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Task & Motivation
Goal: Decomposing Scene Appearance into Lighting and Material Reflectance

Quantitative Results

Method: Visible/Thermal → Albedo/Shading Ordinalities

Issue: the lack of real-world radiometric ground truth

vt-intrinsic.github.io

Theory: Energy Conservation in Light and Heat Transport

Qualitative Results

Intrinsic Image Decomposition using a Visible-Thermal Image Pair
Zeqing (Leo) Yuan,  Mani Ramanagopal,  Aswin C. Sankaranarayanan,  Srinivasa G. Narasimhan

How can an additional thermal image help?

Brighter  !   &   Hotter  "    →   Receives more  #
Brighter  !   &   Cooler $   →   Reflects  more  %

Summary
Ø A novel training-free method for  intrinsic image 

decomposition using a pair of visible-thermal images.
Ø A promising path to scale up real-world ground truth.

Local (Edge) Constraints
Edge polarity →  Albedo-/shading-
dominant edges → Gradient loss

Visible/Thermal → Albedo/Shading Ordinalities

Input image: !! = # ⋅ % → albedo (#) and shading (%)

Non-local (Point-pair)
Visible/thermal ordinality →  

Albedo/shading point pairs → Hinge loss

Optimization: regularized by Deep Image Prior (Double-DIP) 

Our Albedo Our Shading

Qualitative Results & Comparison to SOTAIntrinsic Image Decomposition

Input ThermalInput Visible
Absorbed Heat

Reflected 
Light

!! ∝ # ⋅ % !"	 ≈ ( = (1 − #) ⋅ %

Light & Heat Transport        ⇒      Albedo / Shading Ordinalities

 " #! = % ⋅ ' ⋅ (, 	 Visible	image
4 = 1 − ' ⋅ (, 	Absorbed	heat  ⇒ "#! =" > #! =# , 4 =" > 4 =# ⇒ ( =" > ((=#)

#! =" > #! =# , 4 =" < 4 =# ⇒ ' =" > '(=#)
 

 BC
#$
#% = 4 + ℎF G$	 − 	G + 4IJG%3 GK	 − 	G + L	ΔG	 , 	 Heat	transport

#' = I	Q G + 1 − I Q G% 	, 	 Thermal	image	formation

⇒ ( = /1	!" + /2	Δ!" + /3, where /1, /2, /3 are locally constant and "! ≫ 	Δ"! .
Hence, ordinalities preserve when substituting 4 with #' .

Heat capacity
Convection Radiation Conduction

Emission Reflection

Our ShadingOur Albedo

ℒ 4#, %̂, !!, !" = || 4# ⋅ %̂	-	!!	||2+ 81	ℒedge	(#̅, %̂, C(;!!, !")) 	+ 82ℒord(#̅, %̂, <(;!!, !"))

Quantitative Evaluation

Intrinsic-v2: Chris Careaga et al. Colorful diffuse intrinsic image decomposition in the wild. ACM ToG, 2024.
RGB⟷X: Zheng Zeng et al. RGB⟷X: Image decomposition and synthesis using material- and lighting-aware 
diffusion models. ACM SIGGRAPH 2024.
CRefNet: Jundan Luo et al. CRefNet: Learning Consistent Reflectance Estimation With a Decoder-Sharing 
Transformer. IEEE TVCG, 2024.
JLHT-Video: Mani Ramanagopal et al. A theory of joint light and heat transport for Lambertian scenes. CVPR 2024.

Severely ill-posed; annotating is impractical.

Motivation: models lack real-world ground truth, 
especially for outdoor scenes. In
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Input Visible

Edge Classification

Input Thermal

Brighter  !   &   Hotter  "    →   Receives more  #
Brighter  !   &   Cooler $   →   Reflects  more  %

Incoming 
Radia,on

+ Absorbed Light

Incident light →
Reflected light

Radia,on

Conduc,on Convec,on

Shading =

Visible Image Intensity
∝ Albedo × Shading

Thermal Image Intensity
≈ Absorbed Light

∝ (1 – Albedo) × Shading
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Optimization

Ordinalities

Local / 
Non-local

Albedo & Shading Networks
(Randomly Initialized)

Fixed Random 
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DIP Parameterization

Edge Point Pair

Albedo/Shading 
Constraints

Input Visible Input Thermal

L

L  =  L!"#!	+ L%&"	+ L&!'%(

Estimated ShadingEstimated Albedo

Pr
in

te
d

Pr
oj

ec
te

d

Visible Thermal Edge Point Pair Albedo Shading

Ordinality Optimization
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Evaluation on JoLHT-Video Dataset (si-MSE ×10!")


