AntiAliasing Perlin Noise
Presentedht Siggraph2001

lan Stephenson

NationalCentrefor ComputerAnimation
BournemouthUniversity
Poole,Dorset,BH5 12BB
UnitedKingdom
istephen@bournemouth.a&

1 Introduction

ThePerlinNoisefunctionis akey tool in proceduratexturing, pro-
viding the controlledrandomnessequiredto createvisualinterest.
However, aswith all periodicfunctions,it is proneto aliasingwhen
sampledat a frequeng below the Nyquist frequeng. The main
approacheasedto limit theseartifactsaresupersamplingandfre-

gueng clamping,atthecostof rendertime, andshadecompleity

respectrely.

Thepreferredsolutionto ary aliasingproblemis to convolve the
continuoussignalwith asamplingkernel. If weaccepasimplebox
filter, thenthis reducego calculatingtheintegral of the signalover
the samplingarea.However the randomnatureof noise,andalack
of understandingf its implementatiorhasled mary shademriters
to believe thatthisis notviable.

This sketchwill demonstrat¢hattheintegrationof noiseis rela-
tively simpleprovidedthatlatticegradientsaareavailable.

2 The 1D Perlin Noise Function

PerlinNoiseis aform of gradientattice noise. A randomgradient
is generatedor eachinteger lattice point (wherethe value of the
noiseis zero),andthe gradientsaresmoothlyinterpolatecbetween
thesevalues.

Interpolationis performedthroughthe useof wavelets. These
waveletsaredefinedobezerooutsidetheranget1, andintegrateto
zeroover thatrange.Whenintegrating1D noiseit is thereforeonly
necessaryo considerthe two waveletswhich intersectthe sample
point. Thesewaveletsare simple polynomials,andhencemay be
trivially integrated. In forming the definiteintegral thesemustbe
evaluatedat eachend of the samplingarea,and henceintegrated
noiseis approximateltwice asexpensve aspointsampling.

3 The Two Dimensional case

In two dimensionsthewaveletsarearrangedn agrid. Onceagain
waveletsfully outsideor fully insidethe areabeingintegratedover
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Figurel: standarchoise(left)Vs inoise(right)

will sumto zero,andmaybesafelyignored. Thosewaveletswhich
intersectthe cornersof the areamay be integratedin a similar
fashionto the 1D case(at a total cost approximatelyfour times
that of point sampling). However in the 2D casewe now needto
considerthosewaveletswhich intersectthe edgesof the area(or
the facesof the volumein higherdimensionakases).Fortunately
the waveletfunctionsareof aform which allows the integrationof
anentireedgeto be evaluatedasa simplesummatiorof gradients,
multiplied by asinglepolynomial. The computationatostof these
edgeintegralscanthereforebekeptto a minimum.

This approactgeneralizeso higherdimensionsandthoughthe
costof the boundryevaluationincreasesvith bothdimension,and
sizeof thesummedhreajt doessomoreslowly thansupersampling.

4 Implementation

Theintegratedhoise(lnoise)functionshave beerimplementedpoth
in a customrendererandasDSO shadeops$or Pixar's PRMan. A
naweimplementatiorof themathss numericallyunstabledueto the
mixing of floating point operationswith the division of spaceinto
latticecells. However a stableimplementatiorhasbeendeveloped,
and hasbeenshavn to accuratelyreproducethe standardnoise
functionwhile greatlyreducedliasingartifacts.



