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Dynamic Gaussian Splatting extends 3DGS with a 
deformation network that predicts time-varying offsets:



Motion models fall in two categories:
• Neural motion is slow but produces high visual fidelity
• Non-neural motion is fast but produces lower visual fidelity



Speedy Deformable 3D Gaussian Splatting (SpeeDe3DGS) 
bridges this efficiency-fidelity gap through three modules.



1. Temporal Sensitivity Pruning (TSP) removes redundant 
Gaussians by aggregating their gradient sensitivity across both 
space and time. 

2. Temporal Sensitivity Sampling (TSS) 
3. GroupFlow



For each Gaussian 𝒢𝒾, compute its
Temporal Sensitivity Pruning (TSP) score:

as the second-order sensitivity of the 
𝐿2 reconstruction loss to its projected value 𝑔𝑖,

where 𝒫ℊ𝓉  denotes the set of training poses and timesteps 
and 𝐼𝒢𝓉 𝜙  is the rendered image at pose 𝜙 and timestep 𝑡.



෪𝑈𝒢𝒾  reflects each Gaussian’s cumulative contribution to 
the dynamic scene reconstruction over time and space.

We periodically prune low-contributing Gaussians 
during training using TSP, reducing neural inference load.



1. Temporal Sensitivity Pruning (TSP)
2. Temporal Sensitivity Sampling (TSS) enhances pruning 

stability by perturbing timestamps during sensitivity estimation, 
suppressing floaters and improving temporal coherence.

3. GroupFlow



Floaters: Unstable Gaussians that appear stable under 
observed motion but drift at unseen timestamps.

TSP is calculated on training poses and timesteps.



Temporal Sensitivity Sampling (TSS) introduces 
temporal perturbation during sensitivity estimation by 

jittering the timestamp input to the deformation network:



Temporal Sensitivity Sampling (TSS) introduces 
temporal perturbation during sensitivity estimation by 

jittering the timestamp input to the deformation network:

The noise anneals during training, exposing 
unstable Gaussians early in training and 

ensuring precise reconstruction in later stages.



Pruning with TSP + TSS improves 
PSNR and SSIM on NeRF-DS

while rendering 6.35× faster and 
using 11.95× fewer Gaussians.







1. Temporal Sensitivity Pruning (TSP)
2. Temporal Sensitivity Sampling (TSS)
3. GroupFlow clusters Gaussians with similar motion trajectories, 

distilling per-Gaussian neural deformations into shared groupwise 
SE(3) transformations.





1. Start with a dense dynamic Gaussian Splatting model, 
where each Gaussian 𝒢𝒾  is represented as 

a sequence of mean positions ℳ𝒾 = {𝜇𝑖
𝑡}𝑡=0
𝐹−1.  



2. Initialize 𝐽 control trajectories {ℎ𝑗
𝑡} and assign 

each mean 𝜇𝑖  to the most similar control point ℎ𝑗
using trajectory similarity score:



2. We fit a group-wise SE(3) flow to each group ℳ𝒿  using 
Umeyama alignment. The rotation 𝑅𝑗

𝑡  and translation 𝑇𝑗
𝑡  

applied to 𝜇𝑖 ∈ ℳ𝒿  at timestep 𝑡 are:



4. The shared flow {ℎ𝑗
0, 𝑅𝑗

𝑡 , 𝑇𝑗
𝑡} is optimized jointly with 

the scene, reducing the number of transforms per frame 
from 𝑵 (per-Gaussian) to 𝑱 (per-group).



GroupFlow accelerates rendering speed by 8.58× 
on the NeRF-DS dataset. 



When compared to DeformableGS, SpeeDe3DGS achieves
10.68× faster FPS and 59% faster training
while maintaining image quality on the NeRF-DS dataset.





When compared to DeformableGS, SpeeDe3DGS achieves
29.21× faster FPS and 73% faster training

while maintaining image quality on the HyperNeRF dataset.





On the 50 scenes in MonoDyGauBench, SpeeDe3DGS achieves
100+ FPS higher speed and better visual fidelity

than all non-neural motion baselines.



PUP 3D-GS: Principled Uncertainty Pruning 
for 3D Gaussian Splatting

CVPR 2025
pup3dgs.github.io

Prune 90% of primitives from any pretrained 3D Gaussian 
Splatting model using a mathematically principled 
sensitivity score, more than tripling rendering speed while 
retaining more salient foreground information and higher 
visual fidelity than previous techniques at a substantially 
higher compression ratio.

Speedy-Splat: Fast 3D Gaussian Splatting 
with Sparse Pixels and Sparse Primitives

CVPR 2025
speedysplat.github.io

Accelerate 3D Gaussian Splatting rendering speed by 2× 
for free by accurately localizing primitives during 
rasterization and over 6× in total by pruning the scene by 
more than 90% during training, providing a significantly 
higher speedup than existing techniques while maintaining 
competitive image quality.
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