B-splines - |

Now consider stitching together curves which do not
necessarily pass through the control points (i.e., back to
blending functions).

Local control

Blending functions are non-zero over limited range--thus
they are like “ switches’

In the ssimplest case of uniformly spaced control points, the
blending functions will be shifted versions of the same
function.



B-splines - 11
e Curve (general case).

xm:;aam>

e The“order” dis:

2<d<sn+1

e Usual case: nis4, dis3.



B-Spline Blending Functions (89.2.5)
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Fig. 4.22c. The B-splines Ny, Noj.

These figures show
blending functions with

a uniform knot vector,
knotsat O, 1, 2, €etc.

Note that N isthe same as
our B
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Fig. 4.22d. The B-splines N9, Nos.
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Fig. 4.22e. The B-splines No3, Nis.
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Matrix form of Uniform Cubic B-
Spline Blending Functions

+1 3 -3 1L
13 -6 3 OF
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Closed B-Splines

* Periodically extend the control points and the knots

Pii=F tha =1

P2 =R th2 =1

Prda =Py lhida = lhsg 2



Fig. 4.26a.

Fig. 4.26b.
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Fig. 4.26. B-splines with uniform and non-uniform knot vectors
for a closed B-spline curve.



Fig. 4.27a. A closed
B-spline curve
with k = 3,n = 3.

Fig. 4.27b. A closed
B-spline curve
with k = 4,n = 6.



Fig. 4.27c. A closed B-spline curve with k = 3,n = 8.



Repeated knots

o Définition works for
repeated knots (if we are !
understanding about 0/0) ] /\ N1z

 Repeated knot reduces : No /
continuity. A B-spline )
blending function has
continuity C%2; if the knot
IS repeated m times, | :
continuity is now Cd-m-1 o A g Bt 605 geeheteosiagn ¥ g,

d eg -> quadl'atl C B'Spl | ne Fig. 4.22g. A quadratic B-spline with a double knot.
(i.e. order 3) with adouble

knot




M

ost useful case

Select thefirst d and the last d
knots to be the same (i.e. repeat) e e.g. cubic case below

— wethen get thefirst and last « Remember that acontrol point

points lying on the curve

Influences at most d parameter

— aso, the curveistangent to the intervals - local control

first and last segment
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Fig. 4.24a. B-splines for an open B-spline curve
with uniform knot vector.



Fig. 4.25a. B-spline
curve with k = 3, n = 5.

Fig. 4.25b. B-spline
curve with k=4, n =7,

kK isour d - top curve has order 3, bottom order 4



Fig. 4.24b. B-splines for an open B-spline curve
with non-uniform knot vector.



Fig. 4.25c. B-spline curve with k = 3,n = 9 and the Bézier curve
of degree 9 with the same control polygon.

Bézier curve isthe heavy curve



B-Spline properties

For a B-spline curve of order d

— if m knots coincide, the curveis Cd-m-1 gt the
corresponding point

— 1f d-1 points of the control polygon are collinear, then
the curve is tangent to the polygon

— 1f d points of the control polygon are collinear, then the
curve and the polygon have a common segment

— 1If d-1 points coincide, then the curve interpolates the
common point and the two adjacent sides of the
polygon are tangent to the curve

— each segment of the curve liesin the convex hull of the
associated d points



Rational Curves

XO=wg  YO=we 20 =wg
e X(t), etc are usual cubics

e Can represent even more curves (e.g. conics)

« Divsion by W(t) can be deferred (part of
perspective transformation).



NURBS

* When the X(t) etc are B-Splines, AND, the
knots are non-uniform, we get the comon

choice of general, powerful, modeling
approach

« NURBS= Non-Uniform, Rational, B-Splines



Surfaces

 Modelling surfacesis similar to modeling
curves, just more complicated

* We have already seen special cases (sweeps,
surfaces of revolution, etc)



Parametric Bicubic Surfaces (89.3)

o Want an expression Q(s,t) analogous to Q(t)
for curves.

o Consider fixedt:
— Q(s) =GMS (our curve representation)

— Now suppose that G varieswith T
— Q(s1) =[Gy (t) G,(t) G3(t) Gu(t)] M [B



Q(s) =[G () G (1) GP(t) G ()] M [S

GH¥(t)=[01 Gi» Uz Gis] M OT
GHM=6MM)" =T ™" Ogy 9, Yz Yial'
Q(st)=T ' IM' G, M [S
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Applying the formula

 Hermite (89.3.1)
x(st)y= T' M), [Gy My,

 Bezier (89.3.2)

X(st)= T' Mg [Gg Mg [5

e Uniform B-Spline (89.3.3)



Rendering

« Calculating Normals (See §9.3.4)

o Still (may) need to break the surface into a
grid (discussed briefly in §89.3.5).



