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Abstract  

Objectives: To investigate the image compression methods based on spectral selection and to carry out a 
comparative study. 
Methods: The technique consists of comparing pixel by pixel the spectra of the images being compressed. 
To identify the winner among the spectral pixels, we investigated three forms of information, namely the 
intensity of the pixel in question, its complex gradient and its phase gradient. To separate the images in the 
output plane, after applying a second Fourier transform, the retained pixel must integrate the carrier specific 
to the corresponding spectrum. In addition to these forms, we considered three options of selection, namely 
the selection of the pixel with the most important amount of information, the selection with respect to a 
fixed probability function and finally the selection based on a matched probability function. This leads to 
nine methods of compression. These methods were also compared to the method which consists in merely 
adding the spectra and inserting a carrier specific to each one.  
Results: the quality of image reconstitution are assessed by two metrics namely diffraction efficiency and 
root mean square error. We observed that for any form of information on the basis of which the selection is 
performed, the matched probability function yields a better result. The methods based on the gradients 
privilege contour information. 
Conclusions and perspectives: Whatever the retained method is, the number of images to be compressed is 
very limited. It depends on the bandwidths of the images. In perspective, we plan to integrate the bandwidth 
in the spectral selection. The binarization of the obtained spectrum will be also the subject of a future work.  

 
1. Introduction 

The selection of the zones of each spectrum, 
the most representing of the respective image, 
requires the definition of an appropriate 
selection criterion. Three basic criteria are used 
to select the winning pixel: selection in 
function of 1) the intensity of the pixel, 2) its 
complex gradient or 3) its phase gradient. 
Moreover, we introduce three selection 
options: the winner according to the chosen 
criterion (intensity, complex gradient, phase 
gradient) is retained 1) automatically 2) with 
respect to a predefined probability function and 
finally 3) with respect to a matched probability 
function. 

In the present paper we investigate a recently 
proposed method of optical image 
compression. The compression is carried out in 
the spectral domain and results in a combined 
spectrum referred to as the segmented 
spectrum. Enough amounts of relevant 
information should be selected from each 
spectrum to reconstruct the respective images. 
All amounts are the merged together to form a 
unique spectrum. To separate the images in the 
output plane, after applying a second Fourier 
transform, the segmented spectrum should 
include a distinct carrier for each spectrum [3]. 
In order to identify the method offering the 
best reconstruction of the optically compressed 
images, we intend to investigate several 
spectral segmentation based methods by 
undertaking a comparative study. In 
perspective, we plan to extend the study to 3D 
as well as color images. 

 
To separatee the images in the output plane, 
after applying a second Fourier transform, each 
retained pixel must include a carrier specific to 
the corresponding spectrum. This leads to nine 
methods of compression. These methods were 
also compared to a tenth method which 
consists in merely adding the spectra and 
inserting a carrier specific to each one. The 
tenth method suffers from a major 
disadvantage. It does not allow of the 
implementation of a filter specific to one 
reference because all the pixels of the Fourier 
plane belong to all references. 

 
In our simulation, we used four reference 
images. For illustration, we have chosen an 
image of the first Arabic alphabet letter (alif) 
and three images containing the Latin alphabet 
letters "a, b, c" respectively, as shown in 
Figure 1. 
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 The intensity criterion suffers from two 
drawbacks, 1) all non-winning pixels (loosers) 
in generally large zones are ignored, even if 
the intensities of some loosers are close to that 
of the winner, 2) it neglects the importance of 
the phase during the selection. To overcome 
these drawbacks, we investigated other 
methods. 

 
 

 
 

Figure 1 : The reference images 
   

2. Criteria and options of compression 2.2 Complex gradient criterion 
 The previous criterion focuses on the intensity 

of the pixel and disregards the behaviour of its 
phase [5]. To take into account the phase, we 
propose to consider the complex gradient 
instead of the intensity. The complex gradient 
is calculated according to equation (2). 

2.1 Intensity criterion 
For a given position (i,j) of the Fourier plane, 
the technique consists in comparing the pixels 
of all spectra located at this position. It is 
worth noting that the spectra are normalized to 
a common fixed energy E0, say the unit 
(E0=1). The winning pixel among the four 
pixels of the respective spectra possesses the 
biggest intensity [4]. In other words, the 
importance of information is expressed by the 
intensity of the pixel. The pixel at the position 
(i,j) of the spectrum k is retained if: 
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),( vuS  is the image spectrum and  

is the complex gradient of spectrum. 
),( vuS∇

The complex gradient can be expressed in 
terms of amplitude and phase as follows:  

Where  is the number of classes (images) 
and  is the intensity of the pixel (i,j) of the 
image k. 
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 Both amplitude and phase variations are taken 
into account during the selection process. 
However, when the amplitude varies more 
rapidly than the phase, amplitude information 
will dominate. This situation is very frequent 
and represents a drawback for this method 
which then doesn’t present a significant 
improvement with respect to the previous one. 

We add to each class in the spectral field a 
specific carrier in order to separate the various 
classes in the exit plan after a second Fourier 
transform as shown in Figure 2.  
 
    To separate the various classes in the exit 
plan after a second Fourier transform, a 
specific phase term (carrier) of each class is 
added in the spectral plane as shown in 
flowchart of Figure 2.  

 
2.3 Phase gradient criterion   
Instead of considering all the terms of equation 
(3), we limit ourselves to that of the phase 
variation, namely ),( vuϕ∇ :  
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Figure 2 : Segmentation and reconstruction 
method     Since the criterion focuses on the phase 

variation and disregard amplitude information 
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in the selection process, the drawback of the 
previous criterion is overcome.  
  
    The gradient approaches (complex or phase) 
are insufficient because, like the intensity 
criterion, one spectrum can be the winner for a 
large continuous zone. To ensure a better 
representativity for all the spectra, a spectrum 
should have a chance be represented in the 
zone dominated by another spectrum according 
to the criteria defined above. For this purpose, 
we intend to introduce a probability function 
which allows some initially loosing pixels to 
be selected. We recall that the objective is to 
obtain an equitable representation of the 
spectra.  

3. The probability functions 
The spirit of the introduction of a probability 
function is to not neglect any pixel in the 
selection. The resulting segmented spectrum 
should contain information on the respective 
spectra equitably. 
To introduce the probability function, we 
proceeded in two different ways. The first 
consists in fixing the rates from the beginning 
and independently of the pixel position and the 
values of the spectra at this pixel. We have 
chosen four probabilities 60%, 25%, 10% and 
5%. The winning pixel according to the used 
selection criterion (intensity, complex gradient 
or phase gradient) will be retained with a 
probability of 60% rather than automatically. 
    The pixel which comes in the second place 
according to the same criterion, has less chance 
to be retained (25%). It is hard likely (10%) 
that the pixel which comes in third place will 
be retained. Lastly, though very small in value, 
the chance to retain the pixel which comes in 
the last place exists (5%). A drawback results 
from this kind of selection. The probability to 
retain a pixel depends on its order in the pool 
of importance according to the given criterion. 
The value attributed to the pixel with respect to 
the criterion is not taken into account. For 
example, if with respect to the criterion 
(intensity, ...), the difference between the first 
and the second pixel is very small, the chance 
of the second to be retained is unchanged, 
namely 25%. Thus, we suggest an alternative 
for the probabilistic selection. The idea is to 
match the probabilities to the importance of the 
pixel with respect to the chosen criterion.  
   
The matched probabilistic selection is also 
based on the classification of the pixels by 

their importance. However, unlike the fixed 
probability based selection, it does not neglect 
the importance of one spectral pixel compared 
to its homologues at the same location in the 
other spectra. Indeed, when the difference of 
importance between the first and the second 
pixel with respect to a chosen criterion 
increases, the chance of the second to be 
retained decreases proportionally. If the 
difference becomes relatively very small, the 
chances to retain the first or the second become 
almost identical. This technique is expected to 
offer a significant improvement of the 
reconstruction quality.  
 

4. Reference method    
The principle of this method is very simple. It 
consists in adding the spectra and introducing a 
carrier specific to each one. This method, 
however, does not include segmentation. 

5. Results  

In order to compare the nine methods (three 
criteria and three options of selection), we 
opted for the diffraction efficiency and the root 
mean square error (rms). The diffraction 
efficiency η is defined as the ratio of the 
energy of reconstructed image to the total 
energy of the reconstruction plane. 
The results are summarized in Table I. We 
note that the complex gradient method offers 
no improvement for two images (1 and 2) 
neither in terms of diffraction efficiency (η) 
nor in terms of quality (rms). For image 3 
when no matched probability selection is 
applied, there is a slight improvement with 
respect to the intensity criterion (column 3 
compared to column 2 and column 6 compared 
to column 5). For image 4, the complex 
gradient gives a slightly higher diffraction 
efficiency compared to the intensity criterion 
only if we apply the matched probability 
selection. Our interpretation is that the 
amplitude variation might be dominant on 
phase information. Compared to the method 
based on the complex gradient, the phase 
gradient criterion offers an improvement for 
three images (1, 2, and 3) in terms of 
reconstruction quality (rms) but not in terms of 
diffraction efficiency (η). This is valid for all 
the three selection options (intensity, fixed 
probability and matched probability) except for 
the image 3 where a slight improvement in 
terms of diffraction efficiency is observed 
(columns 6, 9 compared to columns 5, 8 
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The methods based on the gradients privilege 
contour information. Thus they result in a 
significant loss of energy (low diffraction 
efficiency). 

respectively). This demonstrates the 
importance of the phase variation in the 
selection criterion. However, in terms of 
energy, this kind of selection is not 
advantageous. Like the complex gradient 
criterion, the phase gradient method privileges 
the contours of the image, yielding an energy 
loss. The probability function (fixed or 
matched) shows a significant improvement of 
the reconstruction compared to the three 
methods where the winner is automatically 
retained. This improvement concerns both 
reconstruction quality (rms) and diffraction 
efficiency (columns 4, 5, 6 and 7, 8, 9 
compared to columns 1, 2, 3 for all images). 
Also it is worth noting that the matched 
probability gives the best results in terms of 
reconstruction quality (columns 7, 8, 9 
compared to columns 4, 5, 6). As diffraction 
efficiency is of concern, the matched 
probability function favours image 3 only. 

  Whatever the retained method is, the number 
of images to be compressed is very limited. It 
depends on the bandwidths of the images. We 
note also that the choice of the method depends 
on the data basis and the permitted losses at the 
reconstruction plane. 
In perspective, we plan to integrate the 
bandwidth in the spectral selection. The 
binarization of the obtained spectrum will be 
also the subject of a future work.  
We also intend to extend the approach to 
integrate 3D and color images.  
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6. Conclusions and perspectives  

Our comparative study shows that for any form 
of information on the basis of which the 
selection is performed, the matched probability 
function yields a better result.  
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Figure 4 : Image reconstruction by means of the segmented spectrum (except of image 10) 
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