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Real-Time Underwater Spectral Rendering

source: Monzon et al., Real-Time Underwater Spectral Rendering. 2024
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Introduction



3D generative models
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Single-view Image Generation 
Model based Distillation 

(DreamFusion)

Source: B. Poole et al., “DreamFusion: Text-to-3D using 2D Diffusion”, ICLR 2023.

Multi-view Image Generation 
Model based Distillation 

(MVDream)



3D generative models
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Diffusion model + 3D representation:

● Pointcloud

● Voxel grid

● Triplane

● 3D gaussians

Challenges: 

 Efficiency for modeling in raw data space 

Diffusion model + more compact latents:

● Enhanced quality & efficiency

Challenges: 

  Accurate surface modeling
 



Methodology



Trellis: Structured 3D Latents for Scalable and Versatile 3D Generation

8Source: Xiang  et al., “Structured 3D Latents for Scalable and Versatile 3D Generation”, CVPR 2025.



Structured Latent Representation



Structured Latent(SLat)

A set of local latents + positional index on 3D grid

● p_i: positional index of an active voxel on 3D grid intersecting with surface

● z_i: local latents attached to the corresponding voxel

● N: spatial length of the 3D grid

● L: total number of active voxels.

● By default, N=64, L=20k

Source: Xiang  et al., “Structured 3D Latents for Scalable and Versatile 3D Generation”, CVPR 2025.



Structured Latents Encoding and Decoding



Structured Latents Encoding and Decoding

Source: Xiang  et al., “Structured 3D Latents for Scalable and Versatile 3D Generation”, CVPR 2025.



Visual Feature aggregation

● Initially, convert 3d assets into a 
voxelized feature f

● Feature maps are extracted from 
randomly sampled camera views with 
pre-trained DINOv2 Encoder.

● It is sufficient to match resolution of 
voxelized feature with structured latents.

Source: Xiang  et al., “Structured 3D Latents for Scalable and Versatile 3D Generation”, CVPR 2025.



Sparse VAE for Structured Latents

Source: Xiang  et al., “Structured 3D Latents for Scalable and Versatile 3D Generation”, CVPR 2025.

● Transformer-based VAE architecture was 
introduced for 3d assets encoding.

● Training loss of KL-penalty is applied to train 
decoded 3D assets with ground truth.

● Sinusoidal positional encodings based on 
voxel position is processed through 
transformer blocks.

● Shifted window attention to enhance local 
information interaction.



Structured latent Decoding

● Decoders for 3D gaussians, radiance fields, 
and meshes share the same architecture 
except output layers.

● Reconstruction losses: ex) L1, D-SSIM, 
LPIPS between rendered output & ground 
truth images.

● In practice, they adopt gaussians due to high 
fidelity & efficiency.

Source: Xiang  et al., “Structured 3D Latents for Scalable and Versatile 3D Generation”, CVPR 2025.



Structured Latents Generation



Structured Latents Generation

Source: Xiang  et al., “Structured 3D Latents for Scalable and Versatile 3D Generation”, CVPR 2025.



Rectified flow models

Source: Xiang  et al., “Structured 3D Latents for Scalable and Versatile 3D Generation”, CVPR 2025.



Sparse structure generation

Source: Xiang  et al., “Structured 3D Latents for Scalable and Versatile 3D Generation”, CVPR 2025.
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Sparse structure generation

Source: Xiang  et al., “Structured 3D Latents for Scalable and Versatile 3D Generation”, CVPR 2025.
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Sparse structure generation

Source: Xiang  et al., “Structured 3D Latents for Scalable and Versatile 3D Generation”, CVPR 2025.
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Structured latents generation

Source: Xiang  et al., “Structured 3D Latents for Scalable and Versatile 3D Generation”, CVPR 2025.



Structured latent Decoding

● SLat is decoded into diverse 3D formats 
(Gaussians, Radiance Fields, Meshes) using 
specific decoders 

Source: Xiang  et al., “Structured 3D Latents for Scalable and Versatile 3D Generation”, CVPR 2025.



3D Editing with Structured Latents



Structured latent Decoding

● Detail Variation: Modifies surface details while preserving 
coarse geometry by keeping the sparse structure and 
regenerating only the latents with new prompts.

● Region-Specific Editing: Regenerates both structure and 
details within a user-defined bounding box using inpainting 
techniques, conditioned on the unchanged surrounding 
context.

Source: Xiang  et al., “Structured 3D Latents for Scalable and Versatile 3D Generation”, CVPR 2025.



The Network Structures for Encoding, Decoding, and Generation

26Source: Xiang  et al., “Structured 3D Latents for Scalable and Versatile 3D Generation”, CVPR 2025.
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The Network Structures for Encoding, Decoding, and Generation
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The Network Structures for Encoding, Decoding, and Generation

28Source: Xiang  et al., “Structured 3D Latents for Scalable and Versatile 3D Generation”, CVPR 2025.
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The Network Structures for Encoding, Decoding, and Generation

29Source: Xiang  et al., “Structured 3D Latents for Scalable and Versatile 3D Generation”, CVPR 2025.
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Experiment



Training Set

3131

Objaverse-XL 3D-Future

ABO HSSD



Evaluation Set

3232
Toys4K



Results



Results



Ablation Study

● Higher SLAT resolution (64³) → 
major quality boost; channel 
count matters less.

● Rectified Flow > Diffusion in 
both structure and latent 
generation (better quality + 
alignment).

● Larger model size (B < L < XL) 
consistently improves results.

● Structured latents + flow 
models scale well, enabling 
high-fidelity 3D generation.



Quiz
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