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COARSE GRID ALIGNED COUNTERS

BACKGROUND

[0001] The present disclosure relates to the rendering of complex characters for display
on multi-tone devices. A multi-tone device is a device capable of displaying a range of tones
greater than two. Examples of multi-tone devices include grayscale and color devices.
[0002] A complex character is a graphical token or symbol that contains more than one
vertical or horizontal stroke (commonly referred to as a stem). Examples of complex
characters include Chinese hanzi, Japanese kanji, and Korean hanja and hangul characters.
Other examples of complex characters include Western and non-Western characters that have
multiple strokes.

[0003]  When rendering a complex character for display on an output device, it is
beneficial to consider the white spaces of the character. These white spaces (commonly
referred to as counters) are defined as the areas between the stems of the character. By
balancing the widths of these counters, an improved representation of the complex character
can be achieved.

[0004] Conventional techniques for balancing thé counters of a complex character in a
mono-chromatic, non-grayscale rendering process are not generally compatible with a

- complex character rendered for display on a multi-tone device. Conventional techniques for
aligning the stems of a character according to a stem-alignment policy do not generally
consider the importance of balancing the counters of a character.

[0005] A technique for balancing the counters of a complex character in a mono-
chromatic, non-grayscale rendering process is set forth in U.S. Pat. No. 5,050,103 (the *103

patent) assigned to Adobe Systems Incorporated of San Jose, California. A technique for
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rendering a character for display on a grayscale device is described in U.S. Patent No.
5,943,063 (the *063 patent) assigned to Adobe Systems Incorporated of San Jose, California.

The *063 patent aligns the stems of the character according to a stem-alignment policy.

SUMMARY

[0006]  In general, in one aspect, the invention provides methods and apparatus, including
computer program products for rendering characters for output on a multi-tone device. A
character including stems and having an associated output resolution and an associated bit
depth can be received. The counters defined by the stems can be grouped into one or more
chains of counters. The stems of the character can be aligned based on a stem alignment
policy while the chains of counters are balanced based on the output resolution. A pixel map
can be created at the output resolution and the output bit depth based on the aligned stems.
According to another aspect, a system for scaling a character having stems can include a
processor and a computer readable medium encoding a computer program product, including
a document handling application, operable to cause the processor to perform the operations
described.

[0007]  Advantageous implementations of the invention include one or more of the
following features. The stem alignment policy can be a hard-edge policy, a soft-edge policy,
a black-edge policy, a minimum-bias policy, or a directional-edge policy. The directional
edge policy can align the stems of the character to the output resolution in a bias direction
consistent with an orientation of the stems. The aligning of the stems and the balancing of
the chains of counters can be based on an expansion factor. The expansion factor can be
between 5% and 7%. The output resolution can be a horizontal output resolution and a

vertical output resolution.
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[0008] Particular embodiments of the invention can be implemented to realize one or
more of the following advantages. The relative widths of stems and counters in complex
characters can be preserved when the characters are rendered on an output device. The
readability of complex characters can be enhanced while blurriness is reduced. The counters
and stems of complex characters can be more distinctive which improves the visual appeal
and recognizability of the characters. Complex characters can be downsampled to lower
resolutions while maintaining readability.

[0009] Embodiments of the invention can avoid the blurriness and low readability
created by a serial application of stem alignment and counter balancing. Embodiments of the
invention can create complex characters that appear less blurry or washed out, and that have
both well defined and readily recognizable counters. This can be of particular benefit with
Chinese hanzi, Japanese kanji, and Korean hanja and hangul characters having many stems
and counters.

[0010] The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, aspects, and advantages

of the invention will become apparent from the description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a flow chart showing a method for scaling a character having stems.
[0012]  FIG. 2A is an outline of an uppercase “I” having several horizontal stems and
counters.

[0013] FIG. 2B is a high resolution bitmap of an uppercase “I””.

[0014]  FIG. 2C is a grayscale bitmap at the output resolution of an uppercase “I””.
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[0015] FIG. 3A is an outline of an uppercase “I” after stem alignment with a soft-edge
policy (no counter balancing) according to conventional methods.

[0016] FIG. 3B is a high resolution bitmap of an uppercase “I” after stem alignment with
a soft-edge policy (no counter balancing) according to conventional methods.

[0017] FIG. 3C is a grayscale bitmap at the output resolution of an uppercase “I” after
stem alignment with a soft-edge policy (no counter balancing) according to conventional
methods.

[0018] FIG. 4A is an outline of an uppercase “I”” after counter balancing (without vertical
alignment of the horizontal stems) according to conventional methods.

[0019]  FIG. 4B is a high resolution bitmap of an uppercase “I” after counter balancing
(without vertical alignment of the horizontal stems) according to conventional methods.
[0020] FIG. 4C is a grayscale bitmap at the output resolution of an uppercase “I” after
counter balancing (without vertical alignment of the horizontal stems) according to
conventional methods.

[0021] FIG. 5A is an outline of an uppercase “I” after concurrent stem alignment with a
directional-edge policy and counter balancing.

[0022] FIG. 5B is a high resolution bitmap of an uppercase “I” after concurrent stem
alignment with a directional-edge policy and counter balancing.

[0023]  FIG. 5C is a grayscale bitmap at the output resolution of an uppercase “I”” after
concurrent stem alignment with a directional-edge policy and counter balancing.

[0024] FIG. 6 is a block diagram of a programmable computer that is a suitable host for
the method and apparatus of the present disclosure.

[0025] FIG. 71s a flow chart showing the use of an expansion factor to adjust alignment.
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[0026]  Like reference numbers and designations in the various drawings indicate like

elements.

DETAILED DESCRIPTION

[0027] The present disclosure relates to a method of scaling characters for output on a
multi-tone device. For ease of explanation, the following examples scale characters for
output on a grayscale device. The methods described can also be applied to color devices.
As an example, FIG. 1 is a flow chart showing a method for scaling a character having stems
for output on a grayscale device. A process responsible for scaling the characters can receive
at 110 the character with stems, an output resolution, and an output bit depth. Examples of
such a process include a document handling application, a character rendering routine, and a
general purpose rasterizer. The inputs can be passed to the process or can be already
contained in the process. The white spaces between the stems of the characters, i.e., the
counters, can be grouped at 120 into chains. The counters and chains are conventionally
divided into two groups: vertical and horizontal. The stems of the character can be aligned at
130 according to the stem alignment policy while the chains of counters are concurrently
balanced based on the output resolution. A pixel map at the output resolution and bit depth
can be created at 140 of the character based on the aligned stems. This pixel map can be
passed to another process for further processing or use, or it can be rendered to the output
device.

[0028] When conducting stem alignment there are several stem-alignment policies that
can be used. Conventional policies include a hard-edge policy, a soft-edge policy, a black-

edge policy, and a minimum-bias policy.



WO 2007/095442 PCT/US2007/061807

[0029] A hard-edge policy aligns both edges of the stem to coarse grid boundaries.

While this policy yields crisp strokes, it has the disadvantage that stem widths can become
too highly quantized and can result in characters that appear uneven, overbold, or underbold.
[0030] A soft-edge policy aligns at least one edge of the stem to a coarse grid boundary.
This policy also involves the aligned edge being towards the outside of the character. In that
way, both the top and bottom edges of the character are aligned to the coarse grid and any
gray pixels point towards the center of the character.

[0031] A black-edge policy aligns at least one edge of the stem to a coarse grid boundary.
This policy minimizes the movement of the stem center while retaining at least one coarse
grid aligned edge.

[0032] A minimum-bias policy is a modification of the black-edge policy that applies to
stems greater that one device pixel, but less than two device pixels in width. Under the
minimum-bias policy, these stems are not aligned with the coarse grid. The result is that both
device pixels remain gray rather than making one of them black and the other one a lighter
shade of gray, as would happen under the black-edge policy.

[0033] The following example shows the method described above applied to a stylized
uppercase “I”. FIG. 2A is an outline of an uppercase “I”” 201 having several horizontal stems
and counters. The stylized uppercase “I” 201 has 8 horizontal stems 203. The white spaces
between these horizontal stems define 7 horizontal counters 205. Conventional non-stylized
uppercase “I” characters often have between 1 and 3 stems and no counters. Uppercase “I”
201 is a complex character with multiple stems and counters that was created to illustrate the
techniques described below. The distortion in the stems and counters of the uppercase “I”

during the scaling and rendering process following conventional methods can be reduced.
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This example is also applicable to other complex characters such as Chinese hanzi, Japanese
kanji, and Korean hanja and hangul characters. The teachings of the present disclosure
related to the horizontal stems 203 and the horizontal counters 205 are equally applicable to
vertical stems and vertical counters.

[0034] The uppercase “I” 201 is superimposed on two grids. The first grid 207 is defined
by the solid lines and corresponds to the output resolution (this grid is also called the “coarse
grid”). The second grid 209 is defined by the dotted lines and corresponds to the high
resolution used in the render (this grid is also called the “fine grid”). In this example, the fine
grid has a resolution sixteen times larger than the coarse grid. That is to say, for each coarse
grid pixel there are sixteen corresponding fine grid pixels. One or both of these grids are also
shown in FIG. 2B-5C.

[0035] The ratio of fine grid pixels to coarse grid pixels (grid ratio) can be identical in the
horizontal and vertical directions. Depending on the application or font, it can also be
advantageous to choose independent grid ratios in the horizontal and vertical directions. In
these examples the horizontal grid ratio is equal to the vertical grid ratio, but these teachings
can also be applied to situations where the horizontal grid ratio is different than the vertical
grid ratio. Independent horizontal and vertical grid ratios can increase readability and overall
size consistency.

[0036]  Uppercase “I” 201 represents a font outline of a complex character. When
rendering a character, this outline is first scaled to the fine grid. As shown in FIG. 2A, the
horizontal s‘;ems 203 have a uniform width of about 7 high resolution pixels. Likewise, the

horizontal counters 205 have a uniform width of about 3.5 high resolution pixels.
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[0037] After a character has been scaled to the fine grid, fine grid pixels corresponding to
the character outline can be turned on to create a high resolution bitmap of the character. If
no correctional transformations, such as stem alignment or counter balancing, are performed,
the high resolution bitmap can be created by turning on all fine grid pixels contained within
the character outline. The fine grid pixels are mono-chromatic and can only be turned on or
off. For example, FIG. 2B is a high resolution bitmap of an uppercase “I”’. FIG. 2B shows a
high resolution bitmap of the uppercase “I” shown in FIG. 2A. The fine grid pixels
contained within the outline of uppercase “I” 201 in FIG. 2A have been turned on. The
outline in FIG. 2A has been quantized to the fine grid as shown in FIG. 2B. Horizontal stems
213 have the same fine grid width as horizontal stems 203. As a result of the quantization
process, horizontal counters 215 do not have the same fine grid width as horizontal counters
205. The horizontal stems 213 have a uniform width of 7 fine grid pixels, but the horizontal
counters 215 have a width of either 3 or 4 fine grid pixels.

[0038]  After a high resolution bitmap is created, a grayscale coarse bitmap of the
character can be created for display on the output device. Coarse grid pixels can be turned on
or off based on the number of corresponding fine grid pixels that were turned on in the high
resolution bitmap. Unlike the fine grid pixels, the coarse grid pixels are grayscale pixels and
can be turned on to one of several different tones. The tone of each coarse grid pixel is
determined by the number of corresponding fine grid pixels that have been turned on. As the
number of corresponding high resolution pixels increases, the tone of the coarse grid pixel
gets darker. If every corresponding fine grid pixel is turned on, the coarse grid pixel will be
black. Likewise, if no corresponding fine grid pixels are turned on, the coarse grid pixel will

be white (turned off). For example, FIG. 2C is a grayscale bitmap at the output resolution of
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an uppercase “I”. FIG. 2C shows a grayscale bitmap created from the high resolution bitmap
shown in FIG. 2B. The patterns shown in FIG. 2C represent various levels of greyscale
tones. The darker patterns represent darker tones and the lighter patterns represent lighter
tones. The coarse grid pixels have been turned on based on the corresponding number of fine
grid pixels turned on in FIG. 2B. The horizontal stems 213 have been transformed into
horizontal stems 223 and the horizontal counters 215 have been transformed into horizontal
counters 225. Unlike horizontal stems 213, horizontal stems 223 do not have a uniform
width since they have been downsampled to the coarse grid. Likewise, horizontal counters
225 do not have a uniform width. At the output resolution, the horizontal stems 223 vary in
width from 2 to 3 pixels and the horizontal counters 225 vary in width from 0 to 1 pixels.
This variance can result in a grayscale character that appears blurry or washed out. The
variance is shown in horizontal stems 223 and horizontal counters 225. Zero width counters,
i.e. counters that contain no white pixels, can decrease a character’s readability and
appearance. This decrease in readability and appearance is shown in horizontal counters 225.
[0039] One conventional method of improving the appearance of a character on an output
device is to align the stems of the character with the coarse grid. For example, FIG. 3A is an
outline of an uppercase “I” after stem alignment with a soft-edge policy (no counter
balancing) according to conventional methods. FIG. 3A shows an outline of the uppercase
“T” from FIG. 2A after stem alignment with a soft-edge policy according to conventional
methods. The counters have not been balanced. Because the stems have been aligned and
the counters have not been balanced, the stems have a uniform width while the counters do
not. The horizontal stems 303 have a uniform width identical to that of the horizontal stems

203. However, there is great variance in the width of the horizontal counters 305, unlike the
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uniformity in the horizontal counters 205. As can be seen in FIG. 3A, the width of the
horizontal counters 305 at the fine grid resolution varies from 1 pixel to 6 pixels.

[0040] As described above, the outline of a character can be used to obtain a high
resolution bitmap of the character. A character outline can also be changed due to a
correctional process such as stem alignment and then used to obtain a high resolution bitmap
of the modified character. For example, FIG. 3B is a high resolution bitmap of an uppercase
“I” after stem alignment with a soft-edge policy (no counter balancing) according to
conventional methods. FIG. 3B shows a high resolution bitmap of the uppercase “I” shown
in FIG. 3A. The horizontal stems 313 and horizontal counters 315 correspond to the
horizontal stems 303 and horizontal counters 305 and retain the same widths.

[0041] As described above, a high resolution bitmap of a character can be used to obtain
a grayscale bitmap of the character at the output resolution. For example, FIG. 3Cis a
grayscale bitmap at the output resolution of an uppercase “I” after stem alignment with a
soft-edge policy (no counter balancing) according to conventional methods. FIG. 3C shows
a grayscale bitmap of the high resolution bitmap shown in FIG. 3B. Although the horizontal
stems 323 are aligned vertically and horizontally and have a uniform width at the output
resolution, the horizontal counters 325 do not have a uniform width at the output resolution.
In fact, four of the counters have a width of 1 coarse grid pixel while three of the counters
have a width of 0 coarse grid pixels. The creation of zero width counters results in a
distorted version of the original character. This distortion can be seen in horizontal counters
325.

[0042] One conventional method of improving the appearance of a character on an output

device is to balance chains of counters of the character. For example, FIG. 4A is an outline

10



WO 2007/095442 PCT/US2007/061807

of an uppercase “I” after counter balancing (without vertical alignment of the horizontal
stems) according to conventional methods. FIG. 4A shows an outline of the uppercase “I”’
from FIG. 2A after counter balancing according to conventional methods. Conventional
counter balancing is based on fine grid increments and does not consider the coarse grid.
Therefore, conventional counter balancing can create counters that are balanced with respect
to the fine grid, but are not balanced with respect to the coarse grid. Counter balancing, like
stem alignment, can be carried out vertically and/or horizontally. In the example, the
horizontal stems 403 have uniform width but are not vertically aligned to the coarse grid.
The horizontal stems 403 have a uniform width of 7 fine grid pixels and the horizontal
counters 405 have a uniform width of 4 fine grid pixels.

[0043]  As described above, the outline of a character can be used to obtain a high
resolution bitmap of the character. A character outline can also be changed due to a
correctional process such as counter balancing and then used to obtain a high resolution
bitmap of the modified character. For example, FIG. 4B is a high resolution bitmap of an
uppercase “I” after counter balancing (without vertical alignment of the horizontal stems)
according to conventional methods. FIG. 4B shows a high resolution bitmap of the
uppercase “I” shown in FIG. 4A. The horizontal stems 413 and horizontal counters 415
correspond to the horizontal stems 403 and horizontal counters 405 and retain the same
widths.

[0044) As described above, a high resolution bitmap of a character can be used to obtain
a grayscale bitmap of the character at the output resolution. For example, FIG. 4C is a
grayscale bitmap at the output resolution of an uppercase “I” after counter balancing (without

vertical alignment of the horizontal stems) according to conventional methods. FIG. 4C

11
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shows a grayscale bitmap of the uppercase “I” shown in FIG. 4B. Counter balancing at the
fine grid resolution does not align the stems or counters with coarse grid pixels. Therefore,
the grayscale bitmap sent to the output device does not have counters and stems with uniform
widths. For example, at the output resolution, neither the horizontal stems 423 nor the
horizontal counters 425 have a uniform width. The width of the horizontal stems 423 varies
from 2 coarse grid pixels to 3 coarse grid pixels. This variation in stem width can result in a
character that is blurry and difficult to read. This blurriness can be seen in horizontal stems
423. The width of the horizontal counters 425 varies from 1 coarse grid pixel to 0 coarse
grid pixels. This distortion and the creation of zero width counters resulis in a character that
appears blurry and has decreased readability. The distortion and decreased readability can be
seen in the horizontal counters 425.

[0045]  As shown in the present disclosure, it can be beneficial to perform concurrent
stem alignment and counter balancing. This process can improve the appearance and
readability of the character. Any stem alignment policy can be used, but for some complex
characters, a directional-edge can be preferable. For example, FIG. 5A is an outline of an
uppercase “I” after concurrent stem alignment with a directional-edge policy and counter
balancing. FIG. 5A shows an outline of the uppercase “I”” from FIG. 2A after concurrent
stem alignment with a directional-edge policy and counter balancing. When stem alignment
and counter balancing are performed concurrently the relative widths of the horizontal stems
and horizontal counters are preserved. The counters are also aligned to the coarse grid which
improves their appearance and enhances readability. Both the stems and counters of the
uppercase “I” in FIG. 5A have uniform widths. The horizontal stems 503 have a uniform

width of 7 fine grid pixels and the horizontal counters 505 have a uniform width of 5 fine

12
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grid pixels. This uniform appearance and the alignment of the counters to the coarse grid
improves the look and readability of the character after it has been converted to grayscale as
demonstrated below.

[0046] As described above, the outline of a character can be used to obtain a high
resolution bitmap of the character. A character outline can also be changed due to a
correctional process such as concurrent stem alignment and counter balancing and then used
to obtain a high resolution bitmap of the modified character. For example, FIG. 5B is a high
resolution bitmap of an uppercase “I” after concurrent stem alignment with a directional-edge
policy and counter balancing. FIG. 5B shows a high resolution bitmap of the uppercase “I”
shown in FIG. 5A. The horizontal stems 513 and horizontal counters 515 correspond to the
horizontal stems 503 and horizontal counters 505 and retain the same widths.

[0047]  As described above, a high resolution bitmap of a character can be used to obtain
a grayscale bitmap of the character at the output resolution. For example, FIG. 5Cis a
grayscale bitmap at the output resolution of an uppercase “I” after concurrent stem alignment
with a directional-edge policy and counter balancing. FIG. 5C shows a grayscale bitmap of
the uppercase “I” shown in FIG. 5B. By following this method, the grayscale rendering of
the uppercase “T” is no longer blurry or washed out. In addition, due to the directional-edge
policy the vertical orientation of the horizontal stems 523 is consistent which creates a more
visually pleasing rendering of the original character. In this example, the horizontal stems
523 have been aligned to the bottom which results in a row of black coarse grid pixels on the
bottom of each horizontal stem 523. Even at the output resolution, both the horizontal stems
523 and the horizontal counters 525 retain uniform widths. The horizontal stems 523 have a

uniform width of 2 device pixels and the horizontal counters 525 have a uniform width of 1

13



WO 2007/095442 PCT/US2007/061807

device pixel. The uniformity amongst the horizontal stems 203 and horizontal counters 205
of FIG. 2A is preserved in the horizontal stems 523 and the horizontal counters 525.

[0048] When performing stem alignment, many possible stem-alignment policies can be
used. Conventional stem alignment policies such as a hard-edge policy, a soft-edge policy, a
black-edge policy, or a minimum-bias policy can be employed. For improved results, the
newly developed directional-edge policy can also be used. The directional-edge policy is a
policy created for the combination of stem alignment and counter balancing. It is similar to
the soft-edge policy except that it has a consistent direction bias perpendicular to the stems
and counters. For horizontal stems, the bias direction can be top or bottom. For vertical
stems, the bias direction can be right or left. The directional-edge policy can create a more
uniform and balanced result for complex characters than that achieved by conventional stem-
alignment policies. For example, FIG. 5C shows the result of the directional-edge policy.
Each of the horizontal stems 523 are composed of a row of black pixels on the bottom and a
row of gray pixels on the top. This orientation can be contrasted with FIG. 3C. In FIG. 3C,
the horizontal stems 525 have been aligned with a soft-edge policy which results in half of
the stems having black rows on the bottom and gray rows on the top and half of the stems
having black rows on the top and gray rows on the bottom. The soft-edge policy creates an
artificial line of symmetry in the middle of the figure and as a result the top and bottom rows
of pixels are black. While this policy works well for simple characters with symmetry and
relatively complete coverage of the edges of the pixel map, many complex characters lack
these axes of symmetry and have relatively incomplete coverage of the edges of the pixel
map. Therefore, a directional-edge policy may give a more uniform appearance and may

result in an increase in character readability for complex characters.
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[0049] When concurrently performing stem alignment and counter balancing, the
character will often be expanded or shrunk in order to retain the relative widths of the stems
and counters. Unfettered expansion and shrinkage are undesirable for two reasons. First, the
original target size of the character can be lost in the process. Second, the amount by which
each character expands or shrinks is frequently different than the amount by which the
characters before and after it expand or shrink. This difference can lead to a non-uniform
appearance.

[0050] In order to limit the expansion and shrinkage of complex characters being
rendered, some embodiments of this invention can employ an expansion factor that limits the
total expansion or shrinkage of the character. The expansion factor can be applied to a group
of characters, such as a font, to create a more uniform appearance across the members of the
group.

[0051] The expansion factor alters the alignment of stems and the balancing of counters
by limiting the amount the character can expand or contract. For example, FIG. 7 is a flow
chart showing the use of an expansion factor to adjust alignment. FIG. 7 shows the use of an
expansion factor to adjust the alignment of stems and balancing of counters. Stems, chains
of counters, an output resolution, and the expansion factor can be received at 710. The stems
are aligned at 720 according to an alignment policy, such as the directional-edge policy
while the chains of counters are concurrently balanced based on the output resolution. The
alignment is adjusted at 730 by compromising the counter balancing based on the expansion
factor. If the new character size exceeds the threshold established by the expansion factor,
i.e. the character has become too large or too small, the alignment is first adjusted by

allowing distortion in the counter balancing. If this adjustment is insufficient to bring the
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character size within the threshold established by the expansion factor, then the adjustment is
continued by compromising stem alignment at 740 based on the expansion factor.

[0052] The expansion factor can range from 0%, which prevents all changes in size of
the character, to 100%, which allows unlimited size adjustments of the character. The ideal
expansion factor typically changes depending on the font, but for most fonts an expansion
factor of between 5% and 7% may be optimal. An expansion factor of 6% may be ideal for
most fonts including Chinese hanzi, Japanese kanji, and Korean hanja and hangul fonts. This
expansion factor is a compromise between the goal of aligned stems and balanced counters
and the goal of overall size consistency among the characters in a font. Changes to the
expansion factor will favor one of these goals at the expense of the other. Depending on the
application and the font, it may be desirable to decrease the expansion factor to improve
overall size consistency.

[0053) The expansion factor can also be chosen independently for the horizontal and
vertical directions. A separate expansion factor for each direction can be desirable depending
on the application and font. In these examples the horizontal expansion factor is equal to the
vertical expansion factor, but these teachings can also be applied to situations where the
horizontal expansion factor is different than the vertical expansion factor. Independent
horizontal and vertical expansion factors can increase readability and overall size
consistency.

[0054] As shown, the uppercase “I” 201 in FIG. 2A is expanded when stem alignment
and counter balancing are concurrently performed and therefore the uppercase “I” in FIG. SA
is markedly larger in height. To better show the effect of concurrent stem alignment and

counter balancing, the expansion factor in this example was chosen to be 100%, which
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allows unfettered expansion and shrinkage of the character. A smaller value would limit the
possible expansion or shrinkage and result in a character more similar in size to the original
outline.

[0055] Additionally, when concurrently performing stem alignment and counter
balancing with the additional limitation of an expansion factor, it may be preferable to
expand the character rather than shrink the character. If the character is shrunk instead of
expanded, it will be harder to read. Also, the possibility exists that the character will be
shrunk to have a dimension of 0 device pixels.

[0056]  Embodiments of the invention and all of the functional operations described in
this specification can be implemented in digital electronic circuitry, or in computer software,
firmware, or hardware, including the structures disclosed in this specification and their
structural equivalents, or in combinations of them. Embodiments of the invention can be
implemented as one or more computer program products, i.e., one or more modules of
computer program instructions encoded on a computer-readable medium for execution by, or
to control the operation of, data processing apparatus. The computer-readable medium can
be a machine-readable device, ¢.g., a machine-readable storage device, storage medium, or
memory device, or multiple ones of them; or it can be a tangible machine-readable
propagated signal. The term “data processing apparatus” encompasses all apparatus, devices,
and machines for processing data, including by way of example a programmable processor, a
computer, or multiple processors or computers. The apparatus can include, in addition to
hardware, code that creates an execution environment for the computer program in question,
€.g., code that constitutes processor firmware, a protocol stack, a database ménagement

system, an operating system, or a combination of them,. A propagated signal is an artificially
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generated signal, e.g., a machine-generated electrical, optical, or electromagnetic signal, that
is generated to encode information for transmission to suitable receiver apparatus.

[0057] A computer program (also known as a program, software, software application,
script, or code) can be written in any form of programming language, including compiled or
interpreted languages, and it can be deployed in any form, including as a stand-alone
program or as a module, component, subroutine, or other unit suitable for use in a computing
environment. A computer program does not necessarily correspond to a file in a file system.
A program can be stored in a portion of a file that holds other programs or data (e.g., one or
more scripts stored in a markup language document), in a single file dedicated to the program
in question, or in multiple coordinated files (e.g., files that store one or more modules,
sub-programs, or portions of code). A computer program can be deployed to be executed on
one computer or on multiple computers that are located at one site or distributed across
multiple sites and interconnected by a communication network.

[0058] The processes and logic flows described in this specification can be performed by
one or more programmable processors executing one or more computer programs to perform
functions by operating on input data and generating output. The processes and logic flows
can also be performed by, and apparatus can also be implemented as, special purpose logic
circuitry, e.g., an FPGA (field programmable gate array) or an ASIC (application-specific
integrated circuit).

[0059]  Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more processors
of any kind of digital computer. Generally, a processor will receive instructions and data

from a read-only memory or a random access memory or both. The essential elements of a
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computer are a processor for executing instructions and one or more memory devices for
storing instructions and data. Generally, a computer will also include, or be operatively
coupled to receive data from or transfer data to, or both, one or more mass storage devices
for storing data, e.g., magnetic, magneto-optical disks, or optical disks. However, a
computer need not have such devices. Moreover, a computer can be embedded in another
device, e.g., a mobile telephone, a personal digital assistant (PDA), a mobile audio player, a
Global Positioning System (GPS) receiver, to name just a few. Information carriers suitable
for storing computer program instructions and data include all forms of non-volatile memory,
including by way of example semiconductor memory devices, e.g., EPROM, EEPROM, and
flash memory devices; magnetic disks, ¢.g., internal hard disks or removable disks;
magneto-optical disks; and CD-ROM and DVD-ROM disks. The processor and the memory
can be supplemented by, or incorporated in, special purpose logic circuitry.

[0060] To provide for interaction with a user, embodiments of the invention can be
implemented on a computer having a display device, e.g., a CRT (cathode ray tube) monitor,
an LCD (liquid crystal display) monitor, an OLED (organic light-emitting diode) monitor, or
a printer, or for displaying information to the user and a keyboard and a pointing device, e.g.,
a mouse or a trackball, by which the user can provide input to the computer. Other kinds of
devices can be used to provide for interaction with a user as well; for example, feedback
provided to the user can be any form of sensory feedback, e.g., visual feedback, auditory
feedback, or tactile feedback; and input from the user can be received in any form, including
acoustic, speech, or tactile input.

[0061]  Embodiments of the invention can be implemented in a computing system that

includes a back-end component, e.g., as a data server, or that includes a middleware
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component, e.g., an application server, or that includes a front-end component, €.g., a client
computer having a graphical user interface or a Web browser through which a user can
interact with an implementation of the invention, or any combination of such back-end,
middleware, or front-end components. The components of the system can be interconnected
by any form or medium of digital data communication, e.g., a communication network.
Examples of communication networks include a local area network (“LAN”) and a wide area
network (“WAN”), e.g., the Internet.

[0062] The computing system can include clients and servers. A client and server are
generally remote from each other and typically interact through a communication network.
The relationship of client and server arises by virtue of computer programs running on the
respective computers and having a client-server relationship to each other.

[0063] The computing system can include a document handling application that performs
the operations described herein. Examples of document handling applications include
Adobe® Acrobat® and Adobe® Reader® by Adobe Systems Incorporated of San Jose,
California. An electronic document does not necessarily correspond to a file. A document
may be stored in a portion of a file that holds other documents, in a single file dedicated to
the document in question, or in multiple coordinated files.

[0064] An example of one such type of computer is shown in FIG. 6, which shows a
block diagram of a programmable processing system (system) 610 suitable for implementing
or performing the apparatus or methods of the invention. The system 610 includes a
processor 620, a random access memory (RAM) 621, a program memory 622 (for example, a
writable read-only memory (ROM) such as a flash ROM), a hard drive controller 623, and an

input/output (I/O) controller 624 coupled by a processor (CPU) bus 625. The system 610 can
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be preprogrammed, in ROM, for example, or it can be programmed (and reprogrammed) by
loading a program from another source (for example, from a floppy disk, a CD-ROM, or
another computer).

[0065] The hard drive controller 623 is coupled to a hard disk 630 suitable for storing
executable computer programs, including programs embodying the present disclosure, and
data including characters and font programs.

[0066] The I/O controller 624 is coupled by means of an I/O bus 626 to an I/0 interface
627. The VO interface 627 receives and transmits data (e.g., stills, pictures, movies, and
animations for importing into a composition) in analog or digital form over communication
links such as a serial link, local area network, wireless link, and paralle] link.

[0067] Also coupled to the I/O bus 626 is a display 628 and a keyboard 629.
Alternatively, separate connections (separate buses) can be used for the I/O interface 627,
display 628 and keyboard 629.

[0068] Particular embodiments of the invention have been described. Other
embodiments are within the scope of the following claims. For example, the actions recited

in the claims can be performed in a different order and still achieve desirable results.
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CLAIMS

What is claimed is:

1. A mcthod comprising:

receiving a character including stems, the character having an associated output
resolution and an associated output bit depth;

grouping counters defined by the stems of the character into a chain of counters;

aligning the stems of the character based on a stem alignment policy while balancing
the chain of counters based on the output resolution; and

creating a pixel map of the character at the output resolution and the output bit depth

based on the aligned stems.

2. The method of claim 1, wherein the stem alignment policy comprises:
a hard-edge policy, a soft-edge policy, a black-edge policy, a minimum-bias policy,

or a directional-edge policy.

3. The method of claim 1, wherein the stem alignment policy comprises:

a directional-edge policy.

4. The method of claim 3, wherein aligning the stems of the character based on a directional-
edge policy comprises:
aligning the stems of the character to the output resolution in a bias direction

consistent with an orientation of the stems.

5. The method of claim 4, further comprising:
adjusting the aligning of the stems and the balancing the chain of counters based on

an expansion factor.

6. The method of claim 5, wherein adjusting the aligning of the stems and the balancing the
chain of counters based on an expansion factor comprises:
adjusting the aligning of the stems and the balancing the chain of counters based on

an expansion factor of from 5% to 7%.
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7. The method of claim 5, wherein the output resolution comprises:

a vertical output resolution and a horizontal output resolution.

8. A computer program product, encoded on a computer-readable medium, operable to cause
data processing apparatus to perform operations comprising:

receiving a character including stems, the character having an associated output
resolution and an associated output bit depth;

grouping counters defined by the stems of the character into a chain of counters;

aligning the stems of the character based on a stem alignment policy while balancing
the chain of counters based on the output resolution; and

creating a pixel map of the character at the output resolution and the output bit depth

based on the aligned stems.

9. The computer program product of claim 8, wherein the stem alignment policy comprises:
a hard-edge policy, a soft-edge policy, a black-edge policy, a minimum-bias policy,

or a directional-edge policy.

10. The computer program product of claim 8, wherein the stem alignment policy comprises:

a directional-edge policy.

11. The computer program product of claim 10, wherein aligning the stems of the character
based on a directional-edge policy comprises:
aligning the stems of the character to the output resolution in a bias direction

consistent with an orientation of the stems.

12. The computer program product of claim 11, further comprising:
adjusting the aligning of the stems and the balancing the chain of counters based on

an expansion factor.

13. The computer program product of claim 12, wherein adjusting the aligning of the stems
and the balancing the chain of counters based on an expansion factor comprises:
adjusting the aligning of the stems and the balancing the chain of counters based on

an expansion factor of from 5% to 7%.
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14. The computer program product of claim 12, wherein the output resolution comprises:

a vertical output resolution and a horizontal output resolution.

15. A system comprising:
a processor; and
a computer readable medium encoding a computer program product, including a
document handling application, operable to cause the processor to perform operations
comprising:
receiving a character including stems, the character having an associated
output resolution and an associated output bit depth;
grouping counters defined by the stems of the character into a chain of
counters;
aligning the stems of the character based on a stem alignment policy while
balancing the chain of counters based on the output resolution; and
creating a pixel map of the character at the output resolution and the output bit

depth based on the aligned stems.

16. The system of claim 15, wherein the stem alignment policy comprises:
a hard-edge policy, a soft-edge policy, a black-edge policy, a minimum-bias policy,

or a directional-edge policy.

17. The system of claim 15, wherein the stem alignment policy comprises:

a directional-edge policy.

18. The system of claim 17, wherein aligning the stems of the character based on a
directional-edge policy comprises:
aligning the stems of the character to the output resolution in a bias direction

consistent with an orientation of the stems.

19. The system of claim 18, whercin the opcrations further comprisc:
adjusting the aligning of the stems and the balancing the chain of counters based on

an expansion factor.
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20. The system of claim 19, wherein adjusting the aligning of the stems and the balancing the
chain of counters based on an expansion factor comprises:
adjusting the aligning of the stems and the balancing the chain of counters based on

an expansion factor of from 5% to 7%.

21. The system of claim 19, wherein the output resolution comprises:

a vertical output resolution and a horizontal output resolution.
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