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Splats Method Reviewing

Westover, Lee Alan. Splatting: a parallel, feed-forward volume rendering algorithm. The University of North Carolina at Chapel Hill, 1991.



Kernel Evaluation Back in 1991 and 2025
1991

1. Box Kernel (nearest neighbor / piecewise constant)

2. Cone / Pyramid Kernel (tent function)

3. Gaussian Kernel (radially symmetric)

4. Ellipsoidal Footprints (anisotropic versions)

2025

1. 3D Gaussian Splats

2. 2D Gaussian Splats

3. Deformable Beta Splats

4. Deformable Radial Kernel

Liu, Rong, et al. "Deformable beta splatting." Proceedings of the Special Interest Group on Computer Graphics and Interactive Techniques Conference 
Conference Papers. 2025.
Huang, Yi-Hua, et al. "Deformable Radial Kernel Splatting." Proceedings of the Computer Vision and Pattern Recognition Conference. 2025.



Feature Lifting

- Training Based Method
- NeRF Based
- Splats Based
- Feature Focused?!

- Grouping Based
- Heuristic Based



Training Based (Pre SAM and GS Era)

Kerr, Justin, et al. "Lerf: Language embedded radiance fields." Proceedings of the IEEE/CVF international conference on computer vision. 2023.



Training Based (GS Based) 

Qin, Minghan, et al. "Langsplat: 3d language gaussian splatting." Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2024.

Shi, Jin-Chuan, et al. "Language embedded 3d gaussians for open-vocabulary scene understanding." Proceedings of the IEEE/CVF Conference on Computer 
Vision and Pattern Recognition. 2024.

Zuo, Xingxing, et al. "Fmgs: Foundation model embedded 3d 
gaussian splatting for holistic 3d scene understanding." International 
Journal of Computer Vision 133.2 (2025): 611-627.

Zhou, Shijie, et al. "Feature 3dgs: Supercharging 3d gaussian 
splatting to enable distilled feature fields." Proceedings of the 
IEEE/CVF Conference on Computer Vision and Pattern Recognition. 
2024.



Peng, Qucheng, et al. "3d vision-language gaussian 
splatting." arXiv preprint arXiv:2410.07577 (2024).

Feature Focus Method



Grouping Based Method - OpenGaussian

Wu, Yanmin, et al. "Opengaussian: Towards point-level 3d gaussian-based open vocabulary understanding." Advances in Neural Information Processing 
Systems 37 (2024): 19114-19138.



Grouping Based Method - LAGA

Cen, Jiazhong, et al. "Tackling View-Dependent Semantics in 3D Language Gaussian Splatting." arXiv preprint arXiv:2505.24746 (2025).



Heuristic Method (AVG Pooling)

Guo, Jun, et al. "Semantic gaussians: Open-vocabulary scene understanding with 3d gaussian splatting." arXiv preprint arXiv:2403.15624 (2024).



Heuristic Method (ArgMax)

Chacko, Rohan, et al. "Lifting by gaussians: A simple, fast and flexible method for 3d instance segmentation." 2025 IEEE/CVF Winter Conference on 
Applications of Computer Vision (WACV). IEEE, 2025.



Heuristic Method (Nearest K weighted SUM)

Jun-Seong, Kim, et al. "Dr. splat: Directly referring 3d gaussian splatting via direct language embedding registration." Proceedings of the Computer Vision and 
Pattern Recognition Conference. 2025.



Heuristic Method (Weighted Average)

Cheng, Jiahuan, et al. "Occam's LGS: A Simple Approach for Language Gaussian Splatting." arXiv e-prints (2024): arXiv-2412.



Potential Problem of Heuristic Based Method

- No Theory Foundation (Grounded Mathematical Description)
- No analysis on how good the method is
- Does not know how general this method can be applied

- Feature Agnostic?
- Kernel Agnostic?



Problem Definition: Feature Lifting

AX = b, solve X

We believe there exist a X, and we 
have a unique X! 
Inverse Problem

Existence
Uniqueness

3DGS
2DGS
DBS

Weight

Least 
Square



Inverse Problem Examples and Definition

1. Existence
2. Uniqueness



Intuition

Equal Weight Different Weight



Mathematical Proof of Bounding (Well Posedness)

!?



What is Beta? 

Optimal



Mathematical Proof of Bounding (Well Posedness)



Mathematical Proof of Bounding (Well Posedness)

Heuristic Method (AVG Pooling)

Heuristic Method (ArgMax)

Heuristic Method (Nearest K weighted SUM)



Feature Lifting is an ill-posedness problem

Non-Trivial Noise Exist



Noise Example



Expected Mask



Stabilizing (Tikhonov Regularization)



Denoising (Post Lifting Aggregation)



Denoising (Post Lifting Aggregation)



Comparison



Performance and Ablation Study
Splat Feature Solver

https://splat-distiller.pages.dev/


Full Ablation



Compression Strategy: Feature Map Compression

Precision Format Time Relative Err Ratio

INT 16 PNG 0.50 Sec/Frame 2.90*e-5 2.4

INT 8 PNG 0.25 Sec/frame 7.46*e-3 9.7

INT 8 JPG 0.2 Sec/Frame 2.31*e-2 47.0



Future Work

- Sparse Feature
- Would it be possible to solve further attributes? Say (Scale, Quaternions …) 

by fixing means
- Would it be possible to denoising during run time? 
- Compression of the result
- Scene Decomposition
- Visual Localization
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