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ABSTRACT 

Image Super Resolution (SR) has become a very gripping and 

predominant area of research to overcome the issues of 

limited resolution. Super resolution is a kind of technique 

used for obtaining an image of very high resolution by 

combining different low resolution images of the similar 

scene. It not only increases the size of an image but also 

restores the degraded image. It can be used sometimes in 

biomedical imaging to help doctors for making the correct 

diagnosis, in forensic investigations to extract even the minute 

information and in many other applications. This paper 

introduces a new approach based on wavelets where the 

interpolated high frequency sub band images obtained by 

discrete wavelet transform are incremented to the high 

frequency sub bands obtained by stationary wavelet transform. 

An intermediate stage has been introduced for estimating the 

high frequency sub band images by exploiting the difference 

image obtained by deducting the interpolated low frequency 

sub band image from the input image. Considerable 

improvement in the value of PSNR and MSE has been 

observed for biomedical images. 
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1. INTRODUCTION 
The main purpose of Super Resolution [1] is to extract even 

the minute details from a given low resolution image which 

can prove very useful in some applications like in video 

surveillance, satellite imaging, biomedical imaging etc. Super 

Resolution can be categorized into two different types: single 

frame SR and multi frame SR [2]. Multi frame technique uses 

multiple numbers of low resolution images of the similar 

scene to produce a single high resolution image. On the other 

hand, single frame technique makes use of only a single input 

image for obtaining a good quality output image [3]. The 

image pixels are not enlarged in size rather they are increased 

in numbers. 

So the basic idea is to augment the amount of pixels per unit 

area in an image. This can be achieved through various 

hardware based approaches- 

(1) decreasing the size of the pixels 

(2) increased chip size 

With decrease in individual pixel size, pixel density increases 

but the image gets degraded because of the introduction of 

shot. noise. Therefore this is not the correct approach of 

obtaining high resolution image. Another approach mentioned 

above will add an extra cost to that device. Hence this method 

is also discarded. To overcome these hardware limitations, 

some signal processing SR algorithms [4] have been 

implemented as this approach is not just cost effective but it 

also utilizes the existing low resolution imaging systems. 

Some of the existing super resolution algorithms include 

interpolation method [5], reconstruction based SR [6] and 

example learning based super resolution technique [7]. Li et 

al. used edge directed interpolation that provided good results 

as compared to normal interpolation technique. 

Reconstruction technique worked further better. Another 

super resolution technique proposed by Anbarzafari et al. is 

based on wavelet transform for obtaining a high quality output 

image. 

In this paper, a new super resolution technique which is based 

on discrete wavelet transform and stationary wavelet 

transform has been proposed. The high frequency components 

of the image obtained by DWT [8] are interpolated and added 

to the high frequency components obtained by SWT [9-11]. 

An intermediate stage has been introduced for estimating the 

high frequency components (LH, HL and HH) by using the 

difference image obtained by deducting the low frequency 

sub-band image (LL) from the input image in order to get a 

sharper image. Then inverse DWT is applied on high 

frequency components and the input image for obtaining a 

high resolution image as output. 

2. WAVELET TRANSFORM 
A wavelet is a mathematical tool that can be used in image 

processing, signal processing and data compression to 

facilitate multi resolution analysis. 

 

For this Fourier transform could be used but the main problem 

is that it gives either the frequency information or time 

information at any given time. It does not provide both the 

information simultaneously.  

 

For an image of size n × n, the discrete Fourier transform can 

be given by: 

                

   

   

   

   

      
  
 
 
  
 
     

 

where f(i, j) represents the image in spatial domain and F (k, l) 

represents the Fourier image. The exponential part represents 

the basis function.  

The inverse Fourier transform (IDFT) can be used to 

transform the Fourier image back to spatial domain as given 

below: 
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where n2 is the normalisation term used here. A key advantage 

of using wavelet transform over Fourier transform is that it 

provides both the frequency and location information 

simultaneously. 

 

 

Figure 1: Haar Wavelet 

2.1 Discrete wavelet transform 
DWT is one of the most common wavelet transform that is 

being used these days in image processing. In this work, Haar 

wavelet is being used which is one of the most common 

square shaped function that all together form a wavelet basis 

as shown in figure 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Haar’s mother wavelet function  is given by : 

 

     

 
 
 

 
                    

 

 

              
 

 
     

                           
 
 

 
 

 

 

and its scaling function is given by : 

 

       
             
               

  

 

Now for a discrete function f(x) the discrete wavelet transform 

coefficients can be given by : 

 

          
 

    
     

 

        

 

where          is the sampled version of the scaling function, 

       . 

          
 
           

 

Single level DWT is the simplest one that decomposes an 

image into four sub-band images that is LL, LH, HL and HH. 

Out of these four bands, the LL band is the sub band in which 

the pixel values of the input image are changing very slowly 

whereas in rest of the sub bands, the pixel values are changing 

quickly. 

Super resolution in this case can be achieved by interpolating 

the high frequency sub-bands and the input image as shown in 

figure 2. While applying IDWT, input image is used instead of 

LL sub-band image since the input low resolution image 

contains more information. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Block diagram of DWT based SR 
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2.2 Stationary wavelet transform 
This wavelet is a bit different from discrete wavelet transform 

in the fact that it does not down-sample the image sub-bands. 

Hence the size of the sub-band image is same as that of the 

original input image. The main purpose of using this wavelet 

is that it minimizes the information loss and hence enhances 

the edges. It can be used along with discrete wavelet 

transform to enhance the low resolution input image. The 

decomposition analysis using SWT can be visualized in the 

following figure 3 where it does not use down-sampling. 

 

 

Figure 3: Decomposition analysis of two dimensional SWT  

The sub-band images obtained by using SWT are of same size 

as that of the input image and are added to the interpolated 

new high frequency sub-bands to give the estimated high 

frequency bands. Inverse DWT is performed on these 

estimated high frequency sub-bands and the input image to 

give the high resolution output image. The low frequency sub-

band (LL) represents the low resolution part of the input 

image, that is, it contains comparatively lesser amount of 

information than the input image. Hence the input low 

resolution image is used instead of the LL sub-band to 

enhance the quality of the output image. 

3. PROPOSED METHOD 
Interpolation is a technique used to augment the amount of 

pixels in an image using any of the three interpolation 

approaches namely (i) nearest neighbour interpolation, (ii) 

bilinear interpolation, (iii) bi-cubic interpolation. 

In this proposed method of obtaining a highly resolved output 

image from an input image of low resolution, the input image 

is first decomposed into four sub-band images i.e. LL, LH, 

HL and HH where the low frequency sub-band (LL) contains 

the low frequency components of the input image and rest of 

the sub-bands contains the high frequency components. The 

difference image, D(i, j), is obtained by deducting the 

interpolated LL sub-band image from the input image. The 

difference is then appended to the interpolated high frequency 

sub-bands to give new LH, new HL and new HH.  

                               

                             

                             

                             

where I(i, j) denotes the input image, LLinterp (i,j) is the 

interpolated LL sub band, LHinterp (i, j) is the interpolated LH 

sub band and so on. 

 

While using DWT, the sub-bands are down-sampled which 

causes some information loss. To avoid this information loss, 

another wavelet that is stationary wavelet transform is 

employed. 

4. IMAGE QUALITY ANALYSIS 
The quality of the output image can be analyzed using a factor 

called Peak Signal to Noise Ratio (PSNR) [12]. It tells us how 

the original image is affected by the introduction of noise. It is 

basically defined as the ratio of maximum possible power of 

the signal and noise power. A higher PSNR generally 

indicates  a good quality of reconstructed image and it is 

similar to the original one. It is measured in decibels. For 

calculating the value of PSNR, first we need to compute mean 

squared error which is given by: 

 

    
 

  
                   

   

   

   

   
 

 

where I(i, j) and O(i, j) corresponds to the original input image 

and the output reconstructed image respectively. r and c are 

the rows and columns of the image. 

 

PSNR may be given by the following equation. 

 

                     
  

   
      

                                       

                   
 

                                        
 

where R is the maximum possible pixel value of the image. In 

this case the pixels can be represented using eight (8) bits per 

samples and hence R is taken as 255. 

 

In the absence of noise in the output image (O) then the MSE 

will be zero and Peak signal to noise ratio will be infinity. 

5. EXPERIMENTAL RESULTS 
The super resolution technique discussed in this paper has 

been applied to images obtained using CT scan and MRI 

system. Note that the images obtained using imaging systems 

have been down-sampled to get the low resolution images. 

Then the algorithm is applied to get the high resolution output 

image which is then compared to the original high resolution 

image. 

Figure 4 shows that the high resolution biomedical output 

image obtained using the proposed method is far better than 

the output images obtained through other techniques. The 

proposed method not only increases the clarity of the output 

image but the size of the output image is also doubled. 

This technique as shown works well both qualitatively and 

quantitatively. 
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Figure 4: Block diagram of the proposed SR technique 
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Figure 5: CT scan of head subset (512 x 512) (a) Original high resolution (HR) image (b) DWT based high resolution image            

(c) DWT and SWT based high resolution image (d) Result of the proposed SR method. The proposed method produces high 

resolution image with sharp edges and high clarity.

 

 

 

 

 

 

Figure 6: MRI of head subset (256 x 256) (a) original high resolution image (b) DWT based high resolution image (c) DWT and 

SWT based high resolution image (d) Result of the proposed SR technique. 
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Table 1: CT scan image results from 256×256 to 512×512 (α = 2) of the proposed technique 

Techniques PSNR(db) RMSE 

Bi-cubic interpolation 42.26 1.96 

Bilinear interpolation 40.21 2.48 

Discrete wavelet transform 22.90 18.24 

SWT and DWT based SR 23.57 18.95 

Proposed technique 65.10 0.14 

 

 

Table 2: MRI results from 128 x 128 to 256 x 256 (α=2) of the proposed technique 

Techniques PSNR(db) RMSE 

Bi-cubic interpolation 33.25 5.545 

Bilinear interpolation 31.83 6.528 

Discrete wavelet transform 20.70 23.51 

SWT and DWT based SR 20.00 25.80 

Proposed technique 63.09 0.178 

 

Table 1 and table 2 compare the PSNR values obtained by the 

proposed method with those obtained by bi-cubic 

interpolation, bilinear interpolation, DWT based SR, DWT 

and SWT based SR. It can be seen that the values of PSNR as 

much as 25 db higher than other methods has been observed. 

The proposed technique is working well for different image 

sizes. 

6. CONCLUSIONS 
In this paper we have proposed a new super resolution 

technique which is based on the interpolation of high 

frequency sub-band images obtained by discrete wavelet 

transform and the low resolution input image. Information 

loss due to down sampling is reduced using SWT. An 

intermediate stage is introduced and applied to extract more 

high frequency information. The SR method not only enlarges 

the low resolution input biomedical image but also restores 

the degraded image. Improvement in the super resolved image 

is seen both visually and quantitatively. 
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