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What are Caustics?

Caustics (briefly) are the result of light being refracted through any given material (i.e. water).  As a result of this refraction, the light hitting any objects beneath any inconsistent surface of the water will not be lit uniformly.  Instead there will be very bright patches of light, and patches where lighting is only ambient.  This beautiful change in lighting is caustics.

So What?

Caustics can be painstakingly rendered to be photo-realistic using backwards ray-tracing.  Our group took up the goal of finding a way to “hack” caustics so that realistic looking lighting could be achieved in interactive real-time at relatively high resolutions.  Because and good ray-tracer cannot be rendered in real-time, we had to find a way shortcuts to produce this phenomenon.  

To produce caustics, we also had to produce the material through which light was refracted; namely, we had to create a realistic simulation of water.  This task proved daunting in it’s own since simulating water’s behavior is also quite difficult to do in real-time.

What Did I Do?

If ever a group were to win a prize for “team-work,” ours should be it.  Every night spent in the depths of Soda was spent together.  Work was certainly split up between ourselves to facilitate our leaving lab before 5 a.m., but we would always back each other up if one got stuck or needed help.  If I were to take sole credit for anything, it is coming up with the name “cow-stics,” but among my division of work was researching “hacks” for caustics and implementing them.  We settled on implementing a paper by Lasse Jensen entitled, “Deep-Water Animation and Rendering.”  In this paper, Jensen used Snell’s Law to calculate the incident of refraction for light passing through water, assuming that the water was represented by a triangle mesh (which we were using).  Using the normal of the face at each vertex with the dot product of the light vector, the refraction ray was calculated and intersected with a seabed that was at constant depth.  This constant depth was one of our “hacks” to speed up our program.  Because the seabed could be represented as a single plane, finding the intersection of the refracted rays became much more simple.  After this intersection, we now had “caustic triangles” (i.e. for each triangle on the water-mesh, there was a related triangle on the sea-bed).  Then, Jensen gave an equation for the illumination factor of these caustic triangles derived from a ratio of the surface-triangle area and the caustic-triangle area.

One of our larger problems came into play in implementing Snell’s law.  In Jensen’s paper there is a typo that describes Snell’s law incorrectly.  For 2D Snell’s he uses the index of refraction of water over the index of refraction of air, when it really should be the other way around.  After an hour of puzzling and more research, we were able to fix this.

After the caustic triangles and the illumination factor had been calculated, I was faced with the challenge of what to do with the illumination factors, which ranged from infinitesimally small to numbers in the millions.  After studying the numbers on average and fooling around with glColor3f, I decided to settle for another “hack” that simply divided all the colors by a constant factor (set to 2 in our final deliverable) and used that as a scale.  This would mean all triangles that were to be colored exceptionally bright would have an illumination-factor of greater than or equal to 1 (white), while the large triangles that should not be colored in would be approximately 0 (black).  I filtered out the black triangles and only drew the brighter ones.  Later, when we began to use glBlend, we found that this gave us very realistic caustics.

When we had finished with the caustics on the seabed, we all picked “eye-candy” we would implement.  I decided that we should also have a box dropping through the water, with caustics on the box to show that it could be updated interactively, as the box fell through the water.  My original intent for the box was to create “free shadows” (i.e. as the box fell, refracted rays intersecting the box would not be able to intersect the sea-bed).  Due to our implementation of “light,” as well as the time-consuming nature of this process, we opted to “hack” shadows instead by simply clipping away anything that fell in the “shadow” of the box. 

Is it Cool?

Our final version is pretty darned cool.  We have realistic caustics, a beautiful environment mapping and most importantly: full interactive speeds.  At a resolution of 128x128 (and higher resolutions on faster processors), the user can start and stop rain, drop objects into the water and view the scene from a crystal-ball interface without noticing any pauses.  Considering our original intent to render caustics at interactive speeds, I think our project is a success.

THANKS!

Thanks to Tiny, Denny and GraceFuLau!

