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1. 

METHOD FOR GENERATING A HALFTONE 
OF A SOURCE IMAGE 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND 

1. Field of the Invention 
The present invention relates to digital halftoning and, 

more particularly, to retaining high-frequency details and 
reducing visual artifacts in digitally-halftoned images. 

2. Related Art 
It is often desirable to reproduce a continuous-tone image, 

Such as a black-and-white or color photograph, using an 
output device that is only capable of producing a discrete set 
oftones. For example, it has become increasingly desirable to 
reproduce continuous-tone images using bilevel output 
devices, such as laser printers and some types of thermal 
transfer printers, that are only capable of printing black ink or 
toner on a page. 

Discrete-tone output devices typically simulate continu 
ous-tone images by producing a halftone of the continuous 
tone image. Halftones use patterns of dots to simulate various 
tones. Such dot patterns tend to approximate the appearance 
of continuous tones when viewed by the human eye from a 
Suitable distance. 

With conventional halftoning techniques, there is typically 
a tradeoffbetween the spatial resolution (the number of pixels 
within a given area) and the intensity resolution (the number 
oftones that may be simulated) of the halftone. The higher the 
spatial resolution, the lower the intensity resolution, and vice 
versa. Furthermore, halftones may exhibit visual artifacts, 
such as Moiré patterns, that reduce the perceived quality of 
the halftone. 
What is needed, therefore, are improved techniques for 

performing digital halftoning that preserve high-frequency 
details with less of an impact on intensity resolution than 
conventional halftoning techniques. What is also needed are 
techniques for reducing the appearance of visual artifacts in 
digital halftones. 

SUMMARY 

In one aspect of the present invention, a method is provided 
for producing a halftone of a source image. The halftone 
includes halftone pixels. The halftone pixels are suitable for 
containing halftone dots. The method selects glyphs corre 
sponding to intensities of regions (e.g., pixels) in the Source 
image. The glyphs contain one or more halftone dots. The 
method locates halftone dots within the halftone pixels such 
that for at least one pair of halftone dots contained within a 
pair of halftone pixels sharing a common boundary, the half 
tone dots in the pair of halftone pixels extend in opposite 
directions from the common boundary. 

Halftones produced by this method contain pairs of adja 
cent halftone dots that share a common pixel boundary. Such 
adjacent pairs of dots are referred to hereinas dot pairs. In one 
embodiment of the present invention, each dot pair may be 
rendered by an output device as a single contiguous mark. For 
example, when rendered using a thermal printer, a dot pair 
may be rendered on an output medium as a single contiguous 
mark by printing one or more connected spots to form the dot 
pair. This technique results in fewer, larger dots being printed, 
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2 
thereby increasing the average dot perimeter-to-area ratio, 
which results in higher dot quality. 

In a further embodiment of the present invention, the size 
of each dot in a dot pair is independently determined by the 
intensity of a unique region (e.g., a pixel) in the source image. 
This technique may result in greater retention of high-fre 
quency detail than techniques that use a combination (e.g., 
average or Sum) of multiple source image region intensities to 
determine the size of halftone dots. 
As described above, halftone dots generated by the method 

described above abut halftone pixel boundaries. Such a 
method may advantageously be used to produce higher qual 
ity halftones than those produced by methods that use dots 
that are centered at pixel centers. By rendering each pair of 
adjacent dots as a single contiguous mark, larger dots are 
produced which are more robust and less Susceptible to pro 
cess variation that manifests itself as grain. This allows a 
greater number of tones to be simulated by the halftone, 
thereby resulting in higher-quality halftones. 
The method described above may be used to produce half 

tones in which halftone dots are arranged according to various 
angles that reduce the presence of certain visual artifacts. For 
example, in one embodiment of the present invention, dots are 
arranged according to a 45-degree pattern, and according to a 
further embodiment of the present invention, spots are 
arranged according to a 38-degree pattern. 

In one embodiment of the present invention, each halftone 
dot in the halftone corresponds to the intensity of a region 
(e.g., a single pixel) in the source image. In another embodi 
ment of the present invention, a family of glyphs is used to 
generate dots in the halftone. Each of the glyphs corresponds 
to a range of intensities. For each region in the source image, 
the glyph corresponding to the intensity of the region is 
selected, and the dots in the glyph are generated in the half 
tone at coordinates corresponding to those of the Source 
image region. 

In yet a further embodiment of the present invention, the 
intensity of each source image region is used to select the 
glyph corresponding to the intensity. A dot within the glyph is 
selected based on the coordinates of the Source image region, 
and the dot is generated in the halftone at the coordinates of 
the source image region. 

Additional aspects and embodiments of the present inven 
tion will be described in more detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A-1E are diagrams of 2x2 glyphs for use in digital 
halftoning. 

FIGS. 2A-2J are diagrams of 3x3 glyphs for use in digital 
halftoning. 
FIG.3A is a block diagram of a thermal-transfer print head 

and an output medium on which the print head is capable of 
printing. 

FIG. 3B is a block diagram of spots printed on an output 
medium by a thermal-transfer print head. 
FIG.3C is a block diagram of variable-size spots printed on 

an output medium by a thermal-transfer print head. 
FIG. 4A is a block diagram of a 2x2 array of 2-bit source 

image pixels. 
FIG. 4B is a block diagram of a 2x2 array of halftone pixels 

containing dots corresponding to the source image pixels of 
FIG. 4A. 
FIG.5A is a block diagram of a 2x2 array of halftone pixels 

containing uniform-sized dots. 
FIG. 5B is a block diagram of four dots printed in a hex 

agonal pattern on an output medium. 
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FIG. 5C is a block diagram of dots printed in a 45-degree 
pattern on an output medium. 
FIG.5D is a block diagram of dots printed in a 45-degree 

pattern on an output medium, including a dot that extends 
across a pixel boundary. 

FIG. 5E is a block diagram of dots printed in a 45-degree 
pattern on an output medium, including a spurious cross-pixel 
dot extension. 

FIG. 6A is a block diagram of a 3x3 array of grayscale 
Source image pixels. 

FIG. 6B is a block diagram of a 3x3 array of halftone pixels 
rendered on an output medium according to one embodiment 
of the present invention. 

FIG. 6C is a block diagram of a 3x3 array of grayscale 
Source image pixels. 

FIG. 6D is a block diagram of a 3x3 array of halftone pixels 
arranged in a 45-degree pattern according to one embodiment 
of the present invention. 

FIG. 6E is a block diagram of a 3x3 array of halftone pixels 
arranged in a 38-degree pattern according to one embodiment 
of the present invention. 

FIG. 6F is a block diagram of a 3x3 array of halftone dot 
vectors used by a halftoning process according to one 
embodiment of the present invention. 

FIGS. 7A-7B are flow charts of a process that may be used 
to generate a digital halftone of a source image according to 
one embodiment of the present invention. 

FIG. 8A is a block diagram of a halftoning system accord 
ing to one embodiment of the present invention. 

FIG. 8B is a block diagram of a halftoning system accord 
ing to another embodiment of the present invention. 

FIGS. 9A 9M are glyphs in a family of glyphs that is used 
to perform digital halftoning according to one embodiment of 
the present invention. 

FIG. 10 is a block diagram of an 8-bit digital image that is 
logically subdivided into 2x2 Subarrays of pixels. 

FIG. 11 is a flowchart of a method that is used to generate 
a halftone from a source image using glyphs according to one 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Before describing various embodiments of the present 
invention, certain terms will be defined. 

Source image. As used herein, the term "source image' 
refers to any continuous-tone or discrete-tone image for 
which a halftone is to be generated. For example, referring to 
FIG. 8A, a general halftoning system is shown. As shown in 
FIG. 8A, a source image 800 is provided as an input to a 
halftoning process 802, which produces a halftone 804 cor 
responding to the source image 800. Various embodiments of 
the source image 800, the halftoning process 802, and the 
halftone 804 are described in more detail below. The source 
image 800 may, for example, be a multitone digital image 
stored in a computer memory or on a computer-readable 
medium. 

Halftone. As used herein, the term “halftone image'(or 
simply “halftone') refers to a discrete-tone image that simu 
lates the appearance of a continuous-tone or discrete-tone 
Source image using fewer tones than the source image. In one 
embodiment, a halftone consists of a two-dimensional array 
of halftone cells, each of which consists of a two-dimensional 
array of halftone pixels. As described in more detail below, a 
halftone pixel may contain one or more halftone dots, and a 
halftone dot may consist of one or more spots. 

Halftone cell. As used herein, the term "halftone cell’ 
refers to a collection of halftone pixels. Such as a two-dimen 
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4 
sional array of halftone pixels. A halftone cell may, for 
example, contain a glyph or halftone pixels containing any 
other collection of halftone dots. A halftone cell is the small 
est unit of a halftone that is capable of containing any glyph in 
the family of glyphs used in the halftone. 

Glyph. As used herein, the term “glyph' refers to a pattern 
consisting of one or more halftone dots. A particular halftone 
typically uses a collection of glyphs, referred to herein as a 
“family' of glyphs, to simulate various tones. A glyph in a 
digital halftone is typically a two-dimensional array of half 
tone pixels containing halftone dots, and as used herein, the 
term glyph may refer to a single halftone dot. 

Pixel. An abbreviation for “picture element a pixel is the 
Smallest spatial unit of a digital image. A digital image is 
composed of a collection of pixels typically arranged in a 
rectangular array. Each pixel has a location, typically 
expressed interms of X (column) andy (row) coordinates, and 
an intensity, which may represent any tone such as a color or 
a shade of gray. Pixels typically adjoin each other when 
rendered on various output media, although they may overlap 
or be spaced apart to various degrees when rendered. Various 
well-known techniques have been developed for representing 
the locations and tones of pixels. 
As described herein, the source image 800 may be a digital 

image represented and stored as an array of pixels, referred to 
herein as “source image pixels' for ease of identification and 
explanation. Similarly, the halftone 804 may be a digital 
image consisting of an array of pixels, referred to herein as 
halftone pixels. 

Halftone dot. A halftone dot, also referred to herein simply 
as a "dot consists of one or more spots. For example, a 
thermal printer typically renders a dot as a collection of ver 
tically-adjacent spots, while other devices may render a half 
tone dot as a two-dimensional array of spots. The resulting 
halftone dot may be any shape. Such as a rectangle, rounded 
rectangle, or circle. Halftone dots in bilevel halftones are 
typically rendered as Solid shapes of a uniform tone. A single 
halftone may contain halftone dots of various shapes and 
sizes. Each halftone pixel in a digital halftone may contain 
one or more halftone dots. 

Spot. A "physical spot,” as used herein, is a small shape, 
Such as a rectangle or disk, that an output device has rendered 
at a particular point or within a particular area on an output 
medium. A physical spot is the Smallest unit of output that an 
output device can generate. For example, a physical spot may 
be a spot of ink printed by a printer or a pixel displayed by a 
monitor. A physical spot may be any shape, such as a rect 
angle, rounded rectangle, or circle. Different output devices 
may render physical spots of different shapes and sizes, and a 
single output device may be capable of printing physical spots 
of varying sizes. For example, thermal-transfer printers typi 
cally pulse their heating elements to create physical spots. 
Each pulse of a heating element transfers a small amount of 
wax or ink to the output medium creating a small physical 
spot. A single heating element may be pulsed many times in 
Succession to create many physical spots that together form a 
larger physical dot. 
A "logical spot as used herein, is a digital representation 

of a physical spot. A logical spot may be represented as, for 
example, a single bit in a bitmap. A logical spot may be stored 
in, for example, a computer-readable memory Such as a RAM 
or in a file on a disk. As used herein, the term “spot” refers to 
both physical spots and to logical spots. 

Point. A "point is a mathematical construct that specifies 
a location that may be addressed by an output device Such as 
a printer, plotter, or monitor. With respect to images, a point is 
defined by two-dimensional coordinates. The spatial resolu 
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tion of an output device indicates how many points the output 
device is capable of addressing in a given area. For example, 
a printer that has a resolution of 300 points per inch (usually 
expressed as 300 dots per inch or 300 dpi), is capable of 
addressing (drawing spots) at 300 discrete points within an 
inch. Although this measure of resolution is relevant to the 
perceived quality of the output devices output, the perceived 
quality is also a function of the size of the spots that the output 
device prints at each point. 

Addressability. As used herein, the term “addressability” 
refers to the maximum number of individual (not necessarily 
distinguishable) spots per inch that an output device is 
capable of printing. The addressability of a particular output 
device may differ in the horizontal and vertical directions. 
Addressability in the X (horizontal) direction is equal to the 
reciprocal of the distance between the centers of spots at 
addresses (x,y) and (x+1, y); similarly, addressability in they 
(vertical) direction is equal to the reciprocal of the distance 
between the centers of spots at addresses (x, y) and (x, y +1). 
The image quality that is achievable with a particular output 
device depends on both the device's addressability and the 
spot size of the device. 

Resolution. As used herein, the term “resolution” refers to 
the number of distinguishable lines per inch that a device can 
create. Resolution is defined as the closest spacing at which 
adjacent black and white lines can be distinguished. For 
example, if 40 black lines interleaved with 40 white lines can 
be distinguished across one inch, the resolution is 80 lines per 
inch. 

Render. As used herein, the term “rendering refers to the 
process of producing output on an output medium using an 
output device. For example, "rendering includes printing ink 
or toner on a printed page, displaying pixels on a computer 
monitor, and storing a bitmap in RAM or other storage. 

Region. As used herein, a “region' of an image may refer to 
any area within the image. For example, a region in a digital 
Source image may include an area containing a single pixel or 
a collection of pixels, such as a two-dimensional array of 
pixels. 
A continuous-tone image may contain any colors (tones) 

within a continuous range of colors. A grayscale image is a 
special kind of continuous-tone image that may contain any 
shades of gray within a continuous range of gray tones rang 
ing from black to white. Conventional color and black-and 
white photographs are examples of continuous-tone images. 

In contrast, discrete-tone images may contain only a lim 
ited number of tones selected from a discrete set of tones. 
Computer output devices, such as monitors, printers, and 
plotters, are only capable of rendering discrete-tone images. 
Such devices are therefore referred to as discrete-tone output 
devices or digital output devices. For example, an 8-bit gray 
scale image printed on an inkjet printer may contain at most 
256 (2) different shades of gray. Similarly, a 16-bit color 
image displayed on a computer monitor may contain at most 
65,535 (2) different colors. 
The increased use of computers for capturing, storing, 

transmitting, and rendering images has increased the need for 
faithful reproduction of continuous-tone images using dis 
crete-tone output devices. Although Such devices are not 
capable of directly producing the full range oftones that may 
be present in continuous-tone images, various techniques 
have been developed for using discrete-tone images to simu 
late continuous-tone images. Such discrete-tone images 
approximate the appearance of continuous-tone images when 
viewed from a suitable distance. 

For example, Some discrete-tone output devices, such as 
line printers, pen plotters, electrostatic plotters, some thermal 
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6 
printers, and some laser printers, produce output by deposit 
ing black ink or toner on an output medium Such as plain 
paper. Such devices are referred to as bilevel devices because 
they are only capable of producing images containing two 
tones: a first tone (such as black) produced by depositing the 
ink or toner and a second tone (such as white or gray) pro 
duced by the output medium. Various techniques have been 
developed to enable bilevel devices to simulate the appear 
ance of additional tones and thereby to produce discrete-tone 
images that appear similar to continuous-tone images when 
viewed from a suitable distance. 

Various techniques for rendering continuous-tone images 
on discrete-tone output devices, such as bilevel devices, take 
advantage of the spatial integration that the human eye per 
forms. We will term the amount of light reflected by a par 
ticular region of an image as the regions intensity. Perceived 
intensity is referred to as lightness. For example, in a continu 
ous-tone grayscale image, regions with higher intensities 
appear closer to white and regions with lower intensities 
appear closer to black. The opposite of lightness is blackness. 
When the human eye views a small region of an image from 
a Sufficiently large viewing distance, the eye averages fine 
(high spatial frequency) detail within the Small region and 
records only the overall intensity of the region. This process is 
referred to as spatial integration. 

Spatial integration is exploited, for example, when black 
and-white continuous-tone photographs are printed in news 
papers, magazines, and books using a technique referred to as 
halftoning. The image of the photograph that is printed on the 
page is referred to as a halftoned image or simply as a half 
tone. The photograph is considered to be composed of a 
two-dimensional array of small rectangular regions. To print 
the halftone, black spots of ink are typically printed at regu 
larly-spaced locations in the halftone corresponding to each 
rectangular region in the original photograph. The area of 
each ink spot in the halftone is proportional to the amount of 
blackness in the corresponding rectangular region in the 
original photograph. When viewed at a Suitable distance, the 
individual ink spots produce the appearance of appropriate 
shades of gray, thereby simulating the appearance of the 
original photograph. 

Printing the halftone may be accomplished by covering the 
Source image (e.g., a photograph) with a fine cross-hatched 
screen during exposure at a suitable stage in the photographic 
process leading to the printing plate. The result is to divide the 
halftone into very Small, regularly spaced spots whose size 
varies with the image density being reproduced. Full-color 
printing is achieved by using three or four printing plates, one 
for each of the primary colors being used. Because undesir 
able Moiré patterns can be produced by the interactions 
among the spots produced by these different screens, the 
screens are usually arranged at various angles to each other 
(referred to as screen angles). In black-and-white bilevel half 
toning, the single screen is oriented at a 45-degree angle to 
reduce the visibility of the halftone pattern. 

Digital output devices. Such as bilevel printers and plotters, 
can also be used to render approximations of continuous-tone 
images using a process referred to as digital halftoning (also 
referred to as spatial dithering). Rather than approximating 
continuous tones using a continuum of variable-area dots 
used in traditional halftoning, conventional digital halftoning 
typically makes use of rectangular arrays of dots (each of 
which may be a shape Such as a rectangle or a circle) referred 
to as glyphs. When viewed from a distance, each repeated 
glyph pattern appears to be a different color or shade of gray. 
Glyphs may therefore be combined to simulate continuous 
tone images. 
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For example, referring to FIGS. 1A-1E, a family of five 
glyphs 102a-e is shown. Each of the glyphs 102a-e is a 2x2 
array of halftone pixels containing a unique pattern of dots. 
These glyphs 102a-e may be used to produce the appearance 
offive different intensity levels (shades of gray) when viewed 
from an appropriate distance. For example, the glyph 102a 
shown in FIG. 1A, which contains Zero dots, may be used to 
simulate a single white pixel in the source image. Similarly, 
the glyph 102e shown in FIG. 1E may be used to simulate a 
single black pixel in the source image. The glyphs 102b-d 
shown in FIGS. 1 B-1D may be used to simulate pixels in the 
Source image having intermediate shades of gray. The glyphs 
102a-e shown in FIGS. 1A-1E can be used to generate a 
halftone that simulates a Source image by rendering, at loca 
tions in the halftone corresponding to each source image 
pixel, the glyph corresponding to the grayscale level of the 
pixel. When viewed from a suitable distance, the resulting 
halftone will appear similar to the source image. It should be 
appreciated that the grid lines shown in FIGS. 1A-1E are 
shown merely for purposes of illustration, and that they do not 
constitute parts of the glyphs and would not be rendered by an 
output device. 

In general, an nxin group of bilevel pixels can be used to 
simulate n+1 intensity levels. Furthermore, there is typically 
an inverse relationship between the spatial resolution and 
intensity resolution of a halftone. For example, referring to 
FIGS. 2A-2J, the use of 3x3 glyphs 202a-202 reduces spa 
tial resolution by a factor of three on each axis, but provides a 
total of 10 (3 +1) intensity levels. 

Various glyphs of various dimensions have been designed 
for use in digital halftoning, as is well known to those of 
ordinary skill in the art. See, for example, Ulichney, Robert 
(1987) Digital Halftoning, Cambridge, Mass.: The MIT 
Press. Note that the family of glyphs 102a-e shown in FIGS. 
1A-1E and the family of glyphs 202a shown in FIGS. 
2A-2J “grow outward from the center of the glyphs as the 
intensity to be simulated decreases (i.e., as the blackness to be 
simulated increases). This conventional manner of glyph 
growth is referred to as clustered-dot ordered dithering. 
A family of glyphs, such as the family of glyphs 102a-e 

shown in FIGS. 1A-1E and the family of glyphs 202a 
shown in FIGS. 2A-2J, may be represented by a dither 
matrix. A dither matrix is a matrix having dimensions that are 
equal to the dimensions of the glyphs in the family being used, 
and whose element values are used as threshold values to 
determine whether a particular glyph pixel contains a dot. For 
example, the 2x2 glyphs 102a-e shown in FIGS. 1A-1E may 
be represented by a dither matrix D shown in Equation 1: 

Equation 1 

As described earlier, the blackness of a pixel refers to the 
opposite of its intensity. For example, in an image with five 
gray levels, where each pixel may have an intensity, I., ranging 
from 0 to 4, the blackness of a pixel may also range from 0 to 
4 and is equal to 4-I. When generating a glyph corresponding 
to a pixel in the source image, the blackness of the Source 
image pixel is compared to the value of each element in the 
dither matrix D'’. If the blackness of the source image pixel 
is greater than the element value, a dot is generated in the 
glyph pixel corresponding to the element. Otherwise, no dot 
is generated. For example, consider a pixel having an inten 
sity of 1. This is equal to a blackness of 3 (4-1). The blackness 
of 3 is greater than or equal to 0 (the value of the upper-left 
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8 
element in the dither matrix), so a dot is rendered in the 
upper-left pixel of the glyph. Making similar comparisons of 
the blackness to the remaining elements of the dither matrix 
results in the glyph 102d shown in FIG. 1D. The order in 
which dots “grow’ outward from the center of the glyph may 
be readily seen by reference to the locations of successive 
increasing values in the dither matrix. 

Digital halftoning may be performed by devices other than 
bilevel devices. For example, consider an output device that 
has two bits per pixel and is therefore capable of outputting 
pixels of four different intensity levels. If 2x2 glyphs are used, 
there is a total of four pixels per glyph, and each pixel may 
display three intensities other than black. This allows 13 
(4x3+1) intensities to be simulated using the glyphs. Various 
techniques for performing halftoning using Such output 
devices are described in Computer Graphics: Principles and 
Practice (2" Ed.), James D. Foley et al. Addison-Wesley 
(1997), pp. 568-574. 

In the examples described above, the Source image has 
fewer pixels than the output medium, so that multiple halftone 
pixels may be used to simulate a single pixel from the Source 
image. Various techniques have also been developed for 
simulating a continuous-tone source image on an output 
medium having the same number of pixels as the source 
image, as will be discussed below. 

Various kinds of conventional printers exist for printing 
discrete-tone images on physical output media, Such as paper. 
Such printers include, but are not limited to, dot-matrix print 
ers, plotters (such as pen plotters, flatbed plotters, drum plot 
ters, desktop plotters, and electrostatic plotters), laser print 
ers, inkjet printers, thermal-transfer printers, and thermal 
sublimation dye transfer printers. 

For example, thermal-transfer printers contain a linear 
array of heating elements spaced very close together (e.g., 
84.7 microns) which typically transfer colored pigments in 
wax from a donor sheet to plain paper. The wax-coated donor 
and plain paper are drawn together over the Strip of heating 
elements, which are selectively heated to cause the pigment 
transfer. For color printing, the wax on the donor roll may be 
pigmented into alternating cyan, magenta, yellow, and black 
strips, each of a length equal to the paper size. 
Dye sublimation printers are similar to thermal-transfer 

printers, except that the heating and dye transfer process 
permits varying intensities each of cyan, magenta, and yellow 
to be transferred, creating high-quality full-color images with 
a typical resolution of 300 dots per inch (dpi) Although this 
process is slower than wax transfer, the quality of the resulting 
output is higher. Thermal-transfer printers, dye Sublimation 
printers, and other printers that use thermal energy to deposit 
ink or wax on an output medium are referred to herein as 
thermal printers. 

It is important to preserve both spatial resolution and inten 
sity resolution to faithfully simulate the source image, and to 
do so without introducing any visually objectionable arti 
facts. As described above, however, with conventional digital 
halftoning techniques there is typically a tradeoff between 
spatial resolution and intensity resolution. Halftones having a 
higher spatial resolution are more capable of accurately dis 
playing finer details from the source image, while halftones 
having higher intensity resolution are capable of more accu 
rately reproducing the full range oftones in the source image. 

In one aspect of the present invention, a method is provided 
for producing a halftone of a source image. The halftone 
includes halftone pixels. The halftone pixels are suitable for 
containing halftone dots. The method generates glyphs cor 
responding to intensities of regions (e.g., pixels) in the Source 
image. The glyphs contain one or more halftone dots. The 
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method positions halftone dots within the halftone pixels 
such that for at least one pair of halftone dots contained within 
two halftone pixels that are adjacent along a predetermined 
axis of the halftone (e.g., a horizontal or vertical axis), the 
halftone dots in the pair of halftone pixels extend in opposite 
directions from a boundary shared by the two halftone pixels. 
These pairs of adjacent halftone dots, referred to as dot pairs, 
may be rendered by an output device. Such as a thermal 
printer, as a single contiguous mark. The method may be used 
to produce halftones containing dots at various angles, such 
as 45 or 38 degrees, to reduce the visibility of the pattern. In 
one embodiment, each halftone dot corresponds to one source 
image pixel. Additional features and advantages of various 
embodiments of the present invention will be described in 
more detail below. 

Referring to FIG. 3A, in a conventional bilevel thermal 
printer, a print head 300 includes a linear array of heating 
elements 302a-d. Although only four heating elements 
302a-dare shown in FIG. 3A, it should be appreciated that a 
typical thermal print head includes a large number of Small 
heating elements that are closely spaced at, for example, 300 
elements per inch. Although the print head 300 shown in 
block diagram form in FIG. 3A is a print head capable of 
printing spots of a single color (Such as black), thermal print 
ers may have multicolor donor ribbons capable of printing 
spots of multiple colors. Furthermore, it should be appreci 
ated that the heating elements 302a-d in the print head 300 
may be of any shape and size, and may be spaced apart from 
each other at any appropriate distances and in any configura 
tion. 
As shown in FIG.3A, the print head 300 is positioned over 

an output medium 304, such as plain paper. For purposes of 
illustration, only a portion of the output medium 304 is shown 
in FIG. 3A. The output medium 304 moves underneath the 
print head 300 in the direction indicated by arrow 306. A 
printer controller inside the thermal printer is capable of 
individually controlling each of the heating elements 302a-d. 
Activating an individual heating element causes black pig 
ment (ink or wax) to be transferred to the area on the output 
medium 304 that is currently underneath the heating element, 
creating what is referred to herein as a spot. A bilevel digital 
image consisting of black and white pixels may be repro 
duced, for example, by printing spots at addresses (coordi 
nates) on the output medium 304 corresponding to the black 
pixels and leaving blank the addresses corresponding to the 
white pixels. 

The smallest spot that may be printed by a thermal printer 
is approximately equal to the area of the face of each of the 
heating elements 302a-d. For example, referring to FIG.3B, 
the output medium 304 is shown after four minimal-size spots 
308a-d have been printed on the output medium 304, one by 
each of the heating elements 302a-d, in a diagonal pattern. 

It is possible to create larger spots by activating a particular 
heating element for a longer period of time. The activated 
heating element will continue to transfer black pigment to the 
output medium 304 as long as the heating element is acti 
vated, thereby creating a larger spot. For example, referring to 
FIG. 3C, an example is shown in which four different-sized 
spots 310a-d have been printed on the output medium 304, 
one by each of the heating elements 302a-d. 
As described above, thermal printers may be used to print 

digital images. For example, referring to FIG. 4A, a block 
diagram representing an 8-bit digital source image 400 is 
shown. The digital source image consists of a 2x2 array of 
8-bit source image pixels 402a-d, each having an intensity 
that is in the range of 0–255. For example, the Source image 
pixel 402a, which is white, has an intensity of 255, the source 
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10 
image pixel 402b, which is light gray, has an intensity of 172, 
the source image pixel 402c, which is dark gray, has an 
intensity of 86, and the source image pixel 402d, which is 
black, has an intensity of 0. Although the gray Source image 
pixels 402b and 402c are illustrated in FIG. 4A using cross 
hatched patterns for ease of illustration, it should be appreci 
ated that such pixels would typically be displayed by a mul 
titone output device (Such as a color monitor) using shades of 
gray rather than cross-hatched patterns or other dithered pat 
terns. As used herein, a blank pattern indicates a white pixel 
(intensity 255), a single cross-hatched pattern indicates a light 
gray pixel (intensity 172), a double cross-hatched pattern 
indicates a dark gray pixel (intensity 86), and a black pattern 
indicates a black pixel (intensity 0). 
One technique for printing a halftone of a digital image, 

Such as the digital image 400 shown in FIG. 4A, using a 
bilevel thermal-transfer printer is as follows. Referring to 
FIG. 4B, an addressable region of the output medium 304 is 
structured according to a 2x2 halftone cell 410 consisting of 
four halftone pixels 412a-d. It should be appreciated that the 
halftone pixel boundary outlines are not printed on the output 
medium 304, but are shown merely for purposes of illustra 
tion. Each of the halftone pixels 412a-d corresponds to one of 
the source image pixels 402a-d (FIG. 4A). For example, 
halftone pixel 412a corresponds to source image pixel 402a, 
halftone pixel 412b corresponds to source image pixel 402b, 
halftone pixel 412c corresponds to source image pixel 402c, 
and halftone pixel 412d corresponds to source image pixel 
402d. 
As shown in FIG. 4B, each of the halftone pixels 412a-d 

contains a dot that is centered within the halftone pixel and 
whose size is proportional to the blackness of the correspond 
ing source image pixel. As described above, blackness B is 
the inverse of intensity I, so in this case B-255-I. Therefore, 
referring to FIG. 4B, halftone pixel 412a does not contain a 
dot because the blackness of the corresponding source image 
pixel 402a is 0 (255-255). A small dot 414 is centered within 
halftone pixel 412b, corresponding to the low blackness of the 
source image pixel 402b. A larger dot 416 is centered within 
halftone pixel 412c, corresponding to the higher blackness of 
the source image pixel 402c. Finally, a very large dot 418 is 
centered within halftone pixel 412d, corresponding to the 
maximal blackness of the source image pixel 402d. It should 
be appreciated that using the dot placement scheme shown in 
FIG. 4B, each of the dots “grows’ outward from the center of 
the halftone pixel as the blackness of the source image pixel 
to be reproduced increases. 

Different-sized dots, such as the dots 414, 416, and 418 
shown in FIG. 4B, may be used to simulate different shades of 
gray. When viewed from a distance, dots such as the dots 
shown in FIG. 4B appear as different shades of gray. Larger 
dots appear to be darker shades of gray while Smaller dots 
appear to be lighter shades of gray. 

It should be appreciated that thermal printers are typically 
limited in the sizes of spots that they are capable of printing, 
and as a result Such printers may not be capable of printing a 
unique-sized spot for each possible source image pixel black 
ness. For example, a particular thermal printer may only be 
capable of printing 64 different sizes of spot within a halftone 
pixel even though the source image to be printed may contain 
256 different shades of gray. Therefore, the same size spot 
may be printed for source image pixels within a range of 
blackness. 
The use of a rectangular pattern of dots, such as that shown 

in FIG. 4B, has a number of disadvantages. For example, the 
human visual system is very sensitive to horizontal and Ver 
tical patterns. As a result, patterns arranged in the manner 
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shown in FIG. 4B are particularly visible to the human eye, 
limiting the usefulness of Such patterns for simulating shades 
of gray. Furthermore, the Small dots that are used in Such a 
pattern tend to be grainy due to process variation. In addition, 
closely-printed spots that are printed in Such a pattern can 
connect to each other, resulting in the creation of a connected 
line where only separate spots were intended (a phenomenon 
known as “bridging of the dots”). Several techniques may be 
used to reduce the impact of these problems. 

For example, referring to FIG.5A, a 2x2 halftone cell 500 
containing four halftone pixels 502a-d is shown. The cells 
502a-d contain halftone dots 504a–d, respectively. For pur 
poses of illustration, each of the dots 504a-d is the same size. 
The halftone cell 500 shown in FIG.5A is arranged according 
to a conventional rectangular pattern, and therefore may suf 
fer from some of the visual artifacts described above. 

Referring to FIG. 5B, these visual artifacts may be miti 
gated by arranging the cells 502a-d in a hexagonal pattern, 
producing halftone pixels 512a-d containing dots 514a–d, 
respectively. Use of the hexagonal pattern produces less pat 
tern visibility and bridging than the rectangular pattern shown 
in FIG. 5A. 

Further improvement may be made by combining dots 
together to produce a pattern of dots at 45-degree angles as 
shown in FIG. 5C. To produce the pattern shown in FIG. 5C, 
the blacknesses of Vertically-adjacent pairs of pixels in the 
Source image are Summed to produce a Summed blackness 
value. A dot whose size is proportional to the Summed black 
ness value is centered within a halftone pixel corresponding 
to the two source image pixels. For example, referring to FIG. 
5A, the blackness values of the source image pixels corre 
sponding to vertically-adjacent halftone pixels 502a and502c 
are Summed, and a dot 524a is centered within corresponding 
halftone pixel 522a in halftone cell 520 (FIG.5C). Similarly, 
the blackness values of the source image pixels correspond 
ing to vertically-adjacent halftone pixels 502b and 502d are 
Summed, and a dot 524d is centered within corresponding 
halftone pixel 522d in halftone cell 520 (FIG. 5C). The 
arrangement of spots at 45-degree angles produces a coarser 
pattern, which reduces both the grain and bridging with mini 
mal increase in pattern visibility. 

Although FIG. 5C contains two empty pixels 522b and 
522c, it should be appreciated that the dots 524a and 524d 
may grow large enough to expand into pixels 522b and 522c. 
For example, referring to FIG.5D, dot 524e is large enough to 
expand into pixel 522c (and into another pixel, not shown, 
that is above pixel 522a). Dot 524e therefore includes dot 
continuation 524f that is within pixel 522c. Conventional 
algorithms that are used to render dots, such as dot 524e, that 
expand into neighboring pixels sometimes produce incorrect 
results in the form of spurious dot continuations at halftone 
pixel boundaries corresponding to regions of high gradient in 
the source image. For example, referring to FIG. 5E, pixel 
522c includes a spurious halftone dot continuation 524h. This 
results from the fact that conventional rendering algorithms 
generate dot continuations (such as the dot continuation 
524h) based on a presumption that neighboring regions in the 
Source image have similar intensities. When neighboring 
regions in the Source image do not have similar intensities, dot 
continuations are incorrectly generated, resulting in undesir 
able visual artifacts in the halftone. 

In one embodiment of the present invention, a halftone of a 
Source image is produced in which halftone dots extend either 
upward or downward from halftone pixel boundaries, rather 
than outward from halftone pixel centers. The direction of dot 
extension (either upward or downward) depends on the coor 
dinates of the halftone pixel in which the dot is printed. For 
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12 
example, according to one embodiment of the present inven 
tion, dots in Vertically adjacent halftone pixels extend in 
opposite directions from a pixel boundary shared by the adja 
cent halftone pixels. Pairs of dots that extend in opposite 
directions from a common halftone pixel boundary are 
referred to hereinas dot pairs. In a further embodiment, each 
pair of dots vertically- or horizontally-adjacent halftone pix 
els extend in opposite directions. For example, if a halftone 
dot extends upward from the bottom boundary of a halftone 
pixel, then a halftone dot in a bordering halftone pixel extends 
downward from the top boundary of the bordering halftone 
pixel. As used herein, the term “bordering refers to adjacent 
pixels that are either within the same row or the same column. 

In one embodiment of the present invention, a dot pair is 
rendered as a single contiguous mark. For example, a dot pair 
may be rendered as a single contiguous mark by a single 
thermal print head element. The mark may consist of one or 
more connected spots. This process for generating a halftone 
of a source image is described in more detail below. 

Referring to FIG. 6A, a 3x3 8-bit digital source image 600 
is shown. The digital source image 600 includes nine source 
image pixels 602a-i. For purposes of example, each of the 
source image pixels 602a-i has an intensity of 128, which 
corresponds to a shade of gray approximately midway 
between black and white. 

Referring to FIG. 6B, a digital halftone 610 is shown that 
simulates the digital source image 600 according to one 
embodiment of the present invention. As shown in FIG. 6B, 
the digital halftone 610 consists of a 3x3 array of halftone 
pixels 612a-i. Each of the halftone pixels 612a i corresponds 
to a source image region (e.g., a single source image pixel) in 
the digital source image 600 having corresponding coordi 
nates. For example, the halftone pixel 612a at coordinates (0. 
O) corresponds to the source image pixel 602a in the digital 
image 600 at coordinates (0, 0). 

Each of the halftone pixels 612a-i contains a dot whose 
size is proportional to the blackness B (255-I) of the corre 
sponding source image region. The dot extends either upward 
from the bottom boundary of the halftone pixel or downward 
from the top boundary of the halftone pixel, depending on the 
coordinates of the halftone pixel. For example, in FIG. 6B 
each dot extends in the opposite direction from the dots in 
each of its four horizontal and vertical neighbors. For 
example, consider halftone pixel 612e. Its horizontal neigh 
bors are halftone pixels 612d and 612f, and its vertical neigh 
bors are halftone pixels 612b and 612h. The dot 614e in 
halftone pixel 612e, therefore, extends upward from bottom 
boundary 617 of halftone pixel 612e, while the dots 614d. 
614 f. 614b, and 614h, in halftone pixels 612d, 612?. 612b, and 
612h, respectively, extend in the opposite direction, namely 
downward from the top boundaries of their respective half 
tone pixels. 
The result of this pattern of dot extension is to create pairs 

of vertically-adjacent dots that extend from (abut) a common 
halftone pixel boundary. For example, Vertically-adjacent 
dots 614a and 614d extend from a common halftone pixel 
boundary 616 between halftone pixels 612a and 612d. Simi 
larly, vertically-adjacent dots 614c and 614f extend from a 
common halftone pixel boundary 618 between halftone pix 
els 612c and 612f. These pairs of vertically-adjacent dots that 
are joined by a common halftone pixel boundary (i.e., dots 
614a and 614d, 614e and 614h, and 614c and 614f) are 
referred to herein as dot pairs. In one embodiment of the 
present invention, a dot pair is rendered (e.g., printed) as a 
single contiguous mark using, for example, a single thermal 
print head element. 
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Each of the dots 614a i shown in FIG. 6B is the same size 
because each corresponds to Source image pixels 602a-i hav 
ing the same intensity. Dots generated by various embodi 
ments of the present invention, however, may be of various 
sizes to simulate source image regions having various inten 
sities. For example, referring to FIG. 6C, a 3x3 8-bit digital 
source image 620 is shown. The source image 620 includes 
nine source image pixels 622a-i. White source image pixels 
622b, 622d, and 622i each has an intensity of 255. Gray 
Source image pixels 622a, 622e, 622f, and 622g each has an 
intensity of 128. Black source image pixels 622c and 622h 
each has an intensity of 255. 

Referring to FIG. 6D, a halftone 630 corresponding to the 
source image 620 shown in FIG. 6C is shown according to 
one embodiment of the present invention. As shown in FIG. 
6D, the halftone 630 consists of a 3x3 array of halftone pixels 
632a-i. Each of the halftone pixels 632a-i corresponds to a 
single source image region (e.g., a single pixel) having cor 
responding coordinates. The size of each dot in the halftone 
630 is proportional to the blackness of the corresponding 
Source image region. For example, halftone pixels 632b and 
632d do not contain any dots (i.e., they contain dots of size 
Zero), because they correspond to Source image pixels 622b 
and 622d, whose blackness is zero. The dots 634a, 634e, 634f. 
and 634g are half the height of the halftone pixels 632a, 632e. 
632f, and 632g, respectively, because they correspond to 
Source image pixels 622a, 622e, 622f, and 622g, respectively, 
whose blackness (128) is approximately half the maximum 
possible blackness. Finally, dots 634c and 634h are each the 
full height of halftone pixels 632c and 632h, because they 
correspond to source image pixels 622c and 622h having 
maximal blackness. 

Dots in halftone pixels 632a, 632c, 632e, 632g, and 632i 
extend upward from the bottom boundary of the halftone 
pixels, while dots in halftone pixels 632b, 632d, 632f, and 
632h extend downward from the top boundary of the halftone 
pixels. Referring to FIG. 6F, an example of a 3x3 array 650 of 
cells 652a i containing halftone dot vectors 654a i is shown. 
The halftone dot vectors 654a i indicate: (1) the halftone 
pixel boundaries from which halftone dots 634a iextend, and 
(2) the directions in which halftone dots 634a i extend from 
such halftone pixel boundaries. As shown in FIG.6F, halftone 
dot vectors sharing a common halftone pixel boundary extend 
in opposite directions from that boundary. 
As a result, in this embodiment each dot in the halftone 630 

extends in a direction that is opposite to the direction of 
extension of dots in horizontally- and vertically-adjacent 
halftone pixels. This results in vertically-adjacent pairs of 
dots which extend outward from a common halftone pixel 
boundary. For example, dot 634c and 634f extend outward 
from the common boundary 618 between halftone pixels 
632c and 632f. Similarly, dots 634e and 634h extend outward 
from the common boundary 617 between halftone pixels 
632e and 632h. Furthermore, the dots 634a-i in the halftone 
630 are arranged in a 45-degree pattern, which has various 
advantages that are described in more detail below. 

It should be appreciated that the vertically-adjacent dot 
pairs (such as the pair of dots 634c and 634f) may be rendered 
as individual marks using, e.g., a single heating element in a 
thermal-transfer printer. For example, because the dots 634c 
and 634f form an adjoining vertical dot pair, they may be 
printed as a single contiguous mark using, e.g., the heating 
element that is over the halftone pixels 632c and 632f while 
the output medium 304 passes under the heating element to 
form the shape made up of dots 634c and 634f. 

It should be appreciated that although dot pairs (such as the 
dot pair consisting of dots 634c and 634f) may be printed as 
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single marks, the size of each component dot of a dot pair is 
independently determined by the intensity of a corresponding 
region in the source image. Such as a Source image pixel. For 
example, the size of each of the dots 634c and 634f in the dot 
pair that they form is independently determined by the inten 
sities of source image pixels 622c and 622f. 

It should be appreciated that dot pairs need not be arranged 
in a 45-degree pattern, such as that shown in FIGS. 6B and 
6D, but that other angles may also be used. For example, 
referring to FIG.6E, in one embodiment of the present inven 
tion, dots are arranged in a 38-degree pattern to reduce the 
visibility of certain visual artifacts. A 3x3 halftone 640 
includes halftone pixels 642a-i, which in turn contain dots 
644a i. The halftone 640 is compressed vertically (i.e., in the 
slow scan direction) compared to the halftones 610 (FIG. 6B) 
and 630 (FIG. 6D). As a result, the dots 644a i are arranged in 
a 38-degree pattern. For example, dots 644g, 644e, and 644c 
form a line that is at a 38-degree angle to the horizontal axis 
of the halftone 640. Although the aspect ratio of the halftone 
640 shown in FIG. 6E is different from that of the halftone 630 
shown in FIG. 6D, techniques for resampling the source 
image to conform with the aspect ratio of the halftone 640 are 
well known to those of ordinary skill in the art. 

Referring to FIGS. 7A 7B, a flowchart of a process 700 
that may be used to generate a digital halftone (such as the 
digital halftones 630 and 640) corresponding to a source 
image on an output medium according to one embodiment of 
the present invention is shown. In general, the process 700 
generates dots corresponding to regions (e.g., individual pix 
els) in the Source image. Dots are positioned within halftone 
pixels such that pairs of halftone dots contained within bor 
dering halftone pixels extend in opposite directions from the 
halftone pixel boundaries of the halftone dots (as indicated by 
the vectors 654a i shown in FIG. 6F). The size of each half 
tone dot generated by the method is proportional to the cor 
responding Source image region. 
A variable DirectionStart is used to keep track of the direc 

tion in which the first dot in the current row is to extend. The 
value of DirectionStart may either be UP, indicating that the 
current dot is to extend upward from the bottom of a halftone 
pixel boundary, or DOWN, indicating that the current dot is to 
extend downward from the top of the halftone pixel boundary. 
The process 700 initially assigns a value of UP to the variable 
DirectionStart (step 702), indicating that the first dot in the 
halftone is to extend upward from the bottom of the first 
halftone pixel boundary. This initial value is chosen arbi 
trarily, and may alternatively be a value of DOWN. It should 
be appreciated that the values UP and DOWN may corre 
spond to any opposing directions and do not specify a par 
ticular orientation. 
The process 700 enters into a loop over each row R in the 

source image (step 704). A variable D is used to keep track of 
the direction in which the current dot is to extend (either UP 
or DOWN). The variable D is assigned the current value of 
DirectionStart (step 706). The process 700 enters into an 
inner loop over each column C in the source image (step 708). 
The process 700 is now ready to process the source image 

pixel at coordinates (C, R), where C is the current column and 
R is the current row. A variable BND is used to store an 
identifier of the boundary (either BOTTOM or TOP) of the 
current halftone pixel from which the current spot is to 
extend. If the value of D is equal to UP (step 710), a value of 
BOTTOM is assigned to BND (step 712). Otherwise, a value 
of TOP is assigned to BND (step 714). 
The blackness of the source image pixel at coordinates (C. 

R) is stored in a variable B (step 716). The process 700 
generates a dot: (1) in the halftone pixel H at coordinates (C, 
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R), (2) having a size proportional to B, and (3) extending in 
direction D from boundary BND of halftone pixel H (step 
718). For example, if the source image pixel at coordinates (0. 
O) has a blackness of 128, then the process 700 generates a dot 
extending upward from the bottom of the halftone pixel at 5 
coordinates (0, 0) having a size that is proportional to 128. 

To prepare for generating the next dot, the process 700 
toggles the value of Direction (step 720). More specifically, if 
the value of Direction is UP, then Direction is assigned a value 
of DOWN. Similarly, if the value of direction is DOWN, then 
Direction is assigned a value of UP. This ensures that hori 
Zontally-adjacent dots extend in different directions. Steps 
710–720 are repeated for the remaining columns in row R 
(step 722). 
To prepare for generating the next row of dots, the process 15 

700 toggles the value of DirectionStart (step 724). This 
ensures that Vertically-adjacent dots extend in opposite direc 
tions from halftone pixel boundaries. 

Steps 706 724 are repeated for the remaining rows in the 
Source image (step 726). 

It should be appreciated that the process shown in FIGS. 
7A-7B is shown merely for purposes of example and does not 
constitute a limitation of the present invention. For example, 
the process 700 shown in FIGS. 7A-7B generates individual 
dots in both upward and downward directions. Those of ordi 
nary skill in the art, however, will understand how to imple 
ment the process 700 to achieve the same result on an output 
device. Such as a thermal printer, that renders dots only in a 
single direction and/or that renders multiple dots simulta 
neously. Furthermore, it should be appreciated that although 
the process 700 shown in FIGS. 7A-7B generates adjoining 
dots in a dot pair separately, other processes that generate a 
single dot representing a dot pair are also within the scope of 
the present invention. 

The halftone generated by the process 700 may be rendered 
on an output medium either after the completion of the pro 
cess 700 or as part of the process 700. As described in more 
detail below with respect to FIG. 8B, the halftone generated 
by the process 700 may be either a logical halftone or a 
physical halftone. 

In the examples described above with respect to FIGS. 
7A-7B, each dot in the halftone corresponds to a single 
Source image pixel. This correspondence is used merely for 
purposes of example and does not constitute a limitation of 
the present invention. Rather, the source image 800 may be 
upsampled or downsampled by any factor prior to or during 
the halftoning process 802. As a result, there may be any 
numerical correspondence between dots in the halftone 804 
and pixels in the source image 800, so long as dots in dot pairs 
extend from common halftone pixel boundaries. For 
example, in one embodiment, each pixel in the Source image 
800 corresponds to multiple dots in the halftone 804. In yet 
another embodiment, each dot in the halftone 804 corre 
sponds to multiple pixels in the source image 800. These 
mappings may also be applied in any combination. 

For example, in one embodiment of the present invention, 
glyphs are used to simulate a larger number of grayscale tones 
than can be simulated using individual dots. Referring to 
FIGS. 9A9M, a family of thirteen glyphs 900a-m is shown 
that may be used to simulate thirteen shades of gray. Each of 60 
the glyphs 900a-m consists of a 2x2 array of pixels, each of 
which may contain a halftone dot. Referring to FIG.9A, for 
example, glyph900a contains no dots. In other words, glyph 
900a contains four dots each of size Zero. At each successive 
glyph in the family, the size of a single dot is increased, where 
the coordinates of the dot whose size is increased are chosen 
in a round-robin fashion. For example, moving from glyph 
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900a (FIG. 9A) to glyph 900b (FIG. 9B), the size of the 
upper-left dot is increased (from no dot to a small dot). Simi 
larly, moving to glyph900c (FIG. 9C), the size of the lower 
right dot is increased (from no dot to a small dot). This pattern 
continues with the remaining glyphs, using four different dot 
sizes (counting a size of Zero as a dot size). The result is the 
collection of thirteen glyphs 900a-m, which can be used to 
simulate thirteen different shades of gray. 

It should be appreciated that the glyphs 900a-m are pro 
vided merely for purposes of illustration and do not constitute 
a limitation of the present invention. Furthermore, any family 
of glyphs may be used with various embodiments of the 
present invention. 
To generate a halftone of a source image using the glyphs 

900a-m, each region in the Source image may be used to 
select one of the glyphs 900a-m. For example, consider a 
Source image in which the blackness of each source image 
region ranges from 0–255. In one embodiment of the present 
invention, this range of blackness is subdivided into thirteen 
Sub-ranges, and each of the glyphs 900a-m is assigned to one 
of the Sub-ranges. To simulate a source image region, the 
glyph corresponding to the Source image pixel’s blackness is 
generated at corresponding coordinates in the halftone. Vari 
ous other schemes may be used to simulate tones using these 
glyphs. 

If the resolution of the output device is not sufficient to 
produce four dots for each source image pixel, various tech 
niques may be used to generate halftones corresponding to 
the source image. For example, the source image may be 
downsampled, and the blackness of pixels in the down 
sampled source image may be used to select one of the glyphs 
900a-m for use in the halftone, as described above. Although 
this technique allows source images to be printed on output 
devices that do not have a Sufficiently high spatial resolution 
to print one glyph for each source image pixel, high-fre 
quency detail is lost by downsampling the Source image. 

In another embodiment of the present invention, a method 
that avoids downsampling is used to produce a halftone from 
a source image using the glyphs 900a-m. For example, refer 
ring to FIG. 10, a source image 1000 is shown that consists of 
a 4x4 array of source image pixels. The Source image 1000 is 
further logically subdivided into 2x2 arrays 1002a-d of 
source image pixels, as indicated by thick lines in FIG. 10. As 
will become apparent from the description below with respect 
to FIG. 11, 2x2 arrays are chosen for purposes of example 
because in one embodiment of the present invention 2x2 
glyphs are used to produce a halftone that simulates the 
source image 1000. It should be appreciated that the source 
image 1000 may, however, be subdivided into pixel arrays of 
any size. Furthermore, arbitrarily-sized source image regions 
may be used instead of individual source image pixels. 

Referring to FIG. 11, in one embodiment of the present 
invention, a process 1100 is used to produce a halftone that 
simulates the source image 1000. The process 1100 enters 
into a loop over each2x2 array A of source image pixels (step 
1102). For example, the source image 1000 (FIG. 10) con 
tains 2x2 arrays 1002a-d. The process 1100 enters into an 
inner loop over each pixel P in the current array A (step 
1104). 
The variables X and Y are assigned the coordinates of the 

pixel P in the source image (step 1106). For example, the 
coordinates of the pixel in the upper-left corner of the source 
image 1000 are (0,0), while the coordinates of the pixel in the 
lower-right corner of the source image 1000 are (3, 3). The 
variables X and Y are assigned the coordinates of the pixel 
Prelative to the upper-left corner of the array AS (step 1108). 
For example, the pixel in the lower-right corner of the source 
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image 1000 has (X,Y) coordinates (1, 1) relative to the 
upper-left corner of the array 1002d, and the pixel in the 
lower-left corner of the source image 1000 has coordinates (0. 
1) relative to the upper-left corner of the array 1002c. 
The glyph G corresponding to the blackness of pixel P is 5 

selected (step 1110). The glyph G may be selected in any of a 
variety of ways. For example, a family of glyphs (such as the 
family of glyphs 900a-m) may be pre-generated and stored in 
a lookup table. The blackness of pixel P may be used as an 
index in the lookup table to select the glyph G that corre- 10 
sponds to pixel P's blackness. The lookup table may, for 
example, represent each glyph as either: (1) a bitmap suitable 
for output on the output device 810, or (2) a pattern of halftone 
dots that is rasterized (converted into a bitmap) at a later stage. 
Alternatively, the glyph G may be generated on the fly by step 15 
1110. For example, if the patterns in the family of glyphs are 
defined by a dither matrix, step 1110 may use the dither 
matrix to generate the appropriate glyph G based on the 
blackness of pixel P. These and other techniques for selecting 
the glyph G will be apparent to those of ordinary skill in the 20 
art. 

The dot (or dot pattern) D at coordinates (X,Y) within 
glyph G is selected (step 1112). For example, if pixel P is in 
the lower-left hand corner of array A, then coordinates (X, 
Y) are (0, 1). In such a case, the dot at coordinates (0, 1) of 25 
the glyph G (i.e., the dot in its lower-left hand corner) would 
be selected as dot D in step 1112. 

The dot D is generated (e.g., Stored or rendered) at coordi 
nates (X,Y) in the halftone (step 1114). It should be appre 
ciated that various techniques described above with respect to 30 
the process 700 (FIGS. 7A-7B) may be used to generate the 
dot D such that it extends in an appropriate direction from an 
appropriate halftone pixel boundary according to the halftone 
dot vectors 654a i (FIG. 6F). For example, in one embodi 
ment of the present invention, dots are stored within pixels of 35 
the glyph G according to the halftone dot vectors of the array 
650 (FIG. 6F). In other words, dots may be stored within the 
glyph G So that dots in adjacent pixels extend in opposite 
directions, as shown in FIG.6F. In such an embodiment, when 
dot D is generated at coordinates (X,Y) in the halftone (step 40 
1114) by copying dot D from the glyph G, the dot D is already 
positioned properly within the pixel P and therefore need not 
be shifted to be located in accordance with the array 650 (FIG. 
6F). 

Steps 1106–1114 are repeated for the remaining pixels in 45 
the array A (step 1116). Steps 1104–1118 are repeated for the 
remaining pixel arrays in the source image 1000 (step 1118). 
One advantage of using the process 1100 described above 

with respect to FIG. 11 is that it allows the simulation of a 
relatively large number of intensities, while still allowing 50 
individual source image pixels to specify the sizes of dots in 
the halftone. This enables a relatively large number of shades 
of gray to be simulated in the halftone, thereby producing 
more realistic halftones, while retaining high-frequency 
details compared to techniques that use the average intensity 55 
(or blackness) value of multiple source image pixels to gen 
erate dots or glyphs in the halftone. 

Referring to FIG. 8A, in general, various embodiments of 
the present invention may be used to produce a halftone 804 
from a source image 800 using a halftoning process 802. The 60 
halftoning process 802 receives the source image 800 as an 
input, processes the source image 800, and produces the 
halftone 804 as output. The source image 800 may, for 
example, be a continuous-tone image or a digital (discrete 
tone) image acquired from any source. Furthermore, the 65 
Source image 800 may undergo various preprocessing steps, 
Such as color correction or color quantization, prior to being 
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provided as an input to the halftoning process. The halftone 
804 may be rendered on any output medium, Such as plain 
paper or film. Furthermore, the halftone 804 may be digitally 
stored on any computer-readable medium Such as a Random 
Access Memory (RAM), hard disk, floppy disk, or CD (such 
as a CD-ROM or CD-RW). As used herein, the term “gener 
ate' when applied to a halftone includes rendering the half 
tone on an output medium, storing the halftone on a com 
puter-readable medium, or both. 

Various embodiments of the present invention may be used 
in a variety of contexts. For example, referring to FIG. 8B, 
one example of a system 810 in which various embodiments 
of the present invention may be used is shown. An image 
acquisition device 812. Such as a scanner, captures a source 
image 814 and provides the Source image 814 to a computer 
816 using a digital transport mechanism, such as a standard 
serial or parallel cable. The image acquisition device 812 may 
be any image acquisition device. Such as a scanner or digital 
CaCa. 

The computer 816 optionally stores the source image 814 
in a computer-readable memory, such as a Random Access 
Memory (RAM) or a hard disk. The computer 816 may also 
perform additional processing on the Source image 814. Such 
as reducing or enlarging the size of the Source image 814. 
applying filters to the source image 814, or modifying the 
spatial or intensity resolution of the source image 814. After 
performing any such processing, the computer 816 transmits 
the results as a logical halftone 818 to an output device 820 
Such as a thermal-transfer printer 820 using a digital transport 
mechanism. As used herein, the term “logical halftone' refers 
to a halftone that is stored on a computer-readable medium. 

It should be appreciated that the output device 820 may be 
any output device, such as a thermal printer, laser printer, 
inkjet printer, or multi-function device. The output device 820 
renders a physical halftone 822 based on the logical halftone 
818 using any of the various techniques described herein on 
an output medium such as paper or film. As used herein, the 
term "physical halftone' refers to a halftone that has been 
rendered on an output medium. 

It should be appreciated that the system 810 shown in FIG. 
8B is provided merely for purposes of example and does not 
constitute a limitation of the present invention. Rather, any 
appropriate system may be used to implement the techniques 
described herein. For example, features of the image acqui 
sition device 812, the computer 816, and the output device 
820, may be combined into a lesser number of devices or 
separated into a greater number of devices for performing the 
functions described above. 

It should be appreciated that the various features of 
embodiments of the present invention described above and 
described in more detail below provide numerous advan 
tages. 

For example, in various embodiments of the present inven 
tion, individual pixels in the source image 800 contribute to 
(i.e., control the size of) individual dots in the halftone. This 
correspondence between individual source image pixels and 
halftone dots enables the halftone 804 to retain high-fre 
quency details from the source image 800 while simulating a 
large number of gray levels, thereby resulting in more faithful 
reproduction of the source image 800. 

Another advantage of various embodiments of the present 
invention is that by combining dots together to form dot pairs, 
each such dot pair may be rendered in the halftone 804 using 
a single contiguous mark. This can reduce the number of dots 
that are output in the halftone, thereby increasing the perim 
eter-to-area ratio of the dots. Reduction of this parameter can 
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result in higher-quality dots because dots produced by various 
output devices tend to exhibit poorer quality at the perimeter 
than within the perimeter. 

Various embodiments of the present invention also reduce 
the presence of certain visual artifacts that may be introduced 
by digital halftoning. For example, arranging dots at 45-de 
gree angles (as shown in FIG. 6D), or at a 38-degree angle, as 
shown in FIG. 6E, reduces the visual impact of the patterns 
because the human eye is betterable to perceive such patterns 
when they result from dots arranged in a grid whose rows and 
columns are arranged horizontally and Vertically in the field 
of vision. Various embodiments of the present invention have 
the further advantage that they reduce visual artifacts while 
still Substantially retaining fine (high spatial frequency 
details) from the source image 800, as described above. 
The present invention has been described above in terms of 

various embodiments. Various other embodiments, including 
but not limited to the following, are also within the scope of 
the claims. 
As described above, the term intensity typically refers to 

the amount of light reflected from within a particular region of 
an image. As used herein, the term intensity also refers to a 
value that may be used to represent a tone for a region. For 
example, an intensity may be a value representing a shade of 
gray in a grayscale image or a color in a color image. As 
described above, an intensity may be represented as a scalar 
value. For example, an intensity may be represented as an 
8-bit Scalar value having a range of 0–255. An intensity may 
also be represented, for example, as a floating point value 
having a range of 0–1. 

The descriptions of various embodiments refer to halftone 
dots that "extend” from a halftone pixel boundary. As used 
herein, a halftone dot 'extends' from a halftone pixel bound 
ary if an edge of the dot abuts the halftone pixel boundary. For 
example, referring again to FIG. 6B, the halftone dot 614b 
extends downward from the top boundary of the halftone 
pixel 612b. It should be appreciated that the term “extend 
does not specify that a halftone dot be rendered in any direc 
tion or in any particular manner. Rather, a halftone dot that 
extends from a halftone pixel boundary may be rendered on 
an output medium in any manner. For example, although the 
halftone dot 614c extends upward from the bottom boundary 
of the halftone pixel 612c, the dot within halftone pixel 612c 
may, but need not be, rendered downward toward the bottom 
boundary of the halftone pixel 612c. 

Portions of the description above refer to dots that are 
“proportional in size to the blackness of Source image 
regions. It should be appreciated that such proportionality 
includes, but is not limited to, strict numerical proportional 
ity. For example, in one embodiment of the present invention, 
there are n dot sizes D-D, and there are m levels of black 
ness B1-B. For any two dots having dot sizes D and D, 
corresponding to blacknesses B and B, respectively, if 
D>D, then B.B. Various other mappings between levels 
of blackness and dot size are also within the scope of the 
present invention. Furthermore, as used herein, the term “dot 
size includes, but is not limited to, measures of size Such as 
area and length. 

In general, the techniques described above may be imple 
mented, for example, in hardware, Software, firmware, or any 
combination thereof. The techniques described above may be 
implemented in one or more computer programs executing on 
a programmable computer and/or printer including a proces 
Sor, a storage medium readable by the processor (including, 
for example, Volatile and non-volatile memory and/or storage 
elements), at least one input device, and at least one output 
device. Program code may be applied to data entered using 
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the input device to perform the functions described herein and 
to generate output information. The output information may 
be applied to one or more output devices. 

Printers suitable for use with various embodiments of the 
present invention typically include a print engine and a printer 
controller. The printer controller receives print data from a 
host computer and generates page information, such as a 
logical halftone to be printed based on the print data. The 
printer controller transmits the page information to the print 
engine to be printed. The print engine performs the physical 
printing of the image specified by the page information on the 
output medium. 

Elements and components described herein may be further 
divided into additional components or joined together to form 
fewer components for performing the same functions. 

Each computer program within the scope of the claims 
below may be implemented in any programming language, 
Such as assembly language, machine language, a high-level 
procedural programming language, oran object-oriented pro 
gramming language. The programming language may be a 
compiled or interpreted programming language. 

Each computer program may be implemented in a com 
puter program product tangibly embodied in a machine-read 
able storage device for execution by a computer processor. 
Method steps of the invention may be performed by a com 
puter processor executing a program tangibly embodied on a 
computer-readable medium to perform functions of the 
invention by operating on input and generating output. 

It is to be understood that although the invention has been 
described above in terms of particular embodiments, the fore 
going embodiments are provided as illustrative only, and do 
not limit or define the scope of the invention. Other embodi 
ments are also within the scope of the present invention, 
which is defined by the scope of the claims below. Other 
embodiments that fall within the scope of the following 
claims includes include, but are not limited to, the following. 
What is claimed is: 
1. A method for generating a halftone of a source image, the 

halftone including halftone pixels, the halftone pixels being 
Suitable for containing halftone dots, the method comprising 
steps of: 

(A) selecting glyphs corresponding to regions in the 
Source image, the regions having intensities, the glyphs 
including halftone dots; 

(B) selecting, from among the halftone pixels, a first 
halftone pixel; 

(C) selecting a first boundary of the first halftone pixel 
using a first boundary selection criterion that is depen 
dent on a position of the first halftone pixel and indepen 
dent of the intensity of the corresponding region; 

(D) locating a first one of the halftone dots within the first 
halftone pixel so that the first halftone dot abuts the first 
pixel boundary; 

(E) selecting, from among the halftone pixels, a second 
halftone pixel; 

(F) selecting a second boundary of the second halftone 
pixel using a second boundary selection criterion that is 
dependent on a position of the second halftone pixel and 
independent of the intensity of the corresponding 
region; and 

(G) locating a second one of the halftone dots within the 
second halftone pixel so that the second halftone dot 
abuts the second pixel boundary, wherein the first and 
second pixel boundaries are the same boundary. 

2. The method of claim 1, further comprising a step of: 
(H) rendering the halftone on an output medium using an 
output device. 
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3. The method of claim 2, wherein the output device com 
prises a thermal printer. 

4. The method of claim 2, wherein the step (H) rendering 
comprises a step of: 

(H) (1) rendering the first and second halftone dots as a 
single contiguous mark. 

5. The method of claim 4, wherein the step (H) (1) ren 
dering the first and second halftone dots as a single contigu 
ous mark comprises a step of rendering the single contigu 
ous mark using a print head element of a thermal printer. 

6. The method of claim 1, wherein the source image com 
prises a digital image including a two-dimensional array of 
Source image pixels, and wherein the regions in the Source 
image comprise the source image pixels. 

7. The method of claim 6, wherein each of the glyphs 
corresponds to a source image pixel. 

8. The method of claim 1, wherein each of the glyphs 
comprises a two-dimensional array of halftone pixels. 

9. The method of claim 8, wherein each of the glyphs 
comprises one halftone pixel. 

10. The method of claim 9, wherein the size of a halftone 
dot contained within any one of the glyphs is inversely related 
to the intensity of the source image region that corresponds to 
the glyph. 

11. The method of claim 1, wherein the first and second 
halftone dots are selected from one of the glyphs, and wherein 
the first and second halftone dots are in adjacent pixels within 
the selected glyph. 

12. The method of claim 1, wherein the first and second 
pixel boundaries are perpendicular to a slow Scandirection of 
an output device on which the halftone may be rendered. 

13. The method of claim 1, wherein each of the halftone 
pixels has a top boundary and a bottom boundary, and 
wherein the method further comprises a step of: 

(E) positioning a third one of the halftone dots within a 
third one of the halftone pixels that is adjacent to the first 
halftone pixel by performing steps of, the positioning 
comprising: 
(1)if the first halftone dot abuts the top boundary of the 
first halftone pixel, positioning the third halftone dot 
to abut the bottom boundary of the third halftone 
pixel; and 

(2) if the first halftone dot abuts the bottom boundary 
of the first halftone pixel, positioning the third half 
tone dot to abut the top boundary of the third halftone 
pixel. 

14. The method of claim 13, wherein diagonally opposing 
corners of halftone pixels lie along a line at Substantially a 
45-degree angle to an axis of the halftone. 

15. The method of claim 13, wherein diagonally opposing 
corners of halftone pixels lie along a line at Substantially a 
38-degree angle to an axis of the halftone. 

16. The method of claim 1, wherein the step (A) selecting 
glyphs comprises a step of: 

(A) (1) selecting glyphs corresponding to the intensities 
of the regions in the source image. 

17. The method of claim 16, wherein the step (A) select 
ing glyphs further comprises a step of: 

(A) (2) selecting halftone dots from the glyphs based on 
the coordinates of the source image regions. 

18. The method of claim 1, wherein the first one of the 
halftone dots is contained within a first pixel of a select 
selected one of the glyphs, wherein the second one of the 
halftone dots is contained within a second pixel of the select 
selected one of the glyphs, and wherein: 

the step (D) locating the first one of the halftone dots 
comprises locating the first one of the halftone dots 
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within the first halftone pixel based on a location of the 
first one of the halftone dots within the first pixel of the 
select selected one of the glyphs; and wherein 

the step (G) locating the second One of the halftone dots 
comprises locating the second one of the halftone dots 
within the second halftone pixel based on a location of 
the second one of the halftone dots within the second 
pixel of the select one of the glyphs. 

19. A method for generating a halftone of a digital source 
image including a two-dimensional array of Source image 
pixels, the halftone including halftone pixels, the halftone 
pixels being Suitable for containing halftone dots, the method 
comprising steps of: 

(A) selecting halftone dots corresponding to source 
image pixels, the size of each of the halftone dots being 
inversely related to the intensity of one of the source 
image pixels; 

(B) selecting, from among the halftone pixels, a first 
halftone pixel; 

(C) selecting a first boundary of the first halftone pixel 
using a first boundary selection criterion that is depen 
dent on a position of the first halftone pixel and indepen 
dent of the intensity of the corresponding Source image 
pixel; 

(D) locating a first one of the halftone dots within the first 
halftone pixel so that the first halftone dot abuts the first 
pixel boundary; 

(E) selecting, from among the halftone pixels, a second 
halftone pixel; 

(F) selecting a second boundary of the second halftone 
pixel using a second boundary selection criterion that is 
dependent on a position of the second halftone pixel and 
independent of the intensity of the corresponding 
region source image pixel. 

(G) locating a second one of the halftone dots within the 
second halftone pixel so that the second halftone dot 
abuts the second pixel boundary, wherein the first and 
second pixel boundaries are the same boundary and are 
perpendicular to a slow scan direction of an output 
device on which the halftone may be rendered; and 

(H) rendering the halftone on an output medium using a 
thermal printer, wherein the step of rendering includes 
a step of rendering the first and second halftone dots as 
a single contiguous mark. 

20. A method for generating a halftone of a digital source 
image including a two-dimensional array of Source image 
pixels, the halftone including halftone pixels, the halftone 
pixels being Suitable for containing halftone dots, the method 
comprising steps of: 

(A) identifying intensities of the source image pixels; 
(B) selecting glyphs corresponding to the identified 
intensities, the glyphs including halftone dots; 

(C) selecting halftone dots from the glyphs based on the 
coordinates of the source image pixels; 

(D) selecting, from among the halftone pixels, a first 
halftone pixel; 

(E) selecting a first boundary of the first halftone pixel 
using a first boundary selection criterion that is depen 
dent on a position of the first halftone pixel and indepen 
dent of the intensity of the corresponding Source image 
pixel; 

(F) locating a first one of the halftone dots within the first 
halftone pixel so that the first halftone dot abuts the first 
pixel boundary; 

(G) selecting, from among the halftone pixels, a second 
halftone pixel; 
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(H) selecting a second boundary of the second halftone 
pixel using a second boundary selection criterion that is 
dependent on a position of the second halftone pixel and 
independent of the intensity of the corresponding Source 
image pixel; 

(I) locating a second one of the halftone dots within the 
second halftone pixel so that the second halftone dot 
abuts the second pixel boundary, wherein the first and 
second pixel boundaries are the same boundary; and 

(J) rendering the halftone on an output medium using a 
thermal printer, wherein the step of rendering includes 
a step of rendering the first and second halftone dots as 
a single contiguous mark. 

21. A method for generating a halftone of a source image, 
the halftone including halftone pixels, the halftone pixels 
being suitable for containing halftone dots, each of the half 
tone pixels having a top boundary and a bottom boundary, the 
method comprising steps of: 

(A) selecting glyphs corresponding to regions in the 
Source image, the glyphs including halftone dots; 

(B) selecting, from among the halftone pixels, a first 
halftone pixel and a second halftone pixel that share a 
pixel boundary; 

(C) locating a first one of the halftone dots within the first 
halftone pixel so that the first halftone dot abuts the pixel 
boundary; 

(D) locating a second one of the halftone dots within the 
second halftone pixel so that the second halftone dot 
abuts the pixel boundary; 

(E) positioning a third one of the halftone dots within a 
third one of the halftone pixels that is adjacent to the first 
halftone pixel by performing steps of, the positioning 
comprising: 
(1)if the first halftone dot abuts the top boundary of the 
first halftone pixel, positioning the third halftone dot 
to abut the bottom boundary of the third halftone 
pixel; and 

(2) if the first halftone dot abuts the bottom boundary 
of the first halftone pixel, positioning the third half 
tone dot to abut the top boundary of the third halftone 
pixel. 

22. The method of claim 21, wherein diagonally opposing 
corners of halftone pixels lie along a line at Substantially a 
45-degree angle to an axis of the halftone. 

23. The method of claim 21, wherein diagonally opposing 
corners of halftone pixels lie along a line at Substantially a 
38-degree angle to an axis of the halftone. 

24. A non-transitory computer-readable medium compris 
ing computer-readable instructions for generating a halftone 
of a source image, the halftone including halftone pixels, the 
halftone pixels being suitable for containing halftone dots, 
the computer-readable instructions comprising: 

instructions to select glyphs corresponding to regions in 
the source image, the regions having intensities, the 
glyphs including halftone dots, 

instructions to select, from among the halftone pixels, a 
first halftone pixel. 

instructions to select a first boundary of the first halftone 
pixel using a first boundary selection criterion that is 
dependent on a position of the first halftone pixel and 
independent of the intensity of the conesponding region, 

instructions to locate a first One of the halftone dots within 
the first halftone pixel so that the first halftone dot abuts 
the first pixel boundary, 

instructions to select, from among the halftone pixels, a 
second halftone pixel 

instructions to select a second boundary of the second 
halftone pixel using a second boundary selection crite 
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rion that is dependent on a position of the second half 
tone pixel and independent of the intensity of the cone 
sponding region, and 

instructions to locate a second One of the halftone dots 
5 within the second halftone pixel so that the second half 

tone dot abuts the second pixel boundary, wherein the 
first and second pixel boundaries are the same bound 
ary. 

25. The computer readable medium of claim 24, the com 
10 puter-readable instructions further comprising: 

instructions to render the halftone on an output medium 
using an output device. 

26. The computer readable medium of claim 25, wherein 
the output device comprises a thermal printer: 

15 27. The computer readable medium of claim 25, wherein 
the instructions to render the halftone comprise. 

instructions to render the first and second halftone dots as 
a single Contiguous mark. 

28. The computer readable medium of claim 27, wherein 
20 the instructions to render the first and second halftone dots 

comprise instructions to render the single contiguous mark 
using a print head element of a thermal printer: 

29. The computer readable medium of claim 24, wherein 
the source image comprises a digital image including a two 

25 dimensional array of source image pixels, and wherein the 
regions in the source image comprise the source image pixels. 

30. The computer readable medium of claim 29, wherein 
each of the glyphs corresponds to a source image pixel. 

31. The computer readable medium of claim 24, wherein 
30 each of the glyphs comprises a two-dimensional array of 

halftone pixels. 
32. The computer readable medium of claim 31, wherein 

each of the glyphs comprises one halftone pixel. 
33. The computer readable medium of claim 32, wherein 

is the size of a halftone dot contained within any one of the 
glyphs is inversely related to the intensity of the source image 
region that corresponds to the glyph. 

34. The computer readable medium of claim 24, wherein 
the first and second halftone dots are selected from One of the 
glyphs, and wherein the first and second halftone dots are in 
adjacent pixels within the selected glyph. 

35. The computer readable medium of claim 24, wherein 
the first and second pixel boundaries are perpendicular to a 
slow scan direction of an output device on which the halftone 
may be rendered. 

45 36. The computer readable medium of claim 24, wherein 
each of the halftone pixels has a top boundary and a bottom 
boundary, and wherein the computer-readable instructions 
fiurther comprise. 

instructions to position a third One of the halftone dots 
50 within a third One of the halftone pixels that is adjacent 

to the first halftone pixel, the instructions to position 
comprising: 
position the third halftone dot to abut the bottom bound 

ary of the third halftone pixel if the first halftone dot 
abuts the top boundary of the first halftone pixel and 

40 

55 position the third halftone dot to abut the top boundary 
of the third halftone pixel if the first halftone dot abuts 
the bottom boundary of the first halftone pixel. 

37. The computer readable medium of claim 36, wherein 
60 diagonally opposing corners of halftone pixels lie along a line 

at substantially a 45-degree angle to an axis of the halftone. 
38. The computer readable medium of claim 36, wherein 

diagonally opposing corners of halftone pixels lie along a line 
at substantially a 38-degree angle to an axis of the halftone. 

39. The computer readable medium of claim 24, wherein 
65 the instructions to select glyphs comprise. 

instructions to select glyphs corresponding to the intensi 
ties of the regions in the source image. 
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40. The computer readable medium of claim 39, wherein 
the instructions to select glyphs corresponding to the inten 
sities of the regions comprise. 

instructions to select halftone dots from the glyphs based 
On the coordinates of the source image regions. 

41. The computer readable medium of claim 24, wherein 
the first one of the halftone dots is contained within a first 
pixel of a selected one of the glyphs, wherein the second One 
of the halftone dots is contained within a second pixel of the 
selected one of the glyphs, and wherein. 

the instructions to locate a first One of the halftone dots 
comprise instructions to locate the first One of the half 
tone dots within the first halftone pixel based on a loca 
tion of the first one of the halftone dots within the first 
pixel of the selected one of the glyphs, and 

wherein the instructions to locate a second One of the 
halftone dots comprise instructions to locate the second 
One of the halftone dots within the second halftone pixel 
based on a location of the second one of the halftone dots 
within the second pixel of the selected one of the glyphs. 

42. A method for generating a halftone of a source image, 
the halftone including halftone pixels, the halftone pixels 
being suitable for containing halftone dots, the method com 
prising: 

selecting glyphs corresponding to regions in the source 
image, the regions having intensities, the glyphs includ 
ing halftone dots, 

selecting, from among the halftone pixels, a first halftone 
pixel 

locating a first One of the halftone dots within the first 
halftone pixel so that the first halftone dot abuts a first 
pixel boundary, wherein the first pixel boundary is 
Selected using a first boundary selection criterion that is 
dependent on a position of the first halftone pixel and 
independent of the intensity of the corresponding region, 

selecting, from among the halftone pixels, a second half 
tone pixel and 

locating a secondone of the halftone dots within the second 
halftone pixel so that the second halftone dot abuts a 
second pixel boundary, wherein the second pixel bound 
ary is selected using a second boundary selection crite 
rion that is dependent on a position of the second half 
tone pixel and independent of the intensity of the 
corresponding region, and wherein the first and second 
pixel boundaries are the same boundary. 

43. A non-transitory computer-readable medium compris 
ing computer-readable instructions for generating a halftone 
of a source image, the halftone including halftone pixels, the 
halftone pixels being suitable for containing halftone dots, 
the computer-readable instructions comprising: 

instructions to select glyphs corresponding to regions in 
the source image, the regions having intensities, the 
glyphs including halftone dots, 

instructions to select, from among the halftone pixels, a 
first halftone pixel. 

instructions to locate a first One of the halftone dots within 
the first halftone pixel so that the first halftone dot abuts 
a first pixel boundary, wherein the first pixel boundary is 
selected using a first boundary selection criterion that is 
dependent on a position of the first halftone pixel and 
independent of the intensity of the corresponding region, 

instructions to select, from among the halftone pixels, a 
second halftone pixel and 

instructions to locate a second One of the halftone dots 
within the second halftone pixel so that the second half 
tone dot abuts a second pixel boundary, wherein the 
second pixel boundary is selected using a second bound 
ary selection criterion that is dependent on a position of 
the second halftone pixel and independent of the inten 
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sity of the corresponding region, and wherein the first 
and second pixel boundaries are the same boundary. 

44. An output device for rendering a physical halftone on 
an output medium from a generated halftone of a source 
image, the halftone including halftone pixels, the halftone 
pixels being suitable for containing halftone dots, the output 
device comprising: 

means for selecting glyphs corresponding to regions in the 
source image, the regions having intensities, the glyphs 
including halftone dots, 

means for selecting, from among the halftone pixels, a first 
halftone pixel 

means for selecting a first boundary of the first halftone 
pixel using a first boundary selection criterion that is 
dependent on a position of the first halftone pixel and 
independent of the intensity of the corresponding region, 

means for locating a first One of the halftone dots within the 
first halftone pixel so that the first halftone dot abuts a 
first pixel boundary, 

means for selecting, from among the halftone pixels, a 
second halftone pixel 

means for selecting a second boundary of the second half 
tone pixel using a second boundary selection criterion 
that is dependent on a position of the second halftone 
pixel and independent of the intensity of the correspond 
ing region, and 

means for locating a second one of the halftone dots within 
the second halftone pixel so that the second halftone dot 
abuts a second pixel boundary, wherein the first and 
second pixel boundaries are the same boundary. 

45. The output device of claim 44, filrther comprising a 
means for printing said first halftone pixel and said second 
halftone pixel on the output medium. 

46. The output device of claim 44, wherein said output 
medium is paper or film. 

47. An output device for rendering a halftone pixel on an 
output medium from a generated halftone of a source image, 
the halftone including halftone pixels, the halftone pixels 
being suitable for containing halftone dots, the output device 
comprising: 

means for selecting glyphs corresponding to regions in the 
source image, the regions having intensities, the glyphs 
including halftone dots, 

means for selecting, from among the halftone pixels, a first 
halftone pixel 

means for locating a first One of the halftone dots within the 
first halftone pixel so that the first halftone dot abuts a 
first pixel boundary, wherein the first pixel boundary is 
selected using a first boundary selection criterion that is 
dependent on a position of the first halftone pixel and 
independent of the intensity of the corresponding region, 

means for selecting, from among the halftone pixels, a 
second halftone pixel and 

means for locating a second one of the halftone dots within 
the second halftone pixel so that the second halftone dot 
abuts a second pixel boundary, wherein the second pixel 
boundary is selected using a second boundary selection 
criterion that is dependent on a position of the second 
halftone pixel and independent of the intensity of the 
corresponding region, and wherein the first and second 
pixel boundaries are the same boundary. 

48. The output device of claim 47, filrther comprising a 
means for printing said first halftone pixel and said second 
halftone pixel on the output medium. 

49. The output device of claim 47, wherein said output 
medium is paper or film. 
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