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Study on Compact B-spline Curve Design using Dynamic Programming
Approach
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Fitting a curve to a set of data points is a key problem in many applications of
science and engineering-such as numerical analysis, robotics and image
processing, etc. For solving such a curve-fitting problem, a natural approach is




one with the so-called “spline function” which is a special function defined
piecewise by polynomials. Such a spline approach enables us to yield the
simplicity of their construction, their ease and accuracy of evaluation, and their
capacity to approximate complex shapes through curve fitting and interactive
curve design. In particular, a natural choice from various types of splines is
‘B-splines’ developed by Schoenberg, in which a spline function that has minimal
support with respect to a given degree, smoothness, and domain partition.

This thesis considers a problem of designing curves using B-spline approach.
Therein, the curves are constituted by employing the normalized, uniform
B-splines as basis functions. That is, their knot points are equally-spaced. Then,
a sequence of control points of B-splines is called as ‘control polygon’, which
represents the geometrical outline of curves. Such a treatment on the control
polygon is very powerful in the interactive curve design. With respect to the
design using such a B-spline approach, we however see that the design usability
may depends on the number of control points on the curves. For improving such a
design usability, a natural way is to represent a given curves as more compact
B-spline curves by using only the dominant control points, in which the desired
approximation accuracy is achieved.

Main purpose of thesis is to develop a method for designing such compact
B-spline curves by using only the dominant control points. In particular, such a
method is developed for typical two types of B-spline curves “planar B-spline
curves” and “periodic B-spline curves”. Then, a central issue is how we optimally
select a dominant control points. For solving such a problem, we here introduce
an optimization approach using dynamic programming (DP) method. That is, the
selection problem is formulated as a graph problem and is solved by DP. Thus, the
method does not lead to huge amounts of computation time unlike the ordinary
approaches- such as trial-and-error approach. In addition, it is shown that
representation using the selected control points can be realized using NURBS
(Non-Uniform Rational B-splines). The methods for the planar and periodic
splines can be applied for the character design using the so-called dynamic font
method and the contour modeling problem for the deformable objects,
respectively. The performances are demonstrated by experimental studies.

The outline of this thesis is as follows. In Chapter 1, we give the background
and the purpose of this thesis as an introduction. In Chapter 2, we present the
spline curve basics including B-spline as well as Non-Uniform B-splines
(NURBS), which will be frequently used throughout this thesis. In Chapter 3, we
presented the dynamic programming including graphs theory. In Chapter 4, we
develop the method for designing compact planer B-spline curves and conduct
some experimental studies in order to demonstrate the usefulness and
effectiveness of our proposed method. The similar work for the case of periodic
splines are discussed in Chapter 5. In Chapter 6, the conclude remarks of this
thesis are given.
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