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Evolution of Neural Scene Representations

NeRF: Implicit Continuous 

Representation

3DGS: Explicit Point-Based 

Representation

• Continuous volumetric 

representation

• High-quality novel-view synthesis

• Expensive ray sampling + MLP 

evaluations

• No explicit geometry/connectivity

• Fast differentiable rasterization

• Real-time rendering

• Rasterization-related limitations

• No explicit volumetric mesh

Can we retain efficient rendering while explicitly 

partitioning 3D space?

Mesh-Based 

Neural 

Rendering



Radiant Foam: Voronoi-Based Neural Rendering

• 3D space is partitioned into Voronoi cells

• Each cell stores learned density and appearance

• Rays traverse cells and accumulate their contributions

• Explicit volumetric partition

• Explicit cell adjacency

• Adaptive spatial discretization

Bottleneck: frequent Voronoi/Delaunay reconstruction 

becomes expensive at millions of sites

But during training...

Sites move
Voronoi connectivity 

changes
Mesh must be updated

Why Voronoi?

Scene Representation:



Voronoi, Power Diagram and Delaunay Duality

Voronoi = special case of Power Diagram when all weights are 

equal.

Voronoi cells Power Diagram

𝐶𝑖 = 𝑥 : ∥ 𝑥 − 𝑝𝑖 ∥2≤∥ 𝑥 − 𝑝𝑗 ∥2 ∀𝑗 . 𝐶𝑖 = 𝑥 : ∥ 𝑥 − 𝑝𝑖 ∥2 −𝑤𝑖 ≤∥ 𝑥 − 𝑝𝑗 ∥2 −𝑤𝑗∀𝑗 .

- Cells are defined by seeds 

- boundary = perpendicular bisector between two seeds 𝑠𝑖 𝑠𝑗

- Cells are defined by seeds + weights

- hyperplane defined by equality of power distances 

(hyperplane orthogonal to 𝑠𝑖𝑠𝑗, shifted by w𝑖 − w𝑗)



Existing Construction Methods and Their Limits

Principle: 

Build the Delaunay tetrahedralization 

by inserting sites and locally 

retriangulating affected regions.

Examples:

• Bowyer-Watson

• CGAL / Geogram 

• gDel3D on GPU

Principle:

Transform the geometric problem 

into a convex-hull problem in one 

higher dimension:

Examples

• QHull / SciPy

Principle:

Construct each cell independently:

by progressively clipping a convex 

volume with neighboring bisecting 

half-spaces.

Examples:

• Voro++

• Ray et al.

• Basselin et al.

Incremental insertion Convex-Hull lifting Cell-oriented clipping

• Large-scale computational cost 

• GPU scalability / resource limitations

• Assumptions on point distributions

• Weighted case less broadly supported

Key advantage:

 Each cell is constructed independently 

 => Massive GPU parallelism



Method Overview: GPU-Parallel Cell Construction

1- Convex Cell Clipping

Construct cells independently

2- Directional geometric 

culling

Reject candidates

3- Hierarchical best-first neighbor 

search

Find relevant Candidate

1 site 𝑝𝑖 1 GPU Thread 1 Cell 𝐶𝑖



Step 1: Convex Cell Clipping 1

1. initialize 𝐶𝑖with a big convex volume;

2. candidate 𝑝𝑗 defines a bisecting half-space 𝐻𝑖𝑗;

3. Clip the current cell;

𝐶𝑖 ← 𝐶𝑖 ∩ 𝐻𝑖𝑗

• Remove vertices outside 𝐻𝑖𝑗 
• Create the new intersection face

• Update the cell

4. repeat.

The Problem:

         Naively: 𝑁 cells× 𝑁 − 1  candidate sites

 Testing every possible candidate is prohibitively expensive.
Step 2: Geometric 

           Culling

Construct each cell as an intersection of half-spaces

For each site 𝒑𝒊:



Step 2: Candidate Culling

• Isotropic Cell Bound

Previous work uses one radius:

𝑟𝑖 = max
𝑣∈𝐶𝑖

∥ 𝑣 − 𝑝𝑖 ∥

• Distance to the bisecting plane

For a site 𝑝𝑖and a candidate 𝑝𝑗: 

𝑑𝑖𝑗 =
𝑝𝑖 − 𝑝𝑗

2
+ 𝑤𝑖 − 𝑤𝑗

2 𝑝𝑖 − 𝑝𝑗

𝑑𝑖𝑗 ∶ the distance  from 𝑝i to the bisecting plane induced by 𝑝𝑗

• Culling Test:

• If 𝑑𝑖𝑗 > 𝑟𝑖  ⇒ Cull 𝑝𝑗 

• Else: 𝑑𝑖𝑗 ≤ 𝑟𝑖  ⇒  Keep as candidate

Previous approach: Isotropic Bound

One radius is used for all directions.
For an anisotropic cell more candidate can be 

culled!



Step 2: Directional Culling

1. Bound the current cell 𝑪𝒊

AABB 𝐶𝑖

2. Locate the candidate direction

    Determine the octant of 𝑝𝑗 relative to 𝑝𝑖

𝑝𝑗 − 𝑝𝑖 → sign 𝑥 𝑦 𝑧 → octant

3. Compute a directional bound

𝑟𝑖 𝑝𝑗 = max
c∈COctant

∥ 𝑐 − 𝑝𝑖 ∥

    Then:

𝑑𝑖𝑗 > 𝑟𝑖 𝑝𝑗 ⇒ Cull 𝑝𝑗

Same bisector-distance test, but with a much tighter direction-

dependent bound.

Cell shrinks ⇒ AABB shrinks ⇒ tighter bounds ⇒ More culling

Replace one global radius with a direction-dependent bound



Step 3: Hierarchical Neighbor Search

Cull groups of candidates and process the most promising regions first

Can this 𝑝𝑗 clip 𝐶𝑖?
Can Any site inside this BVH 

node clip 𝐶𝑖?

Node culling score:

𝛿𝑛 = 𝑑𝑛 − 𝑟𝑛

where conceptually:

• 𝑑𝑛: lower bound on the closest possible bisector from the BVH 

node n

• 𝑟𝑛: directional upper bound of the current cell toward that node n

Then:

        𝛿 > 0 ⇒ Prune entire BVH node

𝛿 ≤ 0 ⇒ node remains potentially relevant

PS: Prioritize the branch giving the smallest 

 𝛿 the most likely to induce a restrictive cut 

Bounding-volume culling

Root all sites

𝑁0 𝑁1

𝑁0 𝑁1
𝑁0 𝑁1

Actual sites 𝑝𝑗

Organize sites using a BVH:

• Each node represents a spatial group of sites

• Node stores: bounding box + maximum weight

…



Results

Synthetic datasets

• Uniform / white noise

• Density gradient

• Gaussian clusters, 𝐾 = 5,10
• 0.1𝑀 → 15𝑀 sites

Real World scenes



Results

Synthetic datasets Real World scenes



Real World scenes

Results



Et c’est tout!

Merci pour votre attention
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   C i =  { x ,  : ∥ x −  p i  ∥ 2 ≤ ∥ x −  p j  ∥ 2 ∀ j } .


   C i =  { x ,  : ∥ x −  p i  ∥ 2 −  w i ≤ ∥ x −  p j  ∥ 2 −  w j ∀ j } .
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   p j −  p i → sign  ( x , y , z ) → octant


   r i  (   p j ) =   max  c ∈  C  Octant ∥ c −  p i ∥


     d  i j >  r i  (   p j ) ⇒ Cull   p j


  Cell shrinks ⇒ AABB shrinks ⇒ tighter bounds ⇒ M ore culling
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  𝛿 > 0 ⇒   Prune entire BVH node


  𝛿 ≤ 0 ⇒ node remains potentially relevant
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  K = 5 , 10


  0 . 1 M → 15 M

