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Abstract

A new method for rp(ncrpnnn ctprpngrqmc where orientated interference fpngpc pmu:r]n ﬂf" desired dlfecﬂ‘v"ty for horizontal

parallax is presented. W1th the help of a sirip shaped mask behind the ground glass, the stereograms obtained by this
newly developed method produce a rainbow effect. In addition to having a wide angle of view, these stereo images can
also be observed under an extended white light source. In addition, the plane hologram characteristics of the stereo images
obtained by this method indicates that the image size will not scale with the variations of the reconstructing light source. A
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quantitative analysis on the distortion problems related to this method is discussed. The distortion-free conditions for making

a holographic stereogram was developed using this theoretical analysis. A sensitivity analysis related to the viewing position
errors for images recorded using this method is also presented.

1. Introduction 2D photographs into 3D images. In addition, the fin-
ished hologram must be rolled into a cylindrical shape
Holographic stereography was developed to cir- to generate the synthetic 3D images. In addition, the
cumvent the limitations imposed by conventional existence of the still unavoidable vertical lines on the
holography. Holographic stereography, the synthesis finished hologram, and the unavoidabie perspective &
of photography and holography, provides a versatile time-smear distortions [2], and image blur [3] make
means of displaying 3D images. Since the invention one uncomfortable when viewing,
of the multiplex hologram (cylindrical holographic The fiat format holographic stereogram, which not
stereogram) by Cross [ 1], applications to such versa- only is distortion-free and free of the annoying vertical
tile fields as entertainment, education, advertisement, lines but also is more convenient to display, was de-
medicine, science, art, etc., have all been developed. veloped to overcome the problems mentioned above.
Since 2D photographs are taken first, holographic In recent years, many methods that produce flat format
stereograms do not have to record objects of interest holographic stereograms have been developed. By us-
directly holographically as required in conventional ing a “fly’s eye” lens to photo a 3D scene first and then
holography. The main drawbacks of the early devel- projecting the recorded photograph through the same
oped cylindrical holographic stereograms lie in the lens, 3D scene stereograms were made by Pole [4].

the complicated optical setup needed to integrate the McCrickerd and George [ 5] recorded the objects’ par-
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allax qualities in white light | y using a stereoscopic
camera technique. DeBitetto | 6] synthesized a com-
posite hologram from a horiz mtal sequence of » in-
coherently recorded two-dime isional photographs. In
1970 King et al. [ 7] developed a technique which uses
only seconds of computer tim: and some automated
optical manipulations to produ.e extremely high qual-
ity holograms of computer-st.red three-dimensional
objects. Sopori and Chang [8] recorded every stereo-
scopic image on a slightly d: fferent area along the
holographic plate with differer t angular directions. A
new achromatic holographic stereogram technique [9]
was developed by Benton in 1281. Rabal et al. [10]
proposed a new method for reg stering stereograms in
which an orientated speckle pattern supplies the de-
sired directivity for obtaining 1orizontal parallax. In
1990 Kang et al. [11] introdu>ed an image process-
ing technique for making a on:-step flat format holo-
graphic stereogram in which hree-dimensional im-
ages can be observed at an arbit -ary specified position.
A new and efficient one-step method that generates
flat format holographic 3D scene stereograms is pre-
sented in this article. The holographic stereograms ob-
tained by this newly developer! method have a wide
viewing angle and are observzble under white light.
Furthermore, due to its plane ho ogram characteristics,
the reconstructed stereo images are not scaled with the
variations of the reconstructing light source.

2. Theory

This newly developed setup is illustrated in Fig. 1.
The collimated beam modulated by the photograph
and thus carrying the image information is used as
the object beam. The beam rad iated from the ground
glass is used as the reference beam. These interfer-
ence fringes generated by the two beams are then
recorded by the holographic film. A double-exposure
transmission hologram was gen srated from the stereo
pair. During each exposure, either the right-half or the
left-half of the illuminated area of the ground glass
was blocked. After the standard developing process,
the hologram was then recons-ructed by the conju-
gate object beam (plane wave) . The recorded-images
(the stereo pair) diffracted the reconstructing beam to
the regions where the illuminaed area of the ground
glass originally occupied, respectively. By placing two

eyes approximately in the position of the ground glass,
one can see the two images (the stereo pair) au-
tostereoscopically. The wide viewing angle of the re-
constructed images are the effect of the ground glass.
Since the beam through the ground glass is further re-
stricted to a strip shaped area, the holographic stereo-
grams produce a rainbow effect when reconstructed
under white light. The sterograms generated by this
newly developed setup can be viewed under any ex-
tended white light source. Both characteristics, wide
viewing angle and observable under white light, make
for a magnificent display.

The recorded images (the stereo pair images) are
not scaled [ 12] even when the conditions of the recon-
structing light sources change. This is due to the holo-
graphic stereogram recorded images generated by this
newly developed method possessing plane hologram
characteristics. It is assumed that the spatial frequency
of the recorded photo image will not introduce a strong
diffraction effect at the wavelength of the recording
object beam. However, if the spatial frequency of the
recorded photo image has too high a diffraction ef-
fect between the photo and the holographic plate, the
photo should be placed in contact with the holographic
plate in order to minimize the diffraction effect. As we
know [13], from a spatial coherence point of view,
the reconstructed image point shift distance (Ar)img
is proportional to the reconstructing light source shift
distance (Ar). That is,

Zimg

(Ar)img= (A7) rscs (1)

TSC

where Zimg and z;s represent the vertical distance of the
hologram with respect to the recorded images and the
reconstructing light source, respectively. In the con-
figuration shown in Fig. 1, z,5. approaches infinity and
Zimg = 0 for all values of (Ar)s, which is the typical
plane hologram characteristics. From a temporal co-
herence point of view, the in-plane (a plane parallel
to the holographic plate) and out-of-plane shift dis-
tance (Ar)img and (Az)img of the reconstructed im-
age point is proportional to the wavelength shift AA
between the reconstructing and recording light source
and the vertical distance zimg Of the recorded images
from the hologram plane, i.e.,

r AA
(Ar)img = E:—:':‘Zimg<7) , (2a)
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Fig. 1. Schematic drawing of the optical setup for obtaining “one-step plane hologram type holographic rainbow stereograms™.

(AZ)img = Zimg (%) (26)
where A is the wavelength of the recording light
source, r. and 7y, are the in-plane and out-of-plane
distance between the reconstructing light source and
the hologram plane, respectively. Again, zjm, is iden-
tically zero for the configuration shown in Fig. 1,
(Ar)img and (Az)img Will always be zero, thus this
newly developed method produces an “one-step plane
hologram type holographic rainbow stereogram”.
The ground glass introduced in Fig. 1 greatly im-
proves the view-angle and the uniformity of the recon-
structed images. In addition, the benefits of the optical
configuration presented can be further understood by
reversing the role of the reference beam and the ob-
ject beam. That is, the mask and the ground glass can
together be viewed as the image of the original ob-
ject beam. From Eqs. (1) and (2), the variations of
the wavelength and the size of the reconstructing light
source, i.e., AA and (Ar)., will only change the size
of the reconstructed ground glass. Since the ground
glass determines the view angle and serves as the illu-
minating light source during reconstruction, it is clear
that the sterograms generated by this method will not
change size no matter that AA or (A7) varies.
Referring to Fig. 1, using r(x, y) = R(x, y)e ¢
to represent the light scattered on the hologram plane

by the ground glass, and a(x,y) = A(x,y)e 27
to represent the light passing through the low spatial
frequency photo then transmitted to the hologram
plane, the intensity distribution of these two interfered
beams is given by

I(x,y) =|r(x,y) +a(x, |
= |R(x,y) e 4 A(x, y)e i2mer)
= R¥(x,y) + A% (x,y)

+2R(x,y)A(x,y) cos[2may — $(x,y)]),  (3)

where x and y are the coordinates of the holographic
plate, R(x,y) and A(x,y) are the non-negative am-
plitudes of the reference and object beam, respectively,
¢(x,y) and 2may are the phases of the reference and
object beam, respectively. The term a = sinf/A is a
function of the light wavelength A as well as the angle
6 between the object beam and the z axis. Assuming
a linear relationship between the amplitude transmit-
tance of the developed hologram and the exposed in-
tensity,

(4)

where ¢; and ¢, are the constants determined by the
holographic plate and the developing procedure. Since
the fluctuation frequency of the cos[27ay —p(x,y) |

Hx,y) =c1+c2l(x,y),
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Fig. 2. The diffracted terms of the hologram reconstructed by light beams with wavelength A’.

term is much higher than that of the R*(x,y) +
A%(x,y) term, t(x,y) can be fully characterized by
R(x,y)A(x,y)cos[2may—¢(x,y)], where R(x,y)
is almost uniform in the whole emulsion and A(x, y)
varies according to the 2D photo images. The larger
the A(x, y), the brighter the reconstructed images.

Reconstructing this hologram by the wave B e'278y
(a plane wave with the same incident angle 8 but a
different wavelength A’ from the opposite direction of
the object beam), the optical field U(x, y) behind the
hologram becomes

U(x,y) =t(x,y)Be?™
= Bc; 2™ + B[|r(x,y) |2 + A%(x,y) 1, &2™BY
+ Bear(x, y)A(x, y) e2m(@tBy
+ Bear*(x,y)A(x,y) e i2ma=hPy, (5)

where B is a constant, 8 = sinf/)’, and A’ is the
wavelength of the reconstructing light.

The real image (Fig. 2) reconstructed by the conju-
gate wave of the incident light 7* (x, y), which is rep-
resented by the last term of Eq. (5), is the only term
of interest as it is observable on the ground glass dur-
ing reconstruction. Thus, it is clear from Eq. (5) and
Figs. 1 and 2 that the following condition must be met
when r*(x, y) is used to reconstruct the stereogram

a—-f=—7m, (6)

where & is the angle between the diffracted direction
and the z axis. If Sy represents the distance at the
reconstructed ground glass between the images of the

strip shaped area diffracted by A’ and A, respectively,
then

Sy =dtand’, (7

where d is the distance from the hologram to the posi-
tion of the reconstructed ground glass plane, now the
position of the viewer, (Fig. 1). To avoid cross-talk
between the two images reconstructed by light beams
with wavelength A and A/, S, must be larger than
the height of the reconstructed ground glass image.
For the case discussed above, the height of the recon-
structed ground glass image approximately equals the
height of the illuminated area of the original ground
glass h. Combining the above discussions with Egs.
(6) and (7), and setting A’ = (1 — ¢) A, the condition
that guarantees the holographic stereograms generated
by this newly developed configuration shown in Fig.
1 will not have any cross-talk during white light re-
construction becomes

dcsiné

V1 —c2sin 8

> h. (8)

3. Distortion: problem and solution

Photographing an object from two viewing angles
and then creating a stereogram by the stereo pair, pro-
duces a stereoscopic effect which will not be com-
pletely the same as the original object [ 14]. For clar-
ity, we will restrict the discussions to the 2D case here.
Referring to Fig. 3, the two cameras, separated by 2w,
face toward the same point (0, p). In addition, the dis-
tance between the lens and the film of the camera is
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Fig. 3. The curve f(u,v) = O will appear flat when viewed
stereoscopically. (a) The geometry of taking the stereo pair of the
curve f(u,v) =0. (b) The geometry of viewing the stereogram.

ho, while the size of the stereogram image is k times
that of the photograph image (for the case shown in
Fig. 1, k = 1). In order for a set of images f(u,v) =0
on the 2D photos to appear as a line parallel to the ste-
reogram, the distance between the two image points
Or and Q. on the stereogram, which correspond to
the right and left images of the photographed object
point, @ must be a constant. More specifically, any
point on f(u,v) =0 must satisfy (Fig. 3)

khg [tan (cot‘1 w_ cot ™! ut W)
p v

—w u—w
— tan(cot™! — — cot™! )]
p v

= khg [tan (cot“] Y_ cot™! —M—I)
p s

— tan(cot™! —_pw_ —cot™! ;SM—))] 9)

Rewriting Eq. (9) yields a family of elliptical equa-
tions with major axis equaling to sp + w?/,/sp,
minor axis equaling to sp + w?/p and centered at
(0,sp — w?/2p):

_ 2 2N 2
sut +p v P Wt =p P+ W . (10)
2p 2p

Fig. 4. The curves that will appear flat when viewed stereoscopi-
cally.

Some of these curves are shown in Fig. 4.

As shown in Fig. 4, the stereogram has less stereo
distortion when the object is closer. This indicates that
when the method presented in Fig. 1 is used to display
the 3D stereo effect, placing the photographed object
closer to camera is certainly one way of avoiding a
large distortion. However, increasing the stereoscopic
effect by simply placing the camera closer to the object
possesses some major drawbacks. The large distance
between Qg and Oy on the stereogram will make the
viewing uncomfortable and thus difficult to combine
these two images into a 3D sensational image through
use of visual perception.

Eq. (10) suggests that a flat object will generally
be distorted to become convex shaped provided no
other special conditions are met. This observation can
be further quantified. Considering a stereogram made
from a stereo pair of a flat object whose surface is
located at v = s (Fig. 5), and is viewed from a «’ axis
with a distance d from the stereogram, the location
of the object point Q appears at Q'(«’,v’) by visual
perception. In addition, the geometrical analysis for
the condition mentioned yields

' 2wod
=— 11
v 2wp — PR+ P (11a)
u'—U—,(PR-I—P) (11b)
- 2d L)
where
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B e ) (13a)
u' = [khosu(w? + p?) 1{(w" +sp)? — (wu)?
+ ko[ (W2 +sp)(p —s1 -pu®]}~'. (13b)

Under the parameters of ou:
equal to u, therefore the stere
examined by plotting v’ ver:
From these curves, we see tl

(‘{\ﬂ\IPY

QIIVOA

The distortion problems
different perspective 2D ph

xperiment &’ is almost
scopic distortion can be
s u as shown in Fig. 6.
it a flat object becomes

aused by synthesizing
ographs into 3D holo-

o= ki
! 7}0}3 ///
-~
‘ \6‘@.. //
© 5lg ./ k=20
. Ry
\ \5ﬁ // W—WO
o -Blo ,r/ 5
\ - “,// p=ow
A6
~AR p=20h,
~3l8. "/
20 =d
T i
310 .
26"
1j8
dL
Ly

o

[ /gip—-
o

u

Fig. 6. Straight lines appear when viewed stereoscopically.

graphic stereogram images are so serious that have to
be resolved in order to offer distoriion-free images for
applications in fields such as metrology, medical or

nr]nnth\n To resolve this problem fullv, we can chift
ucation. § prooiem iuuy, an sniit

the images point by point based on Eqs. (11)-(13),
respectively. Despite the fact that this compensation
can be done by using software automatically, it is still
extremely cumbersome and certainly impractical. A
simple hardware compensative method will be dis-
cussed here based on the distortion analysis presented
above. It is clear from Eq. (9) that as the p value
approaches infinity, i.e., each camera pointing straight
forward, the curve j (u, v) =0 reduces io aline v = 5.

This result shows that a line remains a line after this
There 1s

R vl

snecific svnthes

SPULIL Sy

no distortion problem appears in this condition. More
specifically, by taking the 2D perspective images with
p approaching infinity (see Fig. 3a), we can generate
distortion-free holographic stereograms.
The distortion-free condition, i.e., setting p ap-
proaching infinity, can be achieved experimentally
by the procedures shown in Fig. 7. Firstiy, one can
record the 2D perspective photos w1th the two cam-

eras facing straicht tnu/arf{ the nl—unnf of interest { Fig
ik l“\llllé (s 183 ulslll FY LU LW U L UL LRI VOL (1 AB

7a). The intersection of the lme—of-mght of the two
cameras with the objects are denoted as Rimy and

izing and vipuﬁng process.

Lilg QG Viwill 1 OLCSS,
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Limg. The distance between the line-of-sight of the
two cameras is 2w. Secondly, the photos taken by the
left camera is recorded holographically onto the holo-
graphic stereogram with the configuration shown in
Fig. 7b. Finally, the photos taken by the left camera is
replaced by the photos generated by the right camera,
with care given to ensure that the placement location
of the two photos are identical. Since we reconstruct

the image by using the conjugate plane wave (Fig.
2) and to ensure the two perspective angles between
recording and synthesis are identical, the hologram
has to be shifted in-plane by a distance equaling to
2w/m, where m is the magnification ratio between the
object and the 2D perspective image. More specif-
ically, the perspective angles between the object of
interest and the 2D perspective photos as well as the
perspective angles between the holographic stereo-
gram and the viewer are preserved by this procedure
[15]. One thing that should be noted is that this
distortion-free condition can be equally applied to
many different configurations of synthesizing holo-
graphic stereograms. For example, this condition can
be achieved experimentally by using exactly the same
procedure for both the method proposed in this article
as well as for the method proposed by DeBitetto [6].
After each exposure, instead of shifting the mask pro-
posed by DeBitetto [6], the distortion-free condition
can be achieved by shifting the hologram one slit dis-
tance before taking the next frame of images as was
described above.

It should be noted that even though & is equal to
one for the case shown in Fig. 1, the derivation of the
distortion-free condition presented above (Egs. (9)-
(13)) does not hinge on the value of & to be 1, ie.,
the distortion-free condition presented is applicable to
k of any value. This understanding leads to at least
two ways of making large format holographic stereo-
grams. The first method performs the magnification
at the steps of photographing the objects and then
uses the same configuration shown in Fig. 1 to make
the holographic stereogram. In the case, where k =
1, the distortion-free application is certainly be valid.
The second method magnifies the photo images onto
the holographic plate during the synthesizing stage by
making ¥ # 1. For example by inserting a low aber-
ration beam expander between the photo and the holo-
graphic plate in Fig. 1, this condition can be achieved
without any derivation from the fundamental thinking
of the distortion-free condition presented. Certainly,
by combining the two methods discussed here, an even
larger magnification ratio can be achieved.

In the above discussion, we assumed that viewers
are standing at the designated viewing positions with-
out any errors. At this designated viewing position,
the 3D images synthesized at the distortion-free condi-
tion mentioned above will not distort. However, view-
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Fig. 8. (a) The geometry of the horizontal viewing position error.
(b) The relationship between Ax and s. (c) The shape distortion
caused by a horizontal position error.

ers can seldom position themselves at the exact posi-
tion to view the holographic stereogram, therefore, the
synthesized 3D images will still distort even for the
distortion-free condition mentioned above. The sensi-
tivity between viewing the position error and the dis-
tortion will be discussed next to gain some insight into
designating the positioning of the synthesized 3D im-
ages.

Referring to Fig. 8a, if the viewer’s position misses
a horizontal distance & the synthesized image point
will shift in the horizontal direction by a distance

d—s

Ax= = 8, (14)
where d is the vertical distance between the holo-
graphic stereogram and the viewer and s is the verti-

cal distance between the original image point and the
viewer. Eq. (14) shows a linear relation between the
image horizontal shift distance Ax and the viewer’s
position error 8. The vertical distance s of the image
point will influence the image shift as well. The larger
the image point away from the holographic stereogram
plane, the more the synthesized 3D image point shift.
The relationship between Ax and s are shown in Fig.
8b. It is clear that the horizontal viewing position miss
will cause the rectangle ABCD to be deformed into a
parallelogram A’B'C'D’ (Fig. 8c¢).

If the viewing position is missed by an angle Ad
(Fig. 9a) instead of the horizontal positioning error
mentioned above, the synthesized image point will
shift both a horizontal and transverse distance Ax and
Az, respectively. In practical applications, the angu-
lar viewing position error will not be a large number,
therefore, this allows us to use a simple geometric
analysis to show that the distortion along the x and z
axes are

(a® — wp)ABd — s

Av=—TTame 5 (152)
_ da + wo?A8
Az—woAB—s+( 4+ ahd
2.2 _
(a® — wo*)dAf . s(d wOAB)’ (15b)
s(d+ aA@) d(a+ wp)

where a is the x-coordinate of the discussed image
point. It is clear from Egs. (15) that the relationship
between the image point shift distance and the an-
gular viewing angle error is non-linear. For the case
d > aA@, where 1/(d + aAf) ~ (1 — aA@)/d, Egs.
(15a,b) reduce to

(a* —wp?)d —s

~————Af, 16
Ax . y (16a)

d—ys

Az = al@. (16b)
It is clear from Eq. (16) that for some constant s, Ax
is a parabolic function of a and Az is a linear function
of a. A horizontal shift Ax and a transverse shift Az
will cause a rectangle to be deformed into a geometric
shape as shown in Figs. 9b and 9¢c. By combining these
two-dimensional effects, a rectangle will be deformed
into a shape like Fig. 9d.
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Fig. 9. (a) The geometry of an angular viewing position miss.
(b), (¢) The horizontal and transverse shift caused by an angular
viewing position miss. (d) The shape distortion caused by an
angular viewing position miss.

4. Experiments and results

First, two photographs taken by two cameras sep-
arated by a certain distance, of a 3D object (in this
experiment, a dinosaur model) were obtained under
white light. Then adopting the distortion-free proce-
dures (Fig. 7) on the setup similar to Fig. 1, two regis-
ters of this scene were exposed to the same photosen-
sitive medium (in the case presented here, Agfa 8E75
film was used). The photograph was placed parallel
to the photosensitive emulsion and inclined with the
collimating beam such that the reconstructed stereo-

gram images have the same size as the original pho-
tograph. A HeNe laser with A = 632.8 nm was used
as the light source, a pupil 2.3 cm in height and 10
cm in width was used as a mask to block the ground
glass. The distance between the ground glass and the
holographic plate was 45 cm, the distance between
the 2D photo plane and the holographic plate was 10
cm, and the hologram-recorded-images were within a
5 cm x 5 cm area. The angle between the object beam
and the reference beam @ equaled 30°. For the pa-
rameters used in this experiment, 4 shown in Eq. (8)
was limited to less than 45 mm to avoid cross-talk of
the ground glass images reconstructed by the different
wavelengths when c is chosen to be 0.2.

It is well-known that the speckle noise is propor-
tional to Ag/D, where A is the light beam wavelength,
q is the distance between the scattering surface to the
image plane, and D is the aperature size. In our ex-
periment the dominant aperature size is the smaller of
the height & and the effective width I/n of the slit,
where [ is the width of the slit and » is the number
of perspective angles used in the synthesizing step. In
our experiment A =2.3 cm, / = 10 cm and n = 2, the
dominant aperature size is the height of the slit. The
speckle noise is experimentally verified to be accept-
able. However, it should be noted that if we intend
to increase the perspective angles using this one-step
holographic stereogram, the value of n must be in-
creased with care so as not to make the speckle noise
deteriorate to an unacceptable condition. The tradi-
tional two-step holographic stereogram places the slit
during the making of the so called H1-hologram [6].
More specifically, the second step of the traditional
two-step holographic stereogram reconstructs the real
image of the photo onto the hologram plate through
the same distance (as that of d shown in Fig. 1), i.e.,
the speckle noise of traditional two-step holographic
stereogram went through the distance d twice. Since
speckle noise is generated by the incoherent sum of
the input laser beam, the phase reconstruction process
of the traditional two-step holographic stereogram will
not nullify the speckle noise. In contrast, the speckle
noise introduced within this newly developed one-step
holographic stereogram is propagated through the dis-
tance d only once. Therefore the speckle noise prob-
lem 1is at least in theory less severe in this newly de-
veloped method than that of the two-step holographic
stereogram. The dominant noise in the making of holo-
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Fig. 10. Photographs of the reconstructed image taken from (a)
left. and (b) right viewing positions.

graphic stereogram is by no means the speckle noise as
the efficiency of the holographic stereogram was well
understood to be inversely proportional to the square
of the numbers of the synthesizing steps. The reduc-
tion in diffraction efficiency will quickly over power
the speckle noise condition when the number of per-
spective angles are increased.

A standard bleaching procedure was applied to
the hologram developed and found to increase the
efficiency markedly. In Fig. 10, the two images re-
constructed from the stereogram corresponding to the
two different points of view of this dinosaur model
are shown. These two images, corresponding to two
slightly different points of view of the dinosaur model,
when viewed under each associated eye, will create
a 3D image of the dinosaur after visual perceptionis
processed by the brain.

5. Conclusion and discussion

A new one-step method for generating holographic
stereograms has been successfully developed. The
holographic stereograms obtained by this new method
has a wide angle of view and appears colorful un-
der white light. Furthermore, the reconstructed stereo
images are not scaled with the variations of the re-
constructing light source. A distortion-free condition
applicable to many different methods of generating
holographic stereograms was also presented in de-
tail. An experimentally feasible approach to arrive
at this distortion-free condition was discussed also.
After arriving at the distortion-free condition in the
synthesis stage, the image distortion effect during the
observation stage was also evaluated quantitatively to
facilitate the placement of the holographic stereogram
at different exhibition conditions.

The results presented in this article can also be ob-
tained by placing the recorded photograph directly in
contact with the photosensitive emulsion and register-
ing twice by replacing the photograph during each ex-
posure. In comparison, the non-contact method shown
in Fig. 1 is more convenient and can avoid scratch-
ing the emulsion. More importantly, we can replace
the photograph by the LCD (liquid crystal display),
which can be connected with a CCD camera or com-
puter to generate the input images, to make the input
more flexible and versatile.

The stereoscopic effect can be enhanced by increas-
ing the distance between the stereo pair, and the re-
sulting 3D image can be located behind or in front of
the registered plate by choosing a point in the scene
and putting it in coincidence with its homologous in
double exposure. This of course will introduce some
distortion and change the stereoscopic effect of the re-
constructed image. The selected point appears to be
lying on the plane of the stereogram and all others ap-
pear to be behind or in front of that plane, which is in
accordance with their relative position in the object.

Till now we have restricted our input only to stereo
pairs. However, this is not the only way to gener-
ate a stereogram. We can use three, four, or more
photographs (the exact stereoscopic views of the
recorded object) as the input images, and registering
with the light radiated from the corresponding area of
the ground glass, respectively. This result will cause
multiple exposures of the hologram. As we know, the
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more times the hologram is registered, the more con-
tinuous the stereogram appears to be, but the lower

the efficiency.
Combining this method with embossed holography
will make mass production of this easily achievable.
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