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Abstract: By only using phase information, this manuscripsatibes a new spectral lossy
compression method which can: Reduce required memsoadaptively retrieve original
images by only using spectral phase informatiort la@ easily employed in major encryption
techniques. To increase the compression ratioeoptbposed method, an optimal phase coding
based on “a fading grid” is performed. In fact,aigble number of quantization bits has been
used to quantize phase information depending orintipertance of the spectral phases. The
phase information could be classified accordinght® concept of “RMS Duration”. Many
simulations have been carried out. Our experimaegallts corroborate the performance of the
new proposed methot#2.30.Kq, 42.30.Va, 42.40.My)

Keywords. Fouier transform, Fourier plane, filters, imag®qessing, images compression,
segmentation, RMS-Duration.

1. Introduction

In the last decade, several optical compressionesadyption methods have been developed. These
methods can be used in the video and multimedrestnéssion [1]. In fact, optical methods are the
most promising methods for parallelism, howeverythely a lot on the developed technology of
optoelectronic devices [1]. Furthermore, in a récsork [2], we have proposed and validated a
spectral compression and encryption method baseal specific manipulation of the different target
images spectra i.e. fusion without overlapping. diteafter, we propose a new spectral compression
method which can be integrated in spectral filigfi3], form recognition [4-8], encryption [9-13}tce

In this paper, the compression steps can be achiav¢he optical level, i.e. at the origin of light
images, and they are optimised in such way thay tten't compromise the performance of the
reconstructed image at the output plane of ouregaystn many applications such as face recognition,
fingerprint identification and security check ajgglions, CCD cameras or sensors are employed far
away from data processing centers. In most casegrded images should be wirelessly transmitted to
processing centers. For that, it is necessary thuces the needed information to be stored or
transmitted i.e. compression. Many recent algorthhave been proposed to deal with these
applications. Recently, the authors of ref [14] dnahown that classical compression methods, as
JPEG, are not suitable for optical information gssing.
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To overcome the previous constraints, our spectradpression method is mainly based on two
important concepts. The first concept is based hen ghasis use in Fourier domain whom their
importance is clearly highlighted in [15]. In fa€dppenheim et al [15] proved that the phasis of a
spectrum can be used to retrieve the original im@igés reconstruction is subject to few constraints
emphasized in their paper. The second concepttersgive image reconstruction techniques [16]. In
their manuscript [16], Quatieri et al proposed tenative algorithm to reconstruct any image from th
phasis of its spectrum. For multimedia and videpliagtions, the number of needed iterations can be
reduced by introducing estimated amplitude of arefce image.

We begin this paper by analyzing this kind of téghes in order to adapt it to our spectral
compression method. In the following, only phasmnstruction methods are taken into consideration
for the main following reasons:

. Phase information plays a major role in the imag®nstruction procedure.

. Thanks to the phase limitation iE’-l- ﬂ,+ﬂ], we can efficiently reduce the number of bits
required to quantize, record and process phaseiatmn [17].

. Recently, different researchers [18-20] have inddpatly proposed compression methods
which consider a variable bit number.

. The authors of [21] proved that an image coulddm®mstructed by only using “partial phase

information localized in the Fourier domain”.

For all the above mentioned reasons, our methataiks high bit numbers for the most important
phase information. The selection of the most imgurtphase information can be done with the
concept of “RMS Duration” developed by Papoulis1if62 [22]. Using this strategy, one could
drastically reduce both the number of bits anddherall size of information to be recorded and/or
transmitted.

2. Analysis of Image reconstruction technique based only on phase infor mation

Since the eighties, many researchers like Oppenbegh[15-16] have emphasized the importance of
phase information in any image reconstruction dligor. To illustrate this fact, Figure (1) shows the
outcome of an inverse Fourier transform appliethéophase information (i.e. the spectral phasaef t
reconstructed image). As shown in Figure (1), acbesntour image can be easily obtained from the
phase information. To improve the quality of theamtracted image, an iterative procedure has been
put in place [15-16]. By satisfying some constrsjiit was proved in [15-16] that a very good quyalit
reconstructed image can be achieved by only maatipgl the phase information [23].
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Figure 1. Reconstructed image.
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2.1. Major steps of the Algorithm

The new proposed algorithm (i.e. to storage infdiomato be transmitted) has the advantage to be
easy implemented, it doesn’t require complex arthesgting computational efforts and it has good
performance. The algorithm can be summarized bydlf@ving two parts, as shown in Figure (2):

1. Transmitter (Figure 2-a) is used to record the @ggctrum phase needed to reconstruct an
image. The first step (Figure 2-a) consists in agidieros padding to the target imagdéex N
pixels). After that, we obtain an input image W(IZN ><2N) pixels. Using Fourier transform,

a(2N ><2N) spectrum image could be obtained. The latter intageains the phase spectrum

information ((p) Hereinafter, a new method which could reducesize of these phases is

developed. In this case, we achieve the reductiothe needed zeros padding and the bit
numbers used to code these phases.

2. Receiver (Figures 2-b and 3) is introduced tdeeér the original image (by only using half of
the phase informatior((p) stored and/or transmitted, see Figure (2-a)). dapmstructe the

spectrum of the image (amplitude and pha@exp(i (p)) our algorithm could be initialized by a
uniform amplitude A=1). Then, an inverse Fourier transform (IFT) shobkl performed.
Afterward, the module of this reconstructed imagedmes an image c(N X N)pixels. Then,
we add zeros padding to the reconstructed imagerorm its Fourier Transform in order to

retrieve a reconstructed image specmim(p(iqo'). The last obtained amplitudeis presented
the initial amplitude at the second iteration of algorithm. The iterations should be repeated
till the final convergence of our algorithm. We slibmention that as the number of iterations
increase, reconstructed image will become morenaor@ similar to the original image.

At first, the target image d)l should be resized by adding zero columns and.rdhis procedure is
similar to zero-padding technique widely used ignai processing to refine the spectrum. In fact,
adding zero in time domain is equivalent to addm sampling frequency (i.e. oversampling
technique) in frequency domain. By doing so, mataits can be obtained from the spectrum which
allows us to well classify and select importangtrency. In our application, zeros should be added t

double the size of the original image. Therefooe af target image (Figure 2-c) Wi(NXN) pixels, we

should add 3Rizeros to resize the image (BN ><2N) pixels (Figure 2-d). It is well known that the

FT of a real image has symmetrical propertiesBy]relying on these properties, half of the spauntru
can be neglected (Figure 2-a). The remaining pimgenation required bits to be quantized:

d
Q:(ZNXZZN)XZZZNzXZd , )

Whered is the number of bits used in the quantizatiothefspectral phase information.
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Figure 2. Main algorithm (a) transmitter, (b) receiver, (@get Imag@xn), (d) target Image with
zeros paddin@nx2n), (€) output reconstructed image with 500 iteration
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Figure 3. Image reconstructed with an iterative algorithm.

2.2. Convergence of our reconstructed image algorithm

Our goal, i.e. the image reconstruction by onlyngdialf of the phase informatic(ltp), can be realized
by performing a number of successive Fourier tiams$, and then the final output image
asymptotically tends to the target imagé,= Figure (2-c). The iterative procedure should be
initialized by the original phase (which is the cjpal phase of the target image). At every itergtio
the spectrum amplitudeA) should be changed by the spectrum amplitude ef rdtonstructed
imageA' . This new spectrum amplitude can be obtained by @msidering the reconstructed target
image (nxn) pixels (at the output plane) and by putting zeisewhere to get an image @k x2N)
pixels.

Then, a Fourier transform should be performed en2Kx2N image to obtaiA\ . Our algorithm
should be stopped when the final obtained image»«n stands for the iteration number, becomes
very similar to the target imagel ¢». To test the similarity i.e. the convergence of gecontracted
algorithm, a Mean Square Error (MSE) criterionsedt
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MSEn:NfNﬂﬁ\lo(i,j)—ln(i,j)\z (2)

Good performance results have been observed ircandtucted simulations. Figure (4) shows the
reconstructed images obtained using 1, 10, 50 Orite@ations. After 500 iterations, a MSE equal to

MSE;,, =1.723[107 has been evaluated. The latest value is 123 tiesssthan the one obtained at
the first iteration, MSE, = 021.
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Figure 4. Algorithm convergence.

2.3. Influence of the number of iterations on the reconstructed image quality

Table 1 shows the influence of the number of iterat on the quality of reconstructed images. Indeed
as shown in this table, we can observe that lems 00 iterations are enough to get very good
performances. First column presents the iteratiomber. The target image is presented in the 2

column. Reconstructed images, using the algoritrexmipusly detailed, are shown in the 3rd column.

. . - . MSE, :
The ratio given in the last column of table (1j&fined by Ratio, :E' where MSEis the mean

square error at th& iteration. For multimedia and video applicatiotie number of needed iterations
can be reduced by introducing estimated amplitdgereference image. Our simulations results show
that a convergence can be always reached, be&iaiegdod reconstructed images could be obtained
after 50 iterations. For this reason, a hundredokas fixed as the maximum number of iterations.

2.4. File size of the needed phase information.

Our simulation results show that, a good convergezan be achieved and the half of the spectral
phase information is enough to reconstruct the s/aiget image. By considering half of the phase,
we could compress the required information. Howether used zero-padding technique increases the
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size of the processed image. To clarify this idefws consider 4256x 256) input image quantized

using 8 bits. The size of such image should (B86x 256)x8=524 Kbit. To achieve a fast

conver gence speed, the zero-padding step doubles the size of thegyémdherefore the obtained
spectrum becomegiz«s19 pixles. Since the reconstruction is carrying oging half of the spectrum

and as Matlab performs FFT using 64 bits, the sofe the final spectrum becomes

](512>< 512)Ex 64~8388koit (SPECtrum phasefhe final sizeis much larger than the original one.
o2 0

Table 1.The number of iterations versus the quality of atifeconstructed images.

Iterations r[’arget Reconstructed MSE Ratio
number image Image
1 21135 10| 1
- - -3
5 95.07 10 2.2
- -3
10 7452 10 3
% 5371100 4
= -3 -
50 38.31 10 5,5
)
100 23.75 10 9
- -3
250 8.32 10 26
500 17210 0| 123
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It is clear that in order to compress the file siare should firstly reduce the size of the images
generated with zero-padding. At the same time, ewddcalso reduce the number of bits « m », m
<< 64, used to code the spectrum phase informafiois. procedure is further discussed in sections
3 and 4.

3. Compression approach

The main drawback of the approach, detailed in@e@, is still the file size of the phase inforioat
needed to reconstruct a target image. As it wagiqusly pointed, the zero-padding increase the size
of our images and their spectra. In order to stiigproblem, two options have been considered:

1. First of all the effect of the number of added zeiro the zero-padding operation should be
investigated in order to optimize this one.
2. For all frequencies, i.e. phase information, thenber of quantization bits was also optimized.

3.1. Optimizing the zero-padding.

Here, the relationship between the frequency owepiag factor and the quality of reconstructed
image is investigated. Let us consider a gray sicasge shown in Figure 5 vit(1256x 256) pixels
(each pixel is coded on 8 bits) as the input ofitarative algorithm illustrated in Figure 2.

I3
-

Lingénieur généraliste
des hautes technologies

¢) pixels, 256 ray levels (8 hits).

B =

Figure5. Florent’s image(zeng,

To conduct our simulations, half of the spectruampl is selected, constant amplitude equal to one is
considered (as an initialization of our algorithfpurier phase is evaluated in Tff and 8 bits are
used in the quantization part. During the simutajoan increased number of zeros has been
introduced in the zero-padding step. Accordingdineulation presented in table 2, we can notice the
following:

« Compression ratio, defined by equation (3) as fhe gtio of original and reconstructed
image, decreases with an increasing number of aechsled in the zero-padding:

C, = 1-_Mmalsize 5, ®)

— originalsize

« The quality of reconstructed image increases ifilnaber of zeros is increased.
« A fast convergence was observed.
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*  With only 30% of added zeros, satisfactory resudtge been obtained, see table 2.

* An overall compression is noticed when the addedszare less than 45% of the original size
of the image size: The sign "-" means that theltiegpfile size to be stored and/or transmitted
is bigger than the original one.

e If the added zeros are less than 15%, we notice ttie convergence was not always
guaranteed.

Table 2. Effect of the number of zeros padding on the qualitreconstructed images

Zero padding Reconstructe Normalizec
expressed in image MSE
per centages
100 %
(256,256)
(512,512) EIEI 50 100 1500 200 250 300 350 400 450 500
Cr=-100% MSE=0.0066
60 %
(256,256)
9
(409’409) U e wm 0 om0 a0 B0 A0 4 AW
Cr=-27% MSE=0.00934
40%
(256,256)
(358,358) DO TE wo 180 20 20 30 %0 40 40 Bm
Cr=+2.2% MSE=0.01425
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30% .
(256,256)
> 01 —
(332’332) O 0 @ A 20 a0 ®0 40 &0 s
Cr=16% MSE=0.032
10% 026
(256,256) g
2 ME s e 20 20 0 ®@ 40 0 m
(281,281) Cr=40%
MSE=0.0535
1% 03
(256’256) UETTE o el a0 B0 W 30 0 @0 s
9
(258,258) Cr=49% MSE=0.068
(a) (b) (c

As the convergence can't be guaranteed below 158taéd zeros and compression effect will be lost
if we reach 45%therefore we consider in our simulations 30% of added zeros, see table 2. In this
case, a compression ratio of 16% is observed. Tihelu enhance the compression ability of our
algorithm, an optimization of quantization bit nuends conducted; more details are given in the
following section.

3.2. Bit reduction

In this section, we test the influence of the gizamibn bit number on the performance of our
algorithm. At first, we should mention that Matlabes 64 bits to code the spectrum. As we are only

interested in the phase information which are bedruly [11,17; 64 bits are extremely high number. In
order to solve that problem, we adapted the cotdiolgnique proposed by DRAKIS et al in [18-19].

10
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By reducing the used bit number from 64 to 8, weld¢mot notice a big difference, see table 3 (to
perform these simulations, 30% of zeros have bedoeda to the original image, which is a

(256>< 256) pixels, see table (2). The new compression rag@psessed as following:

finalsize ;g [y (NFM)x(N+M)xNb)q5q 4
0

il
cC =1
' E& originalsize NxNx8 O

where(N X N) stands for the size of original image (withoutasepadding)m is the number of added
zeros in the zeros-padding stage and the numheseaf bits is denoted by Nb.

Table 3. Effect of the bit number on the quality of reconstructed image

Bit | Compressiol| Reconstructe MSE
Numbe ratio image
r
8 16 OA 02 MSE

o 50 100 1500 200 250 300 350 400 450 500

MSE= 0.0321

MSE

7 26 %

100 200 300 400 A00 600

MSE=0.0351

11
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6 36 %

MSE
oo
0.026
0024
0oz
0.02
oos
0.016
o4
02 .
o 100 200 300 400 500 B00
MSE=0.0481
5 47 OA 0.028 M5
0.026
0.024
002
o
oot
0016
50 100 150 znb\zm/aén B0 40 450 500
MSE=0.0601
4 57 OA 0.028 s

0.027

0.026

S0 100 150 200 250 300 350 400 450 500

MSE=0.086

MSE

3 68%

0.045

0.035

[ic}

0.025

0 &0 100 150 200 250 300 350 400 450 500

MSE=0.149

12
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2 78 %

50 100 150 200 250 300 350 400 450 500

MSE=0.286

Table 3 clearly shows that 8 bits are enough téeaehgood results. If less than 8 bits are used the
the image quality is deteriorated. Besides thait aumber, lower than 4, could affect seriously the
convergence of the algorithm. Therefore, we shegeldct the number of added zeros and the number
of bits to reach a compromise among the qualitthefobtained images, the compression ratio and the
algorithm convergence. A simple compromise coubitheby selecting a 30% of zero-padding (m =
76) for a (256x 256) images and the bit number could set constant. Mewe better compression

rate could be achieved if the bit humber has bedected accordingly to the importance of the
frequency in the spectrum plane. This new technisjaescribed better in the following section.

4. Bit number based on the RM Sduration criterion

In previous sections, we showed that the propokgaitam can give good results however we should
reach a compromise between quality and compresatom Besides that, we discussed the impact of
the number of zero added during the zero-paddieg sind the number of bit allocated in the

quantization or the spectrum calculus.

In this section, we focus on the fact that a vaeiddt number could achieve better performance.
The number of bits, used to code the phase inféeomais selected between 2 and 8 bits and depends
on the local importance of the phase informatiaguFe 6. Highly important phase information should
receive a large bit number (8). The importancehefphase information is determined by Papoulis’'s
criterion called RMS-DURATION [22].

- A Lt
RMS Duration

8 bits

7 bits

6 bits

Figure6. Bit number based on RMS_Duration criterion appliefourier’'s domain.

13
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To simplify our discussion and clarify our ideast us briefly describe Papoulis’s criterion. RMS-
Duration (useful bandwidth) is a spectral criteriginich can split the spectrum plane into variowesaar
of similar level of energies. At first, we shouldnsider the extent of a two dimensional signaly)x,
which spectrum isS, (u,v) = Alu,v)xexdi/(u,v)}. To define the extentA” (Figure 6), we opt in
this work the RMS signal duration estimated aceuydp an approximation formula proposed in [22].
The RMS duration is often approximated by a 2Drgdé of the second moment of the signal as

2 +00 +o0 +00 +o0

2H :%T D[ﬂ]h (% y)‘zdxdy: I +v2)s (u,v)[*dudv . (4)

where (I (x, y) is the gradient of the image anzé— is an angular normalization factor.
Vs

Simulation results, see Figure 7, prove the effitje of such optimization. Indeed a good
compression ratio, & 60 %, and good quality of reconstructed imageshaeen observed. Indeed,
Figures (6-a) and (6-b) show a very good convergerith a low value of MSE. We should mention
here that by adjusting the size of the RMS-Duratiee could improve the compression ratio.

Compression
Ration = 60 %

MSE

RN

node

- nos

-

Ulsgdmlewr générllne
des hautes technologies

am

0o

. ik & L R iam— L I .
[ a0 1oF te0 X0 350 300 X0 400 4F) 500

(@) (b)

Figure. 7. Simulations results obtained with optimizatiortted used bit number.
5. Conclusions
In many applications such as face recognition, riggccheck, etc, an identification of target image
still the main task to perform. In most this receaturity applications, video sequences (containing

target images) should stored or transmitted to dxaotely processed in headquarters. In those
applications, transmitting compressed and pre-mmsEnk images becomes their major priority. In this

14
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case, our new proposed approach could be of gnéatest. In fact, using our approach, we could
easily compress a target image. The new proposgagh is only based on the use of the Fourier
phase information. The main idea consists on apglgh iterative algorithm on the phase information.
It has been shown that number of added zero ir¢h@padding step and the quantization bit number
could be optimized to reach a compromise betweersitte of the final image and the quality of such
images. A compression ratio of 60% was obtainedreldieer, various simulations showed that our
reconstructed image doesn’t affect the correladiecision.
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