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Traditional NeRF 

❑ NeRF methods learn the density field based on light 
transports along straight path
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Traditional NeRF 

❑ Straight ray vs. Deformed ray

light transport along straight path 3
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Ray Deformation

❑We bend the ray by predicting offsets for the direction and 
position of each sample point along the ray
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Ray Deformation Network

❑We bend the ray by predicting offsets for the direction and 
position of each sample point along the ray

Without making assumptions about known geometry[a], 
refractive index[a], controlled setups[b], or infinitely distant 
background[c]. 
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[a] Pan et al., Sampling neural radiance fields for refractive objects. In SIGGRAPH Asia 2022 Technical Communications, 2022
[b] Li et al., Neto: Neural re- construction of transparent objects with self-occlusion aware refraction-tracing. ICCV 2023
[c] Wang et al., Nemto: Neural environment matting for novel view and relighting synthesis of transparent objects. In ICCV 2023



Ray Deformation NeRF
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Ray Deformation NeRF
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Roughly draw bounding boxes on several training views and project into 3D space with camera poses
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Ray Deformation NeRF
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Deformation Networks NeRF Networks
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Ray Deformation NeRF

1) Collinearity Regularization 

Snell’s law: refracted rays are piece-wise linear 
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Ray Deformation NeRF

1) Collinearity Regularization 2) Near-Camera Density Penalty 

Snell’s law: refracted rays are piece-wise linear NeRF tends to generate outliers near the camera 
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Promising Performance

(designed for refraction)
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A higher PSNR/ SSIM denotes Higher performance  

A Lower LPIPS denotes Higher performance  



Improved Novel View Synthesis

Ground Truth Ours Instant-NGPMS-NeRFEikonal Fields NerfactoGround Truth Ours Instant-NGPMS-NeRFEikonal Fields Nerfacto
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Improved Geometry
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Robust to Transparency Variation
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Modelling Partially Refractive Objects 

Test Set PSNR: 27.51 Test Set PSNR: 26.40 Test Set PSNR: 22.40

Ground Truth Ours MS-NeRF Nerfacto
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