. A hol ogram

Do Thy it Satidn Maans Fr G TPl g FER Haberrroth fFother phase
factor%lbgé\ﬂiln@épﬁéﬁ%I%V&VtI@eipﬁﬁéRﬂbf §§|ﬂﬁéb€iﬁ ﬁ%hﬂﬁfg on the squared
transformation means for conputing from eac

coordigates is éhe targeplayar and diee distanes b@taneeautgtgﬁtbauermob@nmnal layer.

wave field for the reference |ayer situated at a
£ini , :
As mepOALE 0Lt 28 Eendid o thE BUTRIBCITBAER A opticg! st one o

both oithtisephraserfactars najdberget toea toastahvated. obj ect data
sets to generate an expression of an aggregat ed wave

eld | a reference data set d Seco
The digls) g AP PEASTIE QRO GBN(ISA o7 DR RS SRR Whith has several

mdepe(r@@ﬁﬂf%rﬁiﬁ Sd-prozebsdra \ﬁhl@ﬁlsﬁﬂﬁl éo@%@fe%é&é?r%%@rmatlon

a finite di Stance and parallel e reference |layer

routineso Igyerdardo de Meholsmgmlbanadnlsa/ exﬂcute)at malshggzeetgm pdmber of
o _hol 0gram of the scene.

i de. .
transiofhiR08s m oSS st S Bt wiie dyfamidlb assians e

transf@fidtiofs requipé® farionfutaRe fo fHer a%éb@%ﬁ‘ﬁohﬁﬁtl&ﬁ %iﬂi%les
transformati ons, said transfornmation neans cont ai ni ng:

depengingsan thel conentef therhiesadimensionaliseens.yTheydateesets transformed in

s of an original
the re%F%HCG Ié?gﬁ%h@?qegﬁ [)Bﬁér %%pg%ryﬁé SCI‘I bi ng
spheri cal waves, theexponent of said factor depending
This wam, dé]@emﬁnl@mothemede eahteht, thetdita sespent by @cqvat@urmlvanous
.. layer and the dlstancetoatarget | ayer, e.qg,
points PZ¥6\ee@f&%eV%'9 ssedseveral Haesdt aﬂqchagms OF%lértdLFfHIQr $q9ne motion in
certaiﬁié%ff@fw ion nmeans for transformng the products of
t mul tiplication means fromtheir original
sectional |ayer to the target |ayer, and Second
For therakedyiianceft therf m&nsrléotransfbtmptm rige ohiEct datmsétsrohthe virtual

secto e SRR S5 A 3 o S g B et 3G umoer

being an nth power of 2.
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coordinates in the target |layer and the distance

bet ween target |ayer and original |ayer. As nentioned
whedoenesdodependi ng on the collimation of |ightPCHEPI¥65/013836

optical systemone or both of these phase factors may

BRIEFBESTRIFTION OFSTHBIDRAWINGT he digital signal
processi ng device can be a multi-processor which has

sev,er@a\I i ndependent |y worki ng sub-processors

whi ch
The fugchanalprinsirle peeqising to thedpyemiands idescribed el in qetail with the
' t | t
el cEEFREHREREEST MBI OBRNLS, 3L 12000

is required which dynami cally assigns the
Fig. 1 shawsf(nohiat saatey the quiangenfent faroeponstrucimg thettheee-dimensional

scone 4B AT BB B el SAERT 1 i Barns
transforned in the reference |layer are buffered in

Fig. 2 RU& BReMRIE iagFBd showiRg SheBignalgRRBEsAG dVidd Rr Te/TBuIting video
content, the data sets can be activated at various
hologrgBisnaecasding; tadhighavesntion. used several times if no
changes occur during scene notion in certain section

Fio. 3 |SRIRr 10 Elg ¥ HESHRteR 0 I L EiER LA B ek Rtaiop pocoraing to
this inwattionon Iayers’ are assigned a nunmber N of discrete

obj ect point val ues, said nunmber N being an nth power

. f 2. BRI EF DESCRI PTI.ON THE  DRA , The functi onal
Fig. 4 JhisfiafEs Ge RGN Go0R S TR SRS QSIAlONIBEER bed
below in detail with the help of a preferred

Fig. 5 RBRgic¥ERE s@ﬁdsté§§ BREEENTE cHfrad¥t theSmafrb@ooit $AI08S of the
not to scal eét e arrangenent for reconstructing the
9

computei-geneliatech bologeamdi andtesation priecess.er ence | ayers
required for the conputation of video hol ograns. Fig.

i j i ' t he signal processing
DETA Ev?%%@%%ﬁngﬁgﬁmram according to this

invention. Fig. 3is simlar to Fig. 1 and illustrates
The cdrhputstion of vitles tdlogtaens withut lkdlograna pestedisog is vasenl on original

obiect flOHalEH aha e Rl YA aERaTENgonal SEPIS NGB Yalles for
soataf LR o MERAHNGALE i, K BFHOB Rl pEAf. These
valuesparecasdableEm Al kieviDiiledRIMAat O Can DEEealINdENTIraN atata memory by
a holoéro ﬁtgcg%ﬁ's%ggolﬁgé Iggj%g;;l Pr&lariorggrt?pgfcovﬁntéins op 8)'(5%{3%mm the case of an
object point file format BMP for each discrete object point of the three-dimensional
scene, a set of complex colour object point data R,, G, B, for the respective two-
dimensional coordinates. The data memory MEM also provides depth information z, of
the three-dimensional scene. It is irrelevant for the depth information z, for each point
whether it is already provided in the first video image file or whether it is computed by

the processor from at least one second file containing additional information.

To facilitate understanding of the complex processes, one of the three spatial
coordinates, here, the y coordinate, will be neglected in the following description. The
assignment of object points of the scene to matrix points P44 ... Puy in M section layers
Ls ... Lm produces object data sets OS; ... OSy with N matrix point values. All data sets
contain the same number N of matrix point values. This number N is determined by the

number of pixels N1 of the light modulatorl“;atrix which can represent N1 complex
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object information of a real or virtual
t hr ee-di nensi onal scene, including values for spati al
waele@b06ds0é | on of the |ight anplitudes in an RGRDEP2005/013836
RGB- conpati ble format. These values are available in a
valuek Waét-rsurf&rmhswmm &18Brifafh Balderpford Rafdufafion ¢taha Fourier
menor hol ogram processor. This object
transforpt,d¥ ﬁas itohededuesthin a povsx afdl ee. N+ 2hwith askeing aarinteger

rumb@ RN FRATE o i Rl el 228 3EloR g Bk fanaine N -

1024 matrMOIﬂWamés MowéveabthedrFoufBr TREhdferm fah‘gbrltlﬁﬁseﬁay e used
t wodi mensi onﬁa coordi nates. The data nenory

which gpdiatdequiggt wmulﬁf/@wﬁﬁtar@memedhetwl@rwsaiasd re?ﬁalfétl%hw could be
used. Scene. It is irrelevant for the depth information Z0

for each point whether it is already provided in the

first video image file or whether it is conputed by
Seen mmnrmmmtlessmth Figo@, &ig. I1eshnwsoa1@refecr@dderhbbélrrml’nmdnllmsjrates

o RESA R0} A oD R S A 7

compLPch“?cBrﬁ]I b?%@%er 586 %N it FRy. 2. TREHEBRARaly¥es |n QﬁnBﬁﬂ'rﬁéﬁﬁ& the
I'owi ng description. The assignment of obj ect

depth miom:natlaﬁ zohm%@mmambjﬁ@ttmﬁoxmpbomsgored in theeplata mewory MEM,
sect | L pr duce data,sets OS1

assigns EaqshiGRPR FlbeiseePiD & AEeL POk Praqr o Sffds @etording

matnx%"rﬁt&)d]héé"m &POBj eeuab@sé‘m faitrespofihg withahe &ectidhl lléyer L.
umber N is determ ned b nunber of pixels N1 of

For the mdrce%rﬁk < rbd M a2t 1< ¥ K&wmr%hl isdhe musnkeyafimattix points P in
6 :
cach BERAGLHEFRnrl b5 ReFSaR LTS RH HEKR| 8B i . e

sectiohdsydro Lbe.. ﬂ.@.@:@&iéfh@d&arbmwly tofde?termineedlsdéiete alpjem' tiatarsets of
being an integer nunber and N < N 1

the scape, p‘f@?P%ttVﬁ VihethQEQOn@itQ@IS§e@8@¥'9(!§ﬂ'hf%9é'¥y SQintha atger hand,
the sa&\r ané‘?'%ﬁ I 11X pol_rpghlr?{ % Y& Ee usﬂ%"‘%ﬁ& pQEfﬁSﬁ oF e Pé‘cfonstructed

orm gorlth 0 not requi
scene AD-Snpith resplect Httedwueohelogrmnvm‘(gse 1darsh? di}Qt'BﬁB’GlSlthMDith

sesre oSSl 5 oS e SRS Sl il video
holograﬁﬁ"’ ﬁdi‘ﬂ"\e? Gefnf tlbﬁs A/ 'n@@é’séaw f Be PR pdfiGim W EMﬂbutatlons

sectli on ayers . for conputatlon by a slicer
each sgiction layerkings sﬂuafﬁmleatsa dsmncamycsesrefereac&laym Riawhieh has an

t he .dept h..i nf or mat.i z of the ori
obserjel i igaich a0 viiwahs Slnl Exlin e video
hologrﬁﬁfﬂ% Pl iR RélogFarh eyt HRNEhWH I8 sﬁ’tuﬁ?éd ata BRtdHce Dy to the
mm, and enters according matri x point values in an

referemg Byer.data set OSm corresponding with the section
| ayer Lm For the indices, 0 <m< M and 1 <n £ N,

As shmﬁffﬁg. ?E%egc?orﬁpmr%@?ﬁ‘gfﬂ@%loér | Abixks cB X b?%@ﬁormlng

and ol nt ues i n at
the folBwihgstepse hand, the

Transformation of the object data sets 0S4 ... OSy, of the section layers L1 ... Ly in the
reference layer RL so to determine the wave field which would generate the complex
amplitudes A¢1 ... Aun of the object points of each section layer Lm as a contribution to

the aggregated wave field in the reference layer RL, if the scene was existent there.
Addition of the transformed object data sets DS+ ... DSy with the components A4,
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section layers Li ... LMare defined arbitrarily to
determ ne discrete object data sets of the scene,
WO peoedp@ed | ve of whether or not the scene exi SPGI/EP2005/013836
reality. On the other hand, the sane section |ayers Li
to form.a rewaicmdata def R¥:thahdefinest ambagprsyateéd Waﬁe ftdltg which is to
rec ucted scene respect to the video
apPedfa s SRFCTHEG YO AT RTINS SHeB e SRFTRIsad + og
reconstruction 3D-S of the scene as defined |ocally

Back Wathdrl@l%ﬁéﬁtof e FdTBrefcd @fatd QEPRS%mEHétr@t%? nce Ialyﬁr RL to form a

definitions are necessary to eto per orm
hologeasmsiatansetdns:in éfae:ho{@gmm cmyerawle situatedsatsa distanee GftDH to get

et h3bF BB . o S Y PSS, 2

eye(s) EL /ER The video hologramis disposed in a

The Nhpixebvaiied fyrehe Hidemlhcﬂbgﬂaiin ard datiest ﬁbnﬁth@l tyb@an;e cBplex values
to the reference | aye shown in Fi

of theolaren daja sst. m@ew&i%@wﬁgmﬂhﬁseyag@ﬁreme&erﬁ@mphtude

valus B3 3T B8 P g o3 e B ARS8 S ek

... LMin the reference |layer RL so to determ ne the
It hasdwee desetiledvaboiie uow &D@isereabasthhﬂed Mruhewie\met int audlebserver
windcft oyt 1o S 0 SRSl e eas A Soeaeh e three-

dlmerishﬁ\a'l AfneRcEs Fave bbﬁlet wh§ vkhﬁ‘ec? ﬁ\efe‘%i’ya%llf@i’eﬁf ﬁ(‘i‘lbgrams are

here. Addition of e transforned obj’éct data se
needqwh the resp@ativie tapsehver vongome forseaht eyed.or m a ref er ence
data set RS that defines an aggregated wave field

th dow
The niflgEl R AP e R R BRI R vy, bt
with aceérdrr@rucglt@ieaanamx pEnifvaiiied. the gte@aose rdsiftefornlihe thferent
forma hol ogramdata set HS in the hol olgram I a%;er

pOSI“%SthahOé@V&\N%(Sd%QSaW&%rQﬁpetgHtQ thegsgeneadliS Ts o hologram
a8 omentcHof B AR 524480, HELBERAG o oter

in accbh:bngly pquqdplexd raaltptleannebdigital signhhsrobessgs avithdsinfule@kously

e video hol ogram . these val ues represent
Work'%H]tf%@%'me I Togce @ﬁa@ag'rﬁé pomnymstnqmers Remputation

resultd b%‘éje&Ud ta%%mgcvrv{ggw ﬁt‘ié BPno'oﬁﬁ%}@gc? ontent may be

descr’i bed above h reconstruc
jointly wisedeT his may applyeto\section Iayms ®hich shaw dqmcﬂuoe baclegﬂoand. Both
t hr ee- dlmen3| in.a true

eves il Lo e SR SreRRebot TSR OBBP RSy evd

inreality, different hol ograns are needed in the
AccordlifgRe atpatBoABE Riatere dFtRIdaMFeritin, %ngﬁﬁﬁslg@ﬁp%%bgﬁhé%wce
matri x for the second observer w ndow I s In
contaipg anhigct\daja sgtimanager which compares the contents of corresponding
object data sets to alternately assign only one of the two identical object data sets to
one of the two signal processor channels for transformation and thus avoid superfluous

processing.

In contrast to known solutions, the reconstructions are viewed through the virtual
observer windows in frustum-shaped spaces which are defined by imaginary connection
faces A1 and A2 stretching from the observer windows OW to the light modulator

matrix LM. The 3D-S reconstructions may appear in front of, on or behind the video

hologram layer HL or intersect this layer.
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with accordingly altered matrix point values. The
alterations result fromthe different positions of
whoiok/ogioeser s' eyes wWith respect to the scene BCFBEP200$1€13836
two hol ogram matrices can be conputed at the sane tine
The chserisyéhdowlsize isdrifitcieletnf It yovérsethelatetdiesizd of an eye, in special

e e R b et 1o
dlspohé'd af defisthAce %?“40(#&5 ffe hER l’érﬁga%?”ﬂx‘étr‘\ bl Cﬁ?élﬁgl\lsv required for

onputation results of obj ata sets
the C@ﬁpyteﬁgtenlemted wrteodlhdilbgraenas;reducedrhy@faamyofoaspai nt10y000

compifyird Syt B! e Sjedtens ¥hGune cboRdeane
scene, but fromslightly offset di rections. According

Fig. 3tshowsptaetpasitiar of Sia?écbted |@ferk Hbsthers@elition of tietrdh&foirktions
nal processing device contains an object data set

reqwrﬁgcﬂla@@e WWEHtaé'QﬁpQF‘B/sth?ifes’fc\dﬁt'@rﬁeﬁl@ﬂ laysrlaspshanatyrther
ayer 2R e BRRol 08 SRR B AR O 1 A0 e o

compstegmelwwe)ﬁelslsmfrthe: bectier myboy L1 1. abgfrothstdferenzadaydiBL. In order
avoi d superfl uous processin In contrast to. known

to save,FMPHY POWEN IIhRICEES NG 1a0WRg teevdimansicnalRoenss,
imef rust C
mdnvnd’ddlttr‘éﬁgfrdgﬁwg%‘fqﬁg W‘E’%@F’:"‘n’; [‘S‘n%ry'alﬁc?‘renrﬁelﬁ{@ %p?@‘gs@%dlfor several
subsegenizideo helagrams dnti thereeauisea \change imlovste@tV t o t he
i ght nodul ator matrix LM The 3D-S reconstructions

Fig. 4 TNuRA el Bowife it wllieS A o- 1Amee” amEbiast dptaeset OSm of
a secmmlfé?é'r Bi, 28 al disBHEE Iof Do the rbferénieyef RE ér%tt?é@formed To

an eye, in special cases even'it may
facﬂltat@du@@l@esta@dipgmﬂthlg iCRBIPIAS Bradess, gnlwasmefdrmammnw tesinsformation

e snegl SRR SR e ST bt oo

conputer gener at ed VI deo hol ogramis reduced by a
(1) factor pof 2,500 ... 000 corrpﬁred Wltha|lght
nodul (x;r%aidﬁ X W yh_cjcés& ¢ jehgodi ng ; Q ds Fig. 3
shows ke position 2Dsel eg éedﬂnayer 8P, t
Wher€gyectiti on of the tfansformatdons requi ed fotlhettﬁ@n
conputation. Only the first virtual section |ayer Li
and o further |ayer Lmare shown. However, the
con%yiux,,l,xan of all wave fields is always requi red to
c & the wave field of the section layers Li ... L
in the reference layer RL. In order to save conputing
power, when processi ng nmovi ng t hr ee-di nensi onal
i dual

denotg BT o A U o TRadion (o S GuP Yt 88 GRRENRAISS X in a
layer Wlthjﬂfe é&ir@ﬁfa@é‘@xél el frohN&sBchEE IHyer Sittatea%R d Histance of Dy in a

cont ent
reference layer

As mentioned before, depending on the collimation of light in the optical system one or

both of these quadratic phase factors may be 1.

The equation

b
(2) Amn % Amn * FI = Amnej 2Dmxmn

mn
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Fig. 4 shows in detail how the anplitude val ues Am
... AMN of an object data set OSm of a section |ayer

wa poane@oai st ance of Dmto the reference | ayerPGI/EP2085/013836
transforned. To facilitate understanding of this

e S A P O B o

phaséfa%‘?&fff’f @}&e itermdenotes the core of a Fourier
transforr?atlon roma |ayer with the coordinates xmin

~alayer with the coordinates X0, i.e. froma section
Finally agaqurationt(@hskewathe resust ofitbe F@ﬂriMransﬁ)rmedfe(E)aané the

o . ' bef. , di h .
S TR R
obser0ér WitRpw G\Mﬁ{ fﬁe‘ l@f@m@ léyfé?ta‘hﬂsthg‘%ﬂstgﬁcé of Wresgective section

equation j 2 (2 m' def i nes
layer tnibiei net&ienr;e layess tdefmm the qwhpltexmmruiéudejin a phateiat peintrof the

factor F 1mm in the | ayer Lm
obser}ggrewﬁ%ro(/\/sﬁgﬁg%%ge %af‘ag'%v\s the result of the Fourier
transformof (2) and the nmultiplication with a phase
(3) factor which solely depends on the coordi nates Xo of
the obseryver V\nmﬂ_nyOONi n the reference |ayer and the
diA tance pf the2Paspective section layer to the
ref @rencé Mayer. It defines the conplex anplitude in a
matri x point of the observer window in the reference
The dbé‘drﬂfed dohition Ellc?wé\abcéeratﬁm ZchQ Cﬁlﬁ n%%ﬁ%&é@go that a dedicated
solution allows accel erati g t he t1ng process
dlgttaltmalaor@@asoawqum cgntperfosh gmnompmMDof a:sequuemcecaiwldeo

h t f
nologfRis, 8 SioVind SRR Firee Bhe b EMR atisaHiTeraon ickering
reconSfructioneal -ti nme non flickering reconstruction. In order

to conpensate for errors of the reconstructed
In ordagter eqyapensate fear emoksef the sesansiruatasiaggregats field in the observer

windof/ @f/\zgé Q r%m@%ngﬁ?}odﬂée@%ﬁ t@%é‘ﬁ)@é&gp Cﬁ%nlf cr>r‘r1’l tprc())cpess shown in

Fig. 5 tcahcaﬂpaéd ¢or thetdmnaﬁdﬂebdﬂvwehl thetdistribltiod Methelstsyer@sr window
wi ndow

OW and rt]he hologram layer HL.
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OWand the hologramlayer HL.Cains 1. Method for
conputing a conputer-generated video hol ogram where

wWoDkjoenteod@at a defi ni ng objects in a three di menBCDRR1005/013836
scene is arranged into a nunber of virtual section

Claimd ayers (l_i ... LM, each layer defining a

t wo- di nensi onal object data set (OS nm) , such that a
vi deo hol ogram data set (HS) can be cal cul ated from

some or all of these two-di nensional object data sets
(CSi ... OSM; characterized by the foIIovvln ste

. Metred ﬁom canfputing a cempfitarmenesaiedmdep holggeam, where ogje'ct data

det[érg fg&:l?szi;gé] @regbd[n?\%hsﬁﬂ%?s%er{e s gﬁa&%eg{lﬂ%&;é In‘élmtféﬂ@f virtual
seé‘le@Yﬂa{/ér@ @, di. 34,9} dabh laper defthinge twawdinfensiahal object data set (OS
distribution is calcul ated for avirtu

m),\&uak dvat@vigeprhalogramedatiacset | (Hyg cap [b@)cajq:ulgpqqe fgp@nesome or all of
ol B0 S P e 00 e icireba e

fondwﬁt st@ gjons (DS ... DS M for the virtual observer
oW, for al | two-di mensi onal Obj ect data sets

Of Se;&{a%{s{)@ er Sg{: Lth(jTﬁvl’lbaqdé:hgtgp c? % t%@l%%ﬁ]éd?%a?epset (OS
%ﬂﬁgo G41222tBh 'i%i}ér?ﬂ; §IRTBImed he aage aeRebrebsevedild

ata set is transformed fromthe reference .
distriowdiont and tiee wiastediekbtlistyittiondy saicpiated fara yiskal gbgerver window

d hol t t
Ol arelrgane L dRbT ola ke St D imdpe yide hpiogram laver
(ng)o claiml, where the data of the video hol ogram data
t (HS) is assigned to equally spaced points in the

et @sine '@%?J&Tﬁé‘i}%ggﬂéégsﬁgai‘ weus G5 G0 ERas hs™ . DS w for
t
the W@u'?lo(ﬂ%éreﬂ% \7\‘/' ayer(czwe adtt\nﬁ-cnf%ﬁéibﬁﬁl bBiket datdldets of section

e virtual observer

IaYM‘sﬂ(LQW (I ars adpedtmdefide aMagigoehaded obdervgr mindowidata set (RS);
1, where the video hologramlayer (HL), the section

Lgceepr)ﬁn reaond psioamaito iR Ay e 208k dH:S BB ST yitdow data
Yis ‘?l‘é‘?\bf‘é(r?nég fréim tﬁ@sréfe\t‘éﬁcé I%\ybpﬁzaﬂhédnﬂéﬁholdwam layer (HL), t

ual server w ndow, So a reconstructed scene
genenaté)dwseleleotrtm«»gr@m data satr(Hﬁalfordbg somputer-agparateshyideo

hologram.

Method according to claim 1, where the data of the video hologram data set (HS) is
assigned to equally spaced points in the video hologram and these points are

organized as a matrix.

Method according to claim 1, where the section layers (L1 ... Lw), the hologram
layer (HL), the reference layer (RL) and the virtual observer window (OW) are

planar.

. Method according to claim 1, where the video hologram layer (HL), the section

layers and the virtual observer window are parallel to each other.
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6 . Method according to claim1 or 5, in which there
are two or nore virtual observer w ndows (OW). 7.
wordokhoeh9according to claim1l, where the obj ect PAHEPR2005/013836
(Ri, G, Bi, Z1 ... Rp, Bp, Bp, Zp) are assigned to
5. Methjcelcdcodeding $eichifiCRiwhere aPRMst oaeddyandf aholbsemer Bdocated near
N) and matrix structure of values as

the. s nunber,
th?w&lﬁgggéa%{@éw'% W $@ fhahaTasonsiaicied scerepn Aegsaaiethrough the

VifkGA I QB A t ), where the number and structure
lol?“!lvalsues fo'f}da |(d(¥gl?a sets (GSi ... OSM RS, HS) is

derived fromthe nunber of pixels used for encoding
6. Methoddatetdingtagladm 1 6r SNbiwiich Heareratergotar nebrai virttalobserver
wi7 vvtswz{?gvthe t wo- di nensi onal object data sets (OS1 ...
E% )fhe aggregat ed observer w ndow data set (RS)
have the sanme matrix structure as the video hol ogram

7. Mélhbd sebrditilo cRimMetiingde mab}éicﬂaataownmé&)sﬁ%dl.nﬂp, Be, Bp, zp)
claimwhere the virtual observer w ndow ( in the
are @egiopge 4o oRjadt dada sets (O 1be Qbm).|akofiwihish somayisel thesame

XN B mB AR drlal e e AR e window data
set (R8) und thel Rololfedrinathta sed(Hib ) gvHede aiy npHbee dindgstidoiin® of values

for gl larseis Gas" of Qe RSI B i STVECVEORONS 0P fcpixels used for

' obj ect data set (OSm is based on
ent%hglng‘rtllle vvqﬁ{ ﬁ%@@&m.

ea o orrespondi ng section |ayer (Lm ,
whi ch depends on its distance (Dm) to the reference
8. Me#hast agqrging 1o .clait hod 7awberalthegvicedivhen siordl objdat data sets (0S4

- e BRSO Gl by iRuaLA e set (Rabfioys thsy same matri
streefie &k th@%io%@ﬁﬁélogfam laatavsati(p¥d), observer wi ndow (OW
and the edges of the video hologram 13. Method

according to claim1, where the sections |layers (Lm _
9. Method agrafdifgto amy preceding claion where ithe visluat ebservacwindow (OW) in

ind PfEferla'S <8Pl BSAHRPInTS SR8 PSRRI HLEh Ry
inteavall irdthieheféreh og layerlangdscdtet coniletelbiviinia crecpsbdisity interval.
to claim1, where the first transformation (TRl) is a

Fresnel transformation which conprises the fol'*wng . |
10. Megh§d Seepiingais S Pracding.+ aim lemlmﬁmﬂ%wes lggr o-incides
i ' ' f an original section |ayer
wW?FLEﬂ)eqfvau;ﬁﬁFgl [ r?tqhgﬁ%%gr?@ét or describing spheri cal

waves (F1 mm) , the exponent of said factor depending
11.Meashod hecerding tdclaivoridwhateesaghx objeghjlatansati©S,) is based on the area

of the corresponding section layer (Ln), which depends on its distance (Dy,) to the

reference layer (RL).

12.Method according to claim 11, where the area of each section layer is defined by
intersections with imaginary faces (A1, A2) which connect the edges of the virtual
observer window (OW) and the edges of the video hologram.

13.Method according to claim 1, where the sections layers (L) have distance (D1 ...
Dm) to the virtual reference layer (RL) are set such that the entire reconstructed
scene (3D-S) or parts of it appear in front of and/ or behind the hologram layer (HL).

14.Method according to claim 1, where the first transformation (TR1) is a Fresnel

transformation which comprises the fol'~wing sub-steps:
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original section layer (Ln) and the distance (Dm
bet ween the original section |layer (Lm and a

wo edoenerree | ayer (RL), (ab) Transformati on of PEEEPIN0S013836
cal cul ated products for each object point (Am

AN Mutiplcatcp) sihe senpitove waMerAn(nLcsf)ea/mH bbj bbtéb&ﬁﬂ o an
first fast Fourier transformation (FFT) fromt e

Or'smag sectorslayer dm) vaifea first phase tastordesesribmgesnheyisal waves (F1mn),
thd &éo dtoF s Fabf&r'o‘é%kn%goén rﬂe%cm%h‘éd gbpﬁé%gga’&’t%’}) in the

t Fanstor e secon S€
orlgmd: sédtiorglayphéirni) @ald the\dista(eR (D)) bettMeenempm“r@lnal gkction layer

ai d fac or degendﬁ% on the squared coordinates (X,
anqwatr?\@r?ré‘fee ¥R t)ayer (RL) and the distance (Dm
to the original section |ayer (Lm . 15. Method

ac %gitﬁ'mn‘sfbrmbﬁbmoithé"ﬂﬁfsﬁ:d]élﬁaté@%Bgu&téafB?éQéHTBijEf‘pmnt (Am1

is also a Fresnel transformation which conpri ses

ﬁw) pbtheomlmgalﬁﬁ@t@né@ber (Lenyitviie hplp ofza Ficst fast Feaier

e RGO TEF 195 B4 B 61 B Bher 0

waves (F3n) , the exponent of said factor dependl ng on

t he () Muldglictiondifiiag esud siculated trandfbams €Ag) ende \) with a
bet ween the reference

and the distance fDn)
seq:cg%p f(lsq_}aogqfcpqqq:g bif@ sRjretical wawes (Fdnn). themxponent of said factor
oo AT Efafla LB\ RSBy B e
distarsec(@h) tbdbke ofigimai eecticrralayéo(umu on (FFT) fromt he
reference layer (RL) to the hologramlayer (HL), (cc)

15.dH0h LR ol ol e B AR REA SR o o
Frases tﬁaﬁgformwﬁ wviHiéh tomprid8s %Riﬂéﬁﬁnggéuﬁ-%'té’pé act or

dependi ng on the squared coordi nates In the
(HL) and the distance (DH) between the

hol ogram | a
hol &) Mwltla%tlooa)ea@hd:mex smplitiisiecvalug ¢An) dithe reference data

ool P PhSEE PR 5k pen oL bnen o

sald(faotbd depehdinglon ﬂhie]s‘there@ cabriindic ey, §o)0REhE rref@fﬁr’(beoléyer (RL)
&he phase factors describi ng spherical waves E\'@&O

angt thaslistancedm betwaen the rrfetancelayerd RL) andbetwdpgram layer (HL),
accordl ng to claiml1, where the first and/ or second

querﬁ\%fbHﬂ fich 8f ﬂﬁ%ﬁlh@rcakru?ﬁécfi es t&ﬁé’%{ ?I% cdvﬁéi&damphtude

acc o claim 1
valaas(,é{ epé\m) atithdbe rhedn oﬁg spoomd fasaFoeﬂeDfrahhbrmatlon (FFT) from

uter-ge d. v ohoI a way of iteration:
the}a{)e?%)rﬁgc%ﬂ)%@rzlgﬁ gﬁ eggacrlng%le T"F@z/ from an ori gi nal
t hr ee- di nensi onal scene is
(cc) Multiplication of the thus calculated transforms (H'4 ... H'y) with a fourth

phase factor describing spherical waves (F4,), the exponent of said factor depending
on the squared coordinates (x, y) in the hologram layer (HL) and the distance (Dy)
between the hologram layer (HL) and the reference layer (RL), so to get the desired
hologram values (Hy ... Hy) for the hologram data set (HS) used for encoding.

16.Method according to claim 14 or claim 15 where one or both of the phase factors

describing spherical waves (F1,, F2mn) may be set to a constant value.

17.Method according to claim 1, where the first and/ or second transformation is a
Fourier transformation.
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defined as a target function for the first
transformati on, B) back-transformation of the original

wae eowploeeoanpl i t ude values (A ... AN) of the tBCTEP2005/013836
function to the hologramlayer (HL) to get matrix

18. M%&écd@ﬂﬁ@&o(d’rhlm 1, whith ceimprisesithé cﬁgjkmmgaua -steps for correcting
(HS), derivation of paranet erﬁ %Par w ﬁ’g{
pombvaigeamf the aom@ute(rf@)rler@;pdaflqi¢6g l WaY phftpragion:

(LM, D transformation of the Derivation of

A) gﬁ%?g?éﬁfac‘ v&lﬁ%\ﬁ caogrr%tl ('5(53 (?rﬁeefr?&?g?nél%?ée _dbendiendl&lcene is

ribution ated Tanplitude val ues
(d&ffinéd .as Atdige) funntibrlnﬁar\thelfnnstltranﬁ@'m&ttom ndow (OW,
E) form ng a difference (D) of the distribution of

co Iex dat ed litude val b n
B) &3¢ rgp% ﬁlﬁg orlgu)g%)c pq?’ﬁ%%?”&' %L}\dncl('a‘b R%Of the
! &r @i tergenaeatfiPpolirt values (H1... Hy) of
33@@ ut ﬁ\ﬂbﬁ?é%@é%@&é r|og-|l n)t vggl uesfl(gﬁl .”ueS (HIQI) v
nmmn&:mm@a@metwéb (HL), © subtraction of the
di strlbutlon (DH) fromthe video hol ogram data set

( t

C)iorvaion ot Pareg st B irie Seldratldatpiset SROTH Bolont
Wh@ﬂulbftﬁ rARRbOXMIRt i on accuracy has been reached. 19.
The method of any preceding O aimin which depth

oy SRS e St e et v
rté"p%%atdi&n at 1896986@@[&% Hefed drapitadeiatges (A,... Ay ‘) in the

onal nmensi onal node, dependlng
Oxnrttlélla)bswmrswmdom(loww})lat nmode the user selects. 2
1.Digital signal processing device for conputing

ORI SREATE Y RMRATGI Shpe voues

ee‘i\{r@%ﬂop&ﬁ’éﬂnélmé @Aqa. nﬁlnﬁ)@ﬁtheftar‘gletfuraitlosnectl on
yers , each section |ayer defining a

s, eoee Seia S [ L il L0 s s
l.cul d f bj ect dat t
cHalies FARG. - (AR s Rblcgha ﬁéﬁﬂiﬁﬁ means (TRML) for

conputlng fron1each object data set (OSn) a separate,
G} \@b&amﬁkm obtral distribetion ¢AH) diosn thebwde@hofqgfam Jatersgs (HS) and
obsery

updatlng the hologram data set,
H) repeating of the steps C) to G)

) termination of the iteration when the approximation accuracy has been reached.

19. The method of any preceding Claim in which depth information is the same for all

object data sets.

20.The method of Claim 1 or 19 in which a device that generates the hologram can
switch from a three dimensional mode to a two dimensional mode, depending on the

inputs and/or what mode the user selects.

21.Digital signal processing device for computing computer-generated video holograms

with digital slicer means, which assigns object data defining objects in a three
21
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wi ndow in a reference layer (RL) situated at a finite
di stance (DM , and buffer nmenory neans for buffering

wao eansbéeonéred obj ect data sets, (b) addi ng neanBCT/BE}005/013836
for adding the transformed object data of all section

dilayeionat sx:j@mbbrahanmen@gelrtﬁge‘s@btbmlwag @n ..Ql(‘jL Neach section
B T NN ——
; Var
()P 3ho e e ) G e o

setsfeonéaisiagl ayer (RL), to generate the hoI ogram dat a
set (HS) for the aggregated video hol ogram 22. Device

AR e P R0 SRR Bt s

(0B8R apiphaedta] W@b-ﬁhﬁéﬁél@ﬁwé@ﬁeld%%tﬁbgwn £ a wrtual observer
cont ai ni n%g First multiplication nmeans (M) fo

W!M@W.lrpaye engrelayep(Ri\aiwated aka (fmﬁa/dlsxamcefDu)a,l ang buffer

h first phase
méfoBubeati it ot fled 0Bk th sl Fan) T ihe
exponent of said factor depending on the squared
C oo (hn)i audieg means (WD) fonadding ItI@é paasformedr dgéctadath ¥ afl sectlon
mor RL) and the, |stance to a target layer (R
lay, Smen atg apyNg figld te%afeﬁs %ﬁgméetipmrvebwmdowdata
se% gmng the products of the first multiplication
ans I\/[l) fromtheir original layer (LmRL) to the
tar et layer (RL/HL), and Second nultiplication nmeans
)fS@pondltnaunpfqrmaglonhrmans ari§18) fontrarisfemang dne pbaseer

M EE A i e et

pafaliel & thatreferbAcé NF/er FROE to! ééf%frafer‘ﬂ*)etﬂkﬂo a?ﬁ BBFaeset (HS) for the
between target |ayer and original |ayer. Vi C

aggregsier vigee OéCPme 22, where for the executlon of the
fast Fourier transformations all data sets have a

22. Denv%&{co?%g %5 c?jélﬁlcé £ t@hgﬁé{aﬁfbrﬂgé %tt Ieza}lt l(%é\}nci%&edndently working

traasfmnrﬂtmg nt@ansl (él‘ Rﬂ ,2TR2) fehpeHoimiagueassfamimtidns; shidndslice
i.tal signal processor (DSP) for independent and
Cog*aigﬂlnganeous execution of frequently re-occurring
conput ati on routines.

First multiplication means (M1) for multiplying the amplitude value (An/ A,) of
values of an original object data set (OSn,) with a first phase factor describing
spherical waves (F 1,/ F3p), the exponent of said factor depending on the squared
coordinates (Xm, Ym) in the respective original layer (L, or RL) and the distance (D)

to a target layer (RL or HL),

Fast Fourier transformation means (FFT) for transforming the products of the
first multiplication means (M1) from their original layer (Ln/RL) to the target layer
(RL/HL), and

Second multiplication means (M2) for multiplying that transform with another
phase factor describing spherical waves (F2,,,/F4,), the exponent of said factor
depending on the squared coordinates in the target layer and the distance between

target layer and original layer.

22
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25. Device according to claim2 1, which includes a

mul titude of independently working sub-processors
wokiosleeoepri se si nmul t aneously execut ed transfPCTEP20051013836

routines (TRL , TR2), and a resource nmanager which

23. Deiycmatccaidliryg tasdaign22} Whete fan $fieoexedutionsofrtag fagteRburier
t he avail abl e trazNaforrmtl on routines

tra&@% \Iﬁ’lgﬁ‘%??#t ata setnbayr agumbgs (N) pEdisgretersatsinoint values, said
nu‘PMéK{N) Behd 45 8th nggfeoggl e to sinultaneously execute

| east a certal h nunber of transformations. 26.
DeV| ce according to claim2 1, which is a
24. Depige aceardingdp qdﬂlﬁtéé,swhlChonCIsdemamwamharmehﬁlgttatslgnal processor

(O5) EpRELEHAT AR SrifaBediRrseditich pilfeq ity feceuring

coalyjudstiorfl edLaingst control ling means for conparing the
contents of corresponding object data sets (OSm in
hol ogram computations with different original object

25. Deyigeqt Cardigde rle’I'B‘ &Laick in¢ludes 2 angtividenef lb@@pefmqntly working

suBiBes S8 pith ESphEE shiiadlb i ERR ed HANFBNDRAEN routines
(TRéyTRR),zarwba désuyrte ntdredger vkich wivearaioatis a@lé:l:?ﬂb |tr/1@lf:r§hbﬁ>rmatlons
wayes m n

redu3iEet o5 pIRRJRSE Gl i B fArsd o oUsges Beppading on the
i g LA T
executerad leagia Gertmmi/rmmbmmf trapdforanations. sel ect s.

26. Device according to claim 21, which is a multi-channel processor for simultaneous

computation of the hologram data sets (HS., HSg) for both eyes.

27.Device according to claim 21, which includes object data set controlling means for
comparing the contents of corresponding object data sets (OS,,) in hologram
computations with different original object data, in order to execute like
transformations only once in one of the two signal processor channels and to co-use

the transforms in the other channel.

28.Device according to claim 21, where one or all of the phase factors describing

spherical waves (F1mn/ F3,, F2mn/F4n) may be set to a constant value.

29. Device according to Claim 21 adapted to switch from a three dimensional mode to a

two dimensional mode, depending on the inputs and/or what mode a user selects.
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