CSE4203: Computer Graphics

Bézier Curves

Mohammad Imrul Jubair



Polynomials

15t degree polynomial: y = ax® + bx! /

2"d degree polynomial: y = ax® + bx1 + cx? /\

3rddegree polynomial: y = ax® + bx! + cx? + dx3

Credit: CPSC 589/689 Course Notes, University of Calgary, Faramarz Samavati, Fall 2013



Bézier Curves

* First described in 1972 by Pierre Bézier
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Control Points
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INnputs

N number of control points
* Degree,d = N —1

For example, oath

For 3 Control Points, d = 2




INnputs

N number of control points
* Degree,d = N —1

* N number of control points
Degree,d = N -1

What is the d here?



Bézier Curves

d
Qu) = ZBi,d(u)Pi 0<u<l1
i=0

2
Example: Z B; J(WP, = BO’Z(u)P0 + ﬂ}g(-)ﬁ + q},(-)y
i=0

Credit: CPSC 589/689 Course Notes, University of Calgary, Faramarz Samavati M. 1. Jubair
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Bézier Curves

d
Qu) = ZB?;,d(u)Pz- 0<u<l1
i=0

Bt = (7 )wa-wt (1) =@

Credit: CPSC 589/689 Course Notes, University of Calgary, Faramarz Samavati
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Bézier Curves

Qu) =Y Bigwph 0<u<l

P

1

(89,204)
O
f

—— > A point on the curve

Credit: CPSC 589/689 Course Notes, University of Calgary, Faramarz Samavati M. 1. Jubair
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Bézier Curves

d
Q) =Y Bia(u)P 0<u<l
1=0
d\ ; i d d!
B;a(u) = ( ; ) u'(1 — u) ( ?J_ ) — _?j!(d -1 P,
Denoted with Q,(u) “H

0
Q(0)

Credit: CPSC 589/689 Course Notes, University of Calgary, Faramarz Samavati M. 1. Jubair



Bézier Curves

d
Qu) = ZB?;,d(u)Pi 0<u<l1
i=0
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Bézier Curves

Online simulator: https://ytyt.github.io/siiiimple-bezier/

Credit: CPSC 589/689 Course Notes, University of Calgary, Faramarz Samavati
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https://ytyt.github.io/siiiimple-bezier/

Bézier Curves

Boa(u) = (1 —u)*  Bog(u) = (1 —u)’

Bio(u) =2u(l —u) Bijsz(u) = 3u(l —u)?

Bso(u) = u? Bs3(u) = 3u*(1 — u)
Bgﬂg(u) — UB

Q2(u) = Py(1 — u) + Pi[2u(1 — u)] + Po(u?)

Credit: CPSC 589/689 Course Notes, University of Calgary, Faramarz Samavati M. 1. Jubair
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Example

Given control points Py = (0,0), P, = (4,2), P, = (8,0), find the Bézier curve values 2(0),
Q2(3) and Qa(1).

Why subscript 2 for Q,(u)?

Credit: CPSC 589/689 Course Notes, University of Calgary, Faramarz Samavati M. I. Jubair
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Example

Given control points P, = (0,0), P, = (4,2), P, = (8,0), find the Bézier curve values (02(0),
Q2(3) and Q2(1).

Q2(u) = Z Bi2(u)P;, 0<u<l1

1=0

Bialu) = ( ? ) vt -w™ ( ; ) N @!(ddi i)l

Q,(u) = B(,’Z(u)P0 + Bl,z(u)P1 + BZJZ(u)P2

Qo(u) = (1 — u)*Py + 2(1 — u)uP, + u*P,

Credit: CPSC 589/689 Course Notes, University of Calgary, Faramarz Samavati M. 1. Jubair
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Example

Given control points P, = (0,0), P, = (4,2), P
Q2(3) and Q2(1).
Q2(u) = (1 —u)*Py+ 2(1 — u)uPy, +u*Ps
e 2(0)=(1—-0)FPy+2(1—0)0P, +0*P, =
e (3)= . Do calculations ...
e Q(1) = ..Docalculations ... = (8,0)
M. I. Jubair

Credit: CPSC 589/689 Course Notes, University of Calgary, Faramarz Samavati

= (8,0), find the Bézier curve values (Q2(0),

(0,0)
= (4,1)
P,
—@—
Q(0) Q) Q1)
R P,



Disadvantages

* A change to any of the control point alters the entire curve.

* Having a large number of control points requires high polynomials to
be evaluated. This is expensive to compute.

{180,40) NG {180,40)
e} <
(356, 78) 6.78)

(356.78)
Q
(432,167) (432,167)
) )

441,351) / (441,351)
O

1
(
/ 0]
(d7.391) (d7.391)
(283,428) (417.422) (283,428) (417.422)

Credit: CPSC 589/689 Course Notes, University of Calgary, Faramarz Samavati




Thank You



