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Constraining Reflectance and Illumination 

Reflectance Prior  

Illumination Prior Input Image Likelihood 



Constraining Illumination: 
Natural Image Statistics 

We can leverage natural image statistics! 



Constraining Illumination: 
Natural Image Statistics 

x derivative y derivative 

Log histogram of the derivatives of 



Constraining Illumination: 
Entropy Increase Due to Reflectance 

Mirror Nickel Pink Jasper Silver Metallic Paint Green Latex 

Entropy Increases 

Blur Increases 



Enforcing a Low-Entropy  
Illumination Estimate 

• A prior that encourages low entropy 

• Continuous entropy 

• Kernel density estimation (Gaussian kernel) 
Image intensity density 

Entropy 

Gaussian kernel 



Constraining Reflectance: 
A Statistical Approach 

• Simple but powerful prior 

magnitude acuity reflectance lobes 

• Directional Statistics BRDF [Nishino ’09][Nishino and Lombardi ‘11] 



Color Ambiguity 

• Perform estimation two times: 

– First constraining illumination to be greyscale 

– Next allowing illumination to be full color 



How many lights are there? 

We can’t know 



Results: Synthetic 
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Predicting the Appearance of Materials 
with Recovered Illumination 

violet-acrylic under 
‘Uffizi Gallery’ lighting 
environment 

alum-bronze under 
‘Eucalyptus Grove’  
lighting environment 
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Predicting Object Appearance 
from Different Views 

Ground Truth 
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and illumination 
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Results: 
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Successful Estimation through  
the Right Priors 

• Joint recovery requires tight 
constraints on reflectance 
and illumination 
– Novel entropy prior 

– Natural image statistic prior 

– DSBRDF reflectance prior 

• Despite the inherit limits, 
we recover important 
illumination features to 
allow object appearance 
prediction 

Entropy Increases 

Natural Image Statistics 

Constrain Reflectance 



Data set includes 6 objects in 5 natural illumination 
environments with calibrated ground-truth geometry 

cs.drexel.edu/~sal64 cs.drexel.edu/~kon/natgeom 

available  soon! 

Source Code Data 
available  soon! 


