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Abstract

A method for producing holographic stereograms made-matrix recording technology with reduced
geometrical constraints is presented. The typlkotdgraphic stereogram produced can offer a corntibimaf
large viewing zone, arbitrary viewing distance, mial image distortion, and high spatial resolutidepending
on alterable parameters in the image processinwa. The techniques described are applicablenéostep
recording stereograms with horizontal parallax. &ese of the difficulty of recording a full two-dims&ional
array of parallax images, the holographic steraongrare horizontal parallax only, using a lineaieseof view

to present horizontal parallax while eliminatingsdeuseful vertical parallax. For producing 3D efffec
holographic stereograms present a series of déisaqtrtures to the viewer, each contains informaftiom a
single two-dimensional image of an object.
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Introduction

Recently, dot-matrix and image-matrix hologramsdohon diffraction gratings have
become widely used as anti-counterfeiting devicetiere they are employed to protect
documents against forgery [1-4]. Such protectigdograms cannot be reproduced by
conventional colour scanning or printing techniqaed therefore find a wide range of
applications in document security field. In orderiricrease protection efficiency, holograms
are rapidly integrated with other protective eletseane of which is a stereogram. The
digital holographic stereogram is one of the higlesality methods for displaying three-
dimensional objects with help of computer-generatathetic images. Holographic
stereograms present a series of discrete viewp@ptstures) to the viewer, each contain
information from a single two-dimensional imageaokcene. Instead of recording a three-
dimensional ‘real’ object a sequence of flat twoidnsional images of an object are recorded.
Each image is a single view from a sequence oflfma images’ and all of them are recorded
together in the sets of complex pixels on the mdsdéogram. One complex pixel contains
diffraction pattern for reconstruction of one gregah dot of all initial parallax images in to
the corresponding viewing zones. The ‘image-mataghnology for optical recording of
protective holograms is currently dominate in agglholography [5]. This technology can be
considered as laser beam interference lithograpllyadlows fast and large area periodical
structures to be patterned with relative simpleimgent. The interference lithography
principle is based on the interference of two omrenooherent lights to form a horizontal
standing wave for grating pattern which can be nd®® on the photoresist. This paper
presents the theoretical and experimental resaoltsréate holographic stereograms using

“image-matrix” recording technology.



Theoretical background

The principle of dot-matrix holography is baseddatomposition of a hologram image
into a two-dimensional array of elementary pixelntaining diffraction gratings with
parameters that need mathematical calculation.r Biee usually lies in the range of 10-100
Jm and depends on the technology of optical recgrthat is used. In each elementary pixel
of the hologram there is a diffraction grating wdértain periodd and orientation anglel
relative to horizontal axis in the plane of holagréig. 1a). Size and shape of pixels may
also change.

The calculation task is to define the conditiont thaarticular pixel of a hologram would
direct a given spectral part of diffracted lighiverds the observer. The observer can see
diffracted light from each element of a hologramlyoat a certain angle; and the total
perception of diffraction of all elements makesisual effect that corresponds to the initial
graphic design. It is obvious that the main factiorsreconstruction of the whole hologram
are orientation and period of diffraction grating @ach pixel, as well as position of an
observer and the light source during the reconstmicin these conditions, the holographic
image will correspond to the initial graphic desidinthe positions of an observer and the
light source are defined, periadand orientation angle (Fig. 1b) of the grating completely
determine the conditions when an incident whitétligan be diffracted with the given
spectral region towards the observer. In this cale, color of the hologram element

corresponds to the color of a dot in the initismric image.
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Fig. 1. a) Parameters of diffraction gratinig) An image element formation by diffraction pixel.

The coordinate system XYZ is chosen in such a vmay the hologram is lying in the
plane XY, and the Z axis directed to the observ@mfthe center of the holograrkig. 1b).
Assume that the observer's eye is on the Z axibeatlistance of about 30 cm. The light

source illuminating the hologram has a continugoscsum in the visible region, and the



direction of the incident radiation is given by thmit vectok,. We must define the
parametersd,@) of the diffractive pixel with the coordinatesy), which the observer can
see in the color with the wavelengi . If the light with the wavelength\ falls on a flat

diffraction grating along the unit vectoilzl=(cosa1,cos[31,cosyl) the direction of

diffraction, which is defined by the unit vect&a =(cosa,, cosP,,cosy,), can be determined

by the formulas [6]:

A A
cos a, = cos d, J_rd— - cosB, =cosfy id_ : COS Y, =\/1 - cos’a, —cos’ B, . Q)
X y

We take the position of a point source with condunsl spectrum of light in the plane YZ. If

the angle between the Z axis and direction fromlitité source to the hologram centefis

thenk, = (0,~sin 6,cos 8), where the change of the Z-component of incidegit| after

reflection from the hologram surface is taken iatcount. The direction of the +1 diffraction

order from the pixel with the coordinatesy) to the eye of the observer is defined by the ort

g X y z . . .
k,=(-=,-L,= _ ]2 2,2
vectork, =( T L), whereL=x*+y?+z? is the distance between the pixel and the eye of
the observer. Taking into account the above meeatioronditions, the formulas in (1) will

look like the following:

Asing | cos B, = —sin 8+ CZS(P © cosy, :\/1-C052q2 — cos? B, (2)

Ccosa, =—

For the central pixel of the hologram with coomates (0,00 and the colon, based on the

formulas in (2), we obtain the following parametess the diffraction grating:

A A
(d, ) =(d,,0)=(—2-,0), whered,=—2-
sin O sin 0

At the next step, we can define the parametdrg) of a pixel with the coordinate&, y)
having the same visual characteristics (color,Hingss) for the observer as in the case of the
central pixel. This requires solving a system afapns for the variabled and ¢ :
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cosa, =— cosﬁzz—sin9+T, cosa2=—%; cosﬁzz—f_ 3)

From the equations in (3) we can find the formulas calculating the parameters of

diffraction gratings of the pixel:

cos d, X
tgp=-—--— ,y) = arctgd ——— 4
&% cospP, +sin 0 = Ploy)=are g{LsinG-y} (4)
d- Ay sin @ = dy)- d, Lsin 0 (5)

cos dz \/(L sin 0 - y)* + x



Calculation of pixel parameters for stereogramdagpers according to formulas (4,5) It is
only necessary to take into account a positionbsfeovation for each parallax image of the

hologram that can be achieved by replacing thevalthbles(x,y) in formulas (4,5) by the
new one$x-x;,y—y;), where (x;,y,) indicate the positions of viewing zones in the

observation plane~g.2).

Fig.2 Reconstruction from holographic stereogram theftparallax images into
successive zones of viewing (apertures).

Results and discussion.

The most important thing which helps us to seewloeld in three-dimensions is the
phenomenon of parallax. When you look at an objemi, see only the front side. When you
move your head to one side you see the front anthanside of the object. This is also very
important in holography and constitutes the moshroon difference between photography
and holography. When you are look at a hologram, gen see the image in different visual
angles when you move your head to the side juahdsvhen you are looking at a real object.
This phenomenon is called parallax. During the metrmiction of a hologram with horizontal
parallax, the observer sees the image of the objetwo different perspectives. When we
look at a real object, we also see the object im different perspectives, because there is a
space between our eyes. The basic principle cé@geam formation lays in the combination
of several photographs of an object from differangles in to one hologram. Each of these
pictures are then to be recorded onto a little sadathe holographic film plate and can be
recovered with help of illumination into the diféatt viewing zones.

For recording a diffraction grating with certaizesj period and therientation angle the
image-matrix optical set-up shownking. 3 was used. It utilizes a diode laser (100 mW, 405
nm), whose cleared and expanded beam illuminateanaparent SVGA (800x600 pixels)
spatial light modulator (SLM) located behind Foutens.



1-Laser
2-Optical filter 3-Fourier lens
4-SLM 5-Fourier filter
6-Focusing lens 7- XY stage

Fig. 3 a) Optical scheme of recording device.
b) Structure of image-matrix hologram.

A spatial filter is positioned in the Fourier plabehind the SLM to block a zero order and
the orders higher than both first orders. After itheerse Fourier transformation, a hologram
is created with the help of a micro objective bterference of the.{ and I, orders of the
wave diffracted at the modulator. An image is digpdd on the SLM is reduced to a
microscopic size by a lens system and recordedphatoresist plate placed on a XY-stage.
Each separate matrix image displayed on the SLMagm a set of gratings with a grating

pitch and orientation adjusted to the requirements.
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Fig. 4. a) Electron microscope image of stereogram complee&lgionsisting from nine
sub pixels corresponding to the different paraltaagesb) Electron microscope image
of one frame of holographic stereogram.
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The figure Fig. 4a shows us the method how the pixels of nine parafictures are
multiplexed into one complex pixel of stereogrdfig. 4b shows a SEM image of one frame
of the stereogram containing 9 combined image<reating an illusion of a 3D object. In
this case, each frame consists of an array of 8&egof size 15um. Every pixel in the array
corresponds to a graphic point in one of the coetbimages. Each of the combined images
is visible from a certain angle that is determirtogdthe orientation of diffraction grating of
pixels, appropriate to this image. The size ofxalis proportional to a level of grey color of
the appropriate graphic point. Tig. 5 shows the results of the recording a holographic

stereogram by the described method.



Fig.5 Photo of images recovered from holographic sign@m and received
from different viewing zones.

Conclusion

The proposed method allows for calculation andgirstgon of a holographic stereogram
elements into the structure of an image-matrix ¢@m with help of self made computer
programs. This method of recording stereogram cancdnsidered as alternative to the
existing methods in terms of competitive efficienthe presented technology has been tested
and can be readily used as an additional degrg@odéction in the production of ‘image-

matrix' holograms.
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