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Overview Method

Goal: 
Given dense HDR observation and geometry of an 
indoor scene, we seek to efficiently estimate:
• dense materials (BRDF);
• emitters (masks & emission);
    while capturing fine details and specularity.

Datasets
• Synthetic indoor datasets;
• Our real-world captures:  (1) ~200 frames per-scene; (2) linear response HDR via exposure bracketing.

Evaluation: synthetic scenes

[IPT] Inverse Path Tracing for Joint Material and Lighting Estimation’19
[Li22] Physically-Based Editing of Indoor Scene Lighting from a Single 
Image’22
[MILO] MILO: Multi-bounce Inverse Rendering for Indoor Scene with 
Light-emitting Objects’23
[FVP] Free-viewpoint Indoor Neural Relighting from Multi-view 
Stereo’21
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Applications:
• novel view synthesis;
• scene editing (relighting, material 

editing, object insertion).

Factorized Inverse Path Tracing 
(FIPT): 
• Factorize and approximate rendering 

integral into pre-computable terms (i.e. 
shading, BRDF):

• Analytically solve emitters in the first 
step, instead of jointly estimating dense 
emission and BRDF.

The rendering equation: 

Shading initialization Shading refinement
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emitters are first extracted, 
then shading and material (BRDF) are 
updated alternatively.

IPT
(Piecewise constant 

materials)

MILO
(MLP materials)

Reference
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• Integral-free: (1) optimizable BRDF parameters 
are moved out of the rendering integrals; (2) then 
shadings can be pre-computed offline with 
variance reductions tricks (MIS, denoising, etc.); 

Shading initialization Shading refinement

Emitter extraction

Posed Images,
Geometry

Shadings

Emission mask

Emitter

BRDF

Refined shadings

BRDF-emission mask
optimization

Closed-form solution

Gradient-based optimization

• Alternate optimization based on factorization:
Initialize/re-bake                                   Optimize 
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Evaluation: real scenes

Inverse Path Tracing (IPT): 
• Jointly optimize emission and materials from scratch;
• Differentiable path tracing with gradient descent.

• Sensitive to variances.

where,
emission

incident 
radiance

BRDF 
function

Factorized light transport:

• Pre-compute specular shadings with 6 pre-defined 
roughness levels       :
• Given estimated roughness, shading can be 

linearly interpolated from pre-baked shadings.
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Pipeline:

To initialize the shadings, we pool the input 
views onto a volumetric surface light field. 
Querying it as an approximation of the 
global incident illumination allows us to 
estimate the initial diffuse and specular 
shading integrals for each input view.

• Shading initialization
Given the initial shadings we solve for 
BRDF and emission. The materials are 
encoded in a coordinate based MLP 
then updated by gradient descent. We 
optimize without emission term but an 
emission mask with sparsity constraint. 
This compensates error near emissive 
surface and tell which part is an emitter.

• BRDF and emission estimation
Optimization without emission terms 
produces distinctive error near emissive 
surfaces (1st column). By jointly 
optimizing an emission mask to cancel 
this error, the emitter can be found by 
checking the mask's response (works 
even for tiny emitters), and its emission 
value can be obtained by median-
pooling the RGBs from training pixels.

• Error-driven emitter estimation
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Neural representation of materials:

Emitter 1: 
window

Emitter 2: 
cabinet lights

Est. emission mask
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Refined surface light field
(radiance cache + path tracing)

Initial Refined Ground 
truth

The wall cabinet's diffuse reflectance 
estimation is initially darker than ground 
truth, owing to the excessive incident light 
received from the range hood that reflects 
non-diffuse light (2nd column). The 
artifacts are reduced by growing the path 
(blue) for the specular surface according 
to the optimized BRDF (1st column), which 
gives more accurate shadings that can be 
used to further refine the BRDF (3rd 
column).

• Shading refinement

Volumetric surface light field
(radiance cache)

Input views
Pooling
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⇙ Our method successfully reconstructs BRDF (1st 
and 2nd rows) and emission (3rd row) with high 
frequency details and less ambiguity (e.g. floor 
texture and mirror). Emission estimation is shown 
as error heatmaps.

⤋ We better reproduce specularity in lighting and 
materials (e.g. the range hood and mirror).

Relit scene

Reference views in 
novel lighting

(front lights ON,
back lights OFF)

Captured scene in 
original lighting

(back lights ON)

Li22 FIPTFVPMILO Reference

Relighting

⇛ We test all methods in the task of light editing, by 
inputting images of original lighting, and rendering images 
under novel lighting by inserting virtual front lights, in 
novel views. We can then use our captured images of 
novel lighting as reference (or pseudo ground truth). 

⤋ As we may observe here, our method is the closest to 
the reference, with shadows under the desk and specular 
highlights on the floor decently reproduced, with minimal 
artifacts.

IPT FIPT Ground truthLi22
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BRDF-emission estimation

IPT FIPT Ground truthFVP

View synthesis

Relighting

• Other novelty:

Optimize material and emission with 
sparsity priors:
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• Leads to more piece-wise constant material estimation;
• Enables fast error-driven emitter estimation.

FIPT
(MLP materials)

Results and application

Compare (initial VS refined global illumination)

FIPT-sem: FIPT + semantic segmentation to 
encourage piece-wise smoothness of BRDF
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https://emojiterra.com/man-technologist/
https://emojipedia.org/movie-camera

