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ABSTRACT

A low level image processing, for examples, image denoising and finding a local structure in
an image, is one of essential processes in computer vision. The nonlinear structure tensor [1]
based on an anisotropic nonlinear diffusion processes has shown its capability for presenting
useful information of an image, such as homogeneous regions, edges, and corners. The diffusion
process to obtain a nonlinear structure tensor is a natural extension Perona-Malik’s model in [2].
We propose an unconventional nonlinear diffusion process to obtain a nonlinear structure tensor
of an image. Since the nonlinear structure tensor initially has gradient information of an image,
diffusion coefficients of PDEs based on image make sense to present a local structure in an
image. We make such diffusion coefficients in a system of anisotropic nonlinear PDESs to obtain
nonlinear structure tensor. We also prove the existence and uniqueness of proposed PDEs. A
superiority of nonlinear structure tensor using diffusion coefficients based on image is shown in
applications, for examples, image denoising and corner detection.

INTRODUCTION

A low level image processing, for examples, image denoising and finding a local structure in
an image, is one of essential processes before we solve many problems in computer vision.
Nonlinear structure tensor based on an anisotropic nonlinear diffusion process has shown its
capability for presenting useful information of an image, such as homogeneous regions, edges,
and corners. It also has been used in many application fields - corner detection, texture analysis,
diffusion filtering, and optic flow estimation.

There have been several methods to obtain nonlinear structure tensors for representing bet-
ter information of edges and corners in an image. Based on statistical information of local part of
the data, Negel and Gehrke [3] obtained an optical flow estimation by using an adaptive Gaus-
sian kernel. Another way of using statistics of an image is proposed by van den Boomgaard
and van de Weijer [4] in order to estimate orientation for texture analysis. Tschuhgoe|
Deriche [5] introduced nonlinear structure tensor based on isotropic nonlinear diffusion process
for matrix-valued data. Anisotropic counterpart was also introduced by Weickert and Brox [6].
They showed the preservation of positive semidefiniteness in a nonlinear structure tensor in [1].

We propose an unconventional anisotropic nonlinear diffusion process to obtain a nonlinear
structure tensor of an image. The authors in [1] used an anisotropic nonlinear diffusion process
which is a natural modification of Perona-Malik's model in [2]. Kebe (0, 1) x (0,1) C R* and
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A, andA4 > M. Denote a color image as a smooth function 2 — R? and the classical
structure tensor
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wheren is a normal vector t@S2. Note that the diffusion coefficients of partial differential
equations (PDEs) depend on gradient information of the diffused data. However, since the non-
linear structure tensor initially has gradient information of an image, diffusion coefficients of
PDEs based on image will make sense to present a local structure in an image. We make such
diffusion coefficients in a system of anisotropic nonlinear PDEs to obtain nonlinear structure
tensor:
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whereU, = . We also prove the existence and uniqueness of proposed
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PDEs. A superiority of nonlinear structure tensor using diffusion coefficients based on image
are shown in applications such as image denoising and detection of local features in an image.

EXISTENCE AND UNIQUENESS

First, we show a lemma that is used to prove uniqueness of proposed PDEs (2).

Lemma 1 In the definition of a function g if), if g is a Lipschitz function o, theng is also
a Lipschitz function oxb.
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Figure 1. (a) is an original image and (b) is noised image. (c) is obtained by an extension
of Perona-Malik’s model in [1] and (d) is obtained by using the proposed nonlinear structure
tensor.

The existence and uniqueness of the proposed PDEs are proved in the following theorem.

Theorem 1 If m; € L?(Q), then there exist unique solutionse C((0,Ty); L*(Q)) N
L2((0,Ty); WH2(Q)) with Su; € L2((0,Ty); W'2(Q)') satisfying(2) in the distributional sense.

The positive definitness of diffused tensor is also proved in the following theorem.
Theorem 2 If m; € L>(Q2), then the solutions, in Theorem 1 satisfy

Uy U2
U2 U3

where|| - || denotes the matri2-norm anda = esseiélf | M (), b = esssup || M(x)]],.
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APPLICATIONS

First, we use the nonlinear structure tensor obtained by (2) to regularize an image with preserv-
ing corners. In Perona-Malik’s model, the selective diffusion comes from the magnitude of the
gradient of diffused image. That is, it is done by a classification between homogeneous regions
and edges. The nonlinear structure tensor proposed in this talk indicates homogeneous regions,
edges, and corners in an image. So, we simply use the nonlinear structure tensor as diffusion
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Figure 2. (a) is an original image with 40 percent noise. (b) is a denoised image by using the
proposed method. The white peaks in (c) represents corners of an original image and the white
lines in (d) represents edges.

coefficients in Perona-Malik model. Numerical results are shown in Figure 1. It shows that a
blurring effect near at kinks all over the image in 1-(c) is removed clearly in 1-(d). Second, we

use the proposed nonlinear structure tensor to find local features of an image such as edges and

corners. See Figure 2.
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