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Interactive Underwater Caustics

Our goal with this project has been, from the start, to do something that hasn’t been done by previous semesters and that was unique within our own class.  Since so many groups had chosen to model water realistically, we chose a different aspect to focus on: namely, caustics.  Our other requirement for this project was that it be interactive, since we figured a static image would be boring and an animation took too much busy work.  Thus, we looked for papers on rendering caustics in real-time.     

The main problem with caustics is that accurately rendering them requires backwards ray tracing, which involves too many calculations to be fast enough for an interactive program.  So we needed to find a way to calculate the refraction of light rays in water quickly enough to keep up with a constantly changing water surface.      

The first paper that we found on this topic was “Ray Tracing Refraction in Hardware” by Chris Trendall (Univ. of Toronto, 2000).  Trendall’s claim was that most of the calculations could be done as part of a 6-step process, storing the results in various buffers and arrays.  The basic idea was to represent the water surface as a height map and use the coordinates to calculate the amount of light that hit the corresponding point on the floor of the pool, thus finding illumination directly from light and normal positions.  Unfortunately, implementing Trendall’s paper required an extensive amount of math, since we had to discretize various functions and perform three separate convolutions on each one.  Aside from not understanding the discretizations, we barely grasped the concept of kernels and filtering, and decided to find a different paper.

Luckily, we found another paper: “Deep Water Animation and Rendering” by By Lasse Jensen and Robert Golias (Gamasutra, 2001) and found the section on caustics and refraction very useful.  Part of the reason Trendall’s method worked was because he only approximated the amount of light that hit the floor of the pool.  We figured that only using the refracted rays was a close enough approximation, and saw that Jensen made the same assumption.  Thus, the algorithm that we implemented computes only the first order rays and assumes the floor of the pool is at a constant depth, greatly simplifying the intersection calculations.

We took the look of Trendall’s program and added the camera movement from as2 to create a scene that was viewable from all directions.  We wanted to show how the caustics responded to movement on the water surface, so we displayed both surfaces, planning to make the water surface translucent so that the caustics were visible from any position.

Our first problem was creating a ripple on the water surface.  We’d found a sinusoidal wave function on the net and tried to implement it as a wave and a ripple.  This created a wave or ripple that changed the water surface, but depended on a time variable and could not be interrupted.  After playing around with it, we decided that a sinusoidal function would take too long to calculate anyways, especially if we planned to allow multiple ripples.  There was another algorithm on the web that used two buffers to hold the past and present position of a wave.  Using only the difference in position “over time” and some dampening factor, the algorithm quickly calculates a “ripple”.  While this worked sufficiently well, we noticed that the ripples had odd hash marks across them, due to cracks in the triangle mesh.  Whether or not this affected the caustics below, we aren’t sure.  But after we made one more improvement in time for the 2nd deliverable, the ripples were smoother and the caustics looked more uniform and circular.  

The caustics, surprisingly, were the least troublesome part of this project.  Since we used a triangle mesh to represent the water surface, Jensen’s method was easy to implement.  Each triangle point contributed one refracted ray to the floor bottom, and a new triangle was calculated for each intersection point, using similar triangles to fill in the missing x and z values.  This triangle’s area was used to calculate the area ratio, which then determined the caustic triangle’s illumination.  We used two equations: Snell’s law and one for a refracted ray through air and water.  

 The next step was to texture map a seabed to our pool floor and possibly to the water surface.  Aside from trying to figure out the math from the Trendall paper, I think I spent the most time on this part of the project, experimenting with different libraries and file types.  I tried various tiff and targa libraries, but each attempt resulted in a string of header files that were missing and I finally decided to trace through the simplest loading procedure to see what was wrong.  After realizing that the image dimensions needed to be a power of 2, it was a simple matter to load images and use the glTexture2d functions.  The harder part was mapping a texture to the water surface, since the picture would need to ripple with the water.

I found environment mapping to be much harder.  The computers in the lab would not allow me to download nvidia’s extensions and API, so I couldn’t use their cube mapping calls.  OpenGL had some capabilities to create a sphere map, but the result is what you see now.  While the reflected colors are loosely based on the given texture, the actual image has no real correlation to the surrounding environment.    

We ran into some problems when we tried to integrate texture mapping with blending.  If one was on, the other had to be off.  For instance, if I used a texture map on the surface of the water, our caustics disappeared.  I looked at some of the glBlend documentation, but Grace, Dennis, and Ray had already started researching blending, so it made more sense to just merge code to implement both.  It took several days of group debugging to realize that the placement of our calls greatly affected the way our scene was drawn.  After a tip from Michael, we always drew the scene bottom to top, so that each layer would be at the correct depth.  

As a bit of eye candy, we thought about throwing object into the pool and observing the splashdown and effect on caustics.  In preparation for this, I researched particle systems and found an implementation that I could understand.  The physics of the particles were kind of hacked, but they resembled droplets of water and were sufficient for simple splashes.    

We all took an equal share of responsibility for this project.  I worked mostly on texture mapping and environment mapping, but overlapped into implementing the first ripple and playing with particle systems.  Later on though, at least one other person would improve on what someone else had started.  (i.e. smoothing the ripples and adjusting the initial values of the particle systems).  So each step of the way was a group effort, and our work frequently overlapped through the course of the project.

