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Overview: Marching Cubes

• The most cited paper in history of SIGGRAPH
– http://www.siggraph.org/conferences/reports/s2004/articles/Visualizing_SIGGRAPH.html

from www.nasa.gov from www.openqvis.com from graphics.csie.ntu.edu.tw

http://www.nasa.gov/
http://www.openqvis.com/
http://graphics.csie.ntu.edu.tw/
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Marching Cubes Table

• Using binary pattern of eight vertices

• Totally 256 cases in 15 configurations



Steps of marching cubes



Adaptive resolution

– [WILHELMS J., GELDER A. V.,1992]

– [SHU R. et al, 1995], etc.
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Crack patching
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Consistent topology
Consistent

Topology

• Ambiguity problems

– [NIELSON G. M., HAMANN B. 1991]

– [NATARAJAN B. K., 1994]

– [CHERNYAEV E., 1995], etc.



Sharp features

– [KOBBELT L. P. et al, 2001], EMC (Extended 

Marching Cubes).

– [JU T. et al, 2002], DC (Dual Contouring)
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Hermite data: with additional 

normal direction
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Real-time through parallel processing

• limited by inter-cell dependency



Inter-cell dependency
Parallel

Processing



Problems & Goals

• Adaptive resolution

• Sharp features

• Consistent topology

• Parallel processing
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Cubical Marching Squares
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CMS Algorithm
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Segment generation on faces

for normal cases



Segment generation on faces

for ambiguity cases



Analysis of face ambiguity
Consistent

Topology

• Separated

• Joined



Segment generation in motion



Inter-cell independency
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Benefits - inter-cell independency
1.Faster  2.Parallelizable 3.Lower Error



Algorithm –

CubicalMarchingSquares



CMS is crack free
Adaptive 

Resolution

• Cracks are avoided using CMS



Benefits – adaptive & crack free
1. Smooth Shape 2. Reduce 3D  2D
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Benefits - consistent topology
1. Correct Shape  2. Lower Error



Benefits - consistent topology
1. Correct Shape  2. Lower Error



Simulation

• Available shapes

• generated randomly in a limited space



Average geometric errors
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Virtual Sculptor



Remeshing



CSG & LOD



Conclusion

MarchingCubes
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Future work

• Medical imaging by CMS • Acceleration 

using GPU



Preliminary result: 

Acceleration using GPU



Thanks



Applications



Cube based patterns by CMS



New patterns
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• Triangle count

• Memory space requirement

• Computation
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Marching squares (2D)…

http://localhost/MS/marchingsquare2.html


Ambiguity problem

• Face ambiguty
– [NIELSON G. M., HAMANN B. 1991], etc.
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Ambiguity problem…
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Segment generation on faces

• Table look up

• Detect sharp features

• Resolve topological ambiguity



Resolving face ambiguty
Consistent

Topology


