COMPSCI 715  Problem Sheet 1, 2003.

Curves and Surfaces
Due: Thursday 31 July, before the  lecture.

All questions are equally weighted but are not of equal difficulty. Do the easier stuff first!.

1.
A quadratic 2D Bezier curve with control points (1,0), (3,2), and (4,0) is to be connected to a cubic Bezier curve such that the two curves form a closed curve.

(a) Suggest any four control points for the cubic Bezier that result in the closed curve being G1 continuous.

(b) Does your solution to part (a) result in a C1 continuous curve? Justify your answer.

2.
Using the notation of lecture note slide 47, determine the exact start and end points of the segment qj of a uniform B-spline curve.

3.
Use slides 47/48 to show that the first segment of a cubic B-spline is linear if the first control point has multiplicity 3.

4.
Deduce the basis matrix for the Catmull-Rom spline as suggested in slide 51.

5.
Prove that the quadratic Bezier with the following 2D homogeneous coordinates defines a 2D quarter circle: (0,1,1), ((2/2, (2/2, (2/2), (1,0,1). [This is not so easy! You may get bogged down in the algebra. But at least show that you know how to set up the right equations.]
6.
EITHER:

(a) 
Write an applet that accepts an arbitrary number of mouse clicks in a window and continually draws the uniform cubic B-spline curve defined by the current point sequence. You may find it easier to use a subdivision algorithm rather than compute the B-spline functions explicitly, but you will have to search on the web to find how to produce a cubic curve in this way. You written document must include pseudocode for your algorithm and reference any additional material (e.g. web sites) that you used.
OR:

(b)
Write an OpenGL program that uses the glu nurbsSurface function to draw a wireframe octant of a circle. You’ll probably need to go out onto the web to figure out how to do this. One reference that may help is http://www.magic-software.com/Documentation/NURBSCircleSphere.pdf. [Begin by drawing a nurbs circle – that will earn you half marks. Then tackle the sphere.]
7.
Prove the assertion on slide 78 that one level of Chaikin subdivision, applied to a 3-point control polygon, does not change the quadratic B-spline defined by the control polygon.
8.
A program subdivision.cpp is provided on the server (together with some support routines of Burkhard’s from 372). It draws a wireframe cube. Each time you hit ‘+’, the object is rounded by application of a Doo-Sabin subdivision algorithm. ‘-’ takes you back up a level of subdivision. Modify this program to:

(a) Subdivide the polyhedron shown in slide 76 of the notes, and
(b) Display a lit Gouraud-shaded surface (e.g. using the copper colour that I rammed down your throats in 372!). [This step isn’t as easy as it looks, because the normals are difficult. As a first step, implement flat shading of the facets.]
Handing in and Marking
Write your answers neatly and in ink on A4 paper. Hand in your program code for questions 6 and 7 to the assignment drop box BEFORE the lecture. Bring your written answers plus relevant portions of program listings to the lecture. I’m going to experiment with a “do-it-yourself” marking scheme. Be prepared for chaos!
This assignment is worth 3.5% of your grade for the course.
