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a b s t r a c t 

We present for the first time a method for compression of 3D color scenes with experimental recording and 
reconstruction, including scene multiplexing. An experimental setup allows separately registering three off-axis 
Fourier holograms corresponding to the RGB color channels of a 3D scene. Then, the optical field data contained 
in each hologram is extracted and their phase is retained. The phases associated to each color channel are spatially 
arranged to get a single phase-only optical field for the experimental full color reconstruction in another optical 
setup. This process is then further developed to include different 3D color scenes by multiplying the arranged 
phase-only optical fields corresponding to each scene by complementary binary masks. Three sampled scenes are 
multiplexed giving a compression in the data volume up to 97.81% in our experiments. The technique used in the 
context of multiplexing allows a substantial data volume reduction and the appropriate reconstruction of each 
color scene without cross-talk and in a single step. 
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. Introduction 

In a modern realm of networks and multimedia, more and more 3D
mage information needs to be streamed. Cloud computing and big data
rocessing are two major issues in dealing with the streamed distribu-
ions. On the other side, high volume data is intrinsically associated to
hese procedures. Therefore, compression approaches become impera-
ive to speed up image transmission. In the past decades, various opti-
al systems have been proposed for image compression [1–3] . Optical
echniques have many essential and appealing advantages over other
actics, such as high speed and parallelism in processing. A natural opti-
al procedure to store 3D scenes is holography [4–10] , preserving both
mplitude and phase information. Holography is an indirect method of
maging that provides the ability to record and reconstruct 3D infor-
ation of a scene. Practical implementation in digital holography and

vailable displays were associated to provide a proper way to record and
isualize after transmission these impressive scenes. Evolution of these
deas prompted the field to include color to capture the full realism of
ctual scenes [11–14] . Aside pseudocoloring methods, reconstruction
ith at least three RGB coherent sources is the improvement required.
ince digital holography records the complex field of scenes, it allows
 filtering process which reduces the issues caused by twin image and
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ackground noises [15] . Digital holograms can also be multiplexed and
ncrypted with a large array of techniques [16–19] . 

On the other hand, when holograms are recorded with multiple
avelengths, problems arise in the size of the reconstructed image and

he large data volume that must be processed. The first problem is be-
ause for each wavelength an image of different size is generated. This
s due to the reconstructed pixel size of image, as they are different for
ach color channel. P. Ferraro et al. [19] developed and demonstrated a
adding method that allows to recover images with equal reconstructed
ixel size for the case of information recorded at different wavelengths,
hus avoiding this issue. Some data compression techniques have been
roposed to compress holographic data [20–23] , and increasing data
edundancy by padding has also been used to mitigate loss due to the
ampling or occlusion [24] . 

In this contribution we present an alternative experimental proce-
ure to compress holographic data. From a single 3D color scene, we
etain the phase information of the optical field´s data separately for
ach RGB channel. The general idea is to apply this procedure to in-
lude several color scenes into a single package. To this end, we applied
 sampling and multiplexing procedure by multiplying with binary or-
hogonal masks each separate processed scene, taking advantage of the
IC-UNLP), P.O. Box 3, C.P 1897, La Plata, Argentina. 
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Fig. 1. Scheme of the experimental setup for registering off-axis Fourier holo- 
grams of 3D color scenes. (CS: collimation system, BS: beam splitter, M: mirror, 
L: lens). (For interpretation of the references to color in this figure legend, the 
reader is referred to the web version of this article.) 
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edundancy inherent to holographic data. We present the experimental
esults corresponding to the recording of three 3D color scenes, com-
ressed, and selectively reconstructed through the binary masks with-
ut cross-talk. In our example of three scenes, altogether we obtain a
lobal compression of around the 97.81% with respect of the unpro-
essed holograms. 

. Color hologram recording and processing 

Fig. 1 shows an off-axis Fourier holographic system for recording the
olor digital holograms of a 3D scene. Three laser sources were used,
ach collimated beam passed through the beam splitter BS2, which gen-
rates the color scene illumination and the reference beams. 

The beams reflected by mirrors M2 and M3 are the object and ref-
rence beams respectively. The reference beam interferes in the CMOS
amera plane with the Fourier transform (FT) of the light reflected by
he 3D scene, resulting in an off-axis Fourier hologram for each of the
hree laser sources separately, containing the information of the red,
reen and blue channels of the color scene. 

Off-axis holograms not only contain all the information to recon-
truct the scene, but also unwanted information that results in a DC
erm and a twin image of the scene after reconstruction. We can dis-
ard this information and retain the optical field of each color channel
ith a filtering procedure. This procedure consists on performing the
T of the hologram, and selecting the reconstructed scene, discarding
he DC term and the twin image. An inverse Fourier transform (IFT) is
hen performed on the reconstructed scene, obtaining the complex op-
ig. 2. Flow chart: Input holograms corresponding to the color channel RGB are filte
OH is multiplied by a phase grating to obtain the final POH G . 

19 
ical field [22,23] . This procedure is applied to the hologram of each
hannel of the scene, resulting in three complex optical fields of an area
f 640 ×1080 pixels each one. 

We now process the resulting optical fields for direct display on
 phase-only liquid crystal on silicon (LCOS) spatial light modulator
SLM). As their name indicates, these devices are only capable of phase
odulation, however, some works have shown that the phase informa-

ion contained in a hologram is sufficient for the reconstruction of a dif-
use reflecting scene [25] . Furthermore, the device limits the size and
esolution of the optical fields that can be displayed with it. Taking these
eatures into account, we must process the information of the 3D color
cene to maximize the reconstruction quality. For a single optical field
ata this procedure consists in the following steps (see Fig. 2 ). 

(1) We discard the amplitude of the optical fields, retaining only the
phase information. 

(2) These phases are placed side-by-side to form a RGB phase ar-
rangement with the same size as the SLM (1920 ×1080). We call
this a phase-only RGB hologram (POH). 

(3) This POH is multiplied by a phase grating, such that avoiding in
the reconstruction the superposition with the central order pro-
duced by the SLM non-diffracted light [12] . We named this result
as a POH G . 

After this procedure, we obtain a POH G that can be directly displayed
n the SLM. 

We present the results of recording three single different 3D color
cenes and its corresponding reconstructions according to the proposed
echnique. 

The registering and recovering setups employ an EO-10012C CMOS
amera with a resolution of 3840 ×2748 pixels and 1.67 μm ×1.67 μm
ixel size ( Figs. 1 and 3 ). The lasers used were a He-Ne laser with
32 nm wavelength with a power output of 30 mW for red, a DPSS
aser with 532 nm wavelength with a power output of 150 mW for
reen and a DPSS laser with 472 nm wavelength with a power out-
ut of 50 mW for blue. The average dimension of the 3D scenes is
8 mm ×15 mm ×14 mm. The registering lens focal length was 500 mm.

. Reconstruction procedure 

In the experimental reconstruction setup (see Fig. 3 ), we employ a
hase-only LCOS-SLM HOLOEYE PLUTO-VIS-006-HR, with full HD res-
lution of 1920 ×1080 pixel and 8 μm pixel pitch leading to an active
rea diagonal of 0.7 ″ . The reconstruction lens has focal length 100 mm.
n Fig. 4 we show the reconstruction of the POH G from three different
cenes. 
red to retain the phase-only information to build the POH for each scene. This 
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Fig. 3. Scheme of experimental recovery setup. (BS: beam splitter, L: lens, and 
M: mirror). 

Fig. 4. Three individually reconstructed scenes from POH G ’s. 

Fig. 5. Sampling with binary masks and multiplexing procedure for the phase- 
only RGB holograms of three scenes. POH G : phase-only RGB hologram multi- 
plied by a grating, B: binary mask, V: volume. 
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Fig. 6. Reconstruction and demultiplexing procedure for a package containing 
the POH G ’s of three scenes. 
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. Compression using random binary mask sampling and 

ultiplexing 

We move one step forward regarding compression by multiplexing
hree color 3D scenes, in a procedure which is described below (see
ig. 5 ). We first multiply the resulting POH G of each scene with orthog-
nal random binary masks. These masks are generated by taking a black
mage of the same resolution as the POH G s to be multiplexed. Then we
et a percentage of the pixels of the image whose position is randomly
elected as white pixels. To generate the other masks, we take new black
mages and select the desired percentage of white pixels from the po-
itions that were not selected in the previous masks. In the example of
ig. 5 , we multiplex three scenes using masks with 33% of white pixels.

. Experimental results 

We now proceed to multiplex into a single package the POH G ’s, sam-
led with the binary masks. This package contains the information of
ll multiplexed scenes. If we project this package on the SLM and at-
empt the reconstruction procedure, we obtain the result show in the
pper inset of Fig. 6 , with all the scenes reconstructed simultaneously
nd suffering from cross-talk. A single scene can be extracted from the
20 
ackage by performing a demultiplexing procedure. Since the binary
asks do not sample the same pixel, we can select the sampled POH G 

orresponding to the scene we wish to reconstruct from the package by
ultiplying with the corresponding mask. The reconstructed 3D scenes

f Fig. 6 are the convolution between the scene information and the FT
f the random binary mask. The convolution with the FT of the ran-
om binary mask produces a random noise as background, degrading
he reconstruction quality. The use of random binary masks is advan-
ageous over non-random binary masks due to the sharp peak of its FT
4] . The FT of a binary mask with non-random distributions might have
xtended central orders, resulting in blurry reconstruction and loss of
pecific frequencies. 

We now evaluate the compression achieved with all the discussed
rocedures. First, we registered holograms corresponding to the RGB
hannels of each scene, with a resolution of 3840 ×2748 and 8-bit depth.
his means that the total volume of data for each scene is 30.18 MB. We
hen proceed to filter the complex optical field data from these holo-
rams, obtaining an area of size 640 ×1080 for each optical field. The
hase and amplitude of the optical fields are stored with 8-bit depth. The
olume at this stage has been reduced to 3.954 MB for each scene. It is
orth noting that, as the procedure is lossless, we have retained all the
riginal data necessary for reconstruction. The compression achieved by
ltering can be interpreted as the elimination of data redundancy found

n the holographic register. 
We then remove the amplitude data to obtain the POH G that will

e projected with our SLM. This hologram has a volume of 1.977 MB.
nlike filtering, there is a loss of information due to the discarding of
mplitude data, however as mentioned before, for highly diffuse scenes
his loss is not enough to compromise the scene reconstruction. 

Finally, we use random binary masks to multiplex several scenes into
 single POH G whose volume is equivalent to that of a single scene. This
eans that we can compress N scenes into the volume of a single one

See Table 1 for the example with three scenes). The sampling procedure
rior to multiplexing is also a lossy procedure, and will induce a degra-
ation of the reconstructed scene inversely proportional to the number
f white pixels in the binary mask. 

If we want to compress N images, we would need to sample the
OH G ’s with masks with (100/N) % of white pixels. This means that
he more scenes are multiplexed, the more information is lost in each
cene, yet a higher compression is achieved. In this sense, the maximum
umber of images that can be multiplexed with this technique will de-
end on what we consider “acceptable ” noise for a given application.
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Table 1 

Data volume values for the proposed compression. 

Scene 1 Volume (MB) Scene 2 Volume (MB) Scene 3 Volume (MB) Total Volume (MB) 

Unprocessed holograms 30.180 30.180 30.180 90.540 
Optical field 3.954 3.954 3.954 11.862 
Phase-only RGB hologram 1.977 1.977 1.977 5.931 
Multiplexed package 1.977 1.977 

Fig. 7. Correlation coefficient of reconstructed objects from POH G with differ- 
ent compression ratios obtained by applying JPEG compression (solid line) and 
binary mask multiplexing (dotted line), both compared with the uncompressed 
POH G . 
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or example, a QR code can be subject to a higher compression while
emaining readable, thanks to its inherent tolerance to noise and error
orrection. This means that a large amount of QR codes can be multi-
lexed. On the other hand, detailed images with will appear significantly
orse with a high amount of compression, and therefore fewer images

hould be multiplexed to maintain acceptable quality. 
To better contextualize the performance of our proposal, we compare

he correlation coefficient of numerically reconstructed objects from
OH G with different compression ratios obtained by applying the JPEG
ompression [26] and the binary mask multiplexing with the uncom-
ressed POH G . The results are shown in Fig. 7 . 

Fig. 7 shows that JPEG compression has better performance com-
ared to our proposal for low compression ratios, offering increased re-
onstruction quality. However, it is worth noting that JPEG compression
resents a larger data volume than the original POH G when very high
uality factors are used. This is because the entropy coding used by the
PEG algorithm is ill-suited for near random information, like the one
ound in the phase holograms of diffuse objects [27] . Furthermore, JPEG
lone does not offer a way to selectively multiplex data like our proposed
ethod and cannot be implemented optically. On the other hand, our
roposal shows similar correlation coefficient values than JPEG when
arge amounts of compression are required. 

In our experimental demonstration we compressed three scenes, ob-
aining a final volume of 1.977 MB. The volume reduction achieved in
his case is 97.81%. These results are shown in Table 1 . It is worth men-
ion that the recovery is performed in a single step with all the illumi-
ating laser sources delivered at the same time by using the setup of
ig. 3 . 

. Conclusions 

Summarizing, by combining color digital holography with the use
f orthogonal binary masks, a compression and cross-talk free multi-
lexing method for 3D color scenes is achieved in this study. For three
ndividual scenes, a compressed package with a 97.81% volume reduc-
ion with respect to the original holograms total volume is obtained,
21 
eady for transmission and postproduction for cross-talk free demulti-
lexing. We also have to stress that the color reconstruction procedure
s implemented in a single step bringing and additionally bonus to the
ethod. The experiments also show acceptable reconstructed images,
ith minor quality losses in return of lower volume. As a common draw-
ack in this approach, the color of the reconstructed images depends on
he reflectance at the three wavelengths used in the recording of holo-
rams. Therefore, the color-composite result of the reconstructed image
s not fully accurate in color reproduction. Although requiring further
esearch, in view of the remarkable proof-of-concept results we believe
his general technique represents a breakthrough in the field. 
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