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 Super resolution is an active problem in image processing. Super resolution is the process of recovering a high resolution im
from a set of low resolution image of the same scene or single image. Super resolution of an image is a major problem in many
situations in different fields For example medical image, remote sensing. The main objective of super resolution is to improv
quality of available low resolution input image. Super resolution is an inexpensive technique to produce hig
paper some of the techniques of super resolution to are discussed to produce high resolution image. 
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INTRODUCTION 
 
 Image super resolution is an image processing 
algorithm which produce high resolution image from 
a set  of  low resolution images or from a  single 
image. Naturally, there is always a demand for a 
better quality of images. Super resolution t
.super resolution techniques used in many difficult 
applications. NASA has been using super resolution 
techniques to obtain images of planets and other 
objects.sr techniques used in many real world 
problems For example it is used to enhance the 
images in remote sensing application, 
imaging, image display   
 In many visual applications imaging sensors 
have poor quality resolution outputs. When the 
resolution cannot be increased by replacing some 
other sensor because of the cost or hardware 
SR technique is used. Super resolution is an 
inexpensive technique to give high resolution 
images. There has been many research work going   
on in this field for recent years.        
 Super Resolution techniques are mainly  
classified  into major three categories,
� Interpolation based approach,  
� Learning based approach,  
� Reconstruction based approach. 
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ABSTRACT 

Super resolution is an active problem in image processing. Super resolution is the process of recovering a high resolution im
from a set of low resolution image of the same scene or single image. Super resolution of an image is a major problem in many
situations in different fields For example medical image, remote sensing. The main objective of super resolution is to improv
quality of available low resolution input image. Super resolution is an inexpensive technique to produce hig
paper some of the techniques of super resolution to are discussed to produce high resolution image.  

Super resolution, High resolution ,Interpolation method, Learning method.

Image super resolution is an image processing 
algorithm which produce high resolution image from 
a set  of  low resolution images or from a  single 
image. Naturally, there is always a demand for a 
better quality of images. Super resolution techniques 
.super resolution techniques used in many difficult 
applications. NASA has been using super resolution 
techniques to obtain images of planets and other 
objects.sr techniques used in many real world 
problems For example it is used to enhance the 
mages in remote sensing application, medical 

In many visual applications imaging sensors 
have poor quality resolution outputs. When the 
resolution cannot be increased by replacing some 
other sensor because of the cost or hardware limits 
SR technique is used. Super resolution is an 
inexpensive technique to give high resolution 
images. There has been many research work going   

 
Super Resolution techniques are mainly  

ree categories,    
 

Reconstruction based approach.  

 Interpolation based approach is the basic super 
resolution method. In Learning based approach, it 
learns example patches in the training dataset.it 
works by considering the correspondence between 
the low and high resolution image patches in the 
training set. In reconstruction based approach, high 
resolution image is reconstructed from a single low 
resolution image or multiple LR images of same 
scene.  
 

 
Fig. 1: Super resolution process
 
 When the image is captured by low resolution 
cameras there are three main artifacts occur, that are 
aliasing, blurring and noise. Aliasing occurs due to 
low sampling rate. It causes the loss of high 
frequency details in the image. The loss of high 
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Interpolation based approach is the basic super 
resolution method. In Learning based approach, it 
learns example patches in the training dataset.it 
works by considering the correspondence between 
the low and high resolution image patches in the 

t. In reconstruction based approach, high 
resolution image is reconstructed from a single low 
resolution image or multiple LR images of same 

 

Super resolution process. 

When the image is captured by low resolution 
cameras there are three main artifacts occur, that are 
aliasing, blurring and noise. Aliasing occurs due to 
low sampling rate. It causes the loss of high 
frequency details in the image. The loss of high 
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frequency details in the image artifacts occurs at the 
edges in the image, because the high frequency 
details having information about edges and textures 
of the image. Blurring occurs due to the motion 
between camera and image. Noise is an unwanted 
information in an image, it occurs due to atmosphere 
like rainy atmosphere, dusty atmosphere. So, Super 
resolution is the process of recovering the missing 
high frequency details and removing the 
degradation. 
Interpolation Methods: 
 The most important aspect of image processing 
is the ways in which we can improve the quality of 
an image by using various techniques. Interpolation 
is one such technique. Interpolation is the process of 
converting an image from one resolution to other 
higher resolution. Interpolation methods estimates 
the intermediate pixel between the known pixel. It 
works by using known data to estimate the values at 
unknown points.  
 
A. Nearest Neighbour  Interpolation: 
 Nearest neighbour interpolation is the simplest 
approach [2] among all the interpolation methods.it 
works rather than calculate an average value by 
some weighting criteria or generate an intermediate 
value based on complicated rules, this method 
simply selects the value of the nearest point and does 
not consider the values of neighbour points at all.so 
the unknown pixel values are placed by using 
unknown nearest pixel values. The nearest neighbour 
pixel can any one the upper, lower, left and [5] right 
pixel. It is a simple and fast algorithm.it takes only 
less time for computation process. This algorithm 
reduces some of the visual distortion caused by 
resizing an image. But it has some    artifacts such as 
blurring and edge halos.         
 
Advantage:  
• Nearest neighbour interpolation method is easy 
to implement and less complexity. 
 
Disadvantage: 
• Nearest neighbour interpolation produces some 
artifacts like blurring and edge discontinuities.  
 
B.Bicubic Interpolation: 
 In bicubic interpolation the interpolated surface 
is smoother. It is based on 16 neighbour pixels. It 
takes 4*4 neighbourhood  [5] of known pixel, each 
pixel is at various distances from unknown pixel. 
Closer pixel are given a higher weight in the 
calculation. It produce sharper image.  It uses 
polynomial, cubic or cubic      convolution 
algorithm.       
 Cubic convolution algorithm [5] identifies the 
grey level value from the weighted average of the 16 
closest pixels in the input image and assigns the 
weighted average value into the output co-ordinate. 
Bicubic interpolation is chosen over bilinear 

interpolation or nearest neighbour interpolation 
when speed is not an issue. It provideless 
interpolation distortion.  
 
Advantage: 
• Bicubic interpolation technique performs well 
than other interpolation techniques such as nearest 
neighbour interpolation, bilinear interpolation. 
Because it provides less amount of distortion. 
 
Disadvantage: 
• Bicubic method takes more time to generate the 
output. 
 
C. Bilinear Interpolation: 
 Bilinear interpolation generate high resolution 
image [1] by identifying the unknown pixel values. 
It identifies the unknown pixel values from random 
position. It considers only the 4 neighbourhood of 
known pixel values which is located in diagonal 
directions from a given pixel value in order to find 
the intensity value of the unknown pixel. Then takes 
a weighted average of those 4 pixels for the final 
interpolated value. The Weigh on the 4 pixel is based 
on the pixel’s distance from each of the known 
points. This method is simple and fast to implement. 
It reduces some of the visual distortions. This 
method slightly smoothens the image and it does not 
creating any aliasing effect.         
 
Advantage: 
• Bilinear interpolation is fast and simple because 
it takes only 4 pixels in order to find the unknown 
pixel. These pixel values are taken from the diagonal 
entries. 
• When resizing an image visual distortions will 
occur ,this method reduces this problem. 
 
Disadvantage: 
• This method produce unnecessary patterns 
which are not acceptable. 
 
Iterative Back Projection(Ibp: 
 In iterative back projection initially the HR 
image is generated [8] from the input low resolution 
image by reducing the pixels. The generated HR 
image is degraded and down sampled to produce the  
observed LR image. Finally the simulated LR image 
is subtracted from observed LR image. The HR 
image is estimated by identifying the difference 
between simulated and observed LR image. Based 
on the difference the image is back projected. This 
process is repeated until the error between simulated 
and observed image is minimized. In this method 
some times the iterations are predefined. The main 
advantage of this method is it takes only less number 
of iterations to produce good quality image and the 
complexity is also less. 
 Iterative back projection is sometimes used with 
edge detection algorithm [9] like canny edge 
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detection to preserve edges in the image while 
generating high resolution image. when including 
edge detector it first takes the low resolution image 
and removes the noise by applying filter. Then the 
direction of the intensity changes are identified and 
edge thinning is applied on the image. Finally the 
edges are traced out. After tracing the edges the  
high resolution image is generated by interpolating 
the low resolution image using interpolation 
technique.  The obtained high resolution image is 
down sampled to produce a observed low resolution 
image. Then the difference between the observed 
and original low resolution image is calculated by 
subtracting these images and based on the difference 
in the error rate, the image is back projected until the 
error is reduced. The obtained high resolution image 
have good visual quality as well as the edge 
sharpness. 
 
Robust Learning Based Super Resolution: 
 Learning based super resolution algorithm 
produce a high resolution image [4] based on 
learning patch pairs of low and high resolution 
images. Since low resolution image patch is usually 
mapped to multiple high resolution patches.so 
unwanted artifacts or blurring can occur in super 
resolved images. So robust statistics is introduced in 
learning based super resolution. So to avoid blurring 
an effective construction of training data is 
important. In robust learning based approach, the 
training data is constructed by collecting a set of HR 
images. Then the HR images are down sampled to 
synthesize corresponding LR images. We can obtain 
a HR image of a size equal to the initial HR image 
by Interpolating the LR image. Interpolated image is 
subtracted from original HR image to obtain a High 
Frequency(HF) components. High frequency 
components of an LR image are more useful for 
predicting the details of its HR image. Moderate 
frequency(MF) component is obtained by filtering 
low frequency components from interpolated image. 
Finally  MF and the corresponding HF components 
are stored as a training dataset in a form of small 
patches. The HR image is produced from these 
training pairs. So, the outliers which cause blurring 
and other artifacts are removed. However one-to-
multiple mapping of an LR patch to HR patches 
results in image quality degradation.  
 
Example Based Super Resolution:  
 In example based super resolution technique [3] 
High resolution image is created by learning the 
patch pairs of training dataset. To construct the 
training patch pairs HR images are collected and it is 
degraded into LR image. Using interpolation (cubic 
spline)technique HR image is generated for the LR 
image. After that have to store the high-resolution 
patch corresponding to every possible low-resolution 
image patch. These patches are typically 5 ×5 and 7 
×7 pixels, respectively. In training set only the 

difference between the LR and interpolated HR 
image patch is stored. The low frequency 
components are filter out. So, unwanted 
correspondence between HR and LR [6] patch is 
avoided. Then by learning the difference between the 
patch pairs the HR patch is generated for the input 
image. Finally, the HR patch is reconstructed into 
HR image. But it takes more time for learning the 
patches.    
 
Sparse Representation Method: 
 This method is based on a single image super 
resolution based on sparse representation. In this 
method the training data [10] is categorized based on 
the similar statistical nature. Two dictionary’s are 
constructed in this method. One is for storing low 
resolution image patch y of image Y, and another 
one is for storing high-resolution image patch x of X. 
Then the patches are concatenated according to the 
similarity. Support vector machine(SVM) is a 
classifier which is used to categorize the input image 
based on the category. From this concatenated patch 
the HR image is generated. So, the searching time of 
the training data is reduced.  
 By using sparse representation, two dictionaries 
are constructed, for storing low resolution image 
patch and high resolution image patch. The mean 
pixel value for each patch is calculated and stored. 
Then have to subtract mean pixel  value for each 
patch ,so that the dictionary contains image textures. 
Sparse method takes less  time to produce the high 
resolution image. 
 
7.Combined Approach: 
 In combined approach the two super resolution 
techniques are combined [11] such as classical multi 
image super-resolution and example based super-
resolution. Normally,multi image super resolution 
works by taking multiple LR images of the same 
scene any by comparing those LR images the 
unknown intensity value is found out and the 
unknown intensity value is applied to the LR image 
and corresponding HR image is generated.  
 In example-based learning method the LR and 
HR patch pair is created by downscaling the HR 
image. By using the correspondence between the 
image patch pairs high-resolution image is  
generated.  
 When combining these two approaches the 
image the input image I is transformed into different 
scales. The similarity between different scale image 
is identified and the identified intensity is parent 
value and it is copied into the LR image. After that 
by using the different scale image the patch is 
considered and the correspondence between the 
patch pair is identified and from this the HR image is 
generated. By using combined approach there is no 
need of multiple LR images of  same scene and there 
is no need to build external training dataset database. 
The resolution is improved by Example based SR 
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component. Classical multi-image super-resolution 
prevent the   high-resolution details from 
hallucination.   
 
8.Registration Based Super Resolution: 
 Multiple low resolution images are taken from 
the same scene. From these low resolution images 
the High resolution image is generated based on 
registration. A particular part of an image is taken as 
a reference point in all images. Based on the 
reference point all these images are mapped to that 

common reference point. Mapping is done by 
aligning the image based on the selected reference 
point. Aligning is nothing but transforming(shift, 
rotate)  an image. This process of aligning an image 
into a particular reference point is called registration. 
All these aligned low resolution(LR) images are 
combined. Finally by using all those combined 
images a new image is reconstructed. The 
reconstructed image is the final target high 
resolution image. The reconstructed image is an     
output image and the resolution is improved.    

 
Comparison Of Super Resolution Techniques: 
  

S.NO TITLE OF PAPER ALGORITHMS USED PARAMETER PERFORMANCE 

1 

Example based super 
resolution to achieve fine 

magnification of low 
resolution images 

Learning based SR 
technique 

PSNR 
It is better suitable method  when 

working with text        characters and 
human faces. 

2 
Iterative back projection 
based image resolution 

enhancement 

Iterative back   
projection(IBP) 

PSNR 
SSIM 

Improves the visual quality       than 
other methods. 

3 
Improving  resolution by 

image registration 
Registration method PSNR 

It is feasible for both monochrome and 
colour image. 

4 
Improving  resolution by 

image registration 
Registration method PSNR 

It is feasible for both monochrome and 
colour image. 

5 
Super resolution using 
edge prior and single 
image detail synthesis 

Edge directed and 
learning based SR 

RMS 
SSIM 

It provides a better and strong 
constraint to remove artifacts. 

Sharper edges and clearer results are 
generated. 

6 

A self learning approach to 
single image super 

resolution 
 

Support vector 
regression 

PSNR 

It does not require training low and 
high resolution image pairs like other 

learning approaches. 
Works with any interpolation 

techniques.it does not limit any 
interpolation method. 

 
Conclusion: 
 The Super-resolution imaging technique has 
been one of the fundamental image processing 
research areas. When low resolution image is 
obtained by sensors, to improve the resolution we 
have to replace the higher quality sensors. But it 
needs more hardware resources and higher cost. 
Image Super-resolution technique can overcome 
these hardware limitations and cost of the imaging 
system to provide a more clear and better image with 
a richer and informative content. In this survey 
paper, our goal is to offer new perception and 
outlooks of super-resolution(SR)  imaging research, 
and giving an overview of existing SR algorithms. 
This work could motivate more image processing 
researchers attempting on this interesting topic and 
developing more novel SR techniques along the way.  
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