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Abstract

Screened images of 1-bit depth are common in the office
market and in graphic-arts printing systems. Bitmapped
screens are produced at the copier scanner, copy-dot
scanners and in the Digital Front End (DFE) as "digital
negatives." Raster-once-output-many (ROOM) is an
example of a digital negative. Such bilevel images are
printer device specific. The bilevel image may be
inappropriate for the printer in use and the original image
may be unavailable.

While inverse halftone is a common solution for
repurposing screened images, it results in lower quality
reproduction:

e Inverse halftoning requires further density compen-
sation for the requirements of the new printer.

e Much of the original image information is lost in the
depth to frequency conversion and inverse halftoning
cannot reclaim the lost image data.

e Rescreening a reverse-halftone image results in loss
of high-spatial frequency image data.

The goal of the algorithm described is to increase
screen-repurposing performance and maintain high-
frequency detail without inverting the 1-bit image to 8-
bit.

Introduction

Printing a device-dependent image on another output
device without inverting the screen to grayscale is the
result of a series of image processing algorithms. None of
the individual algorithms is unique. The process described
is the result of selection and modification of current
image processing methods.

The 1-bit image consists of a halftone dot screen.
Each dot in the halftone consists of a cluster of micro-
dots. For simplicity, a halftone screen is used as a generic
term to include all screening types including diffusion and
blue-noise mask screens. An inverse halftone algorithm
converts the 1-bit micro-dots to an 8-bit image. The
inverted image in this case is referred to as a pixel-map.
The pixel-map is used to guide the re-screening process
and is not used as an image source. The resolution of the
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pixel-map may be the same as the number of halftone
dots in the unit, e.g. a laser printer may position 600
micro-dots per inch forming 85 halftone dots per inch at
100 gray levels. The described method produces a pixel-
map of the same resolution as the halftone dot screen;
however memory limitations and algorithm deficiencies
may result in a pixel map of even lower resolution.

Overview

Three conditions must be met in order to successfully
repurpose a screened image for reproduction on another
printer:

1. Adjust the image density from the density curve
appropriate for the original printer to that of the new
printer.

2. Scale the printer microdot resolution from the
original device resolution to the new device
resolution.

3. Change the screen-type or dot-pattern from the
original screen to the screen required by the new
printer.

Figure 1 shows a high-level flow diagram of the
algorithms and their order of execution.

The algorithmic process involves:

1. Generate a TRC that describes the density difference
between the old and new printers and use it to map
the density requirements of the new printer to the
current image halftone data.

2. Perform an inverse halftone of the image.

3. Apply the density-difference TRC to the inversed
halftone to produce a pixel-map.

4. Adjust the original screened-image densities to match
the new printer. Use a novel merge-pixels algorithm
that adds and subtracts dots following the pixel-map.

5. Scale the screened image from the resolution of the
original printer to the resolution of the new printer.

6. Rearrange the halftone pattern to a halftone pattern
compatible with the new printer using either a
template replacement LUT or a FM noise-reduction
method.
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Figure 1. Screened-image repurposing flowchart

Details of the Process

Start with the original bilevel image. The image shown in
Hllustration 1 consists of an elliptical halftone screen.

1. Produce a density difference TRC. The TRC is
derived from known printer characteristics of the
original printer and the new printer. These
characteristics include white point, black point and
the point of greatest difference from the linear.
Figure 2 illustrates the calculation of the density
difference TRC. The charts are not representative of
a particular printer.

2. Inverse halftone technologies considered include:

e Wavelet decomposition

e MAP estimation

e Edge-sensitive filtering methods
e Spatial adaptive low-pass filtering
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While any of these technologies may be used, each
has its own benefits and problems. For this
implementation, a common Gaussian filter was used to
perform the inverse halftone.

—x2-y2
e 27

G(x,y)=

(x,y) 2702
where X,y are the image coordinates, O is a standard
deviation.

The Gaussian"*’ is a gross method of changing pixels
at 1-bit depth to 8-bit depth pixels. The Gaussian filter
acts on the data that describes the density difference
between the two printers. Therefore the density range is
small and errors are small.



Hllustration 1. Original screened image and an enlargement
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Figure 2. TRC differences
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The Gaussian produces the pixel map of the image.
The inverse halftone is used as a map to add or subtract
micro-dots to or from the halftone image. The depth of
each pixel determines the number of micro-dots to be
added or subtracted.

The resolution of the pixel map is equal to the
resolution of the halftone dot screen or the blue-noise
mask size. A Gaussian representation of Illustration 1 is
shown in Illustration 2.

Hllustration 2. Inverse Halftone

3. The application of the density difference TRC is a
simple one-dimensional TRC or LUT replacement
procedure. The result of the pixel replacement of
Hllustration 2 resembles Illustration 3. The typical
range of grays is between -12 and 12 gray levels.

4. Two pixel maps are made following the two TRCs
diagrammed in Figure 2. (Output not shown.)

Hllustration 3. Density difference pixel map

5. The next step is to add or subtract micro-dots
following the pixel map. The result is simulated in
Hllustration 4.

Hllustration 4. Result of density difference
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The pixel-map indicates how many micro-dots

should be added to or taken from the bilevel screen. Each
pixel equals one dot cluster. At 75 Ipi each halftone dot
consists of 64 micro-dots. For example, a dot of
representative of 50% gray has 32 dots. The pixel map for
adding micro-dots is a first level pixel. It indicates that the
new printer requires another microdot to reproduce 50%
gray. A micro-dot within that dot cluster is added.

The replacement algorithm follows:

A = pixel value (grayscale depth)

Turn A microdots on

{ microdot 1,X = yes

if no turn the microdot on
if yes move to 1,X + 1

repeat until A is complete

if field is filled before A is complete then stop}

move to the next field
repeat to end of pixel map

6.

The halftone image is scaled from the device
resolution of the original printer to the device
resolution of the new printer. The scaling follows a
two-tier method. If the percent of scale is greater than
200% or less than 50%, first a nearest-neighbor
calculation is performed either duplicating the micro-
dot or eliminating every other micro-dot. The
remaining portion of the percentage is accomplished
with a scaling matrix. Resolutions of irrational scale
factors introduce noise. Scaling will increase or
decrease the micro-dot resolution but it will not
increase or decrease the halftone resolution or the
image resolution.

The last step is to organize the micro-dots to the
printer-appropriate  halftone screen using the
appropriate screening LUT. The halftone resolution
should not be increased or decreased by more than
50% or 200%. Illlustration 5 shows the result of a
halftone replacement table describing a line screen at
the same line per inch frequency as the original
elliptical halftone.
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Hllustration 5. Result of halftone pattern replacement
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Three methods considered are:

Void and cluster’ A dot-movement algorithm based
on a reiterative mapping of the image’s spatial
frequencies and amplitude of modulation. Cluster
artifacts and worms are removed based on lowering
the amplitude and diminishing the spatial frequencies
in the map.

Organized cluster. Count the pixels in a cell and
replace using a LUT consisting of dot cluster
arrangements of the same pixel count.

Blue-noise masks’ Count the pixels in a cell and
replace using a LUT consisting of cells with blue-
noise arranged pixels of the same pixel count.

No screen replacement method results in an identical

image.

The void and cluster dither iteratively re-arranges the
pixel pattern removing breaking apart clusters and
removing high-frequency noise but results in a slight
blur.

The custered-dot and blue-noise mask lookup-table
methods segment the bilevel plane into units based
on the aspect ratio of the lookup table resulting in
non-continuous frequency structures such as broken
lines.

For this implementation, a simple 2-dimensional

LUT describing a rational-tangent, organized cluster dot
in the shape of a line was used to replace the ill-formed
pixel patterns. The filling diagram of a similar LUT is
represented in [llustration 6.
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Lllustration 6. Typical density filling matrix
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Future Work

The algorithm can be improved by processing the page
according to its content. Images and text have different
characteristics and therefore should either be segmented
and processed differently or the inverse-halftone filter
must ignore text and line structures. Scaling and dot-
screen replacement of text is inappropriate causing
artifacts and warped letter forms.

The algorithm is tested on black-dot printer engines
producing grayscale. Extending the algorithm to
reproduction of color separations for color digital copiers
is the next step.
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