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Input Image Train New views!
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a) NN input:
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b) NN output:
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c) Overall ray

Putting
points
together

d) Loss
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We have:

Images

Camera pose
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We have:

Images

Camera pose

Dataset size?
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Rendering efficiency?

NeRF: 0.071 fps
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Rendering efficiency?

NeRF: 0.071 fps

Common problem:

InstantNGP 9.2 fps

Plenoxels 8.2 fps
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NeRF: 48 hrs
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Training efficiency?

NeRF: 48 hrs

Why?
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Training efficiency?

NeRF: 48 hrs

Why?

NN inference, for every sample
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No neural networks!
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No neural networks!

Modern ML + traditional computer vision methods 
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Input:

 Multiple images
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Input:

 Multiple images

Output: 

 Reconstruct camera poses
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Input:

 Multiple images

Output: 

 Reconstruct camera poses
 
 
Side effect:

 3D sparse point cloud
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Good for initialization
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Good for initialization

If no point cloud:

 Random initialization

 Worse loss values
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Gaussian resembling an ellipsoid
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Gaussian resembling an ellipsoid

Defined by

Position: X, Y, Z

 



What’s a 3D gaussian?

39

Gaussian resembling an ellipsoid

Defined by

Position: X, Y, Z

Covariance: 3x3 matrix

 



What’s a 3D gaussian?

40

Gaussian resembling an ellipsoid

Defined by

Position: X, Y, Z

Covariance: 3x3 matrix

Color: RGB
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Gaussian resembling an ellipsoid

Defined by

Position: X, Y, Z

Covariance: 3x3 matrix

Color: RGB

Alpha transparency: α
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• Represent limited area in space
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• Represent limited area in space

• Theoretically infinite extent
Defined everywhere
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• Represent limited area in space

• Theoretically infinite extent
Defined everywhere

Good for optimization
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Get point cloud / random init
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Get point cloud / random init

For every point
 Place a 3D gaussian centered on it

 



Initialization
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Get point cloud / random init

For every point
 Place a 3D gaussian centered on it

Only at initialization, isotropic gaussians
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Set of 3D gaussian

 

 



Projection
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Set of 3D gaussian

Project mean and covariance into 2D plane..
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Set of 3D gaussian

Project mean and covariance into 2D plane..

..easy to compute impact to a certain pixel 
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Output from points on same ray

Suppose we have many

We can produce:

Aim: give color to whole ray
Why? determine pixel color associated to ray

Rendering: NeRF?
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Point t color

t

Rendering: NeRF?
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Point t color

t

Rendering: NeRF?
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Point t color

Weighted on density (glass)

t

Rendering: NeRF?
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Point t color

Weighted on density (glass)

Weighted on light already stopped

t

Rendering: NeRF?
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Point t color

Weighted on density (glass)

Weighted on light already stopped

Sum of all points along ray

Rendering: NeRF?
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Rendering: NeRF?
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Integral finite approximation:



Estimating the integral

68

Only 64 points per ray

Integral finite approximation:



Estimating the integral

69

Only 64 points per ray

Integral finite approximation:



Estimating the integral

70

Only 64 points per ray

Integral finite approximation:
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NeRF Gaussian Splatting



Efficiency

73



Efficiency

74

2D Gaussian projection



Efficiency
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2D Gaussian projection

Faster?

• No NN inference for every point



Efficiency
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2D Gaussian projection

Faster?

• No NN inference for every point

• Every gaussian, one projection across pixels



Sorting algorithm
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Sort gaussian by depth:

determine transmittance



Sorting algorithm
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Sort gaussian by depth:

determine transmittance

2D view: 

tiled in 4x4 grid

parallelization
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How does it look like?
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Flexibility?
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Every 100 iterations:

Under-Reconstruction check



Flexibility?
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Every 100 iterations:

Under-Reconstruction check

Over-Reconstruction check



Flexibility?

88

Every 100 iterations:

Under-Reconstruction check

Over-Reconstruction check

Alpha check
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Gaussian splatting:
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Gaussian splatting:

• Old meets new
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Gaussian splatting:

• Old meets new

• SOTA results + Efficiency



Conclusions
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Gaussian splatting:

• Old meets new

• SOTA results + Efficiency

• Interpretable
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