Calculating N;4(u;). — Sam Buss — February 11, 2004

The following will give formulas for calculating the values «;, §;, and ~; for
the computation of interpolating B-spline curves of order 4.

Let the knot vector be [ug,u1,us,...,us]. These knots are not necessarily
unique. Note they are renamed from the conventions in the last section of
Chapter VIII.

The values N;_1,4(ui), Ni—24(u;) and N;_34(u;) can be calculated using
the the de Boor algorithm as follows.

N;_1,4(u;): Let p;—1 = 1 and other p;’s equal zero.

1 U — Uj—1 U — Uj—1 U — Uj—1
Uj4-2 — Uj—1 Uj4-2 — Uj—1 Uj4-2 — Uj—1
1 U — Uj—2 U — Uj—2
pﬁ_é = Lerp (Pz‘—3,Pi—2, l) = Lerp (0707 l) =0
Ui41 — Uj—2 Ui41 — Uj—2
2
U — Uj— U — Uj_ U — Uj_
p§3)1 = Lerp (O, = 9 = ) = ( : 1) .
Uit — Uim1 Uip1 — Uj—1 (Wit1 — Ui—1)(Wig2 — Ui—1)

This last value, with u replaced by w;, is N;—1 4(u;).

Ni_2.4(u;): Let p;—2 = 1 and other p;’s equal zero.

1 U — Uj—1 Uij42 — U
pz('—)l = Lerp (17 07 ) ‘ ) = A
Ui42 — Uj—1 Uj2 — Uj—1

1 U — Uj—2 U — U;j—2
pl, = Lerp( (0, 1, — ) = —
Uj41 — Uj—2 Uj41 — Uj—2
2 U — Uj—9 Ui+ — U U — Uij—1
¥, = Lerp ( =2 , - )
Uj41 — Uj—2 Uj42 — Uj—1 Ui41 — Ui—1
- Uiyr — W U U2 + U—U-1  Uiq2 — U

Uj41 — Uj—1 Uil — Uj—2 Uig1 — Uj—1  Uj42 — Uj—1

This last value, with u replaced by w;, is N;_2 4 (u;).

N;_3.4(u;): Let p;—3 = 1 and other p;’s equal zero.

U — Uj—
pz(17)1 = Lerp (07 07 711) =0
Ui42 — Uj—1
U — U;— U; —Uu
pgi)Z = L@T’p (17 07 712) = L
Ujg1 — Ui—2 Uj41 — Uj—2

2

2 Ui+l — U U — Uj—1 Ui+l — U
pgf)l Lerp ( a a07 - ) = ( & ) .
Uj41 — Uj—2 Uj41 — Ui—1 (Ui+1 - Uifl)(uz#l - 7—’4242)

This last value, with u replaced by w;, is N;_3 4 (u;).



For example, when defining an interpolating B-spline: if we use the standard

knot vector

then we have

(€51

B =

"=

[0,0,0,0,1,2,3,4,5,6,...,n—1,n,n,n,n],

(2= 1
Nia(l) = 2-0(2-0 4
_(2-1) 1-0 @1-0 B-1) _
Noy(1) = (Qfg)'(270)+(270).(3*0) S 12
_(@1-0* 1
N3a(1) = 3-0)(2-0) 6

Since a; + G; + v; = 1, the value (; can also be calculated by

Bi = 1—ai—i.

This means that the more complicated formula for N;_s 4(u;) does not need to

be used!



