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Bezier surfaceBezier surface
∑ ∑ ≤≤≤≤=
n

0i

m

0j
mj,ni,ji, 101,u0(v)(u)BBv)(u, vPP

= =0i 0j

∑
=

+++=
n

0i
ni,mm,mi,m1,i,1m0,i,0 (u)(v))BB(v)B(v)B( PPP L

BezierBezier 
curve

3



Bezier surface cont’Bezier surface – cont
Surface obtained by blending (n+1) Bezier curves

(or by blending (m+1) Bezier curves)  
Four  corner points on control polyhedron lie on 
surface 
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Bezier surface equationBezier surface equation
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Bezier surface cont’Bezier surface – cont
Boundary curves are Bezier curves defined by 
associated control points
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Bezier surface cont’Bezier surface – cont

When two Bezier surfaces are connected controlWhen two Bezier surfaces are connected, control 
points before and after connection should form 
straight lines to guarantee G1 continuitystraight lines to guarantee G1 continuity
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B spline surfaceB-spline surface
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Ni,k(u) is  defined by s0, s1, …,sn+k

N ( ) i d fi d b t t tNj,l(v) is defined by  t0,t1,…,tl+m

If  k=(n+1), l=m+1 and non-periodic knots are used, 
th lti f ill b B i fthe resulting surface will become Bezier surface
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B spline surface cont’B-spline surface – cont
Bezier surface is a special case of B-spline surface.
Boundary curves are B-spline curves defined by 
associated control points.
Four corner points of control polyhedron lie one the 
surface (when non-periodic knots are used)
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NURBS surfaceNURBS surface
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If hi,j = 1, B-spline surface is obtained
Represent quadric surface(cylindrical conicalRepresent quadric surface(cylindrical, conical, 
spherical, paraboloidal, hyperboloidal) exactly
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NURBS surface cont’NURBS surface – cont
Represent a surface obtained by sweeping a curve
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NURBS surface cont’NURBS surface – cont
Assume that v-direction of surface is a given Pj

v-direction knot & order is the same as the NURBS 
Curve’s (order: l, knot: tp) p

u-direction order is 2
control point: 2p

u direction knot:   0  0  1  1
P0 j = Pj0,j j

P1,j = Pj + d a
h0,j = h1,j = hj from the given curve
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Ex) Translate half circle to make cylinderEx) Translate half circle to make cylinder
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Ex) Translate half circle to make cylinderEx) Translate half circle to make cylinder
P0=(1, 0, 0)  h0=1       P1=(1, 1, 0)   h1=1/√2
P2=(0, 1, 0)  h2=1       P3=(-1, 1, 0)  h3= 1/√2
P4=(-1, 0, 0) h4=14 ( , , ) 4

P0,0 = P0,       P1,0 = P0+Hk h0,0 = h1,0=1
P0 1 = P1 P1 1 = P1+Hk h0 1 = h1 1= 1/√2P0,1  P1,       P1,1  P1+Hk h0,1  h1,1  1/√2
P0,2 = P2,       P1,2 = P2+Hk h0,2 = h1,2=1
P = P P = P +Hk h = h = 1/√2P0,3 = P3,       P1,3 = P3+Hk h0,3 = h1,3= 1/√2
P0,4 = P4,       P1,4 = P4+Hk h0,4 = h1,4=1
K t f 0 0 0 1 1 2 2 2Knots for v:  0  0  0  1  1  2  2  2
Knots for u:   0  0  1  1 
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Ex) Surface obtained by revolutionEx) Surface obtained by revolution
Curve

order l,  knot tp (p=0,1,…,m+l)
control points Pj, hj (j=0,1,…,m)

Original control points needs 
to be split into 9.
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Ex) Surface obtained by revolution cont’Ex) Surface obtained by revolution – cont
P0,j = Pj h0,j = hj

√P1,j = P0,j +xj j = Pj + xj j h1,j = hj·1/√2
P2,j = P1,j - xj i = Pj - xj (i-j)   h2,j = hj

√2P3,j = P2,j - xj i = Pj - xj (2 i-j)  h3,j = hj·1/√2
P4,j = P3,j - xj j = Pj - 2xj i h4,j = hj

P P j P (2 i+j) h h 1/√2P5,j = P4,j - xj j = Pj - xj (2 i+j) h5,j = hj·1/√2
P6,j = P5,j + xj i = Pj - xj (i+j)    h6,j = hj

P P + i P j h h 1/√2P7,j = P6,j + xj i = Pj - xj j h7,j = hj·1/√2
P8,j = P0,j = Pj h8,j = hj

u direction order: 3u-direction order: 3
u-direction knot:   0  0  0  1  1  2  2  3  3  4  4  4

Synthesize four quarter circlesSynthesize four quarter circles
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