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Yes

Does the font contain embedded BW bitmaps No
for the requested conditions (such as ppem,

geometrical transformation ...)?

(BW: Embedded BW Simple Bitmap)
Input: data of the embedded bitmap

Output: simple BW bitmap

Use the embedded bitmap as the final
output of the rasterization stage.

For example, if a font contains an
embedded bitmap for the Greek capital:
character ' at a requested ppem (as
shown below), this embedded bitmap will
be used.

Embedded BW bitmap for the character
as presented in the font data; one value
(0 or 1) per pixel. This bitmap serves as
an output from the rasterizer.
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Mapping of the BW values to the colors,
done by software outside of the rasterizer.

Fig. 1
(Prior Art)

(BW: Outline To Simple Bitmap)
Input: outline data
Output: simple BW bitmap

Compute a simple bitmap based on the
outline data.

In the simplest case the pixels whose
centers appear to belong to the interior of
the outline are turned on (marked with 1).
In reality, most of the rasterizers will use
more sophisticated algorithms (such as a
drop-out controlzI which improve
connectivity of the strokes and allow to
achieve.a higher rendering quality.

Outline for the Greek capital character
“y " as presented in the font.
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Simple BW bitmap produced by rendering
of the outline data. This bitmap serves as
an output from the rasterizer.
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Mapping of the BW values fo the colors,
done by software outside of the rasterizer.
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Does a font contains embedded AA bitmap No
for the requested conditions (such as ppem,
geometrical transformation ...)?

Yes

gAA: Embedded AA Simple (AA: Outline To Overscaled Bitmap)

itmap) Input: outline data

Output: overscaled bitmap
Input: data of the embedded

AA bitmap _ Compute an overscaled bitmap based on the outline
Output: simple AA bitmap data.
For example, if the overscale factor equals 4 (i.e. if 17
Use the embedded bitmap. gray levels are requested), scale the outline 4 times
vertically and 4 times horizontally and render it as a
For example, if a font regular BW bitmap (or in other words render the
contains an AA embedded outline on 4 times finer grid). In this case every pixel is
bitmap for the “wave” subdivided into 4x4=16 subpixels and has 16
character at 10 ppem (as corresponding values, each of which is 0 or 1.
shown below), this _
embedded bitmap will be /] J Outline for the “wave”
used as the output from the /| character as presented in the
rasterizer. i 7 font placed over the pixel grid.
AA embedded bitmap for the An overscaled bitmap
“wave” character: values e st produced by rendering of the
from 0 to 16, one value per HE outline over a 4 times finer

pixel. grsfel NoE grid. Every pixel is subdivided
o ] into 4x4 subpixels and has 16
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corresponding values, each of
3112/9/1]/0{10] 3 which is 0 (white) or 1 (black).
14] 4112|11] 0] 16} 4
16) 0| 1{13]14[13] 0 l
Possible mapping of the AA

values to the shades of gray,
done by an application
outside of the rasterizer

Fig. 2A
(Prior Art)
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AA: Overscaled To Simple Bitmap)
[Step 1]

[Step N_AA]
Input: overscaled bitmap
Output: simple AA bitmap

Compute gray-scale values of the pixels: one value
per pixel, based on the values in the overscaled
bitmap. Those values will be later converted into the
shades of gray by an application outside of the
rasterizer,

Depending on the particular algorithm, the
computation of the final gray levels can be IogicaIk'A
subdivided into several steps ([Step 1]...[Step N_AA]).
At every step some intermediate values can be
assigned to every pixel, generating a sequence of
intermediate simple bitmaps.

For example, the simplest algorithm can count the
number of the subpixels with value 1 inside eve

pixel and assign gray-scale values from 0 to 16 (17
gray levels).

5116019, 0| 0]1
35 51
16[0 [0 [\l16/5

A simple AA bitmap derived from the overscaled
bitmap. A single value from 0 to 16 corresponds to
every pixel. For every pixel, the value equals to the
number of “black” subpixels (i.e. subpixels with value 1

Possible mapping of AA values to the shades of gray,
done by an application outside of the rasterizer

Fig. 2B
(Prior Anl)
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Yes
conditions (such as ppem, geometrica

Does the font contain embedded BW bitmaps for the requested

No
| transformation ...)

(BW: Embedded BW Simple Bitmap)
Input: data of the embedded bitmap
Output: simple BW bitmap

(BW: Quitline To Simple Bitmap)
Input; outline data
Output: simple BW bitmap

v

(BW: Bitmap Simple Regular to Bitmap Simple Bold)
Input: simple BW bitmap
Output: simple BW bitmap

Fig. 3A
(Prior Art)

(BW: Bitmap Simple Regular to Bitmap Simple Bold)
Algorithm: <BW: Alg Standard>

Input; Output;
Fig. 3B
(Prior Arf)
(BW: Bitmap Simple Regular to Bitmap Simple Bold
Aigorithm: <B%N: Alg Standard> )
Design ;Z]U ;! lu EI :
OfA Input: Output: m
Character.
Fig. 3C

“(Prior Ari)
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Yes Does the font contains embedded AA bitmap for the requested No
conditions (such as ppem, geometrical transformation ...)

(AA: Embedded AA Simple Bitmap)
Input: data of the embedded AA bitmap

Output: simple AA bitmap

(AA: Outline To Overscaled Bitmap)
Input: outline data
Output: overscaled bitmap

v

(AA: Outline To Overscaled Bitmap)
Input: outline data
Output: overscaled bitmap

v

————————

(AA: Bitmap Simple Regular to Bitmap Bold Regular)
Input: simple AA bitmap
Output: simple AA bitmap

(Prior Art)

Fig. 4A
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(AA: Bitmap Simple Regular to Bitmap Bold Regular)
Input: simple AA bitmap
Output: simple AA bitmap

Input

511611 0] 016
315 [RIX| 5|19
16/ 0] 0 [vqJ16]5

In this example the simple AA bitmap is obtained by overscaling an outline (with
overscale factors (4,4)) and counting tumned on subpixels for every pixel; so that every
pixel has a value between 0 and 16.

However, the emboldening can be applied independently of the source of the input; i.e. it
will work equally fine for the input originated from an embedded bitmap with AA values
ranging from 0 to 16.

Qutput
1616/ 10{ 0/ 16]16
3| /61 4[12] 1913
16[16] 0 [M0[1615] 5

The output has exactly the same format as the input: a simple AA bitmap with values
Lal?ging form 0 to 16. Two examples of computations of the output values are shown
elow.

(1) Third pixel in the second row (the left highlighted pixel) has value 7 in the
input bitmap and its immediate left neighbor has value 5. After emboldening
the pixel is assigned value 12=7+5.

(2) Second pixel in the second row has value 5 in the input bitmap and its
immediate left neighbor has value 13. Since 5+13=18 is greater than the
rr_uaxlimal value (16) allowed in the chosen format, value 16 is assigned to the
pixel.

Result of a possible mapping of the output image to the shades of gray, performed
by software external to the rasterizer.

Fig. 4B
(Prior Ar)
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Fig. 6B
(Prior Art)

PCT/US2005/046540

Fig. 6C
(Prior Art)
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Fig. 10
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Fig. 12C

Fig. 13
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Fig. 14A  Fig. 14B Fig. 14D  Fig. 14E
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Fig. 15A Fig. 15B

Fig. 16
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YMoes the font contains embedded BW bitmaps for the requested No
\ conditions (such as ppem, geometrical transformation ...)?
Y
(BW: Embedded BW Simple Bitmap) (BW: Qutline To Simple Bitmap)
Input: data of the embedded bitmap Input; outline data
Output: simple BW bitmap Output: simple BW bitmap

v

(BW to AA: Bitmap Simple Regular to Bitmap Simple Bold)
Input; simple BW bitmap
Output: simple AA bitmap

Fig. 18
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Fig. 23C
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Start of a "Tube’

End of a "Tube"

Column B —+¢-

Fig. 25

The “opening" is 3 pixels wide
in its second row
|

"Opening" of length 3

"Tube" of length 2
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Fig. 27

{"% 1st row of opening is only 1 pixel wide
Pixel can be white or black

Fig. 28



