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Vector lifting scheme for phase-shifting holographic data
compression
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Abstract. With the increasing interest for holography in 3D imaginglégations, the use of hologram compres-
sion techniques is mandatory for storage and transmissigopes. The state-of-the-art approach aims at encoding
separately each interference pattern by resorting to camstithimage compression techniques. Contrary to such
an independent scheme, a novel joint hologram coding scliemeestigated in this paper. More precisely, instead
of encoding all the interference patterns, it is proposecbtopress only two sets of data, by taking into account the
redundancies existing among them. The resulting data amsed by applying a joint multiscale decomposition based
on the vector lifting concept. Experimental results shoavtibnefits which can be drawn from the proposed hologram
compression approach.
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1 Introduction

With the growing expectation of three-dimensional (3D)&xgnce, interest for 3D video is steadily
gaining momentum. Current 3D techniques are mainly basestevroscopic and multiview rep-
resentations, which only exploit limited depth cues. Femthore, they inherently introduce an
accommodation-vergence conflict, which may induce heaslasusea or visual fatigue. Instead,
considered as the ultimate 3D imaging technology, holdyapis able to offer the potential of alll
depth cues by fully reconstructing the wavefront of the obg@ scene. Giving the advantages of
CCD sensor and computer calculation, digital holographifX and computer generated holog-
raphy (CGH)% " have also been developed with promising features.

In CGH, hologram is generated by mathematically simulathregoptical wave propagation

with different computational techniques. Several issussdnto be addressed for synthesizing,



processing, compressing and transmitting CGHs. The firstammsists in deciding mathemati-
cal models of the object and geometry of wave propagatiom fobjects to the hologram plane.
The second one is related to the computation of the interéer@atterns by carrying out discrete
transformations on the object fields. The third one is thegtlesf a suitable representation and
compression of the interference patterns, which is refleieas hologram encoding.

Generally speaking, the geometry of wave propagation éedlto the selected objects. When
objects are represented using “geometrical” models whbjects are composed of elementary
elements, interference patterns are computed as a sujienpad elementary holograms. Ray
tracing method is suitable for 3D objects consisting of tecgboints & By simply tracing the
ray from a point source to a sampling point on the hologrars ithe most flexible method for
synthesizing CGHs.

Raster graphic models, such as bitmap images, are the mustajebjects that can be easily
obtained. Due to some natural limitations of visual obsiowa the observation surface can be
considered as composed of small sub-areas approximatelhtgsphaving the same distance to
the CCD sensor or the eyes. Under such assumptions, somemedtbal models have been
developed, of which two important and commonly used ones$-egenel holograms and Fourier
holograms’ Both of them are based on Discrete Fourier transforms.

In DH and CGH, one of the main problems is to find a suitableasgntation and effective
compression in order to reduce the very high data rate. Tgresentation of digital holograms is
either composed of real and imaginary information, or atagé and phase information. However,
using in-line setupor off-axis setug? the reconstructed objects always suffer from zero-order
image and twin image. For this reason, in-line phase-siifiigital holography (PSDH) proposed
by Yamaguchi! is more practical for avoiding both zero-order image anchtimiage by using
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reference wave with stepwise changed phase. Accordingtspécificity of PSDH, the intensities

of three interference patterns are applied to reconstrojeicts. However, the extra amount of
CGHs and the calculation of the complex object wavefrontiregl by the phase-shifting algorithm

proves more costly in terms of data storage or transmis3ibus, effective compression methods
of holographic data become an issue of importance.

To this end, different techniques have been developed. Samehas focused on the wave-
front by coding separately its real and complex compon&ntsloreover, compression of the
interference patterns has been suggest€doiy applying common still image compression tech-
niques like JPEG and JPEG2000. Finally, compression ofgpblasting holographic data has also
been proposed by using a family of wavel&t3? In a recent work it was shown that it is more
interesting to encode two sets of difference data that aotiia effective holographic information.

In this paper, a novel and efficient compression scheme fasgshifting holographic data is
developed. Indeed, to the best of our knowledge, the regpoagram compression methods con-
sist generally in independently encoding each patterndomponent). Since the generated patterns
correspond physically to the same 3D object, the differeptesentations present redundancies,
that will be exploited by encodingpintly the phase-shifting holographic data based on a vector
lifting decomposition. More specifically, an optimizedwustture, which is adapted to the content
of the holograms, is designed.

This paper is organized as follows. In Section 2, the maessegarding digital holography
and an overview of hologram compression methods are addte3$e proposed joint hologram
coding scheme based on the vector lifting concept is desttiiilb Section 3. Finally, experimental

results are given in Section 4 and some conclusions are dra@ection 5.



2 State-of-the art on Digital Holography
2.1 Computer Generated Phase-Shifting Holography

The CGHs are generated by simulating the physical digiteddrams recording procedure of in-
line PSDH. The basic setup is illustrated in Fig. 1(a). A fdseam is split into two paths by a
beam splitter (BS), one of which illuminates an object andriieres with the other beam, which is
also called reference beam, at the CCD sensor. The refebeaoe is reflected at the piezoelectric
transducer (PZT) mirror that phase modulates the beam bshawier. By shifting the phase of the
reference beam with a constant, different holograms ar&imdd to derive the complex amplitude

of the object wave.
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Fig 1 (a) Setup for phase-shifting digital holography: BS: beaifiiters; PZT, piezoelectric transducer mirror; (b) Co-
ordinate system of hologram recording.

Mathematical models for generating holograms are relatéoet chosen object models. Hereafter,
Fresnel transform method with bitmap image objects is sedlecThe coordinate system can be
simplified as in Fig. 1(b). The object plane is parallel to hlabogram plane. Assuming the object
points are located atr(,yy’) in the object plane, then the object wave at the hologramepla
represented by

Ulx,y) = //Uo(x', y') explikd + 1k (z—7) ;;l(y —Y) |da' dy' (1)
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where integration is carried out over infinity,(z’, ') denotes the complex amplitude of the object
point, k = 27“ is the wave number) is the wavelength of the laser beam ahd the distance
between the object plane and the hologram plane 0).

Using Fresnel transform, Eq. (1) can be approximated asvistt®

™ ™
’I/_

Ulz,y) = exp] Ad(xQ +y?)F (U, y) eXp[Zm(l"')2 + ()]} (2)

where.# denotes the Fourier transform. Afterwards, the object wawiperimposed upon the

phase-shifted reference wave whose complex amplitudepiessed by:

UR(£7 Y, ¢) = AR(£7 y) eXp<Z¢) (3)

where¢ is the phase andy is the amplitude of the phase shifted reference wave. Bynaissu
that the initial phase of reference wave is zero and changes;ﬁagach step, the resulting intensity

of the interference pattern is computed as follows:

In(w.y:0) = [Un(a.y:0) + Uw. )", 6 €{0,5.7) @

2.2 Numerical Object Reconstruction

Objects reconstructed by PSDH no longer suffer from zed®ioimage and twin image. The rea-
son is that the complex amplitude of the object wavefronhattologram plane can be calculated
directly using CGHs in the case of a three-step algoriftng Eq. (5):

~ 1—2

R

{Tn(e.y:0) = In(w.y: 5) +lln(e.yi5) = In(e.yim)]l) ()



whereU7, is the conjugate of the reference wave with= 0.
Image reconstruction is performed by the inverse Fresaaktormation of the derived complex

amplitudel (z, y).

2.3 Existing hologram compression methods

In order to reduce the storage and transmission burden ofgregphic data, especially phase-
shifting holographic data, numerous lossless and lossyoession methods have been developed.
In Ref. 12, lossless techniques such as Lempel-Ziv, LerdpelWelch, Huffman and Burrows-
Wheeler?® are used to encode separately real and complex componatdsaodtreams, and lossy
compression techniques such as subsampling and quamnizdtFourier coefficients are applied
to interference patterns. Due to the low spatial redundsnaf hologram’s speckle nature, loss-
less compression methods are usually inefficléms a result, most of the earlier work has been
devoted to the lossy compression context.

Quantization was firstly introduced in PSDH by Mills and Yajuahi?* However, this ap-
proach reduces the effectiveness of compression as wdileaesulting quality. Indeed, as the
number of bits decreases, the quality falls rapidly. Theafdéresnelets for PSDH compression
has been studied in Ref. 15. It consists first in decompos$iagomplex wavefront to Fresnelet
coefficients, and then applying an uniform subband quandizaExperimental results show that
it can be used very effectively for the compression of hapgic data. Moreover, based on scalar
guantization, Arrifancet al. developed a multiple description coding (MDC) method on ids
ing a maximum-a-posteriori techniqée.It takes advantage of MDC for optimally coding data
between available channels and mitigate channel erronghwiirns out to be a powerful mech-

anism. Furthermore, investigation of vector quantizatbased on LBG algorithm on computer



generated phase-shifting holographic (CGPSH) data hasdm®lucted recently in our previous
work.” Instead of compressing CGPSH data directly, two sets ot@ffeholographic informa-
tion are extracted and encoded, which result in a reducfitmeaaw data rate due to their inherent
redundancies. Furthermore, it has been shown that bettErpance is obtained using vector
guantization compared to adaptive scalar quantization.

Compression of phase-shifting holographic data by stahdBEG and JPEG 2000 compres-
sion techniques has been addressed in Ref. 14, with repmotegdression ratios in the range of 20
to 27, at acceptable reconstruction levels. Similarly,ungrevious work:® compressing CGPSH
data by standard JPEG and JPEG2000 techniques has bedigatees

A 3D scanning method has been introduced in Ref. 23. Mordfsgaly, interference patterns
have been divided into blocks, and 2D DCT has been perforifieglresulting segments have been
scanned in 3D, in order to form a sequence which was then ass@d using a combination of
advanced video coding, differential pulse code moduladimhlossless coding. High compression
rates have been reported. The use of MPEG-4 Advanced SimpideRASP) for the compres-
sion of hologram sequences was investigated by DafaKkiigher performance was obtained by
MPEG-4 ASP inter-frame coding in the proposed approach peved to independent intra-frame

coding.

3 Proposed joint coding scheme

3.1 Motivation

Since the interference patterns are generated from thefiwat® emanating from the same 3D
object, the resulting holograms present similar visualteots. Thus, it is expected that these

kinds of data show redundancies, and from this point of viefficient hologram compression



schemes can be designed by exploiting the dependenciesdrethese patterns. To this end, it is
proposed here to apply the Vector Lifting concept which wasfl to be an efficient compression

tool in the context of stereo and multispectral (&t

3.2 \ector Lifting Scheme (VLS)

Firstly, note that the generated interference patternsealevalued grayscale images. In this sec-
tion, the two input dependent images to be encoded are debpte!) andS?). Before describing
VLS, let us recall that most of the existing joint coding sties, which have been developed in the
literature for video and stereo/multiview data compresgiorpose, consist of two steps. First, one
image (for examples)) is selected as a reference image and encoded independgtitey/other
one. Then, the second imagé&’, selected as a target image, is predicted from the firstéhe
and the difference between the two images, called the ralsiduencoded. Typically, Discrete
Cosine Transform (DCT) or Discrete Wavelet Transform (DVW¢@h be used for encoding both
the reference and residual imagég®

Contrary to this standard scheme, the main feature of VL8asit does not generate a residual
image, but two compact representations of the imatj€sand.5?. For the sake of simplicity, a
separable vector lifting structure, whose block diagraitiustrated in Fig. 2, is considered in this
paper.

Therefore, the principle of this multiscale decompositrah be described for a given ling. In
what foIIows,Sj(.l) andSJ(.z) designate the approximation coefficientsf) and S at each res-
olution levelj. While j = 0 corresponds to the initial (full resolution) imagg8) andS?, note
that the dimensions 05”;.1) and SJ(.Q) (j > 1) are divided by?2’ along the horizontal and vertical

directions.
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Fig 2 Principle of the VLS decomposition.
As it can be seen in Fig. 2, the reference imatj€ is firstly encoded using a classical lifting
structuré®=3? composed of a prediction and an update stage. To this end, doren linex, the
input signalS!" (z, y) is firstly partitioned into two data sets formed by the exéh (z, 2y) and
odd sample§§1)(x, 2y + 1), respectively. Then, during the prediction step, each $awfone of
the two subsets (say the odd ones) is predicted from the beigiy even samples, yielding the
detail coefficients!'") 1+, atthe resolutiorj + 1):

Ay (x,y) = 5P 2y +1) = Y st (e, 2y — 2k) (6)

kP
where the coeﬁicientﬁg},z and the sePJQ) represent respectively the weights and the support of
the predictor of the odd sampléél)(x, 2y + 1). After that, the update step aims at computing

a coarser approximatiofi}); of the original image by smoothing the even samf{8(x, 2y) as



follows:

Sih(ey) = 5@, 2y) + D wfld) (z,y — k), (7
keu™

where the sdtl;l) denotes the spatial support of the update operator whos$cc@s areu g ,2

Once the reference imagé! is encoded in intra mode like the standard scheme, the iaitemil

be paid now to the targetimagé?. It is important to note that the main difference betweensada

lifting scheme and the vector lifting scheme is that for trgét images ), the prediction step uses

samples from the same image aleb their corresponding pixels taken from the reference image

S, As shown in Fig. 2, a P-U-P structure is used for the targag@s®. More precisely, a first

intra-prediction step is applied to generate an interniediatail S|gnatl which will serve to

J+1

compute the approximation signféﬁ)1 through the update step. After that, an hybrid prediction is
performed by exploitingimultaneously the intra and inter-image redundancies in order to compute

the final detail signad'”

i+1- Thus, the resulting decomposition implies the followingiations:

dﬁzl(x,y) = S( ) (z,2y + 1) Z p(2 5(2 (x,2y — 2k), (8)
keP?
$h(w,y) = $P w2y + Y wd(w,y — k), (9)
keu®
&(Ji_l( y) = d§+1xy <quk Jny k) + Z pj 5,1 2y+1—k‘)) (10)
keQ; ke

whereP® (resp.P!"?) is the spatial support of the intra-image (resp. interges) whereas its

weights are designated I@)ﬁ (resp. p ) andQ; (resp. ¢; ) is the support (resp. weights) of
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the second intra-image predictor.

Since a separable decomposition has been consideredstepsare iterated on the columnef

the resulting subband%(ﬂ, ]H, S(il and , inorder to produce the approximation subbands
S(Jrl and S(Jrl as well as three details subbands, for each image, oriewtgzbhtally, vertically
and diagonally. This decomposition is again repeated oappeoximation subbands ovéreso-
lution levels, yielding the multiresolution representatof the two input images.

Finally, at the last resolution levédl, instead of encoding the approximation subband of the targe

imageSff), it is proposed to encode the residual subband given by:

eP(a,y) =P (@ y) - > 5PV @y —k). (11)

kep(?)
3.3 Proposed hologram compression method based on VLS

According to the description of phase-shifting algorittag,. (5) states that only the intensity of

the three patterns, (z,y; ¢), with ¢ € {o,Z, 7}, is needed for the object wave reconstruction.

)9

This intensity information can be rewritten as:

I (z,y; ) = AR, y) + A*(2,y) + 2AR(z, ) A(z, y) cos(d(z,y) — ¢(z,y)),  (12)

whereA(x,y) andy(z, y) are the amplitude and phase of object wave at paing), respectively.
Moreover, according to Eg. (5), the effective holographiormation is composed of the differ-
ence betweely (z, y; 0) and/y (z, y; 5) on the one hand, and betwebp(z, y; ) and/y (z, y; 7)
on the other hand. Therefore, instead of encoding threeattensity data, it is sufficient to en-

code only two sets. In what follows, two encoding procedaresproposed.
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3.3.1 Procedure-1

The first method aims at encoding the difference data and D® given by:

DW(z,y) = Iy(z,y;0) — Iny(x,y; )
(13)

D(Q)(Tvy) = ]H(-T,y; g) - [H(.’IT,y;W)

Before illustrating these kinds of data, Fig. 3 displays@hertual 3D objects used in this work.

Bunny-2 Luigi-2 Girl

Fig 3 Different test 3D objects

As an example, Fig. 4 shows the dafa'’), D®)) for the “Luigi-1” object. It can be noticed that
the obtained difference data present visually similarguat. To confirm this, Table 1 provides
for some objects the entropy meastireomputed on the original imagP®, the residual one
D® — DM and the error resulting from a joint prediction similar ta S/, which is denoted in

Table 1 byD® — Pred(D™W, D). Thus, by generating the prediction error, the entropy leasb

12



DW D@
Fig 4 Example of two difference dat(") andD®) for the “Luigi-1” object.

decreased which confirms the redundancies existing betwé€eémnd D? . For this reason, it has
been proposed in this paper to encddlé) and D using the VLS.

More precisely,D™ will be encoded in intra-mode by using Egs. (6) and (7) to cotm@ghe

Table 1 Entropy measure o®?), D — DM and D?) — Pred(D™, D) of “Luigi-1”, “Luigi-2” and “Girl”
objects

Objects| D@ [ D@ — DU | D® = Pred(D™, DD
Luigi-1 | 27.32 27.31 23.65
Luigi-2 | 25.99 25.85 18.77
Girl 25.98 26.11 13.29

wavelet coefficients. To this end, a prediction and updatergilwith spatial support@]@l) =
{-1,0} anduj(l) = {0, 1} are considered. In addition, the weights of the update flterset for all
the resolution levels tozfo) = ugll) = i However, itis proposed to optimize the prediction weights
pfll andp% in order to design a coding scheme well adapted to the cantdrthe hologram

data. More specifically, these prediction filter coefficgeate optimized at each resolution leyel

by minimizing the variance of the detalil sign%tzl.

13



Concerning the second signal®, the same intra-prediction and update filters used with will
be employed to generate the sign%fél andl~)§2j21. Then, the second prediction stage is performed
by settingQ; = {—1,0} ande(-l’z) ={-1,0,1}forj € {0,...,J — 1} andP(,l’2) = {0}. The

coefficientsy; x andpE.,l,f) are also optimized by minimizing the variance of the detgihal [lﬂl

3.3.2 Procedure-2

Now, instead of encoding the difference d#&&) and D®, another strategy can be applied. In-
deed, by further exploring the intensity informatifp(z, y; ¢), it can be noticed that the third term
of Eq. (12),2Ag(x,y)A(x,y) cos(o(z,y) —¢(x,y)), contains all effective information in the sense
that the first and second terms of Eqg. (12) will be eliminatedrdy the subtraction operations in

Eq. (13). Thus, by only retaining the third term, three slgran be defined as follows:

1D (z,y) = 2A5(x, y) Az, y) cos(0 — o(z,y))

= 2Ag(z,y) Az, y) cos(p(z,y)) (14)
1?(z,y) = 2Ap(z,y) Az, y) cos(g — ¢(z,y))

= 2Ag(x, y)A(z,y) sin(p(z, y)) (15)
[¥(z,y) = 24p(z,y) Az, y) cos(t — p(z,y))

= 1" (x,y) (16)
Note thatD®) and D® given by Eq. (13) can be re-expressed as follows:

DO (z,y) = IV (z,y) — I (z,y)
(17)

D¥(z,y) = IV (z,y) + I (z,y)

14



By looking to /() and I?, it can observed that they present also visually similategpas as

shown in Fig. 5. Therefore, instead of encodibg) and D®, one can also directly encodé&”

7 72
Fig 5 Example ofI(") andI(? for the Bunny-1 object.

and I® by using the VLS. While the same spatial supports of the ptiethi and update filters
used previously to encode™ and D® are considered, it is important to note that the prediction
weights are re-optimized and adapted to the conteni§ band/®.

Obviously, at the decoder side, the decoded imdA@éSindf(Z) are firstly determined for a given
bitrate, and then, the associated difference signals usetié object wave reconstruction can be

deduced:

DO(z,y) = T(z,y) — T (z,y)
(18)

DO (z,y) = TO(z,y) + 1 (z,y)

15



It should be noted that the resulting distortiong®df) and D can be obtained from that ¢f"

and/® as follows:

(10— T} + B~ 7))

_ B — %@(1) + D@))2)y 4 E{(1 — %@(2) _ Dy
1 N N N _

1 M 4 p® _ BO _ 52 @ _ pi _ 5O 4 HOy2
4<E{(D +D® DO _ D@2 4 E{(D® — DU — D@ 1 D )})

_ %(E{(Du) _ DMy 4 E{(D® — 5<2>>2}> (19)

4 Experimental results
4.1 Computer Generated Holography Setup

Based on the fact that the whole procedure of CGH is numerdcal with the assumption that
the number of samples\, x IV,) in the object plane is equal to that of the hologram plane for

simplicity, Eq. (2) is subsequently digitally represensesd

™
) —

U(k,l) = exp| )\d(kz(Ax/)2 + P(Ay)?)] = ﬁ{ﬁo(m, n)exp[z%(mzsz +n*Ay*)]}  (20)

wherek = 1,2,..,N,, [ = 1,2,...,Nyandm = 1,2,....N,, n = 1,2,..., N, are the discrete
dimensions’ indices of the hologram and object planes,eesgely; Az, Ay and Az’, Ay'are

the sampling intervals in horizontal and vertical direotoof the hologram and object planes,

16



respectively. Due to the bandwidth limitation, they satigfe following requirements:

d
s i s
x)\d ' )il ' )
o ;L
Ar = N, Az’ Ay = N, Ay

whereL, x L, andL, x L, are the dimensions of the hologram and object planes, resplgc

Table 2 describes some basic setup for CGPSH.

Table 2 Parameters of CGPSH

laser wavelength A = 630nm
distance of two planes d = 0.55m
dimension of hologram planeL, x L, = 5.5mm x 5.5mm
number of samples N, x N, = 600 x 600

4.2 Smulations and discussion

Simulations are performed on 6 virtual 3D objects which Hagen already illustrated in Fig. 3.
In order to show the benefit of the proposed hologram comjmessheme based on VLS, the
following methods are considered:

e The first one corresponds to the state-of-the-art holog@ampecession method where the inputs
IM and7® (or DM and D®) are separately encoded by using existing still image cdeéf
To this end, JPEG208bis used in its lossy compression mode with the 9/7 wavelasfoam. It

is worth pointing out that this independent scheme has betmed for comparison because, in
the previous work/ it has been shown that this scheme is more performant thasothentional
hologram compression approach where the three interfeneaiterns are separately encoded.

e The second one is the standard joint coding scheme, exglainthe beginning of Section 3,

where a reference and a residual image are also encodedJiig2000 and the 9/7 transform.

17



Note that this technique has been considered in most of goiding schemes developed in the
context of stereo and video data compressfon.

e The third one corresponds to the proposed joint coding seHzased on the vector lifting con-
cept, applied either to the pair of correlated differend@8), D®) or to the pair( /™), 1)),

All these decompositions are carried out over three resoidevels. In what follows, these
schemes will be respectively designated by Independessp( Independent-Il), Standard-I (resp.
Standard-1l) and VLS-I (resp. VLS-II) wheR™ andD® (resp./) andI®) are encoded.

The entropy measure introduced in Section 3.3.1, is indegabd estimate of the coding perfor-
mance of these different schemes as shown in Table 3. Ditférem Table 2, Table 3 evaluates
the entropy measure based on the wavelet decompositioreafditespondent data in Table 2,
which corresponds to the designation of Independent-hdatal-1 and VLS-I, respectively. The
decreased entropy obtained by VLS-I confirms the efficierfcyLds-1 for predicting redundan-
cies. However, the performance of these methods are maonhpared in terms of the standard

PSNR criterion as well as the perceptual metric SSIM the reconstructed 3D object.

Table 3 Entropy measure of three different compression schemekuwigi“1”, “Luigi-2” and “Girl” objects
Objects| Independent-|] SSD-I | VLS-I
Luigi-1 21.14 20.82| 17.98
Luigi-2 22.06 21.62 | 16.58
Girl 19.36 19.43| 15.10

The first part has focused on the encoding of the differenteidd’ and D®. Figures 6 and
7 illustrate the rate-distortion results in terms of PSNR &$IM versus the bitrate given in bit
per pixel (bpp). It can be firstly noticed that the standattesae is less performant than the con-
ventional independent scheme where the inputs are indeptp@éncoded. This may explain the

fact that residual-based coding methods have not beenteepearlier, and it has been preferred to

18



encode separately each pattern. However, the proposetboodithod based on VLS outperforms
the two other methods. Compared to the standard coding &fresp. the independent one), the
PSNR and SSIM improvements range from 2-4 dB (resp. 1-2 dB)0a2-0.3 (resp. 0.1-0.2). In
addition, Figures (8)-(11) display some reconstructecajat different bitrates. It can be ob-
served that VLS leads to the best visual quality of the reitaogon.

Next, the second strategy which aims at encodiigand/® instead ofD™") and D has also
been tested. In this case, the resulting PSNR and SSIM okttenstructed objects are given in
Figures 12 and 13. By comparing these results to those @stamFigures 6 and 7, it can be
deduced that encoding the paii3™, D?) and(I), I?) lead generally to similar performance.
Whatever the encoded set of data, all these results conferaftactiveness of the proposed joint

coding scheme based on VLS for holographic data comprepsiqroses.

5 Conclusion

This work has been devoted to the compression of phasergttifblographic data. More precisely,
instead of encoding the three interference patterns clsused to represent these data, only a
set of two derived data is encoded. To this end, a new jointiszale decomposition based on
the vector lifting concept has been developed. Moreoverptioposed coding scheme has been
adapted to the contents of the hologram data. Experimesdalts have indicated the good perfor-
mance of the proposed approach over the conventional onesns of quality of the reconstructed
3D object. A significant gain of about 2 dB and 0.15 in terms 8NIR and SSIM, respectively,
has been achieved compared to the state-of-the-art indepeooding scheme.

It is worth pointing out that the developed VLS has been peréa in a separable way by cascading

the 1D decomposition along the horizontal direction, thiem@the vertical direction. However,
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according to the visual patterns of the difference datd and D?, it can be noticed that these
signals present some structures (similar to the propagatiovaves) which are neither horizontal
nor vertical. Thus, it would be interesting to develop a nepasable decomposition to better ex-
ploit the characteristics of the hologram data. Moreoves,droposed scheme can be extended to

a digital holographic video coding framework.
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Fig 7 Rate-distortion performance of the different hologram poession schemes applied &) and D) for the
objects: (a) “Luigi-1”, (b) “Luigi-2”, (c) “Teapot”.
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(a) Original (b) PSNR=18.45 dB, SSIM=0.61

(c) PSNR=16.19 dB, SSIM=0.46 (d) PSNR=22.03 dB, SSIM=0.82
Fig 8 Reconstructed “Bunny-1" object at 0.5 bpp using: (a): Orédj (b) Independent-I, (c) Standard-I, (d) VLS-I.

(a) PSNR=21.65 dB, SSIM=0.72 (b) PSNR=18.70 dB, SSIM=0.5@) PENR=24.32 dB, SSIM=0.87
Fig 9 Reconstructed “Bunny-1" object at 0.7 bpp using: (a) Indejemt-I, (b) Standard-1, (c) VLS-I.
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(a) Original (b) PSNR=18.43 dB, SSIM=0.59

(c) PSNR=15.93 dB, SSIM=0.42 (d) PSNR=20.31 dB, SSIM=0.78
Fig 10 Reconstructed “Luigi-1" object at 0.6 bpp using: (a) Orain(b) Independent-1, (c) Standard-I, (d) VLS-I.

(a) PSNR=22.10 dB, SSIM=0.74 (b) PSNR=19.48 dB, SSIM=0.56) PENR=23.83 dB, SSIM=0.87
Fig 11 Reconstructed “Luigi-1" object at 0.9 bpp using: (a) Indegent-1, (b) Standard-I, (c) VLS-I.
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Fig 12 Rate-distortion performance of the different hologram paession schemes applied &) and(® for the
objects: (a) “Bunny-1", (b) “Bunny-2~, (c) “Girl".
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