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Abstract a very effective way. A tile is a set of thresholds to which
the continuous tone values of the image are comparéd.

Most halftone screens are designed to get nicely distributetie continuous tone value is smaller than the threshold, the
dots in highlights and shadows. The place where growingixel is made black. In the other case the pixel remains
dots touch each other however is often not controlledwhite. This tile is repeated in the horizontal and the vertical
Depending on parameters such as tile size, screen angle aficection so that the whole image is covered.
ruling, the dot centers will be positioned differently on the ~ When designing a tile one should care that the next
discrete image matrix. This makes that in some regions axpected row of the bottom row is the top row and the next
the tile, dots will already touch while in other regions theyexpected column for the right column is the left column.
are still separated. Also depending on the spot size of th&hen repeating the tile over the image the seam should not
imaging device used, this will result in slightly lighter andbe visible.
darker regions in one tile, which becomes visible when the A single tile contains more than one AM-dot. In [2] it is
tile is replicated. This paper describes a method that useBown that this leads to more possible screen angles. Also
morphological filters and operators to find the regionsthe bigger the size of one tile, the more gray levels can be
around the connection points. The thresholds in thosebtained. In order to better understand the problem we want
regions are rearranged so dot connections become nicdly discuss in this paper, a description of a simple tile

distributed over the tile for all levels. generation algorithm will be given.
_ The exact position of an AM-dot center can be any
Introduction floating point number and doesn’t have to coincide with the

center of a matrix element. For convenience a tile is selected
Most reproduction devices are not capable to reproduce with, for example, 64 times 64 pixels. In theory, with such a
continuous range of tones. They can either print ink or notile, 4097 distinct continuous tone values can be reproduced.
Several techniques are developed to simulate contones &r a white continuous tone all matrix pixels will be white.
this type of devices. Those simulated contones are calldébr the next continuous tone one AM-dot has one matrix
halftones. Halftones are obtained by printing more or lespixel black. For the third level two AM-dots will have one
black points in the same area on paper. A distinction can kgixel black. This will go on till every AM-dot has one
made between two major classes of methods for distributingnatrix pixel black. The first pixel for an AM-dot to be black
a given number of dots over the area. FM screenings the matrix pixels whose center is the closest to floating
stochastic screening or dot dispersed screening tries fwint center of the AM-dot. For the next level one AM-dot
spread the printed dots as homogeneous as possible over wi# have two dots on, then two AM-dots will have two dots
surface. AM screening or dot clustered screening will groupplack, etc. For a black continuous tone all matrix pixels will
single printed dots together in larger dots. The darker thke black. It is desirable to have black halftone dots in the
image is, the bigger those dots will be. This paper willhighlights that have the same shape as the white dots in the
describe a method for enhancing the image quality foshadow tones. A way to guarantee this is by growing
halftones obtained via AM-screening. shadow holes simultaneously with the black highlight dots.

In the past AM-screens were generated by placing A spot function is used to control the order in which the
gratings between the original and the film to be lit.pixels are added to the halftone dots as they grow. Out of
Currently most screens are made by using digital imaginthe neighbor pixels of the already added pixels this one is
devices. The image obtained by such a device consists ofsalected for which the spot function is the highest or the
large number of pixels that can be either on or off. Thoséowest, depending on the definition of the spot function. If
pixels are placed in a large matrix. Every pixel iswe look at the spot function as a distance function, the pixel
addressable by row and column number. with the lowest value or closest pixel is chosen. The origin

Many devices interact with the computer via aof the spot function is the floating point center of the AM-
Postscript™ interface. In order to handle high resolutionslot. Depending on how the floating point center is
Postscript™ is equipped with a tile based mechanism thaositioned in regard to the integer center of the matrix pixel,
can render a continuous tone image into a halftone matrix ithe dot shape can defer from dot to dot.
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If white holes in the shadows have almost the samased on an engine of 2400 dpi. As one can see, the dots are
shape as the black dots in the highlights we expect to getadready connected in the bottom left region while they are
nice checkerboard pattern at 50%. When the screen anglessll isolated in the top center region. As is well known in
15° however a perfect checkerboard pattern can never Iiee graphic arts, dot gain may suddenly jump at tone value
achieved. Because the orientation of the matrix pixelsvhen halftone dots connect. This makes the bottom left
differs from the screen orientation the shape of the halftoneegion darker than the top center region. When the tile is
dots will always be a little bit erratic. Figure 1 shows an firsrepeated over an image the tile replication will be visible on
example of checkerboard that is oriented at 45°, and alarge 50% background. In the next paragraph an algorithm
second one which is oriented at 15°. will be described to redistribute the dot connections over the

Figure 1. A screen at 45° delivers a nice chebkard (left) while ;’.*‘\x\\\;\‘\i“\\\“

. . . AL
a 15° screen shows the matrix pixels (right). R
R

Saddle Points

A dot connection is a point that touches at two opposite
sides a shadow dot and at the two other sides a highlight
dot. When the tile is considered as a sampled mathematical
surface, a connection point is what is called a saddle point
(see Figure 3). A morphologic filter can be used to find all
the saddle points in the tile.
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Figure 3. If tile is considered as an sampled mathematical surface
a connection point is wath is called a saddle point.

The morphologic filter will look at all 8-connected
neighbors of a given matrix pixel. The number of local
minima and local maxima will be counted when those
neighbor pixels are visited in clockwise order. The
condition to have a saddle point is:

1. the number of local maxima should be exactly 2

2. the number of local minima should be exactly 2

3. the threshold of the matrix pixel should be less than the
two local maxima but higher than the two local minima

Figure 4 shows the result of the above described
e mr‘,h " morphologic filter on the tile of figure 2.

Figure 2. Example tile of 418x418 pixels. For certain Combin'Histogram of Connection Points

ations of tile size, screen ruling and angle, the shape of the 50% Opnce the connection points have been identified, they
halftone dot may be different in different parts of the tile. As ongyre given new threshold values such that the connections are
can see in the enlarged parts, this can cause regions with alrea(iyvemy distributed. In a first step, the number of series of
connected AM-dots while other regions still have isolated dots.  ~gnnection points needs to be calculated. In a tile obtained
with a euclidian spot function the highlight dots all connect
For certain combinations of tile size, screen ruling andround 50%. The tile of figure 5b is generated with an
angle, the shape of the 50% halftone dot may be different i@lliptical spot function. The dots start to touch around the
different parts of the tile. Figure 2 shows two enlarged part§0% in one direction and around the 70% in the other
of a tile defining a screen of 150 lines per inch at 15° wheflirection.
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Exchange Threshold Values Between Pixels at Border
and Saddle Points

The reason why in the tile of figure 2 in one region
shadow dots are not yet touching is that the rhomboidal dot
shape in that region is more convex, while the dots in the
other region are more concave. So, if we want to alter the
moment of touching, we should be able to make a concave
dot more convex or a convex dot more concave. To be able
to do this we have to find the dots on the border where
highlight holes and shadow dots meet in the neighborhood
of every saddle point. This can be done by means of another
morphologic operator called dilation, with the condition that
a newly added point should be at the border between
highlight holes and shadow dots. This dilation will be done
in an ordered way. All saddle point regions will be grown
simultaneously. The first border pixel to be added will be
this dot whose threshold is the closest to the threshold of the
saddle point. To decide if a neighbor point is a border point
we check the 4-connected neighbors of the point and see if
the threshold of at least one neighbor is higher than the
threshold of the saddle point and also the threshold of at
least one is lower. A pixel that is added to one region can’t
be added to another. First one point is added to the region of

Figure 4. Result of saddle point extraction by use of morphologievery saddle point, then a second point is added to every

filter.
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Figure 5.

region and so on, till no border points are left anymore.

Figure 6. The left side (a) shows the original distribution of saddle
point for continuous toneeVel 128, the right side (b) shows the
result after the redistribution.

Once all the saddle point regions have been identified,
we can start altering the moments of connecting. First we
have to decide in what order connections should occur. We
can use a Bayer-likenethod to find optimal distribution of
the connection points over the tile. To get the new threshold

In order to find the series of connection points avalue for a saddle point, we use a linear interpolation
histogram of a downscaled threshold matrix is made. As capetween the lowest saddle point threshold and the highest
be seen in figure 5 the histogram for the circular spogaddle point threshold. For every saddle point the pixel with
function has only one peak while the histogram for théhe nearest threshold to this new threshold will be searched.
elliptical spot function clearly has two isolated peaks. For his pixel will swap its threshold with the original saddle
the latter case, the algorithm that is next described is applig®Pint. Also neighbor pixels with thresholds in between the

for both series of connection points.
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old threshold and the new threshold will swap threshold
values as well. Figure 6 shows the result of the algorithm
for different continuous tone values. The left image shows
the original distribution of saddle points for continuous tone
50%, the right side shows the distribution after the
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