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CS184 Final Project: Under-water Caustics

After brainstorming many different ideas, ranging from steaks sizzling on a grill to iridescent butterflies to traveling down the canals of Venice, our group finally decided to implement a program that would model under-water caustics.  Because we wanted to make the program interactive, we understood that we would have to compromise the physical accuracy of our model; rendering the phenomenon in real-time would constrain the amount of computations immensely.  The initial plan for our project consisted of modeling a small pool of water comprised of a surface and a floor bottom.  We hoped to present “interactivity” by allowing the user to create disturbances on the water’s surface that would thus affect the simulation of caustics on the water’s floor.  

We stuck to our plan very well.  The first week we did a lot of internet research in order to learn about simulating water and modeling caustics.  I found a lot of useful sources by searching on Google.

We all tried to understand the material in the papers.  The main paper we focused on was the Jensen Paper.

To begin our project, we used the as2 code (written by Dennis and me).  This provided our group with the crystal-ball interface so that we could later “travel around” the pool of water.  I helped to create a mesh that would represent the water’s surface (essentially an array that held various heights).  Experimenting with the water’s surface, we implemented a sinusoidal, time-dependent ripple function.  The ripple looked pretty good to us, but we later found it useless because it was too slow to allow other ripples to occur simultaneously.  The same was true for a sinusoidal wave function.  I learned about the OpenGL idle function, and we tried to run ripples in random places continuously, but didn’t really like the lack of control.  I tried to implement the double buffer algorithm for water surfaces (Double Water Algorithm), but was not very pleased with the results (the ripples looked really “boxy,” playing with the coefficients and equations sometimes gave weird results, such as this pitfall/tsunami effect).

At this point, I must admit I took an entire week off from the project to concentrate on and finish my CS150 MIDI music synthesizer project.  I told my group I would be doing this because, at the time, it seemed it would be best to get one project out of the way so I could fully concentrate on another (previously I was going from Cory to Soda and from one mindset to another every night).  But boy, was I wrong.  Ray, Tynia, and Dennis made so much progress in that time that it was really hard to come back to the project and feel a part of it.  I spent almost an entire day trying to learn the code they created.  They implemented most of caustics (ray tracing from a point light source to the triangles of the water surface mesh and calculating the resulting caustics triangles) and greatly improved the surface of the water using the double buffer algorithm.  They also implemented a particle system for water drops splashing and landing back in the water.  Ray made a box that could be dropped into the water and figured out how to get caustics on the side of the box.

I guess one good thing about “coming back” to the project though was that I had “clean” eyes.  I could point out subtle things that are harder for someone working constantly on a project to notice.  A big example was that I noticed that our caustics didn’t really act like caustics; although it looked like a patterned shifting of varied light intensities on the pool’s floor, I noticed that our caustics didn’t have those circular rings that caustics sometimes do when a ripple is made.  (like the spreading light ring due to the spreading ripple).  We fixed this then, and the caustics looked a lot better.  

Because there wasn’t much left to do in terms of the simulation of the water and caustics, I worked a lot on the “eye candy” of the project (blending, texture mapping) and the user interface functions.  I learned a lot about the OpenGL functions such as glBlendFunc, glMaterialfv, glShade, glAlphaFunc etc., and incorporated them appropriately into our code.  To do this, I had to completely re-organize the display function and check over any OpenGL function calls.  I played around with trying to obtain the appropriate alpha functions and alpha values to give a good look to our scene.  I learned that for some reason glDepthTest must be turned off when blending is used.  I can’t remember what the problem was, but some part of the appearance of our project wasn’t correct until I disabled the depth stuff when using blending.  Tynia did the initial texture mapping of the floor of the pool and environment mapping onto the water’s surface, and I expanded upon it.  We both found images on the internet and made .tga files of appropriate pixel size.  I did the texture mapping for the sides of the pool (the scenery).  I also initially made “water walls” for the sides of the pool, but we all decided to take them off.  In terms of user interface, I created a lot of the keyboard controls.  Dennis said he wanted as many toggles as possible, so I tried to think of as many as I could.  I made the “texture” and “environment” toggles that shuffle through the five different scenes (four environments and no environment).  I made the toggle to change the center of the “crystal ball” from the water’s surface to the water’s floor.  I also tried to allow the user to control the placement of the light source, and implemented some keys to do that.  

My last source of contribution to the project consisted of testing and fixing program errors.  Example errors that I noticed and fixed were: when a box is on the seabed and the seabed is then raised, the box remains below the seabed; the square patch of light is blocked by the top of the box was not a function of the seabed level - thus if the seabed was not set to the initial level and the box was dropped, when it landed on the floor and extra frame of light surrounded the box; caustics were not being clipped to stay within the pool; and etc.  

As for the results of the project, we are all very proud of what we have created – a program that simulates the under-water caustics resulting from a user’s control of disturbances on a water’s surface (rain, ripple, splash, box-dropping), its floor (raise or lower the seabed), and environmental lighting (point light translation, environment mapping).  The tradeoff between interactivity and realism was adequately balanced and the eye candy made the simulation much more appealing and fun to play with.  I personally think that the best scenes in which to view the caustics are the second and fourth scenes (the one with the pink sunset and the one that is black and white).  We would have liked to implement a function that would allow a user to throw any object into the pool and see the caustics on that object as well, but we were limited by our desire for an interactive program (we believe it would have taken way too much time to perform those ray tracing computations).  I believe that we have met the goals and deadlines of our project extremely well.

