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Abstract

We devel oped anew halftoning method, adaptive cell, which
generates unstructured dots as by error diffusion method,
but the produced binary image is less granular and more
stable than that of error diffusion. The basic ideais cover-
ing the input image with cellswhich vary in size and shape
depending on theinput image data. Then appropriate num-
ber of pixelsat the center of each cell are set on, to preserve
the local average of the input image. The characteristics of
the generated binary image shows that this method is suit-
able for high density electro photographic binary printers.

1. Introduction

Many halftoning techniques have been developed[1]. Par-
ticularly, the error diffusion method and the blue noise
mask method [2] are superior both in resolution and in tone
reproduction, dueto their unstructured dispersed dots char-
acterigtics.

However, Mitsg[ 3] stated that abinary image generated
from a constant gray level image using blue noise mask is
not optimal because the dot profile of agray level depends
on another gray level. The error diffusion method does not
have such a dependency but it is also difficult to produce a
low granular binary image in a hilight tone.

Moreover it is known that the dispersed dot is not suit-
able for printers which produces an unstable isolated dot
such as electro-photographic printers.

Therefore, we aimed to develop anew halftoning method
which satisfies the flowing properties.

e Low granularity in hilight tone
In order to obtain low granularity in hilight tone,
minimizing the variance of distances between neigh-
boring dots is important. We use cells of constant
size to achieve this property.

e Stability
Clustered dot ordered dither are known to be stable.
We tried to generate unstructured clustered dots to
increase stability.

e High processing speed
Other types of halftoning processes are reported which
use an iterative optimization process to produce op-
timal dot profile [4], but their computing cost is ex-
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pensive. We designed a straight forward algorithm
to achieve high speed processing.

2. Method

2.1. Basic method

In this paper we assume the input image to be a 256 gray
scale level image, and output as a bi-level image (ON or
OFF). For aconstant input imagewith agray level of N/256,
the halftoning process should produce one ON pixel and
(256/N - 1) OFF pixels, to reserve the average density.
Thereforethe basic strategy of the proposed method iscom-
posing acell of neighboring pixels of which the sum of the
input value is approximately 256, then one pixel in the cell
isset ON, and the rest of the pixels are set OFF.
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Figure 1. Flowchart of the proposed halftoning method.
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This process proceeds cell by cell, not in scan line or-
der, so that the positions of a pixel which has already been
processed must be recorded in aspecial memory buffer, re-
ferred to asthe " process marked buffers’. Also thismethod
uses error buffer memory which plays the same role as the
error diffusion method.

Figure 1 shows the flow chart of the proposed process,
and details of each step are described blow.

1. Search for an unprocessed pixel.
Read processed mark buffer in scan line order until
a pixel marked as unprocessed (0) isfound. Thisis
the first pixel of the current cell.

2. Enlargethe cell.
Search next unprocessed pixel adjacent to the cur-
rent cell, following a predefined search position or-
der, adding each input and error value of the new
pixel, until the sum becomes greater than 256. Ex-
amples of the search position order used in this step
are shown in Figure 2. To ensure the randomness
of the dot profile, plural number of order tables are
prepared and one is selected randomly for each cell.

3. Set output value of pixelsin the cell.

The cell composed in the above step have more than
256 input (and error) values. Thus one pixel in the
cell should be set as ON. The position of the ON
pixel is determined as follows. Assume the x,y co-
ordinate of thei-th pixel in the current cell as z;, y;,
and the input pixel value as I;. Then the coordinate
of the weighted center is
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The pixel nearest from the weighted center of the
cell is selected to be set ON. This calculation is to
prevent blurring of the edge in the cell as shown in
Figure 4. If the position of the weighted center is
outside the cell, the nearest pixel inside the cell is
selected.

After that, the processed mark buffer at each posi-
tion of the pixels inside the cell is marked as pro-
cessed (1).

( )

4. Feedback error value.
The average value of each cell is a discrete value,
i.e. 1/N. To decrease the tone gap, the error value
inacell is calculated by subtracting the output pixel
value (255) from the sum of input and error values
and recorded at the position of the unprocessed pixel
nearest and right below the ON pixel (Figure 3).
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Figure 2: Search order in the cell enlarging step
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In this method, the larger a cell then the more opera-
tions are required but, at the same time, more pixels are
processed. Pixels once assigned to a cell are never pro-
cessed except for processed mark memory access. Here
we can estimate the computation cost of this method by
counting the required operations per one pixel. They are,
two additions for input and error value in the cell enlarge
step, and two additions and two multiplications in the cal-
culation of center position. This cost isless or equal to the
cost of most simple error diffusion methods.

2.2. Minimum cell sizerestriction

In the method described above, the position of the ON
pixel is decided without information outside the cell. Thus
the connection of an ON or OFF pixel makes clampswhich
increase the low frequency noise (Figure 5). In order to
avoid the dot conjunction to neighboring cells, we can re-
strict the minimum cell size, and the appropriate number
(= int(D>_,; 1;/256)) of pixels adjacent to the weighted
center position are set ON.

This restricted method produces clustered dots which
are larger than the single pixel dots. If the minimum cell
size is restricted to 16 pixels the period of clustered dots
istypicaly 4 pixels. With a400dpi printer, these clustered
dots make a 4/400 = 0.01 inch = 0.25mm period, which
is visible and unpleasant. But with a 1200dpi printer, a
4/1200 = 0.003 inch = 0.08mm period may be invisible
in ordinary viewing conditions. It should be stated that
this period isthe same asthat of aconventional error diffu-
sion with a600dpi printer in middle tone, which isvisually
pleasant. On the other hand, in high density printers, sta-
bility of isolated dots may be a more important factor than
the size of aclustered dot. Therefore, though it depends on
actual printer characteristics such asdot size or noiselevel,
itislikely that the minimum size restriction decreases the
granularity.
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Figure 5: Clamps due to the connection of ON or OFF pixels
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3. Result and discussion

Figure 6(a)-(d) shows the result of halftoning processes,
error diffusion, blue noise mask, adaptive cell method, and
adaptive cell method with minimum size restriction (mini-
mum 16 pixels). The upper side of each sampleis the full
range (0-255), and the lower side is the hilight range (0-
16) of gray scale ramp. As expected, we find the following
characteristicsin these samples.

(a) error diffusion Dotstend to align in linesin hi-
light tone, which increase low frequency noise and are vi-
sually annoying.

(b) bluenoisemask Hilight toneisgranular because
the variance of the distances between neighboring dots is
large.

(c) adaptive cell In the lower side the distances be-
tween neighboring dots are almost constant, so the image
isless granular. But in middle tone in the upper side the
connection of dots make it noisy.

(d) adaptivecell with minimum sizerestriction The
lower side is the same as the result of adaptive cell(c). In
the upper side, clustered dots are visible in middle tone be-
cause this sample is printed in 120 dpi. They are smaller
and lessvisibleif printed by higher density printers.

4. Conclusion

We developed a new halftoning method, which produces
alow granularity hilight image. The produced images are
stable because they are composed of clustered dots. The
algorithm is straight forward and the computation cost is
less or equal to most simple error diffusion methods. This
halftoning method is suitable for high density electro-
photographic printers.
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(a) Error diffusion.
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(b) Blue noise mask.
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(c) Basic adaptive cell method

(d) Adaptive cell method with minimum cell size restriction.

Figure 6: Result of halftoning processes.
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