Het erocycl i c carbamate derivatives, their manufacture and use as

phar maceuti cal agents This invention relates to heterocyclic carbamate

deri vati wee 2odvalse91phi bit the activity of protein ki nasepcTiRP2@05p133¢cESS foOr
t heir manufacture, pharnmaceutical conpositions containing themand their
manuf acture as well as the use of these conpounds as pharnaceutically
active agents. Background of the invention Protein kinases are enzynes that
cat al yzg pipeHbRoR €OMIPUTING IS It Scap from ATP to an am no acid

resi due, such as tyrosine, serine, threonine, or histidine on a protein.
Regul ati on of these protein kinases is essential for the control of a wde

variety Wncluding proliferation and mgration.
Inappro%&{:@ébmgﬁ/ﬁﬂi%w%ﬁ@ﬂe ki nases is known to be involved in a
vari ety of disease states including inflammtory, immunol ogical, CNS

‘di sorders, or oncol ogical disorders, or bone diseases. See for exanple
Sus®a, M, dtield of thgirvamdiorhar nacol . Sci. 2 1 (2000) 489-495; Biscardi,
J.S., et al., Adv. Cancer Res. 76 (2000) 61-119. The tyrosine kinases are a
cl ass ofhemveation kelatesds.a Meth@i of camplingvaihdiogransils partidulart, itlrekdes 8 ght

nb S k, FEgr, Kk d K i Ci i
Var ot y2 bretod At Bengabg Melkaramssidt bestoui el FlerySToladel s ¢
pr ot ei il rSbafsikg RaRfutd fe?domfag{dﬁn%in rédlGRARENR. yre(:éﬁsqtﬁ_)cl:ted.

1463-1 The prototypi cal nenber o I's tyrosine kinase famly is Src,
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cancer SsrecBnstrudtiobsdt poirt @y dledSficalRedttectingithe GniSilideadd)or \phaséo9aH)
tunors. Highly inCreased Src activity is also associated with netastasis

(>90%) iHuwminssivg lighd gt an apayiis arfesn of spatialdight madsdates (kM Hhef col on

tunor c [ ' Mot 5 . h £ f - 7
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Fur t hergBntiduoud ShaWliihcladinigoa coatinwdue SMagith natek coetreltéraan Src al so acts
in stress response pat hways, including the hypoxia response. Nude m ce

st 18 esARM (RcoystoplimBlodsiates. expr essi ng anti sense Src nmessage have
reduced vascul ari zation (Ellis, L.M, et al., J. Biol. Chem 273

(1998) 1A 5pitalis display dewice g geeenstiushvidsodalegriams by spatiallamplgude

anti -anagi i S I ant k- praliferati r } s\cadherin
2ssoci dreadaef of &P hefSul: k@S hntl BRI AERETS Col ' i o.
4 (2002)0@eveb B8} invanitiow oapl £1so barapptiedhé ofiier domiiollabley dévicass Nitsich 06

di sruption thereby reduci ng cancer cell netastasis (Nam J.S., et al.,
Cin. cehasentlight fgr modalafing alightyawe fraitc i nhibitors may prevent the
secondary injury that results froma VEG-nedi ated increase in vascul ar
pe2@eabil ity such as that seen following stroke (Eliceiri, B.P., et al.,
Mol . Cell. 4 (1999) 915-924; Paul, R, et al., Nat. Med. 7 (2001) 222-227).
Bl ockad2 of Befinitiwreovthesnsiand@ackgraumdCohbeptsonpl ex i nvol ving Fl k, VE-
cadherin, and b-catenin with the sanme kinetics with which it prevents

VEGF- nedi at ed VP/ edenma and account for the Src requirenent in VEG-

ot SRS $ABAFoRs] derpy e bSOt Bl B Bl
et al . ,pidel i€isepardtelyextdresseql andoantraigsl 1994 )discrete value of a hologram point.
25 Each pixel represents one hologram point of the video hologram. Hence, for a LCD,
we use the term pixel to correspond to the individually addressable screen pixels. For
a DLP, we use the term pixel to correspond to an individual micro-mirror, or a small
group of micro-mirrors. On a continuous SLM, a pixel is a transient region on the
SLM that represents one complex hologram point. The term pixel therefore means,
30 atits most general, the smallest unit that can represent (e.g. display) one complex
hologram point. To achieve colour encoding, each pixel may comprise sub-pixels for

representing or displaying the colour hologram points in each of the three primary
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Src also plays a role in osteoporosis. Mce genetically engineered to be
deficient in Src production were found to exhibit osteopetrosis, the
failure twonesashwibone (Soriano, P., et al., Cell 64 (19eT)kPe@3/07£329 Boyce,
B.F., et al., J. din., Invest. 90 (1992) 1622-1627). This defect was
characterized by a | ack of osteoclast activity. Since osteoclasts normally
express hi gh | evel s of Src, inhibition of Src kinase activity maybe usef ul

37! e ghIoRR r%ng?%ﬁ?l%’? [RF6idd6 SR3FAM dMoodiig, MirtherzpRéis(Ha9)
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are known as kinase inhibitors from WO 03/ 035065, especially as inhibitors
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for rrul ;h‘% Q\@%&Qf‘thﬁﬁ%ﬁﬁoﬁ Y
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al kyl groups are optionally substituted one or several tinmes by halogen

hyd -
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phenyl group is optionally substituted one or several times by hal ogen,
al kyl , vea)ktbbaj? Jeads todbe seeansiiuciad objgrbringtvisiblgItrdhg obserpRIpON® i s =CH or
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parti clry |s~°ré§oﬁ§tmdta’d Insidesa freiskimalsat streichied betveearttierarigesiufitké or e be
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st %es ‘for each eye. More sophisticated observer window arrangements are also possible.
It is also possible to encode video holograms containing objects or entire scenes that

the observer can see behind the SLM.

The term ‘encoding’ describes the way in which the SLM is supplied with control
signals so that coherent light passing through the SLM or that is reflected by the

25 SLM, reconstructs a three-dimensional scene.

A ‘light source’ according to this document is considered sufficiently 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.
Spatial coherence relates to the lateral extent of the light source. Conventional light
30 sources, like LEDs or Cold Cathode Fluorescent Lamps, can also meet these
requirements if they radiate light through an adequately narrow aperture. Light from a

laser source can be regarded as emanating from a point source within diffraction
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Compounds of the present invention may be used as active agents in the
prevention and therapy of, for exanple, transplant rejection, inflammtory
bowel symsioanw/ossd1eunat oid arthritis, psoriasis, resten®STEP2@5I0€38g9 C
asthma, Al zheinmer's di sease, Parkinson, stroke, osteoporosis, benign
hyper pl asi as and cancer including colon, breast, |ung and pancreatic cancer
and | eukem a. bjects of the present invention are the conpounds of formula

| and ' %’bﬁeéth?ér KMoV jEFIinGsf orms, the
pr epar ﬁﬁﬁ%gﬁg&é@%ﬁ%ﬁe h one oftrrtglgu neder canments contai ning them
and th¢é¢oﬁmmu¢tatamaqocamm|h diffractien limitsof t he above- nenti oned conpounds

in the control or prevention of illnesses, especially of illnesses and
di sorders as nentioned above or in the manufacture of corresponding
nedrcanents Det ai |l ed description of the invention As used her the term

"al ky! 'Lightdrem @ spetigHuinaohesentsogree isHataralbr eﬁﬁaﬁeﬂé&ér%liﬁeﬁﬁd? 565}90%
conLai ny n%rf I tp'retrgconst f& Bgﬁlcy T%eoéejcirtege/ftﬁrbmﬂﬁu?yl @?n'besa?lljhg @ﬁléﬁa@ wyl,

et hyl , I'sOp ropy erein, t he

term?” Qhé‘@xdaddr%@ireiz@of ah Iobljecgmtm resonﬁrfucmﬂahbgmmmsiﬂion dn coderdot ed vi a
an oxygen (-O) atom As used herein, the term

a*l Kyl éetcbon%lh Teans an
al kyl gﬁ@@sﬁ%t'ﬁilé!fm?@??rﬁ%wrﬁﬁ|f%rhh‘?|99'i?6'nﬁ@E?’é‘cﬂc\ﬂ a 0B Nas la D€ seq
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group.” I'f said al k% group is substituted
one or Asemailet apentws ﬂegulhalrorgmrpved spathimheramejamh ence lpwarsge f | uori ne
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“hal ogefy f’e‘?'maFEMial spatial LR I% IR desorbeuchrplightadussd.i ned above
which is substltuted one or several tinmes by hal ogen, preferably by
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ti mes by pre era uorine or chlorine, especially fluorine.

Exanpl ethed8ldVds bropmrhmmal rhoxiye wawerehuth ovhichexganshat only @ monee@matio,

fl th Kk | 1
Phel ogevuras Wik lsgohiercbshArhd ghe T A it R B endd SebEliTn.
prefer G\JWuMe{\1 H%rdb%enea'dﬁljéa%mts kiharEreareachriBlged obfet rasbrfstmcﬁmmsa and
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eny
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equations. Transforms such as Fresnel transforms (or the speoial class of transforms
known as Fourier transforms) are second order approximations, but have
advantages; because they are basically algebraic as opposed to differential, they can

be handled in a computationally efficient manner, also, they can be accurately

30 implemented in optical systems.



carbocyclic groups are cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cycl oheptyl, preferably cyclopropyl, cyclopentyl and cycl ohexyl. In the
defi ni ti omoabodRb6919- Y- cycl oal kyl is preferably -Y-cycl opcompkoosiomsrhe
definition of R2 , cycloal kyl is preferably cycl opropyl, cyclobutyl,

cycl opentyl or cycl ohexyl; nore preferably cyclopropyl, cyclopentyl or
cyclohexyl and still nore preferably cyclobutyl, cyclopentyl or cyclohexyl.

The tergn h%%%gﬁ@&’l' )ij e@é{ﬁ\rﬁ sat ur at ed, m)nocycl i ¢ hydrocarbon ring with

5to 67Tin con ains up to 3, preferably 1 or 2 heteroatons
sel ected mdependently fromN, Oor S and the remaining ring atons being
carbon atons. Such saturated heterocyclic group can be optionally

subst i tAIpevisHER df(3D—bu&%téﬂeﬂﬂéﬁop|pr<ﬁ§[ﬂay?d)hsﬂngImenoenmcm‘albptl&s isoy nfignatohal kyl
or (G-C4)acyl, which are defined as above, fer abI nmet hyl or acetyl.
Exarrpl é@tweee@amlbztlufmmon@@rwmmed@tﬂ%afs §r'@n§> Fftﬁ/wﬁ r@'\‘/ the one
ol
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pr ef er %Ré&éﬁ@ gu %Iéé)r nd'e h &e 5B&s Qrfﬁf'ﬁna t'ﬁwé%a%éé‘aﬁﬁﬁs‘:ﬁét@ﬁ If RLis

het er oaryl Is  optionally s stltute one or several tines,
pref er Mtweenseemgtmb;ecusraisarb‘ﬁ‘aey depifoacttevest by paraliax inforaatieniasd the

Forife. clecoanedRRg|Aidasaes ped AahY muisec e RubBBE e orushil CTve ©

of the [dpENdrfeeliig arRK feg, def Ain the def|n|t|on of formula is =N-,
t he imd-g)%ge part gf py%?@y -~ imdazole ring systemof fornmula I can exist

1t AULPERIGS AbPach. SRAMYNES nishaundacshedt IFaaRhethe | nvent i on

are the conpounds acc Ing t fmula erein I's =N-. Anot her
enbodi a0 00/95018, msa/aritalcomam mattiive s gppligolumitts aa:uxeimttem Df)ccbrmtrcvﬂﬂwe I,

wh A = di
acﬁgreéln‘?r&f{'riﬂ% S A st TRRSTEFS o bl NS e ecsoainds,
i S( %) Zﬁhggﬁ_ ) a e d?'édnﬁ?enﬁ@ﬁél%tere@é@&k‘dldiﬁéﬁ qRecdifitactioPfiopt eiecycl yl

or Y-cycl oal kyl; wherein the alkyl group is optionally
subst i tsmaldzlopemngs isesed to raomwstrumythbéfbgeane hihe vaye fintsmeraingitom

al kyl a di al k I I

nvent | bR SReBgsC e ueb Rebur Bl S seePRdtesSe FRREFATT e Mo ory
group Opjhd 9H\%'Iléyth'étﬂl§ﬁ1e&éﬂ@lfbp’érﬁrgé1@ﬁm€behblo mmatﬂxtam trasi the pitch BeOH

het erocyclyl, -O heterocyclyl O 2NH2, - X-al kyl or-Y-cycl oal kyI wherein

the al kipfgerristhe diffragioncanglé yThatmussataéwd@néewmgs@séﬁ for themse ytheal ogen,
hy%r Oxyébselr\ifé)rx &onsg]qﬂgnﬂy, enlarging the viewing angle requires improved resolution.

The document from N. Fukaya, K. Maeno, K. Sato and T. Honda; “Eye-position
tracking type electro-holographic display using liquid crystal devices”, $36-5, Post-
Deadline Paper Asia Display '95 describes a method to expand the viewing zone in
an electro-holographic display by eye position tracking. The document suggests that

25 itis not necessary to project light from a holographic array into the whole area where
the observer might be located. Rather, it is sufficient to restrict the illuminated area to
the observer's eyes. Therefore, a large hologram array is divided into small pieces of
separate holograms, each encoded with a pair of small holograms, instead of a
single large hologram. That causes an observer to see the same 3-D object as if from

30 one large hologram; each reconstructs the object and its viewing zone corresponds
with each eye position. If the observer moves to another position, the observer gets
the reconstruction and viewing zone from another pair of small holograms. This

restriction facilitates the use of SLMs with significantly lower pixel count.
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al kyl am no, dial kyl am no or al kyl sul fanyl; and A is =N. Another enbodi nent
of the invention are the conpounds according to formula I, wherein RL is a
phenyl grwopo@ptsbanal |y substituted wi th hal ogen, cyanoPCHiEPR@S/08387NO,
-C(OOH, heterocyclyl, -Oheterocyclyl, -S(O 2NH2, -X-alkyl

or-Y-cycl oal kyl ; wherein the al kyl group is optionally substituted one or
several tines by hal ogen, hydroxy, al koxy, amno , al kylam no, dial kyl am no
or al kylsulfanyl; and Ais =CH . Another enbodi nent of the invention are

t he conpounds according to fornula I, wherein Rl is a heteroaryl group

opt i ongbl traskibgtthé wbedrveir'sHateadlq¥eYi) movement sartontrollabie scaymihg Imigor

-Z-al kyl ;. wherein the alkyl group is optional ubstityted one, or several
t : rkrels EWJﬂ@]%B@r‘iQW?WG@L,Mégﬁ'&gpS%Wieﬁﬁ Cyes t% g'ﬁf;g'&g #iogﬂsﬁ{/‘feirﬁ no or

al kyl s : o :

accor altngtiéinal CABGEERE BCL Ty ardly S e e Ty
subti L= with hal ogen, nitro, am no, heterocyclyl or -2Z-alkyl; wherein
the al kyl group is optionally substituted one or several times by hal ogen,
hydr oxyhealdowyentanéimivns @bwidthasfithe rechrstricgtiamion 60 onmaliydtsiésiitayh 2 and A
I's =N-. Anot her enbodi nent of the invention are the conmpounds according to
f or nul &elativelysmallkangle i whighethe W?“ﬁt’%[ﬁj“%ﬁ?‘fl-onal |y substituted wth

hal ogen, nitro, amno, heterocyclyl or -Z-alkyl;, wherein the alkyl group is
opt i ond digadvaniage of this srethed issthad manufagissing\@ helpgw@phic atray W?Fa'@ﬂgoxy,

am no Kyl am | ] . . =

embodi liokPeldte hdl (S HRT Sep AR FREA Ras ffte vbedy Aot e
wheg ei pRAtpIe rabbistrudiivne @f s edmel dbject pdikieofid 3Daddeneydarobe sgehoshady| . An
enbodi nent of the invention are the co gfmds according to formula I,

wher ei HimRgs the sizegt therzhiM gawdhenreaingygize a1 KerngISClal kynyl or cycl oal kyl ; and
A is =N-. Another enbodi nent of the invention are the conpounds according
to for nmiosder, towadues therenorncuskypumbaapbermptiations kye patant sperificali®yny| or

ool 02K 6 BB AP A T AT RAEBH oty I BARO 8 i e
hologram that can be seen directly by an observer or such parts that change. The
15  electro hologram array consists of addressable sub-regions. The calculation is
founded on a so-called effective exit pupil, which can coincide with the eye pupil of
the observer in a specific position. If the observer position changes, a tracking device
re-calculates the hologram part that generates the image for the new observer

position.

20 However, this partly nullifies the reduction in the number of computations and the
described solution does not avoid the disadvantage to need a large controllable SLM

with extremely small pitch.

A device described in Document WO 2003/021363 (A1) for reconstructing computer-
generated holograms decreases the requirements on the SLM by restricting the

25  reconstruction to a horizontal-parallax only (HPO) hologram.

The illumination means is a line light source which generates monochromatic light
with a bandwidth of less than 10 nm and which is coherent in the horizontal direction
but incoherent in the vertical direction. The holographic reconstruction takes place
only in the horizontal direction, whereas there is no holographic reconstruction in the
30 vertical direction. This results in a reconstructed object with horizontal motion
parallax. The perspective view does not change upon vertical motion. A HPO

hologram requires less resolution of the SLM in the vertical direction than a full-
5



Rl is a phenyl group optionally substituted with hal ogen, cyano, nitro,
amno, -C(OOH heterocyclyl, -Oheterocyclyl, -S(O 2NH2, -X-alKkyl

or - Y- cyclwel2kydasember ei n the al kyl group is optionally watlr&Imea/tOe:{#H)ne or
several tinmes by hal ogen, hydroxy, alkoxy, am no , alkylam no, dialkylam no
or al kylsulfanyl; and R2 is al kyl, hal ogenated al kyl, al kenyl, al kynyl or
cycl oal kyl . Anot her enbodi nent of the invention are the conpounds according

to fornul : ' I : t with

nal ogeRor e SER. 1ide Sy fRog i neRE ARl ioy HIREOH S, 111 (o)
2NH2, hirigbitally.OThelcomplistionnl loadtie detreasked fat aye-dignensional loyet i onal |y
substltut ed one or several times by hal ogen, hydroxy, alkoxy, amno ,

al kyl afiPlegragnsal kyl am no or al kyl sul fanyl; R2 is alkyl, halogenated al kyl,
al kenyl, al kynyl or cycloal kyl; and Ais =N-. Anot her embodi ment of t he

i nvent iToe docament %Wﬂ&&G éB'@éﬂ'@kh@?'@'@Sft@rquﬁ‘t? W@PWCR is a phenyl

Perhr oapgRrEmY nRYRG iR fotiably BRgREdrac A s by RS fopfire
wher ei holdifai iqy-ra@r@mwhhdq pthalograbliicsstergdgrareid emceded. Adhreeal times by

hal ogen, hydr ox al koxy, am no al kyl a no, | aI k o _or
al kyl s@|lman§|pnai¥@b16§tq13@;ﬂne Iﬁ&ﬁ@%ﬁ%@ééy @?!Ze %{ﬁcw ¥Ryl or

cydoal %egg@ Qhélﬁgga?ﬂ'c wé‘ﬁ@ pﬂHO ?Bpfrgﬁ' ?eﬁnsir‘&%téd’c\lfaﬁ'a‘?féyare the

conpou 1 I's a heteroaryl group
opt i On&l:lohyalﬁmb%td-ttalteelmmplhelsaiawg@a stmt:twse differaot fromt 2 knewo ppxelor

-Z-al kyl ;
(1 485 BYuRIBgBAMATE B eSO e S RIS é'Ptf%?@?d%@rgﬁ'ﬁﬁLeosevera'
al kyl S%gpeg Rﬁg%ﬂg r%ﬁg%éfdﬂle r@@éd&%@éﬁh‘é [y taphtd gtéfbdgraﬁis or

cycl oal ky i ment of the invention are the conpounds accordlng
to for nmﬂeefeﬁencdmt&rns &t one cil meredmageysurtpossghabanespatially digtiset framed with

hal ogen m het erocyclyl or -Z-al kyl; wherein the al kyl group is
op_tlonaﬂ‘ﬁ3 Ll%@'?"‘i ‘U’F%‘t? one or several tines by haI ogen, hydroxy, al koxyl,O

am no , al kyl am nqg, di al kyl k | f
21yl . EIAYioe PEARgR,ACT BOE Ba143 P! PURIEAV TR 2 TYEBEE ERBBG nent of
thq 'nvs%@ e3Brdif %O%li? RIRO HBloRraRH eI r‘é%oh@truétéml'rlnégé plAY. &figR1 is a

het roary grou y subst'tut
software, the image plane can be specnfled at any Iocatlon off of the hologram plane

and populated by a variable number of projector-pixels. Further, in a specific
embodiment, the hologram surface and the image surface are separated by an
adjustable distance. The image surface may be a variable depth and/or resolution.

20 In contrast to the pixels of the above-mentioned SLMs the holopixels have a very

complicated structure and can reconstruct several holographic views.

Due to a reduction in the observer window to an extension that is just slightly larger
than the pupil of an eye, applicant’s former patent application WO 2004/044659
reduces significantly the requirements on the pitch of the SLM and the computational
25  load of the holographic array. The device contains at least one light source, which
provides sufficiently coherent light, a Fourier-transform lens, and a holographic array
with a matrix of pixels that each contain one or more openings. The phase or
amplitude of each opening is controllable and an observer plane is located in the
image plane of the light source. In the observer plane, at least one observer window
30 is formed in a periodicity interval as a transform of the video hologram, the observer
window allowing an observer to observe a reconstruction of a three-dimensional
scene. The maximal extent (i.e. X, Y dimensions) of the observer window may

6



hal ogen, nitro, am no, heterocyclyl or -Z-alkyl; wherein the alkyl group is
optionally substituted one or several timnmes by hal ogen, hydroxy, alkoxy,

am no, alwglaewmeey19odi al kyl ami no or al kyl sul fanyl; R2 i sPpalripkioshaisegenat ed
al kyl, al kenyl, al kynyl or cycloalkyl; and Ais -CH. Another enbodi nent of
the invention are the conpounds according to fornula I, wherein R2 is
phenyI?IkyI wherein the phenyl group is optionally substituted one or
severa at ed

al koxy Oc%rfé(;%gﬁgloxﬁé g%ﬁ&amﬁ%m ofa‘?1 hte |n%%%r?%ﬁgﬁﬁt%gﬁ%%wlgg%accor di ng
to for reqlavalenwmethelmmaaé plane biting light gburosh.oh secongirictioe fiistumn strgtghes

Pal ogoreRBESHINRy FISHY AER AN PRELye oI s S cSugiingfhel e

enbodi ngitfre Qﬁrebttﬂnié?\‘éﬁiﬂdl QBerié Of Emleéérh@w@tﬂémaws) héliedidalisvef menyb@erl/er
wherein R2 is phenyl al kyl, wherein the phenyl group is optlona
é@tﬁat ed

sub$t i twindowoiadinttedsiowasichpositiored by relationderbservesis eyas dppendix Ib

al kyl enat kgxy . or ¢ 0 t of
fhe’i nERTROASEHa eha' hbBoRas cattof B 0bd rgPhe: e MRngP AR AR
phenyl @ﬂlﬁihﬂh@l@bb;@é‘@\‘fﬂé preeeht inveaAtiow t h hal ogen, cyano, nitro, anino,

-C(OQ OH, heterocyclyl, -Oheterocyclyl, -S(O 2NH2, -X-alkyl
or - Y-cycl oal kyl ; wherein the al kyl group is opti onal | y substituted one or
sevelrzl ti Imfas by hal ogen hydr oxy, al koxy, am no , al kylam no, dial kyl am no
or al ky} su k wherein the phenyl group is
optlona+l y sﬁ%‘%ﬂm% 8@%@8%@@‘?@’?}5’:&'??@3 by hal ogelr[: alykylg alokoxy
hab@genat ed al kyl, haI ogenat ed al koxy or cyano. Anot her enbodi ment of the
i nven

tion arelthe cgrrpounds according to formula I, wherein RlL is a phenyl
roup optiona tituted th Q) OH,
get elroocgemmon Oagﬁér'ééyf@?%f&o@ﬁ@fgmHgﬂf Wﬁxgﬁﬂ% &éﬁpb&%&% gg?’?ﬁ% erein

the al kyy cghérent & bsmealdﬂr AtREUES. LF&G!hQﬁ@u bs& ey epatialllighes by hal ogen,

hydr oxy&a? a%?%o , Pam no, di al dy anr?no or b | Kyl gul fanyl ;
modulator (SLM) dlsplays a wave pattern encoded on the SLM (WhICh may be a
holographic array). The encoded hologram is the transform of the 3D scene. The

15  SLM diffracts the light waves provided by a backlight and reconstructs the scene.

Fundamentally, the displaying of electro holograms, in which the holograms are
sampled in hologram points, leads to a problem. Sampled holograms always have
the property of periodic repetitions of the encoded wave pattern in periodicity

intervals in the observer plane. These repetitions will cause multiple reconstructions

20 of the same object or object points.

If the dimension of the reconstruction of the hologram exceeds the periodicity
interval, adjacent diffraction orders will overlap. As the resolution is gradually
decreased, i.e. as the pitch rises, the edges of the reconstruction will be distorted
increasingly by overlapping adjacent diffraction orders. The usable extent of the

25  reconstruction is thus gradually limited, because an overlapping of periodical
reconstructed observer windows has to be avoided.

The viewing zone of a SLM depends on its maximum diffraction angle. The maximum
is defined by the pixel pitch of the SLM.

As is generally known, in Fourier holograms the scene is reconstructed in a
30 reconstruction plane as a direct or inverse Fourier transform of the encoding of the

pixels of the holographic array (i.e. object reconstruction is at the Fourier plane of the

7



R2 is phenylal kyl, wherein the phenyl group is optionally substituted one

or several tinmes by hal ogen, al kyl, alkoxy, hal ogenated al kyl, hal ogenated
al koxy orwoyarmesand A is =N-. Anot her enbodi nent of thecCTmpreovsiomss7are the
conpounds according to formula I, wherein Rl is a phenyl group optionally

substituted wth hal ogen, cyano, nitro, am no, -C(O OH, heterocyclyl,

-O heterocyclyl, -S(O2NH2, -X-al kyl or-Y-cycloal kyl; wherein the al kyl

group | t | tu : : t i i e XY,
a1 oy e e FeahsUERA IR PoR FRrcBRARl 3 o TR ergaicthe SHERexY
phenyl af &xid, pesoeicityrinteneal edmy inverselp prapartionaltathe piebpiich it e one or
several tinmes by hal ogen, al kyl, alkoxy, hal ogenated al kyl, hal ogenated

al koxyhglogéwﬁﬁ,:‘_r@hfd A }s =CH-. Anot her enbodi nent of the invention are the
conpounds according to fornula I, wherein RL is het eroaryl gro

opt i on¥ilagges @l@ﬁlpdmglv @@tewalmanéﬂlalg%area’ﬁe&Y'éwlwfﬁﬁ?s RER &9 %é&h?ﬁvegfthe

-Z-al kyl - . £i IS i : j I
tirbs BRSBTS EbE o aPRESUCpREIS SGq i e HbaRyate By pTer @
al {<yl S @Ffr@%ydl%s?_rttd tIf@ (\j/\iailelﬁr@’ﬂiy b&tHQ/illlumMEet' ingj lightt HEhep Ay larga ouyst ibe

optionally substituted one or sever ti by hal | kyl | k

hal ogeRtffisierdlydgige 'Hé?rgﬁ'éﬁ?al?%égﬁ ’qu%gog$tp@§5¢%¢ S%EﬁggﬁgT h%&)&m rr:nt O)(;]Y, t he

i nvent i | i I iRl if

net or o Sotafis (iRl BTBT diHiaREraR) i  MIOKIRICarapfreldtia) king o2

het er ogyeatylurober of-pixedgl ; wherein the alkyl group is optionally substituted
one or several tines by hal ogen, hydroxy, alkoxy, amno , alkylam no,

di @d()) k{!@ﬂrﬁﬁd@ngﬁ\ﬂhfxfatuh%tmionsw él@ctmwllaasi;agmlrksy,lba sufficieetiy large vigwingl gr oup
is optionally substituted one or seyer ti hal ., _al kyl k ,
hﬁilj ogeﬁan@dnwt@ﬂ pr_omﬂas’g@hﬁ?@\éﬁf&lqsaé‘kEog’ﬂf%@ﬁ&%[faﬁﬁdﬁﬁqg%evo@&oﬁ&ﬁﬁ% i
enbodi ' i ' t ,

wher i qater & 1ebREne B R Rafo hiEn oY pras pRLnee R LT FNeSL 1o,
ani no, Gwstigreegwhse and high edrkpltatiohal speedshareaidegdeddo@ajculatedpe iegenitq-y

substituted one or several times by hal ogen, h ]
hologram in real-ime. Y gen, hydroxy, alkoxy, amno

15 The computational load on equipment that generates holograms in real time depends
on the complexity of the holograms. A full-parallax hologram reconstructs an object
holographically by coherent superposition of waves in the horizontal and vertical
directions. Given a sufficiently large observer window or observer region, the
reconstructed object can be seen with motion barallax in the horizontal and vertical

20 directions, like a real object. However, a large observer region requires a high

resolution SLM in both horizontal and vertical directions.

The requirements on the SLM and the computational device (e.g. dedicated ASIC,
main device CPU, separate stand-alone device etc.) can be reduced by restriction fo

a horizontal-parallax only (HPO) hologram or a vertical-parallax only (VPO) hologram

25  If a horizontal-parallax only hologram is used, the holographic reconstruction takes
place only in the horizontal direction and there is no holographic reconstruction in the
vertical direction. This results in a reconstructed object with horizontal motion
parallax. The perspective view does not change upon vertical motion, A HPO
hologram requires less resolution of the SLM in vertical direction than a full-parallax

30 hologram. There is only a periodicity in the reconstruction direction, i.e. horizontally.

The computational load is therefore decreased for one-dimensional line holograms.



al kyl am no, dial kyl am no or al kyl sul fanyl; R is phenylal kyl, wherein the
phenyl group is optionally substituted one or several tinmes by hal ogen,
al kyl, alwoxyge/dtsediogenat ed al kyl, hal ogenat ed al koxy or pcyape)osams7A i s
=CH . Anot her enbodi nent of the invention are the conpounds according to
formula I, wherein RL is a phenyl group. Another enbodi nent of the

I nvention are the conpounds according to formula |, wherein Ris a phenyl

group; \Sar (ﬁnp mﬂ% » |0 nmpounds
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propyl ester; (2-Phenyl-3Himdazo[4,5-fr]pyridin-6-yl)-carbamc acid
tert- buﬂe‘iﬁef\é%ft‘&'u“,“t"?: Phenyl - 3Hi ni dazo[ 4, 5-fr] pyri di n-6-yl)-carbanic acid

, 2-di met hyl - | : : e -
(22-2 Phla%thg\@&ho %&r@ﬁ% gﬁ@ﬁﬁﬁ? inglagramg| acconmiishiayederessing (i adardpg

ester; tf'éééﬁgﬁﬁ% cg&a{ltar’?‘ezg; 40@:6{:{5%%%/%&;0 i n-6-yl)-carbam c acid sec-butyl

ester; azol 4, in-6-yl)-carbam c acid ethyl ester;

> 21111 iRy BTEH AOHE el e Bbodier bidwe bt oiiniRoRl SsPtbmehreraehic on are
t hecorgisplags isxmuendamner tivarf hicpll of theleyedi.o. Mt tve RddRstttedsbigst and R2
is al kyl or halogenated al kyl; and Ais =CH . Such conpounds, for exanple,

I
may be GAH R B8AN CPHRFHNEVES diRige @aaks A erssuence is that much effort is

22 Ph ' ' ) ! ) ) . — | ter:

(2- Phortedct] iR lignanioedrs piing shabe il oliater SI8CREE, | 51 21y,

est er; TherBfweythe pérformanice[r2qBirdéd forrtheiwhdle gldctmahdlagraphic didpliyisitb est er;
ridin-5-yl)-carbam c acid isobutyl ester.

%gt ﬁgrcggﬁ%ib%gﬂ@pgaﬁwai@%%ﬁ%%%wem RiGhhe” conpounds according to formul a
'15  Given a sufficiently large observer window or observer region, the reconstructed
object facilitates motion parallax in horizontal and vertical direction, like a real object.
However, a large observer region requires high resolution in both horizontal and
vertical direction of the holographic array.

One known method to encode a hologram is by using a conventional liquid crystal

20 display that modulates the amplitude by known Burckhardt encoding which is based
on the detour-phase effect. The encoding needs three neighbouring sub-pixels per
pixel and primary colour. This encoding provides three categories of diffraction orders
called -1%, 0™, 1%, 2" 3" etc. diffraction order. The first category, the 0", 39, etc.
diffraction order contain un-diffracted light. These orders do not provide any

25  reconstruction. The second category, the 1%, 4", etc. diffraction order contains the
reconstruction of the encoded object. In contrast, the third category, the -1%, 2", etc.
diffraction order contains the reconstruction of a depth-inverted object. That means
this reconstruction is incorrect. A correct reconstruction contains the 1%, 4™, etc.
diffraction orders only. Due to the finite aperture of the LCD openings, the intensity of

30 the diffraction pattern falls off towards higher diffraction orders. Therefore, it is

advantageous to locate the observer window in the 1%t diffraction order.



wherein RL is a phenyl group; and R2 is al kenyl or alkynyl; and Ais

=N-. Such conpounds, for exanple, may be selected fromthe group consisting
of : (2- Pheoybecdided1m dazo[ 4, 5-fr] pyridi n-6-yl)-carbam c &cirarasosylssest er ;
and (2-Phenyl -3Him dazo[4 5-fr]pyridin-6-yl)-carbamc acid 1-nethyl -allyl
ester. Anot her enbodi nent of the invention are the conmpounds according to
formula I, wherein RL is a phenyl group; and R2 is al kenyl or al kynyl; and
Ais = i v GIEP i hvaEAFHERh t up
consi S%}pgerr?}t!féftelg_ PhenwﬁYIEI%gyryr ol o] Z&gt g??o?ﬁg?%hgﬁﬁécg@g}gmh?ﬁéﬁd al |yl
ester. adjacewtdifrastionrardersofike the 1H'handnr1Sdifractiorcondesufhis sizecafregichg t o
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ester; an I mdazo pyri din-6-yl)-carba
cyclohesyh-pixel pitch.Anot her enbodi nent of the invention are the conpounds
according to formula I, wherein Rl is a phenyl group; and R2 is cycl oal kyl ;

and A i As Hidlobjeshizt reeonstnidetdd wentectlf irt the 1°hdiffiradtiom erder bhiy, tenpbsaider
according to formula 1 _ wherein Rjs a &hggyl c?nrlou ; andR i s_phenyl al kyl,
wher ei nWtﬂﬁ’@“bF@h9PV"g[rU§§fit§eBEE'P@)'HEY infelvah EiirrtQhte Pesavisgrthe sizsy afi thei nes by
hal ogenpe ché‘ih/ in?ér@?(éfcipé(]ﬂso&fﬂ%t\ﬁgvééhgﬂh’oﬁﬁé%ﬁﬂﬁ%ﬁgnﬂb}ﬂ%, fr S¥éo: and
Ails =N-. Such a conpound Is for exanple:

( 2- Phengologtamsithimgiap of thé oppgmvedimnddw is) linded by the shoitdstiwavelengthedthy|
ester. fAnot her enfodi megt of the invention are the conpounds according to

f ortHul athe PRIABMSOWIthAL 1S.USR%kny | group; and R2 is phenyl al kyl, wherein the
phenyl &r oup is optionally substituted one or several tines by hal ogen,

al kyl , BEaRase-medypingtMds ksed ima FeyErEhelPIsaReife BeriediaiiuinteMal A i s

=CH. S d i : . . )
(2 Phensi PR Bg ol Ere S edtRBcton of an obiact, Howsver, there fealso un: . 1
diffracted light. Therefore, not the whole periodicity interval can be used as an
observer window. The un-diffracted light has to be excluded from the observer
15  window also.

If a complex-modulating SLM is used, each single pixel can be used to encode one
complex value. Therefore, each periodicity interval in the observer plane contains
only one diffraction order. Hence, the whole periodicity interval can be used for an
observer window.

20 In general, the observer window has to be located within one periodicity interval;
however, depending on the encoding method of the complex-valued hologram on the
SLM the observer window has to be smaller than a periodicity interval.

The propagation of light caused by an electro-hologram can be described by Fresnel
transforms or Fourier transforms. Fresnel transforms describe the near-field light

25 distribution whereas Fourier transforms describe the far-field light distribution at
infinite distance. The far-field light distribution can be shifted to a finite distance by a

focussing lens.

The solution known from patent application WO 2004/044659 is based on the idea to

limit this encoded area such that light emanating from reconstructed scene points is
30 confined to one observer window. Therefore, the device reconstructs a video

hologram in one periodicity interval of the Fourier transform in an observer plane.

The reconstructed three-dimensional scene can be observed through an observer
10



(2-Phenyl -1 H pyrrol o[ 2, 3-b] pyridin-5-yl)-carbam c acid 2-chl oro-benzyl
ester. Anot her enbodi nent of the invention are the conpounds according to
formul a Iwowhevmesa9Rl is a phenyl group substituted w tirChnalPogsini3seyano,
nitro, amno, -C(OOCH or -S(O 2NH2. Anot her enbodi nent of the invention
are the conpounds according to fornula I, wherein RL is a phenyl group
substituted with hal ogen, cyano, nitro, amno, -C(OOH or -S(O 2NH2; and A

Is =N gﬁﬁa&n%ceﬁgmghrgﬁgag 8%% g?'fwee%doﬂe Gét%dt&%né\?mg'{)ﬁ?tﬂé%%ﬂ{éj' ng to

f or mul wher group su stltuted al ogen, cyano,

ni tro, raodmstructict @ustiirar theS§canatdin trmmbyﬁbeseednstrucmtbonem feontbofiorrent of
the invention are the co unds ac

phenyl Rehgubthadreay surface-Witis aHave us%@g%?;o‘?\ﬁéﬁﬁ@a|%q‘§(m?r?' nﬁllz%gl
- S(O) 2N, B%HIE@E&%DQ at’ reéQ@néblé%ar@Ware%&?dén%@W%&nputﬂ{g gxRep! e, Wﬁy be

sel ecte rom group consi sting of

[ 2- (84- Sul f anmoyl - phenyl ) - 3H i m dazo| 4, 5 [?] pyridin-6-yl]-carbarnic acid
i sopropyl ester;

[ 2- (4- NSUMMARYTOF JIHEHNVENTAONA, 5-fr] pyri din-6-yl ] -carbami ¢ acid isopropyl
ester; [2-(4-Am no-phenyl)-3 -imdazo[4,5-i"Jpyridin-6-yl]-carbamc acid
| sopropyl ester;

[2-(3- ] SRR id i sopropyl
ester; N‘[ 0‘9’[ gg%g’}’%ntlhn%in\/ enyl ?we@ Qtﬁgggﬁiﬁtﬁ%ﬁ%{/rl olll n- 6ﬂ3s/?i]¥ car ba% con
aci d h&ﬂmmﬂ}dg abbmgramnﬁtlﬂarfusthbodbjseh‘mo reallzmanuaMm—holmgmmc disptyhpounds
accardin

nar gerfo?J SR tuRiRg ydeq fRaTaths EyibRiegs CM ) sepyBnid El sl the A |
msemRFNldea RigR u%w}’eb@ﬁlstaicﬂe& hﬁaej@rrpounds according to

forrrula I erein Is a ph en group substituted wth hal ogen, cyano,
nitro, amno -C(O ™ or

In order to achieve this object, an invention as defined in Claim 1 is provided. The
invention is a method of computing a hologram by determining the wavefronts at the
15  approximate observer eye position that would be generated by a real version of an
object to be reconstructed. In normal computer generated holograms, one
determines the wavefronts needed to reconstruct every point in an object. This can
be very computationally intensive. This is not done directly in the present invention.
Instead, with the present invention, one may determine the wavefronts at an observer
20 window that would be generated by a real object located at the same position of the
reconstructed object. One can then back-transform these wavefronts to the hologram

to determine how the hologram needs to be encoded to generate these wavefronts.

Although apparently more complex than the conventional approach of directly
working out how the hologram needs to be encoded to generate each point of a

25  reconstructed object, the present invention does enable computational approaches
that are very efficient. For example, one can apply a Fresnel transform for all of the
reconstructed object points to the observer window; one can then add together the
wavefronts at the observer window and then apply a single Fourier transform back to
the hologram plane itself to define the hologram points on the hologram that are

30 needed to reconstruct the object. Further, this approach leads to a small observer

window if low-resolution SLMs are used. The small observer window does not

11



-S(O 2NH2; and R2 is al kyl. Another enbodi nent of the invention are the
conpounds according to fornmula I, wherein RL is a phenyl group substituted
wi t h het ewoya@logboior - O het erocycl yl. Anot her enbodi nentPCofEPRFIS/01387€Nt | ON
are the conpounds according to fornula |, wherein RL is a phenyl group
substituted wth heterocyclyl or -Oheterocyclyl; and Ais =N. Another
enbodi nent of the invention are the conpounds according to fornula I,

wher ei i 2l jeS A diSeY % o Rl W fhet |

0 het QORI et o B GEARLaH oA i e L KBRSt on are
t he cornraokeds according to fornula |, wherein RL is a phenyl group
substituted with heterocyclyl or -Oheterocyclyl; R2 is alkyl; and Ais
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- (4-Mor phol i n-4-yl - phenyl] ) - i mdazo[ 4,5-f> ridin-6- -car ' i d
| sopr of#fia usarsrdisplay ICee(IQEﬁ)_cﬁrh'ﬁﬁic_;di? t%@spwﬁ'ﬂf&g O&H%a%/c??%‘@gﬁggn%gsam
et r oc]h ShrisPieRifine, spIBl BeficB iehcB g bblayMalR: fteredied 1L "
entbod: empuioh ity catiu Boletdghic dteoegorman opdaigecodipgrnet, o
. up substi ed ,wi .

- E} het EV&E@3Nd 8% 'ﬂﬂﬂgnﬁt\'\?ﬂrﬁﬁ%-s m?gt%&beemﬁﬁgﬁa%%ﬁy %I)Méﬁé ARRRY Bh are
the co : i ; ' il i
opt | onal TP aparAAn RoieinkRehfdred WIS, s HicRivG euties 3
opt i onavay ofirasking thedbseweds eyeys (orthetayesofisgvacd! opsarvers)dnargl tinae 1sex

Isgvaeel ofserversg)dnasy Y,

£ a0 it Gl d3m o8 otk S9aR sFeh S gt BewinaBibhy ¢l Rt 2
phenyl gh&eBniRid®RaldgYarhud shdr IMLAAnAfetlusing an optical system in such a way

that an object is holographically reconstructed. The holographic data will, in the case

of a video hologram, be changing over time; it is regularly and rapidly processed

many times a second in a way that is a function of the positions of the observer(s)’

16 eyes.

A suitably encoded hologram can then generate a reconstruction of the three-
dimensional scene that can be observed by placing one’s eyes at the plane of the
observer window and looking through the observer window.

20 The present invention preferably uses a device described in applicant’s former patent
application WO 2004/044659 where sufficiently coherent light, imaged by optical
focusing means, passes through controllable pixels of a single holographic array (or
other form of SLM) into at least one observer window, each being located in one
periodicity interval of an observer plane (known also as a reference layer) near the

25 eyes of an observer. This reconstructs a scene that has been holographically
encoded by the controllable pixels and thus renders it visible through the observer
window. A frustum stretches between the holographic array and the observer
window. In contrast to common known devices, the frustum contains a reconstruction

of the entire three-dimensional scene encoded on the holographic array.

30 The extent of the observer window (i.e. in the x and y directions) is no larger than the
periodicity interval in the layer or plane which contains the image of the light source
used for reconstruction. This leads to the effect that the video hologram according to

this implementation needs smaller diffraction angles compared with other solutions,
12



- X-al kyl; wherein the alkyl group are optionally substituted one or several
ti mes by hal ogen, hydroxy, al koxy, amno , al kylam no, dial kyl am no or

al kyl sul fwoyboe/@msd9A i s =N-. Anot her enbodi ment of the | reempre@s/ 023329t he
conmpounds according to formula |, wherein Rl is a phenyl group optionally
substituted with -X-alkyl; wherein the alkyl group are optionally
substituted one or several tines by hal ogen, hydroxy, alkoxy, amno ,

al kyl am, no i al ' r f : kS~ &

o HLAE BREHd AR ReE fobls {eferBizyerdit for the RlorafiiBeitiave,

wher ei theRsdrfie hUPTSEYGT raAPD ot Vates. IThanib 16 itheitempatation- of-athglitlide wher ei n
the al kyl group are optionally substituted, one or several tjnes by, hal ogen,
hydr oxyalugs esdie light repdulatiok jadfix.ipe damanda eRPHRFSSSINg 38R ﬁeagfﬁé?lyand R2
s al k}%qud%pgiﬂﬁénﬁﬁm%%@hneﬁ%ﬁ Wﬁp'aﬂi’&%\kh Posfiof deisctip R frdekingeor di ng
to for a1, ‘wherern I's a phenyl group optionally substituted with

- X-&l kgkviceter ackihd ¢thebiyreniposepven posifinn, dhaldimessibstof the ebdsemer or sever al

2l ky! sty P4 e areavE rgirased kbefi o e GeERIE AV BT RGIEE 3 | o

;f_. Shidte QRIS ihiPleféatation. My be selected fromthe group consisting

{2-[ 4- i%ﬁféﬁé{%%éfs @?ﬁﬁé{a;tﬂeﬁwax{ fromHnkMgfeg8lfeds fodusetdb hd vkbenedr bami

acid i

g (2:| 53| S?ﬁgb%&ﬁ?@%pmw dyel3HT hetedam, it {He ohgsrvedplane-theie-isdhdani ¢
{219 4- _fgune_é%’rﬁpqsfaﬁmréf_ta@ eiaaramh iy Ppserier Winflovs jsnengs gisg fhgy FRUEST) 1 -
car ba r%n%fdrﬁhbﬁﬂg.rrfb‘i’a%raﬁ?tﬁgé recons’ﬁr cted object is not the Fourier transform of
{2-[4-(2Z-D et hyl am no-et hoxy) - pheny l]l-3H-| m dazo[ 4, 5-fr] pyridin-6-yl}-
car banitiee hologramdnrtdipy Fresret tranafosm, asdioe decenstructed object is not in the

L Yot N i of Biidhae ThE o 8helicla Bbjéct 6o kY Fldkdi fakbhnfiag! © act ¢

I sopro

[2-(3- M%fé@féﬁﬂ'ié %@étedﬁimﬂélfaus%wnid@'fiﬁéaqiy%cﬂp@ﬂaw ahdithe Bb¥bivet Widow e aci d

| sopropyl “ester. Another enbodi nent of the invention are the conpounds

acqgr i S| dt rhultigfecsiiest iBlohstrdbieRERsh 8 AVtHdea by amdting tiaibsti tut ed
hologram region on which the scene information is encoded on the holographic array
for each sample point of the holographic reconstruction. By encoding the video
hologram on a restricted region of the holographic array, the reconstruction of the
observer windows has to be limited to an extent and a location afranged inside of
20 that diffraction order of one periodicity interval that can show the correct and

complete reconstruction of the encoded holographic scene.

The observer window has to be located within one periodicity interval only, however
depending on the encoding method used, the observer window has to be smaller
than the periodicity interval. For instance, if Burckhardt encoding is used, this can be
25  a one-third part of the periodicity interval defined by the shortest wavelength of the
primary colour used. The selection of the resolution of the electro-holographic display
and its encoding restricts the size of the observer windows in relation to an eye size
of an observer and positions the windows to the eye positions by known eye tracking

means.

30 The invention is not limited to encoding Fourier holograms. However, there is an
advantage of Fourier holograms compared to Fresnel holograms. As no hologram
has 100% efficiency, there will always be undiffracted light. In a Fourier hologram,

13



- X-al kyl; wherein the alkyl group are optionally substituted one or several
ti mes by hal ogen, hydroxy, al koxy, amno , al kylam no, dial kyl am no or

al kyl sul fwoybo6/d66918 a si ngle bond, -NR-, -O or -S-; R2pC3I/ERRé0glo138and A is
=CH-." Such conpounds, for exanple, may be selected fromthe group

consi sting of:

{2-f3-(2-Met hoxy- et hoxy) - phenyl]-1H pyrrol o[ 2, 3-b] pyridin-5-yl}-carbamc

acid e Nk & . . . .
lane.
(5 [ o° LDYEEREEht s osyssacia f opLin he sbsepvor piane, f this spot s outside e
?(23 I d3l %gsﬁemzk/viM\ﬁrlt]he undiffracted light is not visible and hence does not disturb. In a
-[ 3- (2- Met hoxy- et - - - i din-5-yll: i
Lo Gontne hodaram, g inBfacted ight Riot fodlssed ald i théteiord visibie"8E 82 ©
{2-[ 3- (@<t ]\BE: = )-phenyl -1 Hpyrrolo[2,3-b ridin-5-yl}-carbamc
Q’%‘Wﬁ?é?@ﬁew- y [ 1 py yl}

acid 2,2- ropyl ester. Another enbodi nent of the invention are the

conpounds. a r di t . . ’ [ ' [

cubBL | CA EERERtabr, e B ol prORES borfouter GeRaRul refyanp it f onat 1Y
Z:Jllzsltl tdehgst I%@Teg?m Itehcbdereligiﬂaﬁzém*ang@ding lfdrroation akkdeg fo ami no
"1 Sopsmset a Rogp b indse Wby B o emrEhbayer SR T 11
and A i Sling intrhatiBARe Walh sid gl oBiTBbft ifthe Reonstraseaddehens t he group
consi st ng (')119.

[ 2- ( 3- Asresodbd oledy Tha ngstiictaid-regicaeafdhe M. Fagh edceded tastrictad agion cadi d

5985 arnsnssuine ngerAtion. TR ST adiecent ebiest PaintE.F3 11atNR TIN5 Of ar bar ¢

acid i RRY btres LelaceRPBbject points overiap each other. For each object point, the
[ 2-(3- ns?g‘t?%yﬁs_u? i ny’-p_heny1 - B 't dazo] 4. 5. bl oy di 5. VI - carbam ¢ aci d
i sopr oprebicaswith ensodechinforendtiati isgastristed insizen %rmsmaé Raitor 8hiuNds

according. to. formyl a | erein Rl i | A [
o en < ek idediriodam e S brng uih IR DPII RS ARG habboRL ' " o
sever al o4 jsB8 Hythighay @ififibtioRystiersyareaidtvigibleaitithe definbd ybaerveo poditiahky! ani no
or al kylsulfanyl? Xis -NRC(O-, -(ONR, -CH 2-5(0O 2NH , -S(O 2NH, -
960 18-convhfidngd oidira-MbiBhrapdisplaysitie hnokitarh isoatlbtedlmthedrautiends,
for "exanpl e, may be selecte romthe group consisting of:
[2 2-2 ( 3- Aeresytlatramsionoh efithe) objeictsy Thisl lepds B asalt objeat Fzg ifjlowesakitienaci d

'~ SLMs are used.

In contrast, according to an implementation of the invention, the hologram is
calculated as the Fourier transform of the observer window. This leads to a small

20 observer window if low-resolution SLMs are used, but the reconstructed three-
dimensional scene can extend to the entire space of the frustum. Implementations of

the present invention include also the concepts and features defined in Annex ll.

The invention can be implemented as:
e a data carrier programmed with holographic data, when used in combination
25 with a device that can compute a hologram from that data using the method of
Claim 1.
e a data distribution network when carrying holographic data that can be
processed by a device to compute a hologram using the method of Claim 1.
e acomputing device adapted to compute data defining a video hologram using
30 the method of Claim 1.
« adisplay screen when displaying a hologram computed by the method of
Claim 1.
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di met hyl - propyl ester;

[ 2- (4- Acetyl ami no- phenyl ) -1 H pyrrol o[ 2,3-i"]pyridin-5-yl]-carbam c acid

2, 2- di mewbybequsequyl ester; PCT/EP2005/013879

[ 2- (3- Acetyl am no- phenyl ) -1 H pyrrol o[ 2, 3-b] pyridin-5-yl]-carbam c acid

et hyl ester;

[ 2- (3- Acetyl am no- phenyl) -1 H pyrrol o[ 2, 3-b] pyri di n-5-yl ] -carbam c acid

i sopropyl ester; and

[ 2- (3- Acetyl am no- phenyl) -1 H pyrrol o[ 2, 3-b] pyri din-5-yl]-carbamc acid

i sobutyl &shaiolodiaphitaecendaditivenfrorfa hblegiam ephipuedby théenathopofiinds
according to fornula I, wherein Rl is a phenyl group optionally substituted
W th -X—a!kﬁﬂ@mmherein the al kyl group are optionally substituted one or
several tinmes by hal ogen, hydroxy, alkoxy, am no , alkylam no, dialkylam no
or alkylsulfanyl; Xis a single bond, -NR-, -O or -S-; R2 is alkenyl; and

Ais = . Such a nd is.for.e ; . : :
(2.8 5. ObeetHRyeatoRy Fafnen o B Bomr bsing pedsd calo iR ¢

aci d abltglevRsidera miihEdia dvited iangtingf dévice, ianvedicad image dispéaycdevica)rals
according to formula |, wherein Rl is a phenyl group optionally substituted
wi th - Xaibtaky Infoieatisndisplay slewine. g s gisplay %\b%ﬁaﬂfﬁﬂg $eepRldd one or
several tines by hal ogen, hydroxy, al koxy, am no , alkylam no, dialkylam no
or alkylsulfanyl; Xis -NRC(O-, -C(ONR-, -CH2-S(O 2NH , -S(O 2NH, -
NHS(O 2-, -S(O 2- or -S(O-; Ris alkenyl; and Ais =CH . Such conpounds,
for exanple, may be selected fromthe group consisting of:

2- (3- Acet yl am no- phenyl ) - | ) Lot ' . .
([f,l|1|c§| BRIEF. DRsgRIPTION O HHEPHR AR Pl pyri din-5-yl]-carbani ¢ acid
[ 2- (4- Acetyl am no- phenyl ) -1 H pyrrol o[ 2, 3-b] pyridin-5-yl]-carbam c acid

allyl ester. Another enbodinent of the invention are the conpounds
accor difig 1 ds Adopwiea of a geeet! illuRtiation of Batapicegios ugcansiiusting Mdesubst i t ut ed

Sever anolegragis, ShANMsdoR Sanri i ShaARaRGEant ROME GfiHaR oEPRY) o no
or al kyhe @uréhdrdt endotlify & i bond, -NR-, -O or -S-

15  Fig. 2 is a general illustration of a device in top view for reconstructing video

holograms, showing the encoding of a single object point of a three-dimensional

scene which can be viewed through a observer window;

Fig. 3 is a general illustration of a device for reconstructing video holograms,
showing several object points of encoding the three-dimensional scene in a part of

20 the video hologram.

Fig. 4 shows the same device as in Fig. 3, but having a higher resolution

Further aspects of an embodiment with regard to a video hologram and a device for
reconstructing video holograms are illustrated and explained in Annex |l in

25  conjunction with the accompanying drawings, wherein

Fig. V1 is a general 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. V2 is a general illustration of a device for reconstructing video holograms

30 showing a three-dimensional scene which can be viewed through a viewing

window;
15



R2 is phenyl alkyl, wherein the phenyl group is optionally substituted one
or several tinmes by hal ogen, al kyl, alkoxy, hal ogenated al kyl, hal ogenated
al koxy orwoyaswiéeand A is =CH . Such conpounds, for exampirEpr200ap11329
selected fromthe group consisting of:

{2-[3-(2- Met hoxy- et hoxy) - phenyl ] -1 H pyrrol o] 2, 3-b] pyri di n-5-yl }-carbam c
acid 2-chl oro-benzyl ester;

and{ 2- [ 3- ( 2~ - - r | }-carbam c
acid b%'lgzy% %/b % g%grﬂm{&%@%ﬁgg%ﬂﬁe& rﬁJteHgP Y%%Og‘lsﬁtﬁléteﬁq Pagﬁ%aﬁrdeib g‘%orrpounds
accordi ng tOslﬁ@Wiiﬂigltﬁelencbﬁﬁfg&bfﬁhglhnee-mrrmmmdal gecensirog padreflthg vidgost i t ut ed
with -X-alkyl; wherein the alkyl group are optionally substituted one or
sever al tlneﬁoﬁﬂﬁﬁalogen hydroxy, alkoxy, am no , al kyl am no, dial kyl am no
or al kylsulfanyl; X is -NRC(O) - CCONR-, -CH2-S(O2NH- , -S(O 2NH, -
NHS( O Fig. V4 is(20izgram srs(vmyg thqretzghtsnﬁméﬁy datmwtlomméheuvrevvlﬁe yl group

ptlonall sub titut a i mes by hal ogen, alkyl, alkoxy,
haI genat ed R?n nﬂéw1§§ﬁ@ﬁgﬁﬁén%§%§%b%n%yano and A is =CH . Such

conmpounds, ,for exa be sel ect fron1 [ on g of:

[ 2-(3- E\@et\ﬁﬁ 2R E%”%pﬁéﬁl;lr‘ﬁgaaﬁy o Bl A gV §d§r€fﬁ°|5&§ rP% & jzi%f)] O(l%r%yrﬁn c acid 2-
chlor 0 'th%ﬁf onaGIdthe VIewmg windows for both eyes of a viewer with regard to

[ 2-(3- cety am eny | H pyrrol ol 2, 3-b] pyridin-5-yl]-carbamc acid
benzyl tressdiffractiamoerders W@denbmosaftalkm i nvention are the conmpounds
according to formula I, wherein Ris a phenyl group optionally substituted
with -Y-cycl oal kyl . Another enbodi nent of the invention are the conpounds
according to fornmula I, wherein RL is a phenyl group optionally substituted
with -Y-cycloal kyl; andA is =N-. Anot her enbodi nent of the invention are

t he conpounds according to fornula |, wherein RL is a phenyl group
optionally substituted with -Y-cycloal kyl; and Ais =CH . Anot her

enbodi ment of the invention are the conpounds according to formula I,
wherein RL is a phenyl group optionally substituted with -Y-cycl oal kyl ;
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R2 is al kyl. Another enbodi nent of the invention are the conpounds

according to formula I, wherein Ris a phenyl group optionally substituted
with -Y-coyoloaldeydly R2 is alkyl; and A is =N-. Another echareemsnt3sed the
i nvention are the conpounds according to fornula I, wherein RL is a phenyl

group optionally substituted with -Y-cycloalkyl; Ris alkyl ; and Ais
=CH- . Anot her enbodi nent of the invention are the conpounds according to
formula I, wherein RL is a pyridyl, thienyl or benzim dazolyl group
optionally substituted with hal ogen, nitro, am no, heterocyclyl or

-Z-al kybE‘;}Y*Pff[EDrDEQ@RﬁIDWd)NQﬁ'}E%E INOENTIORI | Y substituted one or several
a

ti mes by ogen, hydroxy, oxy, amno , al kyl am no, dial kyl am no or
al kyl sul fanyl . Anot her enbodi nent of the i nvent ion are the conpoundz ol
accor di tof rmul a erejn Rl is a t r. bepzim zoy
G oup. obtlavike oy Fetahstiucifey e honafauie Boerbes a S bhietLindh B rgbieor
-Z- o ky & Bfrag! HiX), S Hidleh ér%ﬂtil Bt SOUPSS L several
times s ahgelggg%ﬁhlhy Fagxy,j aIgékoxy,e gymeﬂ?) , I%y | am no, Sﬁﬁfﬁ@?éﬂ?ﬂo or

al kyl suf/ ocuaging system FsThNIghtﬂammcaedeealmd by)wlrtummumiaaﬁid)mmwne, t he

bane m i B GO0 rch IS RHesr batBRE kel cpiBis apd¥irerisd 5 an no

het er ocyentydllaple sHuttdrbangdbefdthinan Bﬁa?'dfbblrﬁrdPﬂiﬁe'l@hPQéur%@@' TB{e substituted
one or several times by hal ogen, hydroXy, al koxy, amno , alkylam no,

di al ky!| B@logarRrkic array|lt§alf109n9lrsts afrixelswhietcare apapgadin arrbgdianpattert, t he

I nuent i ere yridyl
ar o oeReiERe! SERERTHOR B PhMBRSU B h Bistye B ik Glos or
- Z- al kyThe Wpenmgs dflemchl dup-pigeloare s&a@ﬂblm@dﬁeﬁséblbﬁndtwrﬁﬂ)llaﬁﬁ nﬁrpr@%éer al
times by hal o% hydr oxy, al koxy, am no al kyl am no, dial kyl am no or
al kyl suRRYRYAf ptyhgje to mfluence the passing illumination light to be encoded via

holographic complex valued numbers representing the sequence of a video

hologram.

15 In the observer plane OP at least one observer window OW is formed in a periodicity
interval as a direct or inverse Fourier transform of the video hologram. The observer
window OW allows an observer eye OE to view a reconstruction 3D-S of a three-
dimensional scene. The maximal extent of the observer window OW corresponds to
the periodicity interval in the observer plane OP of the Fourier back transformation,

20  which is identical with the image plane of the light source LS.

In the preferred embodiment of the invention, information about a three-dimensional
scene is encoded in a transmissive SLM, HA. The illuminated pixel-arrangements
contain several openings (sub-pixels for a colour display). Spatial control of the
amplitude and phase of the illuminating light is achieved by the encoded pixel

25 pattern. However, the basic idea of the invention is not limited to the described SLM.
Both transflective and reflective arrays or arrays that directly modulate the phase of

the light waves, such as Freedericksz pixels, may be used.

Figure 1

30  Figure 1 shows a light source LS that illuminates via focusing means F a SLM, the
array HA. In the best mode embodiment of the invention, a line shaped light source
forms the light source LS and the focusing means F is a vertically disposed
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R2 is al kyl. Anot her enbodi nent of the invention are the conpounds according
to fornula I, wherein R1L is a pyridyl group optionally substituted with

hal ogen, wotwe/oeeno, heterocyclyl or -Z-alkyl; wherei rCThp2@isioy3s7group is
optional Iy substituted one or several tines by hal ogen, hydroxy, alkoxy,
amno , alkylamno, dialkylamno or alkylsulfonyl; and R2 is alkyl; and A
S —N-t Such conpounds, for exanple, may be selected fromthe group

consi sti.n

oo Ry Ratiors hat mages taeconeiens ipht of et sovreg LS niogn obsemeer . i ¢
|soproE}égnee(§per and
[2-(2-Methyl -pyridin-4-yl)-3Himdazo[ 4, 5-&] pyridin-6-yl]-carbarnic acid

| soprop ur@%tﬁfowsfﬁ'@bb%b tREPQSE IR kriwri Bardldh\éﬁditterwmd&f@ TiHeeolssmrpaunds
accordinng to formula I, wherein R1L is a qapt)ét“dy (g!roup optionally

subst | planedORi coreisppode withrtherfourigipane ransfeyim opthg Yd?@o wher ei n

u t.i onal I substituted one or several tines by hal ogen,
53' §? %@th i‘ﬁﬁ’) lon %{Pﬁyﬁ am no, dial kylam no or al kylsulfonyl; R2is

Ik . d A j h d
ionpouxagnhaemwpﬁ 5 DAL EIRRALIERN 0 BB Nt Be058a, i dazol v
group gpidfanal rEE ﬁé‘ﬂﬁhgwf&%ém trdhsfdmldng! Thé SI1Svia HA néndddedrwith anvtied i s

al kyl . "Anot her of the invention are the corrpounds according to
f or mul holqgraﬂmer@qmsfkmcﬁsstha hatogram indheinbserverddans PP gs adpowiaribackl | y

Such cuRpstRES Tesrdiipefings of i SEMHRIC S fuRtal st atbrea 2, T o
[ 214 | Huﬁﬁaémmbfawtn freVdDsedver plade T %ﬁe@%éﬁdld@rﬂpﬁmyédcodmg)m c acid

| sopropyl ester;

I[ gm(o |r Hh@m@itlffmdmpmt’—r? takesplage o Fopy Wayrofthe seaialled-datourphaseeiecici d
) es st t

1501 vRssalSe MiedRiehsy bEeiises townrds higher difractiop orders, the ther 1%
|( Z O'FI)'L ogﬁﬂaeﬁ%rebfdég)fn@@%asﬁhiobsgl]&/es w":ljdow ow shown in Flgure 2. The

i ophen-2-y i m dazo] 4, 5 i di n-6- car ba | sopr opyl
ester; @ngnpﬁﬂ'&ﬁﬁ%ﬁmﬁrwé 6[‘1‘959 f%?é’ﬁ "HPB",[DE% gémﬁré Ep;m d
' SPRT 0%¥lthee§ér%dlmty interval of the 1St diffraction order in the observer plane OP.

Consequently, higher diffraction orders are positioned together without forming a

gap, but also without overlapping.

Figure 2
20 As shown in Figure 2, the selected 1%t diffraction order at the observer plane OP is
the reconstruction of the video hologram. It is not the reconstruction of the object
itself, but instead is the wavefront at the observer window OW that would be
generated by a real object located at the same position as the reconstructed object.
Hence, that video hologram reconstruction (i.e. not the object reconstruction) does
25  not represent the actual three-dimensional scene 3D-S. It is only used as the
observer window OW through which a reconstruction of the three-dimensional
scene 3D-S can be observed. The scene is located inside a reconstruction
frustum RF which stretches between the SLM and the observer window OW. The
scene 3D-S is rendered as the Fresnel transform of the video hologram, whereas the
30 observer window OW is a part of the Fourier transform. Figure 2 shows a holographic
encoding of the SLM HA by a single object point P of the 3D-scene. In a conventional

holographic reconstruction, the 1%t diffraction order would itself constitute the
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Anot her embodi ment of the invention are the conpounds according to formla
I, wherein Rl is a thienyl or benzim dazolyl group optionally substituted
with -Z-avbybe/iéed1s a single bond; R2 is alkyl; and A i #C¥@EHr200800i8her
enbodi ment of the invention are the conpounds according to fornula I,
wherein RL is a phenyl group optionally substituted one to three,
preferably one or two tinmes with halogen, nitro, amno, -C(O OH,

h I
cubst | o HRich o 1S e I Honstfilord BGICE RELK pobPUR: POUIGIENY.

al | al yihegFigups2 ampleppdtation | tie Diisetverytiamnk codnades withttheEoubigr plameoxy,
al koxy or dialkylamno; Xis -NR-, -O, -S-, -NHS(O 2-, -S(O 2-, -YO -

- NRC( Ohg{tﬁé Zé?(d?)sNﬁe c&rés%oﬂdﬁ@@él@g&éﬁhﬁh anod\\ﬁg The tmeésdihhegennar al kyl ,

wherein 'S tionally substituted one or _two times b kox and
e(ﬁg'?h y;

R2 i sI adlzelh?e is Mpg@em isaiets POings, ieeaythe RAIMSHY1 to By dperFigHr
yl a
P! B SOSHRfeldiS RIS HhoBhW banEihs BASLIREHESIGsaBoRe B 10
?r crg{ohgrl@@dr;%ﬁé 8D- %bﬁlr{éggtthequml @folmgé@ﬁhfwghﬂh]sayomdand @rojertecavmton ¢ aci d
( 2- Phethg EBNFHﬁq Mr@[@tIQHfVEQWrAHI%C@aWQB indhe widaa:halegerm. that RYINBEING - yny

ester; ,

Soter h%@ﬁ@@%%nggbéﬁe%&%@ ¢ RYEATYeioH A1 CPAEAAnGH Hotiisehobut V!
123Pﬂl tf&lt bgiﬂ_{ Putoythe giiteds of the hologram can be determlned in order to calculate the

(esiQer e?) ase vallungsd%ﬁ% r%cgnétrr&é}c Igrg}er?ﬁar? ﬁ{g gbéaé:r'vgr WirdoW. TThO%tzPr opY!
(213 PELARY PRIV R egastpsvﬁ@ar by 1R IpERbaRAP irtefrabliRXohdbntichall } -

carbamc acrd 1sopropyl
(2- Phelhxolog’ﬁabhlmrdaam{tmﬁohs]tbyerpelllold4®tyyhbeﬂlaimaﬂil’aln§dhq size of the

(E)-I-meth 2.
(2- Fhe%fPQ CE%QQ@? t%atr‘%ie&mtcﬁﬂﬁ’%‘%/hf%’SP%%W'%’E'eBtaI'°E A5t hyl-allyl
ester %%gséﬁtférf’cé\/%@%\p@nﬁ’@ﬁtaﬁcrﬁ‘alIO\Mé )rmi&?ﬁl@ydjdr-rébbmmlﬂﬂé@ objdets td be

pyri di n- - carbam c acid isopropyl ester;

gg?g 2- @ﬁ@em@déhagmuﬁbmvb]ss@h using &-egnyestiongl Wfagmphl%aw})aceawm c
I'S 0]
4, 5- 1 HRAT Be-Gp e pBahRcha o iEod bl ofjepe car appet arfhiiie

[ 2- (4- Wedihanessnsterybn Mueny) REH i mi dazo[4,5-fr] pyridin-6-yl] -carbanc
acid isopropyl ester;

If the point P was encoded in the entire hologram, the reconstruction would extend

beyond the periodicity interval. The viewing zones from adjacent diffraction orders
20  would overlap, which would result in the viewer seeing a periodic continuation of the

object point P. The contours of a thus encoded surface would appear biurred due to

multiple overlapping.

Figure 3
25  Figure 3 shows an encoding of a three-dimensional scene 3D-S, having the object
points P1 to P3. As shown each object point P1 to P3 is solely encoded ina
corresponding restricted encoding region of the SLM HA only. These regions are
defined by the reference numbers A1 to A3. The position of the object points P1
and P2 differ in depth information. Therefore, on the SLM both encoding regions A1
30 and A2 do overlap.
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[ 2- (4- Met hanesul f nyl - phenyl ) - 3Hi m dazo[ 4, 5-fr] pyridin-6-yl ]-carbanmc

aci d i sopropyl ester;

[ 2- ( 3- Metwyl2sasidoonyl - phenyl ) - 3H i m dazo[ 4, 5- b] pyri di n- 6PyirjEP2@&a0bEM ¢ aci d
i sopropyl ester; [2-(3,4-Difluoro-phenyl)-3Himndazo [4,5-b] pyridin-6-yl]
-carbam c acid isopropyl ester;

(2-{4-[Bis-(2-nethoxy-ethyl)-am no]-3-fluoro-phenyl}-3Him dazo[ 4, 5-

fe] pyrl:d&g{r} 6 yl)-carbam c acid isopropyl ester;

3-(6-1 8poxycar bonyl am no- 3H i m dazol 4, 5- b] pyri di n-2-yl)-benzoi ¢ aci d;

}Eyrgm gﬂ‘ﬁwth xa/\%%l hox%rge%t%biget hélgﬁca%ép‘?%ﬁéw) phenyl ] -3H i m dazo[4,5- b
Car bamTbedei SPUss Byt F@ég%i?oy e dbzeciaraian Qﬁﬁﬂw%ﬁﬁ“ SN el 1 &

pyri di
2121 %Qﬁ%ﬂﬂ@&%\?@%‘y 1S & i r%gﬁ?%\o%ﬂesﬁ? §blo Imthzciazl:)ouner ho]lopg;?[nd?%SG e

car bamitise advdnﬂagepthamrhdlﬁﬁaodaed ngm|$umcusﬁ=dddlsmﬂsnﬁts imthe @&Qﬁmﬂron are the

Subst | PARAIOBN W5Seispals A atsiiagfy ShRest vitdof, RECfrrorigty)y Roe |
wher ei nlst;pgagg,g{urg{n@%dk rélid.onal Iy substituted one or two t| mes by
al koxy; I's - )-; Ris hydrogen; R2 is alkyl, alkenyl or

phenyl ah iyl oo ubies E'd&hgp%twgﬁf‘@@é% dife BPiHeMRded MytSblicd isdnire oy o

times by chl'orine; Such conpounds,” for exanple, may b
sel ect efifffaction bhd alrevrgtioons rad itise Iermg an‘d |s usually very small compared to the

{21pa: posalinb ey i Ruman siee i sestiafadaiapst R dofylda REE Py LER Lar .

aci d
ag: q E%Hﬁ%{s&?sﬂﬁ ga&/%‘f@@f@égéd’h@ﬁ@o@f@& % As®HBiriviihed by YA apértti@i C

{ 2- [ 4- (c1theligbixsowrte ang)the meagnificatianmfthele)s2, 3- f ¢c] pyri di n-5-yl }-carbami c
acid ethyl ester;
(2-[4-(2- Met hoxy- et hoxy) - phenyl ] -1 H pyrrol o[ 2, 3-b] pyri di n-5-yl }-carbam c
acid allyl ester;

) 2- 3- (|23NBF eiRgd emiodimephetineinyention, apjasray of lighb sprises.and an agay R ¢

aci t
1? 1M, (ded, the images of al| |j ht sources have to commde This means that the
3- g %ﬁﬁox -et hoxy?g aheny| J H pyrrol of r| di n-5-yl J-carbam c

zgm d ial pitch c&fsthemgh( Solticerartayl naqotprbe)slagrmyﬂanngham Bitgh 9ifbarl@@$ratraam d
enzyl este

{2-]3- (EPQ%‘{“HSW astimpg gepmeting cpetpistion: Bitbe SOHTSSS A 8M8SS A car bani ¢

acid i My afighé&d adlffractlon attern is visible in the observer plane OP which looks
{2-] 3- (SFSZ}BP/E *Iloxg et’hoxy) - phenp ]-1Hpyrrolo[2,3-b pyr?dln 5-yl }-carbamc

aci d 2-likel thedlifiractioh padtesy as if a single source and a single lens was used.

20
There may be additional optical elements which shape the light distribution in order to

homogenize the light distribution or increase the intensity in the observer plane.

These may be diffuser sheets or lenses.

For a pure holographic setup, tracking of the observer is achieved by shifting the light
25  source(s) relative to the lens (array). This may be done by mechanically shifting the

source(s) or the lens (array) or by electronically shifting the apertures on the shutter

LCD panel. Tracking might also be done by a configurable diffractive optical element

or a scanning mirror.

30 If holographic object reconstruction in the vertical direction and autostereoscopic
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(2-Phenyl -1 Hpyrrol o[ 2, 3-b] pyridin-5-yl)-carbam c acid ethyl ester;
(2-Phenyl -1 H pyrrol o[ 2, 3-b] pyridin-5-yl)-carbam c acid 2-chl oro-benzyl
ester; (2wBheewised1bt pyrrol of 2, 3- b] pyri di n-5-yl) - car bam ecampdooalo3sh est er ;
(2-Phenyl -1 H pyrrol o[ 2, 3-b] pyridin-5-yl)-carbam c acid isobutyl ester;
{2-[3-(2- Met hoxy- et hoxy) - phenyl ] -1 H pyrrol o] 2, 3-b] pyri di n-5-yl }-carbam c
aci d. 2, 2-di net hyl - propyl ester;

{2 535&@@%@@%@8& RO¥NR RBASINL aifd&BK4re! Rhtbied)] facHish i Brotdrizentdan ¢
{2- [ 4- dRedfdhexy arblsEXEdnEbgMdrizohtal phifting of thedvPDpyologian Saythg Stdd.bam ¢
aci d i sopropyl ester;

{2-[4-(2- Met hoxy- et hoxy) - phenyl ] -1 H pyrrol o] 2, 3-*] pyri di n-5-yl }-carbanm c
acid benzyl ester;

{ 2- [ 4- TheNelowirg -asnexrs areaepgnged:H- pyrrol of 2, 3- b] pyri di n-5-yl } - carbani ¢
aci d i sobutyl ester;

[ 2- 3- Acet yl ami no- phenyl ) -I H pyrrol of 2, 3-b] pyridin-5-yl]-carbam c acid

i sopr opneR3t er; A detailed description of another embodiment of the present invention

g|2| 3(/|4 Aé\gmcet %/(I;”a}m n%hggser’:%clzg? bla(lz-il(-gp%lr”r]g;l doe[tazil gng]e%wahgclarrr]\e%tg {0] th%aprrg]%rrnre% aci d

[ 2-(3-Acetylam n nmz)%rﬂwehfs] H pyrrol o] 2, 3-b] pyridin-5-yl]-carbam c acid 2-
chl or o- benzyl ester;

[ 2- ( 3- AewiexlIBM nA-gUramary of key goncdpi$ 2ofa, Hruyentincedrgnts fear bani ¢ aci d
benzyl ester; . .

[ 210 3- VO 20041044555 dhs conients,of whichare Anearporatad BYZeiRe8 bani ¢ acid 2, 2-
di et hyl - propyl ester;

[ 2- (4- Acetyl am no- phenyl ) -1 H pyrrol o[ 2, 3-b] pyridin-5-yl]-carbam c acid 2, 2-
di met hyl - propyl ester;

[ 2- (3- Acetyl am no- phenyl ) -1 H pyrrol o[ 2, 3-b] pyridin-5-yl]-carbam c acid

et hyl ester; [2-(3-Acetylam no-phenyl)-I1H pyrrolo[2

>3-b] pyridin-5-yl]-carbamc acid allyl ester; and

[ 2- (3- Acetyl am no- phenyl ) -1 H pyrrol o[ 2, 3-b] pyridin-5-yl]-carbamc acid

i sobutyl ester. Another enbodi ment of the invention are the conpounds
according to fornmula I, wherein RL is a phenyl group optionally substituted
one to three, preferably one or two tines with fluorine, nitro, am no,
-C(O)OH, heterocyclyl, -S(O 2NH, -X-alkyl: wherein the alkyl group is
optionally substituted one or two tines by hydroxy, al koxy or dial kyl am no;
Xis -NR-, -0-, -S-, -NHS(O 2-, -S(O 2-, -S(O-, -NRC(O- or -C(ONR-; R
i s hydrogen or alkyl, wherein the alkyl is optionally substituted one or
two tinmes by al koxy; R2 is al kyl, hal ogenated al kyl, al kenyl, alkynyl,

cycl oal kyl or phenyl al kyl, wherein the phenyl group is optionally
substituted one or two tines by hal ogen; and

21



A is =N. Such conpounds, for exanple, may be selected fromthe group
consisting of: (2-Phenyl-3Himdazo[ 4, 5-b]pyridin-6-yl)-carbamc acid

1- net hyl -wbl29ée/@e41er ; ( 2- Phenyl -1 H i mi dazo[ 4, 5- b] pyri di RceARpRjosoaF8EANM C
acid isopropyl ester; (2-Phenyl-3Hirnidazo[4,5-b]pyridin-6-yl)-carbamc
acid cycl ohexyl ester; (2-Phenyl-3Him dazo[4,5-b]pyridin-6-yl)-carbamc
acid isobutyl ester; (2-Phenyl-3Him dazo[4,5-b]pyridin-6-yl)-carbamc acid
al |yl z\zﬁﬁéx l(2 Phenyl 3H i mi dazo[ 4, 5-b] pyri di n-6-yl)-carbam c acid

tert-b ester; (2-Phenyl -3Him dazo[ 4, 5-b] pyri di n-6-yl)-carbamc acid
cycl opentyl ester (2-Phenyl -3H i m dazo[ 4, 5-b] pyri din-6-yl)-car bam c acid

et hyl ester; enyl - 3Him d 4 p d%yn 6; car.bam c a6

sec- buthyrthes bOC{'@ePﬁMﬂ?IreS 5}93? §¥’ qujﬁor'% %”Wﬁt'”%ﬂfi%‘f € aci d

1- et hyl haenyl - 3Hi m dazo[4 -b] pyridin-6-yl)-carbamc
acid ZQ?PISPE?[H f odrelé)(DI %yl et hyl ester;

(2-Phenyl - 3H i m dazo[ 4, 5 b] pyri di n-6-yl)-carbam c acid 2, 2-di net hyl - propyl

isfoﬁren nr@Xﬂ g@@oﬂgﬁﬁﬁ#fpﬁ %@bﬁg | 4yl5) b]CS;P?g: ?1 ZC;/F) -carbanic

acid propyl ester; (2-Phenyl-3Himdazo[4,5-fe]pyridin-6-yl)-carbamc acid
| - met hyl - prop- 2- ynyI ester;

2- Ph i t - 2- I
(est er e% é)%bm Q@é@ %gﬁ‘]g%é%ch g]n%/%bg égo:fdggwr# u(;[ ac(:'(%lfh C%Fobu%/;%/
ester; gel‘\ePJitedyio{@ﬂams @GH), ZLasi»efcrallweaIelhlme@ryie)aJra:mlktm’ﬁied:IOJ&(JgramS ed.

1, 3- d| nmet hy| - but ester; D | | . eac

( ZJﬂheﬁWeQShplpﬁf%Hi’o‘t’ﬂ'cg ‘g spRds WP of indiyidually sapirellable Rolpasarg, GelsiSa rbr opy!
ester; _ - f

(2.3 (§"displays complex-valiied data. e ?t-'uefﬁﬁarkt"%%f O T &yl -

car banmpartculdr mﬁmsb;ﬁ)dzcte&helography aims at a realization of CGH in réal-time. The

Eé) ﬂhe %@%th dazﬁ{%lg&% %ﬁféc‘:t%'elyg S}f)a)tlaFEl R?Mo%u?a(ibp(SLM) with

(2- Phe’B{Hntr%'ﬂ'abl@' piRa8 rdedndblueting Gbfed points grspatiabmaduthtihg2ardillowiifating! | y!

ester

[ 44 gz [hgdsnt hmraugh@utethﬁosgmfm@ﬁm eyl irefed io pal-tisne hplograms-a5-4jd€o - car bani ¢
? (2:I [ 3I '%ﬁ%&?‘s Oégtﬁ%%?k%%de'r?y hF %%'%%29‘8?43 rgs afso Covc? r O%’ucqll}/ carbam c

acid i SQMr@@yébIGSSLGMs Acousto-Optic light Modulators (AOM) or the like which do not

{2-[4-(2- Met hoxy- ethoxy) phenyl ] -3H i m dazo[ 4, 5-b] pyri di n-6-yl }-carbani c

aci d i svgikipgeparetely arranged cells.
[2-(3-Nitro-phenyl)-3Himdazo[ 4, 5-b] pyridin-6-yl]-carbam c acid isopropyl
ester [Ip-dontidst tshalhssic hojagramsnyihjcheare stptreypatogranhigallyRrin @npthercar bam c

aC| ‘6] | SOLF {ﬂ%@lwaﬁé ﬁ{%@frglat{f e{egf@'%%]% égﬁ%rg\%r 9@%@ Ho?gér%n%h&ﬂgﬂ ds Ak it gpzol 4
{2 [ 3- (chwmmm#dre@ﬁ@mb}arﬁHatmrdﬂ‘Z@édh&rd@]smfra' three-Girrehsionabani c

aci d isopropyl ester;

[ 2- ( 4- Nbaane- Prusingl the TampHtationprposss] herintermediaje data syyared. 4e1 erxaraplsy opyl
ester; ){2 afeirgl fr%@?%é, RGN dn %%dn’@nﬂ?ét%fgéw%hﬂ}fﬁ Ifiabdnplitbr GrapRRsC acid

i soprop
processor, graphics adapter or other hardware component. The 3D scene data can

25 be generated in any way, e.g. by interference patterns or 3D conversion of 2D data.

Annex |: Background concepts

Spatial Light Modulators (SLMs) are devices for spatially controlling the complex-
30 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
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ester; [2-(4-Methylsulfanyl-phenyl)-3Him dazo[4, 5-bJpyridin-6-yl]-carbamc
acid isopropyl ester;

[ 2- (3- Amiwo-2pdvansyd1y- 3H-i mi dazo[ 4, 5- b] pyri di n-6-yl ] - car bagirera@isd13ssopr opy|
ester; [2-(4-Anm no-phenyl)-3Him dazo[4, 5-b] pyridin-6-yl]-carbamc acid

| sopropyl ester;

[ 2- (3- Acetyl am no- phenyl )-3Him dazo[4 5-b] pyridin-6-yl]-carbam c acid

5= b py BERPIERT.AqdrEst L A BB B4 B PGS el oSl har idta.
I[ §0|(o ?O%tm%gténlaismué cBhtimydus atd hot clmtalhéhi@erbl@yellsji To Gelielecatduani ¢ aci d

[ 2- ( 3- BCRGINgY %@@t!al miémlpyingrip Arrelibased SLM, goeh aixe! 81 9Pl @@bani ¢ aci d

'[ 2 0l RemREqIour 51b-pitsl, oty stbrRixe! digejaying one of el PR BTBEN ¢ aci d
- ci

| sopr Om:blomstIBEpendmg on the k|nd of video hologram encoding used, further sub-pixels

2- (4- Met hanesul fi '
,[ 30|(or opyay bstused for encc?cp Ing each olf_'fhe prlr%éo cblou];so]Poo¥ ins Ialr\]CGG d dét C?E)Rgéne ¢ acid

|[ gofo?op ﬂ@bﬁld{éom?e RRE RSN BiirkAAZSh cobdn® ] ibedsthafadigement Sthrée 8gbd
(2- { 4- [pBkeds @ emtthoolgurcdmpdrenti Hiamng-nmuomwuphﬁme}com%cnnmw,she

b] pyri di n-6 ar.b d

3 (b | SRR ISR 5- e ok AR OBl (5 16262 IrSeBUMAY e aci
{21p3- 1<M?r5hfhé¥e bré'mrééémﬁqﬂk’édé f@ﬁé’é/drp@ﬁthéﬁ@!hr)eemmﬁaﬂy]c&bhrsmm 4, 5-
fr]lpyridin-6-yl}-carbamc -acid i sopropyl ester; and

o Lﬁnfmmugw'@"mmw oanitt) theirlsy knowpilies enaasig BauER YRR 6-y1 ) -
C acl ro
compourtieiscens &G eseciing R lEh o7 B 156t R pddfcoBiiFRaty are the

opt i ong{diygrambeéll.t uted one or two times with chlorine, heterocyclyl or
- Z-al kyl ; and the al kyl groups are optionally substituted one or two tines

by al kcE‘%oh I;olbgreﬁfn%eﬂgé BnBSdEd W oné"&scr&e' Settf hoRstfaim dRaicon@diking;atand A is

=N-. S unds, for exanple, nmay be selected Tromthe group consisting

of 15( 2- Ié*ast(mhphtudewnda‘masa inforiatios -of prgivericalosr gpmpeaepksaid datadma¥opr opy |
ester; péﬁz i cgﬂ%]aevré g’ sYa]ndBérd vg?ueaor% ay gebaJrBerarﬁv Brésetl )l'h%%ﬁgépa?:ﬂ 85l of

i sopro

[ 2- (2- Netilo-Hoi6grdin istcorttihudtisly tipdate decortingytol te mchietre] drddnd te SLALI d

i sopropyl ester;
[2-(6- n@mng theentite holegsam ismadei umebihausargsof cellsa thrreare dagusands ofci d

I[EOFIrIC—)II-O‘ég?{?i‘? ﬁ?ﬁa%fcnd%g md%tﬂ-l m dazo[ 4, 5- bl pyridi n-6-yl]-carbam c acid

i sqQpr op
2@’2 CA ﬁqgrﬁmqjﬁiarﬁei cpntaing all thejnfymationngasssary 3. eEpcS?PF U 29 aci d
video hologram cell as part of a time sequence to reconstruct a three-dimensional

scene.

A dedicated driver uses the discrete hologram data sets to provide the specific
control signals for controlling the corresponding sub-pixels of the SLM. The driver

25 and the provision of control signals are specific to the type of the SLM used and is
not the subject of this embodiment. Many kinds of SLMs, like transmissive or
reflective liquid crystal displays, micro optical and electro mechanical micro systems
or continuously optically addressed SLMs and acousto optic modulators can be used

in combination with this embodiment.

30 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
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i sopropyl ester; and
] 2-[ 2- ( 3- Met hoxy- propyl am no) - pyridi n-4-yl]-3Him dazo[ 4, 5- & pyri di n-6-yl }-

car bam c woi2doa/seqapopyl ester. Still another enbodi ment pafi/EP@siomssent i on i s
a process for the manufacture of the conpounds of formula I, wherein (a)
t he conpound of fornmula Il fornula Il, wherein A and R have the

significance as given in fornmula | above, is reacted with a conpound of

formul g_ I | r.el Lignd i e for
For mut 4 SUYW S bfioaran JAE S8t BafSesfiz yhafe felrER Ty e BRLRAS | nd
of f or radehskrucsthestbred-ainénsionallesene ast devived byt creating intetfejericesde the ed,
converted into a pharmaceutically acceptable salt. The derivatives of the

gener aVMIeMARGSPAC®- or a pharmaceutically acceptable salt thereof, nmay be

prepared by any process known to be applicable for the preparation of
cheni cdheypreseniterabedimanimievides rea-tigne ok Real waktime eentigl datasfrieashocesses,

when used to pr re the rivat i . ; :

pha#‘] mi‘gfﬂqrm q@l@&&%&%ﬂ%dg&ﬁé ﬁ%@ru feé‘:g]p ,Bq;a};r%g @P%W%éﬁﬁgtswae ?nudr/tolger feature
of thephayemsr givendvavatengthust rated by the fol l owing representative
exanpl es of schenme 1 and 2, in which, unless otherwise stated Rl, R2 and A
have the significance given herein before for formula I . Necessary
starting materials may be obtained by standard procedures of organic

chem stry. The preparation of such starting materials is described wthin
t he acconpanying exanples. Alternatively necessary starting materials are
obt ai nabl e by anal ogous procedures to those illustrated which are within
the ordinary skill of an organic chem st. Scheme 1 The manufacture of the
conpounds of formula |I varies according to the nature of "A" in fornula I
The conpounds of the present invention wherein "A" is =N can be prepared
according to schene 1, and are naned I-A |-AIn schene 1, Rl and R2 have
the significance as given above for fornmula 1 and Y is bromne (for the
route via step 2a) or nitro (for the route via step 2b). Step la:
Condensation of an aronmatic al dehyde with a 2, 3-di am no-pyridi ne derivative
of fornmula IV can carried out at elevated tenperatures from60 to 2000C in
a suitable solvent |ike acetonitrile, nitrobenzene, N N-dinethylfornmam de
(DVMF), dinethyl sul foxide (DVBO), xylene, or nethoxyethanol, optionally in
t hepresence of an oxidizing agent |ike oxygen or an iron (111) salt or

sul fur, or 2,3- dichloro-5, 6-di cyano-p-benzoqui none (DDQ . Step Ib: The
condensation with an aromatic carboxylic acid, or a suitable derivative
thereof, with a 2,3-diam no-pyridine derivative of fornmula IV can b e
achieved at tenperatures in the range of 100-220 OC wth a condensation
reagent |ike polyphosphoric acid, POCl , or P OiQ optionally in mxture
wi th nmethane sulfonic acid. Step 2a: In the conpounds of forrmula V-A,
wherein Y is brom ne, such bromne can b e replaced by an am no group by
heating in aqueous amonia in the presence
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of a catalyst like CuSO 4 or Cul. A solubilizing co-solvent |ike

N- et hyl pyrrolidone (NWP) or dinmethyl acetam de can b e added, and the
reacti on we 2e@vastEd out at tenperatures of 100-180 OC i mca/ere@spwsvessel .
Alternatively, the amino functionality nay be introduced in protected form
as a tert.-butoxycarbonyl am no substituent via coupling under standard
Hartwi g/ Buchwal d conditions (for exanple, with a base |like sodiumtert.

but oxi de._and, a pal i j ba) 3 and a phosphine Iigand
like t QQQ§¥: b%#bﬁaﬁﬁgtgﬁiﬂt¥§E¥F¥§59@Eﬁ or the compounds of fornula V-A
wherein Y is nitro, the reduction of the nitro group is acconplished by
standard conditions such as heterogeneous hydrogenation with Pd on charcoal

as t he sGal@liysing hicBOLUBRIS nbiie WPIGgBO! . ethanol , tetrahydrofuran (TH),

or ethyl "aceta room tenperature or up to 800C, or by honbgeneous

hydr ogenat i,on wi_.t.nh. Ay %’PEHE ; et | vent
i ke n%a%?Ctaqf t&g%rﬁ@o@ﬁ'he%\ltﬁ{gnéﬂwﬁ%é ﬁa‘%ﬁé?l on cgr(#m g%%gh@%é;}?} 2@ out
Wi th basmpiRérbendrater] Vides halograms, Baiiciidés hokdiramisiatiewdnge sinwltariedusr
aqueous HO, fromroomtenperature to 120QC. An?t,her tSui ta lF regk.ct ant
woul d teeonsirustipn @f 8 threegdimensigralscgpe ydtilednsintaiging g sPafial 1sPsele i n
DVF. St : | gt t MpTe'tHagall la HA
can b & 8gasoffction Yslly, JHs BRECRTBACRAE, itere D R o heB e

di chl orreaetimanecoristtuctions of giveahsdemhalognaras ldRy, travnsiet meapgrAndthéone (NVP) ,
or di met hyl acetam de, or ridine  optionally in the presence of a base

li ke pybigatieto prvides mgthad ,’fh%ifré]lﬂ"‘lsi 'gEﬂ:ﬁ BWPXI&W%%”%%LHE‘P ifpll o

tepger iBn n@@@ 0 4009€ as, bhdaiseKrgsisthah, the

chﬁrgr o?%?énrg{(re@@nﬁg%g,a%gw tgh{ehgjsgcgab?ytlsﬁ?i gﬁ@onast he heter o%?itl ic core can
occur, molegraomitdél. or N-3. Such a bis-acylated internedi ate can be cl eaved
easily to the desired nono-acyl ated conpound by subsequent treatnment with
amoni aTHig obRice s achigwichiay al methaddorcomppting BucenpEehgepemtdthyideanuf act ur e

of the compounds of fornula aries . accordi ta the.nature of "A" in
Jare t'

[,V .
f or nul dalogram avhesabigd dags d?ﬁ@'nﬁ Q61 I A MR E R S s =c can
b - ' i i 6 HB
€ pr epégé%gﬁegic@?{ %Tﬂgwntée‘?lg‘?/ﬁg{/% stgﬁtlé?r'i‘fi‘a F€ d2RRBgydrdefinihd a¥wb- step

[-B In e significance as given above for formula
| . 15t epliiendionat bijeyt datacset, such that asigeebolgram data set can be calculated
3-brono-5-nitro- i din-2-ylam ne under, standard . .conditi.on .

cal | ed fgan@gmp%ﬁ Pgﬁﬁﬁﬁé%P'%%syf@iBB@P?ga@?%}gtCqméﬁgt‘,@l”?%ﬁ'%ﬁv&?@ and a
pal | adi gbgat alyst like PdCl (PPh ) or PdO (PhCN) / PtBu3, and a base |ike
triethyl "am ne or di-isopropyl amine, in an inert solvent |ike

tetrahydrofur@n Gl Bfkst Hridtdioh! Shdll (iR dirlcheioRBréKjectddriet ithe virtual

acetonitrile. e reaction proceeds at roomtenperature or h@g_her, up to
1600C . Al t er restclior layerst isdrapsformed-ta adwe-dignensionak wane tied distitullionnaed a nor e

reactive al kynyl - 7Zn - ivati ip:ithe art: the
et Kynyl - ar enetﬂgg"aéfg&eg‘{%'ﬁi%gﬂg ’St%tklé"}@?rg)cﬁ%'gé 8@?%%?%@@%?6%@ Ei umto form
an al kynyl - Lirefdtertemagéndten iMitectiisiance émat the viddéchhdloglag yeBu Sndl to yiel d
the desired zinc or tin internmedi ate. These may subsequently be coupled to

t hg br onopyr i (%S net

hs R lated 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 window data set;

25 — (c) ina second transformation, the aggregated observer window data set is
transformed from the reference layer fo the video hologram layer, to generate

the video hologram data set for the computer-generated video hologram.

The object data defining a three dimensional scene can be data defining a two
dimensional scene, but including additional depth information for converting two
30 dimensional image or video data to three dimensional data . The term ‘three
dimensional’ includes within its scope ‘two dimensional’. The depth information may
25



standard cross coupling conditions, for instance by catalysis by a

pal | adi um phosphi ne conplex |ike Pd(PPh 3)4 or Pdd 2(PPh3)2 or Pd2(dba) 3 /
Pt Bu3 i n wol2u@nissd1bi ke di met hyl acetam de, THF, or tol uea®/EPSI0SP13879
Cyclisation of the alkyne internediate to forma pyrrole ring can be
achieved by treatnment with a base |i ke potassiumtert. butoxide, potassium
hydri de, or sodium ethoxide in an inert solvent |ike NwP, THF, or DM, or

et hano r 3S i r f r .

A tor it s o 2 S g 861s, AR, FRTME RO IRFFAKE o foldGrat,

Step 7camlzeiehSich sttheed tmhemsiosaltrod épa2iwoatinhefsmmaBmaaee depehding an

above. Certain substituents on the group I% may not be inert to the
ﬁ'&%‘st%@% Ybed

condi t thgninpeits aRE alsmwhakine useqvd above and nmay require
protection by standard protecting groups known in the art. For instance, an

anmi no er Tiyeltemylaypre'ighauly be gxpansivelyccanstraeddp covuany finsk eoagual

der [ vat, ye. ternatiyve onme. substi t.u i ot hers at
theéen@eﬁﬂa?elétw&fﬁ%ﬁ% éﬁggﬂg@e% PR Bhﬁ%@séﬁlﬁgﬂﬁéﬁﬁgﬂ%%é{g% nula | may
be synthesisteriQeat threforBiihélade® BnpRetbhviruabpialigl s\ifaces, ahdwngul f anyl
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physi ca chem cal “stability, hygroscopicity, owability and solubility
of conpmmpigtatiomaliyseffiolentr@ampes descri bed in Stahl, P. and Wermuth, G,

H,
(s i B8 B esRaR P Sk S e hpe S M alp i 0 °5'°
(2000) d&erdstbwindow, an iteration process may take place between the distribution in the
observer window and the hologram layer.
In order to reduce speckle noise, and enhance brightness or diffraction efficiency and
brightness definition in the reference layer of the scene, the object data sets may

30 exhibit an appropriate phase distribution, e.g. a pseudo-random phase distribution.

In contrast to prior art solutions, by performing the first two of the above steps
according to this embodiment the hologram of a single aggregated wave field is

calculated using a diffraction formulae. Because of the superposition of all individual
26



The conpounds according to this invention and their pharmaceutically
acceptabl e salts can be used as nedicanents, e.g. in the form of

phar macewocadé/q@sEpar at i ons. The pharmaceuti cal prepar aPCOEP2@&E013329

adm nistered orally, e.g. in the formof tablets, coated tablets, dragees,
hard and soft gelatine capsules, solutions, emulsions or suspensions. The
adm ni stration can, however, also be effected rectally e.g. in the form of
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| mZnt | 8Avangaghie FugbenWEH0 . @SRiaH @@rlsr, requires computationally

intensive operations performed on every single point in the scene to be

reconstructed. With the present embodiment, it is no longer necessary to perform a
computationally intensive operation on every single object point; instead, the first
transformation (from each section layer to the virtual observer window in the

30 reference plane - where the observer's eyes will be) is performed on entire section
layers, rather than each individual object points in a layer. The second transformation

going back from the virtual observer window to the hologram layer is even more

27



formula | according to fornula 1for the treatnment of cancer. A

phar maceuti cal preparation was obtained e.g. by using the foll ow ng

pr ocedur evolooovstld 4.0 g gl ass beads in custom made tulpeT@P2@5/01387¢m (t he

beads fill half of the tube). 2. Add 50 ng conpound, disperse with spatulum
and vortex. 3. Add 2 ml gelatin solution (weight beads: gelatin solution =

2:1) and vortex. 4. Cap and wap in alumniumfoil for light protection. 5.

o AR S oy ot il 7 °

suspenspalftsf rom beads with two layers of filter (100 mm) on a filter
hol der, coupled to a recipient vial by centrifugation at 400 g for 2 mn.

8. Movenexhiier shibdMReH b%|§é!||n'b6€lﬁﬁent9ea5f¢ BBRict WaE s Db \hE BestitH |

volumes(here 1T m steps) until final volume is reached or extract is clear.
10. F| IIIayeqs is basedan aviruabavda ng@\rfmh depmﬂmonﬂg@lmmece Ththealedarence

d | d h f I
Wt h e ER et B denreEds P UR SRR e bR RRRRAPE Seee Bl 0 v o
oral appkireghpestive sHvdryEginddfRdol the iddge bf Yhe/ SLN’h@F theoadéd Rblogramst i Ngs
descri bed bel ow. Phar macol O%I cal activi t¥gaThe activity of the conpounds

accor di Because ofi the isamepumhes of matdppeidE yalues in Rack dalg sehthg arga osi ne

klnases

S oot ST e Mol RABR it pRI MR Plop ' | Ihellsdhned Bk,

Jal 33- R@fér%ﬁc@lléy&i’ Asﬁglﬁd@ﬁfﬁé@r@ﬁﬁal objetk dé@’@vthbuﬂf@dft daoda SMSI\&f@hé 2 n1VI TCEP
50 mM HEPES 0,1 % Tween 20 pH 7.3 Enzyne: 2.5 Um I nhibitor; mv

7i 10 0. SECTRRIANArE ha) 15 Atse KN PePTEHGs [5a06 )P assiinghaiagete Opisrt fok

G501 o 8 PSS B 4Gty MREEIAL ik PO B Byl
33- Ro: sl,&lté?ﬁ-tﬁ?atédnswbap itlyé meateix ipdints BnEh&réspediivesectidn |dyek-AedordioyHo?2,
both pel B8 REBHETSE) it LIS OB MMGBePLs B ahe SETE b RBE, the onginal - -
object information is thereby assigned to the matrix points of the coordinate system
15  which is closest to their spatial position. The distance-dependent areas of the section
layers thus lead to the effect that the area-dependent object point resolution to
describe a section layer of a scene is larger the closer the section layer is situated to
the reference layer. This means that while the foreground of a scene is reconstructed
in detail, the same scene element in the background would be reconstructed at a
20 much lower resolution. However, the more distant virtual section layers can
reconstruct a much larger viewing area for the background of the scene. This kind of
reconstruction of a scene provides a very natural representation of foreground and
background elements of a scene on the one hand and helps minimizing the required

computing power on the other.

25 In a preferred embodiment of this embodiment, the value for the distance of each
object data set of the virtual 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

30 reduction of the depth effect of a synthetic video hologram can be realized through

software settings alone.

When encoding according to the prior art method known from WO 2004/044659, the

reconstructed three-dimensional scene appears in the free space in front of the
28



pepti de synthesis protocol (Merrifield, Fed. Proc. Fed. Amer. Soc. Exp.
Biol. 2 1 (1962) 412) on a Zinsser SMP350 peptide synthesizer. Shortly, the
pepti de vwe 2assaeadibed on 160 ng (22.8 mmol scal e) of a Rcmkepkeoshess7orodi fi ed
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am no aci ds each protected by tenporary piperidine |abile Fnoc- and
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Wal l ac Vi ktor 1420-040 nultil abel counter; q andl i ng system Beckman
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Fal CO”-&%ﬁé‘)&o%r%té@%bﬁﬁéerﬁbaéﬂr\]bﬁbinta'l‘@e@ﬁb;f}’ﬁ?ef §n@?@feké?}i‘dé?§%§ﬁaﬁ@6tﬁb’? mn.

at 15C in aqueous solution with correspondi ng anounts of Itors
actbr difagtors Muchs praveesingdime and conteutipigoppamer gredhiis mequieest iooperfarnsther t ed

by addi ng a-reaction m xture ont ai ni.ng ATP. Peptide.and PIf6, and
subsequtaey EFeaelyansihrharls «rydioh B aerumd PaivoRuRRRdRs: o y

noni t ore@Abo@iiemt HthEdisadrintage 1d shpeasates byREGHINSIBRRIIfficOIt FresHdiabl e wel |
pl ate reader. The | Cso-val ues can be obtained fromthe reaction rates by

usi ng arangformatioas iaterindividual stepsiso thet thesesstepoean berrarorgsidwitivthe t d. |

o ai d TR SRS sptRlal B Al S SR B BB BB BB B8 o
i s2@et i eié forof Mmeltiphestictedyith 8phsricdltwawve farttes STEIgthéthal hagdhéi cat i ons
can be nmade in the procedures set forth without departing fromthe spirit

of t he adyaatrdethat gedicptaderpiealrone hasdwaessuch as graphics and/ or holography
adapters can be used for computing video holograms. Such hardware includes at

least one dedicated graphics processor with known modules for slicing and other
video processing steps, such as image rendering, and at least one specific processor
25 module for performing the Fresnel tfransformations with the help of fast Fourier
transformation routines. Such processors in the form of digital signal
processors (DSP) with the required FFT routines can be made inexpensively using
known methods. Recent advantages in common graphics processors enable
operations such as Fourier transforming the data of the section layers into the
30 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
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Exanpl esStarting Materials 5-brono-2, 3-di am nopyri di ne was purchased from
Al drich. 2,3-diam no-5-nitropyridine was prepared as described in Cai, S
X., et alwododadeGhem 40 (1997) 3679 - 3686. Chl or of or maTEP20050€3879
comercially available, or prepared as follows: 3-Buten-2-yl chloroformate
To 83 ng 3-buten-2-ol (1.15 nmmol) in 2 m dichl oronethane were added at O
0C 136 ng triphosgene. 9 1 ng pyridine were added dropw se and stirri ng was

conti nued for i I
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3-[ 2- nrol
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to -78r&emdlé9etedwdemmkaelnwthma s#&psri of 1.6M sol ution of butyl
lithiumin hexane (15,79 mmol). After stirring for 30 min, 2,31 g
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phases we ri evapor ated and the residue purified by chromatography on
Si Ilcasleﬁ{'%’ﬂ%)ﬂe g‘émeaf erﬁa Fni xtures. Yield 1,66 g of the title

conpound_as a pale yellow o N (3-Fornyl-phen - th X ropi onam de
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system.

A particular advantage of this embodiment is that a reference data set for an

25 aggregated wave field is generated by adding the computed reference data sets of all
section layers. After the transformation in the hologram layer, this aggregated wave
field serves as a basis for the video hologram as it contains the entire three-
dimensional scene information. This allows simultaneous reconstruction of the two-

dimensional images of all section layers and thus the entire 3D scene.

30 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
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al kyl ati on of 3- or 4-hydroxyphenyl acetylene by literature procedures. For
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pr oductfoneacipseciign layeed bypatdid objacbdata&%t aqth\e@iuscfawniscnaiﬁcmeta metrik ed by
filtratiaon S wi th water gnd net ha e 1. .83 of title
c onpoun%o'niﬁ &gh%gag@@lgm gﬁ% 1o Iayer IS cPeﬁneg gi\ Kologram o%ta se% gfea

2- Ph |- allyl
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2, 3- di aginbodiBrenitithe signadl precessingdedeyfusies Pawipes: in 250 m ni trobenzene
were heated to 140-150 OC for 15 hrs. The solvent is renoved by vacuum
di 20 | | at i Rirst arzehsfdmmatienirdeans for diospritingdrom each;dbjeaieiaa eet diskparatd, and

tzhghl;ln;t eémﬁ%@&%‘ﬁ?&@ﬁﬁﬁyhp %@!@%ﬁ%fﬁ%ﬁ eﬁgrgceet ayer 31¥ua'3teg ana f%lt% b)
6- ni tr 0geAMReNYha BUeFhiERAEH Maalkd fo‘?!éyéﬂv@l@e‘@ﬁﬁl%nﬂb&ﬁ@ltl‘éﬂgfdrﬁheﬂ dojestet i ¢

data sets,

Adding means for adding the transformed object data sets to generate an

25  expression of an aggregated wave field in a reference data set, and

Second transformation means for transforming the reference (aggregated) 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
30 transformation means for performing the Fresnel transformations, said transformation

means containing:
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acid. 18 g iron powder were added and the m xture heated to 80 OC with
stirring. After 2 hrs the m xture was cooled to roomtenperature and
filtered woenid@sbétbe. The celite pad was washed w t h metrhampkooandsthe
conbined filtrates were evaporated. The residue was dissol ved net hanol /

di chl oronethane 1:1 and filtered over silica. The filtrate was concentrated
to a volunme of 100 m, the resulting preci pitate collected by filtration

and wash anol

(2- Phehyﬁppfl\i\:- lﬂ%é@?gf’ ”Be?ﬂsp@( |HF9§ r@ltyecaé'?%lglﬁﬁjecvgl&eao fm atrwaqln al lyl ester
80 My ¢aIpBRE Y nVrigidl ¢REP B4t Witk iXitsi dhasé fadtantescriding Sphenidal vx)aves therl dry
pyridine were treated with a solution of 3-buten-2-yl chloroformte in

di chl oexpendnins samfactardepeadingsor the seuargd cogenates e the (RPest¥® ni ght

di | uted it T t
cvapor aranebiael ther B Rl 2013 Heigfte B8 Y Bt yer ®E SMLEND P P, o ca.
and thg fFééthrournestraHefomah@ﬁ nﬁémfmhbhswrmﬁngl\mequsrodndtseifhhe firsti el d 11 ng.

1H NWMR (40 DMSO): d = 13.05 (broad 67 broaa)
8 15 (mulmplgcathn g@ea(rus frcgn)thery ogiginal ggct(cmal Qy)er tgtl@t@;gqtllaye,ﬁ an 5 10 (m

anl ogbusSternd Bhiialoatit featyfor HUTphiihg B4 prRRTERIAR Pt RciaisRe &‘édA' ’

HOL OGRAN mﬂﬂ%%erWbWENﬁe@&pbneﬁt ef slamffacttbedepsmwng on thbe
invention relates to a nethod of conputing. a hoIo ram eE@rtlcul

r eI at esquared easrdipatass indba darget fag'eﬁ@nég}heﬁtﬁtae¢%5
troﬂggI PRk %phy ains at realising conputer-generat ed hol ograns | n
@l ¥="a reconstruct ed obj ect can be generated from encoded
hol ogr aghhenticried before, epehndirzpoe tid collimation Af hghhgrtbplmpbcdh syistarp angpi cal |y
contains an array of controll abl ixels; th S reconstruct object
poi nt s OpPoH] @Eﬁhﬁéﬂ|P@§§?§3C§Pfse%‘?yﬁﬁp§%éomqs&fgt ai‘fﬁj/or phase of an
ilTumnating light. Such an array is a formof spati al ht nodu] at or

(SLM . Tmeilgitai;ﬁlwl PEGCasSINGEe\dee N Ms%mulmrafoqe\%%wbl PR H8ous. For

exanpl e Lk mat ri x
cont r of dgPeRi R e S i et U R eBuEh gl Bapebiniabon 721

r e139nSTréWesV@'ITI'ED TR#)ouT areer iy be e & smmﬂanéodelymwm atdeastfa aettaipht
pattern is, for exanmple, a Liquid Crystal é"’L‘H%} Homeqﬁﬁ this

i nvent |n@mtt%[r9féﬂa§‘§f%@aéﬂ9bﬁ%ﬂeﬁ%‘r6? na(Q@ﬁﬂerﬁ%”é%p ey dypamicalych use
cohere rms
and EacRgiobihe EheRiBhs Padred B cohRaNGP ihe aveREb et omeict?

cont r olrbatines djkg:berwwgmpltb(e bontentt bétrﬂ_mlre@cdpnemlonal soepar dheldatagelisessed and
controll ed_ by a di scr e val ue of r.am 0| nt. Each pixel represents
one holti@nsiersd inithgreferrnca '@é‘%rﬁfﬂa}& eo[ "F@H &M megpo ré(rﬂé)f' ‘we use the term

pi xel to correspond to the individually addr essabl e screen pi X
DLR) wd ruswau/héepeadm@maéhetseeeercpa%ﬁbet%teﬁet%ﬁﬂ/b%a&t'vﬁfgérag Vﬁf'PP%r or

a smal | I dne A §5ﬁm5| ent
" egt on PSteS t8ls A 6FeT Lsed s5uel hekatho RHaHGecbbbu Rl Rosry Roliof
pi xel tiheeghdr seotidanayerst its nmost general, the smallest unit that can
represent (e.g. display) one conplex hol ogram point. To achieve col our

encodi Npr tR8 Eeblitidt oMk FeiFousier GhRsformatisn fthe object data sets of the
virtual section layers are assigned a number N of discrete object point values, said

25 number N being an nth power of 2.

Annex !: BRIEF DESCRIPTION OF THE DRAWINGS

The functional principle according to the embodiment is described below in detail with

the help of a preferred embodiment and accompanying drawings.
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representing or displaying the col our hologram points in each of the three
pri marycol ours. Dependi ng on the kind of video hol ogram encodi ng, further
sub- pi xelwormags/dse91ased for encodi ng or representing theppminrasog/ocssiour s of
each col our hol ogram point. For instance, if Burckhardt encoding is used
for a colour hologram each pixel needs an arrangenent of nine sub-pixels.
For better clarity in this docunent each pixel is encoded by only one

di scre i.nt i nj i nent and a
phase §§h§§L§ﬁ§®g3@ﬁﬁgé%%§%E@%F@gﬁgghﬁtﬁ?%?%FBﬁ?ﬁéﬁygnggﬁﬁ%ntro||er or

dri ver dgpshsiohal sdemesantt hexelfsrensé hayese pequitesl footie obmputatmnsoffuideaach
sub- pi xel . The controller or driver and the provision of control signals is
not hohelggram®e subject of this invention. The term'pitch' describes in
this docunent the distance between the centres of ftwo adjacent pixels of a

SLM | Fig.n(&isch schematic dingrameshavipg dhe sigsgl pracessingifledsstorcempuiiew is a
limited. virtual i th ti
Fechnevidfe BBaraE ARk Y SRR Lo STbi Ty, The observer

i ndow i s .| ocat.ed f the ob . i nd
can be PGS sirtiag tolg. Vand M ER, Bh A ars ot e ool BEHBHOR I miom "t he

wave fia%béﬂiﬁggi& Hi®embodirmet@y that leads to the reconstructed object being
visible to the observer. In one inplenentation of this invention, the scene

IS vi eﬁ@hg% ﬁliﬁ%ﬂb{%ﬁggefgﬂaﬁﬁwﬁFiH&‘iblBj@Wh%r’c Asformefrshetas ed inside a

frustu stre etween the edges of the observer w ndow and the
SLM It..i S| Wle r A . ye. More
sophi stieYETTEHAIR P EFRSHE skPOuEaE e tegt st SR LeERFMEYS) o
poggi blcenputengensratedinologrmgr ams cont ai ni ng obj ects or entire scenes that
t he observer can see behind the SLM The term ' encodi ng' describes the way
in which the SLMis supplied with control signals so that coherent |ight
passing through the SLMor that is reflected by the SLM reconstructs a

t hr ee- dj L onal } ' ) this docunent is
%1;@}3 DEFARED 6Eé¢l§iﬁTi|§B{JE13|THEOEmB@mmEm

consi der ufficiently coherent 1ght is spatially coherent to an
extent allowing interference, so that it allows hol ographic reconstruction
wi th an adequate resolution in at | east one dinension. Spatial coherence

relates_to_the.lateral extent.of t igpt source. Conventional |ight
sourceiljhelf@@wtwﬁﬁsﬁfﬁ?gﬂ%%ﬁér{a {?o\ggscent Lanps, can al so neet these

r ?GIE' r eﬂ%‘&&nFDtéti'&ﬂyofr\ﬁdﬂcﬂﬁ@Iobiaﬁﬁé withr  HelbgPamasteasion iy baged ow origérdl ur e.
Light froma laser source can be regarded as enmanating froma poi Rt source
wi t hi n ahijédtriaformation ef ageal er viduakthfee-dirsensipnalacsnst NGRIGIRGVAHEE AT obj ect

i m ¢ o ShAgr ey e R PLURR PR REBRE RO dhdtidh IOMRR 004 and
causes PhdiaNdliag afs agaRMIé foa Rhowhdils ésramsttandodaetbebilkked up Tioen defatae of

blurring or smearing is given by the broadened size of. anf ob{(ect Qi nt
r econstmentasy byta holggram prerassPbnl his Rbiach drforatiicentansiPEPXIMPI dher ent

| . T UGE . ol -
- e ener RS A BTG b FEnatBlPor eon cREFelRES IALIIRS MRSR-
smal | erdigigiionze scenell 4 seti of dompslex edlosip abjexdt podtieiatanRe, GpBdlondlee | ower s t he
degree of blurring or snearing. But a_smaller apert riesults. in_d% kower
br i ght neéspectivgetwarimensipral o0 Eynatest TES 2 OWﬂE&a SP_cPfalé'QE?. W ich a
i ght Siﬂ%rﬁf‘atioﬁ%&ﬁé tlfrggf'cfiﬁlgﬁgioh% & 10siREIcTRRCHOF e bt Wi dth of the

light source. In°ordef 10 ensure tenporal coherence, the light nmust have an
adequat iaformrsionay fopeatte pginh whathy. it iStairedyqrovided amihve finsh video image file

b v e Bamirai b b5 ReLab POl BaSLlY SodFRRE SorEARRgen e
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 P14 ... Pun in M section
30 layers Ly ... Ly 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
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the SLMis proportional to the wavel ength, which neans that only a
nmonochromati ¢ source will lead to a sharp reconstruction of an object

poi nt. A Wwocagawedospectrumwi || | ead to broadened obj eeCTmp2ovss1zmne
sneared or blurred object reconstructions. The spectrum of a | aser source
can be regarded as nonochromatic. The spectral |line width of a LEDis
sufficiently narrow to facilitate good reconstructions. In nost hol ographic
systensg, , the e r j 0 be

" tcons BEIRTEET SR nlfHRY R RbleR: M1 aNGhEnBLIater el WEER%EE 0% o

i ncl udeeFrayeneN heriglenlaliescirptastii amer Transformuagoritam isuseduoral ent to

or approxinates to a transform Transforns in the nathemat|cal n are
mer ol y calsplRnRitheoursT FRpsiosn Nhat s ookred B BPHEERl 2d AT fid by

Maxuel L 40 NOE 1. BTt & & £28tepixel
transfg\%ﬁ‘g’tsrh p%?rﬁ%tﬁﬁ%g ci'ﬁa t()fass 'Slﬁgf“ﬂa:% E)rréfr-rg dlﬁ%axw;tshqgcl)uri er !t)?(gr?sfor ns)
ar e5 seeaoH dataleet eqmiaivisi Met 10g2¥smalnin pbiat ealads aHowgesr, dieerduswiarhey are

basi cal | | gebr ai dt i ff tial be handl [
compu drdestalT G NETeaRBY PR Wik 56 dsabkn 2 P SRR AT Pl ront ec
in optiyg {é,rhe%yéag ?gﬁﬂ?‘%w EOMdYe Redpt ed Art A drawback of

3D aut os‘%l oscopl ays using conventional optics is a m snmatch

bet veer ol a, LAV FRY VAN HiG POSRBE LI RBrdHed BttbBeMaridie eye. On

the on server s ‘éyes see erent perspective views of a
3D scenpstratechowithallsatre &s divjddd intopa esisiber Miof vlrjuat section kybis kar.ylm

di stance. On the other hand, each per B tive view is l.ocated on the
di 3BI ajoseamagtatippdy a .S'lf#?ér?@@,wmﬁe‘O gy\zf E%E%ercﬁmlwscrns%‘rw%m%%é, and

each e¥ﬁeﬁ%§&d@£§ﬁyn@8ﬁhJ infHES ifforalBh storeativernda@ei ng obj ects

at arbitrar hi'eved by paralfax information and the acconmobdati on
of t he mymment MEM{ assighsleach abjestipbiat of tHEhecaneswith ermatiix peinkBmagnd

ot andaiiars arcoraie SRy PRI YRS TR DapBsEiES < 0% RSS!
suppl | %He‘f%&ﬁb@laggﬁln. P8t i RdREsCOR M MRk PRRRI NOWheR RHis ties posibenCct s

obj ects of a 3D ne at correct depths. This can avoid the inconveni ence
of 160n\afmatdrgploins & wosaiplayetiarg the sumbee ofintatia peing Nalues in erdata set.

openin i,S used t econsiruyct the 30rs T : figL ging from
t he opgiri‘%o%g\‘?@ﬁg el?‘F%‘ﬁ’j"‘g@(erﬁgﬂnt‘s&%?@ﬁ%ﬁnsce%w%flﬁge%%éy'reach t he
obser vefiscréleol5iBBl d4th ddie oflthBdetie, ifesprelive o$ whiethdr or rutltivg seenarekistsc, and
thus the pitch,” the larger is the diffraction angle. That qiause a wde

vi ewi ngnaegfite. Porthe ptherdians, thesamesactien layesidequdm AN tadeing)iey t he
i ew equi i LR v f: . K
e L b | ABHGE S EA5S yFRSEATE  debogrs

el oot r oFige] PO BABNZ tHréfr@ghu®i thg desited deconsttuatiod SD-Sesf the S86R& asPost -
Deadl i ne Paper Asia Display, '95 describes a get hod tg .(taxgand t he vi ew ng
zone i riefined leeallyovipr ke theyyidge hglagramy, £ usther deBRitiops, ag AGCesHRLY
docune su [y ; rMadi jr@Clic |k f a

hol ogr g%iﬁecg%rgrﬁé@el n?’fg tb%edomlﬁén%}fée?%%\?ﬂe%égﬂteﬁnegyoatgggrl\slesﬁtgrgnfeghéttqt?e_I ocat ed.
Rat her , distance Byifd 4 cefenéndeolayesRiLiwthich hasid bhsemert windove@W eeahwhidiser ver ' s

. Th f , a l hol i i vided int | 1, pi f
tpar at BoHOABLENISWEEE RV BIR Sadanu PR VRSP OBETE fep FPRETO Bl I AR cad of
a2 gsngl ngéraltlﬁ‘%vrﬂ@ll\ ?sgéiﬂi(ﬁtea beh fisdRes DRtoRRE PeiepEndLIageE the same 3-D obj ect

as’if fromone [arge ogram each reconstructs the object and its view ng

zone SO SRRGRSS b G oRHRgR051 o 8B nlbo S nolhE gy o anot e

posi ti ver’ gets onst view ng zone from
anot her pgrforimiag tieridliowing swpars. This
e Transformation of the object data sets OS; ... OSy of the section layers L1 ... LM
in the reference layer RL so to determine the wave field which would generate the
30 complex amplitudes A1 ... 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.
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restriction facilitates the use of SLMs with significantly | ower pixel
count. For tracking the observer's lateral (X Y) novenent, a controll able
scanni ng worznavoeprioj ects the light of the SLMto the obeemmreoos/oeses. The
tracki ng of observer's longitudinal (Z) novenent occurs by changing the

rel ati ve space between the small LCDs. The docunent nentions a wdth of the
reconstruction of 50 nm which results in a relatively small angle in which

the 3D-scene is rendered. A di sadvant age of thif) net@$ i s that ~
manuf aet Uddiiomohthediangiameed pbieet data 8RRy muPSmy ﬂ@pﬁ?'ﬁ?@”@?@ fn LCDs

i ifficylt. Further, jt. has (o b i ded that mmltiple
 consHa (R0 & eisncerfiata ark RobjfeR Feftrman oo ot WEvs T YBISL R, That
|1 m (S abBEasindfie Shsbifer WA DNNERREn e seéreisabcbheraliect . | n or der to

reduce e enornmous nunber of conputations the patent specification WO
01/ 95046 Radk-ttassfbrmatiormohthieomfenenceldata set BH fodm ding yeferancedayesRbitoan

oL s W B R S0 bl ool BERE  ppdehoRetd
sub-r eg&/ﬁﬁ%ri% Q&n?%lﬁégam onH,s.. frayRsteshcniy fie-viaésd ediogfraect i ve exit

pupi |, n coincide with the eye pupil of the observer in a specific
posi ti dine N pixchealies dortbe yideo hptogramaargsisrivad ffafe ke typirally cOmrieXal cul at es

t he hol hat - t ition.

Hovevoratienial 155 heladPamata st Toihe Fideaitiocm, HRe SHBETERMRECEDS: ot Pons
and t hgnilamedd Pades ahdiiave glogsesor neothilatigihedightduangageneo need a |arge
controllable SLMwith extrenely small pitch. A device described in Docunent

WOl 20030 sd®Btipm1) for reconstructing conput ergenerated hol ograns
decreases the requirenents on the SLM by restricting the reconstruction to
a_hor i omasbegradesdrivedoatiove( MROBDHE! is gecanstristed for e MieWesin ReiSeYE a i ne

| i ght squrce h nerate nochronagi c |4 W i | ess

t han 1(3"'““9‘%{%/\7\;” eﬁjﬁqrgo g&?y%ﬁ? pﬁppeg\f?eﬁ}%%,dirﬁ%%%{%éf%%g?? gﬂ\g&&?@#ﬁégher ent
in the dﬁrﬁéhéi@ﬁbl ABhAEH 128N thENshjB6et Wik aieiedl inaeality! differértrhdiadramsparace only

in the horizontal direction, whereas there is no hol ographic reconstruction
i n t he neededdathairaspectivmobserver windawssfar @agh@y€onst r uct ed obj ect with

hori zontal notion parallax. The perspective view does not change upon

ven i calhenmblogram Adtiofdrdhe geaond ehserves Windew i camputeshindhe saeswryi n t he

vertical direction t

h full L1,ax, hol T i
ber | odiut it grcoRangl aleted Hiafid Rt SBR e MReraiis o it foy ey,

t 3 | -réld ' heeDag| Theaws. Th
ppotilic LS s it Bl i g b il
ster _eogqtrom?g;arm?iﬁmgche@l mmpomﬁt@m 8t theespsme tinenerd ahaelutaly y’rs&neﬁﬂepﬂy _

I STI NC rom e Nol ogl.am sur C . f ramis
encode®f eﬂcgiﬂtg%rdpr?é:ﬁgﬁ%?é?y e&bjj'piceted rglp"t}sé@\eériﬂ.'eﬁ SG?gc't'agg% @gég&gjrcgg%él%h\@g?zed as a
st apk QfimRREAEATRING WBRAGhg FFTOGLERBS Cinvdrdestd tdd0cb the gequirsd cemputing uct ed by

an array containing so-called hol opi xel s having a structure different from
a knowrpqwe(eDomputaglOGrF@.SUﬂ%Qf:lQ\blﬁét drinsels lé@'féb?aﬂw ealyditie PéBPiCI}&erSQP?er ns

to produce yiewa i ' r .
A T e b

~ sur f acasadkgpdurdy. Bolp ayeaWilythdnsdaerthie damenstéiee, Hnltdgmaslightly affset The devi ce
projects one or nore series of parallax views of a three-di nensional scene

t hr ougtditgediops. nore hol ographical |y reconstructed i mage pl anes. Via

25  According to a particular feature of this embodiment, the digital signal processing
device contains an object data set manager 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.

30 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
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software, the image plane can be specified at any |ocation off of the

hol ogram pl ane and popul ated by a vari abl e nunber of projector-pixels.
Further, wo 2a06pemdfi c enbodi ment, the hol ogram surf ace pamdreévs/visage
~surface are separated by an adj ustabl e distance. The image surface may be a
variable depth and/or resolution. In contrast to the pixels of the
above-nenti oned SLMs the hol opi xel s have a very conplicated structure and

can reconstr

cbser varo At I aEt T REERS PR oToRs riaddut i AHEDL OR ket o
of an ey@widemhdlegrim fayep HIesr iptdreatt thispbyermt i on VO 2004/ 044659 reduces
significantly the requirenents on the pitch of the SLM and the

conput atHerdsderl @afinglow $ige VS GEERANIFG @veRy thellaterdPyizé of anrsyel, isspécidleast
one light source, which provides sufficiently coherent light, a

Four i eroaseameonhnayrb@ redrgec t\pLplY BEghASSUMNING 2 RPSEIVE MERAQW OB pi xel s

that each,.cond ain on 0 ach

opeﬁl ngl 4L ?B??%cﬁ?ga “gé;i%e §€£'rér? \%?hepﬁﬁgg?ﬁ% a@gﬁ{ %e |Dr(r§ge pl ane
of the rbhgiéd Fsthe @onlputéhgemdratsd ddephaleyrant islredscedby adbstmrvoée 50hdow i s
formed in a gerlodl city interval as a transformof the video h dg;am t he

obser ver. 14,889 &ompased M@th@]|'QJ'H§EP@‘é|?thdn%ﬁ5‘§é’\"VbC|as$'§@(S‘HQ‘E’F\QJPP

t hr ee- di nensi onal scene. The maxi mal extent (i.e. X, Y dinmensions) of the
observer w ndow nmaycorrespond to the periodicity interval in the Fourier

transformati on plane (which is equivalent to the inmage plane of the |ight
sour ce)Fig A/8 sbonstthe positionfofselected tayarsfmﬁheeo(ae@nrt hfethm tegristgrmaationsand

t he _observer w ndow, said. fr nt, ai ree si onal
edne” geauned fbs Septataen. DVt it airBidd Sebtish Bk LS ahd R IRABE® ) Phit e
to and p g%‘ it gFéthd)\ﬂn rgbRble tﬁé’c@r@tﬁ%ﬂ@ﬁ of afMRwe f@ﬁ&l@@l\)vayé réduifel four t her

aspects enhancenents of WO 2004/ 044659; the enhancements are within
the scamenpiitetthe wavesfild of theesedtion. layers LFecHa indihepatargneaiayesRle e

t h h h
5. ob; e Saee ComRBADBoush b PLERSRRGLHBYi] thisNinhh oA Sbeflts. | |,
pur pos qn?ﬁuoﬁmwaﬁéfdrm@atdam@etsa@sq ( D9 cah sl uffered vl eepaktidonseveratied on
the S be a hol ographic array). The encoded hol ogramis the

trdﬁsfdruhsehuethIQB;OMam'ﬁhm%thﬂr@lqcﬁk@c@§h§'%e in ¢ptedbves provi ded by a
backl i ght and reconstructs the scene. Fundanentally, the displaying of

el ectro hol ograns, in which the hol ograns are sanpled in hol ogram poi nts,

| eads to a problem Sanpled hol ograns al ways have the property of periodic
r epet i tFigny4ashowssinaietaitnow\ths amitide values perii.adgi L yAhnbéanabjedtdatde
observer plane. These repetitions wll S | tipl e reconstructions of

t he sangetédPe @a‘acﬁecagp@sterémaﬁ%dﬁtan%ﬁnfﬁeﬂ% r&f‘c?ﬁ%y A% ructi on of
the ol QGBS °FS BadlifieRTId ALY SRl ecthploR WraGaRt oflf4 bagt  on or dor s
will overla esolution1s gra dec eased, 1.e. as the pitch
ri 9es, dlh%rsiigﬁﬂ trahsfdmmation dsshownt Eqna’umri (1)lsé|omssthemwof adresngingl y by
over | appi nqﬁ adj acent diffraction orders. The usable extent of the

r econst YaR$PBANIQNt hus gradual Iy |inited, because an overl appi ng of

peri odi cal reconstguct ed,pbservefk lendOWS has to bekavai ded. The vi ew ng
zone of (fa SLM dep mo)i ts mugjn pritrn di fPiackton digl & The maximumis
defined by the g XéF pitch=of aze "SLM s "s gefie@al "'y known, in Fourier
hol ograns the scene is reconstructed in a reconstruction plane as a direct
or inverse Fourier transformof the encoding of the pixels of the

hol ogr apRkfe He @Ym(i - €. object reconstruction is at the Fourier plane of
thearray). This reconstruction is continued periodically at a periodicity

i nterval , t,be ext ent
—j=—XmXo
e Pm "

denotes the core of a Fourier transformation from a layer with the coordinates xn in a

30 layer with the coordinates Xo, i.e. from a section layer situated at a distance of Dmin a

reference layer.
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of said periodicity interval being inversely proportional to the pixel
pitch in the hol ographic array. |If larger periodicity intervals and thus
great er wWeweeeaigl es are to be achi eved, the requiredprpirtErRoosant’$o t he
extent of sub-pixels of each pixel in the hol ographic array) conmes closer
to the wavel ength of the illumnating light. The array area nust be
sufficiently large in order to be able to reconstruct |arge scenes. These

two conditions pitc r i | &% f iC
arr ay Asvhagtansst Btors HarEh i b B oMicen b 8 Reicphied AR ns of
el ect r gr BetPor ABBe quadirdtid shaaset fagtdrang®y bédwi ng zone nust be provided. In
conventional hol ographic arrays, the viewi ng zone has to cover at |east the
eye se i\ [ ych requires a pixel pitch of ca. 10 mmat nost. Costly
har dmrﬁgég‘%lwlpg\é@)conput ational speeds are needed to cal cul ate the

el ectrohologramin real-tinme. The conputational |oad on equipnent that
generates holograns in real time depends on | exity of the

hol ogr B} A PPI | —pgr 4l | axx hpllogr ara-r ecgnstg wh® an obj ect hol ographically
by cohe¥ent sUp&tpositi¥n of wd¥es in th&horizontal and vertical
directions. Gven a sufficiently |arge observer wi ndow or observer region,
t hesT CCRARGE Hid BMORRIRE4,Calr BinafRIbothi Vallie Mo I3 Rith fe borrédiforitnig zont al
and”vertica irections, ™ ke a real object. However, a |arge observer

regi on prh%%'if r B10i phtheaapéMLti.on SLMin both horizontal and verti cal

di rections. e requirements on the SLM and the conputational device (e.qg.
dedi ca TR J { tc.) can be
Feduced 1 el L U B et B B e gy am or
ver ti cahulfipictioawitnbyphagBdhctoowbiptesolely dependszmihel cqsadiatesxodfi the

hol ogram i s used, the holographic reconstructi.on take I y in the
hor i zorﬁ%?“@ﬁ"@@@?‘ﬂr&éﬂ@ tﬁ%é@ r?gc%%yﬁBPBS:f%%ﬂls aqcigc%f?]tggr%%ﬁcgw in the
veib! cllecflof i 9 thel RiférdrRelinyér. HURinb8RE SoimiidedmplLaetin e inbiropeinont al
not1on paral lax. The perspective view does not change upon vertical notion,
A HPO lufltiogohseveqwindaw irethe referenaeilayerof the SLMin vertical direction
than a full-parallax hologram There is only a periodicity in the
reconstruction directign, i.e. horizontally. The conputational load is

t her ef or§ d%egse,d f p_tne- di nensi onal |ine holograns. A vertical -parall ax
only hol %r W\ﬁéﬁ’@@e reconstruction takes place only in the vertical

direction is also possible but unconmon. This results in a reconstructed

0bj ect i fedHisk HIutBH bR e bating TEcOiguting rBtéaisoftald ax in the

hori zontal direction. e different perspective views for the left eye and
ri ght edeslitated digitasignad prangssepeircitiietan pamiern Himcoapyiationsf & w\aUaNge or

i al i pl exi f _the .ob |  : @] d HPO
hor oor dtaidec BaRpras &)@ MeBdSERIE for AN RYER RS oL HAEREB0E, [To)

at the mBi&fg GcdhsfG&ion.t is common practice that the observer w ndow of
convent i onal “el ectro-hol ographic displays is nuch |arger than the pupil of
t h@0eydn(arder ta ¢rmpensatedoverers efitae reepnstiuctechaggregainfieldin &g PHSeVEF a

| arge area). anse e, LS.t ff o Lect |ight
into r e‘ﬁ'inghg’ @y\?’t'ﬂg @r%i%ﬁe%@bgﬁf‘rﬁeo Sep%grn‘?r?cﬁsdulln%gg? ggléﬁafthdehr@rfo glrag,g t he

per f or ngen [reFigl VBkdroappiied fohtHescalbelation beohegn thehdistriiutiph iy the o cont r ol
the optical wave front is extrenel igh. Gven a sufficiently |arge

. y h
obser vedbsarverovindovoB¥¥ andithe bglagiamila¥er ldeonst ruct ed obj ect facilitates
notion parallax in horizontal and vertical direction, |ike a real object.

25 Annex|:
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However, a | arge observer region requires high resolution in both

hori zontal and vertical direction of the holographic array. One known

met hod t owenewdseaohol ogrami s by using a conventional IPcamEPdosHysBral

di splay that nodul ates the anplitude by known Burckhardt encoding which is

based on the detour-phase effect. The encodi ng needs three nei ghbouring

sub- pixels per pixel and primary colour. This encodi ng provides three

catego f tion called - 1st , Oth, 1st, 2nd , 3rd , etc.

dlffra ﬂ&SF'ﬁCE 5%??mpgg%§étegory, the Oth, 3rd , etc. diffraction

or der cont ain un-diffracted Iight. These orders do not provide any

reconstruction. The second cat egorX/ the 1st, 4th, etc. diffraction order

cont ai e fallowingdndices detesio biguTae Vin@o¥®d obj ect. In contrast, the third

category, the - 1st, 2nd , etc. diffraction order contains the

reconstruction of a depth-inverted object. That means this reconstruction

is gncarr nl@thodﬁfcmbhqmtmgea: oomputmgmratedtmdm hologrdmsi; whétrd pbjerct data

diffraction_ aqrders only. J o the fj nlte aperture 5}\“’%thenlﬂ?CDngerQ ngs,

t he i nt endgfiningpbigets Hﬂﬂ'?r&@t igengiong ??P’?ea'lsl%"%?qed( virua

diffracti her gf qr AR bserver

w ndow i ng% ?gyé’élq' raét goﬁa%Hr fgglraﬁgéﬁ*‘é od| Ci ?I%élﬁldéﬁ?lb?epdrﬂg?}%ed by

Bur ckhar dsete/@®d), rmuichdhat a siekecehgjogram dfata mfdﬁsécqmcal@ufa’@dafmhbn orders,

i ke the 1st |, st.diffraction o Siz e

peri odi ci §9,mprgr@ﬁl\;g%?§e B’V‘?/QH“SQS'QH?# bject cfaqa S&fspw\c;ﬁﬁergog %%??Péés‘?%e

waygl engt nation light; d is the distance between hol ogram
ggobser{\;hee?ﬁ)gf) gétéﬂ‘?s t he sub-pixel pitch. As the object is

reconstructed correctl in the 1st diffraction order only, the observer
wi ndow can covi@) inadiref trangfopeaiia(TR 1y, eantepadimensionalabjectgatause t he

71t nat PeriCd BR6H Gyt Sl SRS frlRohiRd B bR Rioddlaye

wi ndow i sfidldmidtABution, td mb&n&wﬁel\dﬁﬂﬁhbu’mdﬂlsacﬁalt:lhiatqaridmrwrtaail ahservdrat is
used. If a phase- nmodul at | ng SLMis used in a Fouri ﬁgratE] E)(Pe

peri odi ci WiNAOM¢ @%I'n@dﬁf%[ﬁﬁ‘éeﬂﬁyedé&-hat ﬁ\f‘@f"?@dﬁt?@% M)r iR V% n
obj,gct al so undi ffracted Iight. Therefore, not the whol e
per1|god| crﬁx\@jam Ié)ﬂﬁ( be used as an observer w ndow. The un-diffracted
i ght has to be excl uded fromthe observer window also. If a

conpl ex- m)dul abi) e Shiduizted ted-dimaobioniahghre fickedistrintives (B&d- t. DBmeode one

conpl ex v ue. erefore, each dicity interval. he ob erv pl ane

cont ai ns |9€8H€18<h9 peryef WQ)XH)Z@WS étwo[ ﬂ@%‘?'&é}ﬁb (?Tt erval

can be Ussgctof[?'{]lagérso(*ﬂ?er &), Asred ﬂdﬁ&ﬁfé%@bggié@%té@é@ééﬁérwmw has to
Wt hi

be | ocate one periodicity interval; however, depending on the
encodi ng datahsmt (BS)f he conpl ex-val ued hol ogram o n the SLM the observer
wi ndow has to be smaller than a periodicity interval. The propagation of

[ caused by.an el ectr hoI : nsf or ns
%%FOUI’I er tr é?&"?ﬁscon 19'97[]5{ @:B 2@ tﬂ%?@é%i&?ﬁébgég%?wg‘#éjﬁl i ght

dl stribut yata yété(F@Ss E@ngfoemearfadmftné vafefaaes la ttdlhef\ﬁded helograrnght

di stribution at inite distance. The far-field |ﬁht dlstrlbutlon can be

shifted t tayer(iifh), tto grnaratecbienydeo holagsamitipta 885 (HFhiordbe GOMPYIKNown from
pat ent ap | C%E%‘ﬁvd%{g?“ﬁ‘?g%"q)ml%g is based on the idea to limt this

encoded a 856 ‘emanating fromreconstructed scene points is
confined to one observer wi ndow. Therefore, the device reconstructs a video
hol ogr agn i Memw aegordidigtbtcharadteristids hiwheére the uiata of theavidéo holdgnamrdata
observer pla
2 set (HS) is assigned to equally spaced points in the video hologram and these

points are organized as a matrix.

3. Method according to characteristics 1, where the section layers (L1 ... L), the
hologram layer (HL), the reference layer (RL) and the virtual observer

window (OW) are planar.
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The reconstructed three-di nensi onal scene can be observed through a n
observerwi ndow | ocated in front of each eye. The reconstructed scene is

vi si bl e iwei2d@/dcbi9r econstructi on frustum the scene camrcCriEPe@byiizses
reconstructed on, in front of or behind the array surface. This allows the
use of a conventional array with resolution near 3 mllion pixels at
reasonabl e hardware expenses and conputi ng power. SUVMARY OF THE | NVENTI ON

It is ' i S i-an: . | Lrement s
o comut [MfSd pBrrbliane RSB EERS AT iR M olbGfith

el ect r o- hpiyeg(lD)itite destiiratayéry ane tensittuatobseyver wiraowamgpanaielLisi eagha SLM
with a conventional resolution; the hol ograns should provide a high quality
reconst rubth@f: i mage. In order to achieve this object, an invention as
defined in Claim1l is provided. The invention is a nethod of conputing a
hol ogr Wl t ; i e

posi 11 o T B B o

r ecénst r uohservet is Incated| nezorhe virtuaj eheeves wihddwgathat aceeodstrestatines t he
wavefronts needed to recantru@ e}{ery oi nt_ i.n_.an ject. This can be very
conput at | SFENT §an Resesnarough the H%Ito%(?ﬁ‘éerd’?"ngval( i'fi the present

i nvention. Instead, with the present invention, one nay determ ne the

wavef r gt fetho@BcoSeRig/R any prRediltpéharatietishes, 96 naich térbyra twear obj ect

| ocated at the same position of the reconstructed object. One can then
back- t r ansfarenirtual obsapes wWin#ews (0VWhe hol ogram to det erni ne how t he

hol ogram needs to be encoded to generate these wavefronts. Although

| | t . G i f @i t] Ki
oo+ MR sEcaRn T diitabRTisHEC EAhe R e GHBEORRA (), G TBEL Y. 1R K N9
r eqonst L ugpieﬁp,toiu') endé ,asﬁibﬁeﬁt_emmc;t idlal\‘éaaseiisc@&iloesOSnlaa,tHIbofamhiplhtamhpgiml I
appr oaches at are very effjcient. r ex e, one can a resne
A M MG W S T I O A TR
Wi ndow, oQG, §&4f géf%ggg@ﬁ)tm@%?lggémg@ fgtrﬁsgéwhbr@tr@ﬁ%b@r apiindow and

then apply a si er trans m bac hol ogram pl ane itself to
defi ne t hatrhoturgbanalpes fosalbdatahsets (D&qr. ar@ShaRSaHS) iedddved Gomethenst r uct

the object. Further, this proach | eads.to a,smll observer w ndow if

| ow r esol UMher S pixels Bs%ggg.e”ﬁ?é“ 1¢ VigEodIRIIraM ndow does not however
matter if it is larger than the eye pupil and if the eye pupil is properly
tragkeds, TReth&PaRrdihg 20 #harditbasticsan Wikde thé age-difmensivplbbobjephdatadat a i s
bei ng processed at a uSer's display device (e.gq. an ASIC in_the displa

devi ce) omsetn(@SconPdhatandrihe aggredaiedmbseserivindaw data ﬁ?hﬁ@eb@\(ﬁéth%—le%ce
the display_dev; . i i i hol hi
tata (oo Shgte it Pl B8 Bl g BRIt ah DB S Cae et b o het wor k

etc.) that can be processed locally by the display or conputational unit in

t he mangemvé&tabirrdoidingtaany precBiing thaiactdrisyics ednere éise sival vbyemer t r acki ng
t he observer's egg{i (or the eyes of several obsel:i?\e/rehsz1 in reﬂg} tﬁi‘i me_so that
t he hol ogMiRsew{ONY) dhpuetarence laysr s $etdohemaliry thah &5 eqHA $t%C thi s

re time . r i i ! i i i temin
SuD & ey AN RRYATh i [HEFerice) IAULN AR Rk dGormpIol i B e phi <
data wi | | pdriodidity istesealof a vi deo hol ogram be changing over time; it is

regularly and rapidly processed many tines a second in a way that is a
function_qf the positions of the pbserver(s) .l eyes. sui_tabl ded
hol ogr aﬂrpﬁ\ﬁﬁtthpﬁép?cﬁaﬁg fpany PF%Q%ﬁ%Q Pf]ﬁ'ﬁcg?{?%lf:sf%gﬁ%%goﬁe&%ﬁgﬁ%%?scene
t hat can %_mg@%\mﬁk% b @fdrHlafe of hee@dgrimt he pl ane of the observer

| ooking t i

w ndow an rough the observer w ndow.

11.Method according to characteristics 1, where each object data set (OSy) is
25 based on the area of the corresponding section layer (Lm), which depends on its

distance (Dy,) to the reference layer (RL).

12.Method according to characteristics 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.
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The present invention preferably uses a device described in applicant's
former patent application WO 2004/ 044659 where sufficiently coherent |ight,
i maged bywopbecmbotbocusi ng nmeans, passes through controlpcalipeoosioxsshie of a
singl e hol ographic array (or other formof SLM into at |east one observer
wi ndow, each being |ocated in one periodicity interval of an observer plane
(known also as a reference | ayer) near the eyes of an observer. This

cont 1 ofPp o SRS nh 18 it dfis O IR, FECAdRIBETRaT HRlET o,

wi ndow. AjistanséyDmst. rl%ﬁt@&ﬁebﬁtuﬁ&@fﬁrémé\myeg(l%lp)me settsayhamm thb@nblbser ver

wi ndow. I n contrast to common known devi ces, I?e fr t.ai

r econst r UecPBBrusted seera (P M RastsPifbARPRA AN TORLR ag ‘E)r g t %e

hol ogr ap xtent of the observer window (i.e. in the x and y
directi oﬂi@ Sern%ayegklgléf than the periodicity interval in the |ayer or

pl ane which contains the image of the light source used for reconstruction.
This | ddddletrmd deccetiihgdd chhectetisticsi Jethdre Itbg fieghteanstormatignti® at friesnel

i npl emrent at i n needs er diffractjon an conpared wi th ot her

sol ut i onsirafig OErﬂ%t'%WB”?‘fCqm@'%@egghgwmgﬁtbﬁée%‘f erence layer and for the
hol ogram | ayer have the sanme nunber of matrix point values. Thanks to the

conput ati on OfMamBhéétm\eoMﬁéta@ﬁpﬁt@de Vhliel A ghsf sarpidtgéctrpotmt ofian otigimallemands
on processing speed are great reduced. In particular in conjunction with

a known mmestiohdayerdlerwitbra st maaeﬁawgrd@wr&ng SPheriGal iaugst émo)um%nt

observer positi f.t a at |y

m nim se ’%’”ﬁ@ﬁﬁ f‘% Q%?Wﬁ%lq&agaor?ttgge%%ﬁénaegé?@dr?g?gvg?é@ Wﬁ‘z et ails of
thig i npl &igERaIHcEDN layert(hg) ane gendistancenDing) betwéden thegbxtngmabsecrtiw li ght
source is focussed to the observehlfgl ane | ocated near to observer's eyes.

Ther ef ordayﬁrn(%@né@@fe@mﬁl'% re is the Fourier transformof the
hol ogram the observer wi ndow is hence al so the Fourier transform of the

hol ogram The ﬁ%ﬁgfb?ﬁ{alﬁphedi‘tﬁ@pﬁfstcdl&ua@d pro8uERYbF Bach bBjRet poMt PALL he

hol ogram but t resnel transtorm as the reconstructed object is not in
t he focusApl)aofeheforigiral seation [Eyer (legovitht thechalp ob bjfisst fast Feuriehe Fr esnel

transform of the hol | ocat e the fr m,def i.ned by hol ogram
and the obarsfoepalipn vﬂ?ﬁq{ﬁ'&‘éeﬂgmgﬁ%&!ﬂn Iayet H'mt)g O 415 {9 SEonst r uct i ons
5be av|g>4 [eQQDy limting the hol ogramregion on which the scene

ormatl 0 hcoded on the hol ographic array for each sanple point of

the hol ographi ¢ reconstructi on. By encodi ng the video hpl ogram on a
restricted r egMolltlp(hCaiudrreow&\Iedbu&p‘ﬁlwlaée(ﬂ &ﬁnShﬁ@Sr(éomnst/ﬁw Wih sesand

observer ndo has to. b Qi ranged

i nsi de of\l\gﬂ qrf %?8(' Eﬁ %@'Fg%gg%é 5 | Cl pg”?’?}dﬁ erva‘? f%l‘hgii can show
the corr egépéifing ORthesquBRRPESIrt elteD(X, Qz]lrtfhe refaredes Idyer ¢BLpahd thecene.
The observer wi ndow has to be located wthin one periodicity interval only,

however d@lpmer@ndrﬁoﬁh@%@l‘@@lﬁﬁfﬁ'%@}’ﬁfoﬂ-ﬂ%ed the observer wi ndow has to

be smaller than the periodicity interval. For instance, if Burckhardt

GoPPned b aE Epaniiy EEhRRLRIBA ) W GrenRe eckonl RBRHRIGR i pisT b e v

sel ect i onFedsrid) eranefopmationvhich tbompebes theofdilowig sybivstepsi spl ay and its
encodi ng restricts the size of the observer windows in relation to an eye

ove tracking nilipicahen Phaach Fample AbbRERER AP U457 ohit g ersh e <"
hol ogr ans ?fg@ Gth gsthﬁa ‘?)Rh§e LSS BEURYy SHhdTidl WaleS OF 89! ﬁf@ex?pbﬁéwt ed to

Fr esnel ol ogram has 100% ef fi ci ency there will al ways be
undi f f racbéslaltilfgubr depeadlﬁgum the sqolaced eeordintes (@c%ﬁdn theyreferenceocussed to

a %%Ot | nlatyge(ﬁE)sgrr]g fhe Blsijl nce (lDfm) h' tWedh He rle?el%lfﬁ algfer (ﬂ‘?_) and the
hologram layer (HL),

Transformation of the thus calculated products of the complex amplitude
values (A; ... Ay) with the help of a second fast Fourier transformation (FFT) from

the reference layer (RL) to the hologram layer (HL),
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observer wi ndow the undiffracted light is not visible and hence does not
disturb. In a Fresnel hologram the undiffracted Iight is not focussed and
i s therefwoaoswsstdibe as a di sturbing background. An i nplPremmre@sionss7of the

i nvention provides a conputer generated hol ogram conprising regions that
encode digitalized encoding informati on needed to reconstruct a hol ographic
image that is visible froma defined observer position. The encoding

i nformation of Mepicaticw thHébﬂhQQTcamlété? itransPaiseGPNSt HYQURiEh 856Men | S
a

encoded solely in restricted region of the SLM Each encoded restricted

regi on caphase facteriestribing sphearieal weres (k) otheaxpatieat ehsaidiiaetet points, so

that the I i.ffer j J i ach

ot ner . Fopeeeiiggnte'ssBRRY oPaRad bR TN HREhEEhERR Y3 (LT rbHHE
restrict edistdhce (malb@t\h@émtee Rogtar dyargALY aintihRe esferarfceviagen(R10| sgram
the size being such that multiple reconstructions of that point caused by
hi gBer di 9¢tthetdasiredrhnloaragt valges (Ki si thina far therholegienm datacspidvaa usgdsi t i on.
In conven]tdr%lré%[)dﬁll ectro- hol ographi c di splays the hologramis cal cul ated as
the Fouri & Frésmner transform of the objects. This |leads to a small object
size if lowresolution SLMs are used. In contrast, according to an

i mpl enet8. Metbod atcording tovehraocteristitse 14 ok chamuterstical iGuwvhersdorss ot hethrafur i er
transform,of the pobserver w ndow, This |ead o] smal | pobseryer wi ndow if
| ow-r esolnh"ﬁ Bp@sg_t%ﬁ%{,sfq?g\é\h[ngmhe{lﬁ@ls W%%%é?%c? %’ds?"ﬂ?%gﬁﬁ% fonal scene
can extendoh&ahh@aiget i re space of the frustum Inplenmentations of the
present invention include also the concepts and features defined in Annex
I11. The invention can be inplenented as: a data carrier programed with

hol@gr abhMethed accodding tesehnrantesisties hawvhere thietfirshard\arsecondt can conpute a
hol ogram {r . da i t t of Claiml. a data distribution

net wor k wh@ﬁg?(?g&%b?ﬁéé %cﬁjo {égﬁrﬁpgfoggjﬁggﬂhat can be processed by a device to
conpute a hol ogramusing the nmethod of Claiml. a conputing device adapted

t o conpi8.Melhdd adedidndth eharadesisticd oowhithusngrigdsetheoheingfsublsteps 1. a
di spl ay screen when di spl ayi ng_a hol ogram conputed by the nethod of Claim
1. a hol oftr&goiecting cepist valbes &of the epmauiesiasqesated oiger Baloglam by waY Abd of
Claim 1. Ft)é{b‘?ir()ni npl enent ati on features include the hol ogram bei ng encoded
onto a display in a television, a nultinmedia device, a gam ng device, a
medi cal i nmage display device, a mlitary information display device. The
di dpl ay ca)p the cbhseREriwindowciata seS(RB) BRhER OIEBCH ATeaNiniEnSitialRBRAN:ENGS
Fig. 1is a view of a general illystration of.a device for
reconstructici?g#‘@fjdaesoag%'%b 9“§W0R\;\’F#63ttt@ QAN on and arrangenent of
the diffraction orders when the Burckhardt encoding is used; FLg. 2 is a
gener al iBI)Jﬁqkalﬁféﬁfom"atépflj@mh@@rlglﬂql&B’WH'WF"&H"'N‘%&)@H?’P t 4 ngNLVPides

hol ogr ans j I i =13 }

thr o di misiBREiredoh 85 4RERORKRAN taych (1% el pleBRLpBt DRuEs (B ol i g
3 i s a getier hologtdmddataset(H®f, a device for reconstructing video hol ograns,
showi ng several object points of encoding the three-di nensional scene in a

parp of tlgg deriledioRdf parafieters (Paramn) of the hologram data set (HS) for a light
modulator matrix (LM),

D) transformation of the Derivation of parameters (Paramn) to the reference
layer (RL) to get a distribution of complex up-dated amplitude values (A;'... Ay )

in the virtual observer window (OW),

25 E) forming a difference (A) of the distribution of complex up-dated amplitude
values (A{... Ay ‘) and original values (A, ... Ay) of the target function,

F) back-transformation of this difference (A) to a distribution of difference point
values (AH; ... AHy) in the hologram layer (HL),
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Fig. 4 shows the sanme device as in Fig. 3, but having a higher resolution
Furt her aspects of an enbodinent with regard to a video hol ogram and a

devi ce f owoneaumwsiipucti ng vi deo hol ograns are il l ustrat @edTardoosopisa® ned i n
Annex Il in conjunction with the acconpanying draw ngs, wherein Fig. V1 is
a general illustration of a video hologram and a device for reconstructing

vi deo hol ograns showi ng the generation of the diffraction orders and the

For. rccondt) S0 S Rt 8 fmind R Eho QoA R 2R R Y of°

can be vi gy@stidgiheuttlograyh eutangetvi ndow; Fig. V3 is a general illustration of
a device for reconstructing video hol ograns showi ng the encodi ng of the

t hree-di $heEMnSEERE dtdpRChe6 G)of the video hologram Fig. V4 is a
di agram gﬁzwégg tqu | ght&i) n'?znsi t)y di stribution in the view ng pl ane

dependi ng;,0 i i : ' ! i bhl ustration
of a devi Qeq?%ﬁﬁ?g%%%’éﬁ%fg%}?ggﬁw C%Toth%(r)%b g;!r)gmsa\@r?oévac%wgé%ggié'bi on of the
vi esi ng wenbhed. for both eyes of a viewer with regard to the diffraction
orders to prevent cross-tal king. DETAI LED DESCRI PTI ON OF THE | NVENTI ON A
device for reconstructing video hol ograns conprises a SLM (which in this
exanple is a holographic array HA), a sufficiently coherent |ight source LS
and an ‘FQQ*I‘PS%etEB_@lb?%'n?%ré&‘éﬂiﬁg‘cﬁwar%@ribﬁ@ﬁ\ WHidhGRptidihfbenatisd iszhd by
virtual 1llumnation neans, e.g. a LED array or a |ine shaped backli ght

| ocal | y ceamedbr alfi objagt dataes@ted by controll abl e shutter neans to form an
array of point or line |light sources. The hol ographic array itself consists

of pix i re I K X reR. | s a
number A% PR RARI T IR kT Wil BRUE Pt Getaie e RO, D
of 1@ach sghn Rwiteh fione asBRsy dingensianil nesdaty a twodimensiook| miode, depgrding
and/or anplitude to influence the passing. illumnation |ight to be encoded

vi a hol ogPaphe ressrandiorvdiaidnose Hrbeeri®d8ent i ng the sequence of a video

hol ogram 1In the observer plane OP at |east one observer w ndow ONis
formed 4 : 1: 041Gl i i J i transform
of 1 he 1 dIg R b o B B o g Ve e o
view a r ebohgramstvwitmdigitalSlicer madnse udiicheassignmbbject data definingiebjests ext ent
of the observer w ndow corresponds tq the peri.odicity dnterval ipn the
obser ver _ﬁltEFﬁ? dipensiq Sﬁ%ﬂ?it‘éf" Mée&&é/ﬁglf%r 'PBﬁ?yﬁi(Eh“i Mf&@ﬁ_ﬁi cal

W Y3 the iSapGS, l%h/gﬁeeﬁrﬁinb@ségs&a’ée égﬁbp@ath%et (oSstheuBhehatr 4 eidesmbodi ment  of

[

the ‘i nvention, ormation about a three-di mensional scene is encoded in a
transm ssihotogdan data. sethidS) fanenvideo dwlggrae can basglowated frasnsame aedlbr al

openi ngs b- pi xel s r a,.colour. display). Spatial control of the
anpl i tudegiﬂ?f' %Ctof;aq?ﬁgtﬁ’lqoﬁ‘%'ﬂﬁ\gi ng light is achieved by the encoded
pi xel pattern. However, the basic idea of the invention is not limted to

the described g)MrsBeafsfbrraatdd AridnegTR1Y foreddnaptitineefrany egch obsjear datps t hat
directly nodul ate the phase of_ the liaght waves,  such as_Freederjcksz

_p: f<el s, magt Sk eepFaierwordimensien W&/@@"édiﬁtwﬂﬁ%@r’@ﬁv'ﬂ@& r\(ljer
ert?dl mondafO i 8T HEERRORE (R it a8 e Bistabioe (Byf Pan@EBleDCE,

sour ce LSpsailotyheehns fior mgfferigrisatsfosned vbject datd setdj sposedcyl i ndrical |ens
that i mages the coherent light of Iight source LS into an observer

(b) adding means (AD) for adding the transformed object data of all section
layers to generate a wave field expression of an aggregated observer window
data set (RS), and

25 (c) second transformation means (TR2) for transforming the observer
window data set (RS) to a hologram layer (HL) situated at a finite distance and
parallel to the reference layer (RL), to generate the hologram data set (HS) for

the aggregated video hologram.

42



pl ane OP. Figure 1 shows a device that uses the known Burckhardt encodi ng.
The observer plane OP corresponds wth the Fourier plane of the back

t ransf or mvof2oadnesaabdeo hol ogramwith diffracti on order sPCTHP20059h387$0ur ce
LS is imaged in the observer plane OP through the focusing neans F,
representing a Fourier transformlens. The SLM HA, encoded wth a video
hol ogram reconstructs the hologramin the observer plane OP as a Fourier
back tran iBa it el i ; qgui di stantly
ot agger IS T A AR b S e S it CoRtolie b et B

hol ogr aphindependeniiyworkiog tiagistormaitiohrraeans (Ft dERR) faalpesfopinirge, e. g. by
way of the_so-cal k.ed detga%ﬁ%hase effect. Because the light intensity

decreases?r?BWfS’t”a‘? 'ﬂpﬁrh%}' Fa?&nf[%H'n(gr'ders, the 1st or - 1st diffraction

order is used as the observer wi ndow ONshown in Figure 2. The di nensi on of

the reconst r ucFirstmuRipliedtRsiemeans V1) femURPRANS tE AMmpliRicdidiBashop Af the
peri_odi Clt%/ interval of the 1st diffraction order in the observer planhe OP.

Con8equen®f yalugs ghan odigial gbigc Aata skl (O Swmevigbaifirstarhasetfagiar wlescribingout

formng a . W j e . in Figure 2,
t he sel ec?leﬂ !LCseﬁ) Wéalv? %ig?:'f“i/tc'):lr?’(’)‘g&B%\réﬁé{)ﬁ?ﬁe&%&{t%&sr %?Qpaéggj'@g\ﬁgh? he

r econst r usquaredaoordinatesdgq, ol indhamespdctive origindl Mgyer €L R1Y&ndoheof the
object itself, b(ﬁﬂw instead is the wavefront at the observer w ndow OWt hat
woul d be ‘g@kﬁ!}c&t )9 adargef|laysyj(Bttonldkht ed at the sane position as the
reconstructed object. Hence, that video hol ogramreconstruction (i.e. not

the obj ect r %PFbﬁﬁkftttié?ﬁ}%rﬁggé? ﬁﬁ’éarfse(FFq’??d?'ttratngg)V@%%ﬁb ﬁr@ﬂlﬁﬁé df frensi onal

scene 3D-S. It is only use e observer wn t hrough whi ch a
redBnst ruct i disstanultiplicatian sreamsrtiyHs fiomathesrowiginag faysr dariRbetoobedargetl. The
scene is Iocq%feq 'Bﬂﬁ_i'@eaﬁdreconstructi on frustum RF which stretches between
the SLM and the (S server wi ndow ON The scene 3D-S is rendered as the
Fresnel transform of the video hol ogram whereas the observer w ndow OVNi s
a part of t-hédeondineultiplicatied oraans KM@ far raultiplying thattcdrsforapwite aeothedi ng of

the SLM HA b [ obj.ect int P of t cene. In onventj onal
hol ogr aphi c ?’p@%g%ﬁﬁérgﬁsghsﬁpﬁ%ﬂfg%aldﬁvprségﬁwgl%@rtggI,ex%r@ﬁ:rg q?tsggl fgcfor
constitute thzpendingtonthéisquaet dodedinhies Gi theltaryet &Henahe Wed altaHeect woul d
be St t he Fouyri er {ane. In tpe Fi,r?#re 2 inmplenmentation, the observer plane
colPnci des wi W?‘?fg AR AVET APAATYINaLIaYSFe 2 shows the corresponding

hol ogr aphi ¢ encodi ng. The three-di nensi onal scene is conposed of discrete

poi nt 5,23 D@vicklRedBRiiAg So Bhardcferi¥lict 222 WHedd 6t Rk -exBRatiOY bRieBY Faukbr t he
observer w ndow OV belng the base and the selected point Pi1n the scene

3D- S bei ntiangferpatians alk dptaseiadwyetshnomyper (N) of discrete avadriy pojrd vabeson t o
the SLM . | e, on i is,Created in the video hol ogram that
poi nt bei 'dﬁ})l‘ﬁﬁ%ra@ib%zmé §Hé‘ﬁ@8§\é’§’$i?e| y in the projection region A 1.

The di stances between the point P to the pixels of the hol ogram can be

det er m2¥eDeviceaigterdihg t6 ahardctdristich @ 1phasch Waludes.a ﬁhjltﬁchﬁﬁﬁélﬁigit&t ion 3D-S
is _larger than the observer wi ndow. The size of the observer window OVis

coR8t r ai n8lgnBlProsessRIy (DE)det (ndepeadeat ang gineyianeeus sixecution effraguently
r econst ru%_bg&;r lné%%”%ﬁé?&{ Fdlﬁ?ﬁéb”t erval constrains the size of the
OBJ ct; that d

reconstructe oes not apply to the present inplenentation. As
a consequence, this inplenentation allows nuch | arger reconstructed objects
to be @nBeuicedachatingubal chatzetqrisdies @1 wikichipchudesravenititodalof hol ogr aphi ¢

ggﬁr gggg a’lﬂd‘&ﬁyaﬂ%@? \llvgykirr\]ga \sflljQ—%rggeessso?ﬁvh%hxgémBlriéec gimtﬁta{n%%%gﬁlterxue%tfedd obj ect
transformation routines (TR1, TR2), and a resource manager which dynamically
25 assigns the transformations required for computation to the available
transformation routines depending on the content of the three-dimensional object,
in order to be able to simultaneously execute at least a certain number of

transformations.

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

30 simultaneous computation of the hologram data sets (HS., HSR) for both eyes.
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i nside reconstruction frustrumRF. If the point P was encoded in the entire
hol ogram the reconstruction woul d extend beyond the periodicity interval.
The vi ewiwqQ 2z@e691Dr om adj acent di ffracti on orders woul #CoxErréap138ihi ch
woul d result in the viewer seeing a periodic continuation of the object
point P. The contours of a thus encoded surface woul d appear blurred due to
mul tiple overlapping. Figure 3 Figure 3 shows an encodi ng of a

t hree-dj j t hown
each O%f@?ﬂg%%coﬁ@ﬁggo %g FasCtso\Hg % 1é% %ﬁiﬂ%ﬁ}geg%cﬂq%@g&%%gl g((?trmg@?i cted
encodi ng mm%p&mbmﬁg%@&mhw oﬂdtﬂ'mpl’oﬂglng‘xsbjecteda:tafselt&comﬁ) irhe
reference nunbers A 1 to A3. The positian of .the object po End P2

differ i nhG@SﬁmlW#ﬁF‘P%W'ﬂTM@PN‘é”g‘Bﬁl @tH%Cté@JPbEB‘tq’f &h %*‘?Rj‘t?é' fons A
1 and A2 | SHY

greater de Qf}()?rh%ﬂBn:%:bﬂb’('cﬁ"nscééuE ce tﬁgwﬁa\g@e@? r&& e"oﬁg@grﬁrﬁlg%ﬁdggedd" OP. The
|l ens F Orueekmmﬂaaskmwsnnﬂgaeﬁkﬁghansdurce LS. C0npared to a Fresne

hol ogram the Fourier hol ogram has the advantage that undiffracted light is

focused o smal l ts . in the obse r ane I f these spots are outside
the obsdh PEVICH Ingﬁg CUﬁEﬁqf?Tﬂé ég P"R@ﬁ? ong %ﬁ" QfltE gsgga%pgs[ ur bi ng
backgr 0“ngeséﬁbﬁg’g"@pﬁéﬁ@al%a@s‘(?h%,ﬁ/ﬂiﬁn, FQQ.DF4@QH§9%6 éé’ﬂ@o &l donsenttvatud. maged
light source is Timted by diffraction and aberrations at the lens and is

usual |y very small conpared to the resolution of the human eye. If a
spat i al2% DenicsrracondingdaGharacteristics 2 Epdapted tomwitehrfigmiasthie@d, the size of

e T bbb dOEE 1 Bl SrERL R AR ughURIPSL e A B O,

i ny@nt I onwhah nigdeAy uekr élgbfs. sources and an array of |enses is used, the

i mages of all light sources have to coincide. This neans that the pitch of
the light source array has to be slightly larger than the pitch of the | ens
array, according to a sinple geonetrical construction. If the sources and

| enses are properly aligned, a diffraction pattern is visible in the
observer plane OP which |looks Iike the diffraction pattern as if a single
source and a single lens was used. There may be additional optical elenents
whi ch shape the light distribution in order to honogeni ze the |ight
distribution or increase the intensity in the observer plane. These may be
di ffuser sheets or |enses. For a pure hol ographic setup, tracking of the
observer is achieved by shifting the |ight source(s) relative to the |lens
(array). This may be done by nechanically shifting the source(s) or the

| ens (array) or by electronically shifting the apertures on the shutter LCD
panel . Tracking m ght also be done by a configurable diffractive optical

el ement or a scanning mrror. |If hol ographic object reconstruction in the
vertical direction and autostereoscopici mage separation in the horizontal
direction are conbined, tracking in the horizontal direction can also be
done by horizontal shifting of the VPO hologramon the SLM The foll ow ng

annexes are appended: Annex |: A detailed description of another enbodi nent
of the present invention Annex |Il: Theoretical background; detail and
enhancenments to the preferred enbodi nents Annex I11: A summary of key

concepts from. and enhancenents to,
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WO 2004/ 044659, the contents of which are incorporated by reference. ANNEX |
Furt her Enbodinment with regard to a nethod and device for conputing

conput er geoan@tiwad1yi deo hol ogranms Annex |: BACKGROUND OPCTHiE26BOBINVENT The
present enbodi nent relates to a nmethod and device for conputing
conput er generated hol ograns (CGH), especially real-time or near real-tine
hol ograns, e.g. video hol ograns, which are made up of individually
control%@?kglgologran1cells; each cell displays conpl ex-val ued dat a.
Besideé\ I's, real-tinme video hol ograns are of particular interest.

El ectro-hol ography ains at a realization of CGHin real-tine. The

el ectro-hologramdisplay is effectively a Spatjal Light, Modul ator, (SLM

Wit h chelowt?C@bbaclﬁgrsaén@: ¢@@6@§@*r@1&ﬁnﬁe”@@f§athﬁo‘?rﬁf red e@pRdimentipdul at i ng
an illumnating Iight. Throughout this specification, we will refer to

real -time hol ograns as video hol ograns. For those skilled in the art, video
hol Bgr athis sbctibregives fuBtierdhbbnetideibackgatire BLikks, emodistartptentionedht

Modul ators (AOVM) or the |ike which do not exhibit separately arranged

cel | s. 39VEontrast to classic hol ograns, which are stored photographically
or in another suitable way in the formof interference patterns, video

hol ograns exist as a result of a conputation of discrete hologramdata from
sequencies ofDifiractior®ndiensand QtadergerdVindods i ng t he conput ati on process, the
internediate data is stored, for exanple, by electronic nmeans, such as an
el ectroni c storage nedi um of a computer, graphics processor, graphics

adapt er (Ueé?:triagbn!&@ dredie repERMIY G a diftactidnsstendat a can be generated in
in

any way, e.g. by erference patterns or 3D conversion of 2D data. Annex
| :~ Backgrayunithecpixelajion ofgzhalegram ghandldVileads to a peredlicaiepetiiqn ekther or

spatially,controlling t | d L, & i : phase
of “the afiieLRE PareaLE RSP EA the Ohfery b findifnSE &TBE Wi Be

encoded erRidig isteaidlalé sthelobserepahdow iakstto essradllerhan $hd/pergdiciyt ai n
controll abl e hologramcells, each bei ngseparately addrfe)g ed and controll ed

by a di sdnwlvﬁméi@pitm o theoPblykand e encoding method ot theneoBIgkt nuous and
tajn di . - i ng by i
ronsor ey OESAD e S RRATEHS e bap o REppRcly bR sho row, |,

sub- pi xelraucteath canbepiiser] asasgbseywergvindewof three or more primary col ours.
Dependi ng on the kind of video hol ogram encodi ng used, further sub-pixels
may be used for encodi ng each of the primary colours. For instance, a

detour phasengncadhng Lg%ﬁégé ridtRHSeRHE S WREUmIGAE R caifelBsdd as

arrangene ree su ch co r conponent. Taking into
account tdmplitude/modulatimyp Shdte for dispdayingrire holbgeam. Pneanethodttalencodeni ne

f hol Il (i.e th h i | L th h
B0 xoitBeramaiNabiciinlea s ol o Aharp tutometTaiil SM ST ARt ol
in total -edﬁgﬁ%ﬁ%ﬁtis bel8d Frshiekdts i piRfsecanad! Posststuhfesndighibo

pi xel s; an phase encoding requires two sub pixels for each col our in
a hol ogr apixelslis ne&ded thehcogaone ebmpilex ¥alueéded by one di screte set of

hol ogram data contai ning at | east anplitude and phase information of a

gi ven col our conponent; said data nmay be zero or have a standard val ue or

may be ar bi tg@asidckh &R eRBodiRgahE Aiffataon Orfers ¢f1°%0Y] (@M odBgstem i s
continuously updated according to the schene driving the SLM Since the
entZ5 e hol odjffeaetion arded cap ke clapsified infe toreecadtegoriefiere are t housands of

discrete Se.t SO@%’“%"(&%%@CHSE %rders, containing undiffracted light without object

’

reconstruction
. 1%t 4" etc. diffraction orders, containing the reconstruction of the object

« -1%t 2™ otc diffraction orders, containing the reconstruction of a depth-

30 inverted object

The reconstructed object can be seen in the 15t 4“’, etc. diffraction orders. Due
to the finite aperture of the LCD pixels the intensity of the diffraction pattern falls
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A hol ogram data set contains all the information necessary to encode one
single video hologramcell as part of a tinme sequence to reconstruct a

t hr ee- di rwob@m@boiscene. A dedi cated driver uses the di ecratreodsolssgy am dat a
sets to provide the specific control signals for controlling the
correspondi ng sub-pixels of the SLM The driver and the provision of

control signals are specific to the type of the SLMused and is not the

subj ect of S adi nen. v Ki e bl +SEY
reflecti veoffiqﬂ‘U?FeﬁJgg}?'gb?%ﬁj'%m%ﬁa%@%%ﬁy%e@p I é%khg%nc}ééﬁggﬂo;@%&% cal
m cro syst gpse®er atddviniotnel 17 diffractidn ordeddr essed SLMs and acousto optic
nodul at ors can be used in conbination with this enbodi nent. The nodul at ed
| ight energes fromthe hologramw th the anplitude and phase appropriately
controlled tdyersopth r in
the formo g%ﬁ'&;@?%@?é gh@éﬂ%‘g@?ég%ﬁgﬂ ct gd%)ﬁrg{eéj%?tgﬁsi’ gngélmbgcene.
Enc®di ngt hestifidastioh otders hogethenhieraen tse pedadisity intbrvaheerapfises theeti't t ed
fromthe di gplay to reconstruct hhe. t hr ee- di ll;nensi onal scene as desired by
creating iﬁteﬁﬂ%ﬂerﬂi@@qlﬁnpﬁ Pt EWiSHG 'SP PYhe present enbodi nent
provi des rg,al -U'J[sed@{ near real-tinme control data for each hol ogram cel |
wave

for the requife nodul ati on by conputing anplitude and/ or phase for a

gi ven waveldas thd didtdrese hetweBHNARGRYT a0 amtiiciBOPIAEEND iSHbe foitdl pitch@nidndi ces
refer to fiqgures V1 to V5. The object of this enbodinent is to provide a

net hod f or Adp&reinayel@pgtiorput ati on of conput er - generated vi deo hol ogr ans,

saj‘@ vi deo hol ograns al | ow ng si nmul t aneous reconstruction of a

t hr'ee- di nensi onal scene while naintaining the spatial resolution and

r econst r ucisathe@hikdttis recOmstruetseioidi the ! diffiation orderearsd hovie theafl Sorof or

near real-tinme reconstructions of %igven vi deo hol %%r ns,_and. transfer neans.
e

Anot her objdéractian peles i Rseaversy GEW FRRANCAICPYSE eRSHOMHAY gener at ed
hol ogr aphi ant%ﬁfaaﬁ%i hgﬁtth s &iﬁra@ﬁoﬁﬁ@érﬁ‘ﬁﬁ@?si{?@\sﬁ\e@nd#@a&%d érgeiss, and

t
al so | arger hol'ogramitse his object is achieved by a method
f or conput iy ofitheopgriddicitydiatervalt Bgk.vi deo hol ogram where object data
defining objects in a three dinensional scene is arranged into a nunber of
vi 1®ual section | ayers, each | ayer defining a twodi nensional object data

set, SUC*&l)t rWgh 3 MraexiRb AssEg Saiiecash st PiReFdAr B dised thePBbaeBaeor al |

of these two-dinensional object” data sets; conprising the follow ng steps:
- (a) i ncaniplesnumbensTlenetarepeacte petiodiaity itemyakindhel viewingdlane cantains of

the virtual t X 5.t f dta g -di ' I ield
i st 11 budrShRAETeRST 0t et dne e pegnticty TuPb i Eoh st ph: Il
observer gysBARMW iAdew! ef erence layer at a finite distance fromthe video

hol ogram | ayer , - (b) the cal cul ated two-di nensi onal wave field
di 80ri butions for the virtual observer w ndow, for all two-dinensional

obj ect data sets of ,segti [Sy: i : d
observer %\? Hﬁ‘&ﬁ?ﬂﬁ?%‘ﬁéﬁ?q gEM{ %{L??eig 'Q% Eg@ﬁ%etgglé § ofrtﬁrfé;? ?%qleﬁg@?%gé?egat ed
observer synsiR¥ndakaosstiudtidntdfanaésthinvertedobjebe Habeverntheré dyalsot o t he

vi deo hol ogram | ayer, to generate the video hol ogram data set for the

conput er -upsiiffastestlight dBaeriaregpakhiheTMaolg mesiogiciyirtend! CANRE Usechpea

di i onal e ino . _

it udi naptsaia BRaP BFt RREeEF s Dflafractid SUTOR, R, sReGEd fiorh the
25 observer window.

d) In general we might say that the observer window has to be within one
periodicity interval. Each periodicity interval contains not only the reconstructed
object but also undiffracted light and in some cases a depth-inverted object. The
30 fraction of the periodicity interval which can be used for the observer window
depends on the SLM and the encoding scheme. The size and the position of the
observer window within the diffraction order have to be determined appropriately.

Care has to be taken that only the reconstructed object can be seen in the
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di mensi onal inmage or video data to three dinensional data . The term'three
di nensional' includes within its scope 'two dinensional'. The depth

i nf or mat iwo 20eyise91bhe same for all object data sets. Hemce/EP2dvs/otsve ce t hat
generates the hologramcan switch froma three dinmensional node to a two

di nrensi onal node, depending on the inputs and al so what the user w shes to
display. The term'layers' should be expansively construed to cover any

const | tubeeeEr ol Bhefnd befrhErod Bhici? ey PRARRABIIERLIC) locs' any et

of virtual parallel surfaces, and any algorithmthat can spatially define
t hese points. However, virtual planar sections are conputationally the nopst

ef fi ci en®)f &enasal quaniitative desaiipdon of REseRERWIRIANS1Z&houl d be expansi vel y

construed_ to. | . - Al : : .
o nei adn o IEHFHOBgR e PeRpaRRY sReRRECATPASEs AB} SRFIRE dRvERfoTBIor i
i mage pl affclothd fexonktruscicdasbject dandhd seenirme)(dependingon theaneodiiga degr ee
of tol erance and an observer's eyes p{laﬁéed suffiféi entl.\é ﬁl oae tg the
Fouri er peeimiaye) alsgdee diffsactins piderscomafning tadifitaetnd IORhand dgPll of

tol erance,.. ; t i id ifly deferhiRE@ Bo kAt i on,
the fi rs'?n \{éﬁ%}{?@?ﬁ%ﬁ? gnéllﬁgma&g'r"%?%gphidﬂtgﬁﬁt?m%awg It%e second _6?

t r ansf or piptel pitchsi.e iFisUixedrfot agsroShiM. Tikis means 'thatthsfahsemarovindewoul d be
expansi vely construed to i.ncl.ude an t hemgti.cal or conputati onal

t echni qué’%ﬁ?ﬁ eﬂ'é"%fﬂwgpbﬂ‘dz'ag ﬁéﬁ)ﬁ%ﬁ?ﬁ@ﬂﬂ&% Y% transfor mati on.
Tragsformations used in the normal, mathematical sense are nerely

approxi mations to physical processes nore accurately described b

Maxwel | i dhNveixels are pegded éo coqode poasomplex suothes the saxipupy sizaef the

t ransf or or the speci |, as f Fr ransfornms known as Fourier

t r ansf or @5 A %‘598& S&?‘ﬂé’?"%ﬁ?@%ﬁ"?ﬂ&fﬁ‘gﬁé’a‘ﬁ “have consi derabl e

advant age: because they are al gebraic as opposed to differential, they can
be handled in a conputationally efficient manner. |In order to conpensate

for errors ~ofBurskharst enseding s mesiive gatrlitydemedulatingeSMser ver wi ndow, an
iteration pr I 2 ; ' ' ' ' he rver
Wi ﬁéow and t esﬁglsﬁraéﬁﬁk@?grnﬁﬂﬁ)ﬁ %é\@%&lrﬁaﬁe u?:Ee){E ts)fp)ée%'}é QMnd(gjloéNe, gngﬁ
enhance bri gm@migﬁnwn‘/élr action efficiency and brightness definition in
the reference | ayer of the scene, the object data sets may exhibit an
appropriate phase distribution, e.g. a pseudo-random phase distribution. In
contrast to ' ' f ' FhrQtvt wo of the above
st eps accor'dﬁ?l% ng{%sé%eﬁgmm PE@) od%pg%ag%t@bssﬁ'nl\él e aggregat ed wave
field is cal Qipedpersiorgplexdivhiierct oraxfroumusiae of Bbsenveewiridavhe 1/2 of
superposition of all .individualwave fields, this aggregated wave field
coQai ns t he RENANEIPIENR) i nf or mati on about the three-di nensional scene
wi thin the achi eved accuracy. In a preferred enbodi mrent of this enbodi nent
all object data sets for the section |layers are assigned the sane total
nunber of di sinefarmmancodingonr{trostlyf phase-madsdatingfSkidi ri x points is
identical to fhe nunber of scannin oints in_th al oar st algorithns
can prefer abli/pB@l REEECTS %W@%&Tg? LIRHO PRG @P@é@@’%f%‘?ﬁ rocessi ng
steps to adapieddificifyeim@drvall on to the respective |ayer, such as

i nterpol ati on or over sanpling, becone superfluous. The nunber of matrix
poi2its for all layers results fromthe nunber of encoded pixels of the SLM

in the hol ogram di.splay. A majqr advantage of the enbodi nent in conbination
with the vi d%%erPgF@%P}%ﬁe&Y%fa’l"b§°Wnom from WO 2004/ 044659 is that before
transfor gy ng|f BSnﬁ&ftﬁfr\%\méféc%tﬁblé%ﬁaphw displays tigs hgRigeaimvia calculated asrthehe
hol ogram | ayer, the area of the observer . . ..

Fourier Fresnel transform of the objects. This leads to a small object size if low-

resolution SLMs are used. In contrast thereto, in our electro-holographic display the

30 hologram is calculated as the Fourier transform of the observer window.

This leads to a small observer window if low-resolution SLMs are used.

The observer window serves only as a window through which the observer can
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w ndow(s) in the reference |ayer can be restricted so that it is
considerably smaller than the area of the SLMI|ight nodul ator matrix. The
ext ent ofwOheocalsepver wi ndow maxi mal |y corresponds wi t RCThP2@SN0I133d9 Ci ty
interval in the layer which contains the inage of the |light source used for
reconstruction, when reconstructing the hologramin the reference |ayer.
This leads to the effect that the conputer-generated video hol ogram
accordi i i t y t G i, £ i angl es
compar ed o e BechrRHIBH S0 oty TRERARIdboeRr i@ Sed ol ey 1 €

r ef er endardenyiesin #dejo pupitantdl thgreye gupjids pheperiyt theckemhe nunber of matri x
poi nt values. Thanks to the conputation of anplitude values for the |ight
nodul ator matri x, the denmands on processing speed are greatly reduced. In
parti culgr, THa GARUAEE Ainitibl dhidLBoRIRICtbRS i BIARKARR dBfifed byeke ng
device for tracking the current viewer position, the dinmension of the

obs&r verShiiratulitheasbdeevarwiatdbw camberaxeideddf: benefit from t his advant age.
Further, WD 2004/ 044659, as noted earlier, requires conputationally

i ntensi ve operations perforned on every single point in the scene to be
reconst r uct,eqtijtn\f e ERSodEE AR is UPPESH RSN linhited. THO ch®Ba’IonkafiEs@ary to
performa conputationally intensive operaftion on every single object point;
i nstead, the geomatricalaenstuntion (. Figuem? eadhAriex b sonesrtrC ) ol herebigict t ual

s per for med RIS B UG TS, e BB Gar R Rt BfioB TR p e i ot

poipts in a lspeBHed DAfy imes ondllionanaéared Whbse sizgamd psitionahte séer ual
observer window to the hologram | ayer is even noreefficient since it is

just a singl én fguiead Die epeedechamesorialementiarv/iproiestiomhplogimeof gli nts. In
a further e | L Of I i ject data set of the
sec'tji on Iaygt%g)?‘%ég%%gnstg(?r%%hée@&ppg%%za&%%ﬂg@égwm ch depends on its

distance to the reference layer. The section |ayer areas result from

i mgi nary faces running fromthe edges, of the respective observer w ndow to
the edges of Rawdvaienf t@fg‘h?I?é’p@fm&bt'q{b‘Pde?mleBﬁ%%E@E%?mtsH% %é(‘@ {*ﬂ?nber of
matiEi X poi nt i dbi i IHe YRSk tBsch BHjet dual
nabrgl X poi nt so ée{lﬁlatgs |J§& r%ﬁ%ﬁ%ﬁém%&ﬁﬁgﬁﬁgg@f@% tottLﬁg ri?erefr?ce | ayer.
Assi gni ng t helame @ prabagaieeowitil atfaesnelttrensidineta thdatkzseseeswindonheheeect i on

| ayers that i | so kno as slicin eads to si gnj ng the discrete
objyecjt poi nt I%’a‘ﬁﬁéﬁe'&fa'? grrg%gpp;aélq)g% ﬁ*&mm@ﬁ@éﬂﬂ BEgBﬁBHPSéfe en
t wo- di mensi Orwdurfé?-@féﬂfsr@rhf‘e&%&hgmoq bnOsiape! PES rh@fho@lﬁhhé?énﬂ?'hﬂbﬁe@n t he

respective section layer. According to the local position of the object
poi nts with rteapreemultiple tecersttuctions age be, saendremithe whiseisra6adews or mat i on
is thereby assigned to the matrix points of the coordinate systemwhich is
cl st to their spatial position. The distance-dependent areas of the

section |y asssdddis tHis atkth8d bhsrofitfRs tisbRgtwad Buit. ety a@ofanéromlj2ect poi nt

resolution to describe a section layer of "‘a scene is larger the closer the
section |rageechroms kLGB pahal witheO pef pixelnesoludipaa obsgryehwinsow WED sigd | e t he

e backgy BIRGT AStRATSS of cani peEea o oSG n Rler2BRERA *\onever

the nore @|§§|b?withv2m’tg@éeﬁqggdm|_I ayers can reconstruct a nuch | arger
viewi ng area tor the background of the scene. This kind of reconstruction

of 22 scene provides a very natural representation of foreground and

backgr ngoﬁ\lﬁlﬁ(ﬁﬁn&é&%& ge\gezgmgg%tvhgwiﬁwgand and hel ps mnimzing the

require wer a preferred enbodi nent of this
embodi nBytedddivey el dissdroer wingio (ot asize stighthatengebinactthdatye medil thé t he

virtua re%glcutciiogrlc\rlda ﬁérsefc?rgr’]thg enu?n oesreo? S?_rl\/l g&%Ps ec:gmbbeéc giggﬁificantly reduced.
This implies that for one observer at least two observer windows are necessary. In
30 each observer window a reconstruction of the object in an appropriate perspective
can be seen. Either temporal or spatial multiplexing of the observer window can be

used.
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transformation so that the entire reconstruction or parts of it appear in
front of or behind the hologram | ayer. This way, both a natural position of
t he recorwono@ideemnoi n t he depth of the space in front ofPcriP0s5eW8rds eyes
and a deliberate anplification or reduction of the depth effect of a

synt hetic video hol ogram can be realized through software settings al one.
When encodi ng according to the prior art nethod known from WO 2004/ 044659,

t he reconstr ree-di. ' It ace in
front of Dnduraigel BLBFIEHE ARt iR So BN Rdgl aE AURFAERTED e

| i ght nodegakatialliyahiscanbe domedynsynechsaeduisoswitahirg of theeligHt soucmaspand ng

al so define the position of the reconstryction in the saglce in f@i‘%{]tgof t he
observer the helasammpanal £S5M) yBResthe Vigwer s eyes are saadentalyiiimingied dtce

| ayer. A b - e L1 | L i i I ,

th s caushoid f{SRefit HeCeiiifhd A B Hififchlly ARIEPS! BbroRRA) al ekt

hol 8gr apliscHE) Vhiseequisss fast 6 Dspanels twhicth arenggreniiy bardiwaeaifabée ds large
propagate as a spherical wave to provide a contribution to the target wave
front in"PAROGHS n&l$-ndow i n the reference | ayer. The transformation of
each object data set in the reference |ayer can thus be expressed with
adequat e approxi mation by a Fresnel transform For this, the anplitude

val ues ofb)alSpatial suttiglexing snednsathat abjobserveamandews age dispiayedAatited with a

F | ph N whi.ch d d he di st. . ‘

ection a7 g Ciage pipat R BEBR 23R8 A piR SRR Als SPAHIGHRELAS
exggnent W& Dicdfing PneOsb e notiaiied ¢f drbss-&ik ecalrs! MRiscear e dahes.get ween
each original section |layer and reference | ayer and other_factors. Mich

proc esisi ry inte;ﬂacmmtvmﬁpmra@omAiemsmth@ resgL@ beam spljjter ssehasie nany
erbod: meriatehesh: ARRIRPE SR Serhed 8 G Sepaiato) BER SHiediy S5,

Fresnel tieaRsitaeskho@ASrom aatdsigicosdopic dismags san bbalsetihege psisapmasks be
performed with the help of fast Fourier transformations (FFT) in

conj unct iglenfiear Masker processing steps in the formof multiplications
Wi g@ spherical wave factors. This method has the advantage that dedi cated
el eCtroni ¢ hardware such as graphics and/ or hol ography adapters can be
used ff conpoitizorgalvardior Vetiegt Remallaguch har dwar e i ncl udes at | east one

br 0ok i BREIE ARG SeRESUAS SB RGOl R R oY e Eec 110
pr Ocessa][_pg&pé}éﬂisn BPoan% frfd ﬁ&iéd?ﬁaleﬁﬁw%ﬁc IdfeelionsBbivensa Yifibichlly hel p

of fast rer transformation routines. ch processors in the form of
di gi t al lagjeyobserpepwirsionr er ¢RERyeniadion the reequstrectedbjed daciliiatescamotion made

ot Gbs ARSI PR A A VR USRI aeOR oA &7o8 rEHEToF NS ST MU o of ¢ he
secti Onoﬁsaéf%l_srrggﬁrfg/éc{&ﬁeé High RSl RYIRD G hofizEMar ahd eertiiandiregicH gthist his.

In order to si he conputation of the wave fields, the transformation
whi ch d8kWki bes the propagation of |ight between the original section |ayer
and the reference layer is nodified such that it conprises a Fast
FourierTransformation (FFT) and two nmultiplications with phase factors

descr i bphrgnSHReEhEREMERKESA HASLIM af leBbesed byesstrictileprndhofirontas
coordinates in the original section |layer and on the distance between

or i2§i naparsdax ooly (HRQ) helegraras Ehe helograplie reqanstiistion daktaRlace 880 depends

on the goordinat.es.in I i st:anca: het ween t he
or gi naf USRI bE HiteeE HEEDF B IS nBNE Baholfudlon AV RiE
col I'i magirgatiopf. Thisorisuits irf Hecostistamted yisjeetwith &osizobial mationt gferakaxp Hdse
factors nmay be set to a constant val ue. ) .
perspective view does not change upon vertical motion. A HPO hologram requires
less resolution of the SLM in vertical direction than a full-parallax hologram. There is
30 only a periodicity in the reconstruction direction, i.e. horizontally. The computational

load is decreased for one-dimensional line holograms.
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Thus, the procedure of transformng the distribution of the section |ayer
into the reference | ayer can be broken into three steps: 1. The anplitude
of each obpeots/@atpt is nmultiplied by the first phase factr@mp2002/0138he t hus
generated products are used for a first Fast Fourier Transformation in
order to transformthe conplex light anplitude of each object point from
the original section |layer to the reference | ayer. 3. The thus generated

rof or oReietEpRBaEI B oy tYreO) hOBGPER BB BB ned i . °% Lol ogr am

data s %réggraphimereaclste@@ttoedake@l piadecdriy lramamt:at dneecsmnehrsuesum goabe
expressed

a transformation describing the |i vvave a by a
Fr esnelreW'@ﬁ’CE}#QS?q‘nObﬁ?tW@é@@@?'@é"!ﬂﬂ A a{ye‘%‘ﬁe "b’ggggt'qqhédo pting
transf r Q‘F&:‘ QP OSbIGRaNE but
bef or eq{‘%%&bﬁégéng g%%%ﬁgﬁﬁgbﬁg%%\[% en g‘?‘g'“? W?ectr on | ayergsr n
theSrefrtereemﬂ'eaIka?@rhdmyaauﬂérerapmaedndﬁpmwaﬂaxm thenipdrizondaldlineictian. Al so for
this Fresnel transformone. or both t he se factors ma e set to a
const anth&/diffgeent Resereetvg VW?PF@' '@@qu?r?eﬂq ’%}‘%cﬁyel ha)ie 19 Slﬁe '%l?@ bt i cal
SYSt eMgMaPate} a) y. GkiEa ﬁé%n%%%/ RinpdtaPosphsml ﬁﬁﬂﬁpleﬁmbfﬁtth@obgéﬁﬁ’eﬁnce data
set for n ag regate wave field i's generated by adding the conputed
r ef er erwiaddwbspas descritfechbow®cti on | ayers. After the transformation in the
hol ogram | ayer, this aggregated wave field serves as a basis for the video
hol ogramas it contains the entire threedi nensional scene information. This
al hpws i milgaBaPHDIdRaRRSt ruction of the twodi nensional imges of all

section layers and thus the entire 3D scene. Anot her advantage ari ses when
one warelouphelegirms cammaithies begenaratednthy feraponab pospalial caultirlexing. Fre

di
o or s rReRe Rl BoFLAm Rl sohlcls de sialorieB b RRcR S AR TS 10 O
art, therekipetidphéiogfan cortmits bhuké SLM Farespditiabmsitipieting tteee RaG to be
conpar ed vvrth the original three-di nensignal ng] ect cene [pégecd?gpl i cated

i teratiand Brhﬂi%@ntﬁ)ﬂﬁﬂd@mﬁye%wnﬁr@ﬁﬁjﬁ faE ¥8nstruct ed
th di | til
od8; o PRERIP S ol 3ifieTERE ol d eaﬁ%@%ﬁ@%’%%@ﬂé@%vgn? ageously

allows a much sinpler iteration process. As the reference data set contains
the entire object information, the iteration process conprises
transf @ mat i ©PBIMEQURRHVE he hol ogram | ayer and the reference |ayer which is

only two 8@;{&6@% @al sd“a%h_élly? éseﬁﬁaétﬁ Sbfela‘ﬁﬂ Médilnd REaY 1§ perBER

renderin ogi'es are Just not poss evvrth ut such correction
pr oces srepetifitves of thearecohstucted object pndf(ﬁr’th@bpsemepumed:bm Byusing thel p of a

| | d h
o0t mAlRAsIsbeR g s sRgchicatan R e3biroRal Hat PRfibe ERp B Fultths
distri bbﬁthﬁrbr@%cttéré sbbafﬁg/ tﬁEFHHstﬂ#STﬁére?orree%hr Aicthbd i isleférabReapshiR@tsi onal

scene, Wt rix points of parallel virtual section |ayers, so that for
each sepikelated & ds. a separate object data set with object points in
discrete matri x points of the tonographic scene section |ayer is defined. A
hol ogram data set of a video hologramis conputed fromthese object data

sets. AqeRedeNburInéthbd cartash Berapptnee 16 cOnBMUGULSENS| 8. deviptieallyr t her
conprises: First transformati on means for corrgutr ng from each obj ect data

set25a s@cﬂ;@neasedrsmtlahIrgbhmqwéatoa(QASLM)t AaP/PLY ifgalidscoafiguelsy abde
lrgilg_ec\xcvg c@?ﬁ']é]tg%hﬁﬂ ?tﬁans%éodgétgofj e%{ﬂBSdrrﬁ‘é}q th4f SiphindRRiutigieans for

reconstructrons for the observer. However, the OASLM is usually optically addressed
with an electrically addressed SLM, which does have a pixel structure. This may
result in a residual pixel structure on the OASLM and therefore periodic replications

30 of the object in the observer window may occur. Hence it may be useful to apply our
method to an OASLM or other continuous SLMs.
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data sets, Adding nmeans for adding the transforned object data sets to
generate an expression of an aggregated wave field in a reference data set,
and Secomsotznemmsbapmati on nmeans for transform ng the refPerare@s(Oaspgy egat ed)
data set in a hologram|ayer situated at a finite distance and parallel to
the reference layer, to generate the hol ogram data set for an aggregated

vi deo hol ogram of the scene. The digital signal processing device conprises

at least on I : i s for performng the
Fr esnel% tra Of'{(]}qﬁgﬁ ﬁﬂ_‘ sa?@tléq}ans n&?f'gﬁw&g@hs contai ning: First

mJ: ti D|Sp]9mal m@ltmdﬁ?bghommtaw ;ahgrgact blesempt varinmbtwwsl prefesfblyatsedxdnpoi nt
val ues of an original data ase factor crl

spher i €é@Mhjgation with @ \éRQOV@ﬁ'tcabPa?E'??ﬂ é%ﬁfﬁ\ﬂl %@Bbﬁ%ﬂrf?&n@{@t '§n§auar ed
coor di heE t nce
(D SsEfver Bactpus SEiiRg bESmyHRIrE el bl G g B e o
t r ahsf drom trge ShM poraxbrtakly. & VPIQahcblogmm rcahtbqoillun‘mnaited brydmﬂzohtajrimeﬂlght

original section o.th tar It| catlon
o o " SoHas Wi hyars Sherialy neaRera HontAfrasneio MheErer. BLEET LT,
spheri %hz&ﬁfé?alrﬁ&tlﬂﬁl QK@%B@QFve?fwﬁ@é\ﬁ' |§ ﬁ’rﬁit@él oﬂﬁpﬁgﬂ‘@ﬁ ptRdal bf&néﬂﬂ&bﬁd

coordinates in the tar get layer and the distance between target |ayer and

ori gi ndoleahaypllttlngxwlmehtqammvbefedrIB th@légmﬁ)\i\/ﬂg agrfot penvasitiongat i on of |ight

th t | I t t
const afchesrosHiRE Urghza T fhipten bUESSRERE LU quil s =t T @
rmhbl PePERRY intehi<l AindagifieRtieh Jrdérdane agpndd in therdriigal sirectivmoriserer s
whi ch sinultaheously execute transfornation routines (TRL , TR2 I n order

to bef dhe borizortahiing lghicinirgesrecsrasialy cpbsgqntalrb@f%tmrmﬁtﬁmplcl _
the. 1 nepopRy ol FRGHERAEERREEn T aPh <l seRLT oy o v oo o

transformation routi nes dependi ng on the content of the three-dinensional
scene. The data sets transfornmed in the r@nerence | ayer arg lllffered i, N
il

buf f er IRpRBEiplerdbisalsorRPssipia o GrspRingiaigPohhelegralp &nd sRatiebmultiniedng of
seys C?R)é&Snﬁa(ﬁg a\ﬁgﬁgg o%%eK%rr'vﬂHGO\HQ' MbwePdr, Chi® s b@‘fﬁ!?eﬁ’ﬁ?é’a@s@’@é% times

if no nges urirng scene notion 1n'certaln section [ayers. For the
execut igpiittiolg édtiadﬁmtldﬁ]ww@bth operste imaoiizomtak dieeadionect data sets of the
virtual section layers are assigned a nunber N of discrete object point

val ues, said nunmber N being an nth power of 2. Annex |: BRI EF DESCRI PTI ON

doscri be | ciple according to the enmbodi nent is
descri bégcl:j\)Ab (#%rlgﬁe%%rgﬁ L@Aﬂf"bog dé1

e help of a preferred enbodi rent and
acconpaigi hayedoalistingglish between tehyposal(anst spatial cahejendge arr angenent f or
re&gnstructi ng the threedi nensional scene and the reference | ayers required

the conputation of video holograms. Fig. V2 is a schematic diagram

show ng taf ShdtRd oRERFRESS Pélaf&\/ﬂo%eﬁﬂérél@mﬁtldmwlugﬁpsdmb@g_ngnﬁfrom
according to this enbodinent. Fig. V3 is simlar to Fig. V.1 and

i |lustrat eda$ebresomce| canwsregardecba%@mwn@angdwn@dwm srpree (Wihie embodi ment .
19 Ve | bitiSh! 8ed ABolAHRELBREbn A AR By RE.AR 45fB, op e
val ues of réduhstoEROA F tlﬂ.’?ﬁ@j@@f ¢e. batwobpiet point is reconstructed as a
25 point (within diffraction limits). Light from a spatially incoherent source, e.g. a LED
or a CCFL, is laterally extended and causes a smearing of the reconstructed
object. The amount of smearing is given by the broadened size of an object point
reconstructed at a given position. In order to use a spatially incoherent source for
hologram construction, a trade-off has to be found between reconstruction quality
30 and brightness by adjusting the aperture width. A smaller aperture results in
improved spatial coherence and hence lowers the degree of blurring or smearing.
But a smaller aperture results in a lower brightness. The term “partial spatial

coherence” is used to describe the sources.
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Annex |: DETAI LED DESCRI PTI ON OF THE EMBCODI MENT The foll owi ng i ndices refer
to Figures V1 to V5. The conputation of video holograns with a hol ogram
pr ocessorwodrasedioon ori gi nal object information of a realEPevoswissTual

t hr ee- di nensi onal scene, including values for spatial distribution of the
i ght anplitudes in an RGB or RGB-conpatible format. These val ues are
available in a known file format and can be called up froma data nenory by

ai | e format a e cal l ed 1 ! remory

Cane 0" 3 RERESHECtonaeh e BleRitba ke HfY SRCcRAl IR ViR or heighK 868, | 1 Lhe

tc;(r)]e EBF ?eﬂh?ﬁﬁﬁbaﬁtﬂi a?@l@rmith@ S:TM isqﬁr_opoﬁidnekto:tdbi_eou?veibh_grtrt]'twtd)ioh mhealas a ROI\/iEM
, or e respecti ve WO- dI "ens, na coo | nat es. e a D

ST 50 pr ovihabOnls BIPROBhEITENS SAUES Yo HALLo A S RaIAT GRS I Gran@oiegt &

| rrel evanboheis BRBJARLLABIBATR 884 £ bFedderRerbiieet Boiaditsmebrdd®

al ready provi I'rst video image tile or ether 1t 1's conputed by
t he5pr ocesbjett feconstcticras Therspestraomof 4 ldser soulcs ¢cimbe aegarded asl

information. To facilitate understangjn f_the caonpl ex processe one of

the thr ee”@@&?h&m%hﬁﬁwaﬂ‘@ )é’,'ﬁbr?gaa-'%@& avﬁ'gfeé@m%fi%@%?&%t ed in
the fol | opfpfig dilR ﬁ\e/%jb d'ReofssiL&iyment of object points of the scene to
matri x pol nt sMggéa .' % |on M section layers Li ... LM produces object data
sets OSi ... OSMwith N matrix point values. Al data sets contain the sane
nunber N of matrix point values. This nunber N isdeterm ned by the numnber

of pixels N1 of the light nodulator matrix which can represent N1 conpl ex

vahges.g | f  pdigstight9biRes Hrdeam@igx al gorithmis used for cal cul ation of
the Fourier transform N has to be reduced to a power of 2, e 2p with

. . o, d.e. N 2p
n bei ngFaira holpgeasm witnfull pasaltexenar sevegal peipt sowres ingorpinatin with one

i xel h dat. t ai = ' ' i , oth
Four 1 e g (e Rt SERMEREN 1l wentt drdl of etRahethy AhtEticyfResT L 011"
val ues @ tharcesddePrdiotadlydifoinh aplogeaml with BIPONbr MRO dnboriseedral Saen in

conjunction with Fig. V2, Fig. V. 1 shows a ref_erreq(iiﬂlerrbodi ment and
i 11 ust rightsoursrsane Used e cogbiationaMith asingle eylRIcaliens o 3n 84RY Sbct i on

| BY8 S Wlindrical ferdlis RTRUILR. R B Rt sbliRlesiiRNhd Bnbedhale to BB ighede!

yse N a Khown nner the dept ntormation z o e origin obj ect
i nf or mgddraieistored in the data menory MEM assigns each object point of the

scene with a matrix point Pm, and enters according, matrix point .values in
an obj ddbe fighbsaiscehave he gawﬁagﬁg?M“ﬁngs%@éﬁ lghtey B'I'e_?ﬁs'?ro t he
i ndi ce ; r bfi naggber of matrix points P in
each IZygﬁugna&$?h%éarﬁ§ﬁ€é?Sglrc}trhr'lell?er{%@ %ﬁﬂ?ﬁﬁrﬁes in a data set. On the one
hand, the section layers Li ... LMare defined arbitrarily to determ ne

di screte object data sets, of .the scene,.|rsre ti f whether or not the
scéfe SRPYELSH Rlsothet 99m693:t'9836€%8P3ﬂ91?d9f?‘ﬁ‘g@%ﬁ’@ecti on layers Li ...
LM aimto,d aiﬂﬁscgggeﬁgl%aarbtd%ﬁbg% Qﬂ{}ﬁfletﬁ&ﬂ &S PRV HEyed scene 3D-S with

respect to the vi ogram Fi and V2 therefore show the desired
reconst r uat i painBEdFcefs) tHnd cytirdecal derdef [enticlilaocal |y with respect to the

vi deo hologram Further definjitions are ne ssa;épto be able to performthe
conput at i Gnslinee%ﬂcg@éWéﬁﬁ%@@?”lﬂ"i‘@%i'@%%% S@TfYst ance Dnto a
reference |ayer RL which has a observer w ndow ONnear which there are the
viewer's eye(s) EL /ER The video hologramis disposed in a hol ogram | ayer
HL 28hi ch0i s Goinbirtatidnatof dightScamces &htl Lensée reference | ayer. As shown in

f Ihg f gﬁTgéﬁggtcganggéséHa?/%eogpétPaﬁlyr}:%lhg?ern%@oﬁ?éersl ((egl; aggrgs 'opggﬁircgg vﬁﬁ{ form ng

sufficient partial spatial coherence (e.g. LED with sufficiently small aperture).

Different types of light sources arrangements:
30 - one point source

- 1D array of point sources

- 2D array of point sources

- one line source

52



Transformati on of the object data sets OSi ... OSMof the section |layers L
1 ... LMin the reference layer RL so to determ ne the wave field which
woul d gernwoav@/dskioconpl ex anplitudes Au ... AW of theprohjpPedospoisne s of
each section layer Lmas a contribution to the aggregated wave field in the
reference layer RL, if the scene was existent there. Addition of the
transforned object data sets DSi ... DSMw th the conponents An to forma
reference data set RS that defines an aggregated wave field which is to
appear -@Eratyﬁoﬁlgéssm%s wi ndow ON when the scene is reconstructed.

Back- t Ireafdrab BB rictatinst dfdineaiceires and atrays &lill BE discausstldel@fier ence | ayer
RL to forma hologramdata set HS in the hologramlayer HL situated at a
di stance of DH to get matrix point values H ... Hn ... HNfor encoding the
vi deo [ i for the video hol ogram are derived from
t he tyEﬁﬁgﬁ@W@&#p%é%%éﬁgég&gﬁﬁe hol ogram data set. In the video

hol ®gr amnet largerotatioresily sypmasteictl lenpl i t ude val ues and wave phases for
nodul ati ng t he Ii%ht_ during scene, reconstruction. It has been described

above hdW 8152 of SotateRAY SHIRMEHIGHIENSRE vi ewer in a observer wi ndow OW In
order togah!of rd2tiBRaIR _%ﬁ{cﬂaﬁ isggnsi onal scenes in a true
S i

t hr eedi mensi onal nanner, the object was viewed in reality, different
hol ogr amhedargenediddcaliensie respecti ve observer wi ndows for each eye. The

hol ogram matrj x fqr. the second. opserver wi ndow is conputed in the sane way,
but wi t‘l?r?é/c‘&frﬁl'ﬂ&"ifa%?'?s@se@erﬂ'ﬁf‘%ri poi nt values. The alterations result
frepthe different positions of both viewer's eyes with respect to the
scene 3D-S. The two hol ogram matri ces can be conputed at the sane tinme and

absol utRreferableepriamiatinrsyofutylinddeal demsas and lepedreYsgrl hadippiiraed below.

I ti- nel .digit ' | il i ol FT
Fout i ndd! SPGERiohtae el doRBRARY oAbl ArRb SR ea Rt Be
resul t gefdr toBpREficalArGsSdctionBiotlths leng &l ¥sphdridad cryssrsectiohs eAsptegicah
content may be jointly used. This may apply to section |layers which show a

pi ct ur erpsReptinnsdnapbeseddes rafuce shlerical aberationsel herefée preferaklem
sl ghtl JIset d I L to a particular feature of this
en% di r%ﬁ@'aéﬁ(énsd{)gr@gFBQ%SRW%%%%Si ng devi ce contains an object data

set manager which conpares the contents of correspondi ng object data sets

to alternately assign only one of the two identical object data sets to one
of the t\v@® PmRPINGSELESHId eRaFetatienal rsxm@ﬁgf(@ﬁ%-on and thus avoid

super 1 Uokgs RoRBARSIGAGS the'eBERLE &7 nldl KEAM0s SPld bRl ded BERYSL T uCt | ons

are vi ewe rough e virtual observer ows in Trustum shaped spaces
whi ch ar gateflaxkdogyarsetpriarger cispiays, i. endiagoaal largerdhan Agveral gtabigisng from

th b i ndow to.the.lightnodul gt X LM Th DS
- o28nst r ABEITERUTIR ] BIPISASTY ot REre: ane e farge Rl IeRe mAKedB ol ogr am

| ayer HL bi ﬁﬁ{ﬁtp tobrteayer. The observer wi ndow size is sufficient if
it coverscq{rﬂﬂgﬂ%g(?era ps(:mze of an,eye, in special cases even it may be

reduced to pupil size. Assumi ng a observer window of 1 x 1 cnR disposed at

di st 1 mtq the hol t n f pixX ired f
he. comper2Qar@yt o sooB T Syro Ty LRGNy It Geghs% s |
10, 000 compgicahuihatibriis!preferatiBdyrt Rfgs fmméﬁana%bl@geéms.sizacleE@mﬂ'sagrce

r
met hods. Fig. V3 shows the position of selected |ayers for the execution of
t h@5t r ansdasrespoinda $o oaguenss dEdabr light soumephasta iBumingie pniha sinale tens; ¢ft ual

section | r Li and one.fur r, | Ve

seott on e ook e WROE Y LHB8 o sBEf e Bl SRy oA Fens
many light sources. This lessens the requirements on the intensity of each light
source. Also a lens array is much easier to fabricate and less bulky than a single
large lens with the same focal length.

30
c) Array of vertically aligned line sources and array of vertically aligned cylindrical

lenses (vertically aligned lenticular). This combination is used for HPO holograms.

The vertically aligned cylindrical lenses focus the light in horizontal direction
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compute the wave field of the section layers Li ... LMin the reference

| ayer RL. In order to save conputing power, when processing noving

t hr ee- di rwob@maboiscenes, individual transfornmed data seCcI/EPSH05/01387DSM can
be buffered and re-used for several subsequent video hol ograns until there
occurs a change in content. Fig. V4 shows in detail how the anplitude

val ues Am ... ... AMN of an object data set OSmof a section |ayer Lm

?Eac?l |d|t Z %%W{ns%ﬁf? H&Pocﬂ‘rgﬁh% %C\?edh@éﬂedlré@hoﬁrtﬁerter |? R ALHES pafdliax.

I's conpl'éx proces a onedi nensi onal

t ransf or pakh Gifei SouFED BbrreSsbIRls t@rbr(ell)enﬂhﬂiws Gdsmpamdetocﬁ 2B d?TaBﬁobrbomt
transformati on. where the term. anOteS the core

t r ansf or FEYICES G2 ara@épf lanegs lﬂP%redﬁ pAYARigge thata !?'\t'ﬁgléf 'W?ﬂef he
di Dm
coordi na efagiﬁ(e&?téAg ?I ar df@eﬁe'nggs ¥6the Ir %lﬂ?é?ﬁeﬁt% dh ﬁiin'eﬁnt%’n%ﬁyﬂf aDmin a

referenc ore e end| on the collimation of |ight

i n §he ophé tight memrQWmthbnﬁbr afpoiniess:elrccmdkie tightflphiasiistfibotedren amy be
1. The equatl on (2) (2) (r) Am A defines the anplitude A 111n of
a matri xipdand IQSP@C%V@ 19T Smac"t"r"%e correspondi ng phase factor F 1m
in the layer Lm Finally, equation (3) shows the result of the Fourier
transformof (2) and the nmultiplication with a phase factor which solely
depends dp Rinmycafdiatizoatally atignetl linke sobasvand airay ofvharizenfatihaligrgdr ence

| ayer and t he di stance of t ec egtion layer to the reference
| ayer . W@ﬁf% é(EBW’gﬁl%ﬂﬁq%{hﬁ?ﬁ ‘é matri x point of the observer
wi pglow | n the reference | ayer. The described solution allows accelerating

t he conputing process so that a dedicated digital signal_ processor circuit
can per f dihis corabiratipotiatised f@TVBC)sl@QIQ@f@@@S ofhevherézervialivoglicnes @indriedlvi ng

scene for bot h e t.he for f ;@J@

r econst r IRASESHO ¥?1ﬁb‘? EQet?t '?5h%¥%§ﬁ£§'{%&®8r %%m '{@m% thehbfb%(r)anrgt\rf\amoué

aggr egat gdHitRIndl hitdnkanheRsememotibn paraldw inithe dopizehtal diedctonb &dichdine of t he
enbodi nent an iteration process shown in Fig. V5 can appli d for the

aI cul at isoHraseequEespansls taiane Ieptiele ophisicarmingtian plepurges aod IRMICHRS t he

| ndboea IALRE fite (R Tinge WA BN Rrhasdy pEhrBRAadERlere Gt T on N0

corrput er imagersepasatiord ThedPOiciogram aith cohiceert sipiespatitiomohgaeds mciths in a
three di nensional scene is arranged jnto a nunber of. virtual FCth? ayers

(Li ... weyticabdimclion i nefdpilugneg apmn@m%m@mpwonwsmra QRN m
such thatr}o%zshfa?ﬁlr% |&9%ﬁmt\?e §tTi§|'§'$és&If§‘|nb§c&%bﬁi§t|%h%? o By &R or al |
of these two-dinmensional object data sets ; conprising the
fol I ow n@r&lt@rpautdsaérebscaplbldlsmay MaeshiadogrphimreCoRsryictigraiohvarigaldi nensi onaI
o\t,)\éect data set (QS.n) of the Vlrtﬁ al f]ect a ers .is transfor

Mo

|
0di nentifeshan sptishes ¥e acepamods he gHﬁJSﬁ%{g REQRICIMERY Sﬁpgfarqfoﬁutl on is
cal cul at eiggést‘[ﬂgr dith! ég\%ﬁ% p{gﬁlﬁﬁtﬁ)&ﬁé g\é’h@ﬁ’éiéé Qf8rehtperspetiRiceViens ifayeft dydl) at

afinite nce (
and right eye.

11 Types of Light Sources
25 There are different possibilities to generate the light sources, e.g.:

a) A single point light source may be a laser diode or another type of laser. A
LED can be used if the aperture of the diode is sufficiently small to ensure
sufficient spatial coherence. An additional aperture may have to added.
30
b) An array of point sources can be generated by e.g.:
« An array of single point sources, e.g. laser, LED
. A single laser or LED which is coupled into an optical fiber bundle. The
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hol ogram | ayer (HL), (b) the cal cul ated two-dinensional wave field
distributions (DSi... DS M for the virtual observer w ndow (ON, for all
t wo- di nrerwDaen@losedipect data sets of section |layers (Li PCI/HPRos/023829 added
to define an aggregated observer w ndow data set (RS); (c) in a second
transformation (TR 2), the aggregated observer w ndow data set (RS) is
transforned fromthe reference | ayer to the video hologramlayer (HL), to

ol ogram 2. OWLRoA" et S aR apaDplinlely cheRoeaIRROAS HRORESIEF ' (12

vi deo hol ogr guteta@raet (HS) is assigned to equally spaced points in the

vi deo hol ogram and these points are organi zed as a i X, Met h

accordi ng *oAdREgSatas ilymiration CARReSe %Qseé/@é?‘ﬂaﬁeﬁsg%béy &&LS _ettq_.ﬁ}&le t he

hol ogram | ay . . ' B$Grewer

i ndow (on 10 Ghanafs of| HeRBTRUaRE thilvbnaBed birariafay of apdtde

chagact eri st IThis ambye b apbrurdsduay bbel statiaar canyfigurabie) e.g. filenag beiahCPayer s

and the virtual observer w ndow are parallel to ch other. : t hqd

accor di ng t oP8R§! @Pé@@ﬂpﬁ@e&bﬁ‘g\'%?éﬁ@pﬁé 3%?%?@%'% s Bﬁ eé{\%lrgﬁ an

observer is igHt §&6dc tbh; lRS&tfire¥iond®WC B Panédlaé preferabl

reconst ruct ehgg@glﬁgt can %‘gé'h?éééﬁbi'ﬁ@léﬁgh the vriert_ual obsg?ver \F/)\A ndow%Q/\). 6
Met hod accasddhg shift theylight soediesdor bbseveriragkings, in which there are two

or nore virtual observer windows (ON. 7. Method according to

characteristics 1, where the object data (Rl, Gi, B-i, Z1 ... RP, Bp, Bp,

Zpypar e S'ﬁ%ﬂ@ﬁa%@f%ﬁ@ﬁt $hilrées 841§ be@enerated@y\.g.:al | of which conprise

unber ( and

t he sane ~matrix structure of values as the a gr egat ed
observer wisnddvamiay af peint sRFceshich are aligngdin |d'!ﬁ3ae§bt|a%¢48€, Dihere the

nb d f. I f or. al . . . i
dor i ved 11 omPrha L abEPnt Pope BT ate FRIZAERENE RS Precton ol R ser, ' 5.

Met hod accor ghaetd erititalasi el stics 2 , where the two-di mensional object

data sets (OS1 ... OSM and the aggregated observer w_ndo ta set_(RS)
have the sam lge prea tiupynalian eempased phaeveral BgeEm Sa\&fgkaL%l%-.T@e.

Met hod accordi ' Lo L S Wie4 [ kk
obggrver Wi ngig\avp?%%’glﬂﬁg?@?%éérqsedéjggéﬁa%y@réhi%yaggtd to rEgFrgﬁg;ng&iétalhaen or
equal to the gperiared. Fhipariagdfapeytured maydle statit be cosfigurabtes elgytmagnd

| ocated conpletely wthin one periqgdicity interval. 10. t hod ,according to
any precedi nfPechk pewl&ﬁheféef?wﬁ)w 'Cﬁ"Hé t@é’ﬁ@?fﬁm@'ﬁ?yﬁ%eg%g?tl?&socgs with
t he Fourier RE i k ,tﬂhéqg, BleCABSHTEs Iop £ hepasamsliist i cs
1, where eacﬁh%‘@%g@%dyﬁﬁgag{e?&i%}ﬁﬁﬂﬂ%w@aée aoncctﬂ%e arga_ of the

cor r espondi ngreferablgrusedytershift the lightisourcasgdpe nbisever tragkingst ance (Dm) to
the reference layer (RL). 12. Method according to characteristics 11, where
t héOarea of each section | ayer is defined by intersections with inmaginary

faces (fl ﬁ&bﬁﬁg% ég?ﬁ) iltiRfn&RFesn @ hntdpRrivré bHal LeDsgangtto wi ndow (OW

and the ‘edges o e Vi l'ogram 13. Method according to characteristics
1, whergerenatesa configirableyanray of peint heline dogicescn QBED panehipay besedyi r t ual

ST b e S A SNSRI e e

order of 100 ym. The desired array of point or line sources can be generated if only

25 the appropriate OLED pixels are switched on.

e) Also other sources may be used to generate single point sources, arrays of
point sources and arrays of lines sources, e.g. CCFL, metal vapour lamps (e.g. Hg
vapour lamp). An appropriate aperture may have to be applied to ensure sufficient

30 spatial coherence.

f) A single source replicated by an array of lenses or a single hologram

exhibiting this feature. The output may be an array of points or lines / columns or
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hol ogram | ayer (HL). 14. Method according to characteristics 1, where the
first transformation is a Fresnel transformation which conprises the

f ol | owi ngverbeciceqas: Ml ti plication of the anplitude valPoe/Ekaovsoisseach

obj ect point of an original section layer (Lm with a first phase factor
descri bi ng spherical waves (F1 mm) , the exponent of said factor depending
on the squared coordinates (xm ym in the ori gi nal section |ayer (Lm and

t he di stance : Mrence

| ayer (RE‘ réygﬁlr}efq@@%ﬁ %%tﬁ letlmlt b%% ggfy@%g%{cq g’}’é‘é‘%ﬁ obj ect
poi nt (AFbrmstalﬁlé\')anCérréWQf Imesgnarabemw)tm éayerdlr(ebtly awiifuminationdmp of a
first fast Fourier transformation (FFT) fromthe original section |ayer
(Lm to theehelegednce |ayer (RL), Multiplication of the thus cal cul ated
transforms (Am ... AnmM\) with a second phase factor describing spherical
waves (F2m) , the exponent of said factor depending on the squared

coos di nat es Mutualy) incohéfent Lighe Senceed aye SupRiiplogramshe di stance (Dm) to the
orlglnal section | ayer Met hod accor |n t o, charact eri tlcs 1,
“here. e ¢ sAUGER Bt o ATAX Pt SONI & o GBI FEPRBISTn TR ch
conpri HeOon® bekerdmp! 1 t ude
val ue ?ié%ﬁ%a{ ﬁlér@ Q?éﬁgg pg\gtg g?EIg{NH htue)ﬁh%m&?wé;ﬁtmerﬁagﬂase factor

descri supgrsitan afavavesvemab &g jrom diferentpgightaoureessai d f act or dependi ng
on the squared coordinates (xo, yo) in the reference layer (RL) and the

di stance (Dm between the reference |ayer (RL) and the hol ogramlayer (HL),

Tr ggst ‘P:? TEGtion tcS’E Hdi&qrhhpwhféﬁlﬁ luhingtcer BHE berayf oftligt seuitesananpraughde

val ues of a second fast Fourier transfornation
(FFT) fanomramef bese$ dhlsgneayétha(trmgret is noreohesedigiesanstayetion across the

HL) . MUl f.th h

{ o b wiinig bofdkearodrr gk ¢ STM s Bhef & Bokd s Slibim severifualt L 0 2,

L) R e ootk mn | aver "‘e"”“?n‘é'”g{ he e

r ef eL g{kgaogramlf(cns)ereém@ngfted aedd%%qr}séwgcrﬁﬂ*@gﬁtﬁwbé @B'C@Hﬁ .IHN) for
(0]

chi? &%ogg}j 2321 tﬁ is Sib- ﬁﬂ%{l_]a&ﬁ As ftﬁ’érqui@quﬂﬂxal é@her’@k@%hﬁé&ﬁ"t Qﬂb

act% ol C errstics ere one or bo hase
f act or holegranis)itng ssipobjdctsitio wet eapéifihpose cbRerentiyiut ircaberently. 5 h«a)nst ant

o TERHEBRAMALAGAn o8 the IS s Ptaast o e aranitides Snfl feads G Tt o
char aCtlﬁ'{en§ﬁy Sf rfehre%hgﬂ?u mezéﬁssﬁlhgh%r;é' JE%W&B%H@C@H%&WN&W@ ecting

poi nt ues’ o € CO er gener at € eo hol ogram by way of iteration:
A) the cﬁvﬁmseﬂoﬁ/se‘vécul/sdmwbjeets (RS) froman original thr ee- di mensi onal
scene is defined as a target function for the first transformation, B)

baéR-transfornation of the ori gi nal conpl ex anplitude values (A-i ... AN)
of the ¥Plesk than f6r @RVeRRGHAIX poi nt
val ues TE% Qﬁéctl%ﬁﬁﬁt}ja%ﬁf&ogage;jggﬁgéa%}’bgit ¥ HS) , nC) deri satl on of

par anetreslsgraRes. érme)hcojbgnajnmnfonm@mﬁomamapts@@t rakd)is et eacedeghon the whole
hologram but only in a small encoded area. The typical size of an encoded area is
several millimeters. This is approximately the same size as the typical pitch of the
25  light sources and hence the typical pitch of the lens array. Therefore an encoded

area is illuminated by only few and not by many mutually incoherent light sources.

Composing the hologram of many small encoded areas and splitting the illumination
in many mutually incoherent sources also facilitates the use of low-coherence

30 sources like LEDs. Coherence is needed only across an area with extent of several
millimeters and not across the whole hologram. Coherent illumination of a 20”

hologram would require high-coherence sources like lasers.
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nodul ator matrix (LM, D) transformation of the Derivation of paraneters
(Param) to the reference layer (RL) to get a distribution of conplex

up- dat ed wopbedasekaoval ues (Al ... A N') in the virtual pobsEreasoizsTndow
(OW, E) formng a difference (D) of the distribution of conplex up-dated
anplitude values (AY... AN') and original values (Al ... AN) of the

target function, F) back-transformation of this difference (D) to a

dlstrl tiop of differ o] I " D HN) in the hol ogram

| ayer (,Iﬂ' Ejbcgﬂggroéifqef'ggfocﬁcc%ﬂb tﬁ' s(?ﬁebr('?‘l_%lﬁm(eu—l) fromthe video hol ogram

data sgt F&dﬁ%r ISPl RS U@ stihat thel IRt sourbesare dagéll to epeebsergenplanke st eps
) termnation of the iteration when the apI’OXI racy

C

h?ast geé') herimaginglis dane Witk afeps o6 adensayay: ceawared thaFiesns t@f‘?&rgﬁ]cﬁ‘evml ch
dept h f t d of
ot PRI RblotRahhs e diVEnRle fat ufidiiicied Roft S ?beusctito e SBs0] O

from aijd hfee@bstm@rnpllaﬂéalf tihexdespats arée mtmhlerﬁmokmsmVemm\dp\Adkhpanwlﬁﬂ@ctﬂd t he
inputs and/or what nmode the user selects. 2 1. Digital signal processing
devi ce|lﬂbfr|3dm;y{&'blﬁg'=‘5cdjﬁﬁb‘iﬁ'89b@€h@f%{”9d video holograms with digital slicer
nmeans, which assigns object data defining objects in a three dinensional
scene to a nunber of virtual section layers (I _i LM, each section

| ayer dethencase of aepherdnt ligh Mrcelmeisaetof(tmn)waged; light schaice is Nmited by

hol ogr am data se vi deo can be CRlSY sonme or
al | dﬂfﬂéﬂo%ﬁf‘@a% J&‘E'Q%@? the '@8ﬁta£'|drhs ua Yyew ¥4 { Eﬂ@%fga&é{‘ n means
(T'Fé) 8§olﬁf?5WBHH19hurf1 egéyhn(fﬂ% eake éﬁb%p%ﬂén;ﬁ @@%e@rﬁ%@@fo@(&g LED)

t wo- di nensi onal wave distribution for a virtual observer windowin a
r ef er etloe slza;yca‘rthe Ropged tllght sauree imalspreterndned Hydbe @peyture ghipedighter menory
means for buff n ?_nsf rrre gbj ect data sets, (b) adding nmeans (AD) for
addi ng SPHécec?% q&ﬂﬁﬁ? 9Bl a of all section layers to generate a wave
field expression of an aggregat ed observer wi ndow data set (RS), and (c)

second transformati on means (TR2) for transform ng the observer w ndow data
set (R$)an arraymflllcbte@nlmagend(aﬂ_arrey plilensas are Hse rih?éma%ﬁ&ﬁé‘ﬂ lighty

Il el h
P | S il 6516068, 1ALa0 R B SRCEERAS W s b o
C har actRy sIRfhitlgJarget tha/mthefmtmrﬁfrthe densarrhgadcoadiag ito damptbeg%meimmalkl ng

transformation neans (TRl , for performng transf.ornation
devi ce c@@ﬁtrupmmdf thei scwcrcwaw tﬁneegtqrgrpr%%rﬂ]\gaﬁgmda SHITRGYAN B{I’@‘?rﬁdst he

anpl i “{Eﬁpl\éﬁh ase g)a fwiighY6SkLrik eocflff |BBh g%lﬂ%e?r%sq@éé‘mg@ (G5

with a escribrng sp rlca F1 m/ F3 , the

exponergoudte aﬁd@ éxﬂglbdensimemkedg on the squar ed coordinates (xm yn) in
the respective original layer (Lmor RL) and the distance (Dm to a target
| ay8r (RL or HL) - Fast Fourier transformation nmeans (FFT) for

Lransf of Ly ?E%o%%&%? Bicd *é?erﬁéﬁt%twﬁ‘ﬁhfsh%ke%é light BRSO ofcepot hei r
origi na ayer e target |ayer , - Second
mul ti plharadgemizetiae iglfthdigtribotiomrot mcpeqam’@etmmnstty anﬁmbﬁaMerplaﬁet her

These may be diffuser sheets or lenses.

25 14  Tracking
For a pure holographic setup tracking of the observer is achieved by shifting the light

source(s) relative to the lens (array). This may be done by mechanically shifting the
source(s) or the lens (array) or by electronically shifting the apertures on the shutter

LCD panel. Tracking might also be done by a configurable diffractive optical element

30 ora scanning mirror.

If holographic object reconstruction in vertical direction and autostereoscopic image
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phase factor describing spherical waves (F2m/F4n) , the exponent of said
factor depending on the squared coordinates in the target |ayer and the
di st ance wetweamwediar get | ayer and original |ayer. 23. Decir@P@so03sdd ng to
characteristics 22, where for the execution of the fast Fourier
transformations all data sets have a nunber (N) of discrete matrix point
val ues, said nunber (N) being an nth power of 2. 24. Device according to

characteristics ich i Lt kG |, ~L, G} S

or ocessapaqaishy ot Sihes s URe Soplid raERABME hotBhicfurcediitcan

r e- 0CClylsd P8 doRBIBY IsdriZuntalaskifting of tHbVPDekolograrmaor ifier§l Mo char acteristics
21, which includes a multitude of independently working sub-processors

whi ch conprise sinultaneously executed transformation routines (TRL , TR2),
and a r our-[ry@ gad?y_tq\ﬁ whi ch dynami cal |y assigns the transfornmations
required for 8rrputa Ion to the available transformati on routines dependi ng
on ghe THRNSERE maf behe cehbeeed i pixetited ar aatmjntiotipus Sldd.der to be able to

si mul t aneously execute at |east a certain nunber of transformations. 26.
Devi ce GRILRR%ithg t o characteristics 2 1, which is a nulti-channel processor
for simultan i Qfi m data sets (HSL, HSR) for both
eyes. 27. Devﬁ%%lﬁgc%g%gr%gf@gn%mﬁ\é% gﬁ{égﬁcg??)gs 2 1, which includes object
dat a set conter @nplitgdeweoduléting conpari ng the contents of corresponding

obj ect data set i@&_)%n}) i n.hol ogram conputations with different original

obj ect data, *i PIGS§PCEYat0Qcute |ike transformations only once in one of
thgpt wo si gngl JyrasiRed ¥mAit@de18ha pABSe nfodifaiiy the transforms in the other
channel . 28. Device according to characteristics 2 1, where one or all of

t he phddOENS (microdiptical eleatjo speehanicdl mighaesystem) m/ F3n, F2mm/ F4n) may be
set to a constant, value. 29. Device according to Characteristics 2 1
adapted to swi tpdﬂoprom a three dinensional node to a two di nensi onal node,
dependi ng on t hgh&nypks olieell easehBLMDde a user sel ects. ANNEX 1|

Theoreti cal background: detail and enhancenents to the preferred

enbodi ments This section gives further theoretical background to the

errg di @&%ﬁ[‘ tioned above. 1. Diffraction Orders and Cbserver W ndows
DescCrip periodic repetitions of a diffraction pattern. a) The

pi xel ati on Ofoptically agdrsssed SUIMSOMSLAMs to a periodic repetition of the
diffraction pattern in the viewp | ane. The observer wi ndow has to be
within one 'pe"?@Q}tﬁt‘éiOPyCi”Fﬁ@%tQF,(Aa!\/g. t he observer wi ndow has to be smaller
than the peri Qdi¢ci i (R i xel pitch of the SLM and the encodi ng
nmet hod of t'he&g%rpr%[lpé%dgltcﬁéﬁ %Lfsogregfn on the SLM determ ne the size of the
periodicity interval and how nuch of it can be used as a observer w ndow.

b) The standard LCD pgnel s nodul ate nost | he anplitude and can be used as
am@Gi t ubfe- midePHIntRl %L%hqrgpte@\sggpgihoqqé{ﬁﬁﬂ hol ogram One nethod to encode

t he C0”ﬂﬁljé?6hé{:%'cd@i§gbﬁrﬁlgﬁcﬁme%fa%eﬁo@fﬂoﬁm¢D%ermmw i digHdVlid Gsed

Bur ckhar dt “encodi I's based on the detour-phase effect. A set of
t hr ee nas pblogramdzegringeinsdiun. nBwipitet pitamisifepmne vestigsl direotioniand 27

ctc. " a WY BdR BANG glPy i ot cPHReRnRRE e ABived dindBing o7+ 7

25  The hologram is illuminated by an array of horizontal line light sources and a
lenticular with horizontally aligned lenticles. The array of horizontal line light sources
is generated by transparent slits on a LCD shutter panel which is illuminated by an

array of red high-power LEDs.

30 The horizontal line light sources are vertically spatially coherent. Together with the
horizontally aligned lenticles they facilitate the reconstruction of Fourier holograms
with VPO. As the hologram-bearing LCD is amplitude-modulating, Burckhardt

encoding is used. This means that three pixels are needed to encode one complex

58



Oth, 3rd , etc. diffraction orders, containing undiffracted Iight w thout
obj ect reconstruction 1st , 4th, etc. diffraction orders, containing the
reconst r woi2005/@6910he object . -1st, 2nd , etc. diffractPCorEresodonss; 9
containing the reconstruction of a depthinverted object The reconstructed
obj ect can be seen in the 1st , 4th, etc. diffraction orders. Due to the
finite aperture of the LCD pixels the intensity of the diffraction pattern

fallsoff to ds higher diffracti S-ad NEr e j b eous to
| ocat en’t‘ﬂﬁ)e\gﬁtt& 98?‘%%’9{5:@09 Pﬁcﬁ I’léeﬁ]%&og?? f r6agcp:ﬁa{)ﬁfzgrr7 ﬁ‘e'{PR”'f\'@t‘ ?éa%%ir}tr?g%e

di f f r agiAest tRE @Bseher MERdEWIoE 8 hin slep aritattdot 2 el mepedddidity inter@alhofand -
1st diffraction orders together. Hence, the periodicity inter&g@thgg ri ses

the 1sthe setof chservermindaws prdifragiad dghbard dgpﬂw—WSEeﬂémas%fh Q=i ffr =
1* d /g dis.; ' : Vi ew : £

oi xel | pructiedl it ORteroMQLEFAREPIREBIPGE8Y B 8 i1 thABt BREncB drp e, |
1sts di frheasdepreravid@owas dnhyoslightlytiager ttzat ther ey puplil ahd dutrieforededeires t he

observer w ndow cannot cover the whole periodicity interval byt oply the
Tot di Farelut rasking gbihe eyRpupise TH¥S Brachiawechy AR SYeifiides Wiish fistegfSather ¢ he

per | 0dpGklibnl AL Khbs FFHddd dataliblisBd388BhEYI HRAMBEAINSbSTII #RF thepitet ©

pi xel n be used t0 encode one conplex nunber. Therefore, each periodicity
i nt er vaf thenlid Bghti sosircess ph dre LEBnskuttes pamiey. one di ffraction order. Hence,
the whole periodicity interval can be used as an observer window. If a
phase-nodul ating SLMis used in a Fourier hologramthe periodicity interval
COq\h ai R ' HW ! ' héloyRIME howd\rire | s

al J'I;(?) u%ﬁ@ﬁ%ﬁeﬁggﬁ"ﬁ%ﬁ{éﬁ%ﬁe otrge, ng?a?%gé%o%iggﬁ odicity interval can
be usedwvitisthe ssinse pemspestivel view, A thedwilogram ts. VRQe Thegkfore aBt ed |i ght has to

be excluded fromthe observer w ndow, d) Al.n ] Y t he
obser vé@! %%Wﬂ%‘g 396 SERAIFHN ﬁr?éjdﬁga‘ fo‘o\fﬁrﬂﬁ‘@[ %@éﬁ)&%@% pp‘)%aérl?c%)di city
I nt er vglehy88h MdBoldgFariHearinga CBeMiSthewhsetverTROthdlograms renditt fefact ed
light and in some cases a depth-inverted object. The fraction of the

per i odieyetand iesrthar withiright-exe pesspeativevigw) e ipiasiacedondhedalPdé@mmds on

t he_SLM and t encogi sche S| I bserver
Wi ﬁ@ow a[rlﬁpd_rtf[ﬁ, Sdi ﬁpﬁ%&@%&%@gé&ﬁﬁa\gé&@g&é %\&r@?ﬁl}hh*e arE)H;)tr opr }gt ely.
Car e hagetgerbpedtieariew vt therddd edlamnecThas thie lefeyiprigisesarthbe seen in

t heobserver w ndow and no depth-inverted object orgvtﬁndj frac%ed light. e)

Geneyalreqfu?sﬁ’(ttlcﬁiéﬂi%taiéiﬁﬁrthﬁp|¢féﬁY6PeﬁWW§rV'Q/Wﬁ‘ﬂ gingbt ey Bur .
term n9%8%§t£%‘?ipﬁecro'n9ﬂhﬁl§ttﬁe'r@ﬁ-’é&%}p&ﬁﬁ%’th@%ﬂo’fhéBgéttaﬁv?g isdhcgryo?ﬁéﬂ n

order i e reconstruc can be seen, ependi ng on the
encodi ngadked by isrzontdllycsHifting dhé hologramncanteiet an thenbalograng-beadng LIGI2t ed

| gat and depthinverted object. The extent of the periodicity interval is
ma

|y determ ned by the pixel pitch, i.e. it is fixed for a given SLM

Thi s ”Bl‘ar{l% élﬂﬁécés@%rf?ﬁﬁﬂﬁfoq"‘fo?@?)"(/ié@/ﬂwg;% rﬁBbi@bG?W’h@WF@Ho!ﬁg;ﬁbﬁﬂebb@

encodi ng technr que. pi Xel s are nee to encode one conpl ex nunmber the
nmexi nurtosyeeaarbnirhedatimeand thevautbsteressdddic shagd eeparatiogipsoyiges ther val |

e.g.: Burckhardt encodin n, (nost | . | i tyde; nodul at i .3 pixels
per corﬁﬁréﬁa)h'tﬁ‘ﬁ?@a@g- Eﬂﬂg?ﬂojﬂf éi’%@lﬁa%@gvgwg{s%‘?{%w —nllﬂ%)lgkwg 5
possible. However, this requires sufficiently fast displays which are not yet available

25 in the desired size and resolution.
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periodicity interval Doubl e-phase encoding on (nostly) phase-nodul ating
SLM 2 pixels per conplex nunber => maxi num si ze of observer w ndow = 1/2
of peri odwoi2ogs/iendier val  Ki nof orm encodi ng on (nostly) poaseesduisasi ng
SLM 1 pixel per conplex nunber => maxi num si ze of observer w ndow =
periodicity interval Size of the Qobserver window a) In conventional

el ectro- hol ographi c di splays the hologramis cal cul ated as the Fourier

Fr esnel hﬁﬂé&ﬁhormof the objects. This leads to a small object size if
Iowresgt on SLMs are used. In contrast thereto, in our

el ectro-hol ographi c display the hologramis cal culated as the Fourier

t r ansf qma foflowing Alwsex Nesumimadises kéicontepidsram amdsertidncebsmts & VWDndow i f
| ow-resol ution SLMs are used. The observer gowfserves only as a w ndow
t hr ougRORKA{Q44659 thensentoats MF'&\ﬂr?HE’W%‘&r@:ﬁé‘i VEFEE™MS scene. The snal |
observer wi ndow does not matter if it is larger than the eye pupil and if
the ey ik At Iy tracked. b) The occurrence of nultiple object
recons??t%z@:etlt)ar;ds&laﬁbgmﬁ'ustrum defined by the SLM and t he observer w ndow
can be avoided if: Either the encoded area is appropriately limted. This
can5be Thentermi edmputge oneemputing devisermeansany gevice qjiaospongiy cArakle of| | |
concept _C ) ....The.obj ect ,iks~Sa ed ol igct .points. The hol ogram
infornmtﬁﬁ’orésa%cdyﬁf%’éﬁ%%i'ﬂgh ng%Cg)gelf,(% 'y in a small encoded area
whose size and position can be seen in figure 3 . The encoded areas or

el enentmiyhtscires heamshalyagsaos obfiluatihatidy, deincpdncludesian sgyeof sgpasait on

t he hoI_o%r am Equivalent to the superposition of the projection hol ograns
i s to dightsowngesobj ect into object planes. The object is linmted by the
frustrum Each object plane is propagated with a Fresnel transformto the
observer w ndow where all Fresnel transfornms are added. The sunmed Fresnel
transforns are then Fourier-transfornmed to the hol ogram pl ane. This nethod
inkerently inplies that no nmultiple reconstructions can be seen fromthe

observer w ndow. j t di splay was built.
Usi ng aé%’&ﬁﬁpé?\:l éﬁ@gﬁfﬁﬂ%g@'@@mgd@lﬁﬁwm pi xel resolution a
observer window with size 6 mmat a distance of 2 mis possible. This
results in an el ectro-hol ographic display with 20" screen diagonal. 3

Mul ti plAxdispiaydeves foralidethbelogeaphy, injvhichaiherdauics agaklps adikledrdhiGy ndow t o

a size slightly. |larger than the . pypi he. i { ore the
nunber rSPO%%W%PPe‘Pf n tﬂﬁ&&g bsﬁ\5‘%%’%%?}%4’9‘5'%8{[@@@“5%@“?@9#%%&! ﬁét f or
OPQSObSc%tié%Is?étehﬁ%SHuth@bmd amibBEONG nfddiumecessary. | n each observer
wi ndow a reconstruction of the object in an appropriate perspective can be

seen. Ei t herwheigjibthe deyicaisanairbiegughihakwhgn@n ebserspicepves alg P@seAcan be
d.a)_T L myl.ti ' t ' ted
e quen 3Py atrly Bt e M de B G B igh sodtel HRFtabBhsih N Farpe <BBRCr &1 ©

sources and the hol ogram panel (SLM. Thus the viewer's eyes are
sequentially illumnated. To avoid flickering the switching rate has to be
sufficiently high, i.e. preferably at |least 25 Hz. This requires fast LCD

paré%I S N@éiﬁgnglrfgafdl’éé:em |y hardly avail abl e as | arge nonochrone panel s.

e The reconstruction is the Fresnel transform of the hologram.

» The device is operable such that a direct or inverse Fourier transform of the
25 hologram is generated at a viewing plane at which the observer's eyes must

be placed.

e The holographic reconstruction can occur anywhere within a volume defined
by the hologram and a virtual observer window formed on the image plane,

30 through which the observer can view the reconstruction.
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b) Spatial multiplexing nmeans that all observer w ndows are displayed at
the sanme tine. Care nust be taken that the observer wi ndows are spatially
separ at edwonotdscumpewi ng pl ane so that no overlap or cr @sTAPadIS/OOISCUr S.
This can be done e.g. by interlacing two or nore hologranms on the SLM and a
beam splitter such as a barrier mask. Al so other optical elenents for inmage
separation / beamsplitting or techni ques known from aut ost ereoscopic

di spl ays can be used, e.g. prismmasks or lenticular nmasks. 4 Horizontal
and/or Vertical Parallax A full-parallax hol ogramreconstructs an object

hol ogr aphj Cal*Hét‘e%Ye%@%Qfa@@bbwﬂ@fQﬁﬁddWQrbr@‘fo\r\@‘a@ﬁ dya. the horizontal and
vertical directions ven a sufficiently | arge observer w ndow or observer
region the reconstruct ed object facilitates notion parallax in horizontal
and vertical ectl on i ke a real ver, a |large observer

regi on ret]wpr‘rég FRIYRT MRS, %‘?PFPH'"E)%?hﬁ%Pu ?@% and vertical direction
of gthe SLM Oten, the requirenents on the SLM are | essened by restricting

to a horizontal parallax only (HPO hologram The hol or(%r aphi c reconstruction
t akes pl aee T pcatiomof an obsefverisrayesiasa tiacked andithedevios ean alkzrdheaphi c

reconstructlonlnv tic diirection t.ed
object with H‘Rﬁ'tl%ﬂ r‘filf"i‘lé)rt?sﬁé} IVY'%{O\”%%(Q tﬁ%ﬂ?éecd[ :%\';\Ze er%g]\?\r/H gféﬁésﬁﬁnagt
change upon W&N&h%bh@dh%bs%véﬂ%nh@bv@eﬁtmvhéﬂm&ﬁﬁg higser iers@adt i on of the
SLMin vertical direction than a full-parallax hologram There is only a

periodicity in the reconstruction direction, i.e. horizontally. The

conput ati on ecreased for. ane-di al 1ine hol ograns. A

verti cal -ba?tnef gQOQFﬁ"V (e\%gB? rﬂ%ﬁi%g}gé‘fg?gﬁggé}e% $i bl e but unconmon. The

hol ographi c reconstruction takes place only in vertical direction. This

results in a reconstructed object with vertical notion parallax. Also eye

acconmodari obhe devipeiig telewisigfe | ens curvature to the object di stance) is

acconpl i shed by a VPO hologramas it is with a HPO hol ogram There is no
notion parallax in the horizontal direction. The different perspective

views for,l effe géﬁcgr@armgmne@madéﬁy@ to be created separately. This can be

done by tenporal or spatial nultiplexing of the observer w ndows, as

dedéri bed above. 5 Col our Hol ograns Col our hol ograns can either be

generated wih tenporal or s ial multiplexing. For temporal multiplexing

R Gand B |T%FGQEEH%Q§3§?'Q8§W{C&M synchronously with the corresponding

hol ogram contents on the SLM For spatial nultiplexing three RR G and B

hol ograns are displayed on interlaced R, G and B pixels, illumnated by a

spat i al | y ecofiee davicefis aenedlgaltmag@rdieplev dsopegrate R G and B sources. 6

- Continuous SLM A pi xel ated SLM (e.g. an LCD panel) as hol ogram beari ng

medi um | eads to periodic repetitions of the reconstructed object and of the

obsgy ver i ”ﬁﬁévde@%e%bﬂﬁlllfd??lﬂﬁrh% drpfdy dffcd.n this specification it

can be avoided that multiple reconstructions of the object are seen by the

observer. Therefore, our nethod is preferably applied to pixelated SLMs.

However ,. our sa b p to continuous SLMs, e.g. an

opti cal @9”%:&@5@%%8@% N1 gﬁ? %&ﬁ%ﬁ or (OASLM). An OASLMitself is

continuous and woul d hence not require those aspects of the enbodi nent that

elimnate nultiple reconstructions for the observer. However, the OASLMi s
usual | yAopt i Aanethod ¢figeseeating a holographic reconstruction of an object using a

25 display device and a computer, the device including a light source and an optical
system to illuminate a hologram-bearing medium; comprising the steps of:
(@) using the computer to generate the hologram on the hologram-bearing
medium;
(b) arranging for the image plane of the light source to co-incide
30 approximately with the plane of the observer’s eyes to enable the observer

to view the reconstruction.
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with an electrically addressed SLM which does have a pixel structure. This
may result in a residual pixel structure on the OASLM and therefore

peri odi c wepbécmtiions of the object in the observer w ne#owrraysocisay . Hence
it my be useful to apply our nethod to an OASLM or ot her continuous SLMs.7
Conbi nati on of HPO Hol ogram and Spatial Miltiplexing Spatial multiplexing
of horizontally aligned observer windows is preferably used in conbination

with a yYPO Vertical Par - r . IZant [ erver

w ndonsPr eqds Petet GumeL prog B Ve ok L WFRE RiedraBl e B g

from t hae YaMidrtidiag_Lish kivat ifca(¥esholieplayrdedce fregéndratd helogehphic hor i zont al

line light sources which are spatially incoherent in the horizontal

di r ect i leRONStREgtioNsAccording e theomethnd af A@bo¥8ti on, the observer wi ndow is

limted only by the optical elements for beamsplitting, which can be

treated in the sane way as for conventional autostereoscopic displays. The

lji ][r;pt atCon A& nZ&Bo@bSFTSﬂ%ut}Mg‘dhiﬂ/dﬁﬁﬁirtg}a t/hieoﬂmlggndim,ithg dabd Vﬁe'mgl and
iffraction orders on applies in the vertic irection, ere the

hor | zorﬁlaﬂrlbutqsﬂeovﬁrgameémr?@é@ "eP8ivef &t AisRiay d¥icenthe @ﬂtatbf’én%awig?ﬂta|

directi; i i i i i m

Spl {11 eUTE HhE, dipIEl d o e B g A A B e e

spat i almetHad @fl &aboge.of hori zontal |y aligned observer w ndows. However,

care nust be taken because beam splitting and diffraction now both operate

in horizontal direction. 8 Coherence of the Light Source W have to

di no! sh AQebipefing YRSLAdEd %)@&P@ly RABERAIRG a WHeSPRIdAhnTRNEr ence s

related to the |lateral extent 'of the light source.” Light froma |aser

sour ce digplapdevisgdodatiseshahdisplayiigviaedm genssate halearapbiq rEconsiiuetionsr act i on

limts and dependin h dal purity) and leads to a sharp
reconst?cff(ﬁrﬁgi'aagggh?ﬁbec{ﬁ%iaggﬁa OVE: each obj ect point is reconstructed as a
point (wthin diffraction limts). Light froma spatially incoherent
source, e.g. a LED or a CCFL, is |aterally extended and causes a snearing
of the EecorAdispascrepnavien usrd ind displaf deyiea s siefingd @be¥a. by t he
br3§dened size of an object point reconstructed at a given position. In
ordér to use a spatially incoherent source for hol ogram construction, a
trade- off has hofodraphiowadomstiugtion gepedtet hydhe alevipeadeéfinedaaisbver. i ght ness by
adjusting the aperture width. A snmaller aperture results in inproved
spatial coherence and hence | owers the degree of blurring or snearing. But
a smaller aperture results in a lower brightness. The term"partial spatial
coherence” is used to describe the sources.b) Tenporal coherence is related
to the Gpeacéptdd. |LARGE OBIEUT RECONGARWOIAN. The diffraction angl e at
the SLMis proportional to the wavel ength which neans that only a

no hromati c source will lead to a sharp reconstruction of an object

poi nt . 1 HeAGS R hret I d

snear ed& %@%ﬁ@?gggﬁgﬁﬂégﬁgﬁdréq@gﬁF\;\Ferfgct:lﬂjm of ?Fgggggsaoﬁ@ggﬁa?gﬁ@ be

r egar derbcassimoctorhofoamnobject thise gpoetated; the devidednbludingaa light sauresiihtdci ent | y

narrow (ca. é% nn} FV\I{(—lI\/hI ta faci bi g}ate 00d. recoast ructions. 9 Point Light
Sour ces %HH“ SYFIER 1O TINAG PP LI MNTITA I MBAMAT ax one or several poi nt
sources in CHABIARHOSiz8 Jf Ih@ RecorisirabRdr sHjatt IS Rtemif¥ABY the 8z dfgRs or an

array of rotationally symetrical |enses have to be used. Preferably, for a
hol28gr adisplayrandr®idhe weoodiviy ntese) asavciatedewith fre helograradeariagusediunn
I

[ anses. ooty ifeEhy' RigniRog REae el AESalaChutit BROUST.

al i gnedwhich the reconstructed image can be seen.
Additional Features:

30
e the observer window is placed at the image plane of the light source.
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parallel. Line light sources have the advantage of higher brightness,

| enticulars are easier to manufacture than arrays of rotationally
symet ri cab 2benses9 However, al so ot her conbi nati ons ar ecpaeseosioessior HPO
or VPO point source(s) and rotationally symmetrical lens / |lens array
poi nt source(s) and cylindrical lens / lenticular |ine source(s) and
rotationally symmetrical lens / lens array 10 Conbi nati ons of Light Sources

and Lenses The || . ) L al |y h : (&

Masere) oF sbif dedihi RBEHHe SRUh ariP B drinietaf Febkiel B4R Peen wi cn
suf fi ci ent | yhelegtdm apgeheratad abah lobsenier pyarrsaoivhichdhé obseness eyes must
arrangenents; - one point source - 1D array of point sources - 2D array of
poi nt sour ceBe Plaged. | i ne sour ce- array of line sources Preferable
orientations of line sources and arrays will be discussed below. Different
types of lens arrangenents: - one large rotationally symetrical lens - 1D
arr & of reot @hé boiddraplsiy Meednstatiohasasccur aRywheaywithinr @ alunandétined
symmetrical | enses - one large cylindrical lens - array of cylindrical

| enses (| ent P¥ihehglogram an Hﬁ@ QHSEEYRTWINEAY. of cylindrical |enses and |ens
arrays will be discussed below. For sinplification the terns "rotationally
symmetrical lens" and "cylindrical |lens" may refer to spherical cross
sections ef Therdienm cosbrasphiadoosfor eacheysect i ons. Aspherical cross
sections may be used to reduce spherical aberrations. There are preferable
conbi nations of |ight sources and | enses: a) One point source and one

rott i onal |y J i LWRat is the easiest for small

di s1p ays. g tAﬁ)s%grEPe\; é&@ﬁ?é&‘ﬁﬁigﬁg@o"ﬁméwggﬁ’a* ﬁgr)? hol ograns. For | arger

di splays, i.e. diagonal |arger than several inches, the required

hi gh-i nt ensi tK poi nt source and the |large bulky |ens nake this conbination
i nappr opr i*at &he lncatipn Hf agyohseryr) heyesparekac nbthe deyicecap Alter thshal | y
symvet 11 cal b&0ass of H GinGarSRA ARl & i M oh b RRS nfdihiaiPar al I ax
hol ogr ans. ch poli'nt source corresponds to one Iens. Each Tight source has
to il lum natdgeanthyoughseagH ebsemer winddve evemsvhanrrapvingihid of her hehdt es to
split the required anount of total intensity to many |ight sources. This

| esiPens the requi renents on the intensity of each light source. Also a |lens

[ ' j ad,. | h ingle | I
W tn the Saming SRkrmbadtig FRfRR o TEI telel "2l | Gned i ne cour ces and

array of vertically aligned cylindrical lenses (vertically aligned

| enticular)._This conbination is used for HPO hol ograns. The vertically

al i gned cyl i hegdexiceligadelevisits the 1ight in horizontal directionresulting
in a HPO hologram In the vertical direction there is no notion parall ax.
Each |ine source corresponds to one lenticule. Conpared to a 2D array of

poi2lt soureceFTharidvizedPaanuhiynatfialdeniees there is the advantage that a
lenticular is easier to fabricate than a 2D array of |enses. Al so the
requirements on the intensity in a

e The device is a gaming device.
e The device is a medical image display device.
25
e The device is a military information display device.
Concept B finds application in other contexts:
30 A A method of generating a holographic reconstruction of an object using a

display device and a computer, the device including a light source and an optical

system to illuminate a hologram-bearing medium; comprising the steps of:
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line light source are |ower than for a point source: the light flux is
distributed on a line and not concentrated on a snmall spot. d) Array of
hor i zont avbyo@ldsgried | i nes sources and array of hori zontralripp2@siogsses
cylindrical |lenses (horizontally aligned lenticular). This conmbination is
used for VPO hol ograns. The horizontally aligned cylindrical |enses focus
the light in the vertical direction, resulting in a VPO hol ogram Wt hout
addi ti onal ans.there is tion_paral ' ri t rection.
Each |ine §3ur 848NGIPE gr{n;g%?%afe %ﬁoia%ahﬁ%ﬁg? E@Bbﬁ%ﬁlbgéna”ﬁ sour ces
and lenticul ar payule further conmbined with optical elenents for

conventi onal autost ereoscopl c i mage :{gf)ar ation. The VPO hol ogram w

coherent  siipler poangingnthefopkisakeystemand ther holearanaisisl fhajrihe sizeoel et uenced
by th t ost d
T e b

aut st er eoscopiperigtiity mtervihassadig@dapith the Rologedm-beariog medmm ttheal
direction satisfies eye accommopdati on. The aut ostereosco%}l @g}w

separat i on togWﬁ@ﬁ'%ﬂﬁe%tﬂsﬁawﬁﬁrﬁ!‘@ﬂg §ERAT A QRsaiver W

per spective vi s of Light Sour ces
There are di fle)r‘%)hj R o@?ﬁ%ﬁe?%ﬁggu{fegm §%tfcearﬁﬂ1€§1¥}gght sources, e.g.: a) A
si ngl e point Ilght source may be a Iaser di ode or another type of laser. A

LED b if th t f th d ffi t |
onsur o Buf 1 Pofeia carfist PaRTapHEtkite a3 dafiing b vidto aplicrame e gBiagR 't o
adqlgd tRe cAftict e Cgegucrpﬂidi"it c%%%ég%sdl%élﬁx%v%“@r?’ér@a@hcﬂo raphicAn array of

si ngl e point sour g. laser single Taser or D which is
coupl edeconsirumtionptaiccatdirg teethebneathos. of'llhebatl@uts of the fiber bundle are
appropriately arranged to formthe desired source array. A large area
illum nation conposed of several |asers, LEDs, CCFLs, etc. The |ight

emanaticflg f ORJhGS 8f a@trrtﬁ@iﬁgloﬁaté Héﬂnﬁm@ad)@lﬂebmo%gréﬁf ale abtAbgingur es. This
array of apertures may be static or configurable, . it may be a LCD

panel dds$tubu’@d exefel Detwiore And seceived phaeshisplayidevige; theedataé@dngaﬁgcfbfhathe
o abcr duflspsdhe MEmiAT HoYiER 1o E.@éﬁfa‘?é@a?oéﬁerﬁ%@%ﬁ@%%%?n?%géﬁéuﬁ@ R, ©

: array GhethodeflA gbbvsour ces can be generated by e.g. An array of point
sources which are aligned in lines, e.g. |laser, LED " An array of point
sources which are extended in one direction by 1D di ffuser sheets,

l enticylars, I sers,

| ent1 o2 a Ebfrpusfly GURE Ahikd K WRAP YRR dERTRGREABE roRKpAR 0 gser s
an arr&ﬁs;ﬂéy@bmc@&ddabeealmrdlsmay deVitestoyeneyatefhaipgraphicerecongtrbeicsisat i ¢ or
confi gurabl e, be a LCD panel (shutter panel) which is
traﬁspeﬁ@ﬁfdlﬁgltﬁy%’ﬁ "ﬁ'&oc}leﬁéﬁb@ﬁ@ of the desired line |ight sources. The
configurable apertures on a LCD panel is preferably used to shift the |ight
sources for observer tracking. d) Instead of a |arge-area illum nation and
an aperg.ur e AdispldyGizrpanathenouseshiaradispiaycderice as aefisedabayeof point or

| i ne sources an OLED panel may be used. An OLED panel is an array of snall
organic light emtting diodes with a pitch of the order of 100 nm The

desi red ar r gy hafoPabMit rékorstiR1isR YerBratéd byifie dRARAISefiteabive.

25
Concept C. CALCULATING A HOLOGRAM FROM THE OBSERVER WINDOW

1. A method of encoding a video hologram, comprising the steps of:
(a) selecting a point on the object to be reconstructed,;
30 (b)  defining an observer window through which the reconstructed object

will be seen;
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t he appropriate OLED pixels are switched on. e) Al so other sources may be
used to generate single point sources, arrays of point sources and arrays
of |ines woun@ass9ie. g. CCFL, netal vapour |anps (e.g. Hgcrapeas/oizmsap). An
appropriate aperture may have to be applied to ensure sufficient spatial
coherence. f) A single source replicated by an array of |enses or a single
hol ogram exhi biting this feature. The output nay be an array of points or
l'ines / col S I i ERreadR ' with
arbitraril yldgyr:apgi?%\i\hﬁfs?gfﬁ??k@gftdengt ér:gfe]t,h%faon array @Pb%g%@frﬁbe f or med
to serve direct| o darid omboreat area that forime andy agrastion oPthelbelagiami ncoher ent
Li ght Sources an(E1 Sub- Hol ggranms The |ight sources of an array of |ight
sources are usualSAMREITE 'ﬂ?"i ncoherent. This means that there is no fixed
phase rel atign beipsamd BRI th&%ls%mm-beaﬁn@%@mbmc BBlogFHHINE MEFBHhafeh Of
waves emanating fromdifferent Iight sources. In relation to a hol ogram

whi 8h i s illum naweedetytoaacemsteuct gTe poighsolebyindbat area. t hr ough an array of

| enses, this nmeans that there is no coherent reconstruction across the

whol e hol ogram bearing nmedium/ SLM Rather, the hologramis split in

sever alpddidiall Feaairesbel ongi ng to individual |ight sources and | enses. Each
of the subhol ograns is coherently illum nated and reconstructs the

sub-obj ect which is encoded on this sub-hologram As there is no nutual

coherence befween, th hal oqr ar : -obj ects do not superinpose
coherent |V Lﬁcqugﬁ%sz#ﬁ?&. ccgﬂﬁ?%se@gﬁpiélggﬂgéﬁ addition of the intensities
i ngpead of the anplitudes and leads to a lower intensity of the

reconstructed object. Still, there is a reconstructed object which is
conposed ®f ing issaushdbpb engrecungiregtione a difechar werse Fadidgrdrangfomm ght

For an:obi ect 1 PACSaR o BOBKIRU AR v RBHIATE o IR RN er A "

smal | encodeﬁugr@maﬁég, typi cal size of an encoded area is several
mllimeters. This is approximately the same size as the typical pitch of
the light sources and hence the typical pitch of the lens array. Therefore

an _encoded ea is. i 1 few.and._n 1y

i négher ent ﬁﬁec@g%ﬁ%@@ﬁ%ﬁﬁg@rﬂ%ﬁ%@ "%%@‘3? gn\ﬂ% E)l*'n%éj@ﬁégmwwgncoded
areas and spdlédrangandi@ vitthalnbsanierwindowpthroogih whlidhy thensisseevemtarsdignces
also facilitates the use of | ow coherence sources |ike LEDs. Coherence is
needed only tAereceNsdiiCiPBa with extent of several nillineters and not
across the whol e hol ogram Coherent illum nation of a 20" hol ogram woul d
requi re high-coherence sources |like |asers.13 Focusi ng of Light Sources in
t he ObserverTHdraleahA dbeerietwindbwdoeeadtegys.r es that the |ight sources are
i mged to the observer plane. The imaging is done with a lens or a | ens
ar2By. Compared to a Fresnel hol ogramthe Fourier hol ogram has the

advant age _t i A j CHSE smal | spots in the observer
pl ane. | ft H@iggggﬂc\)'gs{@f&eoﬂh%é‘?‘glgx{n?laetggbser\%etc(?‘\}\ﬁ ndow t he undiffracted

light is not visible as disturbing background. In the case of a coherent
i ght source the size of the imaged |ight source is Iimted by diffraction
and aberr at i Dissige of e peservenwindowisicalicylatast gs gfanctioncefiipa mediodisityhe

resol ution qhtéatr@fgtfﬁ?ﬂ?&é%m_ In the case of a spatially incoherent source

(e.g. LED) t imaged |ight source is also determ ned by the
apesture of the Iight source and magnification of the lens. If an array of

i ght sources and an array of |enses are used, the inmages of all |ight
e The location of an’observer's eyes are tfracked and the device can alter the

position of the virtual observer windows so that the observer can maintain a
view through each observer window even when moving his or her head.

30 ¢ The hologram bearing medium is a TFT flat screen.

e The hologram bearing medium is the display of a television.

65



sources have to coincide. This nmeans that the pitch of the |ight source
array has to be slightly larger than the pitch of the lens array, according
to a sinpwe wg@msedipi cal construction. If the sources ane#Cirar@s/ assey
properly aligned a diffraction pattern is visible in the observer plane
which looks like the diffraction pattern as if a single source and a single
| ens was used. There nay be additional optical elenents which shape the

i ght disgri [ ' t ' hifiEmaN st dd ion or

i ncrease theﬁilrgnp gﬁgr%q{ér%?{nﬁerﬁggggf? \%3“ bﬁ%‘ﬂgfofrhgjsﬁmgg% (E)ée\;%dgl'ffuser sheet s
or lenses. 14 Tracking For a pure hol ographic setup tracking of the
observer is achjeved by shjfting the |ight source(s). relative to the |lens
(array). Thifh%b@%éafﬂd}?@fw ’H@gwghlsc@ﬂc{}s%lﬁypfﬁl%r%'ﬁg ‘J&y{ﬁece(s) or the

| ens (array) or by electronically shifting the apertures on the shutter LCD
panel . Tracking m ght also be done by a configurable diffractive optical

el efent oe allsehologramrbearing. mediuno isoiheatisplay obpenedicekiovege displagn i n
vertical direction and autostereoscopic i mageseparation in horizontal
directi on ar®%etbi ned, tracking in horizontal direction can al so be done
by horizontal shifting of the VPO hol ogramon the SLM 15 Types of SLM The
SLM may be a cell based / pixelated or a continuous SLM Cell based Liquid
crystal (trahserhelgramdeariefglraetiune)s therdisplay o€ amoifitdrainformaiidradisplay

nodul ati ng onbi ned anplitude and phase nodul ati ng MOEMS (micro opti cal
electro mech®'®l nicro systen) piston other types of cell based SLM
Conpi nuous optically addressed SLM (QOASLM Acousto optic nodul ator (AOM
ot her types of continuous SLM 16 Description of a characteristic enbodi nent
In a chaeaeemiG fnds applicadiomdntotherneondexisome LCD panel with 20" diagonal is
used as hol ogram bearing nedium The pixel pitch is 69 mmin vertical
direction and 207 mmin horizontal direction. The LCD nodul ates the

anpl i t usle of Arfthbd @hgendheingd ROlgRApPHic rédontriaties oP¥n dbjet Uskhgld

hori zontal line |ight sources and a |enticular with horizontally aligned

| ent i cldisplayisievinerand aconuten tihe devicadndluding askightsesressape aarastieal by

trgpsp i on. a t . l¢: Wi ISl Ll ed. by an array
of q?ed%g%m;té IFu?mﬁE&a h%éﬁ %@}—%}%éorhrfggﬁ\ dfl}rl':ﬁ’ ?%hﬁs@éaﬂrf%@%rég vertically
spatially quenmﬁg thengsrhpeaterwbd bnéfﬁe@@iéla?mbhnhelﬁommdni-l@éﬁrir@ es they
facilitate the reconstruction of Faqurier ho ograms_with VPO. As the

hol ogr am bear i fgetigm;itae Apinaramyaavipg beghiangoded usingthetmetiedifng i s used.
Thi s means t hat kxelhs are needed to encode one conpl exnunber. The
correspondi ng pcl:lﬁ%rﬁ%f\esfgpﬁgﬂéf ore 3 * 69 mm= 207 mm which leads to a size
of the obsgbyerillimindding dhe Giotograin asidg thelight soiurée and Bpticplesyiste sotthat
interval of the set of observer 'ndo_Y)v undi ffracted |ight and

deglh-i nvert ed thedgeonstaicted gbjechisdvisi st order) is deternined by the pixel

pitch of 69 mMmand is 18 nmat a distance of 2 m

B. A data carrier programmed with data defining a video hologram, the data on

the carrier having been encoded using the method defined above.

25 C. A method of distributing data defining a video hologram, the data being
distributed over a network and received at a display device; the data having been

encoded using the method defined above.

D. A computing device adapted to supply data defining a video hologram to a
30 display device, the data having been encoded using the method defined above.

E. A display screen when used in a display device operable to display data

having been encoded using the method defined above.
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The observer window is only slightly larger than the eye pupil and
therefore requires careful tracking of the eye pupils. This is achieved by
an eye fiwdepoosbaah detects the position of the eyes. ThReIEPdasa1IBmre used
to control the vertical position and the pitch of the Iine |ight sources on
the LCD shutter panel. Wth the techni ques described up to now each eye
woul d see a hol ogram however with the sane perspective view, as the

hol ogramis VPO. Therefore an autostereoscopic i nage separation is added. A
vertically aligned lenticular is placed between the hol ogram bearjing LCD
and t he. obsAhadegraphis reepagfrustion @aneraledrorara Bolegeam engeded Hsingdfhen

right-e [ clli view) are interlaced on the hol ogranbearing LCD, e.g.

t he Ie?%ﬁécs}gdéﬁr?%({)gﬁﬁ%e view on the even columms and the righteye

perspective view on the odd colums. Thus the left eye only sees the

reconstruction containing the left-eye perspective view and the right eye

t hé reconstruction containing the right-eye perspective view The observer

is hor} y h ZON ifting the hol ogram content on
CORBEALbY ERRISSAETASMACHREGIONS

t he hol'ogram beafi ng necessary information for 3D viewing is
provi ded. The VPO hol ogram | eads to eye acconmopdati on and the

o ESTEL P TERRA BiLT
"bwevetqcotngirﬁcgg Qgigg? ?oﬂt‘ﬁf bR 'o%h"lédtlfhéﬁ§ tyisih I8 B 2 JeTined \AeRingQiositiin,

avai lable 1nt ed size and resolution. ANNEX Il The foll ow ng Annex
| 110 suohamrickrisekidn toaincept s from and enhancenments to WO 2004/ 044659, the

t ent f which i ted,.b . i | ints:
The. tor m coaedionia apaes TBHESTL SHELA AT srdb BRI Big conent capabi o
of conpuiastratied iir@agl"él)al\(r‘ﬁi B)ASHS onlyBrehidARHIhe BoRsgragt 1. ersddiedhformrtione

means any source o um nation, hence includes an arraK of separate |ight

sour cefor titateeipt, and ioBsstrviEed inskedy famma-eortiona the aatrenaiogAmAythgevi ce for
vt 9420 BRLIRKIAD Steh WhrilufiPel REo RN GBrR Rt A A MR hENEP BRRSLAIF" | O

ice rncluding a t’sodrce an
0pi5 Cabrdtseanod visitle gt i @efihdtbliegirpbsiiohng medi um wherein the device
i s operable such that when an observer's eyes are placed approxi nately at
the i mage plane of the light source, the reconstruction can be seen.
Addi ti - I . The reconstruction is the Fresnel transform of the
hologrgﬁﬁhmP%Zh%ﬁ€¢§é is operable such that a direct or inverse Fourier
transform of the hologramis generated at a view ng plane at which the

observer's eyes nust be placed. The ho] ogrg@hi c reconstruction can occur

anywher e wi Eficedingvisisysk thali PREACHISITUREIOR R SUESHPRIRYCESS M PYRRT W e r

w »Hdow f or i §18e; i : r jaw t he
reconstr ucﬁgﬁegﬁlggéérgﬁgaggé%?%? 8{ %bserl\ag%ﬁ%gg&sﬁlﬁgﬁg c%‘b%r%nfeﬁghé/yeeg’e. An
observer w melgsybesplapgd.oxi mately lcm x 1lcm  The | ocation of an observer's
eyes are tracked and the device can alter the position of the virtual
observer wi ndows so that the observer can maintain a view through each

observer eﬁﬂﬁ%‘trmm SV O S werd Withlf 8 dolunf® BefiRb @By ane bear i ng
nmediumis a al " screen. .
hologram and a virtual observer window, through which the observer can view

25 the reconstruction.
e An observer window is approximately 1cm x 1cm.
e There is an observer window for each eye.

30

» The size of the observer window is calculated as a function of the periodicity

interval of the hologram.
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The device is a television. The device is a multinedia device. The device
is a gam ng device. The device is a nedical inage display device. The
devi ce i swea widdesapy i nformati on di splay device. ConcepPCAVHPR00d913879
application in other contexts: A A nethod of generating a hol ographic
reconstruction of an object using a display device and a conputer, the

device including a Iight source and an optical systemto illumnnate a
hol ogr am Joeqy L ne AR 44 DSBbred B frh&Rsd aﬁd tﬁ@bew%ér&ntérer@mut er to
generate % hzh% (?C ogr gllm onn(? h%'lséog?e Eee

aring nedi um arranglngfor t he
i mage pl anepositibhef ItheghMuabubwveowcmiawa:s@ﬂﬁamb@ obseareelcgn\maln aime pl ane
of the obseryver! es to nabl e t observ r to vie truction. B.
A data carr View W%‘ﬁ%ﬁﬁﬁ% ?WGH}M% WeEVH %{‘WHE‘(SJWN& &egﬁﬁggéhe data on
the carrier being such that it causes a d| spl ay device to generate

hol ogr aphi ¢ reconstructions according to the nmethod of A above. C. A nethod
of &li st riduRecgnsiatctedathijeitmgmprisedevulliplecgpiaty. t he data being distributed
over a network and received at a display device; the data being such that
it causes the di spI ay device to generate hol ographi c reconstructions
according, tg 5@%‘9% Q&cdﬁeabﬂﬁsa r%mgra?@muhhggneaumcma%a@trecr flat supply
data defini ng a ogramto a display devicCe to cause that display
device to gsorest e hol ographi c reconstructions according to the nmethod of A
above. E. A display screen when used in a display device as defined above.
F. A hol ographic reconstruction generated by the device defined above.
Congept Bcffﬂ S dea ISHd B igleyi ce for video
hojlpggrapﬁ.y, in % e devi ce enab%g@aq?lol ogé:(laphl c reconstruction of an
obj ect to be generated; the device includi ng a Ilght source and an optical
systemto il ateahol m Qhear i,.n ein the size of the
reconst r utt J@emgw@mewﬂea?rga a,yis 'r%!'&az’ghﬁ ‘ﬁad&"?& ay and not the
periodicity interval associated with the hol ogram bearing medium the
periodicity interval instead determ ning the size of an observer w ndow

t hrough whi dihet idogrero isencadeedontosgdisplay ib@ gaming deldea.i onal Feat ur es:

t he observer window is placed at the inage plane of the |ight source. The
de¥Pce is operabl e such that a direct or inverse Fourier transformof t he
hol ogram | s whi ch the observer's eyes
must be p+ aeﬂﬁn@é\%&%ﬁn%ﬁ%ﬁﬁ??bt\rég':%ﬂ%fgg\&eléon can occur anywhere within a
vol unme defined by the hol ogram and the observer window. There is an
observer wi ndow faqr each e pser.ver ndow i s approximately lcm x
1cm  The®| dd@ dcefs ami %W@?‘"‘é §pléy\g4et"|‘c'§cked and the device can
alter the position of the virtual observer wi ndows so that the observer can
mai ntain a view through each observer w ndow even when noving his or her
he@d. The hol ogram bearing nediumis a TFT flat screen.

Concept D finds application in other contexts:

A. A method of encoding a video hologram that can reconstruct a point of an
object, comprising the step of:

25 encoding into a region of the hologram information solely for that singie point,
the region being the only region in the hologram to encode information for that point,
and being restricted in size to form a small portion of the entire hologram, the size
being such that multiple reconstructions of that point caused by higher diffraction
orders are not visible at a defined viewing position.

30
B. A data carrier programmed with data defining a video hologram, the data on

the carrier being such that it causes a display device to generate a hologram as

defined above.
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The device is a television. The device is a nultinedia device. The device
is a gam ng device. The device is a nedical inage display device. The
devi ce i swea widdesapy i nformati on di splay device. ConceptCB/HP200d®13879
application in other contexts: A A nethod of generating a hol ographic
reconstruction of an object using a display device and a conputer, the
device including a Iight source and an optical systemto illumnnate a

hol ogram beari ng medi um conprising the steps of:(a) using the conputer to
generate a hol ogram on the hol ogram bearing nedium (b) arranging the

opt i cal Csyst Armeathgdiafdisisbuting detadefiningia video bolograr, theedatadmirsg r uct ed

b . . : el . 3d r uct
"t or vl SREHED BUAG iy biartd fftsfled b s iRy Wi, S ol Bebcchithiot”
i nt er valt cans¢s b dieplryrdevicotd deneraiea ﬁblogré}lﬁse@sr d&finedd A6 t hr ough whi ch

t he reconstructed object can be seen. B data carrier programed with
dat &’ defining a video hologram the data on the carrier being such that it

causes di sgl i : t i constructions according
o the Dot hod OmARHERE: ick B8AGERE iR I8 el A Y o oA ARG 2 \i deo
hol ogr adisptdyedelétentobeausg ttias tisplayt delicy/ &y gendrate\a holRjrenT &€ 8efiesH above.

di spl ay device; the data being such that 1t causes the display device to
gener at e hol ographi c reconstructions according to the nethod of A above. D.
A conpugi ng i a63R : j Ll . I hol ogramto a

di spl ayEdevi g?ﬁ%@auseh{“ﬁg%ﬁglﬁ?ﬁygp %Z’&?Oggswo%éggﬁ%qggﬁ\g?'ogr aphic
recldhstructi ons according to the nethod of A above. E. A display screen

when usgd in i spl devi ge defi ned abov F. A hol ographic
reconst ruct i%210goqugp@%éﬁcggs%{qé%ag%%g%ge@gqfﬂ@@ %BQ&@T AT defined
CALCUL Adihdve. A HOLOGRAM FROM THE OBSERVER W NDOW 1. A net hod of encoding a

vi deo hol ogram conprising the steps of: (a) selecting a point on the
object to be reconstructed; (b) defining an observer w ndow t hrough which

t he recgnstract j i seen; (c) . traci a surface fromthe edge
of the %bser%gﬁs%\?@gg%\?\'ﬁ% #88&&@#’%6'}%?%[3Qﬂ[ﬁ’%?ﬂqgcéﬁc%%%‘cﬁﬂ%ﬂ?‘?di%%nl y a
ports onincludiritea AEphey enedtt Wil asibgiaimd 88 defik@diaBeve ONt 0 the

hol ogram beari ng nmedi um hol ographi c i nformati on needed to reconstruct the

point solely in that area. Additional Features : Reconstructed object
conprises nultiple points. Encoding is such that, on reconstruction, a
direct or inverse Fourier transformof the hologramis generated at a

vi ewi ngCpheapt Eat  whi chTIME SEIGHEENTIAIS EGODINGt be placed. The
reconstruction can occur anywhere within a volume defined by the hol ogram

and a virtual observer w ndow, through which the observer can viewthe

r eQ@NSTA WiddIfNdevidd récdnip @ar GRAEFANET hHoRRMKY, B wh e fsvice enables a
holographic reconstruction of an object to be viewed; the device including a light
source and an optical system to illuminate a hologram-bearing medium;

wherein the device is operable to time sequentially re-encode a hologram on
the hologram-bearing medium for the left and then the right eye of an observer.

25
Additional features:
* The reconstruction is the Fresnel transform of the hologram.
» The device is operable such that a direct or inverse Fourier transform of the
30 hologram is generated at a viewing plane at which the observer's eyes must

be placed.
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An observer wi ndow is approximately 1lcm x 1cm The size of the observer

w ndow is cal culated as a function of the periodicity interval of the

hol ogr amwoOBh&/deemat i on of an observer's eyes are trackedTardooshessdevi ce
can alter the position of the virtual observer w ndows so that the observer
can maintain a view through each observer w ndow even when noving his or
her head. The hol ogram bearing nediumis a TFT flat screen. The hol ogram
beari ng di i i . | evi, SO0 0, i medi um
st hedrapi oy eiedapof BEb Rty RiioR S Gt e cReWARI AL TRREBEHRRL T e

di spl ay of hydeerholpgdmviarel a viFhial bbseyeamilkaw forgneedh e irhagdplatiespl ay of
a nedical | ge di spl.ay device. The hol ogram.bearing nediumis the display
of a mili taﬂ?f Ha 8‘35‘1‘%‘{ AVRLSATHWeWIBE TespRIpictient | nds application in

ot her contexts: A A nmethod of generating a hol ographic reconstruction of
an object using a display device and a conputer, the device including a

| i ght souwr c@heraisan ofpsarvat windsineforteachldyeri nat e a hol ogram bearing medi um
conprising the steps of: (a) using the conputer to generate a hol ogram on

t he hol ogram bearing nedi um the hol ogram havi ng been encoded using the

met hod of r [ Sl e Ji ' ' he hol ogram using the |ight
source aﬁdcggtcﬁ%gﬁ;ésrﬁl?gﬁwi‘%as)ﬁ?aot)é"#‘hgg&gg@n)g'?gztnét ed object is visible. B. A
data carrier programred with data defining a video hologram the data on

the carrier Fa i%g, beCtein encoded using the nethod defined above. C. A nethod
of distri%uf ﬁ& 0B &N PRIV S PYRDARIragashand Hie davige san@deatha r i but ed

o] a net o I LS4 .ca - 0. been
erbded us| oS of RnAiHERoerder Yok, et fhe bBCero8 S MEMMITFEG o
suppl y dat avigef thnough each deservel airdow evemwiiepphayindehis oehet headlat a havi ng

been encoded using the nethod defined above. E. A display screen when used
in a display device operable to display data havi ng been encoded using the

met hod degf i pgd Fhedfliddohn | § TRICARYL ion generated froma
hol ogram encode h@é?ﬁg etﬁle netgﬁ(r)@pgge%med agstoc{i/éé%'Concept D. ENCODI NG TO

SMALL REGQ ONS A video hol ogram conprising a region that encodes information
needed to reconstruct Fin | e point of an object that is visible froma
defd ned Vie ﬁ&eﬂlﬁ‘?i‘??gﬁ,e"ﬁ%%n-acteri sed in that the region (a) encodes
information solely for that single point in the reconstructed i mage and (b)
is the only region in the hologramto encode information for that point,
and i s restTheteticens aimealtimedi@devigeporti on of the entire hol ogram the

si ze being such that nultiple reconstructions of that point caused by

hi gher diffraction orders are not visible at the defined view ng position.

Addi tiongl + g gc;b‘fﬂ ' i S, such that, on reconstruction, a direct or
i nverse Four!.?lgtrdg'glir%gr%sma m @P%}é ol ogramis generated at a view ng pl ane
at20nhi ch the observer's eyes nust be pl aced.

e The device is a medical image display device.

* The device is a military information display device.

25

Concept E finds application in other contexts:

A. A method of generating a holographic reconstruction of an object using a
display device and a computer, the device including a light source and an optical
30 system to illuminate a hologram-bearing medium; comprising the steps of:
(@) time sequentially re-encoding a hologram on the hologram-bearing
medium for the left and then the right eye of an observer.
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The reconstruction can occur anywhere within a volunme defined by the

hol ogram and a virtual observer w ndow, through which the observer can view
t he recorwono@ideem9 An observer wi ndow i s approxi nat el pct@mpeooshe3sry There
is an observer w ndow for each eye. The size of the observer windowis
calculated as a function of the periodicity interval of the hologram The

| ocati on of an observer's eyes are tracked and the device can alter the
posi ti of I I Taglolel ‘ iddden intain
Dot ew P oLl R R 8 Vo g e s B
Reconst theaxtasdeobging tsucbripat it esused a didpéaypdévics to géherate hotpgrapliis encoded

onto a hol ogram beari ng,nmediymth I, S TET fl gt screen. The hologramis
encodedre(?ﬂf’%ltr éplﬂ”?pq gq'ﬁggogié? mﬁ%?%ﬁfeﬁnqqi@tﬁcﬂ famis encoded onto a
display in a nultimedia device. The hologramis encoded onto a display in

a gam ng device. The device is a nedical inmage display device. The device
is & mCitark method efdissribulingdaia drfininga vitlerckeogmm| thesdatpeingat i on in

ot her c Xt S; t hod of encodi vi dep hol ogr t hat can

r ec_onst&S%@ugesdpfﬁ%{tﬁagﬁlﬁﬁgfd}({eﬁc,‘w@grﬁg% @ﬁﬂiﬁ‘ytq%é’ ' i’_ge @&a I%‘?f_@@cﬁ“ﬁa thal o a
regi on jptatides thel digslamdenicer tobddritatt®byraphic fdtahsFlLoEm é&dﬁ&ingt‘tb%é egi on
bei ng t he onlg region in the hologramto encode information for tThat point,
and bei Mgthaskdefinadeat A gbevee to forma small portion of the entire

hol ogram the size being such that nultiple reconstructions of that point
caused by higher diffraction orders are not visible at a defined view ng
podiOt i oD, B.A Aorfiutingalevics agisted aosagphy ddia defininded vidiedthalogriagietd Aol ogr am
t he dai%son the carrier bein&@such that it causes a display device to

gener at@sBlaysleyisedm causgdhatdigplay Aryvice togenaratsshelpgmritc rasensiyctinns

defi ni i . jang di stributed over a network and
recei vg%%trmgggleéﬁp}?g@&gg@}dggﬁg? %ghg%@ebei ng such that it causes the

di spl ay device to generate a hol ogram as defi ned above. D. A conputing

devi ce adaptged.to suppl ata def i ni vi.deo hol opgram tq_a di spl ay device
Lo caude: t hek R STeRBUTNRN 1Eed e APl LIRGFe GralRTRed R ARBVabove. E A
di gl ay screen when displaying a hol ogram as defined above. F. A

hol ographi ¢ reconstructi on when generated from a hol ogram as defi ned above.
G A dilspl ayA heldgraphidageenstiustigorgenarated bydheglenjide defirexbatsd mboveon, t he
device including a display encoded with a hol ograns as defined above.
Concept E. TIME SEQUENTI AL ENCODI NG A di splay device for conputer generated
hol ography, in which the device enabl es a hol ographic reconstruction of an
object to be viewed; the device including a Iight source and an opti cal
systemto illum nate a hol ogram bearing nmedi um wherein the device is
operable to tine sequentially re-encode a hol ogram on the hol ogram beari ng
medium for the left and then the right eye of an observer. Additional
features: The reconstruction is the Fresnel transform of the hol ogram
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The device is operable such that a direct or inverse Fourier transform of
the hologramis generated at a view ng plane at which the observer's eyes
nmust be pWacea/06691@ hol ogr aphi ¢ reconstructi on can occuPCIBPAMISHE3SH t hi n a
vol ume defined by the hol ogram and a virtual observer w ndow forned on the
i mage pl ane, through which the observer can view the reconstruction. There
is an observer w ndow for each eye. An observer wi ndow is approximately
lcm x 1gmo\||w§he | ocation of an observer's eyes are tracked and the device
can alter the position of the virtual observer w ndows so that the observer
can maintain a view through each observer w ndow even when noving his or
her heall. The Awlethpdhof teraputing edaiegransby défefniniag the wesefronfehat tHevi ce i s
a tel ev'égi on. . The device is .rru{ti ma%iéf? device. The device is a gam ng
devi ce. APHREMAUGDSENET LYRRAIAN that yould be aaneried by a real yemion eéans a

m | it arybjesf torpeid@Rstusebay device. Concept E finds application in other
contexts: A A nmethod of generating a hol ographic reconstruction of an

obj ect using a_display device and a conputer, the device including a |ight
source 4nd an dpeirathosyafi@aine d whengin the waveihants gire meterstiuctedby them

conpri s}i]é]g steps of: (a) tinme sequentially re-encoding a hol ogram on

t he hol ogr%m bearing nmediumfor the left and then the right eye of an
observer.B. A data carrier programmed with data defining a video hol ogram

the datd on th&@heaneihed di€lagn JustR whatein the MavefoptsthredAduI8R fBEohE
ic reconstructions according to the nethod defined at A

gener at e hol ogr aph

above. Qf.mﬂrerrg??f%Me@fWWQWSi buti ng data defining a video hol ogram the data
bei ng distributed over a network and received at a display device; the data
bei ng sqich 1 nicth&PEeSsy bhedirPt ' SN i C
reconstructions accordi any Fo the@mﬁgﬁgg‘?dn&e@ra %@Eﬁ%@%ﬁ%ﬁg)comuti ng
devl0ce chieglt eamposingdpestetmofi defining a vi deo hol ogramto a display device

hecord: ng. + SRIMGRIRA B At nd FORoRB, Bfor@tiah eleyy f et ebalevpaint us ed
in a displathdesien kringltld Sy régioR iR ey ﬁo|o§&rﬁ htg@{x%ag\é@iﬁ?ﬁggﬁgﬁb?tthaﬂ hon

generated by the device defined at D above. conputing
a hol ogr am Ppinteddd pemargsinceddy size dofoman snall ppriooxdfriae entitesser ver eye

osition that., er.at ed b real, version qf an Qbject to be
rpeconst ruct g@ﬂ@ﬂhﬂﬁgg ﬁ'%? ﬁ)oedﬁé)gufﬁ‘ ﬁ?%’ﬂgﬁﬂ@rrgf’ﬂnﬁﬁ‘é&{%\?@f&g&t Roigk ¢
redénst r uct egubyd byehigledradiffiesttion orddye dretidistle Gt #&obsOfve? eg@%ghfant he
wavefronts are cal culated for one or nore observers w ndows. . e et hod

of any preceding Caimadapted to reconstruct a point of the object,

conpri g ng the ﬁ]%%qo(f)f' C%ﬂﬁop&@ﬁghgééit@%hgrg‘%%}t(?)é%toge hol ogram i nf or mati on

solely for that single point, nly region in the

hol ogr am t o (@pcodeldatihgrapdinbon tties objeat tobé Aécordickei:ng restricted in size
to forma snp|l portjon of the entire )
defining the observer window through which the reconstructed object

20 will be seen;
(c)  tracing a pyramid from the edges of the observer window through the
point and onto an area that forms only a portion of a SLM;
(d)  encoding, onto the SLM, solely in that area, holographic information
needed to reconstruct the point.

25
6. The method of any preceding Claim comprising the further step of generating
a holographic reconstruction of an object using a display device and a computer, the
device including a light source and an optical system to illuminate a SLM:; comprising
the steps of:

30 (@)  using the computer to generate the hologram on the SLM:;
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hol ogram the size being such that nultiple reconstructions of that point
caused by higher diffraction orders are not visible at the observer eye
posi ti on.w8.200seeet hod of Cl aim 1 conprising the furthecTareps/oafs? (a)
selecting a point on the object to be reconstructed; (b) defining the
observer w ndow t hrough which the reconstructed object will be seen; (c)
tracing a pyramd fromthe edges of the observer w ndow t hrough the point

and onto an,area that.fo onl [t . (o)¥ 00i to the
S “sol el y Bh"t AuARgigalor Tt Baad kel bt i sebHydEURERhiARE ? | 1C
point. 6. The mebhget gbsaddrepesdonbatGhaiobsenrgridani vigwithe récorstreictish.ep of
generating a hol ographic reconstruction of an object using a display device

and a conputer, the device including a light source and an optical system

to illwm nat L.Si ng: : j to
gener aty: t hﬁﬁgpgﬁwm%{%%C%gwp?@)aﬁé???rﬁgfs}\nqé ?Qc?rfdtﬁﬁggls 8% anéeﬁigo
appsoxigmélegbaptic tevondiutdiidrnof &e opjeatasing d Hisplaysiewes asd eyesngdtet,ithe t he
observer can view the reconstruction. 7. The rT{st_ od. of, _an recedi qg%ﬁ aim
conpr i slavipe iReluding & dghts@ce AngapRiiGahgysiemy %@P%}H?ﬁte ar%l:@'ngﬁ et of
an obj [ i ; i nd a conputer, the device including a

| i ght gogtgrebghgﬁga%dih@g lﬁ%gﬁéég@%eﬁ toillumnate a SLM the nethod of

gener ating qaypr iusimpthehmorspelps tofenérmte adiatggraheocn dnpGLBE, t o generate a

hol he SLM b i th i | t t hol h
Toa o e of 4b)'o: Stncir tesontil Shktsn aed thRaoptth SU6A a1 o8 GRHEM T
di gpl ay and pefndtAf:t@ebb egg %Yuﬂd?fbﬁrdf%e?'&éclﬁitﬁéﬂi% by Bnd et leM  t he

peritodicity rnterval 1ns etermning the size of an observer w ndow

t hr ough whi qieriodisity dotenal asspeiateshyvith the Sh.Mdhe periodity HervabinséRrdf any

precedi ng C aiim conprising the further rakl hi c
reconstructi%ﬁe"b"?'n tbﬁjsé% oﬂgrﬂlq S N%ﬂ@'ﬁ@”@&\?lggﬁ%\gﬁ% g%cgeﬁgﬁ%g%@phe

devi ce i ncl hje& canlbed8éerpour ce and an optical systemto illumnate a SLM
conprising thé step of: (a) tinme sequentially re-encoding a hol ogram on the
SLM for the left and then the right eye of an obser\%r?. gng)T e met hod of
any prebedi ngheangthed af apy BreceriHC M comprsing tha furier sirRAeeNTelH, a

di t . ; . - f . t
oS v ef MRloBHEE etk EEan B ShbR<R uslria BRRMY delibe afBFedthtie dl |
of any dqueeSmhch@ing ailight souziecind &re optical systent to Bnniaatece SUM; moywiising

within a volune defined by the hologram and a virtual observer w ndow,
t hr ougith@titemof:ne observer can view the reconstruction. 11. The method of

any precedi d gjmi behn the ,igyd [ ReOItE SOProRtha-Mrtdrf is a
TFT f1l at sc;@%n. a‘kﬁélsgﬂig@}r]r@p{org% aﬁ?%rwg!: (glgng Caimin which the
hol ogram i s encodbdndin dght eyes pf ay obeeeverel evi si on. 13. The nethod of any

preceding Claimin which the hologramis encoded onto a display in a
mul?0 medi a device. 14. The method of any preceding Claimin which the

hol ogragn i s FRE AERLPBF Anf pré iy CldimAnG@iit R @ne8dingSs such that, on
reconstruction, a direct or inverse Fourier transform of the hologram is generated at

an observer plane at which the observer's eyes must be placed.

25 10. The method of any preceding Claim in which the reconstruction can occur
anywhere within a volume defined by the hologram and a virtual observer window,

through which the observer can view the reconstruction.

11.  The method of any preceding Claim in which the hologram is encoded onto a
30 SlLMthatis a TFT flat screen.

12.  The method of any preceding Claim in which the hologram is encoded onto a

display in a television.
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15. The met hod of any preceding Caimin which the device is a nedical

| mge di splay device. 16. The nethod of any preceding Claimin which the
devi ce i swa 2mdidessapy i nformation display device. 17. A gatr&Pe@s/i3sn9
programmed with data defining a video hologram the data on the carrier
bei ng such that it causes a display device to generate a hol ogram as
defined in Clains 6, 7 or 8. 18. A nethod of distributing data defining a
vi deo hol ogram the data being distributed over a network and received at a
di spl ay device; the data being such that it causes the display device to

gener atig. a MleasietibdRe 411 preedding Claghih Which fie Kologikn isefsadd Mg #levi ce
adapted to supply data defining a video hologramto a display device to

cause wipRlayinsgnitiediacdeviee.generate a hol ogram as defined in daim6, 7
or 8. 20. A display screen when displaying a hol ogram generated by the
met hod as defined in daim6, 7 or 8 2 1. A holographic reconstruction

f r ofn a 1dol ogihermetiel eitety fnectdimgnlaimdn amistethesslogantiséntddedomto 8. 22.
A di spl ay device adapted to generate a hol ographic reconstruction, the
devi ce SRRV H Agapiag dBVIS9- encoded with a hol ogram using the method of
Clains 1 - 5.

15.  The method of any preceding Claim in which the device is a medical image
display device.

10
16.  The method of any preceding Claim in which the device is a military

information display device.

17. A data carrier programmed with data defining a video hologram, the data on
15 the carrier being such that it causes a display device to generate a hologram as
defined in Claims 6, 7 or 8.

18. A method of distributing data defining a video hologram, the data being
distributed over a network and received at a display device; the data being such that
20 it causes the display device to generate a hologram as defined in Claim 6, 7 or 8.

19. A computing device adapted to supply data defining a video hologram to a
display device to cause that display device to generate a hologram as defined in
Claim 6, 7 or 8.

25
20. Adisplay screen when displaying a hologram generated by the method as
defined in Claim 6, 7 or 8.

21. A holographic reconstruction from a hologram generated by the method as
30 defined in Claim 6, 7 or 8.

22.  Adisplay device adapted to generate a holographic reconstruction, the device

including a display encoded with a hologram using the method of Claims 1 - 5.
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