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LECTURE 5 – Anti-Aliasing
Anti-Aliasing
Although computer screens are capable of producing near perfect vertical and horizontal lines, generating diagonal lines of any angle produces jagged edges (steps)

Dividing a continuous image into discrete chunks using pixels to build up an image, causes these inaccuracies to be visible. These jagged edges are referred to as aliasing.
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Methods used to combat this problem are called anti-aliasing. Anti-aliasing falls into two broad categories:

· Super-sampling

· Filtering

Fooling the eye

The basic idea of Anti-aliasing is to use subtle colour changes around curved / diagonal edges to smooth out the lines, and thus fool the eye into thinking the edges are smooth.
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	Fig.1 Zoomed in
	Fig.2 Actual size


Figure 1 shows a zoomed-in image with/out anti-aliasing applied. When the image is displayed at ‘actual size’ most of the blurriness disappears and the edges appear smoother.

Super-sampling

Full-scene anti-aliasing (FSAA) requires rendering the original image at a higher resolution than required. This larger image provides a number of samples for each pixel which can be averaged to provide a final value. This is an expensive process, but yields the best visual results. 
A sub-pixel weighting mask can be used to give more weight to pixels towards the centre of a pixel area.
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Other types of super-sampling available include:

· Grid Algorithm

· Random Algorithm

· Poisson Disc

· Jitter Algorithm

· Rotated Grid
Additional information about these sampling methods can be found at: 
http://www.everything2.com/index.pl?node_id=1028947
Super-sampling Methods
	There are several types of supersampling available, and all are variations on where the extra samples are taken inside the pixel.
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Grid

The simplest algorithm. The pixel is split in several sub-pixels, and a sample is taken from the center of each. It is fast and easy to implement, although due to the regular nature of sampling, aliasing can still occur if a low number of sub-pixels is used.
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	Random

Also known as Stochastic Sampling, it avoids the regularity of grid super-sampling. However, due to the irregularity of the pattern, samples end up being unnecessary in some areas of the pixel and lacking in others.
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	Poisson disc

Again an algorithm that places the samples randomly, but then checks that any two are not too close. End result is even but random distribution of samples. Unfortunately, the computational time required for this algorithm is too great to justify its use in real-time rendering.
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	Jittered

A modification of the grid algorithm to approximate the Poisson disc. A pixel is split into several sub-pixels, but a sample is not taken from the center of each, but from a random point within the sub-pixel. Congregation can still occur, but to a lesser degree.
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	Rotated grid

A 2x2 grid layout is used but the sample pattern is rotated to avoid samples aligning on the horizontal or vertical axis greatly improving antialiasing quality for the most commonly encountered cases.
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Accumulation Buffer

This method relates to FSAA, however, instead of using a large off-screen buffer, the image is rendered at the same resolution as the desired output image.

To obtain a 2x2 Grid sampling, four images are generated with the view moved half a pixel in the screen x or y direction.

These images are then summed up and averaged to create the final output image.

Accumulation buffers are part of the OpenGL API

Filtering

This is the fastest method which involves taking a rendered image, and using neighbouring pixel values to smooth out the ‘jaggies’. This method is much quicker, but is visually inferior to super-sampling.
Mean Filter

Mean filtering is an easy way to smooth out images, i.e. reduce the amount of intensity variation between neighbouring pixels. It can also be used to reduce noise within an image.
Filtering is based around a Kernel, which represents the shape / size and influence of the neighbourhood to be sampled.

Common Kernels used are:

· Box

· Cone

· Gaussian

Median Filter

A variation of the Mean Filter is the Median Filter. 
Instead of simply replacing the pixel with the mean (average) of neighbouring pixel values, it replaces it with the median of those values.

First, all pixel values within the filter are sorted into numerical order. The pixel is then replaced with the middle value.
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Quincunx Filtering
nVidia’s quincunx filtering (GeForce 3 cards) is done at the stage where the buffer is rasterized to the screen. This is built into the hardware.
The pixel shader stores each pixel twice in different locations of the render buffer. This does not cost more rendering power than rendering without anti-aliasing. However, it does require twice the memory bandwidth of the pixel write operation.
Once the first buffer has been fully rendered, all the pixels of the second buffer are (virtually) shifted ½ a pixel in both the x and y directions. This has the effect of surrounding each pixel within the first sample with four pixels of the second sample.
The HRAA-engine filters over all five pixels to create the anti-aliased pixel using the following weighting function:
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A similar approach has been proposed by Cant
 that combines the weighting function used by nVidia as follows:
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Adaptive Anti-aliasing

Anti-aliasing is a relatively expensive process. However, adaptive anti-aliasing, samples just the pixels found along an edge. 
Edges are detected using threshold values – colour intensity changes.

This speeds up the process considerably. The visual results are inferior to Super-sampling.  
MIP Mapping

MIP is the acronym of the Latin phrase ‘multum in parvo’ which means ‘many things in a small place’

Mipmaps are textures that have been filtered down repeatedly into smaller images (versions) using super-sampling techniques.
The texture is down-sampled to a quarter of its’ original area. Each new texel value being calculated as the average of four neighbouring texels from the original image. The reduction is performed recursively until one or both of the dimensions of the texure equals one texel. The set of images is often referred to as a mipmap chain.

[image: image15.emf] 
Anti-aliasing is automatically incorporated within each down-sampled image, thus reducing the amount of anti-aliasing needed during the rendering process.
Exercises:
1. Implement ‘Mean Filtering’ to remove aliasing artifacts (jaggies) on your Bresenhams’ line drawing algorithm. Your implementation can be performed as an after effect across the entire image (FSAA)

2. Consider methods for decreasing the processing time needed to perform FSAA. How might your line drawing algorithm be improved to. 

3. Implement Adaptive Anti-aliasing to a graphic image.

4. Anti-aliasing techniques can be adapted to cater for motion blur. Select one of the methods previously outlined and implement motion blur across an animated sequence of images.





















1





2





1





2





4








2





1























2





1














� Cant Richard, Chia Nathan, Al-dabass david, “New Anti-Aliasing and Depth of Field Techniques for Games”, Nottingham University
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