CMSC 435 / 634 Introduction to Computer Graphics

Homework Assignment 2 (Due Oct 15th before class)

* The work must be all your own.
* Be explicit, define your symbols, and explain your steps. (This will make it a
lot easier for us to assign partial credit.)

1. (15 points) Under which conditions do we have C! and G! continuity for two
joined Bezier curves? Write out the condition explicitly as a test on the control
points p0, p1, p2, p3 and q0, q1, q2, q3 of the two curves. Please provide two
examples, with each representing the C! or G! continuity accordingly.

To get C1 continuity, we need the two tangent vectors to be the same
magnitude and opposite direction, i.e., p3-p2 = q1-q0

To get G1 continuity, we still need the two tangent vectors to be in opposite
directions, but the magnitudes may be different. That is the condition is the same as
one for C1 continuity expect that the vector can be positive multiples of each other:
p3-p2 =k(ql-q0) for some real k>0

2. (634 Only, 15 points) Compute the normal vector of a Bezier surface patch at
the four corners and at the center for a given set of control points.



The normal vector of the Bezier surface is given bythe normalized cross product of

its partial derivatives. We write norm(n) = ﬁ Then

B 0B
n=norm(au P Bv)

(a) Normal at (0,0). We know that % (0,0) = 3(p10 — poo) and %B(0,0) =
3(po1 — poo). Therefore

n = norm(3(p10 — Poo) X 3(Po1 — Poo))-

(b) Normal at (0,1). We know that %B(O,l) = 3(p13 — poa) and %B(I,O) =
3(Po2 — Pos). Therefore

n = norm(3(Pg2 — Poa) X 3(P13 — Pos))-

Note the order of the cross product in order to obtain the same directions for
all normals.

(¢) Normal at (1,1). We know that ‘%B(l,l) = 3(py3 — Pa3) and %B(l,l) =
3(pa2 — pas). Therefore

n = norm(3(p23 — psa) x 3(Ps2 — paa))-

(d) Normal at (1,0). We know that % (1,0) = 3(p20 — pao) and %B(I,O) =
3(pa1 — pao). Therefore

n = norm(3(pa1 — Pao) X 3(P20 — Pao))-

Note again the order of the product.
(e) Normal at (3,3). We have B(u,v) = 32,3, bi(u)b;(v)pi;. We can calculate
the partial derivates as

5:Bu,v) = —3(1—u)*3;b;(v)po;
+3(—2(1 - wu+ (1 - w)?) ¥, b;(v)py;
+3(u? + (1 - u)2u) 32, b;(v)py;
+3u? 37, b;(v)ps;

and evaluate at u = v = }. We obtain the partial derivative gJB(u,v) sym-
metrically. Then
1 a_.,11

a1
n= norm(aB(E, 5) X aB(E, 5))



