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In this thesis, we enhance the algebraic phase unwrapping and the spline smoothing
for their broader applications. In Chapter 2, as preliminaries, we introduce the
fundamental knowledge on the algebraic phase unwrapping and the spline smoothing.
In Chapter 3, we refine the algebraic phase unwrapping by removing the conditional
branches in the original polynomial division type algorithms which generate certain
Sturm sequences. Since the signs in the redefined Sturm sequences can be computed
with the use of special determinants called subresultants, the unwrapped phase of a
complex polynomial can be computed without suffering from numerical instabilities
caused by the inductive polynomial division steps. In Chapter 4, in order to construct
nonnegative and smooth continuous functions, we propose algorithms for the
nonnegative spline smoothing. To guarantee the nonnegativity of spline functions over
their continuous domains, we newly derive some sufficient conditions in the form of
linear inequalities on the coefficients of the spline functions. As a result, the proposed
nonnegative spline smoothing can be realized by solving certain convex quadratic
programming problems. In Chapter 5, we propose a novel 2D phase unwrapping
scheme based on the algebraic phase unwrapping and the spline smoothing. For given
wrapped phase samples, the proposed scheme first constructs a pair of bivariate spline
functions, as a vector field, by using the spline smoothing. Then, the proposed scheme
estimates the desired 2D unwrapped phase by applying the algebraic phase unwrapping
to the vector field. The proposed estimate satisfies the desired consistency with all
wrapped phase samples. In Chapter 6, inspired by Goldstein's combinatorial approach
to 2D phase unwrapping, we propose the single-frame fringe projection profilometry,
where we estimate the signs of wrapped phase samples on 2D lattice points by a
branch cut type algorithm. In Chapter 7, by modifying the idea of the nonnegative
spline smoothing in Chapter 4, we estimate smooth probability density functions as
nonnegative spline functions which minimize the weighted sum of the energy of local
change of the spline function and the square error between the spline function and a
histogram based on finite observed samples.

Finally, in Chapter 8, we summarize the results obtained in this thesis.
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