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Multi-view 3D Reconstruction
Existing methods have the ability to recover accurate geometry of diffuse objects

Wang, Peng, et al. "Neus: Learning neural implicit surfaces by volume rendering for multi-view reconstruction." arXiv preprint arXiv:2106.10689 (2021).



Multi-view 3D Reconstruction
However, existing methods are unable to reconstruct reflective objects

Ge, Wenhang, et al. "Ref-NeuS: Ambiguity-Reduced Neural Implicit Surface Learning for Multi-View Reconstruction with Reflection.” ICCV (2023).



Dilemma in Reflective Objects

Multi-view Inconsistency

High-frequency Specular Radiance

Multi-view inconsistency results in high-frequency specular radiance

• Ambiguous surfaces from radiance images 



Dilemma in Reflective Objects
Moreover, disentangle complicated geometry from specular radiance is more intractable

High-frequency Specular Radiance



Our Motivation
Gaussian representation of normals is disentanglable and contains details of geometry.

Disentanglement Details



Preliminary of Polarization
Vibration status of light is a type of electromagnetic wave

https://d-arora.github.io/Doing-Physics-With-Matlab/mpDocs/op1002.htm



Preliminary of Polarization
Fixed relation to the azimuth angle of surface normals
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Our Method
Gaussian representation of normals
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Our Method
Gaussian splatting of normals

Transformation: 
 (World Space) 

 

 (Camera 

Space) 
 

 

(Orthogonal Space)

r′ ′ (t − tk) = 𝒢V′ ′ k
(t − tk)

u = Φ(t) = Wt + d
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3D Point with Complex Neighboring-hood Normals 

3D Gaussian Covariance
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Zwicker, Matthias, et al. "EWA volume splatting." Proceedings Visualization, 2001. VIS'01.. IEEE, 2001.
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Zwicker, Matthias, et al. "EWA volume splatting." Proceedings Visualization, 2001. VIS'01.. IEEE, 2001.

Strict Linear



Our Method
Overview



Our Method
Total loss

ℒ = α(1 − ρ)ℒcolor + βρ(ℒmean + ℒcov) + γℒeik + δℒmask,

ℒcolor = ∥ Ĉ(u) − C(u) ∥2 , ℒmean =∥ φ̂(np(u)) − φ(u) ∥1 ,
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In reflective regions, suppress radiance loss and amplify Gaussian loss.



Our Method
Degree-of-polarization reweighing strategy
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Our Method
Degree-of-polarization reweighing strategy



Experiments
Data collection and generation



Experiments
Evaluation protocol
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Experiments
SOTA results



Experiments
SOTA results



Experiments
SOTA results



Experiments
360 video demo


