


CHARACTER GENERATION DEVICE AND METHOD THEREFOR  



Description                 The present invention relates, in general to an
outline font system and more particularly to a character generation
device and method for  generating a character pattern based on character
code and  size data.                 In conventional outline font system, a
reference character of a predetermined 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 memory, for a reference 



coordinate  system. In order to generate a character of  a size larger or
smaller than the predetermined size, the coor-             dinate data is
converted according to a predetermined algorithm. After the reference
coordinate data is converted, an interpolating operation is performed to
connect the coordinate             data  points, then contour line
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 spine function performed
repeatedly, all of which are compilcated                  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 points, as an example. Since the reference
coordinate   data represents a 32 point character, the conversion to a  12 



point character requires multiplying the reference  coordinate data  by
12/32.  In this converting operation,  while the             reference
coordinate data are expressed as integer  some of the  converted (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 operation for noninteger convert-
ed data. In one of these methods, a floating  point operation is used in
carrying  out the interpolating  operation. In  the 



ether, the noninteger converted data are rounded off  according to a
predetermined  rule . For instnace, a noninteger             converted
datum is rounded when the decimal portion  is greater than or equal 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 former method is
very accurate because the size conversion results in very  little  or no
error and  thus the 



outline font data are of very high quality. However, because this method
involves floating point operations in the inter-               pointing
operation 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              data up or down to the nearest integer, many errors
result during   the interpointing operation. As a result, when compared 



From EP-A-0215664 a method and apparatus for  creating and storing
characters for display on a video  screen is               inown. 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 determining the size of displayed graphic
characterers 



there axist conversion means including means for selectively scaling spline
coefficients. This has the drawback, that  handling of splines and
especially scaling of spline coefficients is difficult, time-consuming and
needs sophisticated software.                 Accordingly, it is an object
of the present invention  to eliminate the  drawbacks and disadvantages of
the above- 



described methods and to provide a character generation edevice which
performs at high speeds while still generating a character pattern of high
quality.                 This object is solved  by the character generating
device of independent claim 1 and the method of independent claim 8.
Furhter 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 understood as a first non-limiting
approach of  defining 



the invention in general terms.                 In accordance with a
specific aspect of the present   invention 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
generation device including a font memory storing the character data
including refernces coordinate data, threshold             data,  and
line-type data, coordinate data size converting means, for converting the
reference coordinate data to coor- 



dinate data corresponding 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 information of the character In accordance with a further specific
aspect of the present in vention there is provided a character generation
device of an outline font systm for generating a character of a
predetermined size based on character data, the character generation device
including a font memory storing the character data including reference
coordinates data, branching 



data and line-type data, a plurality of coordinate data size  converting
means, and for converting the reference coor-             dinate data to
coordinate data corresponding to  a predetermined size of a character and
for adjusting  the converted  data according to threshold data, and an
interpolating operation means, responsive to the converted coordinate data







and the line-type data, for generating contour line information 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 coordinate data, threshold data, and
line-type  data in a font memory,  including  the steps of converting  the
reference  coordinate  data to coordinate data corresponding to  a selected
prede- 



termined size by multiplying the reference coordinate data by a
predetermined number and adding the threshold data       thereto, rounding
the converted data to the nearest whole number generating contour line
information based on the          converted coordinate data rounded to the
nearest whole number,  and generating  a character of the selected precis-
termined size based on the converted coordinate data and the contour line
information.  



Fig 1(a) illusrates a table of reference coordinate data and line-type data
stored in a font data memory of a font outline system.     Fig 1(b) is a
graphical representation of point corresponding to the coordinate  data of
Fig 1(a) after being con-  



Fig  2 illustrates a table of coordinate data of 12 points obtained   by
converting the reference  coordinate data of     Fig 1(a);     Fig 3 shows
a block diagram of a character generation  device  according to a first
embodiment of the present invention:       Fig. 4  graphically represents
examples of line-type data: 



Figs 5 (a) to 5(h) illustrate variations of a character [err] of 12 points
obtained when a threshold value 9 is varied from 0/8 to 7/8 sequentially;
Fig 6 illustrates a variation of a character "A" of 12 point obtained using
a floating point operation during an inter- polating operation; and     Fig
7 shows a block diagram of another embodiment of a character generation
device according to the invention. 



A first embodiment  of a character generation device according to the
invention will be described  with  reference to fig 3     The character
generation device includes, in general, a font data memory 1, 2, and 3, a
coordinate data size  bonversion 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, threshold value data 2, and
line-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
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 1(a). The threshold value data 2 is used  to determine whether
a decimal fraction,   which is  produced as a result of the reference
coordinate data converting process, is reounded up or down to a whole
number. 



That is the threshold value data is added to the coordinate 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   coordinate data representing a character of a requested size
by processing the character size and threshold value data in the following
equation: 





[err]      Therein, INT is a function which rounds the result within  the
parenthesis to a whole number 



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



intermediate line 2[err] between the straigh line 1[err] and the rightward
convex parabola 3[err], a leftward convex parabola 5[err] on intermediate
line 4[err] between the straight line 1[err] and the leftward convex
parabola 5[err] and a line with no interpolation 6'. (These indicate just
straight and a parabola line information.) The interpolating operations are
performed for each of two points by substiuting the converted reference
coordinate data corresponding to the size into the function which is
determined by the line-type data 3. The interpointed results    are written
sequently into an image buffer 6. The 



after completing the interpolation process for all points, contour line
information is stored in the image buffer 6.     







Finally, the paint-out processing means 7 generates a character according
to the contour  line information stored in the image buffer 6, whereby a
character of a requested size is formed and stored in the image buffer.
Next with reference  to Figs. 5 and 6 an example will be provded to
illustrate the use of the threshold value,      First, a requested size is
selected. The threshold value is then set initially to 0/8, for example. A
character pattern 



is  generated by simulating the above-mentioned method. Next,  the
threshold value is set to 1/8 for example and a second simulation is
performed.  Likewise, the threshold value  is set to 2/8, 38/ 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 quality is selected. Finally, the value is stored into the lont
data memory as the datum of the character and of the size. 



Referring to Fig. 5(a) - 5(h), a  12 point character [err] is shown, as an
example,    wherein the threshold value is varied sequentially.  The  shape
of the character due to the variation of the threshold value is shown in
Fig. 5. (In the example of Fig, 5. the interpolation process between two
points employed an interpolation  algorithm using a straight line and/ or a
parabola. However similar results can be obtained when other types of
interpolation algorithms  are used.)     In Fig. 6, there is shown an image
data of 12 points of the character  [err] obtained  when an interpolating
operation 



is performed using a floating point operation (i.e. the converted reference
coordinate  data are not rounded or modified). Thus, the [err] of Fig. 6
represents a character of high quality, but, as stated above, an
interpolation  process  using a floating point operation takes a relatively
long time   to generate a character.     However, according to the present
invention, it is apparaent that the character obtained when the threshold
value is set to 5/8 (Fig. 5(f)) is very similar if not the same, in quality
to the high quality character of Fig. 6. Thus, the threshold 



value data of 5/8 for the 12 point character [err] 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
denominator in the size converion processing. Thus, ony the numer- ator of
the threshold value will need to be stored in the font data memory, thus
saving memory storage space.     In this  embodiment , an example 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 greater the  number
of stages, the more ideal or higher quality        character  pattern will
be geerated. It will also be obvious  that the operation speed does not
depend on the number of the divided stages.     In th above illustrated
embodiment, a circuit or module determines whether a converted reference
coordinate data should be rounded or not, for each of the threshold values,
However, according to the invention, another embod 



ment   is  also possible. For example as shown in Fig 7, a predetermined
number of circuits or modules 4(1) to 4(n) respectively having different
threshold values may be  employed to determine the most optimum threshold
value to use.  In this instance, the predetermined number of  circuits or
modules is set to correspond   to the number of stages of the threshold
value. In the font data memory (11,12,13),  branch data 12 is input to a
branch circuit 8 to select one of the coordinate data size conversion
circuit or module. Thus, it will be understood that, by executing a branch
operation 



in accordance with the branch data, a decimal fraction can be rounded in
any thresholds. It will also  be understood that by increasing the number
of branch circuits 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 complicated
interpolating operation   for generating contour line information between 



two points is obtained  by converting reference coordinates data  expressed
as a floating decimal fraction into an integral number by use of a
threshold data stored in a font data memory. Consequently the operation can
be performed at high speeds while still providing a character of high
quality.   
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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;  coordinate data size
converting means (4);            and interpolating means (5), responsive to
said converted coordinate data and said line-type data, for gener- 



sting contour line information  of the character,     characterized in that
the stored character data include reference coordinate data ( 1), threshold
data (2), and line-type data (3); and         the coordinate data size
converting  means  (4) is coupled to said font memory for converting  said
reference 



coordinate data to coordinate data correspondin  to a  predetermined size
of a character including means            using the threshold data (2)   to
determine whether a decimal traction, which is produced as a result of the
reference coordinate data converting process. is rounded  up or down to a
whole number.           The character generation devices as defined in
claim 1, further comprising means for  adding said threshold value 



3. 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  The character generation devices as defined in claim 1 further
comprising a storing device for storing branching        a plurality   of
coordinate data size converting means (4(1)..4(n)). each  being coupled to
said font memory and for    converting said reference coordinates data to
coordinate data corresponding to a predetermined size of a character  



and for adjusting said converted data,   according to threshold  data. 5.
The character generation devices ad defined in Claim 4, further comprising
a branching circuit (8) for selecting one        of said plurality  of
coordinate data size  converting 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 image buffer (6) for storing said contour line  information; and
painting means (7). responsive to said contour line information for
painting the inside of the contour lines  



7.  The character generation device as defined in any one of th preceding
claims wherein said line-type data repre-    sents one of a straight line
and a plurality of parabolas of different characteristics.             8. A
method of generating a character of a predetermined size  based on
references coordinates data,   threshold data,    and line-type data stored
in a font memory especially in a character generating device of one of the
preceding 



claims, said method comprising the steps of:     converting the reference
coordinate data to coordinate data corresponding to a selected
predetermined size    by multiplying said reference coordinate data by a
predetermined number and adding the threshold data   there-           to; 



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 information.    
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The method as defined in Claim 6, wherein said threshold data comprises a
plurality of threshold values, said method further comprising the steps of:
simulating the generation 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
quality; and storing  the threshold value data in the font data memory as
the data of the character and of the size.    




