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Perception as an inverse problem  
Pizlo 2000  
“perception is about inferring the properties of the distal 
stimulus X given the proximal stimulus Y” 
 

   Y = AX  
   where 
    Y   is the proximal stimulus (e.g. retinal image)  
    X   is the distal stimulus (e.g. 3D object) 
    A   is a perspective mapping (linear transformation) 

X = A-1Y  
ill-posed, determining a 
unique A-1 is difficult  

many different things could have created the same retinal image (e.g. of a cube)  

X = A-1Y  constraints!  to solve:  

(but even then, is the percept veridical?)  



QUESTION: Is perception like a bundle of possible visual 
worlds (then the observer apparently abstains from a final – 
precognitive – decision) or is it like a single visual world (the 
observer really “sticks the neck out”) ?     
 

Koenderink 2012:   

The Beholder’s Share1  

1Gombridge E H, 1959 Art and Illusion Part III The Beholder’s Share (London: Phaidon Press) 

“many visual worlds” 
 hypothesis 

In other words, do observers resolve ambiguities when not 
required for an action or decision?  
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Consciousness: facing the consequences of decisions-in-action? (Schrodinger)   
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Multiple Worlds (2012) 

Consciousness: facing the  
consequences of decisions-in-action? 
(Schrodinger)   

Do decisions have consequences  
when looking at art?  
 
Non-representational art?     

Kandinsky (1912) 



Multiple Worlds (2012) 

Consciousness: facing the  
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Non-representational art?     

Joseph Mallord William Turner (Interior at Petworth c. 1837) 

What is the nature of your visual awareness?   A single visual world?   
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QUESTION: Is perception like a bundle of possible visual 
worlds (then the observer apparently abstains from a final – 
precognitive – decision) or is it like a single visual world (the 
observer really “sticks the neck out”) ?     
 

What answers to this question do we find in visual awareness? 



adapted from Kersten & Yuille (2003) 

Koenderink Multiple Worlds (2012) 

Bayesian Models of Object Perception 
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adapted from Kersten & Yuille (2003) 
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generation 



2D projection 
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adapted from Kersten & Yuille (2003) 

(Mental) image 
generation 

likelihood 

eliminate everything in world model that  
could not generate the image (likelihood)  
prior probability then organizes that narrower 
possibility space.  



(Mental) image 
generation 

2D projection 

unlikely                             likely 

Perceived 
3D shape 

unlikely                             likely 
            prior probability 

adapted from Kersten & Yuille (2003) 



Visual system embodies principles of ecological optics 

●  Lighting from above, shadows, reflection, ... “evolutionary internalized regularities” 
 (Koenderink) 



Visual system embodies principles of ecological optics 
 
●  Interactions of shape and illumination 



clarence coles phillips (1880-1927) 
Koenderink (2014) 

Models in Art  


