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Three-Dimensional Image Display System using Stereogram and
Holographic Optical Memory Techniques
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ABSTRACT

In this paper, we implemented a three dimensional image display system using stereogram and holographic
optical memory techniques which can store many images and reconstruct them automatically.

In this system, to store and reconstruct stereo images, incident angle of reference beam must be controlled in
real time, so we used BPH(binary phase hologram) and LCD(liquid crystal display) for controlling reference
beam. The reference beams are acquired by Fourier transform of BPHs which designed with SA(simulated
annealing)algorithm, and the BPHs are represented on the LCD with the 0.05 seconds time interval using
application software for reconstructing the stereo images. And input images are represented on the LCD without
polarizer/analyzer for maintaining uniform beam intensities regardless of the brightness of input images. The input
images and BPHs are edited using application software(Photoshop) with having the same recording scheduled time
interval in storing. The reconstructed stereo images are acquired by capturing the output images with CCD
camera at the behind of the analyzer which transforms phase information into brightness information of images.
In output plane, we used a LCD shutter that is synchronized to a monitor that display alternate left and right
eye images for depth perception. We demonstrated optical experiment which store and reconstruct four stereo
images in BaTiO; repeatedly using the proposed holographic optical memory techniques.
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I. INTRODUCTION

Human being receives most of the information
through the eyes. The eyes of human being are
perceived three dimensional image, but most of
images which display in the conventional life are
two  dimensional. Recently, due to the
technological advanced, three-dimensional image
display  systems have received
attention."”  And the demands on three-

dimensional image generation and displaying are

significant

continuously  increasing for  the  scientific
visualizatior, animation, visual communication and
many other purposes. Especially the emergence of
the virtual reality systems have instigated the
three dimensional research field. Generally, the
research for the three dimensional image display
system can be classified into two techniques.”‘“
One is holographic technique which store
interference pattern between reference and object
beam. It is very difficult to implement the system
because the optical devices which support the
system dcesn’t developed yet. but it can
reconstruct perfect three dimensional image. The
other is stereographic technique which require
parallax images and eye glasses. parallax images
are acquired by two cameras based on binocular
disparity, and provided an observer through a
special pair of glasses. Then an observer feels
that a threc-dimensional image has appeared. As
this technique is easy and useful to implement the
system, most virtual reality systems employ it.

In this paper, we implemented a three
dimensional ~ image  display system  using
stereogram and holographic optical memory
techniques. Using holographic optical memory
techniques, many stereo images store in the single
crystal such as 45° cut BaTiOs and reconstruct
them very fast. An observer use an LCD shutter
that is synchronized to a monitor that displays
alternate left and right eyed reconstructed image
for depth perception. In the holographic optical
memory techniques, it is necessary to determine

three factors, memory device to be uscd,m

multiplexing methods,*® and

19,10]

recording
techniques. we used an angular multiplexing
for the storing many images in 45° cut BaTiO;
with scheduled recording technique. BaTiOs; has
large electro-optic coefficients, so widely used at
low level laser power. For the angular
multiplexing, reference beams are controlled using
LCD and BPH designed with SA algorithm.""
The stereo images and BPHs arc edited using
application software(Adobe Photoshop ver. 6.0)
with having the same recording scheduled time
interval in storing, and represented on the LCD
for the real time processing. For the
reconstructing of the sterco image with uniform
intensity, the phase information of an stereo
image is inputted in the recording material by
representing on a LCD without a
polarizerfanalyzer. We  demonstrated  optical
experiment which store and reconstruct four stereo
images in 45° cut BaTiO; repeatedly using
holographic optical memory techniques.

I. THREE DIMENSIONAL DISPLAY
SYSTEM USING HOLOGRAPHIC
OPTICAL MEMORY SYSTEM

1. volume hologram

The simplest way to produce a volume
hologram is to employ two beam interference
inside a nonlinear medium.'? Consider the
interaction of two beams in the medium during
the storing and reconstructing of a hologram. The

electric field of two beams can be written as

Eq= Agexpli{wti— ko-?)] m
Ep= Agexp[f{wt— kg-7)]

where A, A, are complex amplitudes of the
object and reference fields, w is the angular
frequency, and k,, kp are the wave vectors. The

interference intensity of the two beams inside the
medium can be written as

I= [Agl?+ | Agl®
+ AbA gexpl —j K 7] 2
+ ApArexplj K- 7]
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where
K= kR - ko (3)

and |K| = 2x /A, where A is the period of
the fringe pattern. According to Kukhtarev's
model, such an interference intensity pattern will
generate and redistribute photocarriers, creating a
space-charge field in the medium. This field
induces a volume index grating due to Pockels
effect. In general, index grating has a spatial
phase shift relative to the interference intensity
pattern. The index of refraction, including the
fundamental component of the intensity- induced

gratings, can be written

. AAx
n=n0+['nz—l‘eXD(J¢>) Z)AR

8 C)
exp(—jK:7)+c.c.]

where
L=Ip+Ip= | Agl 2+ | Agl® (5)

no is the index of refraction when light is
absent, ¢ is real, and n; is a real and positive
number. For the sake of simplicity, we have
assumed a scalar grating. The phase ¢ indicates
the degree to which the index grating is shifted
spatially relative to the interference intensity
pattern. In BaTiOs, which is operated by diffusion
only, the magnitude of ¢ is = /2 with its sign
dcpending on the direction of the c-axis. K is
the grating wave vector given by Eq. (3). The
parameter n; depends on the grating spacing and
direction, and on the material properties of the
crystal, e.g., the electro-optic coefficient. This
index of refraction contains the product of the
amplitudes A, and Aj. This grating is a
hologram formed by an “object” bear A, and a
“reference” beam Ap. The diffraction component

of the transmission function of such a hologram

is given approximately by

t~Adn~ ApAgexpl—jK-7] ©)
+ ApAkexpli K-7]
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Eq. (6) assumes that the modulation is weak,
therefore the higher order terms can be neglected.
For reconstruction, the hologram s illuminated by
the reference beam  Agexp[—jkg-7]. The

diffracted beam can be written
1 A oexp (o) ARA gexpl — j kot 7] @)

where 7 is the diffraction efficicncy. Notice that
the phase term of A, cancels out and the

diffracted beam is a reconstruction of the object

beam Agexpl—7;ko-7]

2. Phase modulated input metkod

In optical signal processing, a LCD is widelv
used as an input device or a phase modulator. A
gray image is represented Dby a combination
polarizer with the orientation of a molecular
director in the LCD. Therefore, the amounts o7
beam power transmitted through a LCD, are
different according to the type of image. In a
multiplexing volume hologram, two recording
techniques(scheduled recording :nd incremented
recording methods) are wused for uniform
diffraction efficiency. These techniques has the
assumption that the beam powers for all input
images for storage is the same before applying on
the determination of the recording time. In
practice, however, the beam power transmitted
through a LCD is different according to the
brightness of the input image. Consequently, these
two recording techniques have serious problem in
the determination of a recording time.

In this paper, we have represented an input
image for storage on a LCD without a
polarizer/analyzer. The brightness information of
the input image was transformed into phase
information. So, we achieved a uniform beam
power regardless of the type of input
image(bright, dark, large image) and applied the
scheduled recording method.

The LCD to be used in experiment was an
P13SMO15 model which is 1.3-inch 480,000 dots
B/W panel module by Epson Co.. The modulation
characteristic of the LCD was invastigated using a
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Mach-Zehrder inter- ferometer as shown Fig. 1.

BS2 Screen
A

M1 cCcop

D,
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Laser ‘ ):j

M2

LCD Driver
Computer

Fig. 1 Mach-zehnder interferometer for phase modulator
experiment of the LCD.

(@ (b)

Fig. 2 Input patterns applied to the LCD and interfer-
ograms through a Mach-zehnder interfero meter.

) (d)

Fig. 3 Phase modulated input images (a) original
corridor-left image, (b) phase modulated image of
Fig. 3(a), (c) original pentagon-left image, and (d)
phase modulated image of Fig. 3(c)

(@) (©

Fig. 2(a) is the input patterns on the LCD,
which was inserted on one of the arms of the
interferometer. The color of the bar was darker,
so a higher voltage was applied to the LCD. The
video levels for the bars in Fig. 2(a) were “1927,
“128”, and “0” in order. Fig. 2(b) show the
interference patterns for the input patterns in a
Mach-Zehnder interferometer. The fringe shift
varies according to the video level of the bars,
With a 180° phase shift presented for the “0”
level. But the fringe shift is not linear to the
video level. Fig. 3 show phase modulated input
images. The proposed input method generate a
uniform beam power regardless of the brightness

of gray level image.

3. Angular multiplexing method using
BPH and LCD

In angular multiplexing, the SA algorithm and
a LCD are used to produce a reference beam in
real time for image storing and reconstructing.
The SA algorithm is an iterative algorithm for
solving complex optimization problems. It is very
effective in avoiding local minima, but requires
many iterations and is very time consuming. In
this paper, we used it to design the BPH for
optimally generating a reference beam. The
reference beam function h(x,y) is obtained by the
Fourier transforming of a phase hologram function
H(u,v). If each function consists of NXN pixels,
then the discrete representation of the two
functions can be described

1 Nid= NID~
B N zi' 1 < '/ZH""

exp(]Z _/m]vl_i_]\;_n))

®

where Hy is the (k,Dth sampled value of H(u,v),
and hn, is the (my)th sampled value of h(x,y).
The cost function for the reference beam
generation is also defined

9

E=( =~ Pay) ©

where 7 is target efficiency, and its ideal value
is ‘1'. A4 and B are the positions of the reference
beam in space domain. P4z is the power at (A,B)
positions. The algorithm can be described as
follows. An initial set of values for the Hy's is
randomly chosen 1 or -1, we then calculate the
cost function E™ and determine the initial
temperature  Tinz, cooling rate D, and iteration
number from the old cost function. One pixel of
Hy is changed from 1 to -1 or from -1 to 1, and
the new cost function then recalculated. If the
changes have resulted in a decreasing cost
function, the changes are unconditionally accepted.
Otherwise the changes are accepted with a
probability described by
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P(4E) = exp(—4dE | T,), (10
T,= (D))" Tiny

where P is the probability of acceptarce, 4E is
the change in cost function, and 7, is a parameter
representing the temperature of the nth annealing
process. The process is repeated, and the pixels to
be changed are chosen in order. After zvery pixel
in the hologram has been selected, a single
iteration is completed. The above-mentioned
process is repeated for a number of iterations. Fig.
4 shows the schematic diagram of the experimental
system for an optical reference beam generation in
real time. A A /2 plate is used for aligning the
polarization of the light on the LCD with the
molecular direction on the front surface of the
device in parallel. A spatial filter(SF) ‘s used for
blocking dc spot and high order harmonics due to
a transparent electrode between pixels.

Fig. 5 show the BPHs designed using SA
algorithm and the reference beams which are
generated by the optical Fourier transforming of
the BPHs using Fig. 4.

Fig. 5(a) and (c) show that we can control the
reference beam by changing the BPH on the
LCD. If we synchronize the recording times of
the input stereo images and BPHs using
application software, many images can be stored
in the photorefractive material automatically.

LCD L1 SF L2 13 Screen

O I i S

Half waveleng(?

- ||
A‘NF'f'

pa C

Laser
A
|

-

LCD Driver Computer

Fig. 4 Schematic diagram of the experimental system for
optical reference beam generation.

% =
B

(a) ®) © @

Fig. 5 BPHs and reference beams, (a) BPH for the
reference beaml, (b) generated refe-ence beaml,
(c) BPH for the reference beam3, and (d)
generated reference beam3.
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. OPTICAL EXPERIMENT
RESULTS AND DISCUSSIONS

We have demonstrated opticil experiments
which implement the proposed threc dimensional
damage display system using holographic optical
memory technique. The experimental configuration
is shown in Fig. 6. The extraorcinary polarized
beam from the He-Ne laser was split into two
beams by a B/S(beam splitter). One beam, called
the object beam, illuminates the stereo image on
the LCD2, the other illuminates the BPH on the
LCDI1 in order to generate the reference beam for
stereo image storage and reconstruction. The
power of the object beam transmitted to the
LCD2 was always constant regardlzss of the type
of input image because the brightness information
of the image was transformed into phase
information. The structure of the reference beam
generation is similar to Fig. 4. A mask was used
to eliminate the reference beam which apperared
in the lower plane due to the BPH. The external
angle between the two beams incident upon the
crystal was 15° . Thus was increased about 1°
for the storing of the next image ising LCD and
BPH. The power of the reference and object
beams were 4404, 2154, respectively. To
determine the recording time of each image to be
stored, the recording and erasure time constants
measured through the experiment were 22sec,
30sec, respectively. And a scheduled recording
technique was used to determine the recording
time of each image. We edited the input stereo
images and BPHs using application scftware
Adobe Photoshop, and made animations. These
two animations consist of four frames, and are
synchronized for storing experiment. Using these
two animation images, four sterzo images are
stored five times repeatedly in 45° cut BaTiOs.

For the reconstruction, we edited the BPHs
with 0.05 seconds time interval, and represented
on the LCD1. The reconstructed output image are
displayed on the computer2 mornitor repeatedly.
We used a LCD shutter to feel a three-
dimensional image from the recoastructed stereo
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images. At this time, The operation time of the
LCD shutter is also synchronized to a monitor
that display alternate left and right eye images for
depth perception.

Fig. 7 show the original input stereo images to
be used in the experiments. They are inputted on
the medium with uniform power using the phase
modulated input method. Fig. 8 show the
corresponding reconstructed images. The images
were captured with a PULNiX TMS545-1 CCD
camera after passing the polarizer and attenuated
by the neutral density filter(NDF). The phase
variation of pixel in LCD to be used is not linear
to the input video signal levels, and the number
of pixel in LCD and CCD camera is not the
same. These are the reasons that the reconstructed
images are not clear than the input image.
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Fig. 6 The configuration of the proposed three dimensional
display system.

(@) ® © (@
Fig. 7 Original input images. (a) corridor-left image, (b)
corridor-right image, (c) pentagon-left image, and
(d) pentagon-right image

(@ ® © (@
Fig. 8 Reconstructed images. (a) corridor-left image, (b)
corridor-right image, (c) pentagon-left image, and
(d) pentagon-right image

IV. CONCLUSIONS

We implemented a three dimensional image
display system using stereo images and
holographic optical memory technique. For storing
many stereo image in nonlincar material and
reconstructing them automatically, we used a 45°
cut BaTiOs; as memory device, angular
multiplexing technique which use LCD and BPH,
and phase modulated input method for the
uniform  input  intensity. In the angular
multiplexing, the incident angle of the reference
beam was generated by Fourier transforming the
BPH which was designed using the SA algorithm.
The BPHs used for the generation of reference
beam were computed, edited with animation,
stored in the memory, and represented on the
LCD  automatically for the storing and
reconstructing process. In the experiments, the
LCD was operated as a phase modulator, and
controlled by a computer. The input stereo images
and BPHs are edited as animations using
application software, and the the recording times
of two animations are synchronized for the
automatic storing. The BPHs for the reference
beam generation edited as animation again for the
automatic  reconstructing. We feels that a
three-dimensional image has appeared by wearing
a LCD shutter and seeing the reconstructed stereo
images. We confirmed the possibility of the
implementation of the three dimensional image
display system through the experimental storing
and reconstructing of the four stereo images
automatically.
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