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LECTURE 13 – Advanced Rendering Techniques
Ray Tracing Algorithm

In the real world, rays of light hit objects and interact with surfaces. Some of this light finds its way to the eye. However, the vast majority is lost. 

To accurately calculate such interactions of light within a scene, by tracing rays from each light source, would be far too computationally expensive to perform. 

However, an obvious shortcut would be to only trace backwards rays that end up hitting the camera lens.

This is the underlying principle behind Ray tracing algorithms. Even so, this method is hugely expensive to compute, so is rarely used in real-time games engines. Instead, other alternatives to ray tracing are more commonly used that produce similar (cheaper) results.
Classical Ray Tracing
Rays are spawned in the most significant direction

Ray tracing works by tracing, in reverse, a path that could have been taken by a ray of light from the camera (viewer) position, into the scene (Fig 1.0).
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Figure 1.0
As the particle of light travels through the scene it hits objects / surfaces and interacts with them (based on structural and optical properties of the surface) by either being absorbed, reflected, or refracted (through glass/water etc). At each intersection, the particle picks up colour intensity.

Rays are reflected using the specular reflection path. For transparent surfaces, a ray is also sent along the angle of refraction. The reflection and refraction rays are referred to as secondary rays.

As the rays from a pixel ricochet through the scene, each successively intersected surface is added to a ray-tracing tree. Reflections are added to the left branch of the tree and transmission paths are added to the right branch.

Usually a maximum depth for the tree is determined by the amount of storage available.

The path is terminated if any one of the following conditions is met:

· No intersection found

· Ray intersects a light source that is not a reflecting surface

· Max length of tree has been reached

Monte Carlo ray Tracing

Bidirectional Reflectance Distribution Function (BRDF)

The classical ray tracing technique provides only one single reflection / refraction ray per interaction. This produces an overly simplistic model.
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Rays are spawned by picking a random direction for each reflection / refraction ray. The direction is influenced by the BRDF.

Glossy surfaces with a narrow Phong reflection lobe will spawn a ray close to the centre of the lobe, whereas ‘dull’ surfaces will tend to spawn a ray further from the centre of the lobe.
In radiometry, the function that is used to describe how a surface reflects light is called the bidirectional reflectance distribution function. 

The BRDF is used to control the ‘spread’ of rays that radiate from a given point relative to the incoming ray direction and outgoing view direction.
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Importance Sampling

Weighting the random direction in this way is called Importance Sampling

Shadow Feeler

At each intersection, we first cast a new ray aimed at the light source. This ray is used to determine if the point is in shadow with respect to that light source. If the shadow feeler ray intersects with any other object, before reaching the target light source, then that light source must be obscured, and so cannot illuminate the point in question. 
Otherwise, we invoke the basic illumination model at that point, and store the intensity value in the tree node.

Optimisations

Much research has been carried out in this field to decrease the processing needed when ray tracing. Below we detail some of the common methods / approaches taken.

	NB> As always, optimisations lead to an inevitable trade-off between speed and quality (results).




Spatial Partitioning
First a bounding box is generated to contain all objects.

This box is then subdivided into a regular grid of equal sized containers. Each container is associated with a list of objects it either wholly or partially contains.

In this way, only containers through which the ray passes need to be considered during ray-casting. Containers are checked in the order in which the ray passes. Once an object intersection takes place, no more containers need to be checked.
	NB> All other objects contained within the container need to be checked to find the closest intersection.




	NB> It is also necessary to check which container the intersection took place in. All other objects contained within this container need to be checked to find the nearest.





[image: image4]
Per Vertex Lighting

One method is to integrate ray tracing into the per vertex lighting computations. Rays are traced only from each vertex. This greatly reduces the amount of rays cast. 

However the results suffer from typical Gouraud-shading artefacts. Sharp reflections are not usually possible.

This could, however, be considered an advantage, as the reflections produced look blurry.

Ambient Occlusion Mapping
Hemisphere Lighting

	Objects do not typically receive all their illumination from individual light sources. Rather, light is scattered around the scene, bouncing off one surface to another. 

As detailed above, modelling these subtle interactions is computationally expensive. Traditionally, an arbitrarily fixed ambient term was used to sum the scattered light within a scene. This produces a constant ambient value across the entire surface of an object. This results in a flat and unrealistic look to objects that are not lit.


	[image: image5.jpg]





An alternative approach to modelling ambient lighting within a scene is to use Hemisphere Lighting
.

The basic idea behind hemisphere lighting is that we model the illumination as two hemispheres; one for the sky and the other for the ground. 
A surface normal that points straight up gets 100% of its illumination from the sky. A normal pointing down gets 100% of it’s illumination from the ground.

By selecting appropriate colours for both hemispheres, we can make objects appear to be illuminated from above and shadowed from below.

The basic calculation needed to compute the intensity of the hemisphere lighting is as follows:


[image: image6.wmf]ur

GroundColo

a

SkyColour

a

Colour

×

-

+

×

=

)

1

(


Where:

[image: image7.wmf]°

£

×

-

=

90

))

sin(

5

.

0

(

1

q

q

for

a



[image: image8.wmf]°

>

×

=

90

)

sin(

5

.

0

q

q

for

a


Another way to calculate 
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that is more both simple, and eliminates the need for a conditional is as follows:
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Self-illumination
	Ray casting methods can be used to pre-calculate self shadowing objects using a hemisphere. The effects are to create objects that have greater definition.

Objects that contain cracks / crevices will tend to get less illumination in these difficult areas. 
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To approximate the effect of self-shadowing, many rays are cast from each vertex in various directions. All rays that do not intersect with the parent object are summed together, based on the cosine of the angle between the normal and the ray vector.

This combined value is then stored for each vertex and used to dim its illumination level.

An ambient occlusion map can be created to store all intensity values and direction (bent normal) vectors. The rgb colour components are used to store direction vector, and the alpha value is often used to store the intensity value.

Various hardware implementations to render ambient occlusion in real-time have recently been developed
.

Radiosity

Radiosity is a global illumination technique that attempts to address those types of surface to surface interactions that cannot be resolved using ray-tracing.

Limitations to Ray tracing

Ray-tracing is able to cover specular to specular and diffuse to specular interactions, but is unable to cover diffuse to diffuse interactions.
Diffuse Light

In reality, much of the light we see is made up of diffuse light reflected from surfaces. Diffuse (scattered) light is very difficult (probably impossible) to model accurately. 

Background Info

Radiosity was first developed in the early 1980’s from physical models to radiative heat transfer within closed environments.

Basic Method

The basic idea is that a scene to be rendered must be entirely closed. This means that radiosity only works for rendering interior scenes.

A scene is divided up into ‘patches’. Unlike parametric patches, these are simple flat shapes more like polygons. For each of these patches, we wish to find its radiosity. This refers to the intensity of light both emitted and reflected from its surface.

All light sources in the scene are treated in much the same way as objects, except that light sources both emit and reflect light, whereas surfaces only reflect it.
The Radiosity Equation
The fundamental radiosity equation gives the radiosity (radiant intensity) of a patch in terms of its own emittance, reflectivity and the radiosity of all other patches.
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= Radiosity of patch i
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= Intensity of emitted light from patch i
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= Reflectivity of patch i
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= Form factor from patch i to patch j
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= Number of patches

There are, in any scene a number of equations with similar numbers of unknowns. An analytical solution for these equations is possible, but there may be thousands of patches in a scene, making such a solution very slow to compute.

Progressive Refinement

An alternative method to processing large numbers of huge simultaneous equations involves the progressive calculation of the distribution of light around the scene.

The process assumes there is a finite quantity of light involved, and this is input into the scene from the light sources.

A high level form of the algorithm goes something like follows:
· All surfaces that act as light sources are apportioned an emittance value according to their brightness

· For each emitting patch, the light is distributed among all other patches in the scene according to the appropriate form factor.

· Each patch receiving energy, re-distributes this energy about the scene

· Each absorbs a percentage of the energy it receives. This ensures a steadily reducing amount of total energy travelling throughout the scene

· The process continues until all (nearly all) energy levels are fully depleted

Exercises

1. Implement per-vertex ray tracing within your software renderer

2. Implement Hemisphere Lighting within your scene to create more realistic Ambient Illumination 

3. Implement Ambient Occlusion for objects within your scene and save the intensity values within the vertex structure
4. Add basic environment mapping to the previous implantation to distinguish sky and ground colours
5. Extend the previous implementation to include object-to-object occlusion
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� Baker, Dan and C. Boyd,  Advanced Shading & Lighting – Microsoft Corp. Meltdown 2001 Presentation


� GPU Gems – Volumes 1,2 & 3
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