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1. Introduction

What is a hologram? Even if holography was described in a single paper by its creator, there
are many descriptions for such a widely divulged phenomenon, known all around the
world. Many techniques and elements are entitled “holographic”, but they can be classified
in two main groups, the “academic" and the “popular” ones. I realized this in July 1989 in a
Bulgarian holography meeting when showing my white light holographic screen to Yuri
Denisyuk, whom I consider to be the second inventor of holography. He asked if the image I
was showing came from a hologram, and my answer was the question “What is a
hologram?” His answer was: “Does it employ a reference beam?”. My answer was no and
then I learned how to introduce the holographic screen techniques in science, not as
holography, which is a combination of interference, recording and diffraction, but as a
combination of interference, recording, projection of images acquired by any other
technique, and diffraction. The projection is made on a fine diffracting structure of about
1,500 lines/mm in such a way that each eye receives a different image which corresponds to
the parallax of a 3D scene. But when I showed my projections to people they mostly
believed they saw holograms. For them, a hologram is an element which shows 3D in an at
least apparent parallax without needing any complementary goggles for the eyes. I call this
a popular definition of holography and it can be applied to holographic screens and to auto-
stereoscopic systems, provided they reach at least apparent continuity. Non-diffracting
auto-stereoscopic techniques are hardly trying to reach this.

A holographic screen, which from now on I will name commonly as a diffractive screen,
consists basically of the hologram of a diffuser whose format is designed to create an
observation space for the image projected on the screen. This observer's position field is
obtained using reverted illumination, i.e., illuminating the screen in the opposite direction to
the reference beam. In this way we can generate the more directional screen which is
possible nowadays, in large format and employing lightweight and unbreakable materials.
Gabor himself tried some ways to make stereoscopic screens without the need of additional
goggles or filters (1). The screen obtained by recording an interference pattern, in a
holographic manner, is a way for doing that.

2. The hologram as a diffuser

The construction of a surface that generates a luminous distribution at will is not a simple
task. Even assuming that, as the light is going to reach a long distance, its distribution in a
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plane may correspond to the Fourier transformation of the transmission or reflection surface
properties. It is not completely correct to suppose that, because the Fourier transformation
can only be applied in a paraxial approximation, and the angles we need to achieve do not
always have this limitation. But, assuming the hypothesis, we could obtain the desired
surface profile by using the inverse Fourier Transformation of a light distribution that we
define as the desired one on the lighted plane.

How can one construct such a microstructure on the surface? Which machining technique
would be useful? Could we replicate it in a rapid and cheap way?

We understand that if we make the hologram of a surface of any profile the surface of the
resulting hologram is effectively a diffuser with the diffracted light intensity profile of the
original surface. It is a fact that diffractive elements made by holography begin to be
employed for designing illuminating systems, working with monochromatic or nearly
monochromatic light (2). Although the efficiency of an easily replicated hologram is less
than 25%, the concentration of the light strictly at a desired region may compensate and
even overcome the problem in many cases, and holographic diffusers are on sale by many
companies, one of the applications being the internal illumination of computer displays (3).

3. The diffractive screen helping to fulfill the observation field in multiple
projections

The surface which, like a plane mirror or a hologram, should generate a light ray
distribution which is equivalent to the originally generated by a three-dimensional object
must have the capability to emit in a large angular field with directional intensity and color
values corresponding to the scene which is being reconstructed. Each ray is the component
of a luminous point to be constructed outside the surface, generally, in front of it. The three-
dimensional image which floats in front of a screen is the one that most impresses the
public, even more when the observer can pass his hand through.

|
T T r %

A\

Fig. 1. Left: Ordinary diffusion at a screen. Right: Rays in an ideal three-dimensional
display.

The capability to make such an element within a so-called pixel for a TV or computer
display does not yet exist. A theoretical way to achieve it was patented (4) based on the
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location of a 2D micro-display at the focus of a small lens, each micro-pixel element being a
ray generator. The number of pixels of a modern display should correspond to the number
of volumetric pixels, also called “voxels”. Each voxel is the origin of many rays and each
ray comes from a sub-pixel of the ideal complete screen, so that we may think these as “ray
pixels”. An image in a volumetric space with the present pixel display capability for each
voxel involves the need for much more pixelation at the emitting surface. The required
resolution can be considered as the square of the present capability of 2D screens.

The addressing of those micro-pixels could be facilitated by coding techniques because in
each micro-display one pixel's position would always have a corresponding pixel position in
its neighbor micro-display, both beginning to a unique three-dimensional display point so
that its color and intensity would be very close. Usually, colour does not change with the
observation perspective, and the intensity angular change is a relationship which
corresponds to a diffusion surface law that could be predetermined and does not need to be
received as object information, as it happens in 3D computer drawing rendering.

A fixed relationship interconnects then each family of micro-pixels, each one belonging to
one specific micro-pixel display element, and its implementation could be automatic to
reduce the need for transmitted information. As such a system is not yet possible, the
Holografika company (5) produces one in which a certain number of projectors is located
behind a diffracting screen whose function is to produce a diffuse lobe so that as the
observer moves, the transition of the light coming from one projector to the light coming
from the neighbor projector does not have dark regions. The space region for the observer is
then continued and no dark regions are present. The number of projectors must be about 18
and until now only images made by the computer have been shown and animated through
simple movements. We can understand that the name “holographic display” given by the
company to the system can only be accepted within the popular meaning described above;
no light interference is present during the process, neither in practice nor in concept. It is the
only commercial system claiming to have the appearance of a continuous parallax. It also
claims that the light is directed so that the observer's eye focalizes effectively at the point
where the image is represented, eliminating the difference between convergence and
accommodation, one important element of visual discomfort.

To support such an assertion, it is necessary to prove that more than one ray exiting from
different positions on the screen, those rays converging at the image, are seen by one eye.
The commercial system has only a horizontal parallax, so that a certain degree of vertical
astigmatism should be present in direct proportion to the eye's aperture. A similar system
employing LEDs instead of projectors was proposed (6)

4. Non-diffractive screens for stereo imaging

Dennis Gabor asserted (1) that he and Semioj Ivanov simultaneously studied the
possibilities of achieving a screen which could eliminate the need of special goggles. The
original idea was developed almost fifty years before by Gabriel Lippmann (1), who
employed thin cylindrical transparent elements assembled side by side. Gabor's description
is very complete, but it was Ivanov who succeeded in installing the first (and still the only)
3D auto-stereoscopic cinema (7) in 1945.

Based on two cinema projectors placed side by side, the 3 m x 4 m screen was made of a set
of thin vertical cylindrical lenses whose surfaces were as shown in the upper part of Figure
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2, where the light that is focused at a short distance of the back surface is reflected with
different angular orientation due to the different transversal position of each projector and
in a multiple way because each lenticular element receives the reflected light with a different
angle. Figure 3 shows the conical distribution of the elements necessary to converge the
whole scene at the observer's positions. It is to be noted that much accuracy is needed to
keep the distance corresponding to the right and left eyes positions so that there are
limitations to the positions where observers can be, something common to every stereo
system, if mainly auto-stereoscopic.

Fig. 2. Surface structure of Ivanov's screen (from Ref.1).

It is reported (1, 7) that Ivanov's theater could receive 180-200 spectators and that some
movies were made for it, but it was discontinued because of the fact that the spectator needs
to keep his or her head in an almost fixed position.

After Ivanov died Gabor tried to improve the technique by experiencing with mirrored
elements with only vertically diffusing properties, eliminating the need for the conical
assembly of elements, but he finally concluded that the production of such a screen would
be too expensive and abandoned the idea.
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After having performed some tests he thought that, if the depth of the scene could be
limited, the observer could see the scene normally when one eye is receiving any view or
even when the eyes are at positions when inverted views were received. That is, the
monocular or pseudoscopic image could be seen as an orthoscopic one.
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Fig. 3. Elements and vision zones at Ivanov's autoestereopic system (from Ref.1).

In my test of similar situations employing diffractive screens, I could mention a few people
who could tolerate those cases. When there is lateral movement of the camera or some
relative movement between objects, some 3D perception can occur to be explained by a sort
of Pulfrich effect. For people who are very keen on 3D observation, as Gabor would be, it is
certainly possible to perceive the depth in such situations.

5. Diffractive screens for stereo imaging

Once holography was discovered and its first practical applications performed, the
possibility of employing a hologram not for creating images but for generating vision zones
of projected images appeared. The roughness properties that Gabor wanted for the screen to
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diffuse light vertically for the observer to see the whole projected image can then be
obtained by making the hologram of a rectangular shape diffuser. The converging image
which results from illuminating in a direction which is opposite to that corresponding to the
reference beam occupies the zone where one observer's eye must be located. And the
focusing property of the screen generates another observation zone for the other eye,
provided that the angular separation of the two projectors to one screen point matches the
binocular separation for the observer, obtaining by diffraction the effect of Ivanov's screen
by refraction and reflection.

The idea was patented (8), but I do not know if any prototype was made.

It was conceived as a thick (Lippmann-Bragg-Denisyuk) hologram to avoid the
simultaneous viewing of more than one image due to the spectral dispersion, so that the
proposed solution was purely monochromatic. It still presents two of Ivanov's screen
problems: different angular separation for binocular vision at different distances from the
screen and the observer having to keep his head at an almost fixed position. While adding
the lack of poly-chromaticity, it dispenses with a three-chromatic procedure to be applied
for color reproduction.

6. Diffractive screens applied to holographic cinematography

To obtain holographic-like images employing incoherent light it is common to mount a set
of discrete images in sequence giving the illusion of a continuous parallax system. The first
example was maybe from Lloyd Cross with his integral hologram of 1972 (9), made of more
than one hundred pictures acquired by means of a laterally translating movie camera. Many
views are necessary to cover a wide parallax angle. We may calculate that by considering
that the pupil's eye is about 3 mm wide and that it must pass from one observation region to
its neighbor region without perception of a discontinuous jump when following any point
in the image.

Holography is the only recording system which provides continuous parallax. A
holographic image can be enlarged by means of a concave mirror, for example, but the
viewing zone is restricted to only one observer and the longitudinal magnification is always
different from the transverse one. The way to cinematography was paved by Komar (10),
who succeeded in projecting a large size holographic image by means of a diffractive screen.
He recorded a large size scene of about 1 m x 1 m, capable of including a person, through a
large aperture objective (200 mm) having also a large angular aperture on a 70 mm format
film. Reconstructing by inverting the direction of the reconstruction beam puts the image at
the precise position occupied by the object, enabling the correction of distortions or
aberrations. But this image cannot be seen by an observer because he must receive the rays
in a position from which the image has a reversed depth and can only receive rays coming
from the aperture of the lens, much smaller than the whole scene. A conventional diffusing
screen would only show a plane image. A diffracting screen made as the hologram of a
concave mirror (11) may direct each of the viewpoints on the scene to a continuous
viewpoint sequence and, through the proper managing of the diffraction order in a
horizontal direction, invert the depth, showing an orthoscopic image. Multiple exposures
with changing reference beam angles give the possibility to provide full parallax to more
than one observer.
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In that way a Lippman-Bragg-Denisyuk hologram was made for the screen and its evolution
made it capable of rendering color images by means of the three-chromatic procedure.
It was discontinued, but constituted the only cinema system that can receive the academic
term of “holographic”, because recording was made by interference of the object light (a
sequence of laser pulses) with a reference beam, recording and diffraction followed, and the
concept of a holographic screen was introduced, giving continuous parallax and allowing
the observer to move his head. The only visual shortcoming maybe came from the strict
monochromaticity of the laser light beams. Living subjects were reproduced. The system
cost was, of course, very high. While in need of more precise information, it was certain that
at least eight people could watch a twenty minutes movie on the 1 m x 1 m square screen at
a few meters distance.

7. On the parallax of a lens image

The very common use of photography has always rendered plane images and that is why it
is normal to think that a lens image is plane. But we know that the images are three-
dimensional and that it is the detecting system which makes the result to be in a plane. By
closing or opening the aperture of a lens, one always captures the same plane scene but the
sharpness of those elements not precisely focused diminishes at large apertures. When
opening the diaphragm from his smaller diameter, the out-of-focus situation of the
additional rays, which do not fit in the image generated by the center of the lens, happens
because of the new perspectives added by the lens area being unobstructed. It is important
to notice that they correspond to the viewpoint of each area part being unobstructed on the
lens. Continuous parallax is then allowed.

One of the first applications of this property was a three-dimensional photography system
employing only one camera, opening to light only one area on each side of the lens, one
transmitting through one color filter and the other through another, photographing in only
one shot a direct anaglyph.

The horizontal parallax transmitted by a slit and placed on a lens may be employed for
generating multiple views and even continuous parallax.

Lunazzi (12) projected a scene directly from objects on a diffractive screen of 15 cm x 30 cm
employing an ordinary slide projector objective. The 6x enlarged image gives the precise
impression of a holographic one, but has more focusing depth limitations. “Direct
holoprojection of objects” was a name given to this technique in which the horizontal
extension of a lens is the fundamental property (Figure 4).

Son (13) employed this parallax property to project sequentially a set of views from a
multimedia projector. Each slit position on the projector corresponded to a vision zone for
the screen and the observer could have a different view within a discrete sequence of lateral
positions. The image persistence on the retina gives the illusion of simultaneous viewing,
but it is necessary for the system to put all views in the time of one ordinary movie frame
(1/24s), so that a set of views may be projected. At 24 views per second, for example, the
frame capability of the electronic multimedia system needed is about the square value of
that of an ordinary projector. In the present state of the art it seems not possible to achieve
this at a high definition resolution. Employing many projectors at close lateral positions is a
possibility to reduce the frame rate needs and to obtain a brighter image, but it is only
possible if the screen has a low scattering level in order to avoid the simultaneous view of all
projections.
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Fig. 4. Up: Photograph of an object directly projected on a holographic screen. Above:
anaglyphic stereo representation of the same scene, with color channel.

8. The continuous parallax

We see the need to approach the perception of a continuous view sequence to have a three-
dimensional image with good quality. There is a white-light imaging process whose parallax
is inherently continuous, as in holography. It matches depth coding by diffraction naturelly
happening when the diffracted light is collected in a small region after a diffraction grating,
with its also natural decoding happening after projecting that light on a second diffractive
element (14, 15). Each wavelength represents a viewpoint based on a small area of the first
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diffracting element and as the spectrum is continuous the parallax also is. We can better
understand the basic process of a diffractive screen considering it as a primary element, a
diffraction grating. If we further approximate the projecting lens to a simple pinhole camera
corresponding to its central part, we can see in Figure 5 how the ray tracing based on an
object point explains the resulting image by central symmetry (16).
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Fig. 5. Symmetry in double diffraction imaging intermediated by a slit.

DGI1 and DG2 are two identical diffraction gratings intermediated by a slit. Each object
point has a corresponding image point symmetrically to a central point. Because the
observer looks to the image from behind, he sees an inverted depth. In this case of perfect
matching between two diffractions, it is interesting to notice a property which resembles a
holographic one: the diffraction at a symmetric order, on the second grating for example,
generates an image with inverted depth. An image in normal depth is so obtained (17).
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In a second approximation, we can consider the diffractive screen as a diffracting lens, that
is, a bi-dimensional grating which puts the light it receives converging to a unique position,
as a convergent ordinary optical element. A diffracting lens is obtained directly by a
hologram made with two point sources. If we project in monochromatic light, the screen acts
as the one of Komar, but, projecting in white light and making the screen with the point
sources from the same side of the film, the diffracted transmitted images are affected by a
horizontal dispersion. The same basic property that gives orthoscopic and pseudoscopic
images with two gratings corresponds now to the same images but seen all over the screen
extension. When the observer moves laterally, he receives continuous view sequences of the
object. In this way it has been possible to observe the enlarged image of objects on a one
square meter screen but an intense reduced size projection lamp and a dark ambience is
necessary. To avoid the need of having the observer watching at a very precise height, one
point source in the the interference process process is substituted by a thin vertical diffuser.
It gives the vertical size of the observation region but with a reduced image brightness.
Besides the limited diffraction efficiency, another brightness limitation results from the need
of a thin slit on the projecting lens to get maximum focal depth.

9. White light holographic cinematography

The spectral depth coding by diffraction was first discovered in holograms (18) and matches
perfectly the projection on diffracting screens generating the image through the decoding

Fig. 6. Hologram made in 35 mm film enlarged x40 by using white light
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property a second diffracting element may have. Enlargement is the same for all three
dimensions of the object. A small transmission hologram made with a lateral reference beam
on 35 mm film can be enlarged on the screen by illuminating it with a halogen lamp (19). To
obtain a better luminous efficiency the scene was recorded employing a photographic
objective covered with a horizontal slit and it was projected by reversing the light path as in
Komar's technique but enlarged and in white light. It was possible then to have an image on
a 0,84 m x 1,10 m screen (20) at x40 enlargement (Figure 6).

The observer's space depends vertically on the height of the diffuser and laterally on its
width and on the screen dispersion. The angle between the object and the reference beams
being of 45 degrees, no more than four observers seated in two rows can see the scene
simultaneously. A similar system not enlarging holograms but projecting pictures of classic
movies was presented to the public (21). There, the images appeared from six meters behind
the screen coming closer little by little until traversing it to one meter from the observer,
located two meters away from the screen.

The recording and white light projection of holographic movies was not accomplished due
to the lack of resources and concentration of efforts in the application of electronic images.
The recording of holograms in white light which is based on an interesting proposal (22)
was not accomplished up to now.

10. Continuous parallax in electronic images projected on diffractive screens

The depth coding-decoding diffractive principle allows projection of a point source image at
any position with respect to a diffractive screen. A computer-controlled figure generator
was developed having a thin white light beam being focused at some millimeters from a
diffraction grating whose lines were vertical. Because the beam was reflected on a mirror
which was made to rotate through a vertical axis, the distance from the focus of the beam to
the grating changed. This distance made the necessary degree of coding, which constitutes
the horizontal size of a white-light spectrum. The movement was complemented with
another two computer-controlled rotating mirrors to generate a luminous point located in
any three dimensional position floating in front of the screen (23). A software was in charge
of generating animations in the format of line figures. Figure 7 shows that a cube could be
drawn without the need to correct any distortion. The image volume is about 100 1, no more
is possible due to its reduced brightness. The possibility of white-light laser beams now

Fig. 7. Luminous points in a cube shape in front of the screen.
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Fig. 8. Video scene appearing in an oblique plane in front of the screen. a) detail. b) complete
image, 80 cm high, made of two hundred video lines.
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obtained by TiSa lasers whose spectrum is broadened by means of Bragg optical fibers may
give to the application of this technique new possibilities.

The depth coding-decoding diffractive principle also allows us to project an electronic image
at any plane in respect to a diffractive screen. By choosing an oblique plane in which to
position a video image, an interesting approach to a holographic TV was obtained: The
scene has depth as well as transversal characteristics, giving the illusion of a perfect 3D to
most spectators (24). Although the images we show (Fig.8) shows limited resolution, this is
due to electronic equipment limitations. The diffractive imaging process has in principle no
resolution limitations but those due to diffusion of the screen or speckle noise.

After some time observing, some people notice the lack of a perfect relief on the image. The
scene can generate a volumetric image by projecting many parallel planes in a rapid
sequence, each plane having a the image of a corresponding slice in which the whole image
was divided. Animated scenes were made by three-dimensional computer drawing from
which four slices were made. They were projected through a computer-controlled rotating
mirror to make that at each mirror position the corresponding slice was projected (25, 26).
Figure 9 shows a vertical sequence of stereo pairs corresponding to how the scene is viewed.

Fig. 9. Four stereo pair frames of a volumetric scene distributed in four assembled slices.
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In this proposal discontinuity exists on the slicing, the more slices dividing the scene, the
more perfect it appears. Slicing on video scenes should be made by a vertical white-light
strip shaped beam sweeping on the scene, but has not been implemented yet.

11. Lensless projection on diffractive screens

The projection by means of lenses or mirrors put limitations in focalization because it is
usual to deal with oblique projections. A proposal to solve this problem by elliminating
focusing was made by Lunazzi (27, 28) based on employing a linear luminous source, a long
filament of a halogen lamp horizontally located behind the screen. The image is a
consequence of the shadow projected by each part of the filament. The shadow on the screen
can only be seen from a position which is precisely opposite to the filament part. A
continuous sequence of shadows is generated rendering horizontal parallax. The angular
extension of the filament in respect to the screen center defines the angular field for
observation. The image is very peculiar (Fig. 10) because although it does not have inverted
depth it shows an object whose closer parts are smaller than those which are farther away
from the observer, as in a common shadow. The objects can only be transmission and not
diffusing objects, which is not a problem because we can envision its application for
elements like liquid crystal displays (Fig.11).

Fig. 10. Continuous parallax image projected with a linear source. Left: original view. Right:
anaglyphic stereo representation with no color channel.
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Fig. 11. A LCD transmission watch as seen in the linear source projection

An improvement of this technique that can be expected would be a way to make the image
appear in front of the screen and a way to illuminate from inside of its transparent support,
in a similar way to the so-called “edge lit” holograms (29).

12. Not holographic diffractive screens

If the term “holographic” corresponds to Gabor's idea of wave reconstruction, it should be
applied to cases in which the interest is precisely the reproduction of waves, like in the case
of imaging or holographic interferometry techniques. In that sense, the construction of a
diffractive element by interferential means does not give to it the holographic characteristics.
If the name “holographic” is given because a three-dimensional continuous parallax image
results on the element, it is because the popular sense of the term is being employed. That is
why the term “diffractive screen” was widely employed in this text. To reinforce the idea
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the fact can be mentioned that similar elements can be constructed by direct recording
techniques like lithography, for example. A 5 m diameter diffractive lens was made for an
astronomic space project (27), a technique that could be similar to one for the construction of
diffractive screens.

It was made in the form of a mosaic, already explored with holographic techniques (10).
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Fig. 12. Picture of a 5 m diameter diffractive lens made by litography (by R. Hyde- S. Dixit).

13. Comparation of electronic image systems employing diffractive screens with

other volumetric systems

Non-glasses autostereo systems are not practical for its wide-spread use for commercial
purposes yet (30)(31), so that the many systems which has been proposed for it are to be
kept under discussion.

Let us consider the following volumetric systems: lenticular, a parallax barrier, a curvature
controlled mirror, a rotating screen under projection, a rotating LED display, an electro-
optic hologram generator, a fast recording of integral hologram, a laser focalization on
crystal, a laser focalization on air, and flying luminous sources.

Among the lenticular systems let us consider only those in which small semi-cylindrical
vertical lenses are in contact with a conventional screen. To reach the number of views
necessary to produce an apparent continuous view sequence many views must be displayed
simultaneously, making a large bandwidth necessary or much processing by very special
digital techniques. This is the same as happens for the diffractive screen systems to add several
slices or views. Maybe an advantage can be proved in the case of the slicing oblique plane
system, because the continuous parallax does not demand electronic processing power.
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The parallax barrier system can be disregarded for its long duration presentation
applications because of the necessity to maintain the head position during the observation.
Relief is inverted when deviating from the right position. Although more than two views
can be provided, the adding of views reduces the brightness of the image.

To make large diffractive screens seems to be as easy as making large holograms, while
examples of lenticular or parallax barrier screens which are larger than one square meter are
not known yet.

The curvature controlled mirror employs fast moving parts, being limited in size to a few
decimeters by air resistance and noise generation. The rotating screen systems presents the
same problem; its advantage is the ability to show 360 degrees images. The images of the
rotating screen systems can not fill more space than the screen does, appearing in fact within
a transparent cylinder, never in front or in the back of it, the effect that more impresses the
public.

The electro-optic system, already named as “holographic video”, developed by Benton,
never recorded live video scenes but computer made ones. It has size limitations and
consumes much computer processing power.

The fast recording of holograms has been possible in telecommunications with new
photosensitive materials. A scanning frame was recorded every two seconds, which is still
ten times more than required for video, and not at large size yet. To reach the video velocity
much bandwidth and processing capability will also be needed and, if reaching the 1/20s
frame speed, the persistence of the images on the retina makes the photosensitive material
unnecessary; a diffractive screen can accomplish the task equally.

There are systems creating luminous points within crystals and images can be seen from
almost any position, having more than 360 degrees viewing capability, but the images
remains within the supporting crystal and it seems neither practical nor possible to have
large size images. A new interesting possibility appears to make the same in a liquid, while
not employing visible light for that (32).

Other systems focussing intense laser beams on air may generate 360 degrees views, but
presents a low resolution and high cost, as well as noise or dangerous luminous or
temperature levels. One can think that this systems could be useful for working at large
sizes, filling large volumes to be seen from a large distance.

Finally, the same can be said of the recent system made of small flying sources, mini-
helicopters whose position can be remotely computer controlled: large sizes could be
achieved at a considerably energy cost, low speed and short duration.

14. How to evaluate parallax with ordinary images of a system

It is common to say that holography is the technique allowing to reconstruct the wave
amplitude and phase, but if we remain with this sole idea we could not properly analyze the
holographic image. Considering that the phase of light cannot be seen, not even a detector
with enough capability exists. What our eyes see are rays, directions of propagation. My
personal vision of holography comes from my initiation as a 14-year-old photographer
making stereo pictures.

This allows me to concentrate on the images and not on a mental visualization of Maxwell
equations and their application, in which even complex-conjugated light fields are present.
The third dimension can only be clearly perceived through binocular vision, which most
popular imaging systems do not permit at present time. To demonstrate the existence of
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perspective selective viewing with ordinary cameras it is necessary to show the parallax,
something that the photograph of any three-dimensional image, or the video made with the
camera at a fixed position, cannot prove. In the case of photographs, a sequence, during
which the camera changes laterally its position, allows to observe the relative change of
positions of corresponding points at the scene, and also to mount a stereo pair for binocular
observation. It improves the knowledge which the photographs offer, but it is not yet
enough. A video registering gives more close frames than a series of photographs makes
possible, and should detect the presence of dark regions or jumps on the transitions. But this
is still not enough: the aperture of the camera lens must be as close as possible to the eye's
pupil, about 3 mm to avoid mixing a dark and a luminous region at the same time giving
the appearence of not existing dark regions.

In the internet, there are many sites claiming to show three-dimensional or holographic
imaging systems, but which are shown from a single viewpoint.

A properly made system must be justified with images that can prove it. The worst case is
certainly when simulated pictures are shown without declaring the simulation. It is usual in
this cases to see part of the figure exiting the limits of the frame of the screen, what is
impossible because light does not travels in curved path.

15. Conclusions

After describing many systems that project goggle-less three-dimensional images on
diffractive screens made by recording light interference on photosensitive material, it can be
understood that, although these techniques are not the ones which are chosen for the
industry at the moment, interesting properties have yet to be explored. Advances in the
diffraction and dispersion efficiency of the elements may recall the attention to this subject
in the future.

16. References

[1] Gabor, D. Three-Dimensional Cinema, The New Scientist, July 14th, 1960, p141-145,
http:/ /books.google.com/ or precisely http://books.google.com/books?id=
vPmIBbHCOTIC&pg=PA141&Ipg=PA141&dq=gabor+screen+three-dimensional+
cinemad&source=bl&ots=V5IK36onTgé&sig=]yWoWWe2uq76kZBq4AgH-kAoq4s&hl
=es&ei=p0tgTYN8DYL-8AaSnp3SCwé&sa=X&oi=book_resulté&ct=resulté&resnum
=4&ved=0CD4Q6AEwAw#v=onepage&q=gabor %20screen %20three-dimensional
%20cinemaé&f=falseK or, simply: http:/ /tinyurl.com/gaborstereoscreen

[2] “Holographic non-isotropic diffusing screen”, Donald H. Mc Mahon US patent 3,708,217
(1973)

[3] Holographic diffuser for back-lit display United States Patent 5471327
http:/ /www.freepatentsonline.com/5471327 html

[4] “Pixel element for a three-dimensional screen”, Tibor Balogh, USPTO 6736512

[5] www.holografika.com

[6] “3D displays using light from an undiffused point-source array”, Jung-Young Son and
Vladimir V. Saveljev, SPIE Newsroom 10.1117/2.1200902.1414

[7] Ref.1 p.142

[8] “Projektionsschirm fur Projektion mit dreidimensionalem Eindruk”, Bestenreiner, Friedrich,
2011417, Offenlegungstag 23 September 1971. AGFA is Patent's owner.



Holoimages on Diffraction Screens 275

[9] “Springer handbook of lasers and optics”, Frank Tragger ed. 2007, Table 20.1 p.1206

[10] Description of V. Komar's development ot holographic cinematography at:
http:/ /wiki.answers.com/Q/Who_invented_3D_movies

[11] “Holographic Screens and Their Applications Applications”, Son et al, SPIE 3358 p337-345
1998

[12] "Processo para projecio de imagens com paralaxe horizontal sobre tela hologrifica", ].]. Lunazzi,
INPI (BR), No 9302553-0

[13] Jung-Young Son, et al., "A Multiview 3-D Imaging System With Full Color Capabilities",
SPIE Proc., Stereoscopic Displays and Virtual Reality IV in Electronic Imaging,
1998.

[14] "Holophotography with a diffraction grating", Lunazzi,].]., Opt.Eng.V29 N1 (1990) pp.15-18.

[15] "New possibilities in the utilisation of holographic screens", J.J. Lunazzi, Proc.of the
SPIE meeting "Electronic Imaging", conference "Practical Holography VI", San Jose-
CA-USA, 9-14.02.92, p.289-293, SPIE 1667.

[16] "Pseudoscopic imaging in a double diffraction process with a slit: critical point
properties," J. J. Lunazzi and N. I. Rivera J. Opt. Soc. Am. A, JOSA A, Vol. 23, Issue
5, pp. 1021-1026 (May 2006).

[17] Orthoscopic white-light imaging by means of two bi-dimensional diffracting elements and a
pinhole" ].]. Lunazzi, N.LR. Rivera, 5th Iberoamerican Meeting on Optics and 8th
Latin American Meeting on Optics, Lasers, and Their Applications; Aristides
Marcano O., Jose Luis Paz; Eds. 3-7/10/04. Proc. SPIE Vol. 5622, p. 1469-1473.

[18] "3D Photography by holography", Lunazzi, ]J.J., Opt.Eng. V29 N1 (1990) p.9-14
http:/ /arxiv.org/pdf/physics/ 0703209

[19] "Enlarging Holograms Under White Light", ].]. Lunazzi, Proc. of the 17th Gral. Meeting of
the International Commission for Optics, Taejeon, Korea, 19-23.08.96, SPIE V 2778
p-469-470

[20] Lunazzi SPIE News, “Enlarging Holograms Under White Light, a Way to Save
Holographic Material” http://arxiv.org/pdf/0905.1157

[21] Lunazzi, JJ. e Benito, R.,, KARAS Holografia, Madrid, Espanha, 1995, at “Tres Rios”
cinematography Theaters

[22] “White Light Colour Photography for Rendering Holoimages in a Diffractive Screen”, ].]J.
Lunazzi, Proceedings of the Fourth International Conference on Holographic
Systems, Components and Applications, Neuchatel, Switzerland, 13-15 September
1993. http://arxiv.org/pdf/0904.2598 (Conf. Publ. No.379). IEE, London, UK. pp.
1536, 1993

[23] ]J.J. Lunazzi and M. Diamand, “Volume Images Vector Display Based on a Diffractive
Screen”, Optical Review (Japan) Vol. 6, No. 6 (1999), p.513-517
http:/ /arxiv.org/pdf/1101.3340

[24] "Holo-Television System with a Single Plane", ].J. Lunazzi, D.S.F. Magalhaes, N.LR. Rivera,
R.L. Serra, Opt. Lett. 34, 533-535 (2009) , http:/ /arxiv.org/pdf/0902.4705

[25] "A Holographic Visualisation System: A Sequel", E.G. daFonseca, P.L. de Geus, C.F.X.
de Mendonga, J.J. Lunazzi, E. Bertini, Proc. of the X " International Symposium on
Computer Graphics, Image Processing and Vision", SIBGRAPI'98, pages 135-141,
October 1998. Biblioteca digital do SIBGRAPI:
http:/ /fenix.sid.inpe.br:1906/ col/sid.inpe.br/banon/1998/06.04.18.20/ doc/ tag.html



276 Advanced Holography — Metrology and Imaging

[26] ].J. Lunazzi, “The use of diffractive screens for electronic imaging”, Proc. of the Holographic
Display Artists and Engineers Club-HODIC meeting, Japan Association of Display
Holography, Tokyo, Japan, 1996.08.30 http:/ /arxiv.org/pdf/physics/ 0609243

[27] "3D shadowgram projection using a simple diffractive screen", José J. Lunazzi, N L. R.
Rodriguez, Proc. of the XXIX Enc. Nac. de Fis. da Mat. Cond., SBF, Sdo Lourenco-
MG, 9-13 de maio de 2006.
http:/ /www.sbf1.sbfisica.org.br/ procs/2006/ pdfs %200ptics/ Interferometry, %20
Holography %20and %20Applied %200ptics /1427 pdf

[28] "Imagens Por Difragdo com Luz Branca Sem Elementos Intermedidrios", N. I. R. Rodriguez,
PhD Thesis, Campinas State University, 2007
http:/ /webbif.ifi.unicamp.br/ teses / apresentacao.php?filename=I1F284

[29] “Edgelit holography: Extending Size and Color”, Nessbit, R.S., MIT Thesis September 1999
http:/ / citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.38.5280&rep=rep1é&ty
pe=pdf

[30] CEOS 2011 video demonstration: “Sony Autostereoscopic 3D TV without glasses at CES
2011 “Which first look review””,
http:/ /www.youtube.com/watchv=8a66ENGh16Qé&feature=relmfu

[31] CEOS 2011 video demonstration: “LG Autostereoscopic 3D TV without glasses at CES 2011
- Which first look review””, http:/ /www.youtube.com/watch?v=MdLXeXfoiJk

[32] Ivan T. Lima, Jr., Val R. Marinov “Volumetric Display Based on Two-Photon Absorption in
Quantum Dot Dispersions” Journal of Display Technology, V6, N6, JUNE 2010, 221




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [481.890 680.315]
>> setpagedevice


