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Light Behavior in Transparent Object 
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Light Behavior in Transparent Object 
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Straight Ray vs. Curved Ray
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Light Behavior in Transparent Object 

transparent object

Refraction: bending light (Snell’s law)

Snell’s law
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Light Behavior in Transparent Object 
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Reflection: surface reflection

surface reflection
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Light Behavior in Transparent Object 

transparent object

Fresnel Equation*: 
 merging contribution

*Principles of optics: electromagnetic theory of propagation, interference and diffraction of light 
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Standard NeRFs assume the light ray transports along the straight path
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While this assumption works for opaque objects, it fells in short for 
transparent objects where light is bent by refraction.



Standard NeRFs assume the light ray transports along the straight path
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While this assumption works for opaque objects, it fells in short for 
transparent objects where light is bent by refraction.

Ground Truth NeRF Ground Truth NeRF



‡Lyu et al., “Differentiable refraction-tracing for mesh reconstruction of transparent objects.” In ACM Trans. Graph. 2020
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Ray-location correspondence‡
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compute the end point

Deng et al, CVPR 2024 11

‡Lyu et al., “Differentiable refraction-tracing for mesh reconstruction of transparent objects.” In ACM Trans. Graph. 2020
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Given a well-controlled setup, the termination point of 

each ray is accurately obtained

Given an estimated surface, we use ray tracing to 

compute the end point

The gap between estimated and ground-truth 

termination points guides the surface refinement

𝐩
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Can we use only color information?
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Can we use only color information?
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Given an estimated surface, we use ray tracing to compute the 

reflected and refracted rays
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Color Consistency

Can we use only color information?
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Given an estimated surface, we use ray tracing to compute the 

reflection and refracted rays

With volume rendering, we render the color
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Given an estimated surface, we use ray tracing to compute 

the reflection and refracted rays

With volume rendering, we render the color

The difference between ground-truth and rendered color is 

the supervision for refinement
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Color Consistency

Can we use only color information?
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N E U R A L  S U R F A C E  R E F I M E N T

How to incorporate color consistency?

Deng et al, CVPR 2024 17



N E U R A L  S U R F A C E  R E F I M E N T

How to incorporate color consistency?
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Give a ray from x0 with direction d0 and ∅SDF , find 
ray-surface intersection
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Sphere Tracing
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How to incorporate color consistency?
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Ray tracing is an optimization problem

Finding the smallest distance to the surface 
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Ray tracing is an optimization problem
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Analytic Derivatives
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Proposition 4.6 from Gould et al. (2021)†

†
Gould etal., “Deep declarative networks.” In TPAMI, 2021
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Analytic Derivatives
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o The derivative of distance on the SDF parameters
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Analytic Derivatives
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o The derivative of distance on the SDF parameters
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Analytic Derivatives
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Analytic Derivatives



N E U R A L  S U R F A C E  R E F I M E N T

Python implementation

Proposition 4.6 from Gould et al. (2021)†

o The impact of starting point on the distance

o The impact of starting direction on the distance

o The derivative of distance on the SDF parameters

End-to-end optimization solely on multi-view RGB images
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Analytic Derivatives
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√ Unknown geometry

√ Unknown Refractive index√ Uncontrolled setup

√ Unknown and close background
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Controlled Setup1,4 Known refractive 

index2,3

Known geometry2 Infinitely distant 

background5
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E X P E R I M E N T S

Refractive Index Search

Given initial surface, search an index that 
gives the highest PSNR 

16

18

20

22

24

1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80

ground-truth index

index value

PS
N

R

searched index

Optical Ball

Index=1.2

Index=1.4

Deng et al, CVPR 2024 29



E X P E R I M E N T S

Refractive Index Search

16

18

20

22

24

1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80

ground-truth index

index value

PS
N

R

searched index

Optical Ball

Index=1.2

Index=1.4

Deng et al, CVPR 2024 30

Given initial surface, search an index that 
gives the highest PSNR 

Real-world datasets
(unknown refractive index)

Synthetic datasets
(estimated refractive 

indices match the 
ground truths)



N O V E L  V I E W  S Y N T H E S I S

Our method gains 
competitive results 
compared with other 
methods

A higher PSNR/ SSIM denotes higher performance  

A Lower LPIPS denotes higher performance  

Please see our paper for references



N O V E L  V I E W  S Y N T H E S I S

Our method gains 
competitive results 
compared with other 
methods

3 D  R E C O N S T R U C T I O N

Our method achieves better performance

o A higher PSNR/ SSIM denotes higher performance  

o A Lower LPIPS denotes higher performance  

o A Lower Chamfer L1 denotes higher performance  Deng et al, CVPR 2024 32

o Please see our paper for references
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E N H A N C E D  N O V E L  V I E W  S Y N T H E S I S

Our method handles various refractive indices
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I M P R O V E D  3 D  R E C O N S T R U C T I O N

Our method offers smoother reconstructions compared to 
NeuS, suggesting improved modeling 

Deng et al, CVPR 2024 35



https://weijiandeng.xyz/nsr/

P R O J E C T  P A G E

Paper, code, and datasets
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