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Introduce our EmbodiedSplat

Online 3DGS reconstruction and Semantic Reasoning at the same time!

Perception model for Embodied Agent requires: 

1. Online: Process streaming images incrementally to reconstruct the 3D scene along its exploration

2. Real-time: High inference speed is required to be synchronized with agent’s exploration

3. Highly-generalizable: Model should be generalizable to the novel scenes.

4. Whole-scene Reconstruction: Model should support long video for the long-term planning and actions.

5. Open-vocabulary Understanding: Perceive a wide range of objects described with natural-form of language.

Current semantic 3DGS is not applicable for embodied scenarios!
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Our contribution is…

• Novel framework for embodied 3D perception which enables 
online, whole-scene reconstruction for language-embedded 
3DGS with up to 5-6 FPS inference speed.

• Combination of 2D CLIP Features with rich semantic 
capabilities and 3D CLIP Features with geometric prior.

• Sparse Coefficient Field with CLIP Global Codebook to 
store the per-Gaussian language embeddings compactly.

Method 

Results

CLIP Global Codebook and Online Sparse Coefficient Field

Quantitative results on ScanNet, ScanNet200, ScanNet++ Qualitative Comparisons on 3D segmentation

Binding full CLIP features to every Gaussians are memory-expensive!
• Auto encoder-decoder, PQ → Need additional pretraining
• Per-scene Optimized Codebook → Not generalizable

We propose CLIP global codebook and online sparse coefficient field 
for memory-efficient semantic Gaussians. No pretraining, Highly generalizable!

Sparse Coefficient Field Initialization

Inference Strategy

Online Fusion

Our EmbodiedSplat supports 
all of them!

• +300 images → Semantic 3DGS
• Online, Whole-scene recon
• Feed-forward design
• Near real-time
• Memory efficient design

Support:
1. 3D Semantic Segmentation
2. 2D-rendered segmentation
3. Novel-view RGB synthesis

Check Webpage! Online 3D Semantic Reasoning
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Ablations on Sparse Coefficient Field 

2D-rendered Segmentation RGB Synthesis
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Algorithm 1.

Fig. 9

After reconstructing the semantic Gaussians,
per-Gaussian CLIP feature is recovered 
through sparse linear combination of 
codebook vectors:    

Codebook vectors store 
original CLIP features.

→ No information loss 
but memory-efficient!

Fast 3D Search

Computing cosine similarity for every Gaussians are expensive! → 𝑂 𝑀𝐷

Instead, we compute cosine similarity between codebook vectors and text.
And, we reuse it for all Gaussians, leveraging the sparse coefficient field.

Complexity reduces to 𝑂(𝐾𝐷 +𝑀(𝐿 − 1)),
Where 𝐾 is codebook size and 𝐾 ≪ 𝑀

More fast search in 3D Gaussian!

3D CLIP Features

Ensemble!

2D CLIP features lack the 3D geometry prior.

Adopt 3D U-Net and Memory adapter to 
aggregate 3D geometry prior.

→ Distill CLIP features into 3D module. 
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