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In the CGH with controllable openings arranged in a matrix or in an otherwise regular
pattern, known e.g. from WO 01/95016 A1 or Fukaya et al, “Eye-position tracking type
electro-holographic display using liquid crystal devices”, Proceedings of EOS Topical
Meeting on Diffractive Optics, 1997, the diffraction on small openings is taken
advantage of for encoding the scenes The wave fronts emerging from the openings
converge in object points of the three-dimensional scene before they reach the viewer.
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the CGH with controllable openings usually only allows the amplitudes to be affected.
The phases are encoded taking advantage of the so-called detour phase effect, which
requires at least three equidistant openings per sampling point. SLM having such a
great number of controllable openings are hitherto unknown.

The hologram values must be calculated from the scenes to be reconstructed.
Assuming a colour depth of 1 Byte for each of the three primary colours and a frame

rate of 50 Hz, a CGH requires an information flow rate of 50 * 10'2 = 0.5 * 10" Bytefs.



taken into consideration. This nunber will triplicate
if the fact Is taken into account that the CGH with
control | abl e openi ngs usuallyﬁgnly all ows the
anplitudes to be affected phases are encoded

t aki ng advant age of the so-called detour phase e

ec
Foutiet rtrans&qmatlggs of datasflows rafcthis, magnitude; exgaed; &55 capabilities of

oy SPAPY P o YR 0t hogrdn 1 i basod on

Iod:u:l lcomputerea However, dtansmitting amhta@dampum ofidata M@gh wdgta networks
be re ons a col our depth of 1 Byte
is p&se@ ¥ Hntﬁesﬁ%ﬁqﬁﬂo@i‘ggﬁ%r y colours and a frane
rIAlopdérfto78diée the éRGrmbas number aficomputations i has been pseposed not to

et o oo i syGR e o BRELEH B Rty by e

w&vﬁ&alar Isbiéth Eﬁn@fthattdﬁiﬁﬁe STHE Kindt 6F tol ﬁawnmhchmeustswasaddressable
not a ol ggrarrs to be cal cul ated based o |.oca

Sltbdﬁplﬁn@r such igsdhe above-menyoned ntiling halogramy 15, fiscigged in the above-
g |5é1P Sﬁ@tﬁﬁﬁﬁﬁ‘w 106G16°ATSStiring poie of thd ealculations is a
or norna users

n or to reduce the enornous
soacatledreffeictive sxit pupil, dhe ppsmna@fmmh ganpeiseide with thg eye pupil of the

| te.th t
viger; 1 1e Cimeg, "B isB B¢ B, Viblhe ot enbes B continuous
reBalEulation of thﬂlmﬂagmﬁr bart ithatdyemierdtes v :nt:agmfm: Mhe: nmumvmer position.
as e

f add bl h

HeweNRS. s Dardi ouliBes e todranon nihe fiintial of computatians..
aﬁ@’ediswd &al@tkm ﬁaea@usoeameléeﬁm@sw as follows:
Starting poin

of the calculations is a

Arangements wstln taqaugtq-opttqaé rpedylators e 199 yalueﬁnous and cannot be
reﬁ@éﬁacﬁceh %rﬁekﬁéfvﬁn PoH s &ﬁe—bh&%ﬁ%r displagsi WRi#® holograms

e VI ewer 03|t|on anges
genendted umsing thecmhg uhetlhodraref Mdaetagemrgemepawhlchrf&qwre enormous

A b50h 35, AR, Al ol AL e 8L 1o mensons, an
arﬁ#{ﬁ.ﬁﬁfﬂenﬁ mga Lﬁrﬁ@LMWﬂhEb&'ltd:%llﬂHéVﬁp&mm acé tomgmdlotmbe able to
nme 0ods can e Ssu rrse as 0]
reqMSHUR IATGE S09pRS. CIere:B0R, CUTBRLY B arag SoplPIRIR ST Aith extremely
sn?élf‘? e? 'ie&gthé’gl Bé)ndéd@fdrqnﬁ hﬁ@\tmsfté&lmology is further limited by

di spl ays; ho Qgr ans

the Gnmwt&fcpanimngnm snd dnh@etwgmmnm axallaplefeday.

N d€ caiF e%j%@hﬁofsf 3@% #rﬁsgﬁi riV@iion dt C efica torgffﬁér labove-mentioned

disidvantigessind nrwrovﬂerenqmldnml tmee'eomstslcbom ofivideo holograms at
contro] | abl ?qopenl ngs are too snmall to be able to
"ﬂ@c‘ﬁ?ﬂ #9421 ge scenes. There are currently no large

bwhﬁa Sresbiit inVentior, &I lob) Lecmahd s¢lvéd irean invientive manner by
vvoul d beé needed for this, and thi

a videoihologram Aediasjeviceror FBeStRICIG VgD BT AR RIA, the features
of SliOf. 'PrifitdY éthBoditiénts oY tﬁetil‘i%'i‘l‘ﬁon are laid down in claims 2 to 10.

The video holograms and devices for reconstructing video holograms with
controllable openings according to the present invention are characterised in that in the
viewing plane at least one viewing window is formed in a periodicity interval as a direct
or inverse Fourier transform of the video hologram, said viewing window allowing a
viewer to view a reconstruction of a three-dimensional scene. The maximal extent of the
viewing window corresponds to the periodicity interval in the plane of the inverse
Fourier transformation in the image plane of the light source. A frustum stretches
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that must be calculated for the video hologram. The transmission of data from a
computer or through a network to the display representing the video hologram is limited
to the same number of values. The data flow rate does not substantially differ from the
data flow rates known from typical displays used today. Now, this will be iliustrated with
the help of an example.

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



viewi ng wi ndow or an intensity mninumat the position
of the second viewi ng window. This prevents the
vi ewi ng wi ndow for one eye to.cross-talk the other eye
of the viewer or to other vi rs. It |sthustaken
advant age of the decreasg,in |nten3|t'¥ the

c

h
withoknows rmatheds drequirec  1Gbnopeniags,  while  fhisg “b‘ ‘s( Hgduced to
f1d° Ié"’irij’l{is %&ﬁHibfe CRRYsEdHe SAn becvieWad g fallrtiroagh the remaining

irum and e mni ma of thelntenslqﬁg dina to the
WGMBQ rwibdowo Thesa ereruirementsy on cRitohr aRd thalparpgy size according to

Spagce: an&gkﬁ& Rj-gﬁléééngén alfdhd ﬁ%lﬁﬂed %yad|§bﬂ9§ é\#ﬁlﬁbﬂeotﬁday This

creases | tudeand forns a sin
aubwe ctbuumwmswemmamsmgeaeat-ﬁmemmmbg@n%m digplays with large
%oer of openi n%s in the display determ nes the
tues that nust be cal cul ated for

t“rfh% viewRig WiNdew iBrtrackea by meeimeanymroeledmmmcauyowsuacmg the flight
comput er “or throu%h a netwgrk t.o

.0 t.he di
SONEGeSe DY Msingy moyable; MITTeTs o Ry sing ingﬁ it aprct} gan be adequately
positidhied i ahy %ﬁ*?ﬁ?s Thé VieWitigd wirdows' aree disptaceoncoording to the

fromthe data flow rate

displacementiof 4he lightsonyes images: g vnemx,mqqqssim Ipqlﬁ? gaurce(s) is (are)

sl dibBlaRea ¥ that BSiEhE vihacWs SIRAPING eyt diitRe viewer(s). This s
to (éreure thatathe Wiewers Sanraisg seet theare)oonatrqctemtbgpeidlmﬁnsgpnal scene
W'%!\?’B‘EI r}g%a Suethlgtﬁ%@ fﬁpﬂﬁtmﬁtgﬁggrﬁébﬁg q@i gmlt@él , Sbktal systems are

anvian'o’i thB&uﬁ?CtHé rsskitionn dfithié fvaewarsech@edystamst haseshm; magnetic
duri ng a transm ssion through a network. Video

senaonsgmrhe@ sachbeneficiallyifotthiSaown net hods require 1012
Gﬁﬁé"n%ﬁuoq‘ﬁ%eal Wsﬁr:%&&%’trdcﬁaﬁﬁd&&ﬁdo@ﬁm Bfficiéhtly in colour. Here,

prxers In IS eXxa The scene can be vi ewed

thé uéd:ortslmotlgh ig perfonmd withcat leashihree aPeRiags Peh 8&‘13 representing the

uﬁé%&g@%ggﬁﬂﬁhwgs%gg’& ggé can al m&% ?g b?ﬂtréll&ble and said
o;i%mr@silﬁiﬂg' ancodad individuatly dor. ealihi of thelpriovasy pglours Another possibility
of ggq);]pen%’il y\Mléqepa él?ag@l aﬁ;?&lhﬁ? grtgﬁgﬁ@dﬁjfgﬁltﬁ%%onswwms

nahsr,vmﬂblyqomw&i mumauélrmhaq boloums; usingcthiel gevice of the
electronically displacing the Iight sources, by

presewwmam e mrrors or by using light sources which

%ﬁﬁggaf %\%ﬁ%é alig ng: g@ggn Flglré% rr{i‘i{l)o%i‘ﬁiihlcTrbeonstructlona; of

sps\uauy extended mnemmmughtmuwe.mw, such; afe THiTfiat screens, in

roREUES e el AU, VBl sl b8, pgrams can be used

béhbﬂé:hw i PVemuttinedid game and desiga applicationsi imetheumewcai and military

se(c::?orl]'s alaﬁg |§\erenatngeotrh§$ %r}gésr K tgc%ntorruye%n | s”c?crl]styoﬁ tHr&&'8imensional

scenes can be generated by a computer or in any other way.

An embodiment of the present invention is illustrated and explained below in

conjunction with the accompanying drawings, wherein

Fig. 1 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. 2 is a general illustration of a device for reconstructing video holograms showing
a three-dimensional scene which can be viewed through a viewing window;
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intensity decreases towards higher diffraction orders, the 1% or —1* diffraction order is
used as the viewing window 5. If not explicily expressed otherwise, the 1* diffraction
order will be taken as a basis in the further description of the invention.

The dimension of the reconstruction was chosen here to comrespond with the
dimension of the periodicity interval of the 1* diffraction order in the viewing plane 4.
Consequently, higher diffraction orders are attached without forming a gap, but also
without overlapping.

Being the Fourier transform, the selected 1* diffraction order forms the reconstruction
of the hologram-bearing medium 3. However, it does not represent the actual three-
dimensional scene 6. It is only used as the viewing window 5 through which the three-
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tBF cdired! iHe Gioie? tan view the scene 6 of the hologram 3 with both eyes (see
Fig. 5). For the right eye, the right viewing window 5' represented by the —1* diffraction
order of the light source 1° was chosen. As can be seen In the drawing, this light influ-
ences the left eye at a very low intensity. Here, it corresponds to the —6™ diffraction order.
For the left eye, the 1* diffraction order corresponding to the position of the light
source 1 was chosen. The left viewing window 5 is formed likewise. According to this
invention, the corresponding three-dimensional scenes 6 and 6’ (not shown) are

reconstructed using the light sources 1 and 1’ in a fix position in relation to the eyes. For



order. The scene is thus |ocated inside the
reconstruction frustum which stretches between the
hol ogram beari ng medi um 3 and the view ng wi ndow 5.
The scene 6 is rendered as the Fresnel transform of
t he hol ogram bearing nmedi um 3, whereas the view ng
wi ndow 5 is a part of the Fburégr transform Fig. 3
shows the correspondi ng hol ographi ¢ encoding. The

t hr ee- di nensi onal scene is conposed of discr

thisothe: lsoloorqsyaaml deyre-angadied wheh the g m%‘i@ﬁg T /e turned on.
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entire hologran}bearlng medi um 3, the reconstruction
woul d extend beyond the periodicity interval. The
viewi ng zones from adjacent diffraction orders would
overlap, which would result in the viewer seeing a
periodic continuation of. the point 7. The contours of
a thus encoded surface would appear blurred due to
mul ti pl e overl apping. The intensity decrgase towards
‘higher diffraction orders is taken advantage of to
suppress cross-tal king to other view ng w ndows. .Fig.
4 shows schematically a light intensity distribution
over the diffraction orders, said distribution being
determ ned by the wdth of the openings in the CGH
The absci ssa shows the diffraction orders. The 1"
diffraction order represents the view ng wi ndow 5 for
the left eye, i.e. the lLeft viewing w ndow, through
whi ch the three-dimensional scene can be vi ewed.
Cross-talking into a - viewing window for the right eye
i s suppressed by the decrease in light intensity
towards higher diffraction orders and, additionally,
by the zero point of the intensity distribution. O
course, the viewer can view the scene 6 of the

hol ogram 3 with both eyes (see Fig. 5).,For the right
eye, the right viewing wi ndow 5" represented by the
-1Mdiffraction order of the light source 1' was
chosen. As can be seen In the drawing, this |ight
influ- ences the left eye at a very lowintensity.
Here, it corresponds to the 6a" diffraction order. For
the left eye, the 1" diffraction order correspondi ng
to the position of the light source 1 was chosen. The
left viewwng window 5 Is forned |ikew se. According to
this
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I nvention, the corresponding t hr ee- di nensi onal scenes

6 and 6' (not shown) are §onstructed usi ng the

light sources | and 1' in a¥ix position in relation

to the eyes. For 8 this, the hologram3 w Il be

re- encoded when the Iight sources 1 and 1' are turned
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diffractiole ordére| ogr am an area of projection (8) is
generated, in which each point (7) of the scene (6)
i s hol ographically encoded in order to define the

e 3
B S A, S Sl ity ()10  profcin
the vidivirmpwindaw {5) actomingrtdesaid 86lected point (7) onto the hologram-

display (3).

4. Device according to claim 1, comprising means for tracking the position of
viewing-windows, which are positioned in relation to the viewers’ eyes by means of
mechanical or electronical adjustment of the positions of the light-sources (1,1') in
order to follow the viewer(s) movements.

5. Device according to claim 1, where a viewing-window (5) is assigned to the
eyes of the viewer and due to the resolution of the hologram-display (3) the area of a
viewing-window (5) is restricted to an area being considerably smaller than the area

of the hologram-display (3) itself.
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3. Device according to claim2, where the area of
projection (8) is a projectign of the view ng-w ndow
(5) according to said sel ecf‘@d point (7) onto the

hol ogram display (3). 25 4. Device according to claim
1, conprising means for tracking the position of

t
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hi gher diffraction-orders of the video-hol ogram for
the first view ng-w ndow %5) have a zero point or an
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10. Method according to claim9, where each point of the three dimensional
scene (6) within an area of projection(8) of the hologram-display (3) is
holographically encoded in order to define the extent of the viewing-window (35) within
one periodicity interval and to avoid superpositions of adjacent diffraction orders.

11.  Method according to claim 10 where the area of projection (8) of each point (7)
of the scene (6) is generated as a projection of the viewing-window (5) according to
said point (7) onto the hologram-display.

12.  Method according to claim 9, where two light sources (1 and 1°) are used for

reconstructing the three-dimensional scene for both eyes within reiated viewing-
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interval in the view ng-plane (4). 10. Method
according to claim9, where,each point of the three

di mensi onal 25 scene (6) mﬂ?hin an area of projection
(8) of the hologramdisplay (3) is holographically
encoded in order to define the extent of the
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forsé&‘é%l&némrd i ght sources (1 and 1') are used for
reconstructing the three-di nensional scene for both
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movingimbanteltbedidee-dis al m 12, where the |ight sources
(1 and 1') are tracked so that both vi ew ng- w ndows
(5, 5) remain adjacent to the eyes of the viewer
15. midethgdi acdarding tof clalira 9i wheredaseolayr raensdructien s achieved by

9, wh |
ol B o P 55, B A8 R0 P s, ac
said Sgeeﬂgllpgg“sﬁbgﬁféﬁﬂ:ddbd iNGIidURI9 fOF &a8H prif@irpuoldurand  said

I ng encoded individually for each prinmary
col our. 15 16. Nethod according to claim9, where the

16. ?3'4@,%@{%@(?& g % ﬁh&keﬁ?ﬁ%lc@m@e%ﬁ%ﬁ%ﬁueﬁon is at least a

sequence of reconstructions of the primary colours.



