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Abstract 

In this paper, a novel image super resolution algorithm is proposed based on GPS (Gradient Profile Sharpness). GPS is an edge 

sharpness metric, which is extracted from two gradient description models, i.e. a triangle model and a Gaussian mixture e model 

for the description of different kinds of gradient profiles. Then the n relationship of GPSs in different image resolutions is studied 

statistically, and the parameter of the relationship is estimated automatically. Based on the estimated GPS transformation 

relationship, two gradient profile transformation models are proposed for two profile description models, which can keep profile 

shape and profile gradient magnitude sum consistent during profile transformation. Finally, the target gradient field of HR (high 

resolution) image is generated from the transformed gradient profiles, which is added as the image prior in HR image reconstruction 

model. Extensive experiments are conducted to evaluate the proposed algorithm in subjective visual effect, objective quality, and 

computation time. The experimental results demonstrate that the proposed approach can generate superior HR images with better 

visual quality, lower reconstruction error and acceptable computation efficiency as compared to state-of-the-art works.      
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

The main goal of single image super-resolution is to give a hi-resolution (HR) image from a low-resolution (LR) input image. 

There are mainly three approaches for this problem that are interpolation-based approaches, learning based approaches and 

reconstruction-based approaches. The first method interpolation-based approach is the basic image super-resolution methods, 

where currently the bi-linear interpolation and bicubic interpolation [4] are still very popular in practice. Here we have more 

sophisticated interpolation models have also been proposed, e.g. auto regression model [2].  The interpolation-based approach 

always has the fast computation speed. Interpolation-based approach tends to blur high frequency details if the up-scaling ratio is 

large and if the low-resolution image is generated with Anti-aliasing operation. 

The learning based approach highly relies on the similarity between the training set and the test set. It is still unclear how many 

training examples are sufficient for the generic images. To design a good image super-resolution algorithm, the essential issue is 

how to apply a good prior or constraint on the HR image because of the ill-posedness of the image super-resolution. Generic 

smoothness prior [2,1] and edge smoothness prior [ 1] are two widely used priors. The gradient profile is a 1-Diamenion profile 

along with the gradient direction of the zero-crossing pixel in the image. The gradient profile prior which is a parametric distribution 

describing the shape and the sharpness of the gradient profiles in all natural images. One of our observations is that the shape 

statistics of the gradient profiles in all the   natural images are quite stable and invariant to the image resolution. With this stable 

statistics, we can learn the statistical relationships of the sharpness of the gradient profile between the HR images and the LR 

images. Using the learned gradient profile prior and relationship, we are able to provide a constraint on the gradient fields of the 

HR images. Combining with the reconstruction constraint, we can recover a hi-quality HR  

The advantages of the gradient profile prior are as follows: 

1) Differences from previous generic smoothness and edge smoothness prior, the gradient profile prior is not a smoothness 

constraint. Therefore, both small and large scale details can be well recovered in the HR images;  

2) the same artifacts in super-resolution, such as ringing artifacts, can be avoided by working in the gradient domain. Our work 

is motivated by recent progresses on natural images statistics. The gradient magnitudes generally obey a heavy tailed 

distribution e.g., a Laplacian distribution [3]. This kind of “sparseness prior” has been successfully applied to super-

resolution[2], denoising [3] [4], inpainting [4], transparency separation [1] and deblurring [1]. However, the sparseness prior 

only considers the marginal distribution of image gradients over the whole image. lets have an e.g., intensity difference 

between two adjacent pixels. In this efficient work, our gradient profile prior considers the distribution of the image gradients 

along local image structures. Fattal [4] also proposed an edge statistics for image upsampling. The proposed statistics is the 

distribution of local intensity continuity in the HR image conditional on edge features in the LR image. Different from his 

non-parametric statistics, firstly, the gradient profile prior is a generic, parametric image prior for the gradient field of the 
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natural image; secondly, our prior is stable to the image resolution. It is a good property for image super-resolution. In the 

coming sections, we will introduce the gradient profile prior. Then we apply the gradient profile prior to image super 

resolution. We show experimental results in section 4 and we conclude the paper in section 5. 

II. IMAGE SUPER-RESOLUTION 

Single-image super-resolution refers to the task of constructing a high-resolution enlargement of a given low-resolution image. 

Usual interpolation based magnification introduces blurring. Then, the problem cast into estimating missing high-frequency details. 

Based on the framework of Freeman et al[1], the interpolation of the input low-resolution image into the desired scale is done. 

Then generation of a set of candidate images based on patch-wise regression: kernel ridge regression is utilized; To reduce the time 

complexity a sparse basis is found by combining kernel matching pursuit and gradient descent. The candidates are combined to 

produce an image: patch-wise regression of output results in a set of candidates for each pixel location; An image output is obtained 

by combining the candidates based on estimated confidences for each pixel. And post-processing based on the discontinuity prior 

of images: as a regularization method, kernel ridge regression tends to smooth major edges; The natural image prior proposed by 

Tappen et al[2] is utilized to post-process the regression result such that the discontinuity at major edges are preserved. 

III. GRADIENT PROFILE SHARPNESS 

A Novel edge sharpness metric GPS (gradient profile sharpness) is extracted as the eccentricity of gradient profile description 

models, which considers both the gradient magnitude and the spatial scattering of a gradient profile. 

To precisely describe different kinds of gradient profile shapes, a triangle model and a mixed Gaussian model are proposed for 

short gradient profiles and heavy-tailed gradient profiles respectively. Then the pairs of GPS values under different image 

resolutions are studied statistically, and a linear GPS transformation relationship is formulated, whose parameter can be estimated 

automatically in each super-resolution application. Based on the transformed GPS, two gradient profile transformation models are 

proposed, which can well keep profile shape and profile gradient magnitude sum consistent during the profile transformation. 

Two gradient profile transformation models are proposed and the solve of HR image reconstruction model is introduced. Moreover, 

detailed experimental comparisons are made between the proposed approach and other state-of-the-art super-resolution methods, 

which are demonstrated in section. 

IV. COLOR TRANSFER  

Firstly, proposed a way to match the means and variances between the target and the reference in the low correlated color space. 

This approach was efficient enough, but the simple means and variances matching were likely to produce slight grain effect and 

serious color distortion. To prevent from the grain effect, Chang et al. proposed a color category based approach that categorized 

each pixelas one of the basic categories. Then a convex hull was generated in color space for each category of the pixel set, and 

the color transformation was applied with each pair of convex hull of the same category. 

V. MULTIPLE REFERENCE COLURE TRANSFER  

Requires the transfer naturally blending the colors from multiple references. However, as illustrated, the main difference exists 

among the references. Although both of the references are the sunshine theme, they have a big difference in the color appearance. 

This difference would easily lead to the grain effect in the result. The result has a serious grain effect approach adopts the gradient 

correction to suppress the grain, but it does not prevent the color distortion, by evaluating how the approach deals with the grain 

effect and distortion in each step, therefore, we can achieve a visual satisfactory result. 

VI. CONCLUSION 

In this paper, a novel single image super-resolution algorithm is proposed based on the edge sharpness metric of GPS. we have 

established a gradient profile prior for natural image Two gradient profile description models are proposed for representing gradient 

profiles with different lengths and different complicated shapes. Using the gradient profile prior, a gradient field constraint is 

enforced for the problem of image super resolution. 

 For noisy input LR image, estimating the gradient profile might be inaccurate due to the noise. One possible solution is to 

denoise the LR image first, then add the up-sampled noises back after the image super-resolution, see Figure    Experimental results 

show that the proposed approach can faithfully recover high-resolution image with little observable artifacts. 
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