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Abstract

This paper presents a new algorithm to reduce the noise from Kalpana Satellite Images using Dual Tree Complex Wavelet Transform
technique. Satellite Images are not simple photographs; they are pictorial representation of measured data. Interpretation of noisy raw data
leads to wrong estimation of geophysical parameters such as precipitation, cloud information etc., hence there is a need to improve the raw
data by reducing the noise for better analysis. The satellite images are normally affected by various noises. This paper mainly concentrates
on reducing the Gaussian noise, Poisson noise and Salt & Pepper noise. Finally the performance of the DTCWT wavelet measures in terms
of Peak Signal to Noise Ratio and Structural Similarity Index for both noisy & denoised Kalpana images.
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1. Introduction

A lot of research work has been concentrated towards noise reduc-
tion techniques in digital image processing. Mainly the noise is in-
troduced in image during either acquisition or transmission of the
images; there are various algorithms & techniques to study, esti-
mate and to reduce the noise from images. Applying image pro-
cessing techniques to Satellite images are not just like applying
techniques to test images such as lenna, cameraman, mandrill etc.,.
The satellite images are not just simple photographs, but contain
various bands of measured data. Reducing noise from satellite im-
age is a challenge for the researcher in digital image processing.
This paper concentrates mainly on Kalpana Satellite Data which is
taken from Indian Meteorological Department. Kalpana Satellite is
the first Indian meteorological Satellite built by Indian Space Re-
search Organization (ISRO). The Satellite comprises two payloads
they are Very High Resolution Radio Meter (VHRR) and Data Re-
lay Transponder (DRT) for collection and transmission of meteor-
ological, hydrological and oceanographic data. The VHRR sensor
operates in three wavelength bands which are Visible Band (VIS),
Water vapor band (WV) and Thermal Infrared band (TIR). Here,
image processing algorithms and denoising techniques are applied
to the TIR band channel images.

2. Related work

Image noise is nothing but undesired changes of brightness infor-
mation or color information in images. There changes may occur
mainly during image acquisition or transmission. This paper mainly
concentrates on Gaussian noise, Poisson noise, and Salt & Pepper
noises. The important characteristic of these noises is there is no
relationship between noisy and other pixels. The black and white
pixels introduced in the image called as Salt & Pepper noise. The
Poisson noise is mostly occurred in lighter parts of an image.

The image denoising techniques are ever-growing in digital image
processing. There are number of spatial domain filters to reduce
noise in images. Different filters are best suitable for different
noises. For example, Median filter is a spatial filter which is effi-
cient to reduce Salt & Pepper noise in an image. In image pro-
cessing mostly Median filter & Wiener filters are used to reduce
various noises. If the size of mask varies, the efficiency of the filters
also varies. As the mask size increases from 3 X 3 to 7 X 7 the
efficiency of Median filter reduces whereas the efficiency of Wie-
ner filter increases.

The spatial filters are well suitable for test images but not recom-
mended for satellite images. The performance of spatial filters has
drastic change when applied to satellite images. For example, if the
satellite image consists of cloud information, the edges of cloud
consider as Salt noise. Similarly various parameters are degradable
by spatial filters.

Wavelet filters are introduced to get better results in digital image
processing, which are also suitable for satellite images. This paper
shows the performance of some basic wavelet filters in reduction of
noise from KALPANA satellite image. Here Daubechies wavelet,
Bi-orthogonal wavelet, Symlet and Coiflet’s are used to reduce the
noise. Finally, the satellite noisy images are denoised by using Dual
Tree Complex Wavelet Transform (DTCWT) which gives better
results.
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Fig. 1: Proposed Method.
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In general, the noisy images are directly applied to denoising algo-
rithms to reduce the noise. Here one may not know whether the al-
gorithm designed reduces the noise or removes the other important
information from the image. Fig.1 shows the proposed method
where the noise is added intentionally to the satellite image, then
applies to the algorithm designed to reduce the noise, and compare
the denoised image with the original image.

3. Dual tree complex wavelet transform

The Dual Tree Complex Wavelet Transform is the advanced to the
basic Discrete Wavelet transform. DTCWT is advantageous com-
pared to DWT i.e., the DTCWT possessing additional properties
which are very important in Digital image processing. Dual Tree
Complex Wavelet Transform is nearly Shift invariant and direction-
ally selective in two and higher dimensions which gives the better
performance compared to other wavelet transforms. When applying
the wavelet transforms to Satellite Images, it is very important to be
shift invariant and directionality. Otherwise, the information pro-
vided by the satellite image will be lost to some extent which gives
undesired results.

The DTCWT can be implemented using two distinct sets of separa-
ble 2D wavelet bases.

v1,1(x, yy=oh(x)yh (y), y2,1(x, y)=og(x)ye(y), v3,1(x,
Y)=eg(x)wh(y), y4,1(x, y) = eh(x)yg(y),

v1,2(x, y)=yh (x)oh(y), w2,2(x, y)=wg(x)eg(y), v3,2(x,
y)=ve(x)eh(y), v4,2(x, y)=yh(x)og(y),

v1,3(x, yy=vh(x)yh (y) v2,3(x, y)=wgx)we(y), v3,3(x,
y)=ve(x)vh(y) y4,3(x, y)=yh(x)ye(y).

The relationship between wavelet filters h and g is shown below

g0 (n)~h0(n-1),forj=1 g0 (n)=hO (n-0.5), for j>1

First, convert the RGB input image into YCbCr (luminance and
Chrominance) components. As most of the information available in
luminance component, luma channel of the image is used to pro-
cess. Chrominance components preserve the edge information
which can be added in the last step. The process of proposed algo-
rithm is shown in Fig.2.
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Fig. 2: Flowchart of the Implementing Method.

4. Results and discussions

The algorithms developed to reduce noise are implemented using
MATLAB. The performance of wavelet filters and Dual Tree Com-
plex Wavelet Transform is tested on still images and KALPANA
satellite images. The performance metrics Peak Signal to Noise Ra-
tio (PSNR) & Structural Similarity module measures the efficiency
of noise reduction algorithms.
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4.1. Original & noisy images
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Fig. 3 age, B) Gaussian Noisy Image, C) Salt &
Pepper Noisy Image, D) Poisson Noisy Image.

Fig.3 shows the original Kalpana image and noisy images which
are used as input images for denoising algorithms to reduce the
noise. Gaussian noise is distributed over the image with minimal
variations, Salt & Pepper noise is clearly visible as white and dark
points on the image, and Poisson noise concentrated mainly on
brighter areas of the image.

4.2. Denoising using wavelet filters
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Fig. 4: Denoied Images for Salt & Pepper Noise Uing Wavelet Filters A).
Daubechies, B) Bi-Orthogonal, C) Symlet, and D) Coiflet Filters.

Fig.4 shows the denoised images by using wavelet filters. These
filters were removed the most of the noise along with some image
information as they considered as noise. Hence the PSNR values
and SSIM values of the denoised image are low when compared to
the noisy image.

Table 1: Results Obtained by the Wavelet Filters
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Fig. 5: Denoised Images by Using DTCWT A) Salt & Pepper Noise, B).
Gaussian Noise and C). Poisson Noise.

The Fig.5 shows the denoised Kalpana Satellite image using Dual
Tree Complex Wavelet Transform for Salt & Pepper noise, Gauss-
ian noise and Poisson noise.

Table 2: Performance Results Obtained by Using DTCWT

. Noisy Image Denoised Image
OB @FNeE PSNR SSIM PSNR SSIM
Gaussian 31.48 0.968 42.23 0.991
Salt & Pepper 35.33 0.978 47.92 0.993
Poisson 40.52 0.986 52.86 0.998

. Salt & Pepper Gaussian Poisson
WaveletFilter  ponp “sgiM PSNR - SSIM PSNR SSIM
Doubechies 22.01 0.94 18.16 0.842 2135 0.93
Bi-orthogonal ~ 22.85 095 1995 0905 2303 0.95
Symlet 2197 094 1824 0847 2141 093
Coiflet 2208 0942 1825 0840 2143 093

Table 1 shows the performance results obtained by the four differ-

ent wavelet filters.

4.3. Denoising using DTCWT
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Performance results of DTCWT based denoising method shown in
Table 2 for both noisy and denoised Kalpana Satellite image.

5. Conclusion

This paper presents a noise reduction technique based on Dual Tree
Complex Wavelet Transform. PSNR and SSIM values are calcu-
lated for different noisy and denoised images. The DTCWT based
technique shows the better results compared to basic wavelet filters.
So the image denoised method based on DTCWT removes the noise
from an image and it is also well suitable for Satellite images. Dur-
ing pre-processing of satellite data, it is better to use DTCWT
method instead of spatial filters and basic wavelets for better anal-
ysis of satellite data.
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