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Abstract— Super resolution (SR) is a class of techniques 

that enhance the resolution of an imaging system. In some 

SR techniques – termed optical SR – the diffraction limit of 

system is transcended, while in others – geometrical SR – 

the resolution of digital imaging sensors is enhanced. This is 

a basic need of digital images for higher resolution and 

quality. Frame alignment is important in SR process. In this 

paper, basic idea of super resolution image reconstruction 

and different methods are introduced. We critique these 

methods and identify areas which promise performance 

improvements. 
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I. INTRODUCTION 

In most digital imaging application, high resolution images 

or videos are normally desired for further image processing 

and analyst. The requirement for high image resolution 

stems from two principle application areas: pictorial 

information for human interpretation upgradation; and 

helping representation for automatic machine perception. 

Image resolution represents the details available in an 

image, the higher the resolution, the more image details. 

Image resolution normally depends on physical 

characteristics of sensor density, optics and spatial response 

of detector elements [6]. 

The resolution of a digital image can be classified 

in many different ways: pixel resolution, spatial resolution, 

spectral resolution, temporal resolution and radiometric 

resolution. Special resolution: a digital image is build up of 

small picture elements called pixels. Spatial resolution refers 

to the pixel density is an image and measures in pixels per 

unit area. A digital image is build up of small picture 

element called pixels. Spatial resolution refers to the pixel 

density in an image and measures in pixels per unit area[8]. 

The image spatial resolution is initially limited by the 

imaging sensors or the imaging acquisition device. Now a 

days image sensor is typically a charge-coupled device 

(CCD) or a complementary metal-oxide-semiconductor 

(CMOS) active-pixel sensor. These sensors are typically 

arranged in a two-dimensional array to capture two-

dimensional image signals. In order to increase the spatial 

resolution of an imaging system, one way is to increase the 

sensor density by reducing the sensor size. However, as the 

sensor size decreases, the amount of light incident on each 

sensor also decreases, Super-resolution (SR) are techniques 

that construct high-resolution [9] (HR) images from several 

observed low-resolution [9] (LR) images, therefore 

increasing the high frequency components and removing the 

degradation occurred by the imaging process of the low 

resolution camera. The basic idea behind SR is to combine 

the non-redundant information contained in multiple low-

resolution frames to generate a high-resolution image. 

II. IMAGE QUALITY MATRICES 

In this paper, the regenerated image‟s quality is how similar 

to the original high-resolution image. So, there is number of 

measured for image quality likes, 1) mean-squared Error 

(MSE), 2) Peak Signal-to-noise Ratio (PSNR), and   3) 

Structural Similarity Index measure (SSIM). 

A. Mean-squared Error (MSE) 

Mean-squared error (MSE) is simply squared error between 

a Super-Reconstructed image and the original high-

resolution image. The MSE can be expressed as, 
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Where, I and K represent the mxn matrices and 

also compare the images. This evaluates for the dimensions, 

„i‟ and,, „j‟ Therefore, I(i, j) represents the value of pixel (i, 

j) of given image I. and K(i ,j) represents the value of pixel 

(i, j) of reconstructed image. 

B. Peak Signal-to-noise Ratio (PSNR) 

The Peak Signal-to-Noise Ratio (PSNR) is states as a 

measuring of quality of reconstructed image and also 

comparing with original image.In this MSE is used for two 

mxn matrices represents with images I and K and compare 

the images. The PSNR can be expressed as, 
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Here, MAXI evaluates maximum possible pixel 

value of the image. 

C. Structural Similarity Index Measure (SSIM) 

The structural similarity (SSIM) index is designed to better 

way the human visual system (HVS) process structural 

information. SSIM measures an image‟s structure, contrast 

and compare variance and covariance between the two 

images[9]. The SSIM can be represented as: 
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Where, x and y are sub images of X and Y, andµx, 

µy are the average of x, y ox, oy are standard deviation of x, 

y. C1 is set to C1=(0.01*255)
2
 and C2=(0.02*255)

2
. 

III. REVIEW ON SUPER IMAGE RESOLUTION 

A. Super-resolution with a Compound Markov Random 

Field Prior [1] 

They have addressed the hyper-parameter estimation 

problem in Bayesian image super-resolution with a 

compound Gaussian Markov random field (MRF) prior. 

They estimated all the hyper-parameters, the registration 

parameters, and the HR image by means of minimizing 

variational free energy under the assumption of a factorized 

posterior. 
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1) Advantage:  
Their experiments showed that automatic determination of 

the hyper-parameters including the bias and the 

regularization parameters, as well as edge- preserving super-

resolution of the HR images, was successfully 

accomplished. 

2) Disadvantage: 

Requires Multiple images Need to calculate all the hyper-

parameters to create Markov Model. Complex computation. 

B. Super-resolution of Natural Stochastic Textures Based 

on Fractional Brownian Motion [2] 

This paper focuses on texture enhancement in an image. It 

enhances the stochastic textures to textures to recover 

details, which were lost during the acquisition of the image, 

through “Fractional Brownian motion” which is a self-

similar stochastic process, and hence it characterizes a large 

class of natural textures. 

1) Advantages:  

Apart from regular textures, it also enhances stochastic 

textures. Covers a wide variety of textures. 

2) Disadvantages:  

Used only for textures. 

C. Joint Image Registration and Super-Resolution [3] 

Algorithm used here is Super-resolution reconstruction 

(SRR) for improving spatial resolution of an image. Jointly, 

image registration and super-resolution can overcome the 

serve aliased between low resolution images. Adaptive 

regularization parameters are used in the SRR based on 

regularization/maximum a posteriori (MAP) method. 

Method: Initial high resolution image is firstly obtained by 

the shift-and-add method. Then, the edge-preserved MRF 

model is used to improve the reconstructed image quality. 

1) Advantages:  

Need not change the original imaging system hardware, 

since spatial resolution is used. 

2) Disadvantages:  

Since only spatial domain is focused upon, many other 

parameters cannot be improved, which affects the overall 

performance of the algorithm to improve the resolution of 

the image. 

D. Super-resolution using adaptive domain transformation 

[4] 

A new image domain prior term for regularizing the super-

resolution reconstruction algorithm is proposed. This term 

encourages preserving the local ramp structure around edge, 

in the reconstruction algorithm. “Ramp” at a pixel is defined 

as the steepest sequence of monotonically increasing (or 

decreasing) pixels among all feasible directions around the 

pixel. 

“Ramp” based modeling is a richer characterization 

image is obtained of local image structure than conventional 

gradients. 

1) Method: 

 Proposed ramp-preserving constraint image is 

obtained by first running an accurate segmentation 

algorithm (which is itself obtained by ramp based 

modeling) on the low resolution image. 

 We then perform a domain transformation of the 

pixels belonging to the steepest ramps at the edge 

pixels, in order to preserve sharpness. 

 The resulting non-uniformly spaced up-scaled to a 

uniform, high resolution grid, using an edge 

preserving non-uniform interpolation scheme. 

 This image is then used both as the prior constraint as 

well the initial guess for the iterative super-resolution 

reconstruction algorithm. 

2) Results: 

 Visually better result than the classical IBP method as 

well as the recent gradient based GPP method which 

uses training data to learn an „optimum‟ 

transformation between LR gradients and the HR 

counterpart. 

Image Bicubic 
IBP 

[10] 

Adaptive Domain 

Transformation[4] 

Penguin 15.4572 13.7490 13.3392 

Lighthouse 17.2851 16.1000 16.0032 

Flower 10.3590 8.7514 8.3666 

Bride 14.7352 13.1533 13.0427 

Table 1: Comparision of the mean squared error (MSE) 

obtained by bicubic interpolation, IBP [10] and adaptive 

domain transformation method 

 
Fig. 1: Comparision of MSE obtained by interpolation, IBP 

and Adaptive domain transformation Method 

E. Improving Resolution by Image Registration [6] 

In tomography images are reconstructed from their 

projections in many directions. In case of super resolution 

pixel is a projection of a particular region whose size is 

determined by the imaging blur. Method used to improve 

the image Resolution is back-projection. Resolution of 

Image depends on the physical characteristics of the senon 

that the density, the optics and spatialreponse of the dector 

element. The process of imaging, yielding an observed 

monochrome image sequence {gk} is modeled by: 
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Where gk is the k
th

 observed image frame, f is  the 

original scene, his a burring operation, nk is additive noise 

term, ok is a nonlinear function. 

The Imaging processes in this paper are divided 

into few phases. 

 Image Registration: In this, Horizontal shift a, 

vertical shift b and rotation angel   between images 

g1 and g2 is written as: 
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 Iterative Refinement: 1. We assume that initially no 

motion between the frem. 2. Computer 

approximations to the motion parameters. 3. Wrap 

frame g2 toward g1 using current motion estimating 

and perform step 2 with wrapped images g2. 

 Recovering the blur: Knowledge of digitization 

process is necessary to simulate the imaging process. 

Super resolution of color images is as below: 

 Transformation of color images into YIQ 

representation. 

 Perform monochrome super resolution algorithm to 

the Y component image. 

 Register image at the two chrominance image 

sequences using the same registration parameters. 

 Use the high-resolution Y component and the low-

resolution I and Q component  to generates a high-

resolution RGB image. 

F. Super-Resolution using Gradient Profile Prior[5] 

Method used to achieve super resolution novel generic 

image prior gradient profile prior which is a parametric prior 

describing the shape and sharpness of the image gradient. In 

this they approach for three methods and learning based 

methods. 

 Interpolation Method: It is simple but tend to blur the 

high frequency details. 

 The reconstruction based method: It enforce a 

reconstruction constraints which requires smooth and 

down sampled version of HR image. 

 The learning based methods: This highly relies on the 

similarity between the training set and test set. 

1) Advantages:  

 To use gradient profile profile prior , it is not a 

smoothness constraint. So, both small scale and large 

scale details can be well recovered in HR image. 

 Common artifactssuch as ringing artifacts can be 

avoided by working in the gradient domain. 

Gradient Gaussian Distribution is defined as, 
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2) Disadvantages:  

For noisy input LR image, estimating the gradient profile 

might be inaccurate due to the noise. 

IV. OPEN ISSUES 

A lot of work has been done in the field of Image Super-

resolution with multiple images taken from different 

views/orientation. But very few and inefficient algorithms 

available as far as “Single” image super-resolution is 

concerned. The algorithms which are based on single image, 

don‟t sufficiently focus on the edges of objects in the image. 

Hence “Adaptive interpolation method”, which would be 

used along with “Gradient optimization”, which would help 

in preserving edges. If feasible, ”2 stage interpolation” 

would be implemented to obtain best results. 

V. CONCLUSION 

In this paper, there are so many methods have discussed to 

improve resolution of the images. From these given methods 

each method has some prose and crones to implement this. 

Image Super resolution is most important concept now a 

day. It is mainly applicable in so many applications like 

security. 
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