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Aliasing Artifacts 

§  Stair step effect ("jaggies") at edges 
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Moiré Patterns 
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Moiré Patterns in the Real World 

§  Aliasing / Moiré patterns are particularly disturbing with motions 

In photography 

On TV [here, German news in 2013] – 
watch the tie! 
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Flipbook Using Moiré 
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More nice Moiré effects on http://www.bu.edu/smec/lite/moire/  
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Recap 

§  The basic problem: limited, discrete resolution and sampling 

 

§  Shannon's Theorem: Sampling frequency must be twice as high as the 
highest frequency existing in the present signal (Nyquist frequency) 

§  Is often impossible because the maximum frequency is unknown 
or the spectrum is unlimited (in principle) 
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sampling  
(aliasing problems) 

reconstruction (filtering), 
e.g. in monitor, in eye, 

in brain … 
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Rendering is a Sampling Process?  

§  Yes indeed.  
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Rendering is a Sampling Process 

§  Spatially: 

§  And temporally 

§  Have you ever wondered, why wheels in films (in particular, wagon 
wheels in westerns) seem to turn backwards sometimes? 

Sampled at only 1/3 of the frequency 

Original Rendered 
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Anti-Aliasing of Polygons 

§  Issues: 

1.  This case is easy 

2.  The area of polygon corners overlapping 
a pixel's area is difficult to compute 

 

 

 

3.  This case is very hard 
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Supersampling ("Multisampling") 

§  Sample the polygon not only at the pixel 
center, but at n.n samples 

§  Thus, approximate the area of the pixel that 
is covered by the polygon 

§  For each pixel, maintain a so-called 
coverage mask in the multi-sample buffer 

§  Attention: usually the color buffer is not 
available in higher resolution! 

§  The hardware automatically calculates the 
coverage mask when writing a pixel 

color 
buffer multisample  

buffer 

1 pixel 

samples 
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Calculation of the Color of a Pixel 

§  Color of the pixel 
 
 
 
where  
wi = weights of the samples, depending on the kind of filter, 
ci = color of the sample i in the pixel 

C =
nX

i=1

wici ,
X

wi = 1
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Exact Area Subpixel Masks                     [Schilling 1991] 

1. Observation: there is only a relatively small number of possible 
coverage masks, assuming pixel is always covered by half-planes 

2. Observation: for a half-plane with specific slope, there is only a 
very small number of different coverage masks 

§  Examples: 

1 2 3 4 

5 6 7 8 

9 10 11 12 

13 14 15 16 

1 2 4 6 

3 5 8 10 

7 9 12 14 

11 13 
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3. Observation: there is only a relatively small subset of 
permutations of {0, …, 15}, according to which the samples are 
"hit" when a half-plane sweeps over the pixel 

§  Conclusion: partition all line slopes by these permutations, where 
all those slopes are in the same class that result the same 
permutation 

A 

B 

C 

D 

E F G H 
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The Method in Hardware 

§  Precomputation à Lookup-Table 

§ W.l.o.g.: slopes are in the range - 90° … + 90° 

α 

LUT 

d 

sign(ry) 

16 
n0 

x 

cos α d 

M 

r 
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§  Efficient calculation of the distance d: 
§  Ideally, you need the Euclidean distance: 

§  Because you have a lookup-table, you can also 
take a different norm for the length of a vector, 
e.g. 

§  But perhaps you have normalized the normal anyway, e.g., 
for the Pineda algorithm or the Phong lighting model 

d = M ·no � c = M · n�
n2

x + n2
y

–c

d = M
n

|nx | + |ny | � c
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Problems with Larger, Regular Patterns 

1.  Horizontal, vertical and diagonal edges oriented as the sample pattern: 

§  Consider horizontal polygon edges that slide down slowly 

§  Consider a diagonal edge that slowly slides down 

Covered area 

Number of 
covered samples 

0 4 8 12 16 
0 

4 

8 

12 

16 

Slope of the line = 0° 

0 4 8 12 16 
0 

4 

8 

12 

16 

Slope of the line = 45° 

Covered area 

Number of 
covered samples 
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§  What we would like to have, 
regardless of the slope 

 

2. Very narrow triangles (slivers): 

§  Gaps (in some pixels, no sub-
samples are "hit" at all) 

§  If the object moves slowly, pixels 
suddenly appear or disappear, 
depending on whether or not 
sub-samples are hit 

Covered area 

Number of 
samples covered  

0 4 8 12 16 
0 

4 

8 

12 

16 
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§  Simple solution: stochastic super-sampling 

§  However: this just replaces one artefact (aliasing) 
by another one (noise) 
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Examples of Different Patterns 

1 Sample 

1x2 Sample 

2x1 Sample 

Quincunx 

2x2 Grid 

2x2 RGSS 

4x4 checker 

8 rooks 

4x4 Grid 

8x8 checker 

8x8 grid 
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The Standard Supersampling Pattern 

§  Study [Naiman, 1998]: 

§  Aliasing artefacts are most prominently visible in edges that are 
approximately horizontal or vertical  

-  Then straight lines with 45° slope make aliasing most conspicuous 

§  So, use a pattern which minimizes the aliasing artefacts with 
these orientations 

§  It will produce stronger aliasing artefacts with the other orientations 

§  The Rotated Grid Supersampling (RGSS) 

§  Costs: 4 Samples/Pixel 
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Example 

instead of 

yields 
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The Quincunx Pattern 

§ Costs: 2 samples per pixel 

§ Trick: 5 samples are used  
to calculate the color of a pixel 

 

§  Advantage: only double effort compared with no anti-aliasing 

§  Weights ≡ overlapping 2D tent filter 

§  Comparison with RGSS: 
§  RGSS provides better 

results in quality 

§  Consider lower edge of 
the black triangle 

§  Is used e.g. by Nvidia 
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The FLIPQUAD Pattern                             [Möller 2003] 

§  Advantage of RGSS: one sample per column and row 

§  Advantage of Quincunx:  "sample re-use" 

§  Combine advantages of RGSS and Quincunx: 

§ Weights: 0.25 per sample 

§  Costs: 2 samples / pixel 

§ Quality: like RGSS 
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Comparison of FLIPQUAD and Quincunx 

§  First without anti aliasing: 

§  Aliasing with approximately 
horizontal edges 

§  Noticeable irregularities if 
slope is approximately 45° 

1 sample / pixel 
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§  Quincunx: 

§  4 grey values, but 2 of them 
do (almost) not occur in the 
case of approximately 
horizontal edges 

§  Jumps with an angle of 
approximately 45° are still 
clearly noticeable 

1 2 3 4 
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§  FLIPQUAD: 

§ Only 3 grey values,  
but distributed equally 

§  No jumps 

1 2 3 
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§  Example of a real game scene 

§  It can be proved that FLIPQUAD is the best sampling method, out 
of all sampling methods with 2 samples / pixel  

§  FLIPQUAD is implemented in ATI/Bitboy's architecture 

1 sample Quincunx FLIPQUAD 
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Anti Aliasing Textures 

§  Remember MIPMapping ? 

§  In essence, MIPMaps are pre-filtered textures, pre-computed for 
various under-sampling frequencies 
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The MIPmapping Problem 

§  The problem with simple (isotropic) Mipmapping … well: isotropy 

§ When a pixel covers many texels in u-direction, but few texels in 
v-direction, we always choose the largest pixel coverage to 
decide the level  

No mipmapping 
 
 
 
mipmapping 
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§  Simple solution: Ripmaps 

§  Idea: perform the filtering independently in each direction 
(anisotropically): 

§  Scale x-dim by ½ across a row 

§  Scale y-dim by ½ going down a column 

§  The diagonal has the equivalent  
MIPmap levels 

§      the amount of storage is required 

§  During rendering time, find the 
correct x- and y-level independently 
(just like with MIPmaps) 

§  Do texel interpolation just like with 
MIPmaps 

4x  


