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Types of Surfaces

m Implicit Surfaces
m Parametric Surfaces
m Deformed Surfaces
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Implicit Surfaces

F(X,y,2)=0




Implicit Surfaces

X°+y°+2°—r°=0
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Implicit Surfaces

F(X,y,2)=0

m Examples
o Spheres
o Planes
¢ Cylinders
o Cones
e Torl
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Intersecting Implicit Surfaces

L(t)=P+Vt
F(X,y,2)=0



Intersecting Implicit Surfaces

L(t)=P+Vt
F(L(t))=0



Intersecting Implicit Surfaces

m Example
¢ L(t)=(0,0,-2)+(0,0,1)t
o F(X,y,2)=x"+y°+2°-1=0

(0+0t)* +(0+0t)* +(-2+1t)* -1=0
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Intersecting Implicit Surfaces

m Example
¢ L(t)=(0,0,-2)+(0,0,1)t
o F(X,y,2)=x"+y°+2°-1=0

3—-4t+t° =0
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Intersecting Implicit Surfaces

m Example
¢ L(t)=(0,0,-2)+(0,0,1)t
o F(X,y,2)=x"+y°+2°-1=0

=13
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Intersecting Implicit Surfaces

m Example
¢ L(t)=(0,0,-2)+(0,0,1)t
o F(X,y,2)=x"+y°+2°-1=0

L(1)=(0,0,—1)
L(3)=(0,0,0)
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Normals of Implicit Surfaces

m Given F(x,y,z)=0, find the normal at a point
(X,y,2)
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Normals of Implicit Surfaces

m Given F(x,y,z)=0, find the normal at a point
(X.y.2)

m Assume we have a parametric curve
(x(1),y(t),z(t)) on the surface of F(x,y,z)
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Normals of Implicit Surfaces

m Given F(x,y,z)=0, find the normal at a point

(X,y,2)
m Assume we have a parametric curve
(x(1),y(t),z(t)) on the surface of F(x,y,z)

m F(x(t),y(t),z(t))=0
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Normals of Implicit Surfaces

m Given F(x,y,z)=0, find the normal at a point

(X,y,2)
m Assume we have a parametric curve
(x(1),y(t),z(t)) on the surface of F(x,y,z)

m F(x(t),y(t),z(t))=0

0
p F(x(t), y(t),z(t)) =0
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Normals of Implicit Surfaces

m Given F(x,y,z)=0, find the normal at a point

(X,y,2)
m Assume we have a parametric curve
(x(1),y(t),z(t)) on the surface of F(x,y,z)

m F(x(1),y(1),2(t))=0
oF ox oF oy oF oz

| | =0
ox ot oy ot 0z ot
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Normals of Implicit Surfaces

m Given F(x,y,z)=0, find the normal at a point

(X,y,2)
m Assume we have a parametric curve
(x(1),y(t),z(t)) on the surface of F(x,y,z)

m F(x(t),y(t),z(t))=0

oF oF oF .(8x oy azj_O
ox oy oz )\ ot ot ot
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Normals of Implicit Surfaces

m Given F(x,y,z)=0, find the normal at a point

(X,y,2)
m Assume we have a parametric curve
(x(1),y(t),z(t)) on the surface of F(x,y,z)

m F(x(t),y(t),z(t))=0

oF oF oF (ax oy azj_o
ox oy oz J\ot'ot'ot)
N

Tangent of curve!!!
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Normals of Implicit Surfaces

m Given F(x,y,z)=0, find the normal at a point

(X,y,2)
m Assume we have a parametric curve
(x(1),y(t),z(t)) on the surface of F(x,y,z)

m F(x(1),y(1),2(t))=0
(aF oF aFj.(ax oy azj:O
ox oy oz )\ ot ot ot
AN

Normal of surfacel!!
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Normals of Implicit Surfaces

m Example
F(X,y,2)=x"+y*+2°-1=0
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Normals of Implicit Surfaces

m Example
F(X,y,2)=x"+y*+2°-1=0

oF OF oF
) ) :212 12
£8x oy 5zj (2%.2y.22]
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Normals of Implicit Surfaces

m Example
F(X,y,2)=x"+y*+2°-1=0

(EﬁF ’8F ,aFj:(Zx,Zy,Zz)
OX oy 0z N
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Implicit Surfaces

m Advantages
o Easy to determine inside/outside
o Easy to determine if a point is on the

surface

m Disadvantages

L 4

lard to generate points on the surface
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Parametric Surfaces

P(s,t) = (X(s,1), y(s,1), z(s,1))
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http://www.pixar.com/shorts/shorts.html

Parametric Surfaces

X(s,t)=s

y(s,t) =t
Z(S,t)=s+t



Parametric Surfaces

X(S t) ~ 1+s
y(S t) ~ l+s +2
2(s,t) =150

1+8% +t°
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Intersecting Parametric Surfaces

L(t) = P(u,v)
m Solve three equations (one for each of x, y, z)
for the parameterst, u, v

m Plug parameters back into equation to find
actual intersection
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Intersecting Parametric Surfaces

P(u,v) =(u,v,u+v)
L(t) =(0,0,—-1) +(-1,0,0)t
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Intersecting Parametric Surfaces

P(u,v) =(u,v,u+v)
L(t) =(0,0,—-1) +(-1,0,0)t



Intersecting Parametric Surfaces

P(u,v) =(u,v,u+v)
L(t) =(0,0,—-1) +(-1,0,0)t

u=-1
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Intersecting Parametric Surfaces

P(u,v) =(u,v,u+v)
L(t) =(0,0,—-1) +(-1,0,0)t

(1) = (~1,0,—1)



Normals of Parametric Surfaces

m Assume t Is fixed

P(s,t) = F(s)
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Normals of Parametric Surfaces

m Assume t Is fixed

P(s,t) = F(s)
N

Curve on surface
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Normals of Parametric Surfaces

m Assume t Is fixed

P(s,t) = F(s)
oP(s,t) OF(s)
os  0s

N

Tangent at s
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Normals of Parametric Surfaces

m Assume s Is fixed

P(s,t) =G(t)



Normals of Parametric Surfaces

m Assume s Is fixed

P(s,t) =G(t)
S

Curve on surface
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Normals of Parametric Surfaces

m Assume s IS fixed
P(s,t) =G(t)

oP(s,t) _ 0G(t)

ot ot
N

Tangent at t
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Normals of Parametric Surfaces

m Normal at s, tIs

oP(s,1) y oP(s,1)
oS ot

NOrm =
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Parametric Surfaces

m Advantages

+ Easy to generate points on the surface
m Disadvantages

o Hard to determine inside/outside

o Hard to determine if a point is on the
surface
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Deformed Surfaces

m Assume we have some surface S and a
deformation function D(x,y,z)

m D(S) Is deformed surface

m Useful for creating complicated
shapes from simple objects
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Intersecting Deformed Surfaces

m Assume D(X,y,2) is simple... a matrix
m First deform line L(t) by inverse of D

m Calculate intersection with undeformed
surface S

m Transform intersection point and normal by
D
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Intersecting Deformed Surfaces

m Example

@ D(x,y) = (2%, )
L(t) = (1} + @t
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Intersecting Deformed Surfaces

m Example

D (L(1))

@ D(x,y) = (2%, )
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Intersecting Deformed Surfaces

m Example

@ D(x,y) = (2%, )

DL(L(t)) = (?j ' (%)t

44444



Intersecting Deformed Surfaces

m Example

@ D(%, y) = (2x, )
DL(L(t)) = (?j ' (%)t

(%t—%)° +(t-1)°-1=0
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Intersecting Deformed Surfaces

m Example

@ D(x,y) = (2%, )

7

2
-1

D (L(t)) =£ j+(%)t

t=0.11 1.89
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Intersecting Deformed Surfaces

m Example

@ D(x,y) = (2%, )

L(0.11) ~ (—0.89,-0.89)
| (1.89) ~ (0.89,0.89)
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Normals of Deformed Surfaces

m Define how tangents transform first
m Assume curve C(t) on surface

c ()~ SN =CO
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Normals of Deformed Surfaces

m Define how tangents transform first
m Assume curve C(t) on surface

D(C)(t+h)—D(C)(t)

D(C)'(t) = "
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Normals of Deformed Surfaces

m Define how tangents transform first
m Assume curve C(t) on surface

D(C)'(t) = D(C(1))
JaN

Tangents transform by just
applying the deformation D!!!
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Normals of Deformed Surfaces

m Normals and tangents are orthogonal before
and after deformation

N'T =0
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Normals of Deformed Surfaces

m Normals and tangents are orthogonal before
and after deformation

NTT =0
(MN) DT =0
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Normals of Deformed Surfaces

m Normals and tangents are orthogonal before
and after deformation

N'T =0
N'M'DT =0
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Normals of Deformed Surfaces

m Normals and tangents are orthogonal before
and after deformation

N'T =0
N'M'DT =0
M'D=I
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Normals of Deformed Surfaces

m Normals and tangents are orthogonal before
and after deformation

N'T =0

55/59



Normals of Deformed Surfaces

m Example
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Normals of Deformed Surfaces

m Example




Normals of Deformed Surfaces

m Example
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Deformed Surfaces

m Advantages

o Simple surfaces can represent complex
shapes

¢ Affine transformations yield simple
calculations

m Disadvantages

o Complicated deformation functions can be
difficult to use (inverse may not exist!!!)
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