
CPSC 426 Assignment 0 Warm Up: 5% Due September 13, 2004

1 Traditional Animation: Drawing on Film

At my office hours (Thursday 3-4 in CICSR 189) pick up one strip of film leader. Use felt tip markers to draw an animation.
Note that each frame is between the two sprocket holes on the side, a little rectangle about10mm by 4mm. Also recall that
film goes by at 24 frames per second—so for example, if you want an image to stay on the screen for a second, you need to
draw it a full 24 times. Don’t worry about making anything too detailed; abstract shapes, stick figures, dots, lines, etc. are just
fine as long as they move and you think it’s interesting. By the way, no guarantees that the film will be in the projector the right
way around, so don’t use text!

NOTE: please don’t fold or crease your film—it won’t go through the projector properly if you do. Keep it rolled up in a safe
place where it will not get crushed or bent.

Hand the film back to me during my office hours (1-2), Monday September 13.(No late submissions—I will need some
time to splice them together to show in class—so if you can’t make it then, make sure to hand it in after class on Monday.)
Make sure to write your name at the START of the strip (so I can tell who handed back the film, and which way it should
run).

2 Theory: Working with Splines

2.1 Background

Note: see section 3.1 and Appendix B.4 in the text for more on splines than what I have written below. There will also be a
lecture or two on this.

A spline (if you haven’t seen them before) is a function that consists of parts of polynomials cut and pasted together. For
example, a splinef(t) could be equal tot2 + 1 on the interval[0, 1], then equal to3− t on the interval[1, 2], and then−t3 + 2
on the interval[2, 3]. Splines are especially useful in graphics (and animation in particular) since they can very flexibly represent
or at least approximate any sort of smooth curve, and are very simple and efficient to compute.

The points at which the spline switches from one polynomial to another are called “knots”. We want the spline to interpolate
(go through) or approximate (go near) a list of specified values at these knots—these are called “control points”. Users con-
trol the shape of the spline curve by adjusting the control points, and the computer fills in the smooth polynomials between
automatically. Sometimes the control points include not just the values that the spline should interpolate/approximate but also
values for the spline’s first derivative.

The two big issues for splines are smoothness and control. Smoothness means how many times you can differentiate the spline
and get a continuous answer, and control refers to how easy it is to adjust the control points to get the shape you want.

Between knots, a spline is just a polynomial which is infinitely smooth (all its derivatives exist). However, at the knots when the
spline switches from one polynomial to another, the limit from the left might not equal to the limit from the right. If they’re not
equal, the spline is discontinuous. Usually splines are constrained to be continuous, so the limits are equal: the two polynomials
achieve the same value at the knot they share. We sometimes say the spline isC0 if it is continuous. The simplestC0 spline is
a piecewise linear curve, which is composed of straight line segments connecting the control points.

Even if a spline is continuous, the first derivatives of two adjacent polynomials may disagree at their common knot, so if
we differentiate the spline we would see a discontinuity there. This looks like a sharp corner in the curve. Many splines
are constrained to have the first derivatives equal at the knots, which means the spline has a continuous first derivative. We
sometimes say then that the spline isC1.

Similarly, you can look at if the second derivatives of the polynomials match at the knots. If so, the spline is twice continuously
differentiable, orC2, which looks even smoother. This can keep going, but in practice, not much is gained by going beyondC2

smoothness. In fact for animation,C1 is often good enough, and in certain cases we need the spline to be onlyC0.
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Splines are computed to interpolate or approximate the given values at the control points. By adjusting the control points, the
user can control what the spline looks like. (And for some spline algorithms, the user can control the first derivative of the
spline at the knots too). The big question is how much of the spline curve changes when the user makes an adjustment. A
scheme has “local” control if only the nearby polynomials change, and the rest of the curve stays exactly the same. A scheme
has “global” control if the entire curve changes. Local control is generally a much better quality than global control: working
on one part of the curve doesn’t mess up parts of the curve you already perfected. However, good global control schemes at
least make sure that, far away from the control point you adjust, the changes to the curve are very small. Without that property,
a spline is effectively useless.

2.2 The Problem

Consider constructing a spline made out of quadratic polynomial pieces. Assume that the knots are at the integers 0, 1, 2, . . . ,
n. Suppose the eqution for the spline in interval[i, i + 1] is

qi(t) = ai(t− i)2 + bi(t− i) + ci

whereai, bi, andci are some coefficients to be determined.

To make the spline continuously interpolate given control pointsy0, . . . yn at the knots, we need to enforce thatqi(i) = yi and
alsoqi(i + 1) = yi+1. This gives us two equations for the unknown coefficientsai, bi, andci, which is not enough to uniquely
specify them. To complete the system, we can enforce another condition (giving another equation), that the first derivative of
the quadratic at the left endpoint is equal to some additional control parameter:q′i(i) = si for some given slopess0, . . . sn−1.
Derive formulas for ai, bi, and ci in terms of the datayi, yi+1, and si.

Unfortunately this doesn’t give usC1 smoothness yet. To do that we have to specify that the slope at the end of one interval
equals the slope at the start of another interval:q′i(i + 1) = si+1. (This leaves us with only one free slope,s0, that we can
specify.)Derive a formula for si+1 in terms of si, yi, and yi+1.

That gives us a fast and easy way to evaluate all the spline coefficients, starting froms0, and guaranteesC1 smoothness.
However, the other issue for splines is controllability: if we adjust a control point, how much of an effect does it have on
the curve far away?Derive an explicit formula for si in terms of s0 and the valuesy0, y1, . . . , yi. Comment on how
controllable the spline is: how much of an effect does changing a valueyk have on the spline far away? Is this a useful
spline?

Hand this part of the assignment in to me Monday September 13, either after class, at my office hours (1-2), or under
my office door before Tuesday morning.
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