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Reading

Recormmendead:
* Stollnitz, DeRose, and Salesin, Waveleds for

Computer Graphics: Theary and Applications,
1996, saction 6.1-6.3, 10,2, A5,

Mote: thereis an error in Stollnitz, et al, section A5,
Equation A.3 should read:

MV =V

Thisisalready fixedin the handout.

Subdivision curves

Idea:
* repeatedly refinethe control polygon
B =P =P .
* curve isthe limit of an infinite process
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Chaikin’s algorithm

Chakin introduced the followin g " corner-cutting®
scheme in 1974

& Startwith a piecawise linear curve

* |nsert new vertices at themidpoints (the
splitting step)

Average each wertex with the "next” [clockwise)
neighbor (the avaraging stap)

* Gotothesplitting step
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Averaging masks

Thelimit curveis a quadraticB-spline!

Instead of awveragingwith the nearest neighbor, we
can generalize by applying an averaging mask
during the averaging step:
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Inthe case of Chaikin's algorithm:
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Lane-Riesenfeld algorithm (1980)

Use averaging masks from Paseal's triangle: n-g I 1
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Gives B-splinas of dagrae n+1.
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Subdivide ad nauseum?

After each split-average step, we are cosertothe
limit curva.

How rmany steps until we reach the final (limit)
position?

Redipe for subdivision curves

Canwe push avartex to its limit positi on with out
infinite subdivision? ¥es!

After subdividing and averaging a few timas, wa can
push each vertex to its limit position by applying an
evaluation mask

Each subdivision scheme has its own ewaluation
rmask, mathematically determined by analyzing the
subdivision and averaging rules.

For Lane-Riesenfeld cubic B-spline subdivision, we
gat:
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Mowwe can cook up asimple procedure for creating
subdivision cunres:

+ Subdivide (split+average) the control polygon a
fewtimes, Use the averaging mask.

* Push the resulting pointsto the limit positions,
Use the ewaluation mask.




DLG interpolating scheme (1987)
Slight modification to subdivision al gorithrm:

¢ plitting step infroduces midpoints

* gveraging step only changes midpaoints

For DLG Dyn-Levin-Gragony, usea
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Sincewe are only changingthe midpeints, the peints
afterthe averaging step do not mowve,

Building complex models

We can extend theidea of subdivision from curvesto
surfaces. ..

] 10
Subdivision surfaces Triangular subdivision
Chaikin's use of subdivision for curvesinspired similar There are awariety of ways to subdivide a poylgon
techniquesfor subdivision surfaces, mesh,
Iteratively refine a control polyhedren (or control A common cheoicefor triangle meshesis4:1
mash] to produ ce the limit surface subdivision — each triangular face is split intofour

_ subfaces:
S=lima!
=
using splitting and averagin g staps. : : :
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Loop averaging step

Once again we can use masks forthe avaraging step:
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Thesewalues, dueto Charles Loop, are carefully chosen
toensure smoothness — namely, tangent plane or
normal continuity,

Mote: tangent plane continuity is also kn ow as &7
continuity for surfaces.

Loop evaluation and tangent masks

Aswith subdiision curves we can split and average a
number of times and then push the points to their limit
prositions,
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How dowe compute the normal?
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Recipe for subdivision surfaces

Aswith subdivision curves, we can now describe a
recipe for creating and rendering subdivision
surfaces:

¢ Subdivide (split+average) the contral
polyhedron a fewtimes. Use the averaging
mask,

* Compute twotangentvectors using the
tangent masks.

¢ Compute the naermal from the tangent wectors,

* Pushthe resulting points to the limit positiens,
Usa the evaluation mask.

* FRender!

Hoppe, SIGERAPH 1954]

Addin g creases without trim curves

For MURBS surfaces, adding sharp features like
creases requiredthe use of trim curves,

For subdivizion surfaces, we can just modify the
subdivision masks, E.g.wa can mark some edges
and verticas as "creases” and maodify the subdivision
mask forthem (andtheir childran):

This gives rise to G° continuous surfaces e, hawing
positional but not tangent plane continuity].




Catmull-Clark subdivision

421 subdivision of triangles is sormetirmes q@lled a face
scheme for subdivision, aseach face begets rmore faces,

Anahernative face schame starts wit harbitmry polygon
rreshes and inserts venives alongedgesand at face
centroids:
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Original Afier splitting

Catmull-Clark subdiv sion:

Poree

Motes afterthe first subdivision, all polrgons are
quadilaterals in this scheme,

Creases without trim curves, cont,

Here's an exarnple using Catrull-Clark surfaces
[based on subdividing quadrilateral meshes):

This particular example uses the hybrid technique of
DeRose, et al, which applies sharp subdivision rules
at some creasesfor afinite number of steps, and then
switchesto smooth subdivision, giving maore gentle
creases, Thistechnigue was usedin Geri's Game,
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Interpoelating subdivision surfaces Summary
Interpalkting schermes are defined by What totake home:
*+ splitting * The meanings of all the bokdfaced terms,
+ @emging anly rew vertics * How to perform the splitting and averaging
steps on subdivision cunres,
The following averaging rmask is used in butterfly * How to perform mesh splitting steps for
subdivision: subdivision surfaces, especially Loop.
* Howto construct andrender subdivision
3 ¢ surfaces from their averaging masks, evaluation
\ / masks, and tangent masks.
e “-.. = | I
|/| S _.—”I
setting r=0 gives the original polyhedron and increasing
strallvalues of ¢ makes the surface smoaot her, until :=1/8
when the sufare is provably &7,
1o xn
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