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INTRODUCTION 

ÅWhat is caustics ? 

Light source 

From bottom plate 

Glasses/reflector 

(Caustic Object) 

Caustics 



CAUSTICS IN COMPUTER GRAPHICS 

ÅTypically simulated in CG by using Photon Mapping 

(Jensen 1996, Graphics Interface) 

 

 

 

 

 

ÅBasically is a forward problem : given the caustic 

object(s), compute the caustic patterns 

ÅHow about the inverse problem : given the caustic 

pattern(s), compute the caustic object ? 

Kruger et al. 2006  

Eurographics Symp. on Rendering 

Jensen 1996 

Graphics Interface 
Tandianus et al. 2010 

ICEC 



ÅThere are some work that can compute the caustic 

object given a single caustic pattern 

 

 

 

 

 

 

 

ÅWhat if there are multiple caustic patterns ? 

RELATED WORK 

Papas et al. 2011 

Computer Graphics 

Forum 

Yue et al. 2012 

Computer Graphics Forum 

Finckh et al 2010 

European Conference on Computer 

Vision 



ÅMultiple caustic patterns with each caustic pattern is 

formed at a location 

ÅIs validated using mental ray 

OUR WORK 



ÅInput : multiple caustic patterns, directional light 

source, and planar diffuse surface (caustic receiver) 

ÅOutput : caustic object 

BASIC IDEA 

Our scene configuration 



ÅMany caustic object cell orientation possibilities that 

might satisfy the input caustic patterns 

PROBLEM FORMULATION 

Possible combination Two caustic patterns input, 

compute refraction directions 



A mapping function computing which 

  -th caustic pattern cell is hit by a light 

refracted from the  -th caustic object 

cell to the     direction 

ÅRepresent each caustic pattern as a 2D probabilistic 

mass function (pmf) 

ÅFor each caustic object cell, to determine its refracted 

orientation, compute the joint pmf and select the 

refraction direction based on the joint pmf : 

OUR SOLUTION 

Probability of the   -th  

caustic object cell to  

select     direction as  

the refraction direction 

Number of caustic 

patterns in the scene 

pmf of the  -th 

caustic pattern 



A mapping function  

computing which   -th  

caustic pattern cell is hit  

by a light refracted from  

the   -th caustic object cell  

to the     direction 

ÅJoint pmf : 

 

 

ÅExample :  

OUR SOLUTION 

Probability of the   -th  

caustic object cell to  

select     direction as  

the refraction direction 

Number of caustic 

patterns in the scene 

Pmf of the   -th 

caustic pattern 



PROBLEM 

Only a single caustic pattern 

With multiple caustic patterns 



ÅHowever, some sets of caustic patterns cannot be 

reconstructed well 

ïDue to differences of the input caustic patterns 

ïCause some joint pmf to be zero (e.g. topmost 

caustic cell in the first caustic pattern of below figure) 

PROBLEM 



ÅSolutions : 

ïAdjust positions and sizes of the caustic regions 

ïAdjust shapes of the caustic regions 

 

ÅUse Simulated Annealing 

 

ÅOptimize the cost (based on L-2 distance) 

IMPROVING THE RECONSTRUCTED 

CAUSTICS 



Å Iteratively translate the caustic regions in 3D space 

ïIn x (blue arrows in the left figure below) direction 

ïIn y (red arrows in the left figure below) direction 

ïIn z (pink arrows in the left figure below) direction, i.e. 

distance between the caustic pattern and the caustic object 

Å Scale the caustic regions (green arrows in the right figure below) 

 

 

ADJUSTING POSITIONS AND SIZES 

Translating the caustic regions Scaling the caustic regions 



ÅExtend each caustic region such that missing caustic 

cells of other caustic patterns can be reconstructed  

 

 

 

 

 

 

 

 

ADJUSTING SHAPES OF THE CAUSTIC 

REGIONS 

To solve this, the 

second caustic region 

is extended 

The green caustic cell cannot  

be reconstructed since all possible 

light paths passing through it hits empty 

part in the second caustic pattern 



ÅAt the same time, we also allow some light to miss 

some of the caustic patterns 

ÅIn the example figure below, Light #4 hits the first 

caustic pattern and misses the rest of caustic patterns 

ADJUSTING SHAPES OF THE CAUSTIC 

REGIONS 



OPTIMIZATION RESULTS 

Without optimization 

Cost : 4.45 x 10-1 



 

OPTIMIZATION RESULTS 

First optimization 

Cost : 4.08 x 10-1 



 

OPTIMIZATION RESULTS 

Second optimization 

Cost : 2.64 x 10-1 



Å Assume the z coordinate of each caustic object cell center is the 

same 

Å For each caustic object cell, from its refracted light direction, we 

can compute its normal, and in turn compute the coordinates of 

its four corners 

Å Close the vertical gaps between caustic object cells 

 

 

GEOMETRY CONSTRUCTION 



ÅSpecifications of PCs used in our experiments : 

ïIntel i7 920 2.67 GHz (CPU) with NVIDIA GeForce 

GTX 285 (GPU) 

ïIntel i7 880 3.07 GHz (CPU) with NVIDIA GeForce 

GT 330 (GPU) 

 

RESULTS 



 

RESULTS 

Fruits 

four caustic patterns 

computational time : 7.7 hours 



 

RESULTS 

Four bars 

four caustic patterns 

computational time : 15.7 hours 


