Notes 6, Computer Graphics 2, 7 Feb 951Antialiasingand Related IssuesOUTLINE: AntialiasingPrefiltering, Supersampling, Stochastic Sampling Rastering and Reconstruction Gamma CorrectionAntialiasing MethodsTo reduce aliasing, either:1. fix the signal by prefiltering:Reduce the signal�s bandwidth by low pass filtering before sampling.Highest quality method, but often impractical.2. fix the samples by supersampling:Use more samples to raise the Nyquist frequency.Simple and widely used.3. fix the samples by stochastic sampling:Sample randomly, not uniformly.Relatively simple, usually used in combination with supersampling.In practice, we rarely eliminate aliasing entirely, we merely reduce it to tolerable levels.Filtering TerminologyFor a linear, shift-invariant filter,A filter can be described in the spatial domain by its impulse response� h(x), its response to a delta function input, as a function of position. Abbrev: IR. d(x) fi FILTER fi h(x)� a.k.a. point spread function in image processingAnd it can be described in the frequency domain by its frequency response H(w), its response to a sinusoid input as a function of frequency. Abbrev: FR.sin(wx) fi FILTER fi H(w)sin(wx)H(w) is the gain of the filter at frequency w.The FR is the Fourier transform of the IR: h(x)«H(w).Note the terminology distinction. For a signal: signal«spectrum,but for a filter: impulse response«frequency response.FILTER

inputsignaloutputsignalLow Pass FiltersThe ideal low pass filter has gain 1 at frequencies below the cutoff, and gain 0 above the cutoff wc.Its IR is a sinc, its FR is a box:(wc/p)sinc((wc/p)x) « box(w/2wc)In practice, you typically don�t want the ideal low pass filter, since it has infinite support (width), and it causes ripples in output. Instead, we use finite impulse response filters that attenuate, but do not stop high frequencies. The choice of filter is usually governed by a speed/quality tradeoff.

wH(w)cutoff freq.

FR of a typical low pass filter

wH(w)wc

Method 1: PrefilteringThe idea: Antialias by low pass filtering the signal, bandlimiting it to the Nyquist frequency before sampling.An approximation to an ideal low pass filter (sinc) is typically used.Example: antialiasing polygons with box filtering:find the fraction of the pixel covered by each polygon,compute weighted average of colors.Prefiltering is easy and widely used when the signal is discrete, as when resampling.It�s harder when the signal is continuous. Prefiltering is difficult in 3-D rendering when visibility is not known exactly. It is more practical for simple signals, e.g. signals given by a closed form expression or 2-D text and graphics (lines, polygons, fonts).

ABCMethod 2: SupersamplingThe idea: Antialias by increasing the sampling frequency.Example: render at k times the resolution. Then, if your display supports the higher resolution (e.g. film) then use it, otherwise (e.g. video) downsample by factor of k to the display resolution.Practical constraints:Sampling at k times the resolution, in 2-D, will typically cost k2 times more in time and perhaps in memory as well.To eliminate the memory problem, you can usually downsample on the fly.Theoretical problems:How do you know how much to supersample? i.e. how do you pick k?If one value of k works everywhere, then do uniform supersampling.If not, use adaptive supersampling: take several samples within pixel; if their variance is low, return their average, otherwise subdivide pixel and recurse, like a quadtree.

Notes 6, Computer Graphics 2, 7 Feb 952Method 3: Stochastic SamplingInstead of sampling on a uniform grid, sample at random points.Several ways to do this:1. jittering: choose a point at random, uniformly within the domain (interval, pixel area, or frame time). Easy.2. Poisson disk sampling: pick a point, keep if its nearest neighbor is >r units away, discard if not. Repeat until full. Harder, better.Stochastic sampling is typically used in combination with supersampling. Common: 16 samples per pixel.Stochastic sampling reduces aliasing, but increases noise; it�s not a panacea.

uniform,1 sample per pixeluniform,9 samples per pixel