Advanced Lighting and Rendering 


Research and Analysis:

There are many ways that lighting and rendering techniques have been used when doing animation and VFX, here are some of the examples of lighting and rendering techniques that have been used.

Global Illumination- Global Illumination is a type of lighting that allows the light to illuminate different surfaces in a scene. This type of lighting can give off a more realistic effect, this can include soft shadows, ambient occlusion, as well as color bleeding.

[1] 
Global Illumination can show how light works, by mimicking light when in a virtual or the real world. When it comes to people in game design using this sort of lighting, they would usually have objects that are then illuminated from a certain source, this will allow shadows, however, most of the time this will be unrealistic. Global Illumination is good when it comes to certain scenes, some examples include
· Light coming from a window
· Light through leaves that are in a tree
· Lighting that is being reflected from lakes and rivers 
Global Illumination can push the boundaries when it comes to lighting in game design, this can allow light sources to be able to be produced in real time, as well as allow different characters to be able to blend in their current environments. Some examples of video games that have used Global illumination include Uncharted 4, as well as Red Dead Redemption 2. [2]
There are also advantages and disadvantages when it comes to global Illumination:

Advantages- When it comes to global illumination, it will allow the environments to look more realistic, as well as be able to show the user a certain type of mood that it is trying to show to the audience, this will mean fewer manual changes need to be done. This can also allow the developers to be more creative and have a lot more freedom when it comes to lighting, since it will allow environments to have more contrast. However, the disadvantage of using this sort of lighting technique is that it is a rather difficult lighting to master, this is because the performance, as well as the quality of the lighting itself needs to be balanced out to understand how it works, and the best way to use it. The user would also need to have a clear understanding of how the lighting works, which is no easy task.                                                              [3]
Global illumination was being used in many different films, some of these films were produced by Disney, some examples of films include Disney’s Bolt, Up, as well as Toy Story. 
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Here you can see some screenshots on how Global Illumination was used when creating these Disney Pixar films. [4]

Ambient Occlusion- When it comes to computer graphics, Ambience Occlusion is a type of rendering technique which when used, allows the objects inside the scene to look more realistic than it did, this is done by the user adding in soft shadows, which will occur when the lighting is being cast into the project. When doing Ambient Occlusion, the shadows that it emits are actually not real at all, and are in fact when rendering, are actually added in by rays. When these rays get in contact with something inside of the scene, it will allow the surfaces to become much darker, however, if not used on a surface, they won’t turn darker and will just stay the same as before. 
Ambience Occlusion is mostly used when you want to see little variations of the lighting, this will allow you to see parts that may be unnoticeable. It is also used when you want to tone down the lighting a bit, as well as making it easier to see models that may or may not have been textured. [5]
When it comes to ambient occlusion, it has been in different types of films. Some of the few examples include the third Jurassic Park movie, in which ambience occlusion was used when creating the CGI. It has also been used in Monsters inc, and it was used for indirect lighting, this was because path traces were unfortunately too expensing to be used. [6]
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Here is an example of a scene that has used this type of lighting, it is able to provide shadows to add some realism into the scene, in which we will usually see. Ambient occlusion is somewhat different to global illumination, because it is able to provide a realistic shadow render. The different lighting also varies in costs, speed, and data. 
When it comes to the principles of ambient occlusion, different points on the screen would need to be looked at and checked, the user needs to see how much light will be collected, as well as the number of shadows that are around the objects inside of the scene. When SSAO lighting is being used, the scene of the project would need to be rendered for a second time, this is to make sure that depth is being made, as well as full screen texturing.[7]
Ambient Occlusion can allow users to add a sense of realism to scenes, mostly 3D, by being able to darken some areas in which objects can be able to show a visually good-looking appearance. Ambient occlusion is usually used when objects inside a scene are closer together and is useful when wanting to create different shadows in the scene, to show the spatial relationship between them. Ambience occlusion is a great tool to use in gams and films, since it will allow environments to take on a more realistic approach.[8]


Physically based Rendering- The term Physically based rendering is a type of computer graphics that allows a clearer reading of how the light can approach material properties when rendering. Also known as Physically based shading, physically based rendering allows scenes to be consistent, this is specifically helpful when multiple different people are working on the same project.[9]
Physically based rendering uses different types of shaders, some of these include vortex and fragment shaders. This allows light to be used in an accurate manner, to make sure that it looks as realistic as possible, this is especially important when it comes to game design, when creating a more realistic style game. The shaders that PBR uses can be used when creating reflection, as well as incoming light. When using this type of rendering, users can create a more realistic style approach to scenes, this can be useful with things such as Virtual and augmented reality.[10]
Physically based rendering can increase the quality of the scene, which will allow a realistic approach. When it comes to the principles, there are lots of different reasons to use this type of render. PBR can make sure that the amount of light isn't over the appropriate level when being received, this is known as energy conservation. There is also thew Fresnel effect, which shows the reflection of where the light direction is, this is used to make the materials more authentic when shown in multiple different angles. Another principle of physically based rendering is Albedo, which contributes towards the materials color, as well as how it looks overall, to allow a realistic project. Reflection is the last principle of PBR, it shows the user how the light on an object reflects, giving off a more in-depth approach to the visuals in the scene. 
Users will usually use this sort of rendering for a more creative side of things, such as game design or film making, with the help of accurate rendering. People use this type of technique to try and mimic the reality of actual lighting in real life.
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Physically based rendering has allowed the industry to be able to render out scenes, whether it’s real- time or cinematic, it can allow users to calculate the way each surface reacts to the light source, by setting up the materials needed for the light in your scene. This sort of rendering was created by the company Disney, to allow them to create full on animations, as well as be able to be used in game engines, some examples of these can include Unreal engine, as well as Frostbite. Due to the file sizes being relatively small, it allows users to be able to use these render techniques to be able to render out a scene correctly, like how bigger companies can show their scenes. 
When adding physical based rendering to a scene, and using a material known as Meshstandard material, you will need to ensure that light is present within the scene, otherwise it will be hard to see what is happening. Materials such as Meshbasicmaterial is not used with Physically based rendered, thus you do not need to have a light within the scene. [12]
When it comes to the difference between both traditional and physical based, it is due to the type of behavior of light within materials and surfaces that are deemed translucent. Physically based rendering allows a more accurate appeal to real-life lighting when being used on materials, which allows a visually more appealing approach than when it comes to traditional rendering. Physical based rendering will allow users to improve the realistic feel when it comes to 3D modeling, to allow a more live action feel.[13]
When looking at some of the early ideas of physical rendering, graphic researchers were thinking of the idea of using ray tracing in order to create lighting effects, which allowed an accurate way in order to produce light from the real world. People known as Cook and Torrance, created a model around 1981-1982, which revealed reflection models that showed reflections being accurately made, and allow it to be possible to be able to render surfaces made from metal, since back in the day, the material wasn’t rendered very well. 
When it was 1984, Cook. As well as other people known as Porter, and Carpenter, they were able to show ray tracing, which allowed the algorithm to be able to look at motion blur, as well as defocus blur when looking at cameras, as well as the reflection coming from shinier surfaces and objects, as well as the lights from a light source area. This showed people that ray tracing allowed to create and show very important effects when it comes to the lighting.
In the early 2000s, lots of studios were using ray tracing in order create lots of visual effects, this type allowed good global illumination implementation. 
When a watershed film, “Bunny” was released back in 2001, A person known as Marcos came up with an early idea of an Arnald renderer. The film was using global illumination whilst being in production, it showed itself to look visually different compared to other types of films or shorts when being rendered using a renderer known as Reyes,
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This scene was rendered by using Physically based rendering.[14]
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