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Applications of Complex Surfaces




Surface Patch

A surface patch — a curved bounded collection of
points whose coordinates are given by continuous,
two-parameter, single-valued mathematical
expression.

Function of the form:

p(u,w)=[x(u,w) y(uw) z(uw)]
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» X



Type of Surface

Planar Surface
Bilinear Surface

Ruled (Lofted) Surface
Bi-cubic Surface
Bezier Surface
B-spline Surface



Planar Surface
- defined by three points and vectors

E(u,w):p_0+u(ﬁ—p_o)+w(p2—po) O<u<i:




Planar Surface
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Planar Surface

p(u,w):a+u‘ﬁ—ﬁo‘;+w‘ﬁz—p_o‘g

Ax+By+Cz+D =0
A=Al + B]+CI2

N\ N\

N=TIXS

(P—Fy) =0
(X=X)*A+(y—Y)*B+(z-2)*C=0 Z4A
If define D = —(AXx, + By, + Cz,), then
Ax+By+Cz+D=0

O<u<l 0wl




An Example

Find the distance between a point Q =[x, y, z, ] and a plane
p=p,+uf+ws (0<u<i 0<ws1). Thatisto say, find the

projection of point Q onto plane P and the distance D.
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Solution

+5+20 -0

p0+u r+ws+Dn Q
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Planar Surface (defined by plane
equation and boundaries)

X =x(u,w)
<y=y(u,W)
z=z2(u W):—%—% (u,w)—zx(u,w)

Ax + By + Cz + D =0 is satisfied.

The two parametric equation x(u,w) & y(u,w) together with

the boundaries specified by (u=0, w=0,u=1,w=1) determine

thf the projection of a surface p(u,w) In the x-y

plane.



A Bounded Region of A Plane

(X=U+W Chose the expressions of x and y;
ly=—u+w z Is determined by the plane equation.
L Z — isamsanas {X:W
1 { X=1+W
U= =X—2
u> w=1 y=-1+w
X=U
1 W= u=1 y=-u
B X=u+1 ~ ,
2 The Region |V~ y=—u+1 =X+
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X+/=2 passes P,(1,0,1) P,(0,0,2) and P5(1,1,1)




p(uy)

p(u)
Bilinear Surface P

cu,—u  p(uy)—p(u)

) u, —u, p(ul)_p(UZ)

p(u)(u, —u)—(u,—u)(p(uy)—p(u,))=p(u)(u, —u

(U _uz)p(u1)+ (ul_u)p(uz) = p(u)(ul_uz)

o p(u)=2—2p(u)+—2p(u,)




Bilinear Surface

p(u;,w,)




Recall Parametric Representation of
Lines

P=P +(P-P)
P_Plzu(PZ_Pl)

/ y= P =P +u(R,-PR), 0<u<l
X



The Bilinear Surface

A bilinear surface is a linear interpolation of the
four corner points in the u and v directions.

Pﬂﬂ, =(1- “’)P{w + vPU} |
["1,T =(1- v)Pm + vPl,l
Pu,v)=(1- u)PO‘p - "PI.V

P(u,v)=(1-w)[QA=v)Py o + VP 1+ u[(1 =P ; + VP, ]
_Pn,n-
Py
Py, ?

- Pl*l -

=[(1-w)(1-v) u(l-v) (1—u)yv wuv]




Ruled (or Lofted) Surfaces

Here we specify two of the four boundary curves, p(u,0) and p(u,1). These two

curves can be defined by any of the methods that we discussed (cubic spline,
Bezier, B-spline, NURBS, etc.). Points on the surface are obtained by linear

Interpolation.

or p(u,w)= p(0,w)1—u)+ p(L, w)u

If we choose straight lines for the boundaries, the ruled surface becomes a bilinear

surface.



An Example

p(u,0) and p(u,1) are cubic splines with clamped ends
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p(u,w)=p(u,0)(1-w)+ p(u,L)w

= p(u.1)
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For each curve (C, and C, — cubic splines):
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