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Abstract – Satellite images plays significant role in various 

applications like Geoscience studies, astronomy etc. One 

drawback of satellite images is that they having low 

resolution. Hence it is necessary to improve the image 

resolution. In this project, a novel method to improve satellite 

image resolution is proposed. CWT is a wavelet transform 

which is applied in order to decompose an input image into 

different sub-bands. Then the high frequency sub-bands are 

interpolated. The estimated high frequency sub-bands are 

being modified by using high frequency sub-band obtained 

through CWT. SVD is applied to generate new LF band.  

Then all these sub-bands are combined through Inverse 

CWT (ICWT) to generate a new high resolution and 

brightness enhanced image. Finally we analyze the quality 

image by calculating the PSNR value and compare those 

obtained using SVD technique. The quantitative and visual 

results are showing the superiority of the proposed 

technique. 
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I. INTRODUCTION 
 

Satellite images are used in the field of research and 

video processing applications [2]. One of the main issues 

of satellite image interpretation is its low resolution. 

Resolution is defined as the smallest number of 

discriminable detail in an image. There exits different 

Interpolation techniques which increase the resolution of 

an image. Interpolation increases the number of pixels in 

an image. Different Interpolation techniques are: 

1. Nearest Neighbor Interpolation 

2. Bilinear Interpolation 

3. Bi-cubic Interpolation 

In nearest neighbor interpolation, the new pixel is 

assigned with intensity of nearest neighbor in the original 

image. In bilinear interpolation, the interpolation is 

performed in one direction and then in the other direction. 

Here four nearest neighbors are considered for estimating 

the intensity of new pixel. Sixteen neighbors are 

considered for bi-cubic interpolation to estimate intensity 

of the new pixel [8]. 

The other techniques which increase the resolution are: 

Wavelet Zero Padding (WZP), assumes that the signal is 

zero outside the original support. The most common form 

of zero padding is to append a string of zero-valued 

samples to the end of sometime domain sequence. Zero 

padding in the time domain is equivalent to optimal 

interpolation in the frequency domain, which restores the 

correct amplitudes. Single-frame resolution enhancement 

by Irani and Peleg, where four low-resolution images 

generated by rotation and translation from the input low-

resolution image are used [1]. 

Now a days, Resolution Enhancement in Wavelet 

domain plays a major role in Satellite Image Processing 

[5], [7]. In which Continuous Wavelet Transform and 

Discrete Wavelet Transform (DWT) are the basic wavelet 

transforms. Out of which DWT is applied on satellite 

images to improve its resolution [6]. The discrete wavelets 

are classified into two categories i.e., Real Wavelets and 

Complex Wavelets. Because of the drawbacks of real 

wavelets like oscillations, shift variance, aliasing and lack 

of directionality complex wavelets are preferred over real 

wavelets [3]. The proposed technique is based on Complex 

Wavelet Transform (CWT) which is a complex valued 

extension to DWT. 

If CWT is applied to a satellite image, it decomposes an 

input image into different sub-bands. That means it creates 

the transform coefficient sets. These coefficients are 

modified with a factor α/2 to produce the resolution 

enhanced image. The singular value decomposition (SVD) 

is used to enhance the brightness of the image by 

generating the new low frequency band. 

 

II. EXISTING TECHNIQUE 
 

The loss that is produced in interpolation techniques are 

high frequency components i.e., edges. The edge 

information is necessary for a good quality image. To 

preserve the edges of an image DWT technique is used. 

DWT decomposes the input image into set of four 

transform coefficients. They are LL, LH, HL and HH. The 

first letter corresponds to low pass or high pass filter 

applied to the rows and the second letter corresponds to 

low pass or high pass filter applied to the columns. These 

coefficients are modified to improve resolution. Stationary 

Wavelet Transform (SWT) is used in parallel to DWT to 

further improve the resolution of satellite image. The high 

frequency sub-bands are interpolated and are combined 

with sub-bands obtained from SWT. i.e., the high 

frequency sub-bands of DWT are modified by using high 

frequency sub-bands obtained through SWT. Inverse 

DWT (IDWT) is applied to generate reconstructed high 

resolution image [2]. 

The SVD is used to improve the brightness of the image 

in combination with DWT and Histogram Equalization. 

To get high contrast image, histogram technique is used. 
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The LL sub-band is estimated from the SVD of LL band 

and DWT applied to histogram equalized image. Then 

IDWT is applied to get an image with high resolution and 

brightness. 

DWT considered here is a real wavelet. To overcome 

these drawbacks complex wavelets are preferred over real 

wavelets. The complex wavelets have good directional 

selectivity and Shift invariance. These features enables the 

complex wavelet transforms are preferable than other 

techniques. The proposed technique is based on CWT [1]. 

 

III. PROPOSED TECHNIQUE 
  

Satellite images are used in many applications such as 

geoscience studies, astronomy, and geographical 

information systems [1]. Resolution is an important 

feature in satellite imaging, which makes the resolution 

enhancement of such images to be of vital importance. 

The loss that occurs with Interpolation is high frequency 

components i.e. edges. CWT is a resolution enhancement 

technique which preserves the edges of the image. CWT is 

advantageous over DWT because of its low redundancy, 

good directional selectivity and its shift invariance.   

The proposed enhancement technique has involved in 

resolution and brightness enhancement of the input image 

using Complex Wavelet Transform (CWT) and Singular 

Value Decomposition (SVD) respectively.  

A. Resolution Enhancement: 
Resolution is an important feature in satellite imaging 

[1], [2]. Resolution enhancement improves performance of 

the system which uses these images as input. Complex 

Wavelet Transform (CWT) is used to enhance the 

resolution of the image. CWT decomposes the input image 

into four sub-bands images. 

The sub-band coefficients obtained by applying CWT to 

an input image are LL, LH, HL and HH, where the first 

letter corresponds to either a low pass or high pass filter to 

the rows, and the second letter refers to the filter applied to 

the columns. The LL band contains the low frequency 

information and the remaining bands contain high 

frequency information. The LL band coefficients represent 

the illumination information whereas the high frequency 

band coefficients represent the edge information. To 

produce a quality image, the edge information has to be 

preserved.  The high frequency sub-band coefficients are 

modified and are interpolated with a factor α/2 in order to 

achieve the high resolution. The modified high frequency 

coefficients are then applied to Inverse CWT (ICWT) to 

achieve resolution enhanced image.  

B. Brightness Enhancement: 
Brightness enhancement is achieved through Singular 

Value Decomposition (SVD). SVD calculates the singular 

values of an image.  Singular value matrix or the diagonal 

matrix obtained by SVD contains the illumination 

information [2]. The change in illumination directly 

changes the brightness of an image. So we have to change 

this matrix to change the brightness of the image. Any 

changes made to this matrix will not affect the other 

attributes of the image. Here SVD is applied to the LL 

band obtained from the CWT. A new LL band is generated 

by modifying the matrix.  

LL (new) =UΣV
T 

Where U and V is real or complex unitary matrix, Σ is an 

m×n rectangular diagonal matrix with elements 

representing illumination information. Then the new LL 

band coefficients and the coefficients obtained from the 

high  

frequency bands after interpolation are combined and 

are applied to Inverse Complex Wavelet Transform 

(ICWT). The ICWT is exact reverse process of CWT. 

ICWT reconstructs the image which is both resolution and 

brightness enhanced. 

 
Fig1. Block Diagram of Proposed Technique 

 

IV. RESULTS 
           

Fig. 2-3 shows the super resolved images using the 

proposed technique in (c) are much sharper than the 

original low-resolution images in (a) and the CWT 

enhanced images in (b). Peak Signal to Noise ratio 

(PSNR) is the quantitative parameter used to determine the 

superiority of the proposed technique with CWT. Table1 

shows the PSNR of the given images. PSNR is the peak 

signal-to-noise ratio, which is calculated in decibels 

between two images and can be obtained by using the 

formula, 

PSNR = 10 log10 (R
2
 / MSE) 

Where R is the maximum fluctuation in the input image 

(here it is 255, since the image is represented by 8 bit). 

MSE represents the mean square error between the 

enhanced and the original image and it is given by, 

MSE=    Σi,j(Iin(i,j)-Ien(i,j))/M×N 
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Where M×N represents the size of the image, Iin(i,j) 

represents the intensity of input image at location (i,j) and 

Ien(i,j) represents the intensity of enhanced image at 

location (i,j). 

Here two satellite images are considered for the 

comparison. These images are subjected to CWT and 

CWT along with SVD techniques. The simulation results 

are shown in Fig 2 and 3. This ensures that the visual 

quality of proposed technique. And Table I represents the 

quantitative results from calculating the PSNR values. The 

PSNR results show that superiority of the proposed 

technique. The higher the value of PSNR, the better the 

quality of their constructed image.   

 
(a) 

 

 
(b)                               (c) 

Fig.1. (a) Input Image (b) CWT Enhanced Image 

(c) Enhanced Image of Proposed Technique 

 

 
(a) 

 

 
(b)  (c) 

Fig 2. (a) Input Image  (b) CWT Enhanced Image 

(c) Enhanced Image of Proposed Technique 

 

Table1: Psnr Results for the proposed enhancement 

Technique Fig 2 Fig 3 

CWT 28.9188 28.9967 

Proposed   Technique 39.5499 31.5406 

 

 

V. CONCLUSION 
            

The proposed satellite image resolution enhancement 

technique is based on the wavelet transform. Due to the 

ability to reduce distortion, the popularity of wavelet 

transform is growing. CWT is a wavelet transformation 

technique which enhances the resolution of the satellite 

image by decomposing the input image into sub-band 

images. These sub-band coefficients are modified and are 

interpolated to a produce a resolution enhanced image. 

SVD is applied to the LL band to generate a new LL band 

coefficient which contains the illumination information. 

The LF and the HF bands are combined by ICWT to 

reconstruct an image with resolution and brightness 

enhanced. 
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