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Abstract

The method of holographic building of moving bulk
scenc that based on the acoustooptical interaction principles is
discusscd. Some rcsults of numerical simulation of bulk image
process reconstruction are given.

1. Introduction

The research direction, devoted to development of 3-D
information systems, became very attractive for both university
scientific groups, and big production company rescarch
laboratorics. In some countries new State-level R&D programs arc
opencd with sufficient financing. Hundreds of publications are
devoted to this topic and their number growths cxponentially (see,
for example, [1-15]). The reason of this interest is the bright
cxample of markcting circle and the time when bulk television,
computer, mobile phone and other information displays will be
considered as onc of mass production lots will come soon. But
this is still a future. The appreciable number of approaches to 3-D
display creation are developed now by different scientific groups
in all over the World. These approaches arc based on various
physical principles and some examples of them can be named:
Multi-view stercoscopic 3-D imaging;

Computer-aided 3-D imaging;

Computer generated holograms for 3-D displays;

Optical scanning holography;

Acousto-optically based 3-D holographic imaging;

LCD based 3-D imaging;

3-D Microscopy;

Rotating screen based 3-D scencs reconstruction;
Multi-plane volumetric 3-D displays, and others.

But to the present time just very few approaches reached the
manufacturing level. The examples of ready-for-sell level 3-D
information displays arc known, which on the multi-view
principle arc based. Essential shortcomings of that principle, the
main of which is the mixing of two images on zone boundary,
insist on the continuation of decp research aimed to find closed to
reality methods of bulk scenc reconstruction. The holographic
principle is considcred as one of most prospective for realization
of that idca, as it allows to bring to thc observer all necessary
information about bulk scenc (or all parameters of plenoptic
function that was offered in [16] for charactcrization of 3D object
optical information). Promising results were reported recently in
this direction [1-15]. At the same timc there arc sct of problems,

that onc can mcet on thc way of creation of 3D holographic
moving sccne reconstruction system. The general problem is to
find some way for crcation of switch-on and switch-off hologram
to realize the principle of realistic bulk moving scenc. That
problem dictates to finding different invention ways for creation
of clectronically controlled hologram. The evaluation of onc of
such principles is the very aim of present paper. The general idca
of considering mcthod consists in formation of optical hologram
by mcans of acoustical field in such a way that gencrated
acoustical ficld posscssed by space distribution of refractive index
that exactly corresponds to transmission function of original
hologram. Bulk holographic imagc is reconstructed duc to
acoustooptical effect by iliumination of sound field with refcrence
optical beam under the Bragg angle.

The first suggestion of similar method was offered in [11] for
hologram forming by surface acoustic waves and was further
developed in [4,12-15] for thick hologram that are formed by bulk
acoustic waves and the Bragg regime of acousto-optical
interaction is used.

2. General Approach

Fig.1. shows the scheme of acoustooptical holographic way of
moving image rcconstruction. Thick transparent platc that
represents the AQ interaction medium scrves for clectronic
forming of optical hologram. Multiclement eclectro-acoustical
transducer that represents the line of thread-shape clements
excitcs the acoustical ficld. Each element 1s feed by the scparate
signal with certain frequency that is directed from digital or
analog control systcm. The length b of clement dcfines the
thickness of hologram and as a scquence stipulates the high
diffraction cfficiency and spectral and space selectivity. The size b
is comparable with sound wave length. That allows cxciting by
each element very divergent sound beam forming in far zone the
complicated sound field, space distribution of refractive index of
which corresponds to hologram of object, fixed at moment of time
to. The hologram formed by such a way can be considered as thick
hologram (or so-called Denisyuck hologram [17]). Such thick
hologram rcalizes the Bragg regime of light diffraction and it
possessed by the featurcs of unique diffraction order, spectral and
spatial sclectivity (these features can not be realized with thin
hologram formed by surface acoustic waves, considered in [11]).
Formed by such a way hologram is clectrically controlled that
allows switching it on or of and as a sequence to rcconstruct
moving bulk holographic scene.
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Fig. 1. Architccturc of acoustooptical 3D image
Reconstruction holographic  sct-up

It is obviously that for development of such a hologram it is
necessary to find for acoustooptical intcraction the medium with
low sound attcnuation and high figurc of merit. This is important
bccause of nccessity to cxcite the sound ficld at very high
frequencics so that to rcach as small sound wavce lengths as optical
waves have, In this casc the spatial resolution can be comparable
with usual optically crecatcd hologram. Besides the bandwidth of
acoustooptical intcraction must bc very large to allow the
cxcitation of a large range of spatial frequencics at the hologram
to translatc maximum data and not to loose some information
about rcconstructed image. Today alrcady known the experimental
works in rcalization of very wide band (up to 3 GHz) and very
high frequencics (up to 10GHz) acoustooptical interaction [18]. At
such high frequencies the sound wave lengths arc  alrcady
comparablc with optical thc wavclengths. Of coursc up to now the
sound attcnuation is still very high in know matcrials.

3. Mathematical Modeling Algorithm

Not dcepening here to the process of mathematical modcling of
objecct 3-D 1magc rcgistration and rcconstruction process
[11,15,19-20] duc to restricted paper space, we just stop bricfly at
the steps of this process.

3.1 Reconstruction process simulation

o [t s assumcd that spatial distribution of clasto-optical
medium refractive index variation, crcated by sound waves at
the fixed moment of time, cxactly repcats the space
distribution of optical hologram transmission function
variation. This assumption mcans thc cquivalence of cach
spectrum components of thesc optical and acoustical ficlds.

o Simulated sct of clectrical signals can be used for 3D
holographic imagc rcconstruction,

e By Fouricr transform of thc cxpression for these signals
time-spacc distribution the spectrum components of clectrical
signal’s can be found.

o With thc devcloped correspondence algorithm  between
acoustical and optical holograms produccs the sound ficld
transformation.

e By back Fouricr transform the sound ficld two-dimcnsional
distribution can be written,

J The reconstructed optical 3D tmage can be formed by using
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the cquation for mathematical hologram when the hologram
is illuminatcd by the samc reference optical ficld as during
the registration proccss.

4. Some Results of Numerical Simulation

3-D object hologram can bc representcd by superposition (with
phasc shifting) of single-planc hologram [19]. On Fig.2 the imagc
of two groups of planc objccts (cross and squarce) is presented, that
rccorded at different distances D1 and D2 from hologram planc
and rcconstructed at the distance
D2. It is scen that lower group of
objccts is in sharpncss (D2)
when the upper once (recorded at
D1) 1s blurrcd.

Fig. 3 illustratcs  the
simulation of hologram
recording and image

reconstruction of point light
sourcc. When calculating  this
rccording and rcconstruction

proccss the acoustical
WP | v =) 3 Y . .
Fig.2. Two plane objects attcnuation was taken into
image reconstructed at account.

ditferent distance

Fig. 3. a, b — point sourcc optical and acoustically crcated
holograms; c¢,d - spacc-time (y-x axis) distribution of
electrical ficld cxcites thc sound hologram; ¢ -
reconstructed image of point sourcc.



Fig. 4 presents: 1— onc planc of 3D object image; 2-static optical
hologram of this image; 3—dynamic acoustically creatcd hologram
transparcncy function; 4 — object image rcconstructed from
optical ,5 - object image reconstructed from sound hologram with
timc factor 1.2 at illumination pulsc pecriod; 6- that image,
reconstructcd from acoustically crecatced hologram at cxactly
synchronized time.

For modeling of 3D object we usced single 2D imagc - onc planc
of 3D objcct (opaque function) as it is known that hologram of 3D
objcct can bc mathcematically build from holograms of unique
object plancs given with certain phasc shift.

Fig.4. Somc steps of simulation process

The appearance of additional noise when recreating the
image from acoustically build hologram might be probably
stipulated by regular mistake accumulation when numerical
modeling in the restricted special frequency range.

The effect of downing of the reconstructed image intensity
along the sound wave propagation coordinate is taken into
consideration and avoided by applying of special algorithm
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in the process of numerical simulation.

Fig.5. Mobilc phonc application samplc of 3D display bascd on
acoustically crcatcd optical hologram

Picturc at Fig. 5 shows the cxample of mobilc phonc application
of AO created dynamic hologram. The illumination scheme for
creation of reference light beam is  given from the mcthod that
offered in the work [21].

5. Conclusion

Computer simulation of acoustooptical mcthod of 3D objects
holographic rcconstruction is bricfly discussed. Conducted
modcling allows concluding that, in spitc of somc cxisting
tcchnological problems, the offered approach could be prospective
for building of computcr controlicd systems for holographic 3D
information rcconstruction in many domains of application like
for cxamplc micro display systems.
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