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ABSTRACT 
In this paper, we would focus on various super-resolution image reconstruction techniques. Super-resolution is 

nothing but conversion of a low resolution image into a high resolution one using a set of training images. In this 

paper, we have discussed the learning based and total variation regularization methods for super resolution. Also 

we have discussed the methods with their advantages and disadvantages and compared the performance of every 

method including their PSNR values and the computational time. Higher number of training images leads to 

increase in the computational time of that method, which in turn makes the method difficult to implement in real 

time. We will also combine single-image learning based method along with total variation regularization and 

obtain its results. Super-resolution technology has applications in many areas of image processing such as 

medical imaging, image sensing systems, satellite imaging, space technology and surveillance systems etc. By 

comparison, we have put forward the areas where we need to make improvements along with the future scope. 
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I. INTRODUCTION 

Now-a-days image enhancement is applied in various image processing areas. Be it in surveillance, 

imaging systems, TV signal conversions etc. Low resolution cameras give images with low-resolution 

i.e. images from which one cannot extract exact or minute details. In order to extract those details there 

needs an increase in the resolution of the image. There are various up-sampling methods and 

interpolation techniques to increase the resolution of an image [1]-[12]. ‘Super-resolution’ is a 

technique to increase the resolution of the image for which certain pairs of low and high resolution 

training images are utilized. Increasing the resolution means to increase the size of the image and the 

pixel number [2].  

The main aim of this paper is to check the performance of single-image learning based super-resolution 

method [8]-[12] using total variation method [13]-[18] and compare it with the existing methods. We 

have to check the performance of the super resolution technique by reducing the computational time 

and complexity of the system and getting a good quality image. In order to do so we are extending 

previous method which was described in [2]. Also it has to be checked that the artifacts are reduced 

while a super resolved image is reconstructed. We call image super-resolution as image up scaling, 

image zooming, image magnification, image up sampling etc. 

Li et al in [1] proposed a non-iterative adaptive interpolation scheme for natural image sources. In this 

method, a switching between two methods i.e. bilinear interpolation and covariance based adaptive 

interpolation is done in order to reduce the computational complexity of the system. Sun et al in [4] 

proposed a Bayesian approach to image hallucination. Primal sketch priors are constructed and used to 

enhance the quality of the hallucinated high resolution image. Chang et al [5] have generated a high 

resolution image from a single low resolution image, with the help of a set of one or more training 

images from scenes of the same or different types. 
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Various methods are used to recover or obtain a high resolution (HR) image from one or more low 

resolution (LR) images [2]-[12]. Pixel replication and bilinear interpolation are the standard 

interpolation techniques that tend to increase the pixel count without actually adding the image details. 

These techniques blur edges and other sharp details of the images but perform well in smoother regions 

[3]. In conventional multi- frame super- resolution methods, [2] - [4] many low resolution images of 

the same scene with varying pixel shifts are taken as inputs and correspondence between high and low 

resolution patches is learned from a database which consists of low and high resolution image pairs and 

then by applying this knowledge to a new low resolution (LR) image, a high resolution (HR) image is 

reconstructed. 

Super-resolution image reconstruction has got applications in areas related to image processing. It has 

got applications in medical imaging, satellite imaging, TV signal conversion (NTSC to HDTV), 

surveillance systems, various computer tools like printers,  media players, image editing software’s, etc. 

[11]. Super – resolution (SR) can be achieved using a single image or multiple images (image sets). On 

that basis, SR image reconstruction methods may be classified into 2 classes: (i) Classical multi-image 

and (ii) Example- based super- resolution. Glasner et. al [7] combined the above two methods so as to 

obtain super - resolution from a single image. These single-frame super-resolution methods are also 

called ‘Example based super-resolution’ described by Freeman et al. in [6] which states that to generate 

an upscaled image with desired number of pixels it takes two steps: first one is interpolation to double 

the number of pixels and the other being prediction of missing details.  

Purkait et al in [10] have proposed image zooming technique using fuzzy rule based prediction. In [18], 

single image super-resolution algorithm based on spatial and wavelet domain is presented.  In [19], a 

survey on techniques and challenges in image super resolution reconstruction are discussed. 

Regularization literally means to remove the noise from an image. Total variation regularization leads 

to reduction in the artifacts while maintaining the sharp edges [20]. In this paper, Learning based method 

using single image is combined with total variation regularization in order to get an improved image 

quality. It is different from [2] in the fact that in this case a single image is used for learning. Thus, a 

huge database of images is not needed for checking correspondence between the image patches so there 

is no problem of data redundancy as only high resolution patches constitute its database.  

The rest of the paper is organized as follows. In section II, we have described the Learning based, Total 

variation Regularization method and Single image learning based using total variation regularization. 

In section III, we have described experimental results of combined total variation regularization method 

and learning based method and our approach towards it. In section IV and V, we have concluded the 

paper along with its future scope. 

II. COMPARISON OF SUPER RESOLUTION METHODS 

This section describes the Learning based and the Total variation regularization methods for Super – 

resolution of an image. 

 

2.1. Learning based methods 

Learning based super resolution can be achieved by use of either a multiple pairs of LR-HR images or 

by using single image. Single image super- resolution can be categorized into three classes: functional 

interpolation, reconstruction based and learning based. Learning based method is the most used method 

for super – resolution of an image. There are several learning based methods proposed for super-

resolution of images [2] - [11]. As described in [2],[3],[4], etc., multiple image super – resolution which 

needs a huge database of low and high resolution images. Due to this, the computational complexity 

and time increases. So this paper describe single image learning based method for super resolution of 

an image.   A general flow of learning based method is given below -  

1. Take a low resolution input image 

2. Pass it through a High pass filter and get HF and LF components of the image 

3. Upsample the low frequency (LF) using some interpolation method 

4. Upsample the high frequency (HF) LR components using training image sets from database 

5. Perform a correlative search between LR and HR components of training image  
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6. Select the corresponding patches and add to upsampled low frequency HR output to get final 

HR output image. 

In this method, low resolution patch size used is 3 × 3 pixels.  Using this method, one can obtain images 

with better quality. The drawback of this method is patch redundancy or database redundancy and large 

processing time required for searching similar patches in the database [2]. Using this method, a better 

quality super resolution image is obtained. 

2.2. Total variation regularization methods 

Total variation regularization also known as total variation decomposition is a method used to separate 

the low and high frequency components of an image. Regularization, in mathematics and statistics and 

particularly in the fields of machine learning and inverse problems, refers to a process of introducing 

additional information in order to solve an ill-posed problem or to prevent over fitting [17] . As per 

Rudin et al [12], regularization is based on the principle that signals with excessive and possibly 

spurious detail have high total variation, that is, the integral of the absolute gradient of the signal is high 

[20].Various regularization methods are described in [11] - [16], etc.  

      Two terms, well - posed and ill- posed were described by Hadamard in [15]. He stated that a problem 

is said to be well-posed if a unique solution is present for it which is continuously dependent on the data 

and when this is not the case, the problem is said to be ill-posed. The flow of this method is as follows 

[2]: 

1. Take a low resolution image as input 

2. Apply total variation decomposition to obtain structure and texture components 

3. The low frequency, Structure (cartoon) part is upsampled by using TVR upsampling. 

4. The high frequency, Texture part is upsampled using linear interpolation 

5. At last, add the high resolution structure and texture components to obtain a high resolution 

output image. 

The structure part consists of low frequency components along with edge components whereas the 

texture component consists of high frequency components minus edge components.  In total variation 

regularization, ROF method [12] or Chambolle method [13] can be used. These two methods are 

iterative methods amongst which the Chambolle method is generally used because its convergence is 

faster. In [12], Non-linear methods for noise removal are used where the denoising of images is done 

by minimizing the total variation norm of the estimated solution. The structure and texture can be 

upsampled both by using either TV upsampling or Linear interpolation. When both components are TV 

upsampled the image is quite sharp and looks quite clear and natural 

2.3. Single image learning based method using TVR 

In our method, there is a low resolution image Xi as an input. Figure 1 below shows a general schematic 

of the process. The input image Xi is decomposed using total variation regularization method. The input 

image is decomposed into structure (cartoon) and texture components [2]. Structure component (u0) is 

the low frequency component and texture component (v0) contains high frequencies. Now the structure 

component is upsampled using total variation upsampling method to get HR structure component (U0) 

and the texture component is upsampled using bilinear interpolation to get HR texture component (V0). 

The texture component is learning processed for which we take an image for training which is same as 

the input image. A patch size of 3 × 3 pixels without any overlapping of pixels is taken. The 

corresponding HR patches from learning image are added to the upsampled texture component. Finally 

the HR structure and HR texture components are added in order to get an output HR image.  

One can upsample the structure and texture components both either by using simply linear interpolation 

or by using Total variation upsampling or by using a good interpolation method. Various linear or non-

linear filters that would help sharpen the image can be used at the output. In this paper, the output image 

obtained after this processing is goes through 2–D Haar Wavelet transform. The input image has 3 

dimensions so the wavelet transformation is applied and to any 2 dimensions [18]. Instead of using haar 

wavelets, we can use various filters such as those used in [11] in order to get sharper edges. Our method 

is different form [2] in the fact that we are using a single image for the learning based processing and 

that our output image gets smoother edges, which can be later on sharpened using various techniques. 

http://en.wikipedia.org/wiki/Mathematics
http://en.wikipedia.org/wiki/Statistics
http://en.wikipedia.org/wiki/Machine_learning
http://en.wikipedia.org/wiki/Inverse_problem
http://en.wikipedia.org/wiki/Ill-posed_problem
http://en.wikipedia.org/wiki/Overfitting
http://en.wikipedia.org/wiki/Total_variation
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Figure 1.  Proposed system 

III. EXPERIMENTAL RESULTS 

This method has been implemented on various images using MATLAB 2013a software. The system 

has got a dual core processor with speed 2.20 GHz and a 4 GB RAM.  For images with lower resolutions 

it needs less time to process. In Table 1. Gives the comparison between PSNR and processing time 

taken by images of two different sizes. Figure 2 (a),(b) and (c) respectively shows a flower image to 

which learning based method using single image is applied, TVR method and LBM + TVR using Single 

Image respectively. Figure 3 (a), (b), (c), (d) displays the Learning based image, TVR image, combined 

learning and total variation method [2] image and finally image obtained from combination of single 

image learning and total variation regularization method respectively. 

The processing speed can be increased by using a system with high configuration for implementation. 

We have used images of various sizes and converted them into images of size 128 × 128 pixels and 256 

× 256 pixels. With 128 × 128 pixel size image, one can get the results as shown in Table 1. The number 

of iterations for processing in this method is equal to 30. Patch size is taken as 3 × 3 pixels for LR 

image. As we increase the resolution of the input image the processing time increases and so do the 

artifacts get introduced. Using this method, one can reconstruct images which can be zoomed upto 2X. 

(Magnification factor = 2). As seen in table above, high PSNR values are obtained and time utilised is 

also low.  

Table 2. The comparison between the PSNR values and processing time required for 2 methods of Total 

variation Regularization for different input images is done. In the 1st TV method, we have Total 

variation upsampled both the structure and texture components and obtained output images whereas in 

the 2nd method one can upsample structure component using TV upsampling and texture component by 

Bicubic interpolation [2]. Using TVR, one can get sharp edges and clear image. Super-resolved image 

is very similar to the original image 

Table. 1. Comparison of PSNR and Processing time of LBM + TVR using 2- D Haar wavelet transform 

 

 

 

 

 

 

 

Image  128 × 128 pixels 256 × 256 pixels 

PSNR(dB) Time (sec) PSNR (dB) Time (sec) 

Sono 1 46.4692 22.621522 56.6856 90.053187 

Red rose 46.1070 24.007834 57.1931 91.943678 

CT image 51.4386 23.304213 62.9225 93.818613 

Pink rose 47.7972 23.661270 57.1931 92.304604 
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Table 2.  Comparison of PSNR and Processing time for TVR method using 2 different methods 

 

 

 

 

 

        

Figure 2.  Flower image processed using (a) Learning based method (b) TVR method and (c) LBM + TVR 

method using Haar wavelet transform 

                                                                                  

        

Figure 3. Lighthouse image processed using (a) Learning based method (b) TVR method  (c) LBM + TVR [2]  

(d) LBM+TVR using Single image 

IV. CONCLUSIONS 

When we combined single image learning based method and total variation regularization method we 

got resulting images which had smoother edges. In order to sharpen the image we used 2D - Haar 

wavelet transform which helped us to combine the structure and texture components so that the image 

looks better. The computational time required for processing is reduced. In Table 1 and 2, we have 

compared the PSNR values and Computational time  for every method. Our method is simple to execute, 

though it needs images sharpening and contrast enhancement. The system complexity is reduced and 

the computational time too. We get high PSNR values for the output images. Fig 2 shows the 

comparison of images super resolved and reconstructed using learning based method, total variation 

regularization method and our method. This method is quite useful in medical imaging for processing 

CT images. We get reduced artifacts using this approach 

V. FUTURE WORK 

Super resolution techniques can be applied in various image processing areas. We can also apply fuzzy 

rule based prediction to individual components so as to get an improved image quality. The process is 

simple in computation, no huge databases required for processing the images. A developed algorithm 

can also improve the image quality. In order to get a good quality image, we can combine the Tikhonov 

regularization with TV regularization so that the images are not too smooth. We can also change the 

color model in case of color image processing. Convert RGB model into YIQ or YCbCr model and then 

apply interpolation to individual components for better results. 

 

 

Input Image Total variation method 1 Total variation method 2 

Time (sec) PSNR (dB) Time (sec) PSNR (dB) 

Red rose 18.800081 66.8998 30.225065 62.8053 

Old man 16.046236 64.7839 30.346805 60.3586 

Baby 23.692761 63.6995 32.417537 60.9683 

Mango 29.777048 65.3266 55.420420 62.1022 

Pink rose 19.397311 70.0629 30.902189 64.8487 
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