Spline interpolation

A final assignment for the CAGD course

For one person
Implement and compare methods of interpolation using non uniform B-spline curves.

The interpolation problem

In an interpolation problem the user gives as input a sequence of N points in the plane. The output is a curve that passes through all of the interpolation points.


Input: 


Output:

As taught in class, the interpolation problem is solved by the following algorithm (the collocation method) which you should implement:

1. Parameterize the points – i.e. assign to each point a parameter value.

2. Calculate a knot sequence.

3. Set up the banded linear system.

4. Solve the system to get the control points.

Different parameterizations

In your assignment, you should compare between the three methods of parameterization:

“Uniform” – assign an integer parameter (0,1,2,...) to each point according to its sequential order.

“Chord length” – the difference between two parameters equals the Euclidean distance between the two points.

“Centripetal” – the difference between two parameters equals the square root of the Euclidean distance between the two points.

Each method of parameterization results in a different shape of the curve.

Estimating curve quality

In you assignment, you should compare between different curves that interpolate the given points.

You are required to suggest a method of estimating the curve quality numerically, and to implement that method. Intuitively, you should be able to detect which of two given curves has a smaller “energy”, or less “waviness”. For example: the curve to the right looks smoother than the curve to the left.


There exist in the literature well known methods to examine the quality of a curve, but this is not an absolutely closed issue, and there is room for different opinions on that matter.

Requirements

1. The input is a sequence of N points in the plane.

2. Implement all 3 methods of parameterization.

3. Program the B-spline evaluation yourself. Do not use any ready-made spline evaluation software.

4. Allow to display both the curve and its control polygon.

5. The code is not required to be optimal in terms of computation time.

6. You may use ready-made software for solving the linear system.

7. Show examples with quadratic, cubic and quartic splines (i.e. order = 3,4,5).

8. Devise at least one method for numerically estimating the “quality” of the curve.

What and how to submit

Submit as a paper, including hard copies of source code and printed examples.

Include a discussion of curve “quality”, with a numerical scheme for measuring it. Demonstrate that it yields expected answers. This part doesn’t have to be based on literature. Try to suggest your own way to approach the issue of curve “quality”. Base your arguments on experiments that you make with your program.

Run for different distribution of the input points – especially let two or more input points get very close to each other, to see how this affects the calculation.

Show at least one case where the interpolating curve has a self intersection.

Reach conclusions regarding the comparative quality of interpolation using the three parameterization and the three different polynomial degrees (quadratic, cubic, quartic).




























