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Abstract 
 
In contrast with normal images satellite images are low resolution images. Nowadays satellite images are used for bounty of 
research process, for that purpose resolution has vital role. Wavelets based novel approaches are introduced here for the 
resolution enhancement and FISH (Fast Image Sharpness) based innovative algorithm applied for sharpness parameter 
estimation. Those wavelet transforms are Discrete Wavelet Transform (DWT) and Stationary Wavelet Transform. DWT 
generates the different frequency subbands from the input image and SWT acts as error correction factor. Finally, Inverse 
DWT comes together the different frequency subbands and then escorts for obtaining the high resolution image. The 
analysis of three parameters like Peak Signal to Noise Ratio (PSNR), Root Mean Square Error (RMSE), and sharpness 
value validates the supremacy of this paper. In presence of Additive White Gaussian Noise, aforementioned two parameter 
may fails to get appropriate value, but sharpness provides accurate value which shows the dominance of sharpness evaluation 
compared with PSNR and RMSE 
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1. Introduction 
 

Resolution means the capability to determine the domain components such as frequency and time components. 
In case of image processing, the interpolation techniques cause increase in number of pixels. There are diverse 
number of interpolation techniques such as bilinear interpolation, nearest neighbor interpolation and bicubic 
interpolation. Out of these the superior one is bicubic interpolation. The 2D wavelet decomposition can be 
obtained by cascaded connection 1D filters as in [1],[2], and [3].This results of 4 different subbands images such 
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as Low  (LL), Low High (LH), High Low (HL), and High High (HH).  
 
Wavelet literally means portion of wave which is used for space frequency localization of image. Actually 

wavelet series consists of a set of scaling function and wavelet function. In this paper the generation of subbands is 
handled by using DWT and then the results are interpolated by means of bicubic interpolation. Here for producing 
high resolution the SWT is used. The proposed technique is compared with Wavelet  Zero padding (WZP) and 
Cycle Spinning (CS) and Complex Wavelet Transform based image resolution enhancement [4]. 
 

By using FISH algorithm, it is possible to mention that whether the one image is sharper than the other or not. In 
most cases the visual results cannot able to predict this verity. The other applications of FISH are main subject 
detection, image quality assessment and image restoration. In FISH algorithm we use three level separable DWT 
and compute the log energies, then sharpness is estimated. Compared with all other method for sharpness estimation 
FISH is a sophisticated method. 
 

 

 

Fig. 1 Subbands of satellite image obtained by using DWT 

 

In Fig 1 top left subbands are called LL Subbands. It is the high resolution subbands out of the four 
subbands. LL Subbands are low frequency subband which holds the maximum information. Similarly bottom 
right subbands are high frequency subbands which carry less information and also low resolution one called HH 
subband. The bottom left one is called HL subband and top right one is called LH subband. Since SWT used 
here, the input loss can be minimize because the decimation process is missing in SWT. 

 
 

2. Pre-existing method 
There are several existing techniques for wavelet based resolution enhancement. They are wavelet zero 

padding (WZP) and cycle spinning (CS) [2], and next one is recently introduced CWT based image resolution 
enhancement [4] 
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2.1 WZP and CS based Image Resolution Enhancement 

First of all initial approximation to unknown high resolution image is produced by using a given low 
resolution image X of size m×n, the unknown image y is reconstructed by using zero padding of high 
frequency subbands. Then find out Inverse wavelet transform. Cycle Spinning (CS) has been shown to be an 
successful method against ringing when used for denoising purposes in the wavelet domain and also for reducing 
ringing and increasing the perceptual quality of compressed images. CS method intends to approximate shift 
invariant statistics by averaging out cyclostationarity. 

 

2.2 CWT-Based image resolution enhancement 

Here the input images into different subbands are done by using dual-tree CWT (DT-CWT). Complex 
wavelet transform is the one of the recent wavelet transform used in image processing. A one level CWT 
of an image produces two complex valued high frequency subband images which are the results of direction 
selective filters. They show peak magnitude responses in the presence of image features oriented at 
+750,+450,+150,-150,-450and-750. In this technique produces sharper and comprehensive super resolved 
satellite images. After the formation of different subbands images then the six complex valued high 
frequency subband images are interpolated using bicubic interpolation. In parallel, the input image is also 
interpolated individually. Finally, the assimilation of subbands is done by using Inverse DT- CWT (IDT-
CWT) to accomplish a high resolution output image. Here α is the enlargement factor used for resolution 
enhancement. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 2 Block diagram of the proposed resolution enhancement algorithm 
 

 
3. Dwt and swt based resolution enhancement 

 
Satellite images are used for different applications such as geosciences studies [5], geographical information 

systems [6] and astronomy. For these applications are required high resolution images. When the interpolation is 
applying on the images for resolution enhancement smoothening occurs. So to retain the quality of enhanced image, 
conserving the edges is necessary. To preserve the high frequency components of the image the DWT is established. 
When the low resolution input image is applied to DWT, separates it into different subband images such as LL, LH, 
HL and HH. The high frequency subbands includes of high frequency components of the images. The low frequency 
subband images are low resolution images compared with original image. Subband images are low resolution 
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images contrasted with original image. Hence a low frequency subband image holds less information than the 
original images. But compared with the remaining all subbands LL consists of more information because the 
maximum energy of the signal should be conserved in the lowest frequency.In proposed technique an intermediate 
stage is established for obtaining the sharper enhanced image. The LL image is interpolated with factor of 2 and the 
low resolution input satellite image is highly correlated. The SWT can be used here as error correction factor which 
is acted as intermediate stage. Interpolation by a factor α/2, used to interpolate the high frequency subbands. The 
proposed technique is as shown in the Fig 2. The final stage used the Inverse DWT (IDWT) for combining the all 
subbands, the interpolation factor α/2 choose in such a way that depends on the size for IDWT process. The 
intermediate processes of adding the SWT processed images contain the high frequency components enable the 
proposed technique to get the high resolution enhanced image.  

 
By using SWT the estimated high frequency subbands are modified. From the proposed technique the 

interpolated high frequency subbands and the SWT processed high frequency subbands are added together because 
of their same size. The importance of SWT is, it never uses the down sampling. So the information loss is very 
minimum in case of SWT.  

 
The output image contains sharper edges than the interpolated image. The interpolated image is obtained by 

directly interpolating the input image. The proposed algorithm preserve more edges because the error probability 
neutralized by using the addition of SWT of high frequency subbands. 
 
 
4. Sharpness estimation 
 

Here global based FISH algorithm used for the evaluation of sharpness parameter which includes the 
following steps of operation  

 
4.1 Computation of DWT: Here the gray scale input image is decomposed into wavelet subbands with 3 levels of 
decomposition.          ie    n є [1,3].  
 
4.2 Computation of Log Energy at Each DWT Level: Here at each level first measure the log energy of each sub 
band.  

EXYn=log10 (1+1/NnΣS2XYn (i, j))  
 

Where XY can be LH, HL or HH. At subbands level n, the quantity Nn represented the number of coefficients. Next 
measure the total log energy at each decomposition level.  
 

En= (1-α)(ELHn+EHLn)/2+αEHHn  
 

Where the parameter α=0.8.This provides greater weight to the energy in the HH sub band.  
3) Computation of Sharpness Index: At the final stage the three log energy values E1, E2 and E3 are added and then 
determine the overall sharpness  
 

FISH =Σ 23-nEn  
 

Larger the index means greater the perceived sharpness. The aforementioned operational procedure is as shown in     
Fig 4.  
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5. Experimental results 
 

The proposed technique applied for several types of low resolution satellite images .The different 
processing steps of proposed technique is shown in the Fig 5.The superiority of the technique is exposed by taking 
the low resolution images. From the visual results itself it can easily understand the enhancement is much higher for 
the proposed technique. 

 
 

In Fig 3 the image (a) shows low resolution satellite image. For the enhancement purposes first the input image 
endures DWT process. The four subbands then undergoes wavelet to image transformation. The wavelets are 
converted into images is as shown in (c).The same process also takes place in SWT. Moreover the visual result, 
some mathematical results also shows the supremacy of the proposed technique. 
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Those mathematical results are Peak signal to noise ratio (PSNR) and Root mean square error (RMSE). PSNR can 
be found out by using the following formula  
 

PSNR=10 log10 (R²/MSE)  

Where R represented the maximum fluctuation in the input image and MSE denotes the mean square error between 
the given input image Iin and the original image Iorg which can be obtained by using the following formula.  

MSE= ΣI, J (Iin (i,j)-Iorg(i,j))²/(M×N)  
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The sizes of the image represent by product of M and N. The square root of the MSE provides the RMSE. It can be 
calculated as follows 

 

   

RMSE=√	ΣI, J (Iin (i,j)-Iorg(i,j))²/(M×N)) 

Table 1 shows the comparison table of PSNR of proposed technique with different techniques such as 
bicubic, WZP, and combination of WZP and CS. Table II shows the comparison table of RMSE of proposed 
technique with different techniques such as bicubic, WZP, WZP and CS based super resolution technique. The 
following tables show the superiority of the proposed technique. Moreover DWT and SWT can’t able to process on 
color images. Table 1 shows the comparison table of PSNR of proposed technique with based Bicubic, WZP, 
combination of WZP and CS super resolution techniques. Table II shows the comparison table RMSE proposed 
technique with aforementioned techniques. Moreover about SWT and DWT cannot be the competent to process on 
colour images. As it was mentioned in the previous section, the low resolution input images are obtained by down 
sampling the high-resolution images. This approach can be tolerated in some applications where there is no 
limitation in the number of bits for the representation of floating point numbers. However, in some applications, the 
down sampled images have to go through a quantization process where the fractions are removed to accommodate 
8-bit unsigned integer representation. In order to show the effect of the quantization loss embedded in 8-bit unsigned 
integer representation, the proposed resolution enhancement technique has been applied to quantized images, 
techniques. Table II shows the comparison table of RMSE of proposed technique with different techniques such as 
bicubic, WZP, WZP and CS based super resolution technique The following tables shows the supremacy of the 
proposed technique. Moreover about DWT and SWT cannot be competent to process on color images.  

Table 1: comparison of psnr results with previous methods 
 

Method/Image PSNR(dB) for Fig 3 

Bicubic 20.16  
 

WZP 19.26  
 

WZP and CS 21.09 

Proposed Method 30.84 
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Table 2:  comparison of rmse results with previous methods 
 

Method/Image PSNR(dB) for Fig 3 

Bicubic 5.00 

WZP 5.27 

WZP and CS 4.74 

Proposed Method 3.68 

 
 
4. Conclusion 
 

A new resolution enhancement technique entirely based on the interpolation of the high-frequency subband 
images obtained by DWT and the input image. Apart from that error correction is added by using SWT. This enables 
the proposed method is superior than the previously introduced resolution enhancement method. Proposed technique 
tested on well-known benchmark images. In all the cases the obtained PSNR value, RMSE value and visual results 
are much better than the pre-existing methods. Moreover the estimation of sharpness is done using FISH algorithm. 
The quality assessment of resolution enhanced image can be done using the sharpness parameter.  
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