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Idea
• To accelerate raytracing, Bounding Volume Hierarchies 

(BVH) are used, with axis-aligned bounding boxes (AABB)
• Oriented Bounding Boxes (OBB) and
• Discrete Orientation Polytope (DOP) have been used

• What if we use Skewed Oriented Bounding Boxes 
(parallelepipeds) ?



Bounding volumes:

2d SOBB 3d: 
Parallepiped



Why ?
• AABB is simple, but it is a loose fit for geometry

• More complex shapes are more expensive to build BVH with



Representation of parallepiped
• Edge-based: (e1, e2, e3)

• Slab-based: intersection of 3 slab
• Slab: normal, and distance between 2 

parallel planes
• (n0, n1, n2, d0, d1, d2)

• Slabs are easy to intersect with rays!



Surface area
• Easy in edge-based representation

• Harder with slabs



Building the BVH
• Start with AABB hierarchy
• Bottom-up traversal:
• Fit high-dimensional k-DOP (k/2 pairs of parallel planes) on the 

node
• Explore the space of SOBB available and choose the best candidate

A parent node can clip its children



Choosing the best SOBB candidate
• O(k^3) strategy (brute force): iterate over all triplet 

generated by k-DOP
• Pick the SOBB with the smallest surface area
• Best possible SOBB with this construction method\

• O(k^2) strategy: select a basis vector, and iterate for the 2 
others
• We can select the normal of the narrowest slab in the k-DOP

• O(k) strategy:
• Select the normal of the narrowest slab
• Choose second axis to minimize the area* of the parallelogram 

formed
• Iterate to choose the last axis *Area of the projection on the plane formed by the 2 axes



Memory layouts
• 4 floats per slabs: 12 floats (48 bytes)

• Normal directions are discretized: 26 bytes
• 24 bytes for pmin and pmax
• 2 bytes to store the normal index (up to k = 64)



Build Time



Raytracing performance
On average On “Sheep” scene



Raytracing performance



Raytracing Performance







Discussion
• How close is the structure to optimum ?
• SOBB 128 / SOBB 256

• Build AABB, then k-DOP hierarchies before getting to SOBB
• With a different construction method, could the BVH be shallower 

than with AABB?
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