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Camera ray:
𝐫𝐫(𝑡𝑡) = 𝐨𝐨 + 𝑡𝑡𝐝𝐝
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Implicit geometry, material, 
and radiance fields

Each of the input multi-view 
image is illuminated by:

 one far-field lighting with 
index  

 some near-field lights with 
states 

The geometry MLP         processes the hash grid-encoded position
     to get the SDF      and the appearance descriptor      .

The material MLP        processes the geometric information and 
predicts SVBRDF parameters      .

The radiance MLPs               additionally take SH-encoded view 
direction      and lighting embeddings                  to get the neural 
radiance                  under each lighting condition.

Leverage varied lighting to disambiguate

Make 3D reconstructions relightable

ResultsMethod

: input : variable : refer to another entry : trainable operator / MLP: untrainable operator : element-wise multiplication / add

Motivation

Meshing
Relocation & Relighting

look like underWhat will ?


Relightable


Unrelightable

 3D reconstruction methods usually represent only 
the radiance, a product of geometry, material,  
and lighting, making their results unrelightable.

 Inverse rendering further separates material and 
lighting, making the reconstruction relightable.

Severe Inherent Ambiguity: dark region in the 
red circle due to geometry, material, or lighting?

change 
lighting

Observation: it disappears under another lighting

Finding: not due to 
material, or the dark 
region would sustain

We propose to make the most out of whatever 
lighting conditions (both far- and near-field) 
are at hand to disentangle lighting from the 
material, resulting in a versatile framework.

A higher degree of lighting variation gives better 
reconstruction results but requires a more 
burdensome capture process. It is up to you.

Use flashlights as handy, effective light sources.
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Monte Carlo Integration

Model each far-field lighting as spherical 
Gaussians with per-lobe axis, amplitude, 
and sharpness

Model near-field lighting as a point light 
with position and SH radiation            .          

ℒcon

Predict the radiance 
separately under each lighting,

Add them up to         according to 
the per-image lighting condition. 

Compute the indirect illumination                    and the secondary visibility of the direct 
illumination                                            using ray tracing and the neural radiance field                .

Evaluate the radiance under indirect illumination                  and far-field direct illumination
                by                                    of the rendering equation.

Compute radiance under near-field direct illumination                   efficiently w/o MC integration.

Use neural radiance            as additional signals to better separation and disambiguation.

𝐧𝐧
Versatile lighting model Physically-based surface rendering

Input multi-view images 
under varied lighting
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Quantitative results
 We test with different variations of input lighting conditions, for 

each of which VMINer gives comparable or superior results.

 Adding lighting helps in geometry and material estimation.

Comparison

Input SpecularFV Relit

Real-world results Applications

Project page:
https://costrice.github.io/vminer
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