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Abstract A non-local regularization energy functional and variational framework for image su-
per-resolution reconstruction is proposed using the conception of non-local discontinuity of ima-
ger. The fundamental relationships between a class of generalized neighborhood filter, such as bi-
lateral filter, and the classical variational PDE models are theoretically analyzed in this frame-
work. The Euler-Lagrange Equation with integral formulation is derived for nonlocal variational
minimizations. Some important properties of the steepest descent flow in this framework are also
proved. Based on the graph theory, the authors give a novel adaptive and weighted iterative algo-
rithms for image super-resolution. In the end of paper, different examples of non-local regulariza-
tion energy functional is used to image de-noising, image de-masaic, and image super-resolution.
Experiments show that the non-local regularization functional has better performance than the
classical regularization functional under the same potential function, and the Peak SNR values are

averagely increased by about from 0.5 to 1. 0 dB.
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Background

Super-Resolution (SR) is a process of reconstructing a
higher resolution (HR) image from several Low-Resolution
(LR) images, and it has been an international popular topic
in image processing and mathematical modeling field. Similar
to classical image restoration, SR also belongs to the inverse
problem in mathematics. The international popular topics on
image restoration are the variational and PDE-based approa-
ches. Although there are many energy variational functional
de-noising model to deal with the ill-posed nature of SR,
however, differing from the task of image de-noising, the
class of typical variational PDE methods cannot effectively re-
duce the disturbing artifacts on edge regions, e. g. blocking
artifacts, ringing artifacts along SR image edges, thus can
not reconstruct a good HR image with clear edges. In gener-
al, owing to over-locality of the class of typical variational
PDE methods, the pixel’s spatial gradient was used as the
discontinuity measure to provide a nonlinear diffusion
process. However, because the nature images are degraded
by integrated factors such as motion warping. an incorrect
lens adjustment, down sampling and noise addition, etc. ,

the gradient vectors of LR image are also degraded and must

be estimated in a robust way. This requirement for HR
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means it is not suitable to choose the pixel-wise gradient as
the discontinuity measure.
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The work can be viewed as the development of nonlocal
regularization methods. The essential idea is inspired by gen-
eralized neighborhood filters such as bilateral filtering. The
main aim of this paper is to provide a non-local regularization
energy functional and variational framework for image super-
resolution reconstruction. By defining the conception of non-
local discontinuity of image, this paper gives a general nonlo-
cal regularization energy functional, also addresses the issue
of how to choose the potential functions in this nonlocal
framework. Furthermore it gives some remarks of the some
important properties obeyed by the steepest descent flow in
this framework. The evaluation and comparison analysis are
performed by theoretical analysis and numerical experiments,

and the results are given finally.



