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Course Schedule 

�  Structured Lighting 
�  Projector Camera Calibration 
� Surface Reconstruction from Point Clouds  
�  Elementary Mesh Processing 
�  Related Projects 
�  Conclusion / Q & A 



Surface Representations 

•  Surfaces in Mathematics 
•  Parametric 
•  Implicit                                                                        (level set) 

•  We can only operate on a surface representation 
•  A data structure defined by a finite number of parameters 
•  Efficient to perform certain geometric operations 

•  Point clouds (surfaces represented as sets of samples) 
•  Positions 
•  Optional properties: normals, colors, etc  

•  Polygon meshes (piecewise planar surfaces) 
•  vertices, edges, and faces 
•  Optional properties: normals, color, texture coordinates, etc. 

S = {p = x(u) :u = (u1,u2 )∈ R2}
S = {p : f (p) = 0} f :V→ R V ⊂ R3

Connectivity / Watertight Surfaces 

•  Most applications require connectivity information 
•  Efficient ways to find points in close proximity to each other 

•  Point clouds do not provide connectivity information 
•  Additional data structures are needed to efficiently find 

neighboring points 
•  Connectivity is explicit in polygon meshes: edges 
•  Triangulate the point cloud to get connectivity information 

•  Find an interpolating or approximating triangle mesh 
•  Many applications require watertight surfaces: continuous closed 

surfaces which partition 3D space into an inside and an outside 
•  Point clouds are not watertight 
•  Polygon meshes may be watertight 

•  Will the triangulation constructed from the point cloud be watertight ? 
 



Polygon Meshes 

•  Every regular Implicit surface is watertight 

•  An Isosurface  is a polygonal approximation of an implicit function 
associated with a volumetric grid 

 

Surface Reconstruction from Point Clouds 

S = {p : f (p) = 0}



Surface Reconstruction from Point Clouds 

•  Every regular Implicit surface is watertight 

•  An Isosurface  is a polygonal approximation of an implicit function 
associated with a volumetric grid 

•  Marching Cubes is an algorithm to compute an isosurface from an 
implicit surface evaluated on the vertices of a regular hexahedral grid 

W.E. Lorensen, H.E. Cline. Marching Cubes:A high resolution 3D surface reconstruction algorithm. 
Siggraph,1987 

S = {p : f (p) = 0}

Surface Reconstruction from Point Clouds 

•  Every regular Implicit surface is watertight 

•  An Isosurface  is a polygonal approximation of an implicit function 
associated with a volumetric grid 

•  Marching Cubes is an algorithm to compute an isosurface from an 
implicit surface evaluated on the vertices of a regular hexahedral grid 

•  Similar simple algorithms exists to generate isosurfaces from an 
implicit function evaluated on the vertices of a tetrahedral grid 

•  We will only discuss here approximation algorithms to fit implicit 
surfaces to point clouds 

•  Algorithms related to the Poisson Equation 

M. Kazhdan, M. Bolitho, H. Hoppe. Poisson Surface Reconstruction. 
European Symposium on Geometry Processing, 2006 

W.E. Lorensen, H.E. Cline. Marching Cubes:A high resolution 3D surface reconstruction algorithm. 
Siggraph,1987 

S = {p : f (p) = 0}



Curve Reconstruction from Point Clouds 

•  Oriented points 
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||∇f (p)− v(p) ||2 dp
V∫

( f (pi )− f0 )
2

i=1

N

∑

v(pi ) ≈ ni

v(p)
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Shadow 

Turntable 

Backdrop 

8 Megapixel 
Camera 

Multi-Flash 
Attachment 

Multi-Flash Camera 
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Multi-Flash 3D Photography: 
 

Capturing the Shape and Appearance 
of 3D Objects  

 ���������
��������

A new approach for reconstructing 3D objects 
using shadows cast by depth discontinuities, as 
detected by a multi-flash camera. Unlike existing 
stereo vision algorithms, this method works even 
with plain surfaces, including unpainted ceramics 
and architecture. 

Estimated Shape: 
3D Point Cloud 

Recovered 
Appearance: 
Phong BRDF Model 

Multi-Flash 
Turntable Sequence: 
Input Image 

Data Capture: A turntable and a digital camera 
are used to acquire data from 670 viewpoints. For 
each viewpoint, we capture a set of images using 
illumination from four different flashes. Future 
embodiments will include a small, inexpensive 
handheld multi-flash camera. 

Recovering a Smooth Surface 

�M�M�M�M���M�

The reconstructed point cloud can 
possess  errors, including gaps and 
noise. To minimize these effects, we find 
an implicit surface which interpolates the 
3D points. This method can be applied to 
any 3D point cloud, including those 
generated by laser scanners. 
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