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Bernstein£L pi 24

e n XBernsteinE KL B = {B(E"),Bf”), ...,BTE")}

Bi(n) (t) = (Tz) tl(l — t)’l’l—i — B.(degree)

i—th basis function

where the binomi?I coefficients are given by:
n!

n ' for0<i <
(7)=4t=pr TSN

. 0 otherwise



Examples: The first few

Bi(n) (t) = (7:) ti(1 — )"

B{” =1

Bél) =1-t
Bl(l) =t

n=1 (linear)

B == (1 —t)?
B = 2t(1 - t)
B = t2

n =2 (quadratic.)

L [ [] el Tam

B = (1-1)?
B®) = 3t(1 - 1)?
B = 3t2(1—t)

B = 3

n =3 {cubic)
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Bezier i 2%

e n>XBezierfh %k n + 13T =

n
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5. 3K Bezier

* f(t) =X B’p;, t € [0,1]
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* BernsteinE {2 B = {B(gn),Bl(n), ...,B,(ln)}
e X (n+ 1)) BernsteinEZE Kz
Bi(n) (t) = (l) ti(l - t)n_i = Bi(ijtefll;zes)is function
* XRRME: BI'(t) = By (1—1)
« B (07 = LB AR

n

' n=2 (quad.) ! n=3 {cubic)
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3. HAEAT

s BRIEHEAT
BME) = (1 —0)BI V(@) + BN V(1 —t)
with Bo(t) = 1,B]*(t) = 0 fori & {0 ...n}
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+ B§(0) =1, BR(0) = - = BR(0) = 0

+ BR(1) = =BP_;(1) =0, B2(0) =1
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* Given: Pg, ..., Pn, f(t) = X1y Bi' (V) pi
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f(0) = po

f(l) = Pn
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f'(0) =n[p: — po]
f,(l) — n[pn—l - pn]
o Ui A HY 2B (k) D12k 53 = (k+1)FH 5%
f'(0) =n(n—-1)[p; —2p; + po]
(1) =nn—-1)[p, — 2pn_1 + Pn-2]
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De Casteljau algorithm

* Algorithm description
* Input: points b, b4, ..b, € R3
* Qutput: curve x(t),t € [0,1]

* Geometric construction of the points x(t) for given t:

b?(t) = bi' = O, ey, 1
b} (t) = (1 — )b~ (t) + t b1 (1)
r=1,..,n i=0,..,.n—r

* Then bj(t) is the searched curve point x(t) at the
parameter value t



De Casteljau algorithm

* Repeated convex combination of control points

b = (1—t)b\" V+th Y
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De Casteljau algorithm

* Repeated convex combination of control points
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De Casteljau algorithm

* Repeated convex combination of control points

b = (1-t)p! ™Y
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De Casteljau algorithm

* Repeated convex combination of control points
b = (1—t)b\" V+th Y
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De Casteljau scheme




De Casteljau algorithm

Algorithm:
forr=1..n
for i=0..n-r

1 1
bV = a-0b" P+ b )<[,D HAMEE, HERE

end BHE: 0(n?)time
end 0(n) memory

return bgn)



De Casteljau algorithm

e 1T E Bezier

Zex(t) L5 EA t IR

* Bisect control polygon in ratio t: (1 — t)
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De Casteljau algorithm

e 1T E Bezier

Zex(t) L5 EA t IR

* Bisect control polygon in ratio t: (1 — t)
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De Casteljau algorithm

e 1T E Bezier

Zex(t) L5 EA t IR

* Bisect control polygon in ratio t: (1 — t)
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De Casteljau algorithm

e 1T E Bezier
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* Bisect control polygon in ratio t: (1 — t)
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- y=E =

f(0) = po

f(l) = Pn
* U BV Y2 77 (Rl S0 AHE:

f'(0) =n[p; — pol
f,(l) — n[pn—l - pn]
o U A2/ (k) T2k 53 = (k+1)FHK
f'(0) =n(n—-1)[p; —2p; + po]
(1) =nn—-1)[p, — 2pn_1 + Pn-2]
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dz//df A (p, N 2p1 +Po), (Pn — 2Pp—1 + Pn-2)
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