Extended Ray Tracer: Photon Mapping & Caustics

Paul Solt

Lyndsey Whitman

5-19-07

Problem/Project Goal: The goal of this project was to extend our existing ray tracer to incorporate global illumination by implementing photon mapping and creating some effects it makes possible such as caustics and diffraction of light. 

Approach: 
Spawning photons: reused code that spawned rays in the ray tracer.

Collecting photons/storing: Implemented a simple version of Russian Roulette to determine whether the hit surface should absorb or reflect the current photon. If the photon is absorbed it is stored in the photon map. If the photon is being reflected by the object and is not the photons first hit this photon is also stored in the photon map.

Photon Map:  Uses a kd-tree implementation to hold all the collected photons. Kd-tree implementation was written by Jensen. 
Rendering Image: Two passes. First pass creates the original ray traced image. Second pass multiples each pixel of the image by the power of emitted photons in that area of the image. The power of the photons is pulled from the photon map. This creates the global illumination.
Caustics: concentrating the spawning of photons in a cone towards a certain point in the scene and storing them in a separate map. Then the values in this map are used to create the caustics effects in the scene.

Diffractive Image: Represent the color of each light source as a set of wavelengths to represent the colors. Each wavelength has a refractive index. When a light hits a refractive object the different wavelengths refract according to their refraction values. This will create the rainbow effect since each wavelength should have a different refraction value.  
Program Description 
The ray tracer program produces an image created by tracing rays through a pre-defined scene and then reproducing the image. Our extension to the program takes this rendered image and refines it by adding global illumination to the final result using the photon mapping method. The photon mapping is a two step process. 

The first step of the process spawns photons from the light into the scene, and then collects the photons in the scene and places them in the photon map. The photon map in the program is implemented with a kd-tree structure. This allows for fast and easy access to excessive amounts of data, in this case photons. The kd-tree can be accessed in O(lgn) time. 

The second pass of the photon mapping traces through each pixel of the originally rendered image and multiples the color value by the photon energy stored in the photon map for that area of the image. This creates the global illumination effect.

Historical Development of Program and Current Status 
Paul Solt/Lyndsey Whitman – original ray tracer code (May 11, 2007)

Henrik Jensen – Photon map implementation using a kd-tree code (February 2001)

· Lyndsey added this code to Paul’s ray tracer code (May 13, 2007)

· modified the code by replacing UNIX specific predefined variables and function calls (changed alloca to malloc and MI_PI to PI)

· tested when photon mapping was implemented

Paul Solt – Photon mapping implementation (May 18, 2007)
· added the code to spawn photons in the scene, trace the photons, and store the photons in the kd-tree

· This was tested by rendering the images and by rendering a visual of the photon map 

Current status: The photon map and photon mapping algorithm has been implemented and tested. Caustics and diffractive light still need to be implemented at this time.

Overall Program Structure 
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Testing/Acceptance Criteria: Tested the program by varying the values of three main variables (photons emitted, number of photons used in estimate of radiance, and distance from point to collect photons) in the photon mapping algorithm. 

Photons emitted Range: 100 – 10,000,000
Photons used in estimate of radiance Range: 1 – 10,000

Distance Range: .1 - 4  

Results: 
Figure Below: 10000 photons 300 used in estimate range 2.5 (100 seconds): Direct Illumination
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Figure Below: 10000 photons 300 used in estimate range 2.5 (100 seconds): Global Illumination 
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Figure Below: 10000 photons 300 used in estimate range 2.5 (239 seconds) Multiple Reflections on./ Photon Irradiance Visualized
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More images showing the progressive stages can be seen at the website: http://www.rit.edu/~pds2352/CGII/project.htm
Future Enhancements:
· Creating our own implementation of the photon map to have more control over it.

· Expanding the definition of light to include different wavelengths

· Use the newly defined light to create an image demonstrating diffraction (light waves being bent by a prism creating the rainbow effect)

· Implementing the caustic effects on refractive objects.
User Details: The project was written in C++ on a windows machine using the Visual Studio 2005 IDE.

Environment Setup

You will need to have access to both OpenGL libraries and GLUT libraries. Here is a link to GLUT http://www.xmission.com/~nate/glut.html 

1. Download the file and you will need to place some of the files in your Visual Studio 2005 (VS8) install path.

2. The header (glut.h) file goes into the include path which should look something like these paths (depends on SDK):

C:\Program Files\Microsoft Visual Studio 8\VC\include\gl

OR

C:\Program Files\Microsoft Visual Studio 8\VC\PlatformSDK\Include\gl

3. The library files (glut32.lib) go into your library folder:


C:\Program Files\Microsoft Visual Studio 8\VC\lib


OR


C:\Program Files\Microsoft Visual Studio 8\VC\PlatformSDK\Lib

4. The glut32.lib file into the project using Visual Studio 2005 to import it, or you can put it in the directory, or you can add it to the system by placing it in


C:\WINDOWS\system32 
(Recommended)


5. Now the libraries need to be added to the include path in Visual Studio 2005.


1. Go to Project -> … Properties -> Expand “Configuration Properties” on the left pane -> Linker -> Input


2. Click on the Configuration pull down on the top left corner and change it to “All Configurations”

3. Type in the “Additional Dependencies” textbox the following library names with spaces in-between.



opengl32.lib glu32.lib glut32.lib

Compile Project in Visual Studio: 

Menu Build -> Build Solution will compile the program in VS2005

Run Project in Visual Studio: 

Menu Debug -> Start without Debugging will run the program in VS2005
Running the Executable as a Standalone Application:

1. You will need the Visual C++ 2005 Redistributable Package installed on the machine if the machine doesn’t have VS2005 installed on it. 
2. The DLL (dynamic linked library) glut32.dll needs to be in the same folder as the executable, or you can place it in C:\Windows/system32. 
3. If the environment has been setup correctly you should be able to run the Ray Tracer application.

Program Variables (Future Modification)
There are some variables that can be modified to change the state of the ray tracer.
Currently you define and add the objects to the scene in the RayTracer.cpp class. Feel free to modify those attributes and to create new ones.

RayTracer.cpp (top)

/* The screen pixel dimensions */

#define WIDTH 500




#define HEIGHT 300

/* Basic anit-aliasing. Increases the number of samples for each pixel on the screen in powers of 4. */
#define SAMPLE_FACTOR 0


/* Set the type of tone reproduction operator to use */

enum tone { NONE = 0, WARD, REINHARD };

#define TONE_REPRODUCTION NONE


/* The maximum illuminance from the scene */

#define LMAX 200



/* The maximum display illuminance */

#define LDMAX 1

/* Set the type of key value to be used for the REINHARD tone

 * tone reproduction operator. */

enum reinhardKey { LOG = 0, INPUT, PIXEL };

#define KEY_TYPE PIXEL 

/* Values for the variace key values */
#define KEY_INPUT 0.15  /* A specific value for INPUT */
#define PIXEL_X 10
/* Pixel position for the PIXEL key type */

#define PIXEL_Y 10
World.cpp (top)

/* The number of photons to store in the Photon map, which is not necessarily the same

* as the number of photons that are emitted */

#define MAX_PHOTONS 1000


/* The range to look for photons in the KD tree implementation from Henrik Jensen around

* a intersection point of interest for the irradiance estimate. */

#define PHOTON_RANGE 2.0

/* The max number of photons to use in the irradiance estimate. */

#define PHOTON_ESTIMATE 100
