Pseudo-Random Halftone Screening
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What is halftone image?

An image is only composed from pure white and pure black color.

As is shown in the below picture. It is widely used in printing.



http://218.189.25.159/url?sa=i&rct=j&q=pseudo-random+spatial+structures&source=images&cd=&cad=rja&uact=8&docid=WRvzv0LPscFYqM&tbnid=4dBj7SrAr9QGKM:&ved=0CAUQjRw&url=http://www.iro.umontreal.ca/~ostrom/publications/publications_abstracts.html&ei=qgOZU6DJJMrjkwWhtoHwBw&psig=AFQjCNGQS4wkNrwDRQ6r4neYii2FQD0RnA&ust=1402623266599733

Limitation of traditional approach

When two structures are superimposed, the

Fourier spectrum of the resulting structure is the

convolution of two Fourier spectra of two images.

The right picture shows that two regular

superimposed structures has the phenomenon

perceived as the Moire fringe(3= /R 25 4X).

At low-resolution, different error-diffusion
techniques with symmetrical spectra are widely

used. But the error-diffusion technique cannot be
used in conventional high resolution printing
because of important dot gain due to ink spread.
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Limitation of traditional approac

In the case of two pseudo-random superimposed
structures C and D shown in the right figure, the
resulting Fourier spectrum shown in figure 2b has
no “parasite” Moire frequency.

Thus it create a good basis for building an
alternative solution to conventional regular
screening for color printing purposes.
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Pseudo Random Screening



The first step in building pseudo-random tiling is to find a
stochastic distribution of centers.

We consider each center to be related to all its neighbors by a

d
repulsive string whose force is definedas F =— .

rk

Where r the distance between two centers, k is the power law,

and a is the string’s strength. The neighbors are defined in the
Voronoi sense.

1. The centers are randomly distributed, as well as the strengths
of the strings.

2. We choose randomly to move one center; then we calculate
the resulting force caused by all neighbors and displacement
which is proportional and oriented in the sense of the
resulting force. The neighbors are recalculated too.

3. Choose another random center and do 1 and 2. After a

certain number of iterations the system becomes stable.
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Fig. 4 Fmal distribution of Voronoi polygon centers (a): its Fourter amplitude spectrum (b) and the
resulting Voronoi1 diagram (c).



Image generation. First approach: resampling

g(x,y) =901, )+ Ax(g(+1, 1) -9(, ) +Ay(g(, J+1)-g(1, J)
+AxAY(g(1 ) -90+1 1) -90, J+1)+g(+1, J+1))
o7, (AX, Ay) = (X, y)— floor(x,y)

AP, Surface(Am,ap,)

ViA Surface(Am,v,A) =k




PF Surface(Ap gr) -

MyA || EF; PoA m Surface(Ap am,)
VD Surface(Av.cp)

MyA || CD: 212 = — =
1 || ’ V]A no= Su]‘fCLCE(A\/1M1A)

For a given gray level g(x,y) < k, we can calculate the m ration;
for a given gray level g(x,y) > k, we calculate the n ration.
The calculated result is shown below. (Here we choose k = 3/4)

Fig. 5 Typical Voronoi polygon (a). significant triangle (b). resulting analytical curve in the case where
g(x,y) < k (c) and in the case where g(x,y) > k (d).
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Image loaded and transformed to grayscale
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Generating random sites (sparse)
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Voronoi edge with sites (sparse)
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Halftone image (sparse sites)
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Generating random sites(dense)
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Halftone image (dense sites)
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Conclusion

The pseudo-random halftone screening technique described in
this article can be used to faithfully reproduce gray scale images
while guaranteeing the desired spectral characteristics. Fourier
spectra of bilevel images rendered with this technique have
symmetrical well-distributed figures shaped as a ring or bell.
When such a rendering technique is applied in the color printing
process, the Moire effect can be avoided. Other possible
application domains of pseudo-random halftone screening are
fax machines, scanners and other regular-matrix raster devices.

Unlike known error-diffusion techniques, the pseudo-random
halftone screening technique can be applied in a high resolution
printing process.



