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RBVH 

Height fields 

Rasterized Bounding Volume Hierarchies 



GOAL RBVH 
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Fast ray 
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GPU 
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RBVH decouple from input geometry: 

Input geometry Height fields 

SAMPLING RATE 
“number of pixels per unit area” 

(defined by user) 
 

affects:  1) quality of the representation 
 2) memory requirements 

Rasterized Bounding Volume Hierarchies 

Low resolution High resolution 



Construct RBVH (surfaces): 
 

        if (surfaces cannot be represented by a single height field) then 
 

                Split surfaces into two sets A and B 

                Construct RBVH (A) 
                Construct RBVH (B) 

 

        else 
 

                Rasterize surfaces into texture atlas 
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Example surfaces (2D): 

Rasterized Bounding Volume Hierarchies 



11 Rasterized Bounding Volume Hierarchies 



Average surface  

orientation 
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 𝐧𝒊 𝑨𝒊 

Rasterized Bounding Volume Hierarchies 



 

1) Cone of normals: 
 

     rasterize if 
 

     good for subdivision surfaces 

 

 

 

 

2) Projected surface area: 
 

    rasterize if area ratio  
 

    good for scanned (noisy) data 

𝝋 < 𝝋𝒎𝒂𝒙 

  𝑨⊥

𝑨
> 𝒂 
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Construct RBVH (surfaces): 
 

        if (surfaces cannot be represented by a single height field) then 
 

                Split surfaces into two sets A and B 

                Construct RBVH (A) 
                Construct RBVH (B) 

 

        else 
 

                Rasterize surfaces into the atlas 
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1) Spatial Median 
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𝑎 

𝑏 𝑐 

Split in the middle along the longest axis. 

 

Rasterized Bounding Volume Hierarchies 



2) Modified Surface Area Heuristic (SAH) 

 

𝑪𝑠𝑝𝑙𝑖𝑡 = 𝒑 𝑏 𝑎  𝑵𝑏𝑪𝑖𝑠𝑒𝑐𝑡 + 𝒑 𝑐 𝑎  𝑵𝑐𝑪𝑖𝑠𝑒𝑐𝑡 
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𝑎 

𝑏 𝑐 

Original SAH: 

 Modified SAH: 

 

𝑪𝑠𝑝𝑙𝑖𝑡 = 𝒑 𝑏 𝑎        𝑨𝑏       + 𝒑 𝑐 𝑎      𝑨𝑐 
Area of  

surfaces in b 

 

Area of  
surfaces in c 

 

Cost of  
intersecting 

a child 
∝ 

Cost of  
ray marching 
a height field 

Resolution 
of the  

height field 
Sampling rate * ∝ ∝ Area of 

the child 

Rasterized Bounding Volume Hierarchies 

How much better is the Modified SAH than the Spatial Median? 

 



Modified SAH (32 split candidates along each axis) 

Spatial Median 
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CPU Construction [seconds] 
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Spatial Median = fast construction + reasonable performance! 

 

„smaller is better“ 

 

„bigger is better“ 

 

in case of RBVHs 
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3) Object Split 
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𝑎 

𝑏 

𝑐 

- complementary strategy 
- avoids fusing objects into a single height field 

 
Without Object Split 

 

With Object Split 
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Construct RBVH (surfaces): 
 

        if (surfaces cannot be represented by a single height field) then 
 

                Split surfaces into two sets A and B 

                Construct RBVH (A) 
                Construct RBVH (B) 

 

        else 
 

                Rasterize surfaces into the atlas 
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Orthogonal projection frustum 
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Cone Axis 

Average surface 

 orientation 

AABB 

 𝐧𝒊 𝑨𝒊 Atlas 
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Orthogonal projection frustum 
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AABB 

Atlas 

Rasterized Bounding Volume Hierarchies 



 

Refinement criteria (“whether to split”): 

 Cone of normals    or    Projected surface area 
 

Subdivision strategies (“where to split”): 

 Spatial median    or    Modified SAH 

                 and   Object split 

 

User-defined parameters (“what quality”): 

 global: Sampling rate 

    local: Opening angle or Area ratio 
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Avoid cracks 

    Allow overlaps  

    Dilatation filter on the atlas 

 

23 

Original atlas …after applying dilation filter 
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Original RBVH 

24 

…optimized for fast traversal 

Subdivide large height fields to speed up ray marching 

 

 

Rasterized Bounding Volume Hierarchies 
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Not all geometry is well-representable by RBVHs 

 

 

 

Crytek Sponza with Asian Dragons (22 million triangles) 

Rasterized Bounding Volume Hierarchies 
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Not all geometry is well-representable by RBVHs 

 

 

 

Crytek Sponza with Asian Dragons (22 million triangles) 

Rasterized Bounding Volume Hierarchies 
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reference Q0 Q1 Q2  Q3 Q4 
BVH RBVH 

High Low Quality 

Low High Performance 

Rasterized Bounding Volume Hierarchies 

2 MPix 1 MPix 512 kPix 128 kPix 32 kPix 

80% 75% 70% 65% 60% 

Sampling rate: 
Projected area: 
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reference Q0 Q1 Q2  Q3 Q4 
BVH RBVH 

Reconstruction using ray casting 
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reference Q0 Q1 Q2  Q3 Q4 
BVH RBVH 

Reconstruction using ray casting Reference 
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reference Q0 Q1 Q2  Q3 Q4 
BVH RBVH 

Reconstruction using ray casting Q0 
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reference Q0 Q1 Q2  Q3 Q4 
BVH RBVH 

Reconstruction using ray casting Q1 
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reference Q0 Q1 Q2  Q3 Q4 
BVH RBVH 

Reconstruction using ray casting Q2 
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reference Q0 Q1 Q2  Q3 Q4 
BVH RBVH 

Reconstruction using ray casting Q3 
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reference Q0 Q1 Q2  Q3 Q4 
BVH RBVH 

Reconstruction using ray casting Q4 



Rasterized Bounding Volume Hierarchies 

Application: Image based lighting 
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reference Q0 Q1 Q2  Q3 Q4 
BVH RBVH 
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Application: Image based lighting 
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reference Q0 Q1 Q2  Q3 Q4 
BVH RBVH 

Reference 
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Application: Image based lighting 
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reference Q0 Q1 Q2  Q3 Q4 
BVH RBVH 

Reference 



Rasterized Bounding Volume Hierarchies 

Application: Image based lighting 
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reference Q0 Q1 Q2  Q3 Q4 
BVH RBVH 

Q0 



Rasterized Bounding Volume Hierarchies 

Application: Image based lighting 

40 

reference Q0 Q1 Q2  Q3 Q4 
BVH RBVH 

Q1 



Rasterized Bounding Volume Hierarchies 

Application: Image based lighting 
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reference Q0 Q1 Q2  Q3 Q4 
BVH RBVH 

Q2 
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Application: Image based lighting 
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reference Q0 Q1 Q2  Q3 Q4 
BVH RBVH 

Q3 



Rasterized Bounding Volume Hierarchies 

Application: Image based lighting 
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reference Q0 Q1 Q2  Q3 Q4 
BVH RBVH 

Q4 
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GPU Ray tracing performance [MRays / second] „bigger is better“ 
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reference Q0 Q1 Q2  Q3 Q4 
BVH RBVH 

Ray tracing (primary rays) 

[Aila and 
Laine 2009] 

Rasterized Bounding Volume Hierarchies 



375.5 

16.6 8.3 4.2 1.7 0.6 
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reference Q0 Q1 Q2  Q3 Q4 
BVH RBVH 

Required memory [MB] „smaller is better“ 
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Spatial  
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(see paper) 
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…future work: 
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48 

…future work: 

“Watertightness” 

Reverse perspective projection 

Incremental (local) maintenance 


