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A Unified Designing Framework for Nonlinear Digital Filters
and Behavior Analysis

SHAO Wen-Ze” WEI Zhi-Hui?

U (Department o f Computer Science and Engineering , Nanjing University of Science and Technology, Nanjing 210094)

2 (Graduate School  Nanjing University of Science and Technology, Nanjing 210094)

Abstract A unified designing framework for nonlinear digital filters is discussed in the paper.
Based on robust statistics and the idea of bilateral filtering, a unified and robust energy functional
for image restoration is firstly constructed, which incorporates both the double-weighting idea of
bilateral filtering and the robustness of robust p-functions for edge-outlier processing, and hence
behaves much better in edge-preservation. The unified designing framework for nonlinear digital
filters is subsequently derived, through solving the Euler-Lagrange equation of the unified energy
functional. Under the unified designing framework, bilateral filtering, digital TV filtering, and
adaptive smoothing can be expanded correspondingly. The robustness of various robust po-func-
tions in edge-preservation is also compared systematically, and a novel edge-preserving robust p-
function is proposed in the paper, that is, p(x)=—0" (14 |x|/0)exp{— | x| /0} +0¢°. Numerous
experiment results demonstrate the rationality of the unified designing framework and edge-pres-

ervation of the novel robust p-function, both in the visual effect and the PSNR value.
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Background

Image filtering is one of the most fundamental problems
in the field of image processing. The importance of image fil-
tering not only consists in that it is capable of removing kinds
of random noises; but also that signal details may be analyzed
and processed in a more direct fashion for edge preservation.
Recently, a novel filtering process called bilateral filtering
was proposed by Tomasi and Manduchi, which smoothes im-
ages while preserving edges by means of a nonlinear combina-
tion of nearby image values, preferring near values to distant
values in both domain and range. And thereafter, it has be-
come the focus of many researchers from different countries
and lots of progress in its theory and application has been

made by now. However, it is still relatively fresh for Chinese

researchers, and currently there has not emerged any related
reports on bilateral filtering in China. In this paper, the au-
thors construct a unified designing framework for nonlinear
digital filters based on robust statistics and the idea of bilat-
eral filtering. Meanwhile, the authors prove that bilateral fil-
tering essentially emerges from the Bayesian approach, but
with a more concise penalty functional than Elad’s. Under
the unified framework, bilateral filtering can be further gen-
eralized and renamed robust bilateral filtering, since its range
weight essentially originates from the robust error norms.
Besides, the authors also made a systematical comparison of
the robustness of various robust error norms in edge-preser-

vation.



