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Abstract Q?E )
S

Holography is the optimal and the final choice amongﬁ'tech@ r imaging and
displaying the three-dimensional (3D) objects. In this ,dve _groposg’a new denoising
algorithm for digital hologram using Fresnel t@ (FT .Mroposed algorithm
initially transforms a digital hologram into fre y-domairndata through a FT, and
separates the object from the background in transformed ge. Experimental results
show that the technique to reduce noise in a&‘ 2D imageysuch as a smoothing filter can
reduce the noise to improve the image ld% for a digital"hologram. We expect that the
conclusions of this paper will be a ven& techri L@fpr further work in the area of signal
processing scheme for electronic ol% ic vi% ice

Keywords: Digital holograrf=Rgnoising, Noise Teduction, Holographic video, Computer-
generated hologram

1. Introduction QQJ \\9\

The surge of recaniinterest i D images has led to active researches about digital
holography, whief\is*the ultimate goal of 3D imaging in various fields: capturing or
producing a dig hologgﬂreconstructing a digital hologram, studying optical materials

and devices, and signal pr; ng. Especially, the last one has recently attracted attention. A
hologram used to be% with from the optical side only. Holographic digitalization,
ioUs studies on encoding, transmission, storing, encryption, and noise

however, has led to
reduction [1,2]. ,§9

Holograrrm%g een recognized by most image researchers as the final goal of perfect 3D
image reco® ion, because they are exactly the same image, as the original object in free
space. Thus¥vany researchers have working on this, since their invention by Gabor in 1948.

Zledtgonic holograms have been researched since the 1960s. Computational holography is
one Ofifiese forms of electronic holograms, in which the interference pattern (fringe pattern
or digital hologram) is calculated numerically to acquire a hologram. The hologram is
uploaded to a spatial light modulator (SLM) and the reference light is exposed to reconstruct
the image [3, 4]. The numerically calculated hologram is termed a computer-generated
hologram (CGH). The inputs for a CGH, the depth information and the light intensity of each
object point, are in digital forms. In addition, the output, the resulting hologram, consists of
pixels.

The technique to remove noise from a natural image has been experimented a long time
ago, and, subsequently, many noise-removing filters showing superior performances have
been published. However, these filters are not suitable to a digital hologram because the noise
is at a similar frequency region to the original image data. Some studies [5, 6] proposed the
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noise-removing techniques for the digital hologram, using the image processing technique. In
[7] proposed a method using a wavelet filter. These techniques expanded the applicability of
the methods to the 2-dimensional (2D) images of the digital hologram.

In this paper, a new approach to remove or reduce the noise in the digital hologram is
proposed, which uses a frequency transform to increase the correlation between the pixels. A
Fresnel Transform is used as the frequency-transform tool. The distribution of the frequency-
transformed coefficients resembles one of the reconstructed images [8]. Consequently, the
object and the background in the transformed image are separated and analyzed to give the
treatment for different noise-removing techniques.

In Chapter 2, the theoretical background and Fresnel transform is described. Chapter 3
explains the denoising method proposed in this paper with a brief review of some previous
ones. The experimental results are provided with a following discussion in chapter 4, and
chapter 5 concludes the paper.

2. Background Theory
2.1. Digital Hologram

In general, a digital hologram is acquired by capturing the phase of interference pattern
between the reference light and the object light reflected from an object with CCD camera,
and recorded in digital format, as shown in Figure 1. In the case of acquiring a digital
hologram optically as Figure 1a, a laser is exposed to condensing lens to produce a parallel
light. This light is divided into two lights (the reference wave and the object wave) by a beam
splitter. The object wave is illuminated to the object and the reference wave is directly
exposed to the CCD camera. These two waves interference each other and the resulting
interference pattern is recorded in the CCD camera. To restore the object, the interference
pattern is loaded to a SLM and the same light as the reference wave in recording is exposed to
the SLM. Then, the primary diffraction ray is generated and the 3D object is reproduced [9].
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Figure 1. Acquisition Scheme of a Digital Hologram
The use of CCD camera in the acquisition process of a digital hologram inherently includes

some noises because of the environments of camera, which dramatically decreases the quality
of reconstructed images with the digital hologram.
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2.2. Fresnel Transform

The Fresnel diffraction equation for near-field diffraction, is an approximation of
Kirchhoff-Fresnel diffraction that can be applied to the propagation of waves in the near field.
It is used to calculate the diffraction pattern created by waves passing through an aperture or
around an object, when viewed from relatively close to the object. In contrast the diffraction
pattern in the far field region is given by the Fraunhofer diffraction equation. Figure 2 show a
diffraction geometry for Fresnel diffraction. Here, E(& #,0) is 2D pattern of optical field on an
image plane and E(x,y,z) is the field at output plane a distance away [10].
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Figure 3 shows an example images, W a) is a c er graphlc image (depth-map
in 200x200 [pixel]), (b) is its digital ram 56 [pixel’]), and (c) is the result
from Fresnel transform of a d|g| Fresnel transform result is much
resembled to the original obje t 3(a)) particular result from this example is
that, the value of DC coeffici m a du ogram does not seem to be so high. But

they still have very high es and even though they are lower than those a
conventional 2D image. Q %

Figure :@ Depth-map of 3D Object (b) Digital Hologram of (a), (c) Fresnel

Q Transform Result of (b)
3. PrQosed Algorithm

As mentioned above, other than the way to create a digital hologram in Figure 2(b) is the
Fresnel transform that calculates the interference pattern arithmetically with the brightness
map (or color map) and the depth map of the object. This method, as also employed in this
paper, is popularly used among experiments. Even this CGH (computer generated hologram)
is used, because it is necessary to model the actual acquisition situation as Figure 1 because
CGH does not include the noise introduced during the acquisition process. Converting a 3D
object o(x, y) to a digital hologram h (i, j) by the CGH technique and adding the noise n[0,
02] results in the definition of the actual digital hologram % °(i, j) as in Eq. (1).

h'(i, j) =hd@, j)+nd, j) )
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where n (i, j) is the noise at the position of (i, j) on the assumption that the noise is
Gaussian noise with the average of 0 and the standard deviation of 62.

As shown in Figure 4(c), the FTed of the digital hologram results in a similar pixel
distribution to the original object although the position and the size somewhat change. Using
this characteristic, the present paper proposes a new noise reduction algorithm regarding the
FTed image as a nature image.

For denoising, Fresnel transform is performed by regarding a digital hologram as a natural
2D image. Figure 4(c) shows a FT result image. As shown in Figure 4(c) and (d), the
coefficient distributions of digital hologram after the FT show relatively high correlations of
the pixel values compared to the ones before the FT as shown in Figure 4( othe
distributions in Figure 4(c) and (d), the pixel values inside the objects show r high
correlations compared to the exterior pixels to the object. Also, the pixel v u;%mde the
object are relatively very low to the ones inside the object which is the sa@ t from the

actual measurement. That is, the characteristics of th ments e object are
different from the ones of the coefficients outside the o ere ore paper separates
the object from the background and proposes a di se redu ion» scheme for each of
them.

ionScan b ecause the local region
entire o%:t we must encrypt the entire

'\\6

From such characteristics, the following conc
of a digital hologram includes information f
hologram rather than the segmented holog‘r

The denoising methodology is the fol %
@  Fresnel transform

@ Selection of denoising %r;

@ Denoising using propose thodse

@ Inverse Fresnel transf@] \%
o ‘

Figure 4. (a) Digital Hologram , (b) Pixel Distribution of (a), (c) Fresnel
Transform Result of (a), (d) Pixel Distribution of (c)
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To apply the proposed algorithm, digital holograms of 3D object (depth-map, intensity) are
generated using the CGH method. The proposed algorithm is applied to them. The encryption
results are verified numerically using peak noise-to-signal ratio (PSNR) and normalized
correlation (NC). In addition to the numerical statistics, visual observation is used to
determine the encryption efficiency. The size of a digital hologram is 1,024x1,024[pixel?].

We divide the two regions in FT domain, whose scheme is shown in Figure 5. This paper
separates the object and the background in the FT domain by using the distribution
characteristics of those coefficients, and proposes each different noise reduction technique.

Background region is to remove/reduce noise outside the object for the FTed image. As
explained above, the coefficients outside the object have relatively very low cafrelations
with the ones inside the object. Thus, removing the values outside the object induces,a very
low influence on the quality of the image. So, Background is substituted with 'O,

In object region, the distribution characteristics in the statistical histograr, of the FTed
coefficients are used. To obtain the distribution characteristics, mgre than 100 digital
holograms produced by the calculation (CGH) were tested, The denoiSing using statistical
histograms is as follows.

@

Figuke's. Two Regions for Denoising in Fresnel Domain

The object ame’the baskground are separated and a Butterworth lowpass filter [11] is
applied to the object. A Butterworth lowpass filter is a kind of low-pass filter which performs
a weighted average far'th® target pixel and the surrounding ones within the filtering window.
A Butterworth lowyass Tilter can be described as Eqg. (2),

3

H(uv) = 1275 %, v /Do @)

wherg DO is a positive constant and D(u,v) is the distance between a point (u,v) in the
frequency domain and the center of the frequency rectangle.

4. Experimental Results

The proposed in the previous section have been experimented with more than 100 digital
holograms (CGHSs). To make a digital hologram noisy, we added Gaussian noise as shown in
Eq. (1). For the objective measurement of the visual quality of a reconstructed image, the
PSNR (peak signal to noise ratio) as shown in Eq. (3) has been measured, while the subjective
comparison of the image quality has been accomplished with the reconstructed images on an
optical system as shown in Figure 1.
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ﬁzx.y (Iry - I;.y)z (3)

PSNR(dB) = 10log,,

Here, Iy, and I’y are the values in the position of (X, y) of the noise-free and the noisy
reconstructed image, respectively. X and Y are the numbers of pixels in the horizontal and
vertical direction in the reconstructed image, respectively.

A smoothing filter which used to reduce noise in natural images was applied to reduce
the noise of digital holograms. That is, the filter has been applied to the data which
occurred due to FTed with a noisy digital hologram. Figure 6 shows an example of the
experimental results. ¢

As can be imagined, the experimental results showed that the image qualitiesYof the
reconstructed images after filtering were worse than the one without filtering.XThe PSNR
values in Figure 6(c) and Figure 6(d) (without filtering) were 16.33 17.81[dB],
respectively. But by applying our methods, the image m&s wered§improved by at least
3.2 [dB] in the PSNR average.

Figure 6. Experimental Results (a) Digital Hologram , (b) Reconstruction Image
of (a), (c) Noisy of (a), (d) Reconstruction Image of (c), (e) Denoising by
Proposed Method, (f) Reconstruction Image of (e)
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5. Conclusion

This paper proposed an algorithm to reduce noise added during the acquisition and
transmission process of a digital hologram and cause dramatic degradation in the image
quality. This algorithm is used to separate the image part from the background data. The
Fresnel transform frequency domain data were treated as natural images by separating the
object from the background by contouring and proposing of denoising methods.

Experimental results showed that the technique to reduce noise in a natural 2D image such
as a smoothing filter could not reduce the noise to improve the image quality for a digital
hologram. But by applying our methods, the image qualities was improved by at least 3.2
[dB] in the PSNR average. w

Consequently, we could be sure that the proposed denoising schemes can pr%@ arious
digital holographic videos for various environments. Thus, we are expectin the proposed
schemes can be used as a good basis for further research %;jenoisin | as for real

e

applications such as a holographic TV. As for the interpo metho ill be one of our
future research topics to find an optimal method to inff bj

Acknowledgment V
This work was supported by the Natlonal rch Fe I'%IOI’I of Korea Grant funded by
the Korean Government (MEST) (NRF 80) 9\

References A\
[1] O. Matoba, T. J. Naughton, Y. I%AN Bertau@P . Javidi, “Three-dimensional object reconstruction
using phase-only information fr a digital holo roc, SPIE 4864, (2002).

[2] Y. Piao, Y. M. Kwon, M. nd J. J. celerated Generation Algorithm for an Elemental Image
Array Using Depth 4nf @ in C tional Integral Imaging”, Journal of information and
communication conv: ineeringi\vol. 11, no. 2, (2013), pp. 132-138.

[3] A. E. Shortt, T. J. ; {, “A companding approach for nonuniform quantization of digital
holograms of , @ptics Express, vol. 14, no. 12, (2006), pp. 5129-5134.

[4] X. Cal and g, “Study.ef relationship between recording wavelength and hologram compression”,

ions, v 0.1, (2006), pp. 111-115.

[5] J. G. Sucerquia, J. A. H. Ra and D. V. Prieto, « Reduction of speckle noise in digital holography by using

igital i i ik optics, vol. 116, (2005), pp. 44-48.

[6] X. Cai and H. Wa influence of hologram aperture on speckle noise in the reconstructed image of

[7] L. C. Lin, %Anferror’detection and recovery algorithm for the transmission of digital holography over noisy
channels”, ommunications, vol. 281, no. 5, (2008), pp. 1008-1016.
[8] A. Shar .“Sheoran, Z. A. Jaffery and Moinuddin, “Improvement of signal-to-noise ratio in digital

using wavelet transform”, Optics and Lasers in Engineering, vol. 46, no. 1, (2008), pp. 42-47.

, “Fast Generation Algorithm of Digital Hologram based Depth Difference Temporal Filtering”,

ional Journal of Multimedia and Ubiquitous Engineering, vol. 8, no. 6, (2013), pp. 171-180.

[10] ttp://en.wikipedia.org/wiki/Fresnel_diffraction

[11] R.C. Gonzalez and R. E. Woods, « Digital Image Processing », 3" Edition, Pearson Prentice Hall, (2009),
pp. 291-298.

Copyright © 2014 SERSC 107


http://www.sciencedirect.com/science/journal/00304018
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235533%232006%23997349998%23630311%23FLA%23&_cdi=5533&_pubType=J&view=c&_auth=y&_acct=C000049182&_version=1&_urlVersion=0&_userid=951132&md5=310d37b2eb984bd0c0b3c5eb6b9ff73a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVF-4PTN7F4-4&_user=951132&_coverDate=01%2F15%2F2008&_alid=1040822054&_rdoc=19&_fmt=high&_orig=search&_cdi=5533&_st=5&_docanchor=&_ct=19&_acct=C000049182&_version=1&_urlVersion=0&_userid=951132&md5=453c91d56ac7526e4ff26f0a43f4fa84
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVF-4PTN7F4-4&_user=951132&_coverDate=01%2F15%2F2008&_alid=1040822054&_rdoc=19&_fmt=high&_orig=search&_cdi=5533&_st=5&_docanchor=&_ct=19&_acct=C000049182&_version=1&_urlVersion=0&_userid=951132&md5=453c91d56ac7526e4ff26f0a43f4fa84
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVF-4R711MG-2&_user=951132&_coverDate=03%2F01%2F2008&_alid=1040822980&_rdoc=12&_fmt=high&_orig=search&_cdi=5533&_st=13&_docanchor=&_ct=12&_acct=C000049182&_version=1&_urlVersion=0&_userid=951132&md5=3ce10c5a9f636482aaad5e39db4a7c44
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVF-4R711MG-2&_user=951132&_coverDate=03%2F01%2F2008&_alid=1040822980&_rdoc=12&_fmt=high&_orig=search&_cdi=5533&_st=13&_docanchor=&_ct=12&_acct=C000049182&_version=1&_urlVersion=0&_userid=951132&md5=3ce10c5a9f636482aaad5e39db4a7c44
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V4G-4PJ0C38-1&_user=951132&_coverDate=01%2F31%2F2008&_alid=1040825693&_rdoc=17&_fmt=high&_orig=search&_cdi=5758&_st=13&_docanchor=&_ct=34&_acct=C000049182&_version=1&_urlVersion=0&_userid=951132&md5=8ce165313f0fa5fe9dc16edb359caaf3
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V4G-4PJ0C38-1&_user=951132&_coverDate=01%2F31%2F2008&_alid=1040825693&_rdoc=17&_fmt=high&_orig=search&_cdi=5758&_st=13&_docanchor=&_ct=34&_acct=C000049182&_version=1&_urlVersion=0&_userid=951132&md5=8ce165313f0fa5fe9dc16edb359caaf3
http://en.wikipedia.org/wiki/Fresnel_diffraction

International Journal of Multimedia and Ubiquitous Engineering
Vol.9, No.9 (2014)

Author

Hyun-Jun Choi, he received his M.S. and Ph.D. degrees in 2005 and
2009 from Dept. of Electronic Materials Engineering of Kwangwoon
University in Seoul, Korea. He is currently an assistant professor with the
department of Electronic Engineering, Mokpo National Maritime
University. He is research interests are in optical image processing and
3D display.

108 Copyright © 2014 SERSC





