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Background and MotivationBackground and MotivationBackground and MotivationBackground and Motivationgggg

• Minkowski sum
• C = A ⊕ B = {a + b | a ∈A, b ∈ B}

=⊕
• 3D Minkowski sum

O( 3 3) l it f bj t

=⊕

• O(m3n3) complexity for concave objects
• Existing computation algorithms very slow

– Several minutes for simple objects with hundreds of triangles

• Motivation
• Fast visual feedback of Minkowski sum

• Input as triangulated polyhedra
• Fast morphing

• tA⊕ (1-t)B



Surface PrimitivesSurface PrimitivesSurface PrimitivesSurface Primitives

• Surface primitives of ∂C
• Triangles (fA vB, or fB vA)
• Quads (eA eB)Q ( A B)
• May trimmed

• Culling of interior primitivesCulling of interior primitives
• fA vB valid if

• ∀ei nA•ei ≤ 0
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• eA eB valid if
• ∀ei , (eA×eB)•ei constant sign
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Algorithm OverviewAlgorithm OverviewAlgorithm OverviewAlgorithm Overviewgggg

Compute and test eachCompute and test each 
primitive candidate, update 

the flag array
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Flag array 
(1: valid 0: culled)

Prescan the flag array

Prescanned flag array

CUDA

Recompute unculled
primitives, put them in VBO
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Prescanned flag array 
(position in the VBO)
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Rendering VBO in OpenGL OpenGLVBO
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Implementation on Implementation on CUDACUDAImplementation on Implementation on CUDACUDApppp

• Block size: 16 × 16
• #triangles, #vertices, #edges rounded up by 16
• Each thread compute a primitive

• Memory Optimization
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Timing ResultsTiming ResultsTiming ResultsTiming Resultsgggg

Time for Rendering Minkowski Sums
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CPU: 3.00 GHz CPU w/ 2 GB RAM 
GPU: NVIDIA GeForce 9600 GT
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