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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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. CHARACTER GENERATI ON DEVI CE AND METHOD THEREFOR

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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D€§cri§fion The present invention relates, in general to an
qutline font systemand nore particularly to a character generation
devi ce and nmethod for generating a character pattern based on character
code and size data. I n conventional outline font system a
ref erence character of a predetermi ned size is constructed based on ref-
erence coordinate data, such as that shown in Fig 1 (a) and 1 (b), which
is stored in a font data nenory, for a reference

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. | . ' R

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.




- coordinate system In order to generate a character of a size |arger or
:Smaller than the predeterm ned size, the coor- dinate data is
converted according to a predeterm ned algorithm After the reference
coordinate data is converted, an interpolating operation is performed to

connect the coordinate data points, then contour |ine _
I nformation is forned. Finally, a painting operation is executed in
accordance with the contour line information thereby

gener ati ng tReacRERaRgeith phEugbey spesiticoasepatnel the| prepar: ispettdenon may

I ncl ude . . . . .
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
5 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
10 adjusting the converted data according to threshold data, and
an interpolating operation means, responsive to the converted
coordinate déta and the line~type data, for generating contour
line information of thé character. '
In accordance with a still further aspect of the present invention there is

1 size based on

15 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

20 by a Qtedetermined number and adding the thréshold 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 size

25 based on the ceonverted coordinate data and the contour line
information.
'mli]s}iiffmilﬁfm i



“a“linear function, a quadratic function, and/or a spine function perfornmed
;repeatedly, all of which are conpil cated The coordi nate
data of Fig. 2 represents the results of converting the reference
coordinate data of Fig. 1(a) In particul ar the coordinate data
of Fig. 2 represents the reference coordinate data of Fig. 1 (a) converted
into data of 12 points, as an exanple. Since the reference
coordi nate data represents a 32 point character, the conversion to a 12

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

5 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.

10 1(ay;

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 |

15 points obtained 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

ent of &

3
M3 ¥

20 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

25 Pig. 3.
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-point character requires multiplying the reference coordinate data by

A2/32. In this converting operation, while the ref erence
coordi nate data are expressed as integer sone of the converted (i.e.,
converted from 32 points to 12 ° points in size) are expressed
as noni nt eger. Conventionally, there are enployed two

nmet hods for performng the interpolating operation for noninteger convert-
ed data. In one of these nmethods, a floating point operation is used in
carrying outThdecharecteratgenprapeont fewicen incdjades, 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
S 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-
10 "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
15 the‘ccardinate value, and then the sum of these two numbers is
rounded down to the nearest whole 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
20 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

Conversion data = INT
25 ¢ Reference character size

X (Cocxdinate data + Threshold value)g
§




-efherf'the noni nt eger converted data are rounded off according to a

predetermned rule . For instnace, a noninteger converted
.datumis rounded when the decimal portion is greater than or equal to 5,
and rounded down when the deci mal operation is less than.5 to
thereby round it to the nearest whole nunber prior to executing the

I nt erpol ati ng operati on. The former nethod is
very accurate because the size conversion results in very little or no

error an®heueifi HT 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

5 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,

10 including a straight line 1l,a rightward convex parabcla Bl,an

intermediate line 2} between the straight line I and the

' rightward convex parabola 3l,an leftward convex parabola 5l,an

intermediate line 4! between the straight line I and the

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

15 ({These indicate just straight and a parabola line information.}

The interpolating operations are performed for each of two

points by substituting the converted reference cocordinate data

corresponding to the size into the function which is determined

by the line-type data 3. The interpolated results are written

20 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

23 the image buffer 6, whereby a character of a requested size is

formed and stored in the image buffer.




outline font data are of very high quality. However, because this method

invol ves floating point operations in the inter- poi nting
operation which is very conplicated, it takes a relatively long tine to
generate a character. In the latter nmethod, since the figure
oper at ed on in the interpolating operation is an integer, the operation
can be data up or down to the nearest integer, nmany errors

result during the interpointing operation. As a result, when conpared
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
5 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,
i0 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
15 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
20 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,

23 the "&” of Fig. & regiesents a character of high guality, but,

as stated above, an interpoclation process using a £loating

ThnsSheetHasBeenReﬁiﬂced - 8 -
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From EP- A- 0215664 a net hod and apparatus for creating and storing
characters for display on a video screen is I nown. The shape
of the graphic character is displayed at various degrees of resolution.
The graphic character is stored as a bit map or as coefficients
of spline curves. These can be scaled up or down to give different
character sizes. The characters are stored as a set of
spline coordinates. For determ ning the size of displayed graphic
charact er gresint 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 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

10 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.

15 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

20 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,

25 according to the invention, another embodiment is also

possible. For example, as shown in Fig. 7, a predetermined

-9 -  This Sheet Has Been Rcﬁaced
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there axi st conversion means incl udi ng nmeans for selectively scaling spline
coefficients. This has the drawback, that handling of splines and
especially scaling of spline coefficients is difficult, tine-consum ng and

needs sophi sticated software. Accordingly, it is an object
of the present invention to elimnate the drawbacks and di sadvant ages of

t he .above-

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
5 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
i0 =~ 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
15 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
20 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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deseribed methods and to provi de a character generati

performs at high speeds while still generating a character pattern of high
quality. This object is solved by thjmmmmﬂm!mwm ting
devi ce of independent claim1l and the nmethod of indepetiis -

Fur hter advant ageous features, aspects and details of fhetin%enfio% are
evident fromthe dependent cl ains, the description and the
drawi ngs. The clains are intended t derstood as a first non-limting
approach of defining %§§§@§§

1. 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.

2. 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.

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

e -

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

—. —
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the i nvention in general terms. I n accordance with a

speci fic aspect of the present invention there is prfovu it ﬂmﬂlmml
generation device of an outline font system fORESER m

character of a predeterm ned size based on character data, t he char &ct &r
generation device including a font nenory storing the character data

i ncludi ng refernces coordi nate dat threshold . ata, . and
li ne-type Hat 2% EooPRFEYe ddt sfi%'co#gbrt?ﬁﬁxﬁﬁgns?h?orc@ﬁﬁ?SFﬁand?ﬁ@
ref erence imelddimgerdfbreheeceaordinate 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
coordinate data and said line-type data, for generating
contour line information 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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-di hat e ‘'data corresponding to a predeterm ned size of" I ! gan
interpol ati ng operati on neans, responsive E”mmmmmmiu“r
converted coordinate data and the |line-type data, for genarating <€om our
line information of the character In accordance with a further specific

35pect8 p; 4 hmeahlg_aer&ﬁi @é&‘ﬁé&ﬁ}é har echardxeast daﬁhaackp&re@@tgmam akiRe

evice of .an outline font systmfor, generatjng char act.er a .

pr edet er mARAEL; 9B ﬁ?ggﬁ’e&ﬁ?écr‘f‘%ﬁ%‘{]e‘%a/“bc%tgéé?he%@ﬁgﬁégﬁgr dﬁ;r%raq‘x?%nlﬂ’@?'rce

i ncl udi ng ydeondateneyorsidr ing & htcnhameerely dsipeciellyli hg ref ehenaeter

coordi nat eg%rf@éa@cug a&é@ieg of one of 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.

9. 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.

UABENUITZER\WI\SSSREP24.TXT



data and line-type data, a plurality of coordinate data size converting
.means, and for converting the reference coor- dinate data to
coordi nate data corresponding to a predeterm ned size of a character and
for adjusting the converted data according to threshold data, and an

i nterpol ati ng operati on neans, responsive to the converted coordi nate data

ABSTRACT

A character generation device of an outline font system for
generating a character of a predetermined size based on character
data. The character generation device includes a font memoxy (1,
2, 3) for storing the character data including reference
coordinate data, threshold data, and line-type data, a coordinate
data size converting circuit (4) for converting the reference
coordinate data to coordinate data corresponding to a desired size
of a character, and an interpolating means (5), responsive to the
converted ccoxdinate data and the line-type data, for generating
contour line information o©f the character. The data conversion
includes adding the most optimum threshold value to the converted
data and then rounding the result to the nearest whole number.
Thus, the interpolating means can process whole numbers at very
high speeds because of using whole numbers. |
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I nvention there is prqvi ged nmet hod of generating a character of a
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menory, including the steps of converting the

reference coordinate data to coordinate data corresponding to a selected
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Fig 2dillustrates a table of coordinate data of 12 points obtai ned by
converting the reference coordinate data of ~ Fig 1(a); Fig 3 shows
a bl ock diagram of a character generation device according to a first
enbodi ment of the present invention: Fig. 4 graphically represents

exanpl es of line-type data:

FIG 1a) AG. 2
BASIC SIZE DATA (32 FOINTS) 12 POINT CONVERTED DATA

0. | X cooRoInATE | ¥ coomiati | SSLLLE | ) o L coomonuare | v cooRpiuare | S1HE TPE

SRS A A L O R, O b
] 27 26 i 1110. 126] 8. 750} 1
2] 28 26 z 2/10. 500] 9. 750] 1
3| 47 73 5 3117.625/27. 3715 5
4] 53 78 i 4]19.875]29. 250] |
5| 54 78 i 5120. 250 28. 250 |
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Figs 5-(a) to 5(h) illustrate variations of a character [err] of 12 points
obt'ai ned when a threshold value 9 is varied fron10/8'to,7/8 sequenti al ly;
Fig 6 illustrates a variation of a character "A" of 12 point obtai ned using
a floating point operation during an inter- polating operation; and Fig
7 shows a bl ock di agram of another enbodi nent of a character generation
devi ce according to the invention.

FIG. 1(b)
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A first enbodi ment of a character generation device according to the
Lnvention wll be described with reference to fig 3 The character
generation device includes, in general, a font data nenory 1, 2, and 3, a
coordi nate data size bonversion neans 4, an interpolating operation means
5, an image buffer 6, and a paint-out neans 7. The font data

FIG. 3
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menory, stores reference coordinate data 1, threshold value data 2, and

| ine-type data 3. The coordinate data 1 , as shown in Fig. 1(a) inlcudes
X and Y coordinates, each representing a point on a reference coordinate
systemwhich 1is necessary to forma reference character of a predeterm ned
size. Fig 1(b) shows a character "A" which is generated based on the
data of Fig 1(a). The threshold value data 2 is used to determ ne whether
a decimal fraction, which is produced as a result of the reference
coordi nate data converting process, is reounded up or down to a whol e
nunber .

i




That is the threshold value data is added to the coordinate val ue, and then
~the sum of these two nunbers is rounded down to the nearest whole nunber
“thereby converting a floating point nunber to an integer. The coordi nate
data size conversion neans 4 processes data by converting the reference
coordi nate coordi nate data representing a character of a requested size
by processing the character size and threshold value data in the follow ng

equat i on:
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T‘né present invention relates, in general, to an cutline
font system and, more particularly, to a character generation
device and method for generating & character pattern based on
character code and size data.

In conventional 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 memory, for a reference coordinate system. In
order to generate a character of 2 size larger or smaller than
the predetermined size, the coordinate data is converted
according to a2 predetermined algorithm.

After the reference coordinate data is converted, an
interpclating cperation is performed to conmect the cocrdinate
data points, then contour line infoz:matioxi is formed. Finally,
a painting operation is executed in accordance with the contour
line information, thereby generating the character. The above-
m@nti@fied interpolating operaticon may include a linear
function, a gquadratic function, and/or a spline function
performed repeatedly, all of which are complicated operations.

The cocrdinate data of ¥ig. 2 represents the results of
cenverting the reference coordinate data of Fig. Ll{a). In
particular, the coordinate data of Fig. 2 represents the

reference coordinate data of E‘:Lg. 1 {2} converted into data of 12

T




[err] Therein, INT is a function which rounds the result within the
parenthesis to a whol e nunber

points, as an example. Since the reference cocordinate data
represents a 32 point character, the conversicn to a 12 point
character reguires multiplying the reference cooxdinate data by
12/32. In this converting operation, while the reference
coordinate data are expressed as integer some cf the converted
cata (i.e., converted from 32 points to 12 points in size) are
expressed as noninteger.

Conventionally, there are employed two methods for
performing the interpolating cperation for noninteger converted
data. In one of these methods, a floating point operation is
used in carrying out the interpolating operation. In the
other, the noninteger converted data are rounded off according
to a predetermined rule. For instance, a noninteger converted
datum is reounded when the decimal portion is greater than oxr
equal to .5, and rounded down when the decimal operation is
less than .3 to thereby round it to the nearest whole number,
priocr to executing the interpolating cperation.

The £ormer method is very accurate because the size
cenversion results in wvery little or no erroxr and thus the
@utliné font data are of very high guality. However, because
this method involves f£leating point operations in the
interpoclating operation which is vexy complicated, it takes a
relatively long time to generate a character.

In the latter method, since the figure operated on in the
interpelating operation is an integer, the operation can be

performed at very high speeds. However, because of quantizing

| Wi




The interpolating operation nmeans 5 perforns a predeterm ned algorithmto
generate contour line information for connecting two points with
each other. In this exanple, the algorithm shows "the interpolating
algorithmw th straight and parabola” whitch is one of the varieties of

I nterpol ating al ogrithm As shown in Fig 4, the means 5 has six
functions, which correspond to the line-type data 3, respectively,

i ncl udi ng arsersi gitich neve [ gergrated m wepacingy bie peeruested3dete] ugn oxr

down to the nearest integer, many erxors 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 quality.

hecordingly, it is an object ©of ¢the present invention to
eliminate the drawbacks and disadvantages ¢f the above-described
metheds anéd o provide a character generation device which
performs at high speeds while still generating a chaxacter pattern
of high quality.

This cobject is sclved by the character generating device of
independent claim 1 or 4 and the methed of independent claim 8.
Further advantageous features, aspects and details of <the
invention are evident from the dependent claims, the description
and the drawings. The claims are intended to be understocd as a
first acn-limiting approcach of defining the invention in general
terms.

In accordance with a specific aspect of the present invention
there is provided a character generation device ¢f an outline £ont
system for generating a character of a predetermined size based on
character data, the character generaticn device including a font
memory storing the character data including reference coordinate
data, threshcld data, and line-type data, coordinate data size
converting means, for converting the reference coordinate data to
cooxdinate data corresponding tc a predetermined size of a
character, and an interpolating operation means, responsive to the
cc-nverﬁed coordinate data and the line-type data, for generating
contour line information of the charactex.

“umm\\iﬁiiﬁiﬁ
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internmediate line 2[err] between the straigh line 1[err] and the rightward
convex parabola 3[err], a leftward convex parabola 5[ err] on internediate
line 4[err] between the straight line 1[ery] and the | eftward convex
parabola 5[err] and a line with no interpolation 6'. (These indicate just
straight and a parabola line information.) The interpol ating operations are

Coor di pate dat ACBFPESBERARRY & B7EHE SR HBEh S R AP EHPE
det er m ned. DynLhe 14 N MBBa0a GakacllE LOMGHAUN BIVIEF U S oudl a1 tTeN

sequently into an i
font system for generating a character of a predetermined size

based en character data, the character generation device
including a font memory storing the character data including
reference coordinate data, branching data, and lipe-type data,
a plurality of cccxdinate data size converting means, and for
ecoenverting the reference cocrdinate data to ccordinate data
corresponding to a predetermined size of a character and fox
adjusting the converted data accerding te threshold data, and
an iaterpelating operation means, respensive to the cenverted
ccordinate data and the line-type data, for generating contouxr
line infcrmation 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 predetermined size based on
reference ccordinate data, threshold data, &milin@#ypé«kﬁa stored in |
a font memory, including the steps of converting the reference
coordinate data te cooxdinate data correspoending to a selected
predetermined size by multiplying the reference coordinate data
by & predetermined number and adding +the threshold data
theretc, rounding the converted data to the nearest whole
numb@é, generating contour line information based on the
converted cooxdinate data rcumded to the nearest whole number,
and generating a character of the selected predetermined size
based cn the converted ccordinate data and the contour line

information.




after conpleting the interpolation process for all points, contour |ine
information is stored in the image buffer 6.

5

Fig. l(a) illustrates a table of reference coordinate data
and line~type data stored in a font data memory cof a font
outline system;

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

FPig. 2 illustrates a table of coordinate datas 6f 12 points
obtained by cenverting the reference coordinate data of Fig.
l(a);

Fig. 3 8shows a blcock diagrawm of a character generation
device according to a first embodiment of the present inventicn;

Fig. 4 graphically represents examples of linéntype data;

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

Fig. & illustrates a variation of a character "&" of 12
point obtained using a floating point operation during an
interpolating operaticn; and

FiéQ? shows a block diagram of ancther embodiment of a

character generationm device according to the invention.

A first embodiment of a character generation device
according tc 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 coordinate data size conversicn
means 4, an interpolating operation means 5, an image buffer 6,
and a paint-out means 7. The font data memory stores reference
coordinate data 1, thresheld value data 2, and line-type data
3. The coordinate data 1, as shown in Fig. 1(a), includes X
Iand ¥ 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
thresheld value daﬁa 2 is used to determine whether a decimal
fraction, which is produced as a result of the reference
cgqrdinate data converting process, is rounded up or down to
whole number. That is, the threshold value data is added to
the-COQEdinate value, and then the sum of these two numbers is
rounded down te the nearest whole number thereby converting &
£loating peint number tc an integer.

The ccordinate data size conversion means 4 processes data
by converting the reference ccocordinate data te coordinate data
ﬁegﬁgsénting a character of & requested size by processing the
character size and threshold value data in the following
egquation:

Requested character size

Conversion data = INT | -
: ! Reference character size

X (Coordinate data + Threshold value)

}
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wherein, INT is a functicn which rounds the result within the
parenthesis to a whole number.

The interpoclating operation means 5 performs a
predetermined algorithm to generate contour line infoxrmation
for connecting twe 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
algozrithm. As shown in Fig. 4, the means 5 has six functions,
which correspend to the line-type data 3, respectively,
including a straight line i1l,a rightward convex parabola 31,an
intermediaﬁe line 2. between the straight line 1 and the
rightward convex parabola 3L, an leftward convex parabola 51,an
intermediate line 4 between the straight line 1} and the
leftward convex parabola 51,and a line with no inteﬁpolation.ﬁl,
{These indicate just straicht and a parabola line information.)
The interpolating operations are performed for each of two
points by Substituting the cecnverted reference cocrdinate data
correspending to the size into the function which is determined
by the line~type data 3. The interpolated results are written
sequentially inteo an image buffer §. Thus, after completing
the interpolation prccess for all points, centocur line
information is stored in the image buffer 6.

Finally, <he paiant-out -erocessing means 7 generates a
character acgording to the contour line information stored in

the image buffer &, whereby a character ¢f a reguested size is

formed and stored in the image buffer.

REPLACEMENT SHEET]
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Finally, the paint-out processing neans 7 generates a character according
to the contour line information stored in the i mge buffer 6, whereby a
character of a requested size is formed and stored in the inmage buffer.
Next with reference to Figs. 5 and 6 an e%anple will be provded to

Il lustrate the use of the threshold val ue, First, a requested size is
sel ected. The threshold value is then set initially to 0/ 8, for exanple.
character pattern

Next, with reference to Figs. 5 and 6, an example will be
previded to illustrate the use of the threshold value.

First, a reguested size is selected. Thé 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 simulations,

the threshold value that generates a character of the highest
gquality is selected. Finally, the value is stored intc the
font data memory as the datum of the character and of the size.

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

In Fig. &, there is shown an image data of 12 points of the
character "&" abtaine.d when an interpeclating operation is
performed usinyg a flcating point operation {i.e., the converted
reference cocrdinate data are not rounded or modified). Thus,
the "&” of Fig. 6 represents a chaﬁactez of high quality, but,

as stated above, an Anterpolat&@n process using a fleating

REPLACEMENT Siiks | —m
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Is generated by simulating the above-nenti oned nethod. Next, the
threshold value is set to 1/8 for exanple and a second simulation is
performed. Likew se, the threshold valqi is set to 2/8, 38/ 4/8, 5/8.
6/8, and 7/8 sequentially and simulationS are perfornmed sequentially. O
these sinulations, the threshold value that generates a character of the
hi ghest quality is selected. Finally, the value is stored into the |ont

data nenory. as the datum of .the char cter and of the .Si ze.
g&ue @pexaticn takes a iaéivéi f time to generate a

charactexr.

However, according tc the present invention, it is apparent
that the character cbtaimed when the threshold value is set to
5/8 (Fig. 5(£)) is very similar, if not the same, in guality to
the hiéh 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 number
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 denominatox in the
size conversion processing. Thus, only the numerator cof the
threshold value will need to be stored in the font data memory,
thus saving memory storage space.

In this embodiment, an examplg is provided in which the
threshold value is divided into 8 stages. However, it will be
quite obvious to those skilled in the art that the gr@ater the
number e¢f stages, the more ideal or higher gquality character
pattern will be generated. It will alsoc be obviocus that the
operatign speed does not depend on the number of the divided
stages.

In the above illustrated embodiment, a circuit or meodule
determines whether a converted reference cocrdinate 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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Referring to Fig. 5(a) - 5(h), a 12 point character [err] is shown, as an

exanpl e,

of the character

Fig. 5.

wherein the threshold value is varied sequentially. The shape

due to the variation of the threshold value is shown in
(I'n the exanple of Fig, 5. theginterpol ation process between two

poi nts enpl oyed an interpolation algorithmusing a straight [ine and/ or a
parabol a. However simlar results can be obtai ned when other types of
ation algorithns are used.) In Fig. 6, there is shown an inmage

i nt erpol

data of kihgmimtef afidde chanaciulder(l ocadiad reisercid viedive A gaiamg ng
operation

different threshold values may be employed to determine the
most optimum threshold value tc use. In this instance, the
redetermined number of circuits or modules is set to
cerrespond to the numbex 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 understccd that, by
executing a branch operation in accordance with the branch
data, a deecimal fraction can be rounded in any thresholds. It
will also be understood that, by increasing the number of
branch eircuits or branch module (i.e., increasing n), then a
character of higher quality can be generated accordingly.
There has thus been described a character generation device
and method therefor in which, according to the present
invention, a figure used in a ccmplicated interpolating
operation for generating contour line information between two
points is. obtained by coaverting reference ccordinate data
expressed as a floating decimal fraction into an integral
number gy use of a threshold data stored in a font data memory.
Consequently, the operation can be performed at high speeds

while still providing a2 character of high guality.
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I's perfornmed using a floating point operation (i.e. the—ecenvertedreference

coordinate data are not rounded or nodified). Thus, ithe [err] of Fig. 6
represents a character of high quality, but, as statedi@“ mm @ “

i nterpolation process using a floating point operati &% : ehvel y
l ong tine to generate a character. However, according to the present

I nvention, it is apparaent that the che&gﬁﬁgr obt ai ned when the threshold
value is set to 5/8 (Fig. 5(f)) is very=stmrlar if not the same, in quality
to the high quality character of Fig. 6. Thus, the threshold

1. 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);

coordinate data size converting means (4), coupled to said
font memory, for converting said reference coordinate data to
coordinate data corresponding to a predetermined size of a
character; and

interpclating means (5}, responsive to said converted
cocordinate data and said line-type data, for generating

contour line information of the character.

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

3. The character generation device as defined in Claim 2, wherein
said threshold value eguals one of a plurality of values

between { and 1.

4. A character generation device of an outline font system for
generating a character of a predetermined size based on
character data, said character generaticn device comprising:
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val yue data of 5/8 for the 12 point character [err] is selected and stored
in the font data menory in addition, if the nunbeq, ﬂ ""lﬂﬂlﬁ" to
di vide the threshold value is decided in advance (‘i'ghent lRiaeiy ator) to

be a constant nunber, then the converti®g process can |ncorpo?ate t he
denom nator in the size converion processing. Thus, ony the numer- ator of
the threshol d ®al feat |hemmd t{d.lbe $8oreli3)n stﬂﬁﬂﬂ@htt&&tachﬁmgﬂgertiﬂmxa

saving nenory §h@l@&ﬁ1§5&%&*ﬂence kBokhtSar A MANY ,, pRANEXEAP| EadaS (12),
provided in mhlﬁg ihe thres% yfgye I's divide i'nto 8 stages. Howevér,

2 plurality of coordingte data size converting means
(4(1)...4{n)), each being cocupled tc 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 accoxrding toc threshold data; and

interpolating * means (5), <responsive to said converted
cocrdinate data and said line-type data, for generating

conteur line information of the character.

5. The character generation device as defined in Claim 4, furthex
comprising @ branching circuit (8) for selecting one of said
piurality of cooxdinate  data size converting means
(4{1),,94(n)) based on said branching data.

6. The character generation device as defined in any one of the
preceding claims further comprising:

an image buffer (6) for stering said contouxr line information;

and

painting means (7), responsive to said contour line
informaticn for painting the inside of the contour lines.

7. 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.

LT




be quite obvious to those skilled in the art that t reater the nunber
of stages, the nore ideal or higher quality ﬂ H]m I)ﬁ Uern w | |
be geerated. It will also be obvious that the op e S not
depend on the nunber of the divided stages. In th above |IIustrat ed
enbodi ment, a circuit or nodul e determnines whether a converted reference
coor di nat 8. da amstized doffe gemerdddngr anothafasitesactf o FFedekersirad §4F%es,

Hovever, accqigliddd dr0 Ad¥deik@nidoordiAied hedr£/Thgikeshold data, and line-
type data stored in & font memoxy especially in a character
generating device of cne of the preceding claims, said method

comprising the steps of:

converting the reference coordinate data to ccordinate data
corresponding to a selected predetexmined size by multiplying
said reference coordinate data by a predetermined number and
adding the threshcld data theretc;

rounding said converted data to the nearest whole number;
generating contour Line information based on said coaverted
ceordinate data rocunded toc the nearest whole number; and

generating a character of said selected predetermined size
nased on said converted cocrdinate date and said contour line

information.

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

comprising the steps of:

simulating the generaticn of the character of said selected
predetermined size for each of said plurality of threshold

values;

selecting the threshold value which produces the character of

highest guality; and

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




ment " is also possible. For exanple as shown in Fig 7, a predeterm ned
nunber of circuits or nodules 4(1) to 4(n) respectively having different
t hreshol d values nay be enployed to determ ne the nost optimumthreshold
value to use. In this instance, the pr@ﬁetern1ned nunber of circuits or
nodul es is set to correspond to the nunber of stages of the threshold
value. In the font data nenory (11,12, 13) branch data 12 is input to a

branch circuit 8 to“ii;i;;_y; ERATHION T [E| AND { NETEHQMY FHERBEORCONVEr Si ON
circuit or nodule. Thus, IS RACE by executing a branch

operation

A character generation device of an outline font system for
generating a character of a predetermined size based on character
data. The character generation device includes a font memoxy (1,
2, 3) for storing the character data including reference
coordinate data, threshold data, and line-type data, a coordinate
data size converting circuit (4) for ccaverting the reference
coocrdinate data to coordinate data corresponding to a desired size
of a character, and an interpclating means (3), respomsive to the
converted coordinate data and the line-type data, fer g’enera.t.ing
contour line information of the character. The data conversion
includes adding the most optimum thresheld value te the converted
data and then rounding the result tc the nearest whole number.
Thus, the interpolating means can process whole numbexrs at vexy
high speeds because of using whole numbers.

FIGURE 3

"N
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in accordance with the branch data, a decimal fraction can be rounded in

any -thresholds. It will also be understood that by increasing the nunber
of branch circuits or branch nodule (i.e., increasing n ), then a character
of hlghep—qual4ty -can-be-gener at ed accordi ngly. + There has thus been
descrlbedT%ﬁ : generation device and nmethod therefor in which
accordi ng *tig sikm i Nvention, a figure used in a conplicated
|nterpolatlm ﬁ% it ﬂl:for generating contour line information between

FIG. 1h
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two poirnts is obtained by converting reference coordinates data expressed
as 'a floating decimal fraction into an integral nunber by use of a
threshold data stored in a font data nenory. Consequently the operation can
be perforned at high speeds while still providing a character of high

qualltyTMsﬁmnHmEamYTham
MM': 3
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1. A character generation device of an outline font systemfor generating
a character of a predetermined size based
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SPERER

The presant invention relstes, in general, to an sutline font system gﬁd mere pm!cu!am {0 & charagtar gmamﬁm
dewvics and mathad jor genarmting a character pattern besed on characier eode and size data.

In cenventional oulline font eystems, & raferensce charactar of a pradatermined size is constructad based an raf-
granes ceordinale data, such as that shown in Fig. 1 {a) and 1 (b}, which is stored in a font data memery, for a raference
esordinate system. In onder io generate a character of a size largar or smallar than the predalermined sizs, the ccor-
dinate data 's converted accerding te a predatermined algorithm.

Aftar the relerance cacrdinate dets is canveriad, an imarpalating operation is performed to connect the coordinats
data points, then cantour line information is farmed. Finally, a pinting aperaticn 18 axecuted In accardance with the
eantour line infermaticn, tharsby generating the character. The ahove-mentioned intempeialing speration may neluds
8 finear function, a quadratic function, and/or a spliine function parermed repaatedly, aﬁﬂeﬁuﬁmmwﬂmgd
@p@ramms.

The ccordinats data of Fig. 2 represents the results of converting the reigrence esordinate data of Fig. 1(a). In
peastieular, m@mm:gmaﬁg. 2 repressnts the reference coordinats date of Fig. 1 {a) convertad into data of
12 points, as an exampls. Since the refarence coordinate dula rapressnis a 32 point chamecter, the conversion o & 12
paint charastsr requires multiplying the referencs cnordinate data by 12/32, (n this converting operation, whila the

coardnate data are exprasesd as integer aoma of the converted data {1.6., convarted fram 32 poinis o 12
points in sizs) are expreseed 4s nenintager.

Conventisnally, there are employed two mathods for parforming the interpelating eperation for noninteger convert-
ed data. In ene of thees meathads, & floating point epereation s used in canying out the interpolating operation. In the
athar, the acnineger converted data are reunded off acnanding o a predetermined rule. For instancs, & nonintager
mmmmmmmmmmmmxmmmms ard rounded down when the -

peration is isas than .5 to thereby round R to the nearest whole numbser, peier to axecuting the inferpolating

Wgwmmmwmmmmwamm resufls In very (ittle er no errer and thus the
eutiine fort data are of very high quality. However, becausa this methed invelves floating point eperations in the inter-
galating operation which is vary complleated, It takes a relafively long time to generats & charcter,

mmmm mamsﬂgumapsma@ﬁmﬁe mmm@mmammmemmm

mwmmwmmw memmresun&xrm@tha e,
with a charactsr generated by the formar msthod, this method sreduces ¢ &

Frem EB-A-0215884 a method and ngammmem fior disgley on a video sereen [a
mmmmm@m@ displayed st various dsgrees of reeclution. The graphic charastar i
@@r@d@sabﬂm&p@m@ soefficient : ;

aracters are stored as & sat of spiine coordinates. For datermining the size of displayed sharacls
mmmmsmmdﬁngmmmi@rsﬂMMMQ@ﬁmmm mgmm@mmsc.m
mmﬁﬂg of splines and especially scaling of gpme cosflicients is difficult, time-eonsuming -

fingh eMa an gbject of the pmem immmﬂ o sliminate the drewhacks and disadvantages
generation devies which performs at high spes& \mﬂe smm generting

dama meeer advantagscus features, aspects and detalls of :haﬁnmt&mmavidmﬂmmﬁe
ammg@ramgs.fhamgmmmmmmggmﬂmWdeMg
mwnmmm@mm
ecrdanse with a sp@e&ls aspact of the present invantisn thers Is providsd & charactsr gensratio
mmﬁnohﬂtmm aW@aM@h@MMmMMM&M
m@mmm@amwmﬂmmmmm@émmmmmmm
el ) dﬁmaﬁz@ @omﬂlng means, mmmmg the

@Emm@mmmWamﬂnQQMrmapmmmsﬁzabaaedmehmﬁr%lﬁadwmm
jeneration device ncluding & font mamery storing the character dm including reference cosrdinate date, branching
m and fna-lype dala, a plurality dmdmm dats size cenverting means, m@mg@mmbng the raference coar-
dinste data to econdinate data correspornding m a predatermined sizs of & character snd for adjusting the converted
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sting contour line information of the character, povs
tthe stored character data include reference coording ;L\\
data (2), and line-type data (3); and t he copr[d

converting neans (4) is coupled to said font nenorj
reference

SN
end the (i etyp@m Mgmamgm@r%ammmm@mmr
ﬂl:n == V&

mwmg the sleps af emvméﬂg tha referance ceordinata dam te ecardinate @m gorre

lermined size by multiplying the reference coordinate data by a predeterminad numbaf and Eﬁ@h@ m@ thresholl data
m@m reunding the canverted data to the neares! whale number, generaling eontour ine nformation

canvaried ceardinate data reunded 15 the neereet whels number, and ganerating a character of ﬂhﬂ m&eeted pracla-
e@mm@amgmwmm@ canveried caordinale dat and the somour line informatien,

Fig. 1(a) lusirates a tabls of relerence coardinsta date and lina-lype dein stored in 8 font dala memery of a font |
sutline systent; _
Flg. 1(b} is a graphical rapresantation

m@d mn ﬂi@ X°Y e il o

cordiinata data of Fig. 1(s) alter being con-

Fig. 2 Huatrates & table @ﬁmdmm@ data of 12 pointe oistained by eanverting the refarence coordinate deta of
Flg. 1(al;

Fig. 3 shows a bloek diagram of a sharacter gsneration davics according to a first ambediment of the presant
inventien; ' :

Fig. 4 graghieally represents exarnplss of line-lyps data;
" Fige. 8 (s} o Sk} mm vanslions
from O/8 to 7/8 sequantially;

bodimant of & chametsr generation devics ascording
cording ts the invention will be deezribad with referance i

e charaster generstion device ineludes, in gensral, a fort duta memary 1, 2, and 3, a coordinete dats alzs *
mm@mMmm&mmmmememammms mdgm@m«mms? The fort date
) eocordinate m1 Mms%mu valuedsmz,m@ﬁmetype@ms. The coordinate datn 1,88
m n Fﬁg, 1{ad, m&m Xg:nd\' coerdinate rssenting & polnt en & refersncs coordinats system which
i necossay stk siza,ﬁg.‘i(b)ﬂwueg character "A" which Is gensrated
Mdeﬂ mmmﬁ@ #{a). Mamm whichis
& soardinate - pm,bmmd@u@mmnamﬂmsrmﬁ
mmom@mmmvmmmwmmm cOoH! 8 value, and then the sum ef these twe numbers s reunded
dowm 1o the nearest whole nm&mmmm@aﬂmﬂgmmwmmm
The coordinate date size conversion means 4 pra mwmmamemmmmw
Mr@pmg@mmg requsstad size by processing the character size amd wesheid vaiue
m tn the fellowing eguation:

By

Requested character size

Conversion data = IIIT(
Refersnce charvacter size

X (Coozdinate data + Threshold valma}ah

sin, ﬂmmamm@mmmmmmemmmam

mgﬁ mm@wgmnmw mmoﬂw\mdm
sts fine 41 mmmmw and ths leftward eanve |
b“ mmmm@m mdamr&da%mhfm%]m




coor di nate-data-to—-coordimate data correspondin to a
.of a characte 'ﬁ& i Bans using the t

E T traction, which is produc
, @ converting process. is roun
whol e nunbet iBisl iMNELH I 18 Whe character generation devi
claim11, further conprising means fost g adding said th

Einally, the paint-cut processing rmsans 7 generates 2 chamcter according té the conteur line infonmation stared
in the imags buffar 8, whereby a character of a recuestad size is formed and siored in the imags buffer.

Next, with raference to Flgs. § and 8, an sxample will be providad to illustrate the uss of the threshold vaiue.

Firet, a requested size is sslected. The threshald vaiue is then set initially to 0/8, fer example. A chamsler petlem
ie generated by simulating the above-mantioned methed. Naxt, e threshold vaiue e set to 1/8, for axample, and &
secend simulation is perfermed. Likewiss, the thweshaid vaiue is set to 2/8, 3/8, 4/8, 5/8, 6/8, and 7/8 seguentially and
simulations are perfermed sequentially. Cf these simulaticns, the threshcld value that generates a charactar of he
highaet quality is selected. Finally, ths valus is stored into the font data memory as the daturn of the character and of
the size.

Baferring to Fig. 5(a) - 8(k), 2 12 point character "&"° is shown, as an sxample, wherein the thrashold value is varied
seguentially. The shaps of the character due to the variation of the theashold valte js shown in Fig, 8. (in the sxample
of Fig. §, the interpolation process between two points employed an interpolation aigorithm using a straight line and/
or a pambela. However, similar resulls can be abtained when cther types of nterpoiation algerithms are used.)

in Fig. 8, thare is shown an image data of 12 peints of the character & cbteined when an Interpclating cperation
is parformed using & flcating point operation (i.e., the canverted reference coondinate data are not rounded cr medified).
Thus, the °4° of Fig. 6 represants & charactsr of high quality, but, as statsd above, an interpolation prosess using a
floafiing point eperation takes a relatively long tims tc generats a charactar. _

However, aceerding to the presant inventien, & is apperent that the chamacter cbtained whan the threshold vaius
I s&t to 5/8 {Fig. (1)) ls very similar, f not the same. in quallty 1o the high quaiity charactar of Fig. 8. Thus, the threshold
value data of 5/8 for the 12 point character *&° is selected and siored in the fent data memery. in ackdiion, ¥ the number
of stages used 1o divide the threshold value is decided in advance (le., the denominator) to be a eenstant aumba,
then the converting process can incorporate the denominator in the size conversion processing. Thus, onfy the numer-
ater of the thresheld values will need %6 be stered in the font data memery, thus saving memery siorage spacs.

in this embediment, an example is provided in which the thresheid value is divided Inta 8 stages. Hewsver, it will
be quite civicus te theee ekilled in the art that the greater the aumbsr of stages, the more ideal or higher guality
character pattem will ba generated. It will aise be cbvicus that the operation speed does not depend on the number
of the divided stages. _

in the absve ustrated embeodimant, a clreuilt or module detsimines whsther a converted reference cocrdinate
dats sheuld be rounded or nat, fer each of the threshaid vaiues. Hewsvar, acoording to the invention, another ambed-
iment ts also possible. For sxample, &s shown in Fig. 7, a predatermined number of ehreuits or modulas 4{1) to 4{n)
respactively having differant thrashold valuse may be employed to dstermine the most optimum threshold valus o
use. In thie instanes, the predstermined number of circuits or modulss is set to correapond 1o the number of stages of
the threshold velue. in the font data memory (11,12,13), branch data 12 is input o a branch clreult 8 (o sslect one of
the coerdinate dma size conversion cireult or module. Thus, &t wil be understeod that, by executing @ branch cperation
in accondance with the branch data, a decimal fraction can be roundad in any threstolds. it will aiso be undarstood
that, by incraasing the nurmbsr of branch circuits or branch module (i.s., incraasing n), than a character of higher quaiity
can be generated accordingly. '

Thers has thus been described a cheracter gensration device and methed therefor in which, acconding to the
aressnt invention;a figure used In a complizated interpoiating operation far generating sontour line information betwaen
two palnts I obtsined by corventing reference coordinate data expressed as a ficating decimal fraction into an intsgral
rurnber by use of a threshold data stored in & font data memory. Censaquently, the cpsration can be performed at
high epeeds while afill previding a character of high quality.

BERBE
B

Elalms

1. A charactar generation device of an outline font system for ganerating a character of a predetemiined size based
an charaster data, said character genetation device comprlsing:

a flent memeny (1, 2, 3) storing the character data; coondinate data size converting means (4);

and interpolating meens (5), responsive to sald converted coordinate data and seid lins-type data, for gener-
ating contour line information of the character,

ragtecizad in that

the stored charscter data includs refarence coordinals data (13, thrashold data (2), and lina-typs data (3); and



3.:The character generatlon device as defined in gfgem r sai d
thresholym' BeenRdpiscgne  of a plurality of LWE ‘11 0 and

.
. LR
. 3 = S

Finafly, the paint-cut prosessing means 7 generates a charaster according 1o the eentour line infarmation stored
in the imags buflar 8, whereby a charactsr of a requested sizs is formed and stored in the image bufar.

- Wext, with reference to Figs. 5 and 6, an sxample will be provided to flustrate the uss of the thresheld value.

Flrat, a reguasted size is selected. The lwashold value i then sst initially te 0/8, lor example. A charaster paftem
is generated by simufating the above-maentioned method. Next, the threshald valus is set to 1/8, fer example, and @
second simulatien is performed. Likewiss, the threeheld value is set 1o 2/8, V8, 48, 5/8, 6/8, and 7/8 sequentially and
simulations are perdormed sequentially. Of these simulations, the threshoid value that genaerates a character &f the
highest quality is selected. Finally, the value is stored inte the font data memory as the daturn of the charactar and of
the siza.

Referring to Fig. S(a) - 8(h), 8 12 point character “&° is shown, as an exampls, whersin the thresheld valua is wamaﬂ
sequentially. The shape of the charactar due ‘o the variaticn of the threshald value is shown in Fig. 5. (In the exampie
of Fig. 5, the mepsistion process betwsen twe points employed ar nterpolatien algorithm using a siraight fine and/
ar & paraboia, HMowever, similar results can be chtained when sther types of interpelation algorithms are used.)

In Big. 8, there is shown an image data of 12 pointe of the charaster "&° chtained when an interpolating mmmn
is parfomed using a floating point cperation {i.e., the convented reference cocrdinate data are not roundad of modified
Thus, the *&° of Fig. 8 represerts & character cf high quality, but, as stated above, an interpclation pragsss using &
fiaating peint eperation tekes & relatively long time to generata a eharactar

However, according to the prasent lnventien, & is apparant that the charaster cbtained when the threshold valus
ie 86t to /8 (Fig. 3(1) ls very similar, ¥ net the same. in quality 1o the high quality charagter of Fig. 6. Thus, the thresheld
vaiue data of 88 for he 12 point charaster °4° is sslected and siered in the font data memeory. In addition, ¥ the numbaer
of stages used io divide the thresheld valie is decided in advanes {le., the denominater) ts be & conetant numbar,
then the converting greeess can incorperate the denominater 'n the size enrversion processing. Thus, enly the nurmas-
ater of the thresheld velus will need to be storad in the fant data memery, thus saving memory slarags speca.

In this emibediment, an example s provided in which the thresheki valus is divided inte 8 2lages. Howevag it will
be quite chvicus to those skilled in the art thet the grester the number of stages, the mare kieal or higher quality
character pattem will be generated. 1t mﬁﬁ #lse be obvicus that the @p@mmon speed does not depend en the number
of the divided stagss.

I the abeove Hustrated embedimant, 8 cireult or maduls datermines whether a convertsd reference coordinate
data sheuld be roundsd or net, far sach of the threshald values, Howevsr, secording to the inventien, another embad-
imant s 2leo possibie. For example, as shewn in Flg. 7, a predetarmined number of clreuits or modulss 4{1) 1o 4{n)
respectively h&vﬂng differsnt thresheld values may be employed lo determine the most eptimum threshoeld value (8
use. In this Instancs, the predstermined number of cireults or medules is set to sorrespand o the number of stages of
mmmmsﬂmm m the fent dats rmemeary {11,12.13), branch data 12 Is Input o a branch cireul? § io salsct ene of
ths mmdﬁna&@ data size conversion clreult or madule. Thus, & will bs understeod that, by executing
in sccordance with the branch dalg, a decimal fraction can be roundad in any thresholds. it will aiso be understood
thet, by rﬁ@m@ﬁng the number of branch cireulls or branch module {l.e.. Rersasing a), then a character of higher qualily
ean e generated accordingly.

- There has thus kesn described a charasier generation devies and mathed therefer ﬁn whieh, assording to the
grasent vention;= figure used in a complicated interpslating cperatien for generating sentour fine information between
tvso points ie oblained by converting reference eoardinats date expressad as a floating decimal frastion inte an ntegral
rumber by use of a threshold data stored in & font data memery. Conasquently, the cperation can be periormed at
high speeds while still providing & charastar of high quaiity

Blzlme

1. Acharacter ganeration device of an cutiine font system fer generating a character of 8 predetermined size based
en charaster dats, sald character generation devies comprising:

a font memery (3, 2, 3) sioring the charastsr dats; coardinate data size convarting means (43;

and interpslating means (3), respensive 16 said converted coardinals data and sald line-type data, for gener-
aling eentour line information of the charactes,

eharacterized In that

the stored eharacter data include reference eoardinate data (1), threshold data (2), and line-lype data (3); and

e




4 The character generation devices as defined in claim1 further

@onnrlclnn B devi ce for storing branching a plurality of
yEnl NET converting neans (4(1)..4(n)). each belng C
for converting said reference " C Okl

esponding to a predeterm ned S|zefo
- § = 5

J mm(dbhwﬂedmmmﬁmmamw@mgmm
SO0 earrsepanding lo a gredetennined size ¢! & charecter ncluding masne
mmwmmmmmamwm which lo produesd ag 8 resull of the
nate dala cenverting prossss, ls roundsd up or down %0 8 whele nurmber

cormprising means for adding sald threshold value
rining vmmﬁ@r z@ round sald canveried enordinats date,

b ~ genaration devics as dafined in claim 2, wharein saild threshold valus eguals ene of a pluallly of
values belween O and 1.

riess a plurality of threshald values, said

vined size for aash of subd plusily of
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converting neans (4(1).
The character generatlon deV|cq

a branching circuit (8) for selectlng one
coordi nate data size

branchi ng data. 6.
one of the

preceding clainms further conprising

FIG. 1(a)

BASIC SIZE DATA (32 POITS)

FIG. 2

12 POIAT COMVERTED DATA

il

| X COMDINATE | ¥ COORDINATE g"ﬂ,ﬁ“"g | s | x coomoraare | v coospuare | L1 TVFE
1 27 1 26 | 1 [ 1li0.125] 8. 7801 1 _
2{ 28 26 K “2110. 500! 8 750 !
3] 47 73 3 3/17.625]27. 375 §
4] 53 78 1 41198.875]29. 250] 1
8! 54 78 1 5]20. 250129, 250 1
| 6] 54 80 i 6]20. 250[30. 000 1
7] 34 80 [ 7/12. 760]30. 000 1
8] 34 78 3 812 750{29. 250; 3
g} 36 78 3 9/13. 600)29. 250 3
16 38 7] 3 10]14. 250/28. 876] 3
19] 39 75 1 11/14. 625]28. 125} 1
12] 34 62 3 1212, 760/23. 250 3
13] 17 B2 1 |13l 6.375(23. 250] 1
14] 12 75 5 14{ 4.6500/28. 125; 5
15 13 .| 77 5 15] 4. 875}28. 876} §
16 15 78 t 1]16] 5.625/28.250] 1
17] 18 - 78 i 1J]17] 6.000]29. 250 1
j1a] 1§ 8¢ ] 18] 6. 000{30. 000 1
el 1 80 { 1g| 0.375/30.000] 1
20 | 1 78 t {i{20] 0.375/29. 250} 1
21 2 78 3 Jl21] 0.750]/28. 280 3
22 8 74 1 |]22] 3.000]27. 7850 1
23] 27 26 ] 23110.125| 8. 750] &
24| 18 59 1 24| 6. 750/22. 125] 1
5] 33 58 K 25012, 37522, 125] 1
28] 25 38 'y |l28] 9.375]14.825] 1
R7, 18 58 | 1 271 8. 750,22. 125] 1
This Sheet Has B




an | mage buffer (6) for storing said contour line information; and
painting means (7). responsive to said contour line i nforrratlon for
pai nting the inside of the contour I|ines ——

FiG. 1(b]

(0,0} _ X

1231

2u2n /[




7. The character generation device as defined in any one of th preceding
clains wherein said |line-type data repre- sents one of a straight |

and a plurality of parabol as of di ff erent character i gt

met hod of generating a character of a predetern1nedif
ref erences coordi nat es dat a, t hreshol d dat a, an
in a font menory especially in a character Qpneratln
precedi ng : ‘

i ne
8. A

tored
t he

FIG.

FIG. 4




clainms, said nmethod conprising the steps of: converting the reference
eoordinate data to coordinate data corresponding to a sel ected

pr edet er mi ned si ze by multiplying said reference coordi nate,.dat.a.by.a
predet ermi ned nunber and adding the threshold data ""; SCEMENT SHEET$;
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roundlng said converted data to the nearest whol e nunber; generating
‘contour line informati on based on said converted coordlnate data rounded

to the nearest mhole nunber and

sai d

' " IW Emmmm
‘» RATIOK




contour |ine information.

Vo

L v

Finslly, the paint-out grecsssing means 7 generalas a charactar acearding 16 the contour line informalion stared
® he image Bufler 8, wharsby a chacactar of a requasted 2129 is larmed and storad in the image huffer.

Next, with relerencs te Figs. § and 6, an exampls wil] be arovidad 1o illustrate the usa of the threshold value,

Flrst, a raquested size is selected. The thrasheld valys is then set initially to 0/8, for sxampls. A charactar pattam
le gensrated by simulating the ahove-meniionad mathod, Naxt, the thrashold valus is sat to 1/8, lor exampis, and a
gacong simulation is parfenmed, Likewiss, the trashaid value is set 'a 28, ¥8, 48, 98, V8, and 7/8 sequantiafly and
simulatiens are garfonmed sequentially. Of theaa sirnulations, the thrashols valua that generates a character of the
highest quallly is selected. Finally, the value is %larad intc the font data memw as the datum of the charactee and of
the siza,

Ratarring to Fig. S{a) - 5(h), 2 12 point charastsr °&° is shawn, 2s an example, wharain the treshald value is varied
gequantially. The shape of the character dus i the variation of (he trrasheld value is shawn n Fig,. 8. (Ia the examgle
ef Fig, 8, the imtarpolation procsss Batwasn (wo points amployed an interpelation algerithm using a straight Ine and/
or & parabala, However, siriler resuits can e chtained whan cther types of interpaiation algorithms are used.)

in Fig. 8, thera is shewn an image data of 12 goints of the character °&° abizined when an intergolating oparation
le perforned using a floating point operation {1.8., the convantexd referenca coordinate data are not reundad or mocdifiad).
Thus, the °8° of Fig. 6 raprasants a character of high quality, but, as stated above, an Nermolation pracess using a
Rosting paint oparation takes 2 relatively lang tine to genarate g charastss

However, acsording o the presert invention, i is apparent that the character abtained whan the tresholkd valus
Is 28t 1o /8 (Fig. 5(%)) is very similar, ¥ net the same, in quality ts the high quality charactar of Fig. 6. Thus, the threshsid
value dats of 58 for the 12 point character °2° is sslected and stored in the lont data memery [n addition, if the number
of stages used g divide the thresheld value is decidad in advanes (Ls., the denaminalor) !0 be a constant number,
thar hie esnvesting process can incorparate the dencminator in the size conversien grocessing. Thus, enly the Aumer-
ater of tha threshaid value will nsed 3 be stored in the fort data memaory, thus saving memory siorage space.

ln this ambodiment, an example ls geovided n which the thresheld value is dividad inlo 8 stages. Howaver, 2 will

" be guite ebvicus ta thase skilled in the art that the greatar the number of stages, the more ideal or higher qualily
charaeter paltem will be generated. It will also be obvious that the operation speed does nat depend on the numbser
of the divided stagea.

in the abeve lfustratad embodirment, & ciroult or module detenmines whather & converted rafarence coordinate
data should be raundsd or net, for sach of the tireshold valuss, However, asserding te he nvention, ancther embacd-
ﬁiwmﬁsaﬂa@p@&sm For axaragie, as shown it Flg. 7, a predetemiined nmbaf@t@smmscrmwuhsm}m«n}

sepectivaly having diffarent hrasheld values may bs employed to detarming the most optinum thresheid valus 1o
m in this ingtanse, the predatermined number of ciroults or maodiles s set io esrresgend lo the number of stages of
the threshold value, in the font data memery (11,12,13}, branch data 12 is hput to a branch cireult § o selsct one of
the coordinate data size conversion cireuit or modute. Thus, % will be undarstood that, by executing a branch cperation
in accordance with the branch data, a decimal fraction can ks munded in any thesshoids. it will alse be undarstoed
that, by increasing the number of brarsh cireults or branch module (l.e., increasing n), hen a m@r@f higher quality
ean ba genaratad accordingly.

Thers has thus baen daseribed a character gsneration devics and mathed tharsfor in which, acsonding to the
prasent invertion a figura usad in & complicatad interpelating oparation for ganerating conteur line ivfermation between
two paints is ebtained by conventing referencs coondinats data expressed as a foating decimal (raction inte ar ntagral
aumber By use of a thresheld data stared 'n a fort data memery. Consequantly, the ogeration can be perfenmed at
high speeds whila still pmvﬁcﬁﬁng a charactar of high quality,




Clalms

1. A sharacter generation device of an autiine lart systerm fer gensraling a charactsr of a predetenwinad size based
on character data, sai? charactsr gensraticn devics comprising: '

a lont mermary {1, 2, 3) storing the character data; coordinate data size converting mesns (4);

and interpelating means (3), resporaive (o sald converted cosrdinate data and said lns-yps data, fer ganar-
atlng ecantour ins Infonmation of he character,

eharastarzed in that

the stared c;haras’er data includs r@mmca @@@t@ﬁmm dats (1), thmaﬁgﬂd data (2), and lnetype data (3); and
- firate fer converting sal! reference
o esrrasganding wgmm&@dﬂm&‘mm
mmg m@ mmemad m (2} t@ wmmm wm@mr a deelmal fraction, vhich la praducasd
slecancs coardinate dets cenvarting pracess, ls reunded up ar dawn 13 a wials rumber

3. The chemster genaration davies as defined in claim 2, whersin sald threshold valus ecuals one of & pluralily of
valuee between O and 1.

4
g eted ggmm device ad dafined b csm 4, further comprising a branching
sardinate date sbre convarting meens (¢(1)...4(n)} based on sai branching
P tion davics as defined in any one of e grecsding claims further comrprising:
an fmage buffer {8) for staring said cortour Tne infammation: and
?e .' A e : X
mwaammmamdmamm :
B

el sﬁ@m en refarsnes coarcdinats dats, thresheld data,
character ganecating device of ens of the pracading

convarting te feferencs eos:
by multislying said caferance eoondinate
-3
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aedng Bio hreahsold vaiue dete in the font date memery as fio data of e charastor and of e size.




The nethod as definéd in Caim6, wherein said threshold data conprises a
Dlurality of threshold values, said nethod further conprising the steps of:
simul ating the generation of the character of said sel ected predeterm ned
size for each of said plurality of threshold val ues:

. gﬁa

ABSTRACT- .

& character generation device of an outline €ant gystem for
generating a character of a predetarmined size based on character:
data. The character generation device includes a font memory (1,
2, 3) ¢for storing the character data including reference
ccordinate data, thrashald data, and line-type data, a coordinate
data size converting circuit (4]} for converting the reference
ecardinate data to ccerdinate data corresponding to a desired size
of a character, and an interpolating means (5}, responsive to the
convertad cocrdinate data and the line-type data, for generating
conteur line information of the character. <The data conversion
includes adding the most optimum threshold value to the converted
data and then rounding the =result .to the nearest whole number.
Thus, the interpolating means can process whole numbers at very
high speeds because of using whole numbers.
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quality;

and storing
the data of the charactﬂ;

Sel ect | ng the-threshol d val ue which produces the
the threshol d-val ue data i
and of the size.
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