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Part 4 : Mesh smoothing
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Subdivision

} Generating new object (mesh, polyline) from old one by
dividing edges or faces into smaller parts

1 Generating new vertices, edges, faces, changing position of ol
vertices

} One step of subdivisiod from objectP' to objectP*1,i= 0, é
Subdivision schentgd P*1 = P
Control (starting) objecto P°
Limit objectd P,PP = limPi,iY D
1 Interpolation schemes8 vertices ofP' are included irP'*1,
eachP' andP passes through vertices 6F

1 Approximation scheme8 Each objecP' andP only
approximates shape &

1 Continuity 0 continuity of limit objectP, usually €, Ct, C?, é
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Subdivision

m

a) full resolution

Geometric Modeling in Graphics

A TAYAVAVAVAVON
VAYAVAVAVAVAVAVA VAU ¢
TATA‘TLTLT‘T;‘#? o

ANAVAVAVAVAVAVAVA",
= N AV A AV WA WA
0 e g oy

T e e P

2

ﬂin KK
S

c) 82% reduction

W
L

P

NN
2

d) 93% reduction



Polyline subdivision

1 Chaikinsubdivision scheme
} Corner cutting algorithm, approximating scheme
1 P'has verticesY,V,,..,\!
1 P! has verticesY*1,\,*1, é
bVt =0.25*+0.75 *V, ',
b Vo =0.75 *\+0.25 *V, ',
} Open polyline
m=2n-2
1 Closed polyline
m=2n
Vier =V increasing levels of subdivision
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Chalkin scheme

1 Limit of Chaikinschemed C! quadratic Bspline curve
+ Limit curve in convex hull of control polyline

1 Matrix notation, used for determination of mathematical
properties | L
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Polyline subdivision

1 Interpolation Scheme, limit curve is'C

1 Dyn-LevinGregory

bV tt=Vpo =1, 22 é, m [/

bV, = (-1/16) V. +(9/16)V/ + (9/16) Vf,, + (-1/16)V,,
j=1, 22 é, m [/

} Open polyline: m=2/,\;)=V,"V, ,/=V,

1 Closed polyline: m=2nM=V,V_, =V,
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Polyline subdivision

+ CatmulClark approximating subdivision scheme

1 Limit curve is € cubicB-splinecurve

bVt =(U2) i+ (U2)* VL) =1, 22 e, m
b Vo= (UB)V+(6/8)V! + (LI8) VL, ,j=1, 2, 2¢,
1 Open polyline: m=21,\,=V,\,\V_,,=V.!

1 Closed polyline: m=2n\=V,\V, .=V,

VI Vﬂ
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Loop subdivision

} Loop approximating scheme for triangular meshes
+ Each subdivision step, triangle is divided insuBtriangles

} For each edge of mesh, new vertex is created near cente
of edge (odd vertex)

1 Each old vertex is moved to new position (even vertex)

+ Position of odd and even vertex is computed as
barycentriccombination of old vertices In its
neighborhoodd barycentriccoordinates given as mask
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Loop subdivision

1 Special rules for vertices, edges lying on boundary or
marked as crease

} Using DCEL to get vertex neighborhood info

4
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] ; . Original Loop
E} x Interior B ﬁ
— 15 _ (341 LAY
ﬁ_ﬂ(g (3+4C05’n))
Warren
3
/ ﬂ | 3a n>3
’ 2 n=3
16 -
® = Crease and boundary o |
d I 3 1
B B 3 7 :
a. Masks for odd vertices b. Masks for even vertices

Geometric Modeling in Graphics



Loop subdivision

1 Control meshMP @ arbitrary triangular mesh

1 Limit meshMP 8 C? smooth except small neighborhood of
extraordinary vertices

} Extraordinary vertexd with valence not equal to 6
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Loop subdivision & DCEL

} One Loop subdivision step from meshi to meshM™*?

} Creating DCEL structure for meshl'*!

1. For each vertex o', create new even vertex d¥l*1 and
compute its position from positions dfl' vertices, remember
connection of new and old vertex

2. For each edge dfl', create and compute coordinates of new
odd vertex, remember connection of new vertex with both half
edges of edge

3. For each face d¥l', create 4 new DCEL faces (triangles) and
12 new haHedges and fill its properties based on connections
from previous steps except opposite pointers, remember
connection of new faces with old faces

4. Fill opposite haktdges of mesM'*1 using connections from
step 3
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Loop subdivision - Creases

http://www.bespokegeometry.com/2015/01/29/messibdivisiodoop-andcatmuliclark/
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Catmull -Clark subdivision

—_— e d

Originally designed for quad meshes

Generalized for control mesh with arbitrary simple
polygons

Approximating scheme, at least €xcept neighborhood of
extraordinary vertices

After first step of subdivision, only quads are present

For regular quad control mesh, limit surfacebisubicB-
spline surface

Extraordinary vertices are with valence not equal to 4
Most popular scheme in modeling packages

Used I n many movies, first
Catmulld working in Pixar, Disney
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Catmull -Clark subdivision

} One step of subdivision procedd! to meshMi*!

1 3 kinds of new vertices of med¥i'*1, created for each
element (face, edge, vertex) bf
Face poin® average of all vertices of face
Edge poin® average of two points from neighboring faces
Vertex point
F 0 average of all face points for faces touching vertex
R d average of all edge points for edges touching vertex
P& position of vertex F+2R+(n-3)P
n d valence of vertex "
1 To create meshM'*1, connect each face point with
corresponding edge points and each vertex point with
corresponding edge points
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Catmull -Clark subdivision

} Rules for boundary and crease are given by curve rules
Edge Point is computed as center of edge
EP =(1/2) *V, + (1/2) *V,
Vertex point is computed as combination of vertex and its
neighbor vertices on boundary (crease)
VP= (1/8)N,+(6/8)V + (1/8)N,
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-Clark subdivision

Catmull
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