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Introduction

Displaying three dimension objects out of a
computer screen is not a trivial task. There
is a lot of research regarding this topic nowadays. Holography is an optics technique that is
employed to display objects or scenes in three
dimensions (3D). Those 3D images, or holograms, can be seen with the unassisted eye
and are very similar to how humans see the
actual environment surrounding them. The
holograms were introduced in 1948 by the Hungarian physicist Dennis Gabor [1] as an unexpected result from his work improving the electron microscope. Roughly speaking, an hologram can be seen as a reconstruction of a previously recorded light field when this is not
present anymore.
An hologram is recorded into a supporting
medium via the intersection and interference
of two light distributions. Basically, as it can
be shown in Figure 1 given a light field illuminating an object for which we want to compute the hologram, it is split in two identical
light sources using a beamsplitter. The reflection of the illumination beam from the object
plus the direct incidence of the second light
source beam form a pattern of intersected and
interfered beams which is recorded in the photographic plate. The interference pattern can

Figure 1: Optical arrangement to record an hologram. The light beam is split in two identical light
sources and then the hologram is encoded as the
intersection and interference of the sources into the
photographic plate

be said to be an encoded version of the scene
which requires the original light source in order
to view its contents. On the other hand, Figure 2 depicts the process of retrieving the virtual object: when the original reference beam
illuminates the hologram, it is diffracted by
the recorded hologram to produce a light field
which is identical to the light field which was
originally reflected by the object into the hologram. The Gerchberg-Saxton (GS) iterative
procedure estimates the phase of a pair of light
distributions via a computation of the Fourier
transform, if their intensities at their respec-
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means that the phase image which refers to
the hologram is obtained directly from the real
world. In here, we want to go a little bit further introducing an algorithm that allows to
estimate this phase image from a given Target without any kind of optical devices. This
method is known as the Gerchberg-Saxton algorithm.

2.1

Figure 2: Optical arrangement to retrieve the virtual object. If the original light beam is applied to
the encoded hologram, it is diffracted by it producing a light field which is identical to reflected one
by the object.

tive optical planes are known. In the practice,
this procedure becomes an efficient methodology to estimate the hologram of a light distribution or an object. Moreover, the algorithm
has been shown to be efficient in the reconstruction of 2D [3] and 3D [4] dimensions objects holograms. This report implements in the
computer language Matlab the 3D GS algorithm based on the work done in [4] and [2].
This report is structured as follows: section
2 introduces in detail the Gerchberg-Saxton algorithm in both 2D and 3D while section 3 discusses the results obtained both by computer
simulation and in the optics lab. Finally, we
end up the report with a conclusions section.
The implemented code in Matlab is attached
with this document.

2

Algorithm

In the introduction section we have shown how
to obtain an hologram via optical devices. This

2D case

Given a 2D image such as the one from Figure 3, the Gerchberg-Saxton algorithm (GS)
is able to estimate its hologram by estimating
its phase image. In fact, the GS algorithm is
defined as an iterative algorithm for retrieving
the phase of a pair of light distributions related via a propagating function (such as the
Fourier transform) if their intensities at their
respective optical planes are known.
Figure 4 shows the block diagram of the algorithm. There are two main elements: the
Target image A which is the input 2D intensity
image and the Hologram B which is estimated
through the iterations.
At the beginning we initialize the hologram
with random values. Then, we combine this
random phase (hologram) with the constant
magnitude from C (in our case fixed to 1). After that, the Fourier Transform of this combined information is computed in E and the
phase is keep for the following step. At that
point, the obtained phase is combined with the
magnitude of the original Target image A and
the Inverse Fourier Transform is carried out in
F. The phase of this result is the updated version of the hologram.
By repeating the process, the hologram is improved through the iterations and the final
phase image that represents the hologram is
achieved at the end of the process. Only the
meaning of the image D is missing which is
the resultant magnitude after computing the
Fourier Transform. This is nothing else than
page 2
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the approximation of the Target intensity. In
other words, is the approximation of how the
hologram will look like after being projected in
the real world.

Figure 5: 3D GS algorithm block diagram

sion of the hologram. Ewald’s sphere can be
use to express the differential and wave equaFigure 3: Examples of 2D images
tion. In our case, it was shown that for a 3D
object measured with a beam light of wavelength λ, its 3D Fourier transform should be
zero everywhere except the sphere that satisfies k02 = kx2 + ky2 + kz2 , where k0 = 2π
λ . Thus,
by projecting this surface in a 2D plane we can
get a 2D hologram.
It is important to say that Ewald’s surface
only will keep the information seen for the laser
beam, which is the one in the z direction. So
that we only need to keep the hemisphere with
positive z of the Ewald’s sphere. Due to this
physical constraint in this case the hologram
will be in the Fourier space (in 2D case the
Figure 4: Gerchberg-Saxton algorithm block dia- hologram is done in the inverse Fourier space).
gram

3

3D case

When extending the GS algorithm into the 3D
case, the main problem is that to project the
hologram as it was done in 2D case it is needed
a 2D phase. However, the 3D Fourier transform gives the results in a 3D space so it needed
to reduces the dimensionality.

3.2

Algorithm

Thus the GS algorithm for the 3D case will
start be taking the 3D space information
ud (x, y, z) and applying the Fourier transform
to get ũd (νx , νy , νz ). Then the all the information that is not in the Ewald’s sphere, S, will
be set to 0:
(
ũc (νx , νy , νz ), (νx , νy , νz ) ∈ S
ũ (νx , νy , νz ) =
0,
(νx , νy , νz ) ∈
/S
c

3.1

Ewald’s sphere

Then the inverse of the Fourier transform
In 2003, Shabtay [2] pointed out that Ewald’s will be applied to ũc (νx , νy , νz ). Only the phase
sphere could be done to reduce the dimen- of the results will be kept. The magnitude
page 3
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(a) Components

Figure 6: 3D GS algorithm block diagram with
Ewald’s surface

obtained from the acquisition and the phase
obtain in this iteration will be combined and
used as an input for the next iteration. For the
first iteration we have used a random phase.
At each iteration we can see how the iteration evolves by projecting the sphere in a plane.
In Figure 6, it is shown the algorithm.

4.1

Results
Lab Setup

Once the implementation of the algorithm
is done, it is needed to test if the results
that we achieve are the expected ones or not.
Figure 7 shows the SETUP that we used. It
is composed by mainly three components: a
computer, a Spatial light modulator (SLM)
and a laser beam. The idea in here is to load
the phase hologram obtained after running the
implemented code and send this phase image
to the SLM. This device is a digital device
that models the light from the projected laser
beam encoding some information on it. The
SLM is a digital device that is lighted by a
plane wave (homogeneous intensity on all the
beam) and it modulates the wave encoding
some information on it. In fact each pixel act
as a retarder element. The SLM is between
two polarizers that tune the final configuration
of the SLM in order to have either amplitude

beam

Figure 7: Lab setup

or phase modulations only. After the SLM
encodes the phase information, the desired
hologram becomes in the resultant projection
on the final white plane illustrated in Figure 7
(b).

4.2

4

(b) Laser
projection

2D case

The results from Figure 8 and 9 proves the
well-functioning of the implemented algorithm.
From the two inputs images (a) we estimate
their respective phase images (b) that will produce the hologram as shown in (d). Note that
the projected hologram is similar to the approximation done in (c).

4.3

3D case

For the 3D case experiments, we could not do
the acquisition with a laser beam so we used a
virtual image. To find the radius of the Ewald’s
sphere we did it experimentally because as the
modeled object was a virtual object we could
not use the wavelength λ. We used a thickness
of 0.1 for the Ewald sphere.
The virtual object was a 3D representation
of the face used in the 2D case along the z direction. Along the x direction we put an other
image but as it was discussed in section 3.1,
only the one in the z direction can be seen in
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Figure 10: Evolution of the hologram during 15 iterations

(a) Target image

(b) Hologram

(c) Approximation to
Target intensity

(d) Projected hologram

Figure 8: Happy-face result for the 2D case

(a) Target image

(b) Hologram

(c) Approximation to (d) Projected hologram
Target intensity

Figure 9: Vibot logo result for the 2D case
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Conclusions

During this project we have seen that hologram have a big potential in many applications
and it would probably became more important
in few years.
We have seen that for the 2D case the
Gerchberg-Saxton algorithm achieves very
good results only using the an virtual image
so it can be very useful.
However, for the 3D case the results obtained are not as good. In order to see the
real potential of the GS algorithm in 3D will
be needed to test it acquiring the real image
with a laser beam.
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