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[57] ABSTRACT

The invention teaches grayscale specific character outline
modification techniques for synthesizing contrast controlled
grayscale pixmap characters of improved appearance at any
resolution and size. In addition, methods for computing the
visually optimal spacing of any two characters taking into
account outline shape modifications induced by the charac-
ter contrast control method. The synthesis of contrast con-
trolled grayscale characters may include the following out-
line modification steps: (1) modifying the height of the
character by placing its reference lines on pixel boundaries
of the target pixel array, (2) verifying and correcting the
width of character strokes such as bars and curved stems. (3)
modifying the placement of vertical and horizontal bars and
of bar-like terminal elements so as to ensure that each bar or
terminal element has at least one high-contrast edge. (4)
modifying the placement of vertical and horizontal curved
stems so as to ensure similar optical correction behavior and
similar intensity profile behavior of curved character parts
throughout the characters of the comsidered character set.
Visually optimal spacing of characters is obtained by con-
verting the geometric space between the right, respectively
left border of a character and its right, respectively left
reference lines into its visually perceived equivalent. Con-
verting between geometric and visually perceived spaces
implies smoothing out the right. respectively left borders of
the character and replacing them by virtual borders which
represent the perceived space boundaries. The optimal
visual distance between the origin of the first character and
the origin of the next one is obtained by requiring the
characters to have a perceived visual space equal or close to
an ideal perceived visual space called ideal optical space
extracted from adequately spaced character pairs such as
“nn” for lower-case and “HH” for capital letters.

4 Claims, 10 Drawing Sheets
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METHOD FOR PRODUCING CONTRAST-
CONTROLLED GRAYSCALE CHARACTERS
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BACKGROUND OF THE INVENTION

This invention relates to the art of synthesizing grayscale
characters on variable intensity pixmap displays or printing
devices. More specifically, it relates to the generation of
contrast-controlled pixmap character representations at
selectable resolution and point sizes. by applying to their
outline description modifications which are specially suited
for the production of contrast-enhanced and uniformly
appearing grayscale characters.

Previous attempts to generate grayscale characters at low
resolution (72 dpi to 300 dpi) for variable intensity displays
used well-known image processing techniques (low-pass
filtering and resampling) for scaling down a high-resolution
master character pixmap image into a low-resolution dis-
playable image. The article by J.E. Warnock. “The Display
of Characters Using Gray Level Sample Arrays”. Sig-
graph’80 Proceedings. published in ACM Computer
Graphics, Vol 14, No 3, pp. 302-307 can be considered
representative of these attempts. Further techniques com-
monly used for generating pixmap characters compute for
each pixel the percentage of their surface covered by the
down-scaled master character. This coverage percentage
directly determines the pixel’s intensity. Representative of
these grayscaling techniques is the article by F. Crow. “The
Use of Grayscale for Improved Raster Display of Vectors
and Characters”, ACM Computer Graphics. Vol 12, No 3. pp
1-5, August 1978. The quality of grayscale characters pro-
duced by such methods is rather limited: the resulting
characters look fuzzy, stems and serifs which should look
the same within one character and throughout several char-
acters have a dissimilar appearance.

Changing the shapes of characters by outline modifica-
tions has been known in the prior art since the seventies. For
example, D. Knuth describes in his book *“Tex and
Metafont”, published in 1979 by American Mathematical
Society and Digital Press. a language for modifying the
shapes and outlines of characters. Since the end of the
seventies, outline modifications have been used for grid-
fitting hinted outline characters to a binary sampling grid in
order to produce bilevel raster characters which respect
important relationships between character shape parts of the
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high-resolution master character. An early description of
such outline modification and grid-fitting techniques can be
found in: “Elektronische Modifikation grafischer und ver-
balgrafischer Zeichen, Deutscher Drucker, Nr 25, 23.8.1979,
pp-4-8.

The first inventor. R.D. Hersch. developed in 1986 and
published in 1987 his own method for grid-fitting hinted
outline characters. A detailed description of this method and
of related aspects can be found in R. D. Hersch, “*Character
Generation under Grid-Constraints”., Proceedings
SIGGRAPH’87, ACM Computer Graphics. Vol 21. No 4,
July 1987. pp. 243-252. in R.D. Hersch, “Introduction to
Font Rasterization”, Raster Imaging and Digital Typography
(Andre, Hersch. eds.), Cambridge University Press. 1989,
pp. 1-13 and in R. D. Hersch, C. Betrisey. “Model-based
Matching and Hinting of Fonts”, Proceedings
SIGGRAPH’91, ACM Computer Graphics. Vol 25, No 4. pp
71-80. A similar but different technique for producing
bilevel raster characters from outline descriptions is
described in U.S. Pat. No. 4.785.391.

Many methods exist for modifying outline characters.
Each method is dedicated to a given goal. Each method is
characterized by the purpose of its outline modification
technique and by how it applies outline modifications to the
outline character for said purpose.

The present invention includes a method for producing
higher-quality grayscale characters at any size and resolu-
tion by applying to the outline of the master character a set
of modifications specifically conceived for grayscale char-
acters aimed at strengthening thin character parts (weight
control), obtaining well-contrasted bars (pixmap phase
control) and maintaining important relationships between
character shape parts of the master character set on the
synthesized grayscale pixmap character set. The invention
also includes a method for the visually optimal spacing of
pairs of such contrast-controlled grayscale characters.

SUMMARY

The invention includes a character contrast control tech-
nique which enables grayscale pixmap characters of
improved appearance to be produced and a technique for
computing the visually optimal placement between any two
pairs of characters. While the first method can be used
without the second method to generate grayscale characters
for displays or printers, only the combination of both meth-
ods produces high display quality. Thanks to their weight,
phase and spacing control techniques, these methods pro-
duce well contrasted grayscale characters of a much higher
quality than the grayscale characters produced by conven-
tional techniques. Therefore. these methods can be used to
improve the quality of a variety of devices capable of
generating characters. Such improved devices are also part
of the invention.

The character contrast control technique for producing
well contrasted and uniformly appearing grayscale charac-
ters prefers as input a hinted character outline description
whose hints comprise control information indicating the
points which define the location of bars, of serifs, of curved
character parts and of other character elements such as
terminals. The hints may also describe which portions of the
characters should be displaced and stretched in order to
modify the width and the position (phase) of the different
character elements with respect to the grid. At rendering
time. contrast control is obtained by applying grayscale-
specific modifications to the character outline, using the
hinting information. This set of modifications includes the


















