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0 Introduction

1. Image processing tasks

2. Applications

3. Representation of images in the continuous and discrete case, gray level and color
images, degradation operators (blur), noise, gradient magnitude

1 Image Restoration

1. Variational methods: Total Variation of Rudin-Osher-Fatemi and related models [1],
2], [3], [4

2. Anisotropic diffusion of Perona-Malik [5], nonlinear diffusion [6], [7], image-enhancement
using shock filters of Osher-Rudin [8]

3. “Fundamental equation of image analysis” of Alvarez-Guichard-Lions-Morel and ax-
iomatization [9]

4. Other related topics (if time permits): half-quadratic regularization [4], [10], [2], blind
deconvolution Chan-Wong [11], higher order variational models for image restoration [2],
[12].

The following topics will be introduced and discussed: functions of bounded variation
and functionals on the BV space, existence and uniqueness, Euler-Lagrange equation, dis-
cretization by finite differences.



2 Image Segmentation

1. Mumford and Shah model for piecewise-smooth optimal approximations [13]

2. The weak formulation for the Mumford and Shah problem by Dal Maso-Morel-Solimini
14

3. Approximations to the weak formulation by finite differences Chambolle [16], [17],
elliptic approximations by I'— convergence by Ambrosio-Tortorelli [15]

4. Region growing and merging [18], other numerical considerations

3 Curve and Surface Evolution in Image Processing

1. Geometric curve and surface evolution (introduction)

2. Level set formulation of Osher-Sethian [19]

3. Viscosity solutions [20], [21]

4. Object detection by snakes [22], active contours and level sets [23], [24]

Books and Lecture Notes

e J.-M. Morel and S. Solimini, Variational Methods in Image Segmentation, PNLDE 14,
Birkhauser Boston 1995.

e J. Weickert, Anisotropic Diffusion and Image Processing, Teubner-Verlag, Stuttgart,
1998.

e G. Sapiro, Geometric Partial Differential Equations and Image Analysis, Cambridge
University Press, 2001.

e J. Sethian, Level Set Methods and Fast Marching Methods Evolving Interfaces in Com-
putational Geometry, Fluid Mechanics, Computer Vision, and Materials Science, Cambridge
Monograph on Applied and Computational Mathematics, Cambridge University Press, 1999.

e F. Guichard and J.M. Morel, Image Analysis and PDEs, to appear.

e G. Aubert and P. Kornprobst, Mathematical Problems in Image Processing, to appear.

e S. Osher and R. Fedkiw, Level Sets and Dynamic Implicit Surfaces, to appear.

e A. Braides, Approximation of Free-Discontinuity Problems, ISAS-International School
for Advanced Studies SISSA, Trieste, 1998.
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