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Source: Mip-NeRF 360 [Barron 2022], NeRF-Nav [Adamkiewicz 2022]



1. Introduction 

• Background: Neural Radiance Fields (NeRF)

• NeRF as Environment Representation

2. Related Works

• NeRF-Nav: Vision-Only Robot Navigation in a Neural Radiance World

• CATNIPS: Collision Avoidance Through Neural Implicit Probabilistic Scenes

3. Methods

4. Experiments and Results

• Planning Algorithm Performance

• Computation Times

5. Future Works

• Extensions to NeRF itself

• Novel NeRF+Navigation Architectures

Outline
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Neural Radiance Fields (NeRF)
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Source: NeRF [Mildenhall 2020]



NeRF as environment representation

5

Introduction | Related Works | Methods | Experiments and Results | Future Works 

Advantages:

• Direct training on RGB images

• Continuous density field, inherently encodes uncertainty

• Photorealistic synthetic images of unseen parts

• Captures complex materials (smoke, water, etc.)

• Memory efficiency for complex scenes

Challenge:

• Cannot directly provide spatial occupancy.

• Difficulty in estimating collision probabilities.

Source: NeRF-Nav [Adamkiewicz 2022], 3D AI Report 2024
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Related Works

Source: NeRF-Nav [Adamkiewicz 2022], CATNIPS [Chen 2024]



NeRF-Nav: Gradient-based Trajectory Optimization
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Source: NeRF-Nav [Adamkiewicz 2022]



NeRF-Nav: Optimization-based State Estimation
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Source: NeRF-Nav [Adamkiewicz 2022]



NeRF-Nav: Online Replanning for Vision-only Navigation
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Source: NeRF-Nav [Adamkiewicz 2022]



CATNIPS: NeRF Density as a Poisson Point Process (PPP)
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Source: CATNIPS [Chen 2024]

Under PPP Smoothness Assumptions,

NeRF density ρ(p) PPP intensity λ x 

NeRF radiance/color PPP marking

NeRF volumetric rendering
Compute expected pixel 

color of a marked PPP model 

Training the NeRF 
Ditting the PPP intensity 

param λ x 

Collision Probability



CATNIPS: NeRF Density as a Poisson Point Process (PPP)
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Probabilistic Formulation: PPP Probabilistic Unsafe Robot Region: PURR

Source: CATNIPS [Chen 2024] 11



CATNIPS: Chance-Constrained Trajectory Generation 
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Source: CATNIPS [Chen 2024]

Initial A* Search
Bounding Box 

Generation

Smooth Trajectory 
Generation via 
Bézier Curves



Experimental Setup
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Source: CATNIPS [Chen 2024]

• CATNIPS vs. Basegrid vs. NeRF-Nav with 

same A* initialization 

• Metrics: 

− Safety: Signed distance, Volume intersection

− Conservativeness: Path deviation

− Efficiency: Computation time

• Planning on 100 randomized configurations

• Hardware: RTX 4060 Laptop GPU



Planning Algorithm Performance
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Source: CATNIPS [Chen 2024]



Computation Times
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Source: CATNIPS [Chen 2024]



Extensions to NeRF itself
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NeRF Limitations:

• Weak generalization ability across scenes

• Focus mainly on static environments and tasks

• Poor real-time performance: NeRF renders pixel-by-pixel, large rendering and training

New NeRF variants:

• Rapid scene adaptation using a prior over scenes [Tancik 2021]

• Handling dynamic scenes and moving objects, eg. D-NeRF [Pumarola 2021]

• Real-time efficiency, e.g. FastNeRF [Garbin 2021], InstantNGP [Müller 2022]

• 3D Gaussian Splatting?



Towards 3D Gaussian Splatting？
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Source: 3DGS [Kerbl 2023]

3D Gaussian Splatting:

• Smooth & differentiable

• Explicit geometry

Compared with NeRFs: 

• State-of-the-art visual quality with real-time rendering 

 ≥100 FPS at 1080p resolution  

• Limited interpolation at blank space or unseen parts



Novel NeRF+Navigation Architectures

18

Introduction | Related Works | Methods | Experiments and Results | Future Works 

Active sensing / view planning:

• Use NeRF to render unseen parts for improved reasoning, e.g., object detection, task inference

• Find the next-best-view for autonomous exploration, e.g., ActiveNeRF [Pan 2022]

End-to-end navigation with NeRF:

• Unify Localization, Planning, and Control with online NeRF training, e.g., NICE-SLAM [Zhu 2022]

• Integrating multimodal inputs to optimize NeRF-based methods
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Thank you for listening!

Questions & Comments are welcomed!



Poisson Point Process (PPP)
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Poisson Random Variables PPP on multi-dimensional Euclidean space

Source: CATNIPS [Chen 2024], Wikipedia.org
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Collision Prob. under PPP Explanation
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Mesh, PURR, Basegrid
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Source: CATNIPS [Chen 2024]
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