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ABSTRACT

In this paper, a new satellite image contrast enhancement
technique based on s Atrous wavelet transform and singular
value decomposition (SVD) has been proposed. To obtain
shift invariant discrete wavelet transform decomposition for
images, we introduced the discrete wavelet transform known a
“A trous” algorithm to decompose the image into wavelet
planes which is computed as the difference between two
consecutive approximations and calculate the singular value
matrix of the residual image. The enhanced image is obtained
by applying inverse transforms. These techniques are
compared with conventional image equalization techniques
such as general histogram equalization and discrete wavelet
transform. Quality metrics were used to evaluate the
superiority of the proposed method.
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1. INTRODUCTION

Satellite images are used in many areas of remote sensing.
The quality of the displayed is influenced by many factor
.One of the most important factor is contrast which is created
by the difference in luminance reflected from two adjacent
surfaces. The contrast of an image is highly concentrated on a
specific range; the information may be lost in those areas
which are excessively and uniformly concentrated. The
problem is to optimize the contrast of an image in order to
represent all the information in the input image. A histogram
can also describe the amount of contrast .Broad histograms
reflect a scene with significant contrast, whereas narrow
histograms reflect less contrast and may appear flat.

General histogram equalization (GHE)[1] is a simple method
for contrast enhancement which consists of generating an
output image with a uniform histogram .In image processing
the idea of equalizing a histogram is to stretch the original
histogram using entire range of discrete levels of the image
.GHE is a commonly used for image contrast enhancement
since it is computationally fast and simple to implement. One
of the disadvantages of GHE is that the information laid on
the histogram or probability distribution function is lost.

In previous singular vale equalization(SVE) [2]technique is
based on the singular value decomposition (SVD) [3] which is
applied on image A of size PxQ such that

A=U,Z.V, M)
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Here VA is a PxQ orthogonal matrix whose columns are
the Eigen vectors of AAT and V, is a QxQ orthogonal

. . T

matrix whose columns are the Eigen vectors of AA" and >
is a QxQ diagonal matrix with non-negative diagonal element
in decreasing order of magnitudes whose entries are the

square roots of the corresponding Eigen values of AAT In

this case SVD is used to deal with the illumination problem.
The SVD of this new image is calculated and the maximum

singular  Max( A) is used to calculate the transformation

factor & as the ratio of the largest singular value of the
generated matrix over maximum value of the image.
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Now new singular value matrix 2., = &2, .

ZA can be referred as singular value matrix of the equalized

image. Using this equalized matrix, a new image A can be
calculated

A=U, IV, ©)

The intensity of the image has been equalized by equalizing
the singular value matrix. Thus the proposed method is named
singular value equalization (SVE).Wavelets have been used in
many areas of image processing such a feature
extraction,denoising,compression, face recognition and
satellite image super resolution[4]-[6]. The most commonly
used implementation of the wavelet transform is critically
sampled discrete wavelet transform (DWT)[7] is shift variant
and is unsuitable many image processing applications. Shift
variance results from the use of critical sub sampling (Down
sampling) in the DWT. In this way every second wavelet
coefficient at each decomposition level is discarded .This
critical sub sampling however, results in wavelet coefficients
that are highly dependent on their location in the sub

sampling lattice. ThiS can lead to small shifts in the input
waveform causing large changes in the wavelet coefficients,
large variations in the distribution of energy at different scales
and possibly large changes in reconstructed waveforms.

The simplest way of making the DWT shift invariant is not to
perform any sub sampling at all. This is most commonly
referred to as the algorithme Atrous. Because there is no sub
sampling of data, the mother wavelet has to be dilated at each
level of the transform obviously, the Atrous algorithm is shift
invariant and it can be used with any of the mother wavelets
conventionally used with the DWT.



2. ATROUS WAVELET TRANSFORM

Wavelet decomposition is used for image processing very
much. Wavelet transform produce the images in different
resolution. Wavelet representation refers to both spatial and
frequency space. There are different approaches to do wavelet
decomposition. One of them is Mallat algorithm which can
use wavelet function such as “Daubechies functions (dbl, db2
,...)"which is not shift-invariant, this lead to a problem in
signal analysis, pattern recognition etc...To obtain a shift-
invariant discrete wavelet decomposition for images, we use
the discrete wavelet transform known as “’a trous” (“with
holes™)[8]10] algorithm decompose the image into wavelet
planes. Given an image | we construct the sequence of
approximations

Fl(l): I F2(|1)=|2 ,F3(|2)=|3... 4

In this algorithm for the discrete wavelet transform we must
do the successive convolution with a filter. The wavelet
planes are computed as the differences between two

consecutive  approximations Il_land |, .Letting

Wy =1 =1 (=Lo n) in which I =1
We can write the reconstruction formula
n
=>W, +Iy
|:1 (5)
In this representation, the images II (I=0,.....,n)are
versions of the original image | at increasing scales

(decreasing resolution Ievels),WI (I =0,.....,n) are the

wavelet planes, and | r is aresidual image.

3. PROPOSED IMAGE CONTRAST
ENHANCEMENT

Our proposed method has two important parts. The first one is
singular value matrix by obtained by SVD contains the
illumination information. Therefore, changing the singular
values will directly affect the illumination of the image; hence
the other information in the image will not be changed. The
second part is the application of shift invariant wavelet
transforms. In Atrous wavelet transform the illumination
information is embedded in the residual of the image .The
edges are concentrated in the wavelet planes. Hence
separating the high frequency subbands and applying the
illumination enhancement to the residual image in Atrous
wavelet transform will protect the edge information from
possible degradation. After reconstructing the final through
inverse Wavelet transforms, the resultant image is not only
enhanced with respect to illumination and also sharper edges.

ALGORITHM

1. The input image | is first processed by using General
histogram equalization (GHE) ,the resultant image is 1.
2. (I & T) both images are transformed by Atrous wavelet
transform into wavelet planes residual images.
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Wfl,WTZ"" and Wll’WIZ"“ are the wavelet

planes of inputimage(l) and general Histogram Equalized
image(T).

ZRl and ZRI— are the residual images of Tand T
3.The correction coefficient for the singular value matrix is
calculated by using the following equation
m _
_max(X )
max( 2.
( RI ) (6)

Where ZRI—the singular is value matrix of the residual

image of T and ZRI is the singular value matrix of the

residual image of I.
4. The new singular value matrix of residual image and new
residual image is composed by

fzéZm

RI=Upg I, Vg o

5.The wavelet planes are recombined by applying inverse

atrous wavelet transform to generate the enhanced image |
.The flow of the algorithm is shown in fig.1
A n _—
I => w+RI
>= ®)
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Fig.1 Flow of the proposed algorithm using Atrous
Wavelet transform
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4. EXPERIMENTAL RESULTS

Our proposed algorithm is implemented in Matlab 7.0. In this
proposed algorithm Atrous wavelet transform we must do the
successive convolution with a filter given below.

0.0039 0.0156 0.0234 0.0156 0.0039
0.0156 0.0625 0.0938 0.0625 0.0156
0.0234 0.0938 0.1406 0.0938 0.0234
0.0156 0.0625 0.0938 0.0625 0.0156
0.0039 0.0156 0.0234 0.0156 0.0039

Low contrast images LISS 11l and LISSIV were used to test
our proposed methods .These images have been equalized by
GHE, DWT and proposed shift invariant wavelet transforms
such as Atrous wavelet transform. The quality of the visual
results indicated that the proposed equalizations gives good
results compared with GHE and DWT . Experiments were
performed over various low contrast images which confirmed
the qualitative results.

To start our analysis, for each image, we compute the
brightness (i.e., the mean) and contrast (i.e., the standard
deviation) of the original and the output images obtained by
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the proposed methods Table. 1 shows values of the brightness
and contrast obtained for the enhanced images.

Let us first analyze the results in Table 1 regarding the
brightness of the original and the processed images. By
observing the absolute difference between the value of the
brightness in the original and processed images (i.e., the
brightness preservation), we state that the images produced by
our proposed methods are better in preserving the brightness
of the original images. We perform a similar analysis to the
one performed in Tablel by observing the contrast values, we
state that the images produced by the GHE methods gives
good results. Observing brightness and contrast our proposed
methods produces good results.

5. IMAGE QUALITY METRICS

Image Quality [11]-[13] is a characteristic of an image that
measures the perceived image degradation. Quality
assessment methods can be broadly classified into two
categories: Full Reference Methods (FR) and No Reference
Method (NR). In FR, the quality of an image is measure in
comparison with a reference image which is assumed to be
perfect in quality. NR methods do not employ a reference
image. The image quality metrics considered and
implemented here fall in the FR category. In order to estimate
the quality, the enhanced image is compared with the original
image. The value obtained for different quality metrics are
shown in Table2

(d)

Fig 3. LISS Il image
(a)Input image (b) Image contrast enhancement using GHE (c) Image contrast enhancement using DWT
(d)Image contrast enhancement using AT
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Table 1. Brightness and contrast for LISS 111 and LISS IV Image
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Fig 3. LISS IV image

enhancement using AT

(d)

Image Method rightness Contrast
INPUT IMAGE 188.22 74.21
LISS 1l GHE 191.42 83.38
DWT 186.93 82.64
AWT 191.61 75.14

Image Method rightness Contrast
INPUT IMAGE 189.85 73.15
LISS IV GHE 190.95 78.90
DWT 188.90 79.69
AWT 191.27 74.90

(a)Input image (b) Image contrast enhancement using GHE (c) Image contrast enhancement using DWT (d)Image contrast
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Table2
(i) Image metrics readings for LISS 11 Image
METHOD | MSE PSNR RMSE AD NCC NAE MD | UQI SSIM
GHE 835.61 18.9850 | 3.7336e+002 | 2.9276e+005 | 8.9215e+004 | 785.2302 85 0.9325 | 0.7641
DWT 743.9125 19.4793 | 4.6072e+002 | 1.1095e+005 | 8.6289e+004 | 3.7109e+003 | 90 0.9322 | 0.7584
2.9216e+003
AWT 103.3541 27.9902 | 1.7774e+001 | 3.1065e+005 | 9.2922e+004 130 | 0.9975 | 0.9720
(if) Image metrics readings for LISS 111 Image
METHOD | MSE PSNR RMSE AD NCC NAE MD | UQI SSIM
GHE 266.7661 23.8985 | 2.8399e+002 | -1.0258e+005 | 7.9215e+004 | 985.2302 97 | 0.9841 | 0.9196
0.9826 | 0.9095
DWT 298.5117 23.4030 | 3.2492e+002 | 8.2420e+004 | 8.6289e+004 | 3.6809e+003 125
AWT 2.5072e+003 | 14.1428 | 5.1336e+002 | -1.6255e+005 | 9.3222e+004 - 156 0.9844
2.8612e+003 0.9221
6. CONCLUSION [2] Hasan Demirel, Gholamreza Anbarjafari and Mohammad
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techniques was proposed based on AWT. The proposed
technique decomposed the input image into wavelet planes [3]
and residual images. Then SVD of the residual is updated and
inverse transform was performed to get the enhanced image.
The proposed techniques were compared with the DWT and (4]
GHE. Brightness and contrast was calculated which shows the
superiority of the proposed method over conventional
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