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lE._ATE OF RECEIPT .................................. . 

ClD\RACTER GENF..RATION DEVICE AND METHOD THEREFOR 

The present invention relates, in general, to an out.line 

font sy~tem and, more particularly, to a character generation 

device and method for generating a character pattern based on 

5 ch~racter code and size data. 

In conventional. outline font systems, a re:f erence character 

of a predetermined size is const.?:Uct.ed based on reference 

coordinate data, such as that shown in Fig. 1 (a) Md l {b), which 

i~ ~torOO in a font data memmy, for a reference coordinate system& In 

10 order to generate a cha~acter of :a size larger or smaller than 

the predetermined size, the coordinate data is converted 

according to a predete!Cmined algorithm. 

After the reference coordinate data is con.verted, an 

interpolating operation is perfoDllted to connect the coordinate 

15 data points, then contour lin.e information. is formed. Finally, 

a painting operation is executed in accordance with the contour 

line information, thereby generating the character. The above­

mentioned interpolating operation may include a linear 

function, a quadratic function, and/or a ~pline function 

20 performed repeatedly, allo:f which are co:mplicat.ed operations. 

The coordinate data of fig. 2 represents the results of 

convert.ifllq the reference coordinate dat:a of Fig. l(a). In 

particular, the coordinate data. of Fiq. 2 represents the 

referel!:1ce coordinate data of Fiq. 1 (a) converted in.to data of 12 
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point~, as an example. Since the reference coordinate data 

repre~ents a 32 point character, the conversion to a 12 point 

character requires :mu.ltiplyinq the reference coordinate data by 

12/32. In this converting opera:tion, while the reference 

5 coordinate data are expressed as integer some of the converted 

data (i.e., converted from 32 points to 12 points in size) are 

Conventionally, there are employed two methods for 

perfoxming the .interpolating operation for nonint.eger converted 

10 data. In one of these methods, a floating point operation is 

u~edl in carrying out the irrnterpolating operation. In the 

other, the noninteger converted data are rounded off according 

to a predetermined rule. For instance, a noninteger converted 

da:tmat is rounded when the decimal portion is greater than or 

15 eqttal to . 5, and rounded down when the decimal operation is 

less than .5 to thereby round it to the nearest whole number, 

prior to executing the interpolating operation. 

The f oxmer method is very accurate because the size 

conversion results .in very little or no error ·and thus the 

20 outline font data are of very high quality. Ho~"E!ver, because 

thi~ method involves f!oatirrnq point operations in the 

inte~~olatinq operation which is very co~plicated, it takes a 

relatively long time to generate a character. 

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

25 interpolating operation is an inteqer, the operation can be 

ptu:fo~ued at very high speeds. However, because of quantizing 
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errors, which are generated by roundinq the converted data up or 
down to the nearest inteqer, many errors result during the 
interpolating operation. As a result, when compared with a 
character generated !by the former method, this method produces 
characters of very poor quality. 

Accordingly, it is an object of the present invention to 

elimiiruite the drawbacks and disadvanta.qes of the above-described 

methods and to provide a character generation device which 
perfoJ::ms at high speeds while still generatinq a character pattern 
of hiqh quality. 

Thi~ object is solved by the character generating device of 
independ~nt claim 1 or 4 and the method 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 int.ended to be understood as a 

first non=limitinq approach. of defining the invention in general 

term~ .. 
In accordance with a specific aspect of t.he present invention 

there i~ provided a character generation device of an outline font 

~ystem for generating a character of a predete:cmined size based on 
character data, the character generation device including a font 
memocy storing the character data including reference coordinate 

data, thr~shold data, and line~type data, coordinate data size 

converting means, for converting the reference coordinate data to 
coordinate data correspondinq to a predetermined size of a 
character, and an interpolating operation means, responsive to the 
comrerted coordinate data and the lin.e~type data, for qenerating 
contour line infonnation of the character. 
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ther~ is provided a character generation device of an outline 

font system for qenerating a character of a predetermined size 

based on character data, the character generation device 

5 including a font memory storing the character data including 

reference coordinate data, bral!ll.ching data, and line~type data, 

a plurality of coordinate data size converting means, and for 

converting the reference coordinate data to coordinate data 

corresponding 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 data and the line-type data, for generating contour 

line infoxma.tion of the character. 

In accordmlce with a st.ill further aspect of ~ pmsent invention there is 

15 pl!XlVided a llOOt!1od of ~ating a character of a predebmmined size based on 

mf&enoo c::oordinate &ta, thmshold data, mid line-type data ~t.ored in 

a font memory, including the steps of converting the reference 

coordinate data to coordinate data corresponding to a selected 

predetermiimed size by multiplying the reference coordinate data 

20 by a predete.rmined number and adding the threshold data 

thereto, roundinq the converted da.ta. to the nearest whole 

number, generating contour line information based on the 

converted coo~dinate data rounded to the nearest whole number,­

and generating a character of the selected predetermined size 

25 based on the converted coordinate data and the contour line 
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Fiq. l(a) illustrates a table of reference coordinate data 

and line-type data stored in a font. data memory of a font 

outline system; 

Fiq. l(b) is a graphical representation of points 

corresponding to the coordinate data of Fig. l{a) after being 

connected in the X~Y coordinate system; 

Fiq. 2 illustrates a table of coordinate data of 12 points 

obtained by convertinq the reference coordinate data of Fig. 

10 l(a); 

Fig. 3 shows a block diagram of a character generat.ion 

device a~cordinq to a first arhod:L"!le'lt. of the present in~ntion; 

Fig. 4 graphically represents examples of line~type data; 

FigS. 5 ~a) to 5(h) illootrate variations of a character 11&n of 12 

15 points obtained when a threshold value e is varied from 0/8 to 

7/S sequentially; 

20 

Fiq. 6 illustrates a variation of a character "&" of 12 

point obtained using a floating point operation during an 

interpolating operation; and 

Fig. 1 shews a block diagram of a."iOther ~t of a 

character generation device according to the invention. 

A first embodiment of a character qeneration device 

according to the invention will be described with reference to 

25 Fig. 3. 
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The character generation device includes, in general, a 

font data memory 1, 2, and 3, a coordiirnate data size conversion 

means 4, an interpolating operation means 5, an image buff er 6, 

and a paint~out means 7 . The font data memory stores reference 

coordinate data 1, threshold value data 2, and lin~-type data 

3. The coordinate data 1, as shown in Fig. l(a), includes X 

and Y coordinates, each representing il 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 lbased. on th~ data of Fig. l(a). The 

threshold value data 2 is used to determine whether a decimal 

fraction If which is produced as a result of t..i.'te reference 

coordinate data converting process, is rounded up or down to 

whole number. That is, the threshold value data is added to 

15 the coordinate value, and then the sum of these two numbers is 

roundoo 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 coordinate data 

20 representing a character of a requested size by processing- the 

25 

character size and thresh.old value data in the following 

-Req~ested character size 
Conversion data :§ INT f ~~~~==~-~~~~~~~ 

o Reference character size 

----. --
X (Coordinate data+ Threshold value)\ 

§ 
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wherein, INT is a function which rounds the result within the 

parenthesis to a whole number. 

. The interpolating operation means 5 perf o.nus 

predete~--wined algorithm to generate contour line information 

5 for connecting two points with each other. In ~his example, 

the algoritlii..m shows "the interpolating algorithm with straight 

and parabola" which is one of the varieties of interpolatinq 

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 l~,a rightward convex parabola Jl,an 

in:t.e:r.:mediate line -;). between the ~traiqht line il and the 

rightward convex parabola 31,an leftward convex parabola sl,an 

intel5mmdiate line ~ between the straight line il and th.e 

leftward convex parabola 51, and a line with no interpolation (il.. 

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

The interpolating operations are performed for each of two 

points by ~ubstituting the converted reference coordinate data 

corre~pondinq to the size into the function which is determined 

by the line-type data 3. The interpol~ted results are written 

20 sequentially into an imaqe buffer 6. Thus, after completing 

the interpolation process for all points, contour line 

infoll\t\ation is stored in the image buffer 6. 

Finally, -the paint-out -processing means 7 generates a 

character acaordinq to the contour line information stored in 

25 the image buffer 5, whereby a character of a requested size is 

formed and stored in the image buffer. 
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Next, with reference to Fiqs. 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 

i~ then set initially to 0/8, for example. A character pattern 

5 i~ generated by simulating the above-mentioned met.hod. Next, 

the threshold value is set to 1/8, for example, and a second 

~imulation is performed. Likewise, the threshold value is set 

to 2/8, 3/8, 4/8, 5/8, 6/8, and 7/8 sequentially and 

:§li.'!!m1l&1:tions are performed sequentially. Of these simulations, 

10 the t.hresh~ld value that generates a character of the highest 

quality is selected. Finally, the value is stored into the 

f ant dat.a memory as the datu_m of the character and of the size. 

Referring to Fig. S(a) ~ 5(h), a 12 point character "&" is 

~hown~ as an example, wherein the threshold value is varied 

15 sequentially~ The shape of the character due to the variation 

of the threshold value is shown in Fiq. 5. (In the exw"nple of 

Fig. 5 8 the interpolation process between two points employed 

an interpolation alqorithm using a straight line and/or a 

parabola. However, similar results can be obtained when other 

20 type$ of interpolation algorithms are used.) 

In Fig. 6, there is shown an image data of 12 points of the 

character " & " obtained when an interpolating operation is 

performed usin'tl a floating poil'at operation (i.e., the converted. 

refer~nce coordinate data are not rounded or modified}. Thus, 

25 the "&" of Fiq. 6 represents a character of hiqh quality, but, 

as $'t.ated above, an interpolation process using a floating 
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point operation t.akes a relatively long time to ·generate a 

However, according to the present inven:tion 1 it is apparent 

that th~ character obtained when the threshold value is set to 

5 5/8 (Fig. S(f)) is very similar, if not the same, in q~ality to 

the high quality 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 

10 advance (i.e., the denominator) to be a constant n~.mber, then 

the convertinq process can incorporate the denominator in the 

15 

size conversion processing. Thus, only the numerator of the 

threshold value will need to be stored in the font data memory, 

thu~ saving memory storage space. 

In this embodL,ent, an example is provided in which the 

threshold value is divided into 8 ~tages. However, it will be 

quite obvious to those skilled in the art that the greater the 

nuJi!Wer of stages, the more ideal or higher quality character 

patt~rn will be generated. It will also be obvious that the 

20 operation speed does not depend on the number of the divided 

In the above illustrated embodiment, a circuit or module 

det.ermines whether a convertmi 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 
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number of circuits or modules 4{1} to 4(n) respectively having 

different threshold values may be employed to deter.mine the 

most optimum threshold value to use. In this instance, the 

predete~ned number of circuits or modules is set to 

5 correspond to the number of stages of the threshold value. In 

the font. data memory (ll,12,13), branch dat.a 12 is input to a branch 

circuit 8 to select one of the coordinate data size conversion 

circuit or module. Thus, it will be understood that, by 

execu:ting a lb.ranch operation in accordance with the branch 

10 data, a decimal fraction can be rounded in any thresholds. It 

will also be understood th.at, by increasing the number of 

branch circuits or branch module (i.e., increasinq n}, then a 

character of higher quality can be generated accordingly. 

Th~re has thus been described a character qeneration device 

15 and method therefor in which, according to the present 

invention, a f iqure used in a complicated interpolating 

operation for qenerating contour line info~ation between two 

points i~ obtained by converting reference coordinate data 

expressed as a floating- decbml fraction into an integral 

20 nw-lilier by use of a threshold data stored in a font data memory. 

Consequently, the operation can be performed at high speeds 

whil~ ~till providing a character of high quality. 

----------------~. 
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1 & A character geirn.eration device of an outlin.e font system for 

generating a character of a predetermined size based on. 

eharacter data, said character genera:tion. device co:mprif;Jing: 

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 convertinq means ( 4) , coupled to said 

font memory, for conve:rtinq said reference _coordinate data to 
coordin.at:e data corresponding to a predetermined size of a 
character; and 

inte;ibpolating means ( 5) , responsive to 

coordinate data and said line=type data, 
contour line info:rmation of the character. 

said converted 
for generating-

2o The character generation device is defined in Claim 1, further 
compri~ing means for adding said threshold value to said 
converted coordinate data and means for determining whether to 
round ~aid converted coordinate data. 

J. The character generation device as defined in Claim 2, wherein 
said threshold value equals one of a plurality of values 
between 0 and 1. 

4 • A character qeneration device of an outline font system for 
generating a character of a predetermined size based on 
character data, said character generation device comprising: 
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a font memory (11, 12, 13) storing the character data 
including reference coordinate data (11), branching data {12), 

and line=type data (13); 

a plurality of coordin1J,te data si:!':e convertinq means 
(4{1) ••• 4(n)), each being coupled to said font memory and for 
converting said reference coordinate data to coordinate data 

corresponding to a predetermined tiiiz~ of a character and for 

adju~ting said converted data according to threshold data; and 

inte~olat.ing :means ( 5 ) , 

coordinate data and said 

responsive to said converted 
line=type data, for generating 

contour line information of the character. 

5. The character generation device as defined in Claim 4, further 
compri~inq a branching circuit (S) for selecting one of said 
plurality of coordinate data size convertinq means 
(4(1) ..• 4(n)) based on said branching data. 

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

an im~qe buffer (6} for storing said contour line info:cma.tion; 
and 

painting :means ( 7) , responsive to sa.id con:tour line 

infoIEation for painting the inside of the contour lines. 

1. The character generation device as defined in any one of the 
precedinq claims wherein said line~type data represents one of 
a st.raight line and a plurality of parabolas of different 

charf!eteristics. 
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a. A method of qeneratinq a character of a predetermined size 

ba~ed on reference coordinate data, threshold data, and line­
t.ype data stored in a font memory especially in a character 

generating device of one of the preceding claims, said method 

comprising the steps of: 

convel:tinq the reference coordi:rrnat.e data to coordinate data 

corresponding to a selected predete:onined ~i~e by multiplying 
said reference ccordimit.e 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 Baid co:rrnverted 

coordinate data rounded to the nearest whole number; and 

ge:rrnerat.ing a character of said selected predetennined size 
ba~ed on said converted coordi:rrna.te data and said contour line 

info~tio:n. 

9. The method as defined in Claim 8, wherein said threshold data 

compri~es a plurality of threshold values, said method fw:ther 

compri~ing the steps of: 

simulating the generation of the character of sai.d selected 

predetermined size for each of said plurality of threshold 
val'l)].ert1; 

selecting the threshold value which produces the character of 

highe~t quality~ and 

storing the threshold va.lu~ data in the font data memory as 

the data of the character and of the size. 
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