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CHARACTER GENERATION DEVICE AND METHOD THEREFOR

—n

The present invention relates, in general, to an outline
font system and, more particularxly, to a character generation
device and methcd for generating a character pattern based on

character code and size data.

In conventicnal ocutline font systems, a reference character

" of a predetermined size is constructed based on reference

coordinate data, such as that shown in Fig. 1 (a) and 1 (b), which
is stored in a font data wmemory, for a reference coordinate system. In
order to generate a cha;cacter of j_é size larger or smaller than
the predetermined size, the coordinate dat.a is converted
according to a predetermined algoritm.

After the refevence coordinate data is converted, an
interpolating operation is perfémed to connect the coordinate
data points, then contour line information is formed. Finally,
a painting operation is executed in accordance with the contoux
line information, thereby generating the character. The above-
mentioned interpolating operation may include a lineax
function, a quadratic function, and/or a spline function
performed repeatedly, é.ll._ of which are complicated operé.ti.ons.

The coordinate data of Fig. 2 represents the results of
converting the reference coordinate data of Fig. 1{a). In
particular, the coordinate data of Fig. 2 represents the

reference coordinate data of Fig. 1 (a) converted into data of 12
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points, as an example. Since the reference coordinate data
represents a 32 point character, the conversion to a 12 point
character reqguires multiplyving the reference coordinate data by
12/32. In this convertin; operation, while the reference
cocordinate data are expressed as integer.some of the converted
data (i.e., converted from 32 points to 12 points.in size) are
expressed as noninteger.

Conventionally, there arxe employed two methods fox
performing the imter@olating operation for noninteger converted
data. In cne of these methods, a floating point operation is
used in carrying out the interpolating operation. In the
other, the noninteger converted data are rounded cff according
to a predetermined rule. For instance, a noninteger converted
datum is rounded when.the decimal portion is greater than or
equal to .3, and rounded down wheh the decimal operation is
less than .5 to thereby round it to the nearest whole number,
prior to executing the interpclating operation.

The former method is very accurate because the size
conversicn results in very little or no error and thus the
outline font data are of very high quality. However, because
this method involves £flocating pocint operations in the
interpolating operatioﬁ which is very complicated, it takes a
relatively long time to generate a character.

in the latter method, since the figure operated on in the

interpolating operation is an integer, the operation can be

performed at very high speeds. However, because of guantizing
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errors, which are generated by rounding the converted data up or
down to the nearest integer, many exrors result during the
interpolating operation. As a result, when compared with a
character generated by the former method, this method produces
characters cf very poor guality.

Accordingly, it is an object of the present invention to
eliminate the drawbacks and disadvantages o©f the above-described
methods and to provide a character generation device which
performs at high speeds while still generating a character pattern

of high qmality .

This object is solved by the character generating device of
independent claim 1 or 4 and the method of independent claim 8.
Further advantageous features, aspects and details of the
inventicn are evident from the dependent claims, the description
and the drawings. The claims are intended to be understood as a
first non-limiting approach of defining the invention in general
terms .

In accordance with a specific aspect of the present inventicn
there is provided a character generation device of an outline font
system for generating a character of a predetermined size based on
character data, the character generaticn device including a font
menmory storing the character data including reference cooxdinate
data, threshold data, and line-type data, cocordinate data size
converting means, for converting the reference coordinate data to
coordinate data coxresponding to a predetermined size of a
character, and an interpolating operation means, responsive to the
converted coordinate data and the line-type data, for generating
contour line inmformation of the character.




10

13

20

25

In accordance with a further specific aspect of the present invention
there is provided a character generation device of an cutline
font system for generating & character of a predetermined size
based on character data, =;he character generation device
including a font memorxy storing the character data including
reference coordinate data, branching data, and line-type data,
a plurality of coordinate data size converting means, and forx
converting the reference coordinate data toc cooxrdinate data
cerresponding to a predetermined size of a character and for
adjusting the converted data according to threshold data, and
an interpolating operation means, responsive to the converted

ccordinate data and the line~type data, for generating contour

line informaticn of the character.

In accordance with a still further aspect of the present invention there is

provided a method of generating a character of a predetermine
reference ccordinate data, threshold data, and line~type data stored in

a2 font memory, including the steps of converting the reference
coordinate data to cooxrdinate data corresponding to a selected
predetermined size by multiplying the reference coordinate data
by a Qtedetermined number and adding the threshold data
thereto, rounding the converted data to the nearest whole
number, generating contour line information based on the
converted cocrdinate data rounded to the nearest whole number,-
and generating a character of the selected predetermined sizé

based on the ceonverted coordinate data and the contour line

N
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Fig. l{a) illustxates a table of reference coordinate data
and line-type data stored in a font data memory of a font
cutline system; B

Fig. 1(b) is &a graphical representation of points
corresponding te the cooxdinate data of Fig. 1(a) after being
connected in the X-Y cooxdinate system;

Fig. 2 iliustrates a table of coordinate data of 12 points
obtained by converting the reference coordinate data of Fig.
1(a);

Fig. 3 shows a block diagram of a character generation
device according to a first embodiment of the present invention;

Fig. 4 graphically represents examples of linémtype data;

Figs. S (a) to 5{h) illustrate variations of a character "&" of 12 |
points cbtained when a threshold value © is varied from 0/8 to
7/8 sequentially;

Fig. 6 illustrates a wvariation bf a character "&" of 12
point obtained using a floating point operation during an

interpclating operation; and

nt of a
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Fig. 7 shows a block diagram of ancther

character generation device according to the invention.

= o=

A first embodiment of a character generation device

according to the invention will be described with reference to

Fig. 3.
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The character generation device includes, in general, a
font data memory 1, 2, and 3, a cocrdinate data size conversion
means 4, an interpolating cperatiocn means 5, an image buffer 6,
and a paint-out means 7. Th;'fcnt data memory stores reference
coordinate data 1, threshold wvalue data 2, and line-type data
3. The coordinate data 1, as shown in Fig. l(a), includes X
and Y coordinates, each representing a point on a reference
coordinate system which is necessary to form a reference
character of a predetermined size. Fig. 1{b} shows a character-
"a” which is generated based on the data of Fig. 1l(a)}. The
threshold value data 2 is used tc determine whether a decimal
fraction, which is produced as a result of the reference
coordinate data converting process, is rounded up or down to
whole number. That is, the threshold value data is added to
the‘ccardinate value, and then the sum of these two numbers is
rounded down to the nearest whele number thereby converting a
floating point number to an integer.

The coordinate data size conversion means 4 processes data
by converting the reference coordinate data to ccocordinate data
representing a character cf a requested size by processing the
character size and threshold value data in the following
e@uati@né

- -Requested character size
Conversicn data = INT

g Reference character size

X (Cocxdinate data + Threshold value)g
§
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wherein, INT is a function which rounds the result within the
parenthesis to a whole number.

" The interpolating operation means 3 pexforms a
predetermined algorithm to generate contour line information
for connecting two points with each other. In ‘this example,
the algorithm shows “the interpolating algorithm with straight
and parabola” which is one of the varieties of interpolating
algorithm. As shown in Fig. 4, the means 5 has six functions,
which correspond to the line-type data 3, respectively,
including a straight line 1l,a rightward convex parabcla Bl,an

intermediate line 2! between the straight line ¥ and the

- rightward convex parabola 3l an leftward convex parabola 51, an

intermediate line 4! between the straight line I and the

leftward convex parabola 51, and a line with no intergolati@n.ﬁl.

({These indicate just straight and a parabola line information.}
The interpolating operations are performed for each of two
points by substituting the converted reference ccordinate data
corresponding to the size into the function which is determined
by the line-type data 3. The interpolated results are written
sequentially intc an image buffer 6. Thus, after completing
the. interpolation process for all points, contour line
information is stored in the image buffer 6.

Finally, <the paint-out sprocessing means 7 geneiates a
character according to the contour line information.stoged in

the image buffer 6, whereby a character cof a requested size is

formed and stored in the image buffer.
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Next, with reference to Figs. 5 and 6, an example will be
provided to illustrate the use of the threshold value.

First, a requested size is selected. The threshold value
is then set initially to 0/8, for example. A character pattern
is generated by simulating the above-mentioned method. Next,
the threshold value is set to 1/8, for example, and a second
simulation is performed. Likewise, the threshold value is set
to 2/8, 3/8, 4/8, 5/8, 6/8, and 7/8 sequentially and
simulations are performed sequentially. Of these simunlations,
tﬁ@ threshold value that generates a character of the highest
guality is selected. Finally, the value is stored into the
font data memory as the datum of the character and of the size.

Referring to Fig. 5(a) - 5(h), & 12 point character "&" is
shown, as an example, wherein the threshcld value is varied
sequentially. The shape of the character due to the variation
of the threshold value is shown in Fig. 5.. (In the example of
Fig. 5, the interpolation process between twc points employed
an interpolation algorithm using a straight line and/or a
parabola. However, similar results can be cbtained when other
types of interpolation algorithms are used.)

In Fig. 6, there is shown an image data of 12 points of the
character “&" obtaingd when an integpoléting cperation is
performed usinyg a floating point operation (i.e., the converted.
reference coordinate data are not rounded or modified)}. Thus,
the "&" of Fig. & regiesents a character of high guality, but,

as stated above, an interpoclation process using a £loating
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point operation takes a relatively long time to generate a
character.

However, according to the present invention, it is apparent
that the character cbtained ;hen the threshold value is set to
5/8 (Fig. 5(£)) is very $imilar, if not the same, in quality to
the high guality character of Fig. 6. Thus, the threshold
value data of 5/8 for the 12 point character "&” is selected
and stored in the font data memory. In addition, if the numbexr
of stages used to divide the threshold value is decided in
advance (i.e., the denominator) to be a constant number, then
the converting process can incorporate the denominator in the
size conversion processing. Thus, only the numerator of the
threshold value will need to be stored in the font data memory,
thus saving memory storage space.

In this embodiment, an @xamplg is provided in which the
threshold value is divided into 8 stages. However, it will be
guite cbviocus to those skilled in the art that the greater the
number of stages, the.mmre ideal or higher guality charactex
pattern will be generxated. It will also be cobvious that the
operation speed does not depend on the number of the divided
stages.

In the above illustrated embodiment,-a circuit.ar module
determines whether a converted reference coordinate data should
be rounded or not, for each of the threshold values. However,
according to the invention, another embodiment is also

possible. For example, as shown in Fig. 7, a predetermined
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number of circuits or modules 4{1) to 4{n) respectively having
different threshold values may be employed to determine the
most optimum threshold value to use. In this instance, the
predetermined number of circuits or modules is set to
correspond to the number of stages of the threshold value. In
the font data memory (11,12,13), branch data 12 is input to a branch
circuit 8§ to select one of the coordinate data size conversion
circuit or module. Thus , it will be understocod that, by
executing a branch operation in accordance with the branch
data, a decimal fraction can be rounded in any thresholds. It
will alsc be understcod that, by increasing the number of
branch circuits oxr branch module {(i.e., increasing n), then a
character of higher quality can be generated accoxdingly.
There has thus been described a character generation device
and method therefor in which, according to the present
invention, a figure used in a complicated interpolating
operation for generating contour line information between two
points is cbtained by converting reference coorxdinate data
expressed as a floating decimal fraction into an integral
number by use of a threshold data stored in a font data memory.
Consequently, the operation can be performed at high speeds

while still providing a character of high quality.
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CLAIMS

A character generation device of an outline font system for
generating a character of a predetermined size based on
character data, said character generation device comprising:

a font memory {1, 2, 3) storing the character data including
reference coordinate data (1), threshold data (2), and line-
type data (3);

cocordinate data size converting means (4), coupled to said
font memcry, for converting said reference cocrdinate data to
coocrdinate data corresponding to a predeteormined size of a

character; and

interpolating means (5), ©responsive to said converted
cocrdinate data and said line-type data, for genexating
contour line information of the character.

The character generation device is defined in Claim 1, further
comprising means for adding said threshold value to said
converted coordinate data and means for determining whether to

round said converted coordinate data.

The character generation device as defimed in Claim 2, wherein
said threshold wvalue eguals cne of a plurality of values
between 0 and 1.

e -

A character generation device of an ocutline font system for
generating a character of a2 predetermined size based on
character data, said character generation device comprising:

UA\BENUIZER\WNSESSEP2A.TXY



a font memory (11, 12, 13) storing the character data
including reference ccordinate data (11}, branching data (12},

and line-type data (13};

a plurality of coordingte data size converting means
{4(1l)...4(n)), each being coupled to said font memory and for
converting said reference coordinate data to coordinate data
corresponding to a predetermined size of a character and for
adjusting said converted data according to threshold data; and

interpolating means (5), responsive to said converted
coocrdinate data and sald line-type data, for generating
contour line Lnformatlcn of the character.

The character generation device as defined in Claim 4, further
comprising a branching circuit ({8) for selecting one. of said
plurality of coordinate data size converting means
(4(1l)...4(n)) based on said branching data.

The character generation device as defined in any one of the
preceding claims further comprisings:

an image buffer (6) for storing said contour line information;
and

painting means (7), <~xespomsive to said contour line

information for painting the inside of the contour lines.

The character generation device as defined in any one of the
preceding claims wherein said line-type data represents one of
a straight line and a plurality of parabolas of different

characteristics.
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A method of generating a character of a predetermined size
based on reference ccordinate data, threshcld data, and line-
type data stored in a font memory especially im a character
generating device of one cf the preceding claims, said method
comprising the steps of:

=

converting the reference coordinate data to cocordinate data
corresponding to a selected predetermined size by multiplying
said reference cccrdinate data by a predetermined number and
adding the threshold data thereto;

rounding said converted data to the nearest whole number;
generating contour line information based on said converted
coordinate data rounded to the nearest whole number; and

generating a character of said selected predetermined size
based on said converted coordinate data and said contour line

informaticn.

The method as defined in Claim 8, wherein said threshold data
comprises a plurality of threshold values, said method further

comprising the steps of:

simulating the generation of the charactex of said selected
predetermined size for each of said plurality of threshold

values;

seléctimg the threshold wvalue which produces the character of

highest quality; and

storing the threshocld value data in the font data memory as
the data of the character and of the size.
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