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Introduction

하고 싶은 말 (Main Topic) 한 줄로 요약
특히 이 얘기를 Graphics 수업에서 왜 하는지, 이후 플젝 큰그림 소개하는 St

Localization

Where am I?

Path planning

How do I 
get there?Navigation Prerequisites

⚫ Graphics from a robot application perspective
■ Creating representations for robots to understand the world
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Paper Lists

NeRF

Gaussian

1. RTG-SLAM: Real-time 3D Reconstruction at Scale 
Using Gaussian Splatting

2. Compressed 3D Gaussian Splatting for Accelerated 
Novel View Synthesis

1. Renderable Neural Radiance Map for Visual 
Navigation

2. Vision-Only Robot Navigation in a Neural Radiance 
World



Graphics for Robotics? 

⚫  Scene fidelity

⚫ Photorealism

⚫ Geometric consistency

Graphics Graphics for Robotics

⚫ Task-driven

⚫ Robustness

⚫ Sufficiency for action

⚫ Efficiency

LiteReality[2]Gaussian Splashing[1]

[1] Feng, Yutao, et al. "Gaussian splashing: Unified particles for versatile motion synthesis and rendering." Proceedings of the Computer Vision and Pattern Recognition Conference. 2025.

[2] Huang, Zhening, et al. "LiteReality: Graphics-Ready 3D Scene Reconstruction from RGB-D Scans." arXiv preprint arXiv:2507.02861 (2025).



Research Map : Scene Representation for Robotics

Robustness

Autonomy / 
Scene Understanding

“robot, go grab me 
the cup of coffee 

on the desk”

noise, outliers, domain-shift

“robot, go to 
position X,Y,Z”

Luca Calone : Next-Generation Robot Perception (https://www.youtube.com/watch?v=ONMPISlobyg)

3D Geometric
Understanding

(SLAM)

3D Pose Estimation

2D Semantic 
Segmentation

Here ?

NeRF

Scalability
scene size, supervision 



Research Trends by Year

충돌 없는 경로 or 더 좋은 경로

(충돌만 없이 갈 것인가 ? 아니면 그 중에서도 더 좋은 길을 찾아갈 것인가 St)

그러니까 맵이 해야 하는 일 : 1) 충돌 판정 가능하도록 2) Semantic 정보 담도록 

VLA 수요 증가하면서 Semantic , Topological 수요 증가

[3] https://www.research-collection.ethz.ch/server/api/core/bitstreams/fbe04935-5a78-4ee1-8b50-e97895b4d29e/content



Challenges

Scene Properties[4]

Scene Representations[4]

[4] https://www.research-collection.ethz.ch/server/api/core/bitstreams/ee428acb-f8c4-4c2f-bb6c-932d76f09ae6/content



Traditional Map

⚫ Occupancy Grid

Navigation using 2.5 Dimension Terrain Map[5]

[5] Oh, Minho, et al. "TRIP: Terrain Traversability Mapping With Risk-Aware Prediction for Enhanced Online Quadrupedal Robot Navigation." arXiv preprint arXiv:2411.17134 (2024).



Scene Graphs

⚫  Hierarchical Semantic Representation
■ Nodes : Rooms, Objects

■ Edges : Spatial relationships

Kimera[7] Hydra[8]

[7] Rosinol, Antoni, et al. "Kimera: an open-source library for real-time metric-semantic localization and mapping." 2020 IEEE International Conference on Robotics and Automation (ICRA). IEEE, 2020.

[8] Hughes, Nathan, Yun Chang, and Luca Carlone. "Hydra: A Real-time Spatial Perception Engine for 3D Scene Graph Construction and Optimization." CoRR (2022).



Next-Gen Scene Representations

⚫ Scene Graphs

⚫ Representation Learning

⚫ Semantic field, Kinematics field

⚫ Neural Jacobian Fields

⚫ Neural Radiance Fields (NeRF)

⚫ Gaussian Splatting

⚫ ... and so on
Geometrical 
Information

Semantic 
Information



NeRF-based Navigation (NeRF-Nav, 2022)

Physical Meaning of NeRF Density 

differentiable probability of a given 
spatial point stopping a ray of light

⇒ Using NeRF Density 𝜌(𝒑) as
a Collision Proxy. 

Idea #1

NeRF

Position (p)

Denstiy 𝜌

Color 𝒄

Direction (d)

Kwon, Obin and Park, Jeongho and Oh, Songhwai. “Renderable Neural Radiance Map for Visual Navigation”. CVPR, 2023.

Idea #2

3D grid of bounding box

Robot body ≒ finite set of points

- Assumption : Pre-trained NeRF of the scene is given. 



NeRF-based Navigation (NeRF-Nav, 2022)

Collision 
probability 

NeRF
Density

Traveled distance
of point b

𝑝𝑡
𝑐𝑜𝑙𝑙 ≤ ෍

𝑏𝑡∈𝐵

𝜌 𝑏𝑡 ⋅ 𝑠 𝑏𝑡

Kwon, Obin and Park, Jeongho and Oh, Songhwai. “Renderable Neural Radiance Map for Visual Navigation”. CVPR, 2023.

Path cost = accumulated density along the path 



NeRF-based Navigation (NeRF-Nav, 2022)

Kwon, Obin and Park, Jeongho and Oh, Songhwai. “Renderable Neural Radiance Map for Visual Navigation”. CVPR, 2023.

Initial Trajectory 
Intermediate Trajectory
Final Trajectory

High 
density 
region

Low 
density 
region



NeRF-based Navigation (NeRF-Nav, 2022)

Kwon, Obin and Park, Jeongho and Oh, Songhwai. “Renderable Neural Radiance Map for Visual Navigation”. CVPR, 2023.

Initial, partially-optimized, fully-optimized



NeRF-based Navigation (NeRF-Nav, 2022)

Kwon, Obin and Park, Jeongho and Oh, Songhwai. “Renderable Neural Radiance Map for Visual Navigation”. CVPR, 2023.

⚫ Limitations
o Building a NeRF for a scene is Non-Trivial

o Lacks explicit uncertainty quantification in geometry and appearance which is important in 
safe navigation

o Not directly renderable as a global map



NeRF-based Navigation (RNR-Map, 2023)

Kwon, Obin and Park, Jeongho and Oh, Songhwai. “Renderable Neural Radiance Map for Visual Navigation”. CVPR, 2023.

⚫ Traditional Maps 
■ Only preserves geometry information

■ Loss of visual details 

■ Limitations on Image-Goal Navigation

⚫ Goal
■ Build a map with both geometry and visual information.

■ How can we embed the visual information from a 3D environment to 2D form?



NeRF-based Navigation (RNR-Map, 2023)

Kwon, Obin and Park, Jeongho and Oh, Songhwai. “Renderable Neural Radiance Map for Visual Navigation”. CVPR, 2023.

Occupancy Map RNR-Map

Stores a latent code derived from 
image observation at that location

Conditional 
NeRF decoder

Latent 
code Rendered view



NeRF-based Navigation (RNR-Map, 2023)

Kwon, Obin and Park, Jeongho and Oh, Songhwai. “Renderable Neural Radiance Map for Visual Navigation”. CVPR, 2023.



NeRF-based Navigation (RNR-Map, 2023)

Kwon, Obin and Park, Jeongho and Oh, Songhwai. “Renderable Neural Radiance Map for Visual Navigation”. CVPR, 2023.



NeRF-based Navigation (RNR-Map, 2023)

Kwon, Obin and Park, Jeongho and Oh, Songhwai. 「Renderable Neural Radiance Map for Visual Navigation」. CVPR, 2023.



NeRF-based Navigation (RNR-Map, 2023)

Kwon, Obin and Park, Jeongho and Oh, Songhwai. “Renderable Neural Radiance Map for Visual Navigation”. CVPR, 2023.

⚫ Limitation
■ Implicit geometry & limited occupancy/traversability info

■ Latent code compression / information loss

■ Rendering quality and viewpoint generalisation



Gaussian Splatting for Robot Navigation

⚫ Challenges

1. Converting visual information into metrically consistent 3D geometry 

2. Optimization for real-time onboard inference with limited compute

1-1) RTG-SLAM : Real-time 3D Reconstruction at Scale Using Gaussian Splatting 

2-1) Compressed 3D Gaussian Splatting for Accelerated Novel View Synthesis



Gaussian Splatting for Robot Navigation

⚫ RTG-SLAM
■ 2024 SIGGRAPH 

■ Real-time Gaussian SLAM

Memory Efficiency



Gaussian Splatting for Robot Navigation

⚫ RTG-SLAM
■ 2024 SIGGRAPH 

■ Real-time Gaussian SLAM

Type 𝜶 Function Depth Rendering Effect

Opaque
0.99

Fit surface & dominant 
color 

Ellipsoid disc 
intersection

Compact 
geometry

Transparent 0.1 Fit residual color only Ignored in depth Color refinement

Compact Gaussian Representation in RTG-SLAM



Gaussian Splatting for Robot Navigation
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Compact Gaussian Representation in RTG-SLAM



Gaussian Splatting for Robot Navigation
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■ Real-time Gaussian SLAM

Memory Efficiency



Gaussian Splatting for Robot Navigation

⚫  Compressed 3D Gaussian Splatting for Accelerated Novel View Synthesis
■ 2024 CVPR 

■ Sensitivity-aware Vector Clustering

■ Quantization-aware Fine Tuning

Proposed Compression Pipeline



Gaussian Splatting for Robot Navigation

⚫  Compressed 3D Gaussian Splatting for Accelerated Novel View Synthesis
■ 2024 CVPR 

■ Sensitivity-aware Vector Clustering
 Remove redundant gaussians

 compression without losing visual quality

■ Sensitivity measure 
 How much does changing a parameter affect image quality?

 High-sensitivity parameters: Preserved (added directly to codebook)

 Low-sensitivity parameters: Clustered together (compressed)

Codebook for GS[9]

[9] ContraGS: Codebook-Condensed and Trainable Gaussian Splatting for Fast, Memory-Efficient Reconstruction

GS Clustering[10]

[10] High-Fold 3D Gaussian Splatting Model Pruning Method Assisted by Opacity



Summary

⚫ Graphics for Robot Navigation
■ Actionable information for machines

■ Different goals require different representations

⚫ Navigation Requirements
■ Geometric accuracy for collision-free planning

■ Semantic understanding for command-driven tasks

■ Real-time performance on mobile platforms

⚫ Two Key Challenges for GS in Navigation 

■ Visual→ Metric geometry conversion

■ Real-time onboard inference optimization

⚫ To be continued in Team Project .... 



Q&A



Quiz 36
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