Image distortion using Coon’s patch

A final assignment for the CAGD course

For one person
Implement and demonstrate a method for image distortion based on Coon’s patch

The problem

The user selects a rectangle domain of an image, and defines four curves that defined a four-sided domain. The selected part of the image should be transformed into the user defined four-sided domain, as in the example:


The 4 curves are NUBS (Non-uniform B-spline curves) with “ord” knot multiplicity at the end knots such that they pass through the end control points. The four curves must form a continuous contour. This is guaranteed if one curve’s first control point coincides with the previous curve’s last control point.

Mathematical description of the distortion function

The Coon’s patch defined by the four curves determines a function from the original (u,v) domain to the new image. Each pixel is mapped to a new location in the new image.

The new image is generated by sampling the original image densely enough, and mapping the points from the old image to pixels in the new image. If you don’t sample densely enough, there will be pixels in the new image that will not be painted, resulting in “holes” in the image.

Problematic cases

Coon’s patch defines a function that can sometimes yield unwanted results.

For example, a pixel in the old image can be mapped to a point outside the domain surrounded by the four curves that the user prescribes.

Demonstrate how that can happen.  Can you find other problematic cases? Namely, cases where this algorithm results in something you would probably not expect.

Suggest a way to detect automatically that such problematic cases.

Requirements

1. The input consists of an image (bitmap / jpeg etc...), a rectangular domain in the image, and 4 NUBS curves.

2. The output is in the format of an image (bitmap / jpeg etc...).

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

4. The user describes the input curves by a sequence of control points and knots.

5. The knot sequence must have “ord” multiplicity at the ends.

6. The NUBS curves should be of order 3 or 4.

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

8. Include a discussion of problematic cases. Suggest and implement a way to numerically detect a problematic case, in order to warn the user. 

9. In light of these problems, suggest (without implementing) a different method for image distortion (not necessarily using the same input of four curves). Explain its possible advantages.
What and how to submit

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

Demonstrate examples with simple curves, as well as complicated and twisted curves (i.e. wavy curves with many control points).

Include the discussion and demonstration of problematic cases.

Include your suggestion for an alternative method for image distortion.
















The user defined curves (in red) and the distorted image.





The original image and the selected rectangle.











