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Goal

New subdivision scheme based on the
idea of factoring a complex scheme into
several simpler passes.
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Goal

New subdivision scheme based on the
idea of factoring a complex scheme into
several simpler passes.

Linear Subdivision and Differencing
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Classification

Quadrilateral Meshes
Interpolating Scheme
Smoothness: C1
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Outline

Some Notation
Curve Subdivision
Closed Surface Subdivision

Extraordinary Vertices
Example
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Some Notation

Given a subdivision mask s associated
with a refinement relation:

kk spp =+1
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Generation Function s[x] associated
with the subdvision mask s
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Some Notation

Generation Function s[x] associated
with the subdvision mask s

Linear Subdivision: s[x] = 1/2x-1 + 1 + 1/2x
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Some Notation

One round of subdivision is represented
as:

][*][][ 21 xpxsxp kk =+
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Curve Subdivision

Four-Point Scheme:
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Curve Subdivision
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Curve Subdivision

Second Difference Mask: (-1, 2, -1)
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Curve Subdivision

Second mask(D) is applied to all of the
vertices
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Curve Subdivision
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Closed Surface Subdivision
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Closed Surface Subdivision
Kobbelt’s rule
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Closed Surface Subdivision

Only need generalize those two masks to 
surfaces. 



18
Lourena Rocha  

Subdivision Surfaces Course - IMPA 2004

Closed Surface Subdivision

Only need generalize those two masks to 
surfaces. 
Generalizing linear subdivision is trivial 
and just become bilinear subdivision.
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Closed Surface Subdivision

Only need generalize those two masks to 
surfaces. 
Generalizing linear subdivision is trivial 
and just become bilinear subdivision.
Generalization of differencing mask must
be uniform for all vertices: vertex, edge
and face.
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Closed Surface Subdivision

Tensor Product - represented as the
product of two generating functions:
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Closed Surface Subdivision
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Closed Surface Subdivision
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Extraordinary Vertices
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Extraordinary Vertices
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Example
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Goal

Efficient implementation of FastMesh - a 
view-dependent and topology preserving
meshing framework.
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What it is and provides ...

View-dependent LOD generation;
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View-dependent LOD generation;
Real-time mesh simplification that
minimizes visual artifacts;
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View-dependent LOD generation;
Real-time mesh simplification that
minimizes visual artifacts;
Hierarchical multiresolution based on
half-edge data structure;
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What it is and provides ...

View-dependent LOD generation;
Real-time mesh simplification that
minimizes visual artifacts;
Hierarchical multiresolution based on
half-edge data structure;
Optimized implementations of 5 error
heuristics (conservative bounds);
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What it is and provides ...

View-dependent LOD generation;
Real-time mesh simplification that
minimizes visual artifacts;
Hierarchical multiresolution based on
half-edge data structure;
Optimized implementations of 5 error
heuristics (conservative bounds);
Efficient in space and time cost.
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Outline

Mesh Simplification;
Dynamic Meshing;
View-Dependent Error Heuristics;
Implementation;
Results;
Future Work;
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Mesh Simplification

Refinement and simplification operations.
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Mesh Simplification

Refinement and simplification operations.

Uses the quadric error metric (Garland) 
to create an initial partially ordered set of 
ecol simplification operations;
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Dynamic Meshing
Half-Edge Data Structure

Half-edge h {
h.r; // reverse twin half-edge
h.n; // the next half-edge
h.p; // the previous half-edge
h.v; // the starting vertex

} 

Stores a mesh of m triangles as an array
of 3m half-edges.



37
Lourena Rocha  

Subdivision Surfaces Course - IMPA 2004

Dynamic Meshing
Half-Edge Data Structure

For a half-edge collapse of edge h, the mesh
connnectivity has to be updated:

h.p.r.r = h.n.r and h.n.r.r = h.p.r
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Dynamic Meshing
Multiresolution Hierarchy

A sequence of ecol operations computed
during a preprocessing step defines a 
binary hierarchy.
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Dynamic Meshing
Multiresolution Hierarchy

A sequence of ecol operations computed
during a preprocessing step defines a 
binary hierarchy.
A view-dependent mesh is defined by a 
front of active nodes through this
hierarchy.
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Dynamic Meshing
Multiresolution Hierarchy

To reduce storage cost, the multiresolution
hierarchy H is defined on the half-edges that are 
collapsed.



41
Lourena Rocha  

Subdivision Surfaces Course - IMPA 2004

Dynamic Meshing
Multiresolution Hierarchy

Definition: In FastMesh the front F
consists of all active nodes in H. A node t
is defined to be active if and only if one of 
the following two properties holds:
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Dynamic Meshing
Multiresolution Hierarchy

Definition: In FastMesh the front F
consists of all active nodes in H. A node t
is defined to be active if and only if one of 
the following two properties holds:

t.h is currently not collapsed and both child
nodes t.l and t.r are either currently collapsed
or not existing. (subset F1 F)∩
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Dynamic Meshing
Multiresolution Hierarchy

Definition: In FastMesh the front F
consists of all active nodes in H. A node t
is defined to be active if and only if one of 
the following two properties holds:

t.h is currently not collapsed and both child
nodes t.l and t.r are either currently collapsed
or not existing. (subset F1 F)
t.h is currently collapsed, its parent t.p is not
collapsed, and its sibling child node in t.p
exists and is not collapsed. (subset F2 F)∩

∩
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Dynamic Meshing
Multiresolution Hierarchy
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View-Dependent Error
Heuristics

Each node t of H stores:

Bounding sphere radius

Normal cone angle
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View-Dependent Error
Heuristics

Bounding sphere radius:
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View-Dependent Error
Heuristics

Normal cone angle:
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View-Dependent Error
Heuristics

View-Frustum
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View-Dependent Error
Heuristics

Back-Faces
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View-Dependent Error
Heuristics

Screen Projection
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View-Dependent Error
Heuristics

Shading
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View-Dependent Error
Heuristics

Sillhouettes
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Implementation
Preprocess

Reading the triangle input file, and create the
half-edge data structure.
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Implementation
Preprocess

Reading the triangle input file, and create the
half-edge data structure.
Selecting the partially ordered set of half-edge
collapses for simplifying the input mesh Mn to 
the base mesh M0.
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Implementation
Preprocess

Reading the triangle input file, and create the
half-edge data structure.
Selecting the partially ordered set of half-edge
collapses for simplifying the input mesh Mn to 
the base mesh M0.
Generating the binary half-edge collapse
hierarchy H and computing the bounding sphere
radius as well as bounding normal cone semi-
angle for each node t of H.
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Implementation
Rendering

Front F has to be traversed and tested:
For each node, the error heuristics are 
evaluated;
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Implementation
Rendering

Front F has to be traversed and tested:
For each node, the error heuristics are 
evaluated;
If a node represents a collapsed half-
edge, it is recursively refined if required;
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Implementation
Rendering

Front F has to be traversed and tested:
For each node, the error heuristics are 
evaluated;
If a node represents a collapsed half-
edge, it is recursively refined if required;
Otherwise, the half-edge is collapsed if 
allowed, or its children are tested to be
refined recursively.
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Future Work
Has been extended to na out-of-core
representation;
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Future Work
Has been extended to na out-of-core
representation;
Extension to nontriangular and mixed
element meshes;
Handling of arbitrary nonmanifold
polygonal meshes;
Incorporation of texture and additional
illumination-dependet error heuristics;
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Future Work
Has been extended to na out-of-core
representation;
Extension to nontriangular and mixed
element meshes;
Handling of arbitrary nonmanifold
polygonal meshes;
Incorporation of texture and additional
illumination-dependet error heuristics;
Dynamic triangle strip generation;
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