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Progressive Conversion 
from B-rep to BSP 

(a) BSP generated by boundary polygons and normals; 
(b) solid helicoid; (c) progressive intersection
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STREAMING  GEOMETRIC 
MODELING

• Our streaming  approach 
results in a fine-¬grain 
streamlined parallelism 
where suitable geometric 
data structures flow 
between specialized 
processes, with the 
resulting shape produced 
by progressive refinements 
of a first approximation of 
the result. 

• The data tokens flowing 
between computations are 
a couple of pointers to the 
twin representations of 
the mesh, i.e. 

• (a) a BSP-node (actually 
ei¬ther a linear hyperplane 
or a leaf label) and 

• (b) its associated d-cell in 
the Hasse diagram of the 
current mesh. 
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progressive refinement of the 
space partition
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Hasse diagram
of a polytopal complex

Splitting of a d-cell c with a hyperplane h, and corresponding 
Hasse diagram

35



Progressive 
CONVERSION ALGORITHM 

• The idea is very simple.

•  A fast preprocessing, 
executed in linear time with 
the number of input 
triangles, computes for each 
triangle a 4x4 Euler 
matrix that codifies 
numerically its mechanical 
behavior. 

• The sum of all such 
matrices gives a good 
representation of the 
spatial distribution of 
the surface points. 

• Such a matrix may be used 
used to generate a best-
fitting ellipsoid, centered in 
the center of mass of the 
surface, that is mechanically 
equivalent to the 
triangulated surface
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• The first solid approximation 
of the surface is given by the 
minimal best-fitting 
parallelepiped, parallel to the 
principal axes of the ellipsoid 
and confining the surface. 

•  Such a solid is represented as 
a standard BSP-tree, as 
intersection of  six linear 
subspaces tangent to the 
boundary surface.  

• This enclosing solid is then 
split by a plane passing for the 
center of mass and normal to 
the direction of  maximal 
elongation. 

• The set of input triangles is in 
turn split into two subsets 
contained in the two half-
spaces of this plane, and the 
two subsets are associated to 
the below and above sub-
trees of the BSP root.

•  The confinement of each 
surface subset into a narrower 
and properly rotated best-
fitting parallelepiped and its 
splitting  into the principal 
direction is recursively 
repeated for each sub-tree.  

37



Algorithm
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Initialization

• (a) The affinely extended Euler tensors [9] of 
each input triangle are first computed (in 
linear time). 

• (b) The entire set of input triangles is 
associated with the BSP root. 

• (c) The entire E3 space (that is convex) is 
associated to the root. 

• (d) The label of the root is set to FUZZY. 
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Recursive case 
• (a) The FUZZY cell is split by 

at most 6 orthogonal 
hyperplanes, normal to the 
eigenvectors of the Euler 
tensor of the current triangle 
subset. 

• (b) Such planes are computed 
via the minimum and the 
maximum value of the linear 
function w = a · v evaluated 
on the vertices v of the 
current triangle subset, where 
a is the current eigenvector. 

• (c) For each eigenvector, at 
most three convex cells are 
produced by two max-min 
parallel hyperplanes 

• (d) Each FUZZY cell is further 
split by the principal hyper-
plane associated to the 
maximum eigenvector. 

• (e) A smaller subset of 
triangles is associated to each 
split cell via containment test 
of their vertices. 

• (f)  Triangles crossing a 
splitting plane are split, and 
the (sub)triangles are 
associated to node subtrees.
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Basic case

• The recursive inertia-based division stops 
when the current cell only contains a small 
number of boundary triangles. 

• A final cell splitting is executed using the 
planes of the boundary triangles.
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Euler Tensor

DiCarlo & Paoluzzi, “Fast Computation of Inertia”, CAD 06
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BSP solid models from B-rep triangulations, and exploded 
views of the cell complexes
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algebraic details

• Consider the linear function 
w : E3 ->  R  such that 
w(p) = p . a, where a is the 
eigenvector of M 
corresponding to the 
minimum eigenvalue.  

• It is possible to show, that a 
linear function take maximum 
and minimum value over 
extremal (vertex) points of a 
polyhedral point-set 

• Hence, find a pair of minima 
and maxima points of w(S) 
over the set V(S) of vertices 
of S. Lets call them vmin and 
vmax, respectively. 

•  this task is O(n), if n=|V(S)|.

• Split the cell C in at most 
three parts using the two 
parallel hyperplanes 
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Conclusion
• The next steps will 

concentrate on: 

• (a) porting the library on the 
cell processor 
architecture, that appears to 
perfectly fit our streaming 
approach, and can be 
implemented using the 
Stanford’s Brooke streaming 
extension of the C language 
(see [4,5] and [8])

• (b) a close integration of 
solid and physical 
modeling, with the goal of 
supporting progressive 
simulations and adaptive, 
simulation-driven refinements 
of the generated mesh.
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