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Motivation

ÁClassical BVH construction is not perfect

Á[ƻƻƪǎ ƻƴƭȅ ŀǘ ǇǊƛƳƛǘƛǾŜΩǎ ŎŜƴǘǊƻƛŘǎ

ÁHow much more performance is there?

Classical : Create leaf Correct solution
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Background

ÁSAH:

ÁCost based BVH construction: Top-down

ÁPartition set of NΩǎ ǇǊƛƳƛǘƛǾŜǎ ƛƴǘƻ NL and NR

ÁTake partition with minimal cost

ÁExhaustive search: O(2N)
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Classical BVH Construction 

P2

P1

P3

P4

ÁAssumes finely tessellated geometry

ÁPrimitive Ą point
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Can We Do Better?

ÁOptimal partition

Á/ƻǎǘ Ғ млл

ÁCBVH split

Á/ƻǎǘ Ғ тлл
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Geometric Partitioning

ÁRegular approach: Partition NΩǎ ǇǊƛƳƛǘƛǾŜǎ 

ÁEvaluate AABBs, and use to compute cost

ÁO(2N) partitions to test

ÁGeometric partitioning: 

ÁFix child AABBs and put primitives according to SAH

ÁSome configurations are infeasible

ÁChild AABBboundaries ſboundaries of primitives

ÁO(N12) configurations to test
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Geometric Partitioning Example

ÁBoundaries of NL or Rincident with dotted lines

ÁP4 shared Ą put into node with smaller SA
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Geometric Partitioning Example

ÁConfiguration infeasible 

ÁP2 is not covered
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Practical Considerations

ÁO(N12) is actually O(N6)

ÁEach side of the parent AABBis inherited by a child

ÁSelect child AABBs on a regular grid

ÁRun-time: O(G6N0.5) including cost calculation

ÁChoosing G=RN1/6 yields O(N1.5)

ÁLook at CBVH configurations as well
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Results: FPS Random Rays
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Results: Surface Area Cost
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Result Analysis

ÁSuspect: SAH

ÁOverlap + locally minimizing SAH has adverse effect

ÁExperiment: Use recursive cost evaluation

ÁTree cost better than CBVH but slower FPS!

ÁHypothesis: SA model needs space partitioning

ÁIntuition: Early ray termination

ÁNew algorithm

ÁPenalize overlap in cost function

ÁRefine search space by allowing primitive splitting
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Splitting Primitives

ÁFeasible and infeasible configurations

ÁTwo possible ways to split a primitive 

ÁSAH cost is the same
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Search Spaces

ÁChild AABBs ŎƻƴǘƛƴǳǳƳ ƛƴǎƛŘŜ ǇŀǊŜƴǘΩǎ AABB

ÁNot limited to boundary of primitives anymore

ÁLimit search to a grid for practical purposes

ÁAugment with search space of other algorithms 

ÁCBVH & KD-tree construction search spaces
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Penalizing Overlap

ÁBias SAH to account for overlap

ÁCOςthe overlap penalty

ÁStandard SAH: CO = 0

ÁStandard SAH  with space partitioning:CO Ąқ
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The Generic Algorithm

ÁParameters:

ÁSearch space

ÁOverlap penalty

ÁAlgorithm

ÁTake configuration search space with lowest cost

ÁInteresting parameters

ÁCBVH: BVH, CO = 0

ÁFull: Grid + KD tree + BVH, CO Ąқ

ÁKDBVH: KD tree, CO irrelevant
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Results: FPS Random Rays
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Results: FPS Frustum Traversal
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Comparison to Pre-Splitting

CBVH
EVH 

(t=14)
EVH 

(t=16)
ESC 

(e=80)
ESC 

(e=200)
Full 

Search KDBVH

0.11
0.25 0.28 0.29

0.26

0.59
0.57

0.6 0.6 0.6
0.5 0.55

0.95 0.96

Sponza Rotated Sponza

H
ig

h
e
r 

 i
s
 b

e
tt
e
r



Stefan Popov Space Subdivision for BVHs

Role of Overlap Penalty
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Spatial Build Algorithm

ÁImplement KDBVH using sweep plane

ÁExtensions:

ÁCombine with CBVH to control size using CO

ÁSampling of cost function

ÁIssues: Might miss cost minimum

ÁCost is quadratic between split plane positions
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Conclusion & Future Work

ÁSAH inadequate without space partitioning!

ÁGeneric framework to study BVH construction

ÁCan explore full 2N search space

ÁSpatial build algorithm

ÁFast with near optimal results

ÁResearch early termination aware cost function
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Thank you!


