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3D model representations

Point cloud Quad mesh Triangle mesh

Implicit surface/
particles Volumetric Tetrahedrons
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Parametric Representation

§ Surface is the range of a function

§ 2D example
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How about the complex shape?
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Approximate by Polygonal Meshes

§ Error inversely proportional to face number
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Approximate by Polygonal Meshes

§ Error inversely proportional to face number
§ Arbitrary topology surface
§ Piecewise smooth surface
§ Adaptive sampling
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Mesh’s foundation: graph

§ Graph {V, E}
§ Vertices V = {A, B, C… K}
§ Edges E = {(AB), (AE), …}
§ Vertex degree or valance: 

number of incident edges
§ Deg(A) = 4
§ Deg(E) = 5
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Graph embedding

§ Graph is embedding in Rd if each vertex is assigned a position 
in Rd
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Graph embedding
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Mesh concepts

§ Mesh: straight-line graph 
embedded in R3

§ Boundary edge: adjacent to 
exactly 1 face

§ Singular edge: adjacent to more 
than 2 face

§ Regular edge: adjacent to 
exactly 2 face

§ Closed mesh: mesh with no 
boundary edges
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Polygon
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Mesh concepts

§ A mesh is a manifold if
§ Each edge is incident to only 1 or 2 

faces
§ The faces incident to a vertex form a 

closed or an open fan

§ Non-manifold meshes
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Topology: Genus
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Euler Poincaré Formula
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Euler Poincaré Formula: Tetrahedron
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Euler Poincaré Formula
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Exercise

1. Let v, e, and f denote the numbers of vertices, edges and 
faces of a closed triangle mesh, respectively. Let’s:
§ Derive f = 2v − 4
§ Derive a similar relation between v and e

2. Average vertex degree in a closed manifold
triangle mesh is ~6
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Geometry processing tasks

§ Surface reconstruction
§ Surface smoothing (noise removal)
§ Surface simplification
§ Remeshing for improving mesh quality
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Surface curvature

§ Principal curvatures K1 and K2: 
the two principal curvatures at 
a given point of a surface are 
the maximum and minimum 
values of the curvature as 
expressed by 
the eigenvalues of the shape 
operator at that point.

§ Gaussian curvature: K = K1K2

§ Mean curvature:
§ Maximum curvature: 

max(K1,K2)
§ Minimum curvature: min(K1,K2)

https://en.wikipedia.org/wiki/Surface_(mathematics)
https://en.wikipedia.org/wiki/Curvature
https://en.wikipedia.org/wiki/Eigenvalues
https://en.wikipedia.org/wiki/Shape_operator
https://en.wikipedia.org/wiki/Shape_operator

