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Fourier Transform
1. Signal Processing Prerequisites



Power Spectrum of a Signal
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Power Spectral Density(PSD) of a Signal
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Example of Power Spectrum

https://en.wikipedia.org/wiki/Spectral_density#/media/File:Voice_waveform_and_spectrum.png
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2D Discrete Fourier Transform
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What is Noise?
2. Blue Noise Sampling



Power Spectrum of Noise
2. Blue Noise Sampling

White Noise Blue Noise

Constant Power Spectral Density Low Frequency – Less Power
High Frequency – Higher Power



Blue Noise Sampling in Computer Graphics

• Inspired from the distribution of 
primate retina cells

• Refer to sampling methods that 
produce randomly located but 
spatially uniform sampling results

2. Blue Noise Sampling

Example Sampling on 2D
Human retina cells



Power Spectrum of Blue Noise Sampling

• The power spectrum of blue 
noise sampling

• Lacks low frequency energy 
• Has structure residual peaks

2. Blue Noise Sampling

Power Spectrum of the Example Sampling



The Blue Noise Sampling Example
2. Blue Noise Sampling



Different Sampling Domains

• 2D Euclidean Domain
• 3D Euclidean Domain
• High Dimensions
• 3D Surface

2. Blue Noise Sampling
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Poisson Disk Sampling
3. Different Blue Noise Sampling Methods

An Example Sampling of Disks



Poisson Disk Sampling
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Poisson Disk Example



Examples of Acceleration Data Structures



Examples of Gap Computation Methods



Relaxation Based Sampling
3. Different Blue Noise Sampling Methods



Relaxation Based Sampling
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Relaxation Based Sampling
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Relaxation Based Sampling
3. Different Blue Noise Sampling Methods

Sampled Points Power Spectrum

Power Spectrum

Anisotropy



Patch/Tile-Based Sampling 

• One or more tiles are pre-computed and then placed next to each 
other to form point sets of arbitrary sizes

• For example, use Wang tiles

3. Different Blue Noise Sampling Methods



Patch/Tile Based Sampling (Wang Tile)
3. Different Blue Noise Sampling Methods



Summarizing These Sampling Methods

• Poisson-Disk Sampling
• Can specify point density
• Extensively studied and many methods of different quality and speed

• Relaxation Based Sampling
• Can specify number of points
• Slow but good quality

• Patch/Tile Based Sampling
• Fast, can run in real-time
• Sacrifice sampling quality

• What to use depend on the specific application

3. Different Blue Noise Sampling Methods



Table of Content

• Signal Processing Prerequisites
• Fourier Transform
• Power Spectrum of a Signal
• 2D Discrete Fourier Transform

• Blue Noise Sampling
• Different Blue Noise Sampling Methods

• Poisson Disk Sampling
• Relaxation Based Sampling
• Patch/Tile-Based Sampling

• Multiclass Blue Noise Sampling 



Multiclass Blue Noise Sampling
4. Multiclass Blue Noise Sampling
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Thank you!



Blue Noise Application
Shixun Wu







Rendering



Image/Video Stippling





Meshing



Photon Mapping 

• Caustics
• Diffuse interreflection
• Subsurface scattering



The blue noise sample on Photon Mapping



Sampling and Estimation

• Random Sample A lot of noise



Where the noise comes from?

• The estimation is not accurate

• Estimation of continuous points not continuous



How to deal with it?

• Increase the sampling points

• Increase the estimation area

• It is a trade off



Disadvantages

• Increasing sampling points is a pressure on storage



Voronoi cell vs. Single Phonton

• Estimate by the flux of a Voronoi cell

• Not by the flux of a single phonton



New Problem:

• Approximation error on the edge

• Caused by the irregular shape of veronoi cell



Blue Noise Distribution 

• Minimize the variance



Algorithm



Monte Carlo Estimation of Flux



Relaxation Operator





Multi Class Blue Noise Sampling



Sample Class

• Fill rate



Sample Control



R-Matrix



Overlapping


