
Summary

Parametric active contours, also called snakes, are a particular case of deformable models
embebed in the image plane. The mathematical principles under their formulation represent the
confluence of Geometry, Physics and Approximation Theory. Since their debut in 1978, their use-
fulness has been proven in medical image analysis, image segmentation, object tracking in video
sequences, etc.

An important problem to resolve is the dynamic behavior of the snake evolving towards its
final equilibrium situation. This convergence analysis is particularly necessary when the energy
functional that governs the shape of the active contour depends on internal and external parame-
ters and features, generally non linearly dependent, like inflate forces and stretching forces based
on the very structure. In the design of the global dynamic behavior is mandatory to control the de-
finition of the energy functional in order to guarantee that the existing feedback does not produce
an unstable performance.

In this Thesis, the formulation of the active contours in the spatial domain has been re-
viewed, including parametric models, topology adaptive models and level-set–based models. The
inherent problems of the classical implementation of active contour have been described (initiali-
zation sensitivity, robustness in noisy environments, selectivity in object segmentation and object
tracking, stop condition in the iterative mechanism, etc.) together with their current solutions pro-
vided in the state of the art. The spatial formulation of the deformable models has been translated
into the frequency domain and has been employed to analyze the convergence velocity and to
provide a method for designing the optimum dynamic parameters of an active contour in a object
segmentation scenario.

The design method has been proved in video sequences for speeding up the convergence of
the active contour in segmentation and tracking applications. The method has been incorporated
in the frequency based implementation of active contours and has been used in motion compen-
sated tomographic reconstruction, mechanical characterization of artificial muscles and motion
vectors filtering in a method for non rigid image registration based on deformable models.





Summary

The main contribution of this Thesis is the convergence analysis of parametric active con-
tours and the resulting method for setting the value of the dynamic parameters in order to control
the evolution of the contour in a problem of image segmentation. Another contribution of this
Thesis is the translation of the spatial formulation of the deformable models to the frequency do-
main. This new formulation offers a new point of view for designing and analyzing deformable
models.

The main research future lines are the extension of the convergence analysis to deformable
meshes in order to improve their velocity and the application of the ideas followed in this Thesis
to level-sets techniques.




