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Abstract— The goal of Super-Resolution (SR) is to produce 

a higher resolution image from lower resolution images. 

High resolution image offers a high pixel density. It does 

require for high resolution is common in computer vision 

applications for better performance in model detection and 

analysis of images. Super resolution techniques are applied 

on multiple LR images captured from the same scene in 

order to increase spatial resolution for a new image of that 

same scene. High resolution is of importance in medical 

imaging for diagnosis. Many applications require zooming 

of a specific area of interest in the image where in high 

resolution becomes essential, e.g. observation, forensic and 

satellite imaging applications. 
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I. INTRODUCTION 

In most digital imaging applications, high resolution images 

or videos are usually preferred for later image processing 

and analysis. Image resolution describes the details 

contained in an image, the higher the resolution, and the 

more image details. The resolution of a digital image can be 

classified in many different ways: pixel resolution, spatial 

resolution, spectral resolution, and sequential resolution. 

However, High resolution images are not always 

available. Since the setup for high resolution imaging proves 

cheap and also it may not always be practical due to the 

normal limitations of the sensor, optics manufacturing 

technology. These problems can be overcome through the 

use of image processing algorithms, which are relatively 

cheap, giving rise to idea of super-resolution. The desire for 

high image resolution stems from two principal application 

areas: improvement of graphic information for human 

understanding; and helping representation for automatic 

machine observation. The success of super resolution 

algorithm is highly dependent on the accuracy of the model 

of the imaging process. If, for example, the motion 

computed for some of the images is not correct, the 

algorithm may degrade the image rather than improve it. 

Super resolution image reconstruction, which is based on the 

image of space object, provides an effective means of 

solving the problem. on the other hand, super resolution 

images are naturally equal to remote sensing images, so 

some of the technological in SR image processing are also 

useful in remote sensing image processing. 

II. REVIEW OF LITERATURE 

The goal is then to recover the high resolution image which 

when resample based on the input images and the imaging 

model, will produce the low resolution observed images. 

Thus the accuracy of imaging model is essential for super-

resolution and an incorrect modelling, say of motion, can 

actually degrade the image further. The observed images 

could be taken from one or multiple cameras or could be 

frames of a video sequence. These images need to be 

mapped to a common reference frame. This process is 

registration. The super resolution procedure can then be 

applied to a region of interest in the aligned composite 

image. The key to successful super-resolution consists of 

accurate arrangement i.e. registration and formulation of an 

appropriate forward image model. The figure 1 below shows 

the stages in super-resolution process. 

 
Fig. 1: Stages in Super-Resolution. 

A. Image Registration: 

The multiple low resolution images can represent different 

view-points of the same scene and image registration deals 

with mapping corresponding points in these images to the 

actual points in original scene and transforming data into 

one coordinate system. Several types of transformations 

could be required for registration of images like affine 

transformations, biquadrate transformations or planar 

homographic transformations. This alignment involves 

geometric and photometric component. 

Recent years more and more focus on super 

resolution image reconstruction and gain satisfying result. A 

variety of approaches for solving the super-resolution 

problem have been proposed. Initial attempts worked in the 

frequency domain, typically recovering higher frequency 

components by taking advantage of the shifting and aliasing 

properties of the Fourier transform. There are various ways 

to increase resolution of an image. 

B. Super-Resolution Reconstruction (SRR) Techniques: 

SRR techniques may be divided into two main classes: 

frequency domain and spatial domain. All frequency domain 

methods are, to a greater or lesser area, unable to 

accommodate general scene observation models including 

spatially varying degradations, non-global relative 

camera/scene motion, general apriori constraints or general 

noise models [13]. Spatial domain formulations can 

accommodate all these and provide enormous flexibility in 

the range of degradations and observation models which 
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may be represented and are thus the methods of choice. 

Most super-resolution techniques are reconstruction-based 

[6]. These methods operate directly with the image pixel 

intensities and can super-resolve any image sequence 

provided the motion between observations can be modelled. 

Their useful reduction factors are usually low however, in 

that the super-resolved image becomes too smooth or 

blurred [9]. This reconstruction-based SRR algorithm 

doesn‟t require images for training therefore this algorithm 

doesn‟t depend on observed images but Reconstruction-

based approach inherits limitations when magnification 

factor increases. 

C. Frequency based: 

This approach was proposed by Tsai and Huang [4] where 

aliasing in the low resolution images is used to reconstruct 

high resolution image. The relationship between low 

resolution images and the high resolution image is described 

by them using relative motion between the low resolution 

images. 

D. This approach is based on Following Three Principles: 

1) The shifting property of Fourier transforms 

2) The aliasing relationship between the continuous 

Fourier transform (CFT) of an original HR image 

and the discrete Fourier transform (DFT) of 

observed LR images 

3) The assumption that an original HR image is band-

limited 

It is thus possible to formulate the system equation 

relating the aliased DFT coefficients of the 

observed low resolution images to a sample of the 

CFT of an unknown image. 

E. Drawback of Frequency Domain: 

In the face of their simplicity and ease of implementation, 

frequency domain models have major drawbacks. They can 

only accommodate a global translational model, due to the 

need for an equivalent transformation in the Fourier domain. 

For the same reason, the noise and degradation models can 

only be shift-invariant. Finally, since super resolution is 

inherently not well-posed, regularization is almost always 

required. The incorporation of a priori knowledge or 

constraints is often difficult or inconvenient in the frequency 

domain. 

F. Spatial Resolution: 

Most of the research done on super resolution today is done 

on spatial domain methods. Their advantages include a great 

flexibility in the choice of motion model, motion blur and 

optical blur, and the sampling process. Another important 

factor is that the constraints are much easier to formulate. 

Spatial domain reconstruction allows natural addition of 

(possibly nonlinear) spatial domain apriority constraints 

(e.g. Markov random fields or convex sets) which result in 

bandwidth extrapolation in reconstruction. In order to 

increase the spatial resolution of an imaging system, one 

straight forward way to increase the sensor density by 

reduces the sensor size. However as the sensor size 

decrease, the amount of light on each sensor also decrease, 

is called shot noise. 

1) Among the two methods, frequency domain method has 

a significant drawback, because they can accommodate only 

global translation mode and lack of priori information. For 

these reason most of the researches choose spatial domain 

approach for SRR even though it is more expensive and 

more complex than frequency domain. 

A general comparison of frequency and spatial 

domain SR reconstructions methods is presented in Table 1. 

 
Frequency 

Domain 
Spatial Domain 

Observation 

Model 

Frequency 

Domain 
Spatial Domain 

Motion Models 
Global 

Translation 
Almost Unlimited 

SR Mechanism Limited, LSI LSI Or LSV 

Noise Model Limited, LSI Very Flexible 

Degradation 

Model 
De-Aliasing 

De-Aliasing A-

Priori Info 

SR Mechanism Low High 

Computation 

Req. 
Limited Good 

A-Priori Info Limited Excellent 

Regularization Poor Excellent 

App. 

Performance 
Limited Wide 

Applicability Good Almost Unlimited 

Table 1: Frequency vs. Spatial Domain SR 

Spatial domain SR reconstruction methods, though 

computationally more expensive, and more complex than 

their frequency domain counter parts, offer important 

advantages in terms of flexibility. 

Most of the super-resolution techniques discussed 

in the literature are based on the motion cue, i.e., using the 

sub pixel shifts among the observations. A few researchers 

have also tackled the super-resolution problem without 

using the motion cue. In this chapter we review the literature 

on super-resolution reconstruction techniques. A 

comprehensive survey on super-resolution imaging can also 

be found in. 

III. CONCLUSION 

The researches on super-resolution image reconstruction 

mainly only consider the situation that degraded model is 

linear and noise is neglected and systemic analyzing method 

and filter designing method have not been formed yet. As 

different methods of super-resolution have been developed 

using models with unequal assumptions of the underlying 

problem, and because the results provided have been 

primarily based on subjective measurements, it is difficult to 

find an unbiased comparison on what super-resolution 

methods are more appropriate for a given task. Most papers 

on super-resolution implementations provide subjective 

results by comparing the super-resolution image to a bilinear 

interpolated image or the source high-resolution image from 

which the low-resolution images were created. This does not 

provide a clear method of comparing different 

implementations suitability for a desired application. 
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