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ABSTRACT

Satellite images are being now-a-days used in all fields. The major problem of these color images are their
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poor perception. A new method to enhance the satellite image which using the concept of wavelets and thresh-
old decomposition is discussed here. The existing enhancement technique uses DWT (Discrete Wavelet Transform) to decomposed in-
put image into different sub bands. Threshold decomposition is a powerful theoretical tool, which is used in nonlinear image analysis.
Detecting the positions of the edges through threshold decomposition and these edges are sharpened by using morphological filters.
This method will give better qualitative and quantitative results. These quantitative (peak signal-to-noise ratio and root mean square
error). The visual results show the superiority of the proposed technique.

1.Introduction

Image enhancement is the technique which is most widely re-
quired in the field of image processing to improve the visualiza-
tion of the features. Satellite images are useful in many applica-
tions for instance finding of the spectral signature of different
objects such as the vegetation index, land cover, classification,
and crop pattern. The remote sensing image is vital in the ar-
eas of unfortunate natural disasters to provide humanitarian
aid and damage assessment as well as to device new protection
strategies.

One of the most common problem, occurs in satellite images
while capturing image with a huge amount of distance, is the
dark light and contrast of image. Contrast is determined by the
difference in the color and brightness of the object with other
objects in the same field of view. Basically contrast is developed
due to difference in luminance which is reflected from two sur-
faces. If an image has been taken in very dark or a very bright
situation, the information may be lost in those areas which are
excessively and uniformly dark or bright.

The problem is how the contrast of an image can be improved
from the input satellite image which has complete information
but is not visible. There have been several technique reported
in literature for the contrast analysis of satellite image such as
General Histogram Equalization (GHE), Gamma correction and
local histogram equalization (LHE). These techniques are very
simple and effective Indies for the contrast enhancement. But
these techniques are not efficient as the information laid on the
histogram of the image which is totally lost.

During the last decade, the Wavelet Transform, more particu-
larly Discrete Wavelet Transform has emerged as powerful and
robust tool for analyzing and extracting information from non-
stationary signal such as speech signals due to the time vary-
ing nature of these signals. Discrete wavelet transform is also
widely useful in many fields like removing of noise, compres-
sion, enhancement and remote sensing.

Recently, many techniques have been developed based on wave-
let or wavelet packets for analysis of satellite images. In this
paper, a novel technique based on the Singular Value Decompo-
sition (SVD) and Discrete Wavelet Transform (DWT) has been
proposed for enhancement of low-contrast satellite images.

SVD technique is based on a theorem from linear algebra which
says that a rectangular matrix A, that can be broken down into
the product of three matrices, as follows:

An orthogonal matrix UA, A diagonal matrix A and (iii) the
transpose of an orthogonal matrix VA. The Singular Value- based
image equalization (SVE) technique is based on equalizing the
singular value matrix obtained by singular value decomposition
(SVD).

SVD of an image, which can be:

interpreted as a matrix, is written as follows T A =UA £AVA

The singular value matrix represents the intensity information
of image and any alteration on the singular values change the
intensity of the input image. The main advantage of using DWT
for image equalization comes from the fact that XA contains the
intensity information of the image; here multiband satellite im-
age has been taken for better the analysis.

2. Related Work
Traditional filters and Haar transform technique have some
problems, especially enhancing the noisy image.

e Enhanced Images are unclear because of blur. So the pro-
posed system uses 2D Level DWT with different types.
*  Morphological Filter for better resolution result.

The proposed technique has the advantages of superior resolu-
tion, sharper image and smoother edges. The PSNR (Peak Signal
to Noise Ratio) improvement of the proposed technique is up
to 7.19dB.

Resolution Enhancement technique is based on the Interpola-
tion of the high-frequency sub-bands obtained by Discrete
Wavelet Transforms (DWT).

3. Image

An image is a two-dimensional picture, which has a similar ap-
pearance to some subject usually a physical object or a person.
An image is a rectangular grid of pixels. It has a definite height
and a definite width counted in pixels. Each pixel is square and
has a fixed size on a given display.

However different computer monitors may use different
sized pixels.

The pixels that constitute an image are ordered as a grid (col-
umns and rows); each pixel consists of numbers representing
magnitudes of brightness and color. Each pixel has a color. The
color is a 32-bit integer. The first eight bits determine the red-
ness of the pixel, the next eight bits the greenness, the next eight
bits the blueness, and the remaining eight bits the transparency
of the pixel.

Image file size is expressed as the number of bytes that increas-
es with the number of pixels composing an image, and the color
depth of the pixels. The greater the number of rows and col-
umns, the greater the image resolution, and the larger the file.
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Fig 1: Representation of picture as pixels

4. Method

(a) IMAGE ACQUISITION: Image Acquisition is to acquire a dig-
ital image. To do so requires an image sensor and the capability
to digitize the signal produced by the sensor. The sensor could
be monochrome or color TV camera. Scanner produces a two-
dimensional image.

(b) IMAGE ENHANCEMENT: Basically, the idea behind en-
hancement techniques is to bring out detail that obscured, or
simply to highlight certain features of interesting an image. It is
important to keep in mind that enhancement is a very subjec-
tive area of image processing.

(c) IMAGE RESTORATION: Image restoration is objective, in
the sense that restoration techniques tend to be based on math-
ematical or probabilistic models of image degradation.

(d) SEGMENTATION: Segmentation procedures partition an
image into its constituent parts or objects. In general, segmenta-
tion is one of the most difficult tasks in digital image processing.
Arugged segmentation procedure brings the process a long way
toward successful solution of imaging problems that require ob-
jects to be identified individually.

(e) IMAGE COMPRESSION:

Digital Image compression addresses the problem of reducing
the amount of data required to represent a digital image. The
underlying basis of the reduction process is removal of redun-
dant data.

Fundamental steps in Digital Image Processing:
IMAGE

COMPRESSION

e INAGE
RESTORATION || SEGVENTATION

ssncaer 4 MNUWLEDGE BASE . frmseor

& DESCRIPTION

OBIECT
RECOGNITION

1T

IMAGE ACQUISITION
(=

Fig 2: Basic block diagram of image processing.

5. Discrete Wavelet Transform: Wavelet Transform is a type
of signal representation that can give the frequency content of
the signal at a particular instant of time or spatial location. The
Lifting based wavelet transform decomposes the image into
different sub band images, It splits component into numerous
frequency bands called sub bands. They are LL, LH, HL, and HH
sub bands. A high-frequency sub band contains the edge infor-
mation of input image and LL sub band contains the clear infor-
mation about the image.

JWT Sub-band Structure
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. & Vertical Low pass

il LH: Horizontal Low pass

LM, . HH,, , & Vertical High pass

HL: Horizontal High pass
& Vertical Low pass
LHy HHg
HH: Horizontal High pass
& Vertical High pass

Block Diagram of DWT

Horizonts! (Rows)

Event

Image
corresponding to
resolution Level
R1

Vertical (Calumns)

Image with
resolution
LevelR

Detsil Image

correspondingto
information
NxM visible at the

resolution Level
R

N/2xM/2

L: Low pass filter
H: High pass

Fig 3 & 4 Basic block of DWT

6. Wavelet based Image Resolution Enhancement:

In this paper, we propose a resolution-enhancement technique
using interpolated DWT high-frequency sub band images and
the input low-resolution image. Inverse DWT (IDWT) has been
applied to combine all these images to generate the final reso-
lution-enhanced image. In order to achieve a sharper image, we
propose to use an intermediate stage for estimating the high fre-
quency sub bands by utilizing the difference image obtained by
subtracting the input image Peak signal-to-noise ratio (PSNR)
and root mean square error (RMSE) have been implemented in
order to obtain some quantitative results for comparison. PSNR
can be obtained by using the following formula

PSNR=10log, ,(R*/MSE)
where R is the maximum fluctuation in the input image MSE is

representing the MSE between the given input image /in and the
original image Iorg which can be obtained by the following:

MSE =3, (1,, (i) - 1,,, (1))’
MxN
where M and N are the size of the images.

Threshold decomposition : The success of threshold decom-
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position, gradient-based operators is used to detect the loca-
tions of the edges, by detecting the positions of the edges and
then applying a class of morphological filtering.

Morphological Filtering : A morphological filter is used to
sharpen these detected edges. These detected edges were then
sharpened by using some morphological filters. Binary morpho-
logical operations of dilation and erosion are used to increase
the contrast in the region and direction of the detected edges
with the aid of a flat structuring element. The edge detected
guided smoothing filters succeeded in enhancing low contrast
satellite images. This was done by accurately detecting the posi-
tions of the edges through threshold decomposition.

We run our lossy coder with six different quantization param-
eters and measure the PSNR in relation to the resulting com-
pression ratios. The results ar
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Fig. 5: Decoding time in relation to compression ratio
DWT-Haar Transform

The first DWT was invented by the Hungarian mathematician
Alfred Haar. For an input represented by a list of numbers, the
Haar waveform transform may be considered to simply pair up
input values, storing the difference and passing the sum. The
process is repeated recursively, pairing up the sums to provide
the next scale: finally resulting in differences and one final sum.
The result images can be evaluated with two characteristics,
distortion and sharpness. According to the distortion evalu-
ation, adjusting errors are required, by computing the Mean
Square Error (MSE). Peak Signal to Noise Ratio (PSNR) adjusts

the quality of the image which the higher the PSNR refers to the
better quality is the image

7. Performance Evaluation

7.1 Simulation Result
Satellite Image Contrast Enhancement

Original image

Enhanced imags

Validation
MSE 1.7097
PSNR 45,8016

Fig 6: Comparison result
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Fig 10: SVE based distribution
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Svd based Distribution 8.Conclusion
0045 T T T While we acknowledge the results shown are for a single data
s set with a limited number of objects the preliminary results
it g e 1 have demonstrated the capability of contrast enhanced images
e N . | in a complex environment with the help of high resolution mul-
. tispectral satellite imagery. The technique introduced in this
nl Lo | paper also has potential applications implementing the VLSI de-
.o sign based algorithms. The PSNR improvement of the proposed
oot .ot i technique is up to 7.19 Db. visual results show the superiority of
.o the proposed technique over the conventional one.
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Fig 11: SVD based distribution
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Fig 12: BPDHE based distribution
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