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An Operator Splitting Method for Solving Elastica Model

TAO Linlin

Abstract

Elastica energy has a long history in variational image processing.
It is known to possess a strong capability of preserving edge infor-
mation for objects as well as smoothing piece-wise regions. However,
it is challenging to solve the corresponding non-differential and non-
convex functional. The main purpose of this dissertation is to propose
an efficient algorithm based on the operator splitting scheme to solve
the elastica model.

Firstly, we will give a brief introduction of the operator split-
ting method. We will show the motivation of the operator splitting
method, and then the two most commonly used operator splitting
methods will be introduced. Finally, a full-time discretization scheme
Marchuk-Yanenko operator splitting scheme will be introduced.

Secondly, an efficient algorithm based on the operator splitting
scheme is proposed to solve the L2 elastica minimization problem.
Elastica minimization problem is converted to an initial value prob-
lem by the optimality system, and then three sub-problems derived
from splitting schemes need to be solved. Their simplicity guarantees
the numerical implementation can be easily carried out, resulting in
closed-form solutions and fast dedicated solvers. Besides, we apply our
proposed method to image inpainting and segmentation. Experiment
results show the efficiency and stability of our method.

Thirdly, we propose an operator splitting method to solve the L1

elastica model. Technically, it is developed by introducing auxiliary
variables, employing an operator splitting method to an initial value
problem. Then a series of sub-problems with Marchuk-Yanenko oper-
ator splitting scheme can be solved easily by closed-form solutions or
fast dedicated solvers. Experiments on image smoothing and segmen-
tation display significant gains of the proposed approach.
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