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Technically not neural…
But still a powerful algorithm 

How do we convert implicit geometry to explicit geometry?



Voxel Grid

• Idea: for an implicit function 𝑓 𝑥, 𝑦, 𝑧 , sample points 
uniformly along the function’s domain
• Plot points where 𝑓 𝑥, 𝑦, 𝑧 = 0
• Result is a point cloud

• Issue: how many samples to take
• More samples lead to higher precision, but are 

more expensive and memory intensive

• Issue: no info on connectivity
• Difficult to interpolate data
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Marching Cubes
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• Marching cubes is an algorithm for converting 
implicit geometry to explicit
• Adds both positional (vertices) and 

connectivity (edges)

This is not the marching cubes algorithm.
This is literally cubes marching.



Marching Cubes

15-362/662 | Computer Graphics Lecture S02 | Neural Geometry

• Idea: march a cube though the scene, checking if the 
cube vertices lie inside or outside the implicit 
function 𝑓 𝑥, 𝑦, 𝑧
• 8 vertices, 8 checks
• Encoded as an 8-bit number
• Generate geometry where inside vertices are 

enclosed by the geometry and outside vertices 
are kept out

• Issue: how big of a cube to use
• A smaller cube leads to finer details
• A smaller cube requires more samples



Marching Cubes Vertices
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• Each cube has 8 vertices

• Check if each vertex lies inside or 
outside the implicit function 𝑓 𝑥, 𝑦, 𝑧
• Can be encoded as an 8-bit number

• 1 – inside
• 0 - outside



Marching Cubes Edges
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• Each cube has 12 edges

• Goal: create geometry with vertices 
along the edges of the cube that 
enclose inside vertices and excludes 
outside vertices



Marching Cubes Geometry
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• 28 = 256 possible configurations

• How do we know which one to use?



Marching Cubes Lookup Table
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• Just use a lookup table!



Marching Cubes Linear Interpolation
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• Issue: lookup table only tells us on what edges to 
place vertices and how to connect them
• Does not say the location of vertices

• Linearly interpolate them on the edges 
depending on the evaluated values on the cube 
vertices

• Example:
• 𝑓 𝑥0, 𝑦0, 𝑧0 = −0.75
• 𝑓 𝑥3, 𝑦3, 𝑧3 = +0.25

• Vertex is placed ¼ distance away from 
corner 3, ¾ distance from corner 0



Marching Cubes Examples
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• Issue: very cube-like
• Easy to see cube artifacts

• How to fix?
• Run refinement
• Run denoising
• Run remeshing



Marching Cubes Application
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• Terrain generation

• Implicitly generate terrain with algebraic 
surfaces and noise
• Convert to explicit mesh for easy 

rendering
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• Marching Cubes

• NERFs

• Gaussian Splats
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Neural Radiance Fields

• Train neural network F on multiple images
• Training data: (x,y,z) of pixel + view angle + RGB

• Need depth data!
• Test data: (x,y,z) of requested pixel + view angle

• Outputs RGB
• What if we don’t know the z we want?

• Just grab the nearest z
• 0-bounce ray tracing

• Training requires multiple images from 
different view angles around a fixed origin
• Fixed origin reduces DOFs
• Hence only 2 DOF with view angle

NERF (2020) B. Mildenhall
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Neural Radiance Fields

• We are building a field of radiance values
• In case that wasn’t clear : )

• Output RGB depends on depth
• Model uses known (depth, RGB) pairs along a 

ray to learn interpolation of unseen RGB values

• Key Assumption: lighting should remain constant 
between scenes
• Q: What if lighting is not constant?

NERF (2020) B. Mildenhall
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View-Dependent Appearances

• Some changes in lighting are inevitable
• Mirror reflections
• Glass refractions
• Anisotropic materials

• Idea: treat these as normal pixels
• View-dependent lighting will get 

baked into the model

• Ex: specular highlights
• When requesting RGB at specific 

angles, we get back those specular 
components

NERF (2020) B. Mildenhall
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Extra Features

NERF (2020) B. Mildenhall

• What can we use NERFs for?
• Depth Maps
• Image Relighting
• Object insertion
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https://www.matthewtancik.com/nerf



NeRF In The Wild

R. Martin-Brualla (2021) Google
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Image Databases

• Key Idea: photos for scene reconstruction 
are not always taken by the same user in 
the same conditions
• Large database of image contain both 

static properties and transient 
properties
• Transient properties:

• People and object occlusions
• Weather
• Time of day
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Removing Transient Features

Learn static (appearance) and transient embedding 
so that transient features can be removed
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Original Paper
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One of the 1st authors goes to CMU!



Algorithm
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3D Gaussian Splatting (2023) B. Kerbl et al.



3D Gaussians
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3D gaussian is like an ellipsoid
Stores RGBA data

3D Gaussian Splatting Introduction (2024) Learn OpenCV



3D Gaussian Scene
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Kinda looks like a point cloud…

What is 3D Gaussian Splatting? (2023) Bad Decisions Studio



Rasterization
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Survey on 3D Gaussian Splatting (2024) Chen & Wang

• 3D gaussian data is perspective projected 
(“splat”) into 2D
• Rasterization performed for final image

• All gaussians have RGBA, need to perform 
depth-based alpha blending

Rise of 3D Gaussian Splatting (2024) Alessio Regalbuto



Training & Testing
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AI-Driven Breakthroughs in Image-Based Rendering (2024) Ruben Verhack

• Training: input images + camera views
• Minimize difference between true image 

and GSplat rendering at camera view

• Testing: new camera view
• Outputs new image via rasterization

• Super fast! 
• Training is like a one-layer neural 

network
• Testing only requires rasterization

• Q: can it model mirrors?



NERF vs Splats
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Survey on 3D Gaussian Splatting (2024) Chen & Wang

• [+] Implicit Geometry
• [+] Raytracing Based
• [+] Supports Reflection/Refraction
• [-] Longer to Generate
• [-] Longer To Render
• [-] Data Intense
• [-] Harder To Edit

• [+] Explicit Geometry
• [+] Rasterization-Based
• [+] Real-Time Rendering
• [+] Quick To Generate
• [+] Lightweight
• [+] Easier To Edit
• [-] No Native Reflection/Refraction Support
• [-] Aliasing Artifacts

NERFs Splats
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Course Roadmap

[ A1: Rasterization ] [ A2: MeshEdit ]

[ A3: PathTracer ] [ A4: Animation ]

Next Time
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