
Computer Graphics 

Lecture 14 



What is Bézier curve  



 Bézier curve 





Idea behind Bézier curve 

Let p0, p1 and p1,p2 be two convex combinations   
 
 

p1 

p0 

p2 

Q0 

Q1 R 

Q0   = (1-t)p0+tp1 

Q1  = (1-t)p1+tp2 

 R = (1-t)Q0 + tQ1 

As t goes from 0 to 1, R moves along a  
parabolic path from p0 to p2. 
   



R = (1-t)Q0 + tQ1 
 
Mapping R when t moves from 0 to 1 
 
R = (1-t)[(1-t)p0+tp1]+ t[(1-t)p1+tp2] 
 
    = (1-t)2p0+ 2(1-t)tp1+t2p2 
 
Since (1-t)2 + 2(1-t)t+t2 =1 (Binomial theorem) 
 
R consider as convex combination of p0, p1, p2   
where  
 0≤ t ≥ 1 and  (1-t)2 ≥ 0 ,  2(1-t)t ≥ 0, t2 ≥ 0   
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Cubic Bézier curve 

p0, p1, p2, p3   are fixed points 

S  = (1-t)R0 + tR1 

 R0 = (1-t)Q0 + tQ1 

Q0   = (1-t)p0+tp1 

Q1  = (1-t)p1+tp2 

 Q2  = (1-t)p2 + tp3 

 R1 = (1-t)Q0 + tQ2 

When t moves from 0 to 1, S trace out the fine Curv 



R0 = (1-t)2p0+ 2(1-t)tp1+t2p2 

R1 = (1-t)2p1+ 2(1-t)tp2+t2p3 

S  = (1-t)R0 + tR1 

S  = (1-t)[(1-t)2p0+ 2(1-t)tp1+t2p2 ]+  t[(1-t)2p1+ 2(1-t)tp2+t2p3] 

S  = (1-t)3p0+ 3(1-t)2tp1 + 3(1-t)t2p2+t3p3 

Since (1-t)3p0+ 3(1-t)2tp1 + 3(1-t)t2p2+t3p3=1  (Binomial theorem) 
 
S consider as convex combination of p0, p1, p2, p3  
where  
 0≤ t ≥ 1 and  (1-t) 3 ≥ 0 ,  2(1-t)3t ≥ 0, t3 ≥ 0   



Higher degree of Bézier curve 

More control points leads into higher degree Bézier curve 
 Higher degree Bernstein Polynomials 



polynomials 
A polynomial of degree n is a function of the form 

f(x) = anx n + an−1x n−1 + . . . + a2x 2 + a1x + a0  
In other words  

 

 

 
Polynomials of different degrees 



De Casteljau Algorithm 





degree of Bézier curve 



The Binomial Coefficient 



Case of cubic Bernstein 
Polynomials 



Behavior of Bernstein 
Polynomials 



Bézier curve in Matrix form 





Bézier curve Properties 



Examples with changing control 
points 
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