
 

 

In many fields of research we use satellite images which are 

having low resolution. In this paper we are presenting a 

technique for enhancement of satellite image which is based 

on interpolation of high frequency subbands which are 

obtained by Discrete wavelet transform (DWT) and low 

resolution input image.DWT is a procedure in which input 

image is decomposed into different subbands then input low 

resolution image and high frequency subbands of image 

obtained by DWT are being interpolated. In the last step 

Inverse Discrete Wavelet Transform (IDWT) is performed by 

combining all these images. An intermediate stage is used for 

estimation of high frequency subbands which has been used 

for obtaining sharper image. The mathematical and visual 

results given in the paper show the superiority of the proposed 

method over conventional methods used for image enhancing 

purpose. An additional method for comparison of original 

image and the enhanced image is by Mean Structural 

Similarity value. SSIM is used to incorporate “Structural” 

information in image comparison.  

  

1. INTRODUCTION 
Image applications such as weather forecasting, astronomy, 

and geographical information etc., Satellite [1] images are 

being used. Hence it is essential to have high resolution 

satellite images. But these images are affected by factors like 

absorption scattering etc. In space these images are having 

very low resolution. Hence in the literature many approaches 

are proposed for enhancement of resolution of satellite 

images. 

 

An Adaptive antialiasing algorithm based on the wavelet 

Fourier transform and directionally adaptive wavelet 

shrinkage for preserving high frequency image details [2, 3] 

It will remove aliasing artifacts by shrinking transform 

coefficients. A resolution enhancement technique for satellite 

images as well as normal images DT-CWT and bicubic 

interpolation is used for generating unknown high resolution 

images. A good quality denoised high resolution image is 

generated by Cycle Spinning methodology [4, 5, 6, 7].A band 

adaptive contrast modification is used to enhance a large 

number of image details and noise amplification is also 

avoided by it [8, 9]. For input low resolution image a high 

resolution image can be generated by using the cycle spinning 

algorithm along with the multiwavelet transform. The SSIM 

index is a method for measuring the similarity between two 

images. SSIM index is a full reference metric i.e. measuring 

of image quality based on initial uncompressed distortion free 

image as reference. SSIM is designed to improve on 

traditional methods like PSNR, MSE which have proven to be 

inconsistent with human eye perception [12, 13 and 14]. 

As satellite images are of low resolution hence before using in 

any application we have to enhance these images. In proposed 

paper, in first stage we are using DWT, Interpolation in 

intermediate stage and IDWT in final stage where all 

enhances the quality of image. Wavelet is a small wave which 

has limited duration and varying frequency. They are having 

special ability to examine signal simultaneously in both time 

and frequency domain. Fourier analysis is one which is used 

for studying only stationary data while wavelets are designed 

for non-stationary data also, so we use wavelet analysis. There 

are two types of wavelet transform Discrete and Continuous 

for decomposition and compressions of images discrete 

wavelets are more suitable hence we are using DWT. 

 

 

For a function f(x) wavelet series expansion relative to 

wavelet ψ(x) and scaling function ϕ(x) is given as:- 

f(x)=∑     ( )     ( )    ∑ ∑   ( ) 
 
     ψj,k(x) -----(1) 

The function of continuous variable is mapped into a 

sequence of coefficients by using above equation, when this 

function is expanded as sequence of numbers the resulting 

coefficients are called the Discrete Wavelet Transform (DWT) 

of f(x).The DWT transform pair is as follows:- 

Wϕ (j0, k) =
 

√ 
∑  ( )  j0,k(x)   ---------------------------------(2) 

Wψ (j0, k) =
 

√ 
∑  ( )  j0,k(x)   ---------------------------------(3) 

Hence DWT can be performed on input image by using above 

two equations. Image processing consists of interpolation 

technique for increasing number of pixels interpolation is a 

method of defining a function that takes on specified values at 

specified points. In the given paper we are using bilinear 

interpolation which is mathematically represented as given as 

below:- 

f (n+a) = (1-a)*f(n) +a*f(n+1),  0<a<1;……………………(4) 

where, f(n+a) is the pixel added between pixels f(n) and 

f(n+1).Finally we combine the interpolated subbands obtained 

in DWT by performing IDWT. 

2. METHODOLOGY 
The given paper uses interpolation technique in the 

intermediate stage for enhancing the test image, but it will 

affect the high frequency subbands because of smoothing 

happened due to interpolation. Hence to preserve edges we are 

using DWT technique. The structural similarity metrics 
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(SSIM), a class of metrics that attempt to incorporate 

“structural” information in image comparisons. These metrics 

have been developed in both the space domain (S-SSIM) and 

the complex wavelet domain (CW-SSIM), and make it 

possible to assign high similarity scores to pairs of images. 

SSIM metrics rely on point-by-point cross-correlations 

between two images or their subbands, and thus retain enough 

sensitivity that they will generally not give high similarity 

values to textures that are structurally similar 

 

2.1 ALGORITHM 
DWT decomposes the image into four different subbands LL, 

LH, HL, & HH. Interpolation is performed on these four 

subbands. The low frequency subband contains less 

information than original input image. So we are using 

original input image in the interpolation process. To 

interpolate high frequency subband the input image is 

interpolated with the half of the interpolation factor α/2.The 

interpolation on high frequency subbands, is been performed 

to preserve edge information The low resolution input image 

and interpolated LL image are correlated. The difference 

between the LL subband image and input low resolution 

image are in their high frequency components. This difference 

image is used in the intermediated process to correct 

estimated high frequency component. Now the estimation is 

obtained by interpolating high frequency subbands by factor 2 

and then  including the difference image into estimated high 

frequency images, followed by another interpolation with 

factor α/2 to reach the required size for IDWT process. 

We get sharper and clearer image by adding difference image, 

containing high frequency components. Due to interpolation 

of isolated high frequency components HH, HL and LH high 

frequency components will be preserved. The mathematical 

analysis for above algorithm is done by calculating Structural 

Similarity Metric (SSIM) index and computational time as 

follows:- 

SSIM measure between two images x and y of common size 

n*n is 

SSIM(x,y)=
(        )(       )

((  )  (  )    )((  )  (  )    )
……………….(5) 

Where, µx=average of x, µy= average of y,  

σx
2=Variance of x, σy

2= Variance of y, σxy=Covariance of x 

and y. Computational time was calculated using personal 

computer using inbuilt function. 

 

 

Fig.1.DWT filter bank 

 

 

Fig.2.Flowchart for proposed algorithm. 

 

3. EXPERIMENTAL RESULTS 
The satellite test image is taken from the satellite LANDSAT 

8 a joint effort of USGS U.S Geological Survey and NASA. 

The Landsat 8 is the satellite which orbits the earth at 705km 

(438 miles) altitude. They make a complete orbit every 99 

min. We have taken the images like Himalaya, California fire, 

Large Kolkata, LANDSAT 8 and we have used satellite test 

image LANDSAT 8. 

 

Fig.3. Images from LANDSAT 8 satellite. 
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Fig 4:- [1] original low resolution input image in gray form. [2] IDWT for proposed image resolution enhancement technique 

International Journal of Computer Application                                   Issue 4, Volume 5 (Sep - Oct  2014)                     

Available online on http://www.rspublication.com/ijca/ijca_index.htm                          ISSN: 2250-1797_______________________

_______________________________
 R S. Publication, rspublicationhouse@gmail.com                                                                                              Page 169



 

 

TABLE 1.MSSIM results for 512*512 size image 

 

METHOD/IMAGE Fig 4-a2 Fig 4-b2  Fig 4-c2 

Low pass filter 0.143 0.052 0.091 

Gan[13] 0.157 0.0598 0.110 

Coulange[14] 0.160 0.061 0.102 

The proposed method 0.2349 0.1911 0.1497 

 

TABLE 2.Computational time results for image 

 

METHOD/IMAGE Fig 4-a2 Fig 4-b2  Fig 4-c2 

Low pass filter 3.59 3.01 2.68 

Gan[13] 3.63 3.15 2.89 

Coulange[14] 3.57 3.26 2.55 

The proposed method 3.5697 2.9812 2.5185 

 

4. CONCLUSION 
In this paper we have proposed new image enhancement 

technique based on the interpolation of high frequency 

subbands which are obtained by DWT and low resolution 

input image. We have compared the proposed technique 

results statistically with the state of art technique by 

MSSIM and computational time which is improved from 

the existing methods. 
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