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P. Bézier: How a Simple System
Was Born

CAD/CAM mathematical problems have generated many solutions, each
adapted to specific aspects of development. Most of the systems were
invented by mathematicians, but UNISURF, at least at the start, was
developed by mechanical engineers from the automotive industry. These
engineers were familiar with parts described mainly by lines and circles;
fillets and other blending auxiliary surfaces were scantly defined, their final
shape being left to the skill and experience of patternmakers and die-setters.

Around 1960, designers of stamped parts such as car-body panels used
French curves and sweeps. The final standard, however, was the “master
model”, whose shape, for many reasons, could not coincide with the curves
traced on the drawing board. This inconsistency resulted in discussions,
arguments, retouches, expenses and delay.

Obviously, no significant improvement could be expected as long as a
method was not devised that provided an accurate, complete and indis-
putable definition of freeform shapes.

Computing and numerical control (NC) had made great progress at that
time, and it was certain that only numbers, transmitted from drawing of-
fice to tool drawing office, manufacture, patternshop and inspection, could
provide an answer; of course, drawings would remain necessary, but they































































42 4. The Bernstein Form of a Bézier Curve
4.6 The Matrix Form of a Bézier Curve

Some authors (Faux and Pratt [106], Mortenson [182], Chang [58]) prefer to
write Bézier curves and other polynomial curves in matrix form. A curve
of the form

x(t) = 3 eiCi(t)

j=0

can be interpreted as a dot product:

Co(t)
X(t)=[€a cee By ] :
Cn(t)
One can take this one step further and write
Col(t) Mog ... Mign 9
: = : : A (4.25)
Chu(t) Y I "

The matrix M = {m;} describes the basis transformation between the
basis polynomials C;(t) and the monomial basis 1*.
If the C5 are Bernstein polynomials, C; = B}, the matrix M has elements

my = (—1y7* (i:) (’:) (4.26)

We list the cubic case explicitly:

-

1 =3 3 -1
0 3 <6 3
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Why the matrix form? Mathematically, it is equivalent to other curve
formulations. When it comes to computer implementations, however, the
matrix form may be advantageous if matrix multiplication is hard-wired.
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4.7 Problems

1. Show that the Bernstein polynomials B form a basis for the linear
space of all polynomials of degree n.

2. Show that the Bernstein polynomial B attains its maximum at ¢ = i/n.
Find the maximum value. What happens for large n?

3. A cusp is a point on a curve where the first derivative vector vanishes.
Can a nonplanar cubic Bézier curve have a cusp?
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