Curve and Surface
Constructions

Milind Sohoni
http://www.cse.iitb.ac.in/"sohoni



http://www.cse.iitb.ac.in/~sohoni
http://www.cse.iitb.ac.in/~sohoni

Contents

Introduction

This talk is about the creation of curves and surfaces. These are created
the kernel, say as:

e Projected Curves

e Surface-Surface intersections.
e Extrudes.

e Blends.

e Offsets.

As opposed to the earlier, which was aboutdheation of pointsvith special
properties, this is about the constructiomhafher dimensional entitiesuch
as curves and surfaces. The basic paradigm is:

1. Create Points in a systematic fashion.
2. String them up as control points of a curve/surface.
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Projected Curves

Let C be a curve and' be a surface. The projected cupenj(C,.S) con-
sists of all points; € S obtained by projecting poings € C'(¢) onto.S.
The simplest constructor for this is seemingly straight-forward:

1. Depending on tolerance requirements, choose a
2. Fora + nA € [a, b], projectC(a + nA) = p, to getq,.
3. DefineC’ with control pointsyy, . . ., .

Curve[a,b]
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Not So Simple....

Here is a bad case: The curggis close to the axis of the almost cylindrical
surface. As a result the projected curve is highly unstable.

/— original curve
pO

) pL

projected curve

This situation has to be detected and the user alerted.
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Detection: Rudiments of Curvature

Lets tackle the point-projection on a curve, which too has the same instabil
ity.

P p
\ ‘“’
\/q

Let C' be a curve, ang = (0, /) be a point so that the point= (0,0) is
the closest point tp on C'. Furthermore, let us assume tldais given by

5 as
_aj2 _|_ —

_ 3
= 3!:1: + ...

Y

Now we exmaine the point’ = (¢, i) and see how' = (x, y,) moves.
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Perturbation Analysis

The equation is the the lingq’ is perpendicular to the tangent@t Given
the equation defining’, we see that:

dy a3
% Ao + ﬁZC + .

The perpendicularity condition translates to:

as Yo — h

— col) = —1
(a2x0+21x +...) (xo_e)
Simplifying this, and substituting fay,, we get:

as a9
(a2$0+ﬁx0+ ) (2' 0—|—3' —|——h>:€—CIZ’0


http://www.cse.iitb.ac.in/~sohoni

Finally...
Re-organizing:
a a a
(azx()+2—ix§+...) <2TSC(2)—|— 3?x8+ .—h)=¢e—x
We see that: h
a
(1 —ash)xy+ 2'3 2—|—...=e

By classical analysis, this can be inverted iff the linear term is non-zero i.e.
(ayh — 1) # 0. The inverse is:

1

1 — (J,Q]?,

Ty = . higher terms

The constanti, is called thecurvatureof the curve at the poing anda—l2 as
theradius of curvature

We see that ip is normally away frony exactlydlstance— away, then the
projection isunstable
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And Pictorially

S

The detection is done by computing the constardnd comparing};
with h. Note thatu, = f”(0) is the double derivative.
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Surface-Surface Intersection

Let.S; andS; be two surfaces. we are required to find the curve of intersec-
tion. The strategy:

1. Select a sequence of parameter valugor Ss.

2. Construct iso-parametric curvé§w;) and intersect witth to construct
the pointp,.

3. String upp; into a control polygon.

pi=C(ui) intersection S1

C(ui):iso—parametric on S2
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Issues

e Start of parameter value, its range, and the increment
e Constructions of iso-para curves.
e Delicate issueCiritical Points

Thus such critical points have to be discovéradd the parameter must be

moved fromu to v.
a8How is this discovered?
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Trim Curves

What happens to the surfaces after having undergdaesection?®

Parameter
Sl 2 Space
actual trim
curve
— |
computed tfim Donjain

curve

Note that the intersector throws out parameter values of the points of intet
sections. These are then strung up to getiihecurves

Usually, the pre-image of the actual intersection curve, and the compute
trim curve aredifferent
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Offset Curves

Let C' be a curve in a plane, amd> 0 be a real number. The offsél. is the
curve obtained by points which are exactly a normal distana&/ay from

points onC.
[
offset CM
- /\U
C—~= P

The algorithm is simple:
1. Select pointg,; on the curve’.
2. Move themnormallyby a distance to getg;.
3. ConstructC', from this collection{g; }.
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However...

There are bad cases.

offset
N
\

curve_ )

critical point

m

Even é

wor sel

These have to be detected and the user alerted. Most kernels must supp
the first case above. Thus the offset a(fmooth curve may result ihcurves
which donot meet smoothly.
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Now to Surfaces: Extrude

Recall that the extrude is defined by a profifeon a plane. The surface is
obtained bysweepinghis profile in a directiomormalto the plane.

Extrude surface 2

curvel

profile74 éi ﬂ—\
4

\
curve2 / curvel
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The Construction

The basic steps are:

1. Unhook the profile into constituent curves and take them individually for
surface geometrgreation.

2. Create surface geometry assasor-producsurface.
3. Combine these to form tHacesof the extrude.

curve
tensor

product

control \ / polygon

polygot — 7
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Drafted Extrudes

Frequently, the extrude has to Heaftedby an angled for manufacturing
ease.

offset=
offset curve
Eloa:nrr?aﬂ surface h.tan(d)
line /
=
draft - n /
angle T T
d il
NEEE
! (
curve h
normal

This causes the surface to lose the nice tensor-product construction. No
for every point on the profile, we construct the surface line as shown. Point
are taken on this line in a systematic manner.

Also note that these are also obtained by a sequence of offsets.
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Offset Surfaces

These are analogous to offset curvesS'lis a surface and > 0, thenS,,

the offset, is théocus of the center of a ball of radiwsolling on S.

These are constructed easily by picking pointgpoa S and moving then
normally by a distance. There are the usual critical points which need to

be handled.
__offset \/_\
[ surface
The Surface Offset and the usual problem
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Blends

This is one of the most sophisticated of surface constructions.
The blend on the edge between surfaeand.S; is defined as thenvelope
of a rolling ball which is in contact with botl; and.S;.
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The 2D case First

So letC', C; meet at a sharp vertex, which needs to be blended with radiu:
T.

) N

\
blend edge
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The 2D case First

So letC', C; meet at a sharp vertex, which needs to be blended with radiu:

\
blend edge

The first task is to determine the points of contactndp, and the centre
O of the circle.
PointO is first computed by intersecting the offsetgfandC.
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Finally

projections

gl
AVA

pl p2

\
blend edge

Having determined), gettingp,; andp, are easy:
They are just the projections 6f on C; andC5. Now,

e ('} and( are truncated at; andps.
e A circular segment with centr@, radiusr is fitted.
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The 3d Case

offsets

spine

The locus of the point of contacts are called #pging curves The blend
face D is inserted between the spring curves.

The process is:

1. Define thespineto be the locus of the center of the rolling ball. This spine
is computed as the intersection of the offsg{sand O, of the surfaces.
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The Spring Curves

springl spring2

spine
spine

projections

2. Compute the Spring Curves as thejectionsof the spine on5; andS..
PruneS; andS, upto the spring curves.
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The Surface Curves

surface curve)

great circle

3. The blend surfacé is created by identifying circles which lie oB.
Every pointp on the spine determines, by projection, two poiptandgs.
The great circle is the one whigh lies in the plane defined hyy, ¢; andgs,
(i) hasp as its center, an(ii) passes through poinis andgs.
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Surface Construction

Thus we see that surface construction usually involves first identifying
curves which must lie on the surface, and then stringing them up into the
complete surface.

Identification of surface curves is a tricky matter.

Surfaces created via this paradigm include:

e Sweeps

e Revolves

And those which are NOT:

VERTEX BLENDS
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