ITERATIVE METHODS FOR SOLVING THE DUAL FORMULATION ARISING FROM IMAGE RESTORATION^∗

TONY F. CHAN^†, KE CHEN^‡, AND JAMYLLE L. CARTER^§

Abstract. Many variational models for image denoising restoration are formulated in primal variables that are directly linked to the solution to be restored. If the total variation related semi-norm is used in the models, one consequence is that extra regularization is needed to remedy the highly non-smooth and oscillatory coefficients for effective numerical solution. The dual formulation was often used to study theoretical properties of a primal formulation. However as a model, this formulation also offers some advantages over the primal formulation in dealing with the above mentioned oscillation and non-smoothness. This paper presents some preliminary work on speeding up the Chambolle method [J. Math. Imaging Vision, 20 (2004), pp. 89–97] for solving the dual formulation. Following a convergence rate analysis of this method, we first show why the nonlinear multigrid method encounters some difficulties in achieving convergence. Then we propose a modified smoother for the multigrid method to enable it to achieve convergence in solving a regularized Chambolle formulation. Finally, we propose a linearized primaldual iterative method as an alternative stand-alone approach to solve the dual formulation without regularization. Numerical results are presented to show that the proposed methods are much faster than the Chambolle method.

Key words. image restoration, nonlinear partial differential equations, singularity, nonlinear iterations, Fourier analysis, multigrid method

AMS subject classifications. 68U10, 65F10, 65K10

∗Received August 3, 2006. Accepted for publication May 11, 2007. Recommended by R. Plemmons. †Department of Mathematics, University of California, Los Angeles, CA 90095-1555, USA (chan@math.ucla.edu). This work is supported in part by the Office of Naval Research ONR N00014- 03-1-0888 and ONR N00014-06-1-0345, and by the National Institutes of Health NIH U54-RR021813.

‡Department of Mathematical Sciences, University of Liverpool, Peach Street, Liverpool L69 7ZL, UK (k.chen@liverpool.ac.uk). This work is supported in part by the UK Leverhulme Trust RF/9/RFG/2005/0482. (For correspondence).

§Department of Mathematics, San Francisco State University, 1600 Holloway Ave, San Francisco, CA 94132, USA (jlc@sfsu.edu).