
Sampling and Anti-Aliasing

• Sampling and reconstruction
• Spatial frequencies
• Spatial domain vs. Frequency domain
• Convolution and Filtering



Sampling and Reconstruction
• Example: an LCD-like display

LCD cells with RGB dye pattern

Sample
averages
area



Sampling and reconstruction

• In TV
• in printing
• in the eye
• in Computer graphics



Sampling and reconstruction in
TV



Sampling and reconstruction in
printing



Sampling and reconstruction in the eye

J. Liang, D.R. Williams and D. Miller, "Supernormal vision
and high-resolution retinal imaging through adaptive optics,"
J. Opt. Soc. Am. A 14, 2884-2892 (1997)

~ 0.47 deg.



Sampling and reconstruction in
computer graphics

• Polygons to pixels
• Pixel rays
• Texture mapping
• Frames in time



Sampling and reconstruction in
computer graphics
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- Samples are typically infinitesimal
- Coarser features can appear as an “alias” for finer ones



Reconstruction in computer
graphics

• Stuck with display technology
– Precision display with 2D Gaussian pixel fn
– Raster CRT with semicontinuous output
– Transmissive/reflective flat panel displays
– Emissive flat panel displays

• All show pixel structure when viewed
closely



Sampling issues

• Rays are infinitesimal
– Details get missed
– Aerial view of taillights in parking lot
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Naïve solution to jaggies

• Use limited acuity of the eye
– Higher resolution?
– Blur the image?

• The eye is better than we might think
– 1-2 Arc-second detail by retinal image
– Vernier acuity



Vernier Acuity
• Vernier caliper
• Vernier Pixel effects



Samples with area

• Note TV, Printing, Eye all gather finite
areas

• What is the right sample area?
– Answer in signal processing
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Spatial Frequency
• In time - cycles per second
• In space - cycles per meter, degree, etc.
• Nyquist limit

– Reproducible frequency limited to 1/2 sampling rate
– No aliases possible under the limit

• Fourier view
– Everything a sum of single-frequency signals
– Sum of odd overtones, even overtones?



Frequency Domain

• Fourier transform represents strength of
each frequency

• Sine wave - impulse
• Square wave - infinite train of impulses

– Nyquist limit applied to square wave?
– Ringing



Convolution

• Geometric view
– Slide functions by each other, integrating the

product
– Function with small nonzero range = filter

kernel
• Convolution in spatial domain means

Multiplication in frequency domain
• Step function in frequency domain means

sinc function in spatial domain



Ideal low-pass filter

• Sinc  -  Sin(x) / x
– Infinite extent, undulations
– Convolution with undulating filter yields

ringing
• Compromises required

– Need a finite extent
– Ringing undesirable



Test pattern - one ray/pixel



Test pattern - two rays/pixel



Test pattern - four rays/pixel



Test pattern - 8 rays/pixel



Test pattern - 8 rays/pixel - weighted



Test pattern - 16 rays/pixel - wtd



Test pattern - constant area



Test pattern - triangular area



Test pattern - Gaussian area



Test pattern - 1st lobe of sinc



Test pattern - inner lobes of sinc


