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Character Generating Apparatus 

and Method of The Same 

The present invention relates to a character 

generating apparatus that converts characters. etc •• 

that have been coded in vector form into characters 

that are coded in dot form, and to a method that· is 

10 employed for effecting the described conversion. 

In a conventional apparatus that develops data 

that are stored in vector form into a bit map and 

outputs characters, coordinate data that are stored in 

15 a ROM, or on a.hard disk, are read out and converted 

ihto a desired.size·by multiplying them by a rate of 

enlargement or reduction. The resultant data are then 

converted into dot form data to provide character data. 

In this case, however, if there are different 

20 weights for an identical font style, there must be one 

set of coordinate data for each weight. For a Japanese 

font style, where there are about 8000 characters per 

font style and where the memory capacity for the 

coordinate data required for each font must be lM byte 

25 to 3M bytes, if coordinate data were provided for each 

weight, the memory capacity would be enormous. 
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To overcome the above shortcoming, it is an object 

of the present invention to generate different weight 

data for an identical font style from character data, 

5 which consist of a plurality of outline data for at 

least one font style, so that various weight character 

data for individual font styles can be produced with a 

small memory capacity. 

The features of the present invention will now be 

10 expl.ained. 

A character generating apparatus according to the 

present invention comprises: a storage means for 

storing character data that consist of coordinate data, 

a generation means for generating a character pattern 

15 according to the coordinate data s~ored in the storage 

means, a determination means for determining a 

parameter to make the character pattern thick or thin, 

and a conversion means for converting the coordinate 

data according to the parameter determined by the 

20 determination means; and employs the generation means 

to generate a thick or thin character pattern according 

to coordinate data converted by the conversion means. 

The conversion means of a character generating 

apparatus according to the present invention determines 

25 coordinate data by referring to the coordinate data for 

two points that are adjacent to the coordinates for a 

target. 
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The coordinate data for a character generating 

apparatus according to the present invention consist of 

exterior outline data and interior outline data. 

The determination means for a character generating 

5 apparatus according to the present invention determines 

a parameter that indicates a large character weight or 

a small character weight, separately for the exterior 

outline data and the interior outline data. 

The determination means for a character generating 

10 apparatus according to the present invention determines 

the large character weight or the small character 

weight in directions x and y, separately from the 

exterior outline data and the interior outline data. 

The generation means for a character generating 

15 apparatus according to the present invention outputs 

either a bit map form, an outline coordinate data form, 

or a gray scale form according to converted outline 

data. 

The other objects and features of the present 

20 invention will be apparent from the following 

specifications and drawings which describe a number of 

embodiments of the invention by way of example only. 

Fig. l is a block diagram illustrating a first 

25 system for a character generating apparatus according to a 

first embodiment of the present invention; 

Fig. 2 is a block diagram illustrating a second 
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system for a character generating apparatus according to a 

second embodiment of the present invention; 

Fig. 3 is comprised of Fig~ 3A and Fig. 3B showing 

flowcharts of a first character generating method for a 

5 character generating apparatus according to an embodiment 

of the present invention; 

Fig. 4 is a specific diagram showing the 

configuration of an outline font before being converted 

by a character generating apparatus according to an 

10 embodiment of the present invention; 

15 

Fig. 5 is a specific diagram showing the 

configuration of an outline font after being converted 

by a character generating apparatus according to an 

embodiment of the present invention; 

Fig. 6 is a diagram showing coordinate output data· 

for the converted ou.tline font of a character 

generating apparatus according to an embodiment of the 

present invention; 

Fig. 7 is a specific diagram showing the point 

20 painted state in a character generating apparatus 

25 

according to an embodiment of the present invention; 

Fig. 8 is a specifi~.4~agram showing the outline 

OR points in a character generating apparatus ac~ording 

to an embodiment of the present invention; 

Fig. 9 is a diagram showing the conversion into a 

short vector assemblage of a third Besier curve in a 

character gererating apparatus according to an embod;inalt of the present 
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invention; 

Fig. 10 is a specific diagram showing a painted 

state in a character generating apparatus according to 

an embodiment of the present invention; 

5 Fig. 11 is a diagram showing a bit mapped font 

generating process in a character generating apparatus 

according to an embodiment of the present invention; 

Fig. 12 is a flowchart showing a 

thickening/narrowing procedure example for a character 

10 ·generating apparatus according to an embodiment of the 

present invention; 

Fig.· 13 is a diagram showing preprocessing for 

determining an exterior outline or an interior outline 

in a character generating apparatus according to an 

15 embodiment of the present invention; 

Fig. 14 is a diagram showing the results of the 

Ming thickening process in a character generating 

apparatus according to an embod:inmt of the present invention; 

Fig. 15 is a diagram showing the results of the 

20 Gothic thickening process.in a character generating 

apparatus according to an embod:ilient of the present invention; 

Fig. 16 is a diagram of first table data for 

determining a thickening parameter in a character 

generating apparatus according to an enbod:inent of the 

25 present invention; 

Fig. 17 is a specific diagram showing an exterior 

outline thickening process in a character generating 
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ap~tus according to an enb:xlineit of the present invention; 

Fig. 18 is a diagram showing the correction of a 

frame size accompanied with the thickening or narrowing 

process in a character generating apparatus according 

5 to an embqdiment of the present invention; 

Fig. 19 is a flowchart showing a procedure example 

for determining an exterior/interior outline for a 

character generating apparatus according to an 

embodiment of the present invention; 

10 Fig.· 20 is a schematic diagram for explaining a 

process for determining an interior outline 

characteristic for a character generating apparatus 

according to an embodiment of the present invention; 

Fig. 21 is a schematic diagram for explaining a 

15 process for determining an exterior outline 

characteristic for a character generating apparatus 

according to an embodiment of the present invention; 

Fig. 22 is a flowchart showing a procedure example 

for selecting a thickening parameter for a character 

20 generating apparatus according to an embodinent of the present 

invention; 

Figs. 23A and·23B are diagrams showing second 

table data for determining a thickening parameteF in a 

character generating apparatus according to an 

25 embodiment of the present invention; 

Fig. 24 is a diagram for explaining a bit map that 

is employed for preparing a gray scale font with a 
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character generating apparatus according to an 

embodiment of the present invention; 

Fig. 25 is comprised of Fig. 25A and Fig. 258 

showing flowcharts for a second character generating 

5 method for a character generating apparatus according 

to an embodiment of the present invention; 

Figs. 26A, 268, and 26C are diagrams, each of 
which show an example of a gray scale font conversion 

table for a character generating apparatus according 

10 to an embodiment of the present invention; 

Fig. 27 is a diagram showing the gray scale font 

conversion process for a cha~acter generating apparatus 

according to an embodiment of the present invention; 

Fig. 28 is a diagram showing a gray scale 

15 converted state for a character generating apparatus 

according to an embodiment of the present invention; 

Fig. 29 is comprised of Fig. 29A and Fig. 298 

showing flowcharts of a third character generating 

method for a characte~ generating apparatus according 

20 to an embodiment of the present invention; 

Fig. 30 is a specific diagram showing the 

configuration of an outline font before it is converted 

by a character generating apparatus according to an 

embodiment of the present invention; 

25 Fig. 31 is a specific diagram showing the 

configuration of an outline font after it is converted 

by a character generating apparatus according to an embodiment of the 
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present invention; 

Fig. 32 is a diagram showing coordinate output 

data for the converted outline font of a character 

generating apparatus according to an embodiment of 

5 the present invention; 

Fig. 33 is a specific diagram showing the 

preparation of a painting table by employing coordinate 

data in a character generating apparatus according to 

an embodiment of the present invention; 

10 Fig. 34 is a diagram showing a bit map font 

generating process for a character generating apparatus 

according to an embodiment of the present invention; 

Fig. 35 is a flowchart showing a 

thickening/narrowing procedure example for a character 

15 generating apparatus according to an embodiment of the 

present invention; 

Fig. 36 is a diagram showing preprocessing for 

determining an exterior outline or an interior outline 

for a character generating apparatus according to an 

20 ~mbodiment of the present invention; 

Fig. 37 is a diagram showing the results obtained 

by the Gothic thickening process of a character 

gener(lting apparatus according to an embodiment of the 

present invention; 

25 Fig. 38 is a diagram of third table data for 

determining a thickening parameter with a character 

senetat:ing a.ppatatus according to an anbod:inmt of the present 
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invention; 

Figs. 39A and 398 are diagrams showing fourth 

table data for determining a thickening parameter with 

a character generating apparatus ~ccording to an 

5 embodiment of the present invention; · 

10 

Fig. 40 is a diagram for explaining a bit map that 

is employed to prepare a gray scale font with a 

character generating apparatus according to an 

embodiment of the present invention; 

Fig. 41 is comprised of Fig. 41A and Fig. 418 

showing flowcharts showing a second character 

generating method for a character generating apparatus 

according to an embodiment of the present invention; 

Figs. 42A, 428, and 42C are diagrams, each of 

15 which shows an example of a gray scale font conversion 

table for a character generating apparatus according to 

an embodiment of the present invention; 

Fig. 43 is a diagram showing the gray scale font 

conversion process for a character generating apparatus 

20 according to an embodiment of the present invention; and 

Fig. 44 is a diagram showing a gray scale 

converted state for a character generating apparatus 

according to an embodiment of the present invention. 

25 

First Embodiment 

One embodiment of the present invention will now 
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be described. It should be noted that the present 

invention may be employed by a system that has a 

plurality of devices or by an apparatus that consists 

of a single device. The present invention may also be 

5 provided by supplying a program to such a system or 

such an apparatus. 

Fig. 1 is a block diagram illustrating the control· 

configuration of a first system, for which a character 

generating apparatus according to the present invention 

10 can be applied. This system may be either a Japanese 

word processor, a work station, or a computer system. 

In Fig. 1, a CPU 1 is a central processing unit 

that controls the entire system arid performs arithmetic 

operations, etc. A ROM 2 is a read only memory where a 

15 system activating program, programs relating to 

flowcharts, which will be described later, and 

character pattern data are stored. A RAM 3, which is a 

random access memory, is a data storage area with no 

usage limits, where various programs and data are 

20 loaded and executed for each process. A KBC 4 is a 

keyboard control section that receives key input data 

from a KB 5, a keyboard, and transmits the data to the 

CPU 1. In the ROM 2 are stored such data as are shown 

in Figs. 16, 26A, 26B, 38, 42A and 42B, which will be 

25 described later. 

A CRTC 6 is a display controller that sends data 

that are to be displayed to a CRT 7, a display unit. 
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Peripheral storage devices 9, such as an FD (floppy 

disk device) or an HD (hard disk device), are employed 

to store programs and data, which are referred to, or 

loaded to the RAM 3, as required during execution. A 

5 DKC 8 is a disk controller that controls data 

transmission. A PRTC 10 is a printer controller, a PRT 

ll is a printer device, and a system bus is a data path 

for the above described components. 

Fig. 2 is a block diagram of the control 

10 configuration of a second system, for which a character 

generating apparatus according to the present invention. 

is applicable. This system may be a laser beam 

printer, a bubble jet printer, or a thermal transfer 

unit. 

15 In Fig. 2, a CPU 21 is a central processing unit 

that controls the entire apparatus and performs 

arithmetic operations. A ROM 22 is a read only memory 

where a system activating program, character pattern 

data, etc. are stored. 

20 A RAM 23, which is a random access memory, is a 

data storage area with no usage limits where various 

programs and data are loaded and executed for each 

process. 

A PRTC 10 is a printer controller that transmits 

25 . data to a PRT 11, a printer, which· in turri prints the 

data. 

In such a character generating apparatus, the CPU 
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1 executes, according to a parameter that indicates a 

determined character weight, a conversion program that 

is stored in the ROM 2, and transforms the coordinate 

values of outline data into other data that will be 

5 described later. The CPU 1 then generates a thick or 

thin character pattern according to the outline data 

whose coordinates have been transformed, and either a 

thick character or a thin character that has a 

different weight is produced by employing a few 
. 

10 character data. 

Further, the CPU 1 determines a transformed 

coordinate value, by referring to coordinate values of 

two points that· are adjacent to the coordinates of a 

target, and produces a well balanced thick or thin 

15 character pattern. 

20 

25 

In addition, the CPU 1 extracts exterior outline 

data and interior outline data from outline data, and 

generates a thick or thin character pattern that has a 

pleasing appearance. 

Moreover, the CPU 1 determines a thick.character 

weight and a thin character weight independently, by 

employing . t_he extracted exterior outline data and 

interior o~tline data, and generates a thick or thin 

character pattern that has a pleasing appearance. 

Further, the CPU 1 determines independent 

character weights for an x direction and a y direct.ion 

by employing the extracted exterior and interior 
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outline data, and generates a thick or a thin character 

pattern that effectively depicts the characteristic of 

each font style. 

In addition, according to the converted outline 

5 data the CPU 1 outputs either a bit mapped font, 

outline coordinate data, or a gray scale font, and 

supplies thick or thin character data in an appropriate 

data form to various output means. 

Moreover, in accordance with a parameter that 

10 indicates a determined character weight, character data 

that the CPU 1 will convert is determined from a table,. 

which is stored in the ROM 2, and the coordinate values 

of the outline data, which correspond to the determined 

character data, are transformed. In accordance with 

15 the outline data whose coordinates are transformed, a 

thick or thin character pattern is generated, so that 

the character data source is utilized to produce the 

most preferred thick or thin character data. 

Also, the CPU 1 generates more strict thick or 

20 thin character data by converting character data that 

have a character weight which is .close to a determined 

character weight. 

The detailed processing of the embodiment of the 

present invention will now be explained while ref erring 

25 to the flowchart in Figs. 3A and 3B. 

The flowchart in Figs. 3A and 3B show the first 

character generating method for a character generating 
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apparatus according to the present invention. The 

numbers (1) through {17) indicate the steps of the 

procedure. 

An explanation will be given that involves the use 

5 of the data for one font style, which is present in a 

system and which has a specific weight, to generate 

data for characters that have a different weight. 

Input parameters are received at step (1). 

The input parameters may be, for example, a 

10 character code, ·a font style, weight data, and a 

character output size and form that is to be output. 

The character codes are determined by a character 

code system, such as the JIS codes, the shift JIS 

codes, the EUC codes, or the UNI codes, by which a 

15 target system is specified in advance. 

The font style is selected from data that the 

system incorporates in advance, such as Ming, Gothic, 

or Round Gothi_c, or data that are added as options. A 

weight is data for the line thickness of the font 

20 style, and the data "very thin", "thin°, "standard", 

"thick", and "very thick" are provided. 

The output size is data that indicate the actual 

size of the font data that are to be output. 

The output form is the output data form for a 

25 desired font, and an output request, such as an outline 

coordinate data output or a bit mapped output, is 

issued. 
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The coordinate data for a target character are 

read at step (2). The data are stored in a~vance in 

the ROM, in the RAM, on·a hard disk, or on a floppy 

disk. The font style data and character code data of 

5 the data fetched at step {l) are examined, and the 

required amount of coordinate data are read. 

The coordinate data that are to be read are data 

that are obtained by extracting the characteristic 

points of the outline of a character, as is shown in 

10 Fig. ·4. The data include attribute information, such 

as a straight line data/curve data determination flag 

and an outline start point/end point flag, for each 

coordinate point. 

Although an interpolation expression for curve 

15 data employed in this embodiment can be the second or 

the third B spline curve, or the second or the third 

Besier curve, the interpolation expression to be 

employed is determined in advance. 

The minimum value of the coordinates that indicate 

20 a character frame is "0 11
, and the maximum value is 

"800". 

At step (3), a thickening or a narrowing process 

is performed for the coordinate data in consonance with 

the weight data included in the input parameters. 

25 The details of this process will be described 

later while referring to the flowchart in Fig. 12. As 

the result of this process, the coordinate data are 
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transformed into those for a thickened or a narrowed 

outline, as is shown in Fig. 5. 

After the thickening or the narrowing process is 

performed, the coordinate points have a one to one 

5 correspondence, and the attribute flags for each point 

do not vary. 

At step (4) an enlargement or a reduction process 

is performed for the thickened or the narrowed 

coordinate data, which are obtained at step (3), in 

10 consonance with the output size that was included as an 

input parameter. 

When a requested output size is (Ax, Ay), the 

coordinate values o.btained at step ( 3) are ( x, y), the 

coordinate values after the enlargement or reduction 

15 process is performed are {X, Y), and a stored character 

frame size is (Mx, My), then 

(X, Y) = (xx Ax/Mx, y x Ay/My). 

All the coordinates for a single character are 

calculated using.the above expression. The attribute 

20 flags for each of the coordinate points, which are 

obtained at step (3), do not vary. 

When a bit mapped output is requested at step (5), 

program control advances to step (7). 

Steps {7).through (13) are the procedures for 

25 actually prepa~ing bit mapped data from coordinate 

data. At step ( 7) a check is performed to determi.ne 

whether the target coordinate data are straight line 

I 
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data or curve data. When, at step (7), the coordinate 

data are straight line data, the coordinate point is 

defined as the start point for a straight line, and the 

following coordinate point is defined as the end point 

5 for the straight line. Program control then moves to 

step ( 8). 

When, at step (7), the target data are curve data, 

the coordinate data for points between the coordinate 

point and the point where the curve end flag is placed 

10 are assumed to be curve data. Program control then 

moves to step (9). 

A process for generating a straight line is 

performed at step (8). In this case, a DDA method is 

employed to generate a straight line. Points are 

15 placed in two planes. One plane is used for painting, 

and, as is shown in Fig. 7, each point is placed at 

only one x coordinate that corresponds to one y 

coordinate because lines are scanned from left to right 

for painting, and an interval between "l" at an odd 

20 numbered position through "l" at an even numbered 

position is painted with "l". If points are placed at 

more than one X coordinate for a corresponding Y 

coordinate, painting will not be well performed. 

The other plane is an outline OR plane. As· ·is 

25 shown in Fig. 8, all the X coordinates for a single Y 

coordinate are set to "l" in this plane because this 

outline OR plane is employed to compensate for the bits 
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that are skipped in the painting plane. 

At step (9), a process where curve data are 

transformed into an assemblage of short straight lines 

(short vectors) is performed. 

Fig. 9 illustrates the conversion of a third 

Besier curve into an assemblage of short vectors. 

In Fig. 9, points A, B, C, and D are curve data 

(third Besier curve points) obtained at step (3) after 

coordinate transformation. These points are employed 

10 to calculate points a, b, and c. Point a is at the mid 

point between points A and B, point b is at the mid 

point between points B and C, and point c is at the mid 

point between points C and D. 

Then, points x, y, and z qre calculated. Point x 

15 is at the mid point between points a and b, point z is 

at the mid point between points b and c, and point y is 

at the mid point between points x and z. Thus, the 

point row Aaxy is a new third Besier curve point, and 

the point row yzcD is another third Besier curve point. 

20 When these Besier curve points are divided in the 

same manner but in more detail and satisfy a specific 

determination reference, the division process is 

halted. The third Besier curve point rows thus 

obtained are the assemblage of short vectors. 

25 At step (10) points are placed in two planes 

according to the short vector assemblage that is 

acquired at step ( 9.) • The method of placing points in 
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the two planes is the same as that which was performed 

at step (8). This process is repetitively performed 

for all the short vectors. 

A check is performed at step (11) to determine 

5 whether the processing for all the coordinate data for 

one outline has been completed. If the processing has 

been completed, program control advances to step (13). 

If the process has not yet been completed, program 

control moves to step (12). 

10 At step (12) a pointer for current coordinate data 

is updated to process the next data. If the next data 

are straight line data, a pointer is updated to point 

to the next coordinate data. If the next data are 

curve data, a pointer is updated to point to a curve 

15 end coordinate point. Program control then returns to 

step (7), where a check is performed to determine 

whether or not the data are for a straight line or for 

a curve, and points are placed according to the data. 

A check is performed at step (13) to determine 

20 whether or not all the outline data for one character 

have peen processed. When all the outline data have 

been processed, program control advances to step (15). 

When the processing has not been completed, program 

control moves to step (14). 

25 Since the data for one outline have been 

processed, a pointer is shifted to point to the head of 

the next outline at step (14), and program control 
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returns to step (7). 

At step ·cl~), since the process of placing points 

in the two planes for all the coordinate data has been 

completed, the plane for painting is scanned from the 

5 left along each scanned line, as is shown in Fig. 10, 

and the interval between the odd numbered "l" through 

the even numbered "l" is painted with "l". 

The painting process is performed for all the 

scanned lines. Then, at step (16), as is shown in Fig. 

10 11, the data for the painting plane, obtained at step 

(15), and the data for the outline OR plane, obtained 

at steps (8) and (10), are ORed, and the bit mapped 

data for one character is completed. 

Finally, at step (17), data for one character, 

15 which is acquired at step (16), are returned to an area 

that is designated by a request side, and the process 

is thus terminated. 

The thickening/narrowing example process at step 

(3) in Fig. 3 will now be described in detail, while 

20 referring to the flowchart in Fig. 12. 

Fig. 12 is a flowchart showing an example 

thickening/narrowing procedure for a character 

generating apparatus according to the present 

invention. The numbers (1) through (12) indicate the 

2 5 steps of the procedure. 

In the thickening/narrowing process in this 

embodiment, a thickening/narrowing parameter is varied 
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according to the exterior outline a and the interior 

outlines b and c, as is shown in Fig. 4. As the 

outline coordinate point rows are not distinguished for 

the exterior outline and for the interior outlines, the 

5 coordinate rows are examined and determined to be 

either for the external outline or for the inter.ior 

outlines. To change the outline coordinates, an 

exterior outline thickening/narrowing parameter is 

employed for the exterior outline coordinates, while an 

10 interior outline thickening/narrowing parameter is 

employed for the interior outline coordinates. 

It should be noted that when the exterior outline 

point row that forms an outline is counterclockwise, 

the interior outline point rows are arranged clockwise. 

15 When the exterior outline point row is clockwise, the· 

interior outline point rows are arranged 
. -

counterclockwise. 

At steps {1)°.through (3) at Fig. 12, preprocessing 

is performed to determine whether a target outline that 

20 is to be processed at step {4) is an exterior or an 

interior outline. 

During this process, a start point and two points 

that are adjacent to the start point are extracted. 

When the start point is AS, a point preceding the start 

25 point (the final point of an outline} is A, and .a point 

following the start point is B; a point for the 

preprocessing is provided in a direction where an angle 
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formed by the vectors AS and SB is divided. 

When the exterior outline point row is 

counterclockwise, the start point is shifted, by a 

specific value, to the right when facing in the 

5 direction in which the vector is traveling. When the 

exterior outline point row is clockwise, the start 

point is shifted, by a specific value, to the left when 

facing in the direction in which the vector is 

traveling. 

10 Program control then advances to step (4), where a 

check is performed to determine whether a target 

outline is an exterior outline or an interior outline 

by employing the point for the preprocessing, which is 

obtained at step (3). The processing at this step will 

15 be explained in detail while referring to the flowchart 

in Fig. 19. 

Then, at step (5) parameters for the. thickness of 

the exterior and interior outlines are determined in 

consonance with a weight value. A parameter for 

20 determining the outline thickness has independent 

values in the x direction and the y direction for the 

exterior and interior outlines, and manages the 

thickening of horizontal lines and of vertical lines 
·-

separately. 

25 This is because to thicken a Ming character, for 

example, as is shown in Fig. 14, its horizontal lines 

need not be thickened much while its vertical lines 

. . 
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must be thickened a great deal, and therefore different 

values are required for the x direction and the y 

direction. 

For round Gothic font style characters, however, 

· 5 the lines in the horizontal direction are thickened as 

much as those in the vertical direction, as is shown in 

Fig. 15. 

Therefore, the thickening values for the 

individual font styles have to be changed. As is shown 

10 in Fig. 16, data that indicate reference values from an 

exterior outline and an interior outline to the centers. 

of the horizontal and the vertical lines of font styles 

and weights are entered in advance in a table (prepared 

by writing data from the ROM 2 or 22, or from another 

15 storage medium to the RAM 3 or 23). The difference 

between a standard font weight and a desired font 

weight is employed to determine the thickening of the 

exterior outline and the interior outlines in the x 

direction and the y direction. ·Far the Ming style that 

20- employs coordinate data for narrowing as standard data, 

to generate a thick Ming character, a thickening value 

(parameter) is determined by ascertaining the 

difference between 15 and 9 for the x component of the 

exterior outline and the difference between 25 and 15 

25 for its y component. 

When the thickening value is positive, the 

thickening process is performed, while when the 
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thickening value is negative, the narrowing process is 

performed. During the procedures at steps (6) through 

(10), the thickening/narrowing process is performed for 

all the coordinate point rows that constitute one 

5 · outline. 

10 

First, at step (6), an object point to be 

processed is fetched. Then, at step (7), points 

adjacent to the object point are fetched. Finally, at 

step (8), the thickening process is actually performed. 

Suppose that, as is shown in Fig. 17, an object 

point is B, the preceding point is A, and the following 

point is C. When the ·exterior outline is 

counterclockwise, the object point is shifted to the 

right relative to a line bisecting an angle formed by 

15 the vectors AB and BC. When the exterior outline is 

clockwise, the object point is shifted to the left. 

The range within which the point is shifted is 

equivalent to the hypotenuse of a tria~gle that is 

formed with the x thickening value and the y thickening 

20 value that are obtained at step (5). 

When, at step (9), all the coordinate points for 

one outline have been processed, program control 

advances to step (11). When there are some outline 

points to be processed, program control moves to step 

25 (10), where a pointer is updated to point to the next 

outline point, and the thickening process is performed 

again. 
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A check is performed at step (11) to determine 

whether or not all the outlines for one character have 

been processed. When the processing has been 

completed, program control moves to step (12). When 

5 there are outlines that remain to be processed, a 

pointer is updated to point to the next outline point, 

and the thickening process is performed again. 

When the thickening process has been performed for 

all the outline coordinate points, program control goes 
-~· .. ·· 

10 to step (12). As is shown in Fig. 18, while the 

15 

thickening process has been performed, the resultant 

character frame is larger, while when the narrowing 

process has been performed, the resultant frame is 

smaller. 

Thus, at step (12), it is necessary for the size 

of the resultant frame to be adjusted to conform to the 

size of the original character frame. The rate of 

enlargement/reduction is twice the thickening value for 

the exterior outline (a· negative thickening value for 

20 the narrowing), which was acquired at step (5). 

When the X width of the original character frame 

is Bx, the horizontal· thickening value of the exterior 

outline is Fx, the Y width is By, the vertical 

thickening value of the exterior outline is Fy, the 

25 coordinates for which the thickening process is 

performed are (x, y), and the coordinates after the 

character frame size has been adjusted are (X, Y), 
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(X, Y) = ((x + Fx) x Bx/(Bx + Fx x 2), 

(y + Fy) x By/(By + Fy x 2)). 

This calculation is performed for all the 

coordinate point rows for one character, and the 

5 thickening process shown in Fig. 10 is thus terminated. 

The exterior/interior outline determining process 

at step (4) in Fig. 12 will now be explained in detail 

while referring to the flowchart in Fig. 19. 

The flowchart in Fig. 19 is an example procedure 

10 for determining an exterior/interior outline for a 

character generating apparatus acc?rding to the present. 

invention. The numbers (1) through (8) represent the 

steps of the procedure. 

As is shown in Fig. 20, a counterclockwise angle 

15 that is formed by connecting two of the outline 

coordinate points ABCD at a specific point is defined 

as a positive value; and when the sum of the angies for 

the points is 2n, these points are determined to be for 

the interior outline. 

20 When the calculation is performed in the same 

manner as is performed in Fig. 20 and the sum of the 

angles is "0", the points are determined to be for the 

exterior outline. Since the specific point is already 

calculated at steps (1) through (3) in Fig. 12, the 

25 process of calculating the sum of the angles formed 

with the specific point is performed as is indicated by 

the flowchart in Fig.· 19 .. 
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Initialization is performed with the sum of the 

angles equal to "O" at step (1). Two adjacent points 

are extracted at step (2). At step (3), the specific 

point and the two extracted points are connected by 

5 vectors and the size of the angle between the vectors 

is determined. Supposing that the specific point is X 

and the two extracted points are A and B, the angle can 

be calculated by the outer product expression. The 

result is added to the sum of the angles at step (4). 

10 A check is then performed at step (5) to determine 

whether or not one outline extraction for two points 

has been completed. When the calculation has been 

performed for all the points, program control goes to 

step (6). When there are data that remain to be 

15 calculated, program control returns to step (2) to 

repeat the calculation. A check is performed at step 

(6) to determine whether the sum of the angles is· "O" 

or "2rt". When the sum is "0", program control. moves to 

step (7) where an external outline flag is set and the 

20 process is thereafter terminated. When the sum is 

"2rt", program control moves to step (8) where an 

interior outline flag is set and the process is 

thereafter terminated. 

25 

Second Embodiment 

Another embodiment will now be described. 

An explanation will be given for a case where, 

when a font style with a specific weight is requested, 
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there are two or more weights that can be employed as 

standards for the same font style. In this case the 

selection, from among a plurality of font weights for 

the same font style, of the font weight that is to be 

5 used to process a requested weight is important. 

When the font style that has a standard weight is 

determined, the following weight conversion process is 

performed in the same manner as it is performed for the 

first embodiment. An explanation will thus be given 
.. -

10 only for a method of selecting a weight as a standard. 

Fig. 22 is a flowchart showing an example 

procedure for selecting a thickening parameter for a 

character generating apparatus according to the present 

invention. The numbers (1) through (6) represent the 

15 steps of the procedure. 

First, it is ne·cessary at step ( 1) to examine 

which weights of which font styles are stored in a 
storage device. Header data that are stored in the 

headers for the font styles are ·referred to, and data 

20 that indicate the presence of such data are entered in 

a table. 

In the example tables in Figs. 23A and 23B, 

weights 3 and 7 for the Ming style, weight 5 for the 

round Gothic style, weight 6 for the angular Gothic 

25 style, and weights 4 and 7 for the Block style are 

present. 

At step (2), a check is performed to determine 



: ,. 

- 29 -

whether or not requested weight data have been stored 

in a storage device, such as a ROM or a hard disk. The 

table prepared at step (1) is searched, and by 

employing the requested font style and the·weight data 

5 it can be determined whether·or not data are stored in 

a storage device. When the requested weight data have 

been stored in a storage device, program control 

advances to step (3). When the data have not yet been 

stored, program control moves to step (4). 

10 The process at step (3) is performed when the 

requested weight data have been stored in a storage 

device. Since the thickening/narrowing process is not 

required, coordinate data are read from the storage 

device. By referring to the data the 

15 enlargement/reduction process is performed in 

consonance with the output size, and a bit mapped font 

is prepared. The process is then terminated. 

The process at step (4) is performed when the 

requested weight data is not stored in a storage 

20 device. The thickening/narrowing process is performed 

to output a character that has the requested weight. 

It is therefore necessary to select source data 

for performing the thickening/narrowing process. In 

·general, the result obtained through the thickening 

25 process deteriorates less than that obtained through 

the narrowing process. Therefore, by employing the 

table prepared at step (1), a check is performed to 
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determine whether or not data for a weight that is 

smaller than the requested weight are stored in a 

storage device. 

When data for a weight that is smaller than the 

5 requested one are stored in a storage device, program 

control moves to step (5). When the data for the 

smaller weight are not stored in a storage device, 

program control goes to step (6). 

To output, for example, a Ming style font having a 

10 weight of 5, as the Ming style font with a weight of 3 

is present in the storage device, program control moves 

to step (5). To output the angular Gothic style font 

having a weight of 3, as there is no angular Gothic 

style font having a smaller weight, program control 

15 moves to step (6). 

At step (5), a ·font style that has a weight that 

will serve as the standard for the thickening process 

is selected. Parameters in the x direction and the y 

direction are set for the exterior and the interior 

20 outlines, for which the thickening process is 

performed. 

To output the Ming style font having a weight.of 

s· , as the Ming style font having a weight of 3 is 

present, the differences between weight 3 and weight 5 

25 for the x direction and the y direction of each of the 

exterior and the interior outlines are set as 

thickening parameters. At step (6), a font style with 
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a weight that serves as the standard for the narrowing 

process is.selected. Then, parameters for the x 

direction and the y direction of each of the exterior 

and interior outlines are set. 

5 To output the angular Gothic style font having a 

weight of 3, as the angular Gothic style font having a 

weight of 6 is present, the differences between weights 

3 and 6 for the x direction and the y direction of the 

outlines are set as parameters. 

10 .. After the thickening or narrowing parameters have 

been set at step {5) or {6) as described above, the 

process as explained in the first embodiment is 

performed and a character having a desired weight is 

output. Although an explanation has been given for the 

15 determination of whether or not font data with smaller 

weight than that of a target character are present, a 

check may be performed to determine whether or no·t 

1arger weight font data than the weight of a target 

character are present. 

20 In addition, data for the weight closest to the 

25 

weignt of the target character may be selected and 

employed to perform weight conversion. 

Third Embodiment 

Another embodiment will now be described. 

An explanation will be given of the employment for 

a gray scale font of the thickening process performed 

in the first and second embodiments. 
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While the bit mapped font is a binary font where 

its dot value is either "O" or "l", the gray scale font 

is a multi-value font where each dot can have multiple 

values, such as 0 through 3, 0 through 5, or 0 through 

5 255. 

As a method for generating a gray scal_e font, 

·generally, when a gray scale font with n2 gray levels 

is to be output, as is shown in Fig. 24, the requested 

output size is enlarged by n t.imes in the vertical and 

10 the horizontal directions at step (4} in Fig. 25A, 

and a bit mapped font is prepared by employing the 

resultant output size. 

A bit map is vertically and horizontally divided 

to form n bits, as is shown in Fig. 24. The number of 

15 bits 1 that are included in each n x n square field 

division determines. the multiple values for one dot of 

a gray scale. 

When the first embodiment is applied to the gray 

scale font, the processing is performed as is shown in 

20 the flowchart in Figs. 25A and 258. 

Figs. 25A and 258 are flowcharts for the second 

character generating method for a character generating 

apparatus according to the present invention. The 

numbers (1) through (19) indicate the steps of tne 

25 procedure. 

Since the flowchart for this processing is almost 

the same as that for the bit mapped font generation or 
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for the outline coordinate output in the first 

embodiment, _and as the steps almost correspond to those 

in. Figs. 3A and 38, only procedure steps that differ due to 

the generation of the gray scale font will now be 

5 explained. 

The steps that differ from those in Figs. 3A and 

38 are steps (1) and (4), and steps (17) and.(18), 

which are added. 

Input parameters are fetched at step (1), and gray 

10 scale data are added to ··the input parameters. The 

parameters are, for example,· a:·· character code, a font 

style, weight data, and a character output size, gray 

:evel data, an output form, and the characteristics of 

an output device. 

15 The character codes are determined by a character 

code system, such as the JIS codes, the shift JIS 

codes, the EUC codes, or the UNI codes, _by which a 

target system is specified in advance. 

The font style is selected from data that is 

20 incorporated into the system in advance, such as Ming, 

Gothic, or Round Gothic, or data that are added as 

options. 

The contents of the data are exactly the same as 

the data that are employed for generating the bit 

25 mapped font. Special data for generating the gray 

scale font are not stored. 

The weight data are data for the line thicknesses 
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of the font style, and the data "very thin", "thin", 

"standard", "thick", and "very thick" are provided. 

The output size is data that indicates the actual size 

of the font data that are to be output. The sizes in 

5 the x direction and the y direction are requested. The 

gray level data designate the gray level at which the 

gray scale font is to be prepared. 

The gray levels are set to a 4, a 16, or a 256 

level in accordance with the characteristics of an· 

10 output device. The output form is the output data form 

for a desired font, and includes an outline coord~nate 

data output, a bit mapped font output, a gray scale 

font output, and a 1-dot expression form. The 1-dot 

expression form of, for example, the gray scale font is 

15 employed to indicate whether one dot is expressed by 

one byte, or whether two or four dots are expressed by 

one byte. The characteristics of the output device are 

data that indicate how to determine a gray level for 

the preparation of an optimal gray scale font for the 

20 di.splay unit. 

At step (4), by referring to the output size and 

the gray level of the gray scale font, the 

enlargement/reduction process is performed for the 

coordinate data read at step (2). ·when the requested 

25 output size is (Ax, Ay), a gray level is n, the 

coordinates acquired at step (3) are (x, y), the 

coordinates obtained after.the enlargement/reduction 



... 

5 

- 35 -

process is performed are (X, Y), and the character 

frame size for the stored data is (Mx, My), the 

expression for data eniargement or reduction is 

(X, Y) = (xx fn x Ax/Mx, y x fn x Ay/My). 

At steps (17) and (18), a gray scale font is 

prepared by employing the bit mapped font prepared at 

step (16). First, at step (17), the gray scale 

conversion table is selected according to the output 

device characteristic, that is acquired as an input 

10 p~rameter. With a mask of 4 x 4 for the 16 gray 

levels, values that represent the output device 

characteristic are stored in advance in the gray scale 

£ant conversion table, as is shown in Fig. 26. 

Fig. 26A shows an example where the luminance 

15 characteristic of the output device is uniform; Fig. 

26B shows an example where the luminance is high in the 

center of a dot and lower in lts peripheral portion; 

and Fig. 26C shows an example where the luminance is 

high in the peripheral portion of a dot and lower. in 

20. its center. 

From among these, the table most appropriate for 

the luminance characteristic of the output device is 

selected. Then, at step (18) a gray scale font is 

prepared by employing the table selected at step (17). 

25 This processing will now be explained while referring 

to Fig. 27. 

Fig. 27 shows a bit mapped font that is acquired 
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at step (16). The vertical and horizontal lengths have 

been prepared by multiplying fn by the gray level n. 

Therefore, the vertical and horizontal lengths are 

divided by /n and the fn x f n grid square is extracted. 

5 A bit value for each grid square is multiplied by a 

value entered in its corresponding gird square in the 

table, which is acquired at step (17). 

The sum of the products provides a gray scale 

value for a target dot. 

10 Fig. 27 shows an example where a gray scale font 

with 16 gray levels is output. The table in Fig. 268 

is selected for the 4 x 4 grid square. 

The above described process is performed for all 

the grid squares, so that the gray scale font as is 

15 shown in Fig. 28 is generated. Then, at step (19), the 

gray scale font is stored in consonance with the output 

form and data are returned to the request side. 

If the requested output form is one byte for one 

dot, values at the grid squares are compressed into one 

20 byte and stored. 

If the requested output form is for the 

compression of adjacent points into on~ byte, one dot 

is_ compressed into four bits and stored, and the data 

are then returned to the request side. The proce~s is 

25 then terminated. 

Fourth Embodiment 

Since block circuits for a character generating 
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apparatus of this embodiment have been explained while 

referring to Figs. 1 ·and 2, their explanation will not 

be given here. 

In the character generating apparatus arranged as 

5 is shown in Figs. 1 and 2, the CPU 1 executes, 

according to a parameter that indicates a determined 

character weight, a conversion program that is stored 

in the ROM 2, and transforms the coordinate values of 

outline data into other data that will be described 

10 later. The CPU 1 then generates a thick or thin 

character pattern according to the outline data whose 

coordinates have been transformed, and either a thick 

character or a thin character that has a different 

weight is produced by employing a few character data. 

15 Further, the CPU 1 determines a transformed 

coordinate yalue, by referring to coordinate values of 

two points that are adjacent to the coordinates of a 

target, and produces a well balanced thick or thin 

character pattern. 

20 In addition, the CPU 1 determines independent 

character weights for an x direction and a y direction 

by employing the outline data, and generates a thick or 

a thin character pattern that effectively depicts the 

characteristic of each font style. 

25 Moreover, according to the converted outline data 

the CPU 1 outputs either a bit mapped font, outline 

coordinate data, or a gray scale font, and supplies 
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thick or thin character data in an appropriate data 

form to various output means. Further, in accordance 

with a parameter ·that indicates a determined character 

weight, character data that the CPU 1 will convert is 

5 determined from a table, which is stored in the ROM 2, 

and the coordinate values of the outline data, which 

correspond to the determined character data, are 

transformed. In accordance with the outline data whose 

coordinates are transformed, a thick or thin character 

10 pattern is generated, so that the character data source 

is utilized to produce the most preferred thick or thin 

character data. 

Also, the CPU 1 generates more strict thick or 

thin character data by converting character data that 

15 have a character weight which is close to a determined 

character weight. 

The detailed processing of the embodiment of.the 

present invention will now be explained while referring 

to the flowchart in Figs. 29A and 29B. 

20 The flowchart in Figs. 29A and 29B show the third 

25 

character generating method for a character generating 

apparatus according to the present invention. The 

numbers (1) through (16) indicate the steps of the 

procedure. 

An explanation will be given that involves the use 

of the data for one font style, which is present in a 

system and which has a specific weight, to generate 
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data for characters that have a different weight. 

Input parameters are received at step (1). The 

input parameters may be, for example, a character code, 

a font style, weight data, and a character output size 

5 and form that is to be output. The character codes are 

determined by a character code system, such as the JIS 

codes, the shift JIS codes, the EUC codes, or the UNI 

codes, by which a target system is specified in 

advance. The font style is selected from data that the 

10 system incorporates in advance, such as Ming, Gothic, 

or Round Gothic, or data that are added as options. A 

weight is data for the line thickness of the font 

style, and the data "·.;ery thin", "t?".in", "standard", 

"thick", and "very thick" are provided. The output 

15 size is data that indicate the actual size of the font 

data that are to be output. The output form is the 

output data form for a desired font, and an output 

request, such as an outline coordinate data output or a 

bit mapped output, is issued. 

20 The coordinate data for a target character are 

read at step (2). The data are stored in advance in 

the ROM, in the RAM, on a hard disk, or on a floppy 

disk. The font style data and character code data of 

the data fetched at step (1) are examined, and tfie 

25 required amount of coordinate data are read. The 

coordinate data that are to be read are data that are 

obtained by extracting the characteristic points of the 



.. 

- 40 -

outline of a character, as is shown in Fig. 4. The 

data include attribute information, such as a straight 

line data/curve data determination flag and an outline 

start point/end point flag, for each coordinate point. 

5 Although an interpolation expression for curve data 

employed in this embodiment can be the second or the 

third B spline curve, or the second .or the third Besier 

curve, the interpolation expression to be employed is 

determined in advance. 

10 The minimum value of the coordinates that are used 

to describe a character frame is "0", and the maximum 

value is "800 1• • Off set information from the character 

origin point to standard points in each stroke frame is 

also included. At step (3), a thickening or a 

15 narrowing process is performed for the coordinate data 

in consonance with the weight data included in the 

input parameters. The details of this process will be 

described later while referring to the flowchart in 

Fig. 37. As the result of this process, the coordinate 

20 data are transformed into those for a thickened or a 

narrowed outline, as is shown in Fig. 31. 

After the thickening or the narrowing process is 

performed, the coordinate points have a one to one 

correspondence, and the attribute flags for each point 

25 do not vary. At step (4) an enlargement or a reduction 

process is performed for the thickened or the narrowed 

coordinate data, which are obtained at step (3), in 



;, .. 

.. THIS SHEET HAS BEEN 
REPLACED ·-

consonance with the output size that was included as an 

input parameter. 

When a requested output size is (Ax, Ay), the 

coordinate values obtained at step (3) are (x, y), the 

5 coordinate values after the enlargement or reduction 

process is performed are (X, Y), and a stored character 

frame size is (Mx, My), then 

(X, Y) = (x x Ax/Mx, y x Ay/My). 

All the coordinates for a single character are 

10 calculated using the above expression. The attribute 

flags for each of the coordinate points, which are 

obtained at step (3),.do not vary. When a bit mapped 

output is requested at step (5), program control 

advances to step (7). Steps (7) through (13) are the 

15 procedures for actually preparing bit m~pped data from 

coordinate data. At step (7) a check is per.formed to 

determine whether the target coordinate data are 

straight iine data or curve data. 

When, at step (7), the coordinate data are 

20 straight line data, the coordinate point is defined as 

the start point for a straight line, and the following 

coordinate point.is defined as the end point for the 

straight line. Program control then moves to step (8). 

When, at step (7), the target data are curve data, the 

25 coordinate data for points between the coordinate point 

and the point where the curve end flag is placed are 

assumed to be curve data. Program control then moves 
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to step (9). A process for generating a straight line 

is performed at step (8). In this case, a ODA method 

is employed to generate a straight line. The 

coordinate data that are acquired by the DOA are 

s· entered in a coordinate table for painting, as is shown 

in Fig. 33. 

In the coordinate table for painting shown in Fig. 

33, a start coordinate and an end coordinate for the x 

coordinate are entered for each y coordinate in the 

10 output area. When, as the result of the DOA method, a 

plurality of x coordinates are present for a single y 

coordinate, the x coordinate is set so that it is the 

outermost one relative to the outline of a stroke. At 

step (9), curve data are converted into the assemblage 

15 of short straight lines (short vectors). 

20 

· .Fig. 9 illustrates the conversion of a third 

Besier curve into an assemblage of short vectors." 

Since this process has been previously described, an 

explanation of this process will not be given here. 

At step (10), coordinate data are entered in the 

coordinate table £or painting in accordance to the 

short vector assemblage that is acquired .at step (9). 

The method of entering the coordinate data in the table 

is the same as that which was performed at step (-8). 

25 This process is repetitively performed for all the 

short vectors. 

A check is performed at step (11) to determine 
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whether the processing for all the coordinate data for 

one outline has been completed. If the processing has 

been completed, program control advances to step (13). 

If the process has not yet been completed, program 

5 control moves to step {12). At step (12) a pointer for 

current coordinate data is updated to process the next 

data. If the next data are straight line data, a 

pointer is updated to point to the next coordinate 

data. If the next data are curve data, a pointer is 

10 updated to point to a curve end coordinate point . 

. Program control then returns to step (7), where a 

check is performed to determine whether or not the data 

are for a straight line or for a curve, and points are 

placed according to the data. A check is performed at 

15 step (f3) to determine whether or not all the outline 

data for one character have been processed. When all 

the outline data have been processed, program control 

advances to step (15). When the processing has not 

been completed, program control·moves to step (14). 

20 Since the data for one outline have been proc~ssed, a 

pointer is shifted to point to the head of the next 

outline at step (14), and program-control returns to 

step (7). Since at step {15) the points for all the 

coordinate data have been placed on two planes, 

25 painting is performed, by a non-zero winding method, 

for the x coordinates that correspond to the y 

coordinates and that are stored in the painting 
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coordinate table at steps (8) and (10), as is shown in 

Fig. 34. According to this method, the plane is 

scanned from the left along each scanned line. The 

value of a flag at start point is incremented, while 

5 the value· of a flag is decremented. If the flag values 

are not a 11 0 11
• the interval between the points of those 

flags are painted with 11 1 11
• 

Finally, at step (16), data for one character, 

which is acquired at step (15), are returned to an area 

10 that is designated by a request side, and the process 

is thus terminated. 

15 

The thickening/narrowing example process at step 

(3) in Fig. 29 will now be described in detail, while 

referring to the flowchart in Fig. 35. 

In the thickening/narrowing process in this 

embodiment, a parameters for thickening/narrowing a 

stroke is varied to change the coordinates for each 

outline point. 

Fig. 35 is a flowchart showing an example 

20 thickening/narrowing proc~dure fo~ a character 

generating apparatus according to the present 

invention. The numbers (1) through (9) indicate the 

steps of the procedure. 

At step (1) a parameter for the thickness of an 

25 outline is determined in consonance with a weight 

value. A parameter for determining the outline 

thickness has independent values in the x direction and 
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the y direction for the outline, and manages the 

thickening of horizontal lines and of vertical lines 

separately. 

This is because to thicken a Ming character, for 

5 example, as is shown in Fig. 36, its horizontal lines 

need not be thickened much while its vertical lines 

must be thickened a great deal, and therefore different 

values are required for the x direction and the y 

direction. For round Gothic font style characters, 

10 however, the lines in the horizontal direction are 

thickened as much as those in the vertical direction, 

as is shown in Fig. 37. Therefore, the thickening 

values for the individual· font styles have to be 

changed. As is shown in Fig. 38, data that indicate 

15 reference values from the outlines to the centers of 

the horizontal. and the vertical lines of font styles 

and weights are entered in advance in a table. The 

difference between a standard font weight and a desired 

font weight is employed to determine the thickening of 

20 the outlines in the x direction and the y direction. 

When the thickening value is positive, the thickening 

process is performed, while when the thickening value 

is negative, the narrowing process is performed. For 

the round Gothic style that employs coordinate data for 

25 thickening as standard data, to generate a very thin, 

round Gothic character, a thickening value (parameter) 

is determined by ascertaining the difference between 10 



.~ 

- 46 -

and 25 for the x direction and the difference between 

10 and 25 for the y direction. 

At step (2), offset information for each stroke is 

varied in consonance with a thickening parameter. To 

5 obtain the changed.offset information, an x value and a 

y value of the thickening parameter are subtracted from 

the x coordinate and the y coordinate of the offset. 

At steps (3) through (7), the thicke~ing/narrowing 

process is pe~formed for all the coordinate point rows 

10 that consist of one stroke. First, at step (3), an 

object point to be processed is fetched. Then, at step . 

(4), points that are adjacent to the object point are 

fetched. 

At step (5), the thickening process is actually 

15 performed. Since this process has been explained in 

detail while referri'ng to Fig. 17, its explanation will 

not be given here. The range within which the point is 

shifted .is equivalent to the hypotenuse of a triangle 

that is formed with the x thickening value and the y 

20 thickening value that are.obtained at step (1). As the 

coordinate values that are acquired in this process are 

those for a single stroke frame, they are added to the 

offset coordinate values that are obtained at step (2) 

to provide coordinates from the character origin. 

25 When, at step (6), all the coordinate.points for 

one outiine have been processed, program control 

advances to step ( 8 ) . When there are some outline 
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points to be processed, program control moves to step 

(7), where a pointer is updated to point to the next 

outline point, and the thickening process is p~rf ormed 

again. A check is performed at step (8) to determine 

5 whether or not all the outlines for one character have 

been processed. When the processing has been 

completed, program control moves to step (9). When 

there are outlines that remain to be processed, a 

pointer is updated to point to the next outline point, 

10 and the thickening process is performed again. 

When the thickening process has been performed for. 

all the outline coordinate points, program control goes 

to step (9). As is shown in Fig. 15, while the 

thickening process has been performed, the resultant 

15 character frame is larger, while when the narrowing 

process has been performed, the resultant frame is 

smaller. 

Thus, it is necessary for the size of the 

resultant frame to be adjusted to conform to the size 

20 of ·the original character frame. The rate of 

enlargement/reduction is twice the thickening value fa~ 

the·-outline (a negative thickening value for the 

narrowing), which was acquired at step (1). 

When the X width of the original character frame 

25 is Bx, the horizontal thickening value of the exterior 

outline is Fx, the Y width is By, the vertical 

thickening value of the exterior outline is Fy, the 
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coordinates for which the thickening process is 

performed are (x, y), and the coordinates after the 

character frame size has been adjusted are (X, Y), 

(X, Y) = ((x + Fx) x Bx/(Bx + Fx x 2), 

(y + Fy) x By/(By + Fy x 2)). 

This calculation is performed for all the coordinate 

point rows for one character, and the thickening 

process shown in Fig. 35 is thus terminated. 

Fifth Embodiment 

The fifth embodiment will now be described. An 

explanation will be given for a case where, when a font 

style with a specific weight is requested, there are 

two or more weights that can be employed as standards 

for the same font style. 

In this case the selection, from among a plurality 

of font weights for the same font style, of the font 

weight that is to be used to process a requested weight 

is important. Ther~fore, when the font style that has 

a standard weight is determined,· the following weight 

20 conversion process is performed in the same manner as 

it is performed· for the first embodiment. An 

explanation will thus be given only for a method of 

selecting a weight as a standard. 

Fig. 22 is a flowchart showing an example 

25 procedure for selecting a thickening parameter for a 

character generating apparatus according to the present 

invention. The numbers (1) through (6) represent the 
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steps of the procedure. 

First, it is necessary at step (1) to examine 

which weights of which font styles are stored in a 

storage device. Header data that are stored in the 

5 headers for the font styles are referred to, and data 

that indicate the presence of such data are entered in 

a table. In the example tables in Figs. 39A and 39B, 

weights 3 and 7 for the Ming style, weight 5 for the 

round Gothic style, weight 6 for the angular Gothic 

10 style, and we~ghts 4 and 7 for the Block style are 

present. 

At step (2), a check is performed to determine 

whether or not requested weight data have been stored 

in a storage device, such as a ROM or a hard disk. The 

15 table prepared at step (1) is searched, and by 

employing the requested font style and the weight data 

it can be determined whether or not data are stored in 

a storage device. When the requested weight data have 

been stored in a storage device, program control 

20 advances to step (3). When the data have not yet been 

stored, program control moves to step (4). The process 

at step (3) is performed when the requested weight data 

have been stared in a storage device. Since the 

thickening/narrowing process is not required, 

25 coordinate data are read from the storage device. By 

referring to the coordinate data the 

enlargement/reduction process is performed in 
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consonance with the output size, and a bit mapped font 

is prepared. The process is then terminated. 

The process at step {4) is performed when the 

requested weight data is not stored in a.storage 

5 device. The thickening/narrowing process is performed 

to output a character that has the requested weight. 

It is therefore necessary to select source data for 

performing the thickening/narrowing process. In 

general, the result obtained through the thickening 

10 process deteriorates less than that obtained through 

the narrowing process. Therefore, by employing the 

·table prepared at step (1}, a check is performed to 

determine whether or not data for a weight that is 

smaller than the requested weight are stored in a 

15 storage device. 

When data for a weight that is smaller than the 

requested one are stored in a storage device, program 

control moves to step (5). When the data for the 

smaller weight are not stored in a storage device, 

20 program control goes to step (6). 

To output, for example, a Ming style font having a 
~ .".~ . 

weight of 5, as the Ming style font with a weight of 3 

is present in the storage device, program contra~ moves 

to step (5). To output the angular Gothic style font 

25 having a weight of 3, as there is no angular Gothic 

style font having a smaller weight, program control 

moves to step (6). 
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At step (5), a font style that has a weight that 

will serve as the standard for the thickening process 

is selected. Parameters in the x direction and the y 

direction are set to perform the thickening process. 

5 To output the Ming style font having a weight of 5, as 

the Ming style font having a weight of 3_is present, 

the differences between weight 3 and weight 5 for the x 

direction and the y direction of the outline are set as 

thickening parameters. At step (6), a font style with 

10 a weight that serves as the standard for the narrowing 

process is selected. Then, parameters for the x 

direction and the y direction of the outline are set. 

To output the angular Gothic style font having a 

weight of 3, as the angular Gothic style font having a 

15 weight of 6 is present, the differences between weights 

3 and 6 for the x direction and the y direction of the 

outline are set as parameters. After the thickening or 

narrowing parameters have been set at step {5) or {6) 

as described above, the process as explained in the 

20 fourth embodiment is performed and a character having a 

desired weight is output. 

Although an explanation has been given for the 

determination of whether or not font data with smaller 

weight than that of a target character are present, a 

25 check may be performed to determine whether or-not font 

data for a larger weight than the weight of a target 

character are present. In addition, data for the 
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weight closest to the weight of the target character 

may be selected and employed to perform weight 

conversion. 

Sixth Embodiment 

The sixth embodiment will now be described. An 

explanation will be given of the employment for a gray 

scale font of the thickening process performed in the 

fourth and fifth embodiments. 

While the bit mapped font is a binary font where 

its dot value is either "0" or "l", 
--

the gray scale font 

is a multi-value font where each dot can have multiple 

values, such as 0 through 3, 0 through 5, or 0 through 

255. As a method for generating a· gray scale font, 

generally, when a gray scale font with n2 gray levels 

15 is to be output, as is shown in Fig. 40, the requested 

output size is enlarged by n times in the vertic_al and 

the horizontal directions at step (4) in Fig. 41,.and a 

bit mapped font is prepared by employing the resultant 

output size. 

20 A bit map is vertically and horizontally divided 

to form n bits, as is shown in Fig. 40. The number of 

bits 1 that are included in each n x n square field 

division determines the multiple values for one dot of 

a gray scale. When the fourth embodiment is applied to 

25 the gray scale font, the processing is performed as is 

shown in the flowchart in Fig. 41. 

Figs. 41A and 41B are flowcharts for the fourth 
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character generating method for a character generating 

apparatus according to the present invention. The 

numbers (1) through (18) indicate the steps of the 

procedure. 

5 Since the flowchart for this processing is almost 

the same as that for the bit mapped font generation or 

for the outline coordinate output in the fourth 

embodiment, and as the steps almost correspond to those 

in Figs. 29A and 29B, only procedure steps that differ 

10 due to the generation of the gray scale font will now 

be explained. 

The different steps are steps (1) and (4), and 

steps (16) and (17), which are added. 

Input parameters are fetched at step (1), and gray 

15 scale data are added to the input parameters. The 

parameters are, for ·example, a character code, a font 

style, we~ght data, and a character output size, gray 

level data, an output form, and the characteristics of 

an output device. The character codes are determined 

20 by a character code system, such as the JIS codes, the 

shift JIS codes, the EUC codes, or the UNI codes, by 

which a target system is specified in advance. The 

font style is selected from data that is incorporated 

into the system in advance, such as Ming, Gothic, or 

25 Round Gothic, or data that are added as options. 

The contents of the data are exactly the same as 

the data that are employed for generating the bit 
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mapped font. Special data for generating the gray 

scale font are not stored. The weight data are data 

for the line thicknesses of the font style, and the 

data "very thin," "thin," "standard," "thick," and 

5 "very thick" are provided. 

The output size is data that indicates the actual 

size of the font data that are to be output. The sizes 

in the x direction and the y direction are requested. 

The gray level data designate the gray level at which 

10 the gray scale font is to be prepared. The gray levels 

are set to a 4, a 16, or a 256 level in accordance with 

the characteristics of an output device. 

The output form is the output data form for a 

desired font, and includes an outline coordinate data 

15 output, a bit mapped font output, a gray scale font 

output, and a 1-dot expression form. 

The 1-dot expression form of, for example, the 

gray scale font is employed to indicate whether one dot 

is expressed by one byte, or whether two or four dots 

20 are expressed by one byte. 

25 

The characteristics of the output device are data 

that indicate how to determine a gray level for the 

preparation of an optimal gray scale font for the 

displ.ay unit. 

At step (4), by referring to the output size and 

the gray level of the gray scale font, the 

enlargement/reduction process is performed for the 



,, _ .. 

- 55 -

coordinate data read at step (2). When the requested 

output size is {Ax, Ay), a gray level is n, the 

coordinates acquired at step (3) are (x, y), the 

coordinates obtained after the enlargement/reduction 

5 process is performed are (X, Y),· and the character 

frame size for the stored data is (Mx, My), the 

expression for data enlargement or reduction is 

(X, Y) = (x x [n x Ax/Mx, y x [n x Ay/My). 

At steps (16) and (17}, a gray scale font is 

10 prepared by employing the bit mapped font prepared at 

step ( 15) .. 

First, at step (16), the gray scale conversion 

table is selected according to the output device 

characteristic, that is acquired as an input parameter. 

15 With a mask of 4 x 4 for the 16 gray levels, values 

that represent the output device characteristic are 

stored in advance in the gray scale font conversion 

table, as is shown in Figs. 42A to 42C. 

Fig. 42A shows an example where the luminance 

20 characteristic of the output device is uniform; Fig. 

428 shows an example where the luminance is high in the 

center of a dot and lower in its peripheral portion; 

and Fig. 42C shows an example where the luminance is 

high in.the peripheral portion of a dot and lower in 

25 its center. From among these, the ·table that is most 

appropriate for the luminance characteristic of the 

output device is selected. 
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Then, at step (17) a gray scale font is prepared 

by employing the table that is selected at step (16). 

This processing will now be explained while ref erring 

to Fig. 43. 

Fig. 43 shows a bit mapped font that is acquired 

at step (15). The vertical and horizontal lengths have 

been prepared by multiplying [n by the gray level n. 

Therefore, the vertical and horizontal lengths are 

divided by [n and the [n x [n grid square is extracted. 

10 A bit value for each grid square is multiplied by a 

value entered in its corresponding gird square in the 

table, which is acquired at step (16). 

The sum of the products provides a gray scale 

value for a target dot. Fig. 42 shows an example where 

15 a gray scale font with 16 gray levels is output. The 

table in Fig. 42B is selected for the 4 x 4 grid 

square. The above described process is performed: for 

all the grid squares, so that the gray scale font as is 

shown in Fig. 44 is generated. 

20 Then, at step (18), the gray scale font is stored 

in consonance with the output form and data are 

returned to the request side. If the requested output 

form is one byte for one dot, values at the grid 

squares are compressed into one byte and stored. If 

25 the requested output form is for the compression of 

adjacent points into one byte, one dot is compressed 

into four bits and stored, and the data are then 
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returned to the request side. The process is then 

terminated. 

As described above, according to one embodiment of 

the present invention, a conversion means transforms 

5 coordinate values of outline data according to a 

determined character weight, and then a generation 

means generates a thick or thin character pattern 

according to the outline data whose coordinates have 

been transformed, so that either a thick character or a 

10 thin character that has a different weight can be 

produced by employing a few character data. 

Further, according to another embodiment of the 

present invention, a transformed coordinate value can 

be determined by ref erring to coordinate values of two 

15 points that are adjacent to the coordinates of· a 

target, so that a well balanced thick or thin character 

pattern can be produced. 

In addition, according to a further embodiment of 

the present invention, exterior outline data and 

20 interior outline data can be extracted from outline 

data, and a thick or thin character pattern that has a 

pleasing appearance can·be produced. 

Moreover, according to an additional embodiment of 

the present invention, an input thick character-weight 

25 or an input thin character weight can be determined 

independently, by employing extracted exterior outline 

data and interior outline data, and a thick or thin 
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character pattern that has a pleasing appearance can be 

produced. 

Further, according to still another embodiment of 

the present invention, independent character weights 

5 for an x direction and a y direction can be determined 

10 

by employing extracted exterior and interior outline 

data, and a thick or a thin character pattern that 

effectively depicts the characteristic of each font 

style can be produced. 

In addition, according to a still further 

embodiment of the present invention, either a bit 

mapped font, outline coordinate data, or a gray scale 

font can be output according to the converted outline 

data, and thick or thin character data can be supplied 

15 in an appropriate data form to various output means. 

Moreover, according to yet another embodiment of 

the present invention, a parameter is determined by 

employing the weight of a character that is to be 

generated and a difference between the weights of 

20 character data that are stored, a conversion means 

employs the determined parameter to convert the 

coordinate value .of outline data, and a generation 

means employs the resultant outline data to generate a 

thick or thin character pattern, so that the character 

25 data source is utilized to produce the most preferred 

thick or thin character data. 

Also, according to one more embodiment of the 
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present invention, more strict thick or thin character 

data can be generated by determining a parameter 

according to character data that have a character 

weight which is close to a determined character weight. 

According to the present· invention, therefore, 

only a small memory capacity is required for the 

generation of character data for font styles with 

various weights. 
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1. A character generating apparatus comprising: 

a storage means for storing character data that 

consist of coordinate data, 

a generation means for generating a character 

pattern according to said coordinate data stored in 

said storage means, 

a determination means for determining a· parameter 

to make said character pattern thick or ·thin, and 

a conversion means for converting said coordinate 

data according to said parameter determined by said 

determination means; and 

employing said generation means to generate a 

thick or thin character pattern according to coordinate 

15 data converted by said conversion means. 

2. A character generating apparatus according to 

claim 1, wherein said conversion means refers to data, 

for two sets of coordinates adjacent to target 

20 coordinates, for the conversion of said coordinate 

data. 

3. A character generating apparatus according to 

claim 1, wherein said determination means determines 

25 independent parameters for said coordinate data in an x 

direction and in a y direction. 
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4. A character generating apparatus according to 

claim 1, wherein said generation means employs said 

converted coordinate data to output either a bit mapped 

form, a coordinate data form, or a gray scale form. 

5. A character generating apparatus according to 

claim 1, further comprising an output means for 

outputting said generated character pattern. 

6. A character generating apparatus according to. 

claim 5, wherein said output means is a printer or a 

display unit. 

7. A character generating apparatus according to 

15 claim 1, wherein said character data are stored in a 

form where outlines are not permitted to cross each 

other. 

8. ·A character generating apparatus according to 

20 claim 1, wherein said character data are stored in a 

form where outlines are permitted to cross each other. 

9. A character generating apparatus according to 

claim 7, wherein said character data in said form, 

25 where said outlines are not permitted to cross each 

other, include character data that represent an 

exterior outline and character data that represent an 
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10. A character generating apparatus according to 

claim 9, wherein said determination means is capable of 

5· determining data separately for said exterior outline 

and for said interior outline. 

11. A character generating apparatus according to 

claim 1·, wherein said parameters are determined by a 

10 difference· in weight data for a character that is to be 

generated and weight data for a character that is 

stored in said storage means. 

12. A character generating apparatus according to 

15 claim 11, wherein said weight data for a character are 

stored for every font style. 

13. A character generating apparatus according to 

claim l, further comprising a correction means for 

20 correcting a size of a character frame of said 

25 

coordinate data, which is converted by said conversion 

mean~, so that the resultq.nt size conforms to the 

original size. 

14. A character generating apparatus according to 

claim 11, wherein those selected weight data for a 

character that is stored in said storage means are 
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those weight data that are the closest to said weight 

data for a character that is to be generated. 

15. A character generating apparatus according to 

5 claim·ll, wherein among said weight data stored in said 

10 

15 

storage means, first priority is given to the selection 

of smaller weight data than said weight data for a 

character that is to be generated. 

16. A character generating method comprising: 

a generation step for generating a character 

pattern according to coordinate data stored in a 

storage means, for storing character data that consist 

of said coordinate data, 

a determination step for determining a parameter 

to make said character pattern thick or thin, and 

a conversion step for converting said coordinate 

data according to said parameter determined at said 

determination step; and 

20 whereby, at said generation step, a thick or thin 

character pattern is generated according to coordinate 

data converted at said conversion step. 

17. A character generating method according to 

25 claim 16, wherein, at said conversion step, coordinate 

data for two points that are adjacent to target 

coordinates are referred to for the conversion of said 
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18. A character generating method according to 

claim 16, wherein, at said ·determination step, 

5 parameters for said coordinate data are independently 

determined in an x direction and in a Y direction. 

19. A character generating method according to 

claim 16, wnerein, at said generation step, said 

10 converted coordinate data are employed to output either 

a bit mapped form, a coordinate data form, or a gray 

scale form. 

20. A character generating method according to 

15 claim 16, wherein said generated character pattern is 

output to an output means. 

21. A character generating method according to 

claim 20, wherein said output means is a printer or a 

20 display unit. 

22. A character generating method according to 

claim 16, wherein said character data are stored. in a 

form where outlines are not permitted to cross each 

25 other. 

23. A character generating method according to 
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claim 16, wherein said character data are stored in a 

form where outlines are permitted to cross each other. 

24. A character generating method according to 

5 claim 22, wherein said character data in said form 

10 

15 

where said outlines are not permitted to cross each 

other include character data that represent an exterior 

outline and character data that represent an interior 

outline. 

25. A character generating method according to 

claim 24, wherein, at said determination step, data are 

determined independently for said exterior outline and 

for said interior outli·ne. 

26. A character generating method according to 

claim 16, wherein said parameters are determined ·by a 

difference in weight data for a character that is to be 

generated and weight data for a character that is 

20 stored in said storage means. 

27. A character generating method according to 

claim 26, wherein said weight data for a character are 

stored for every font style. 

25 

28. A character generating method according to 

claim 16, further comprising a correction s~ep for 
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correcting a size of a character frame of said 

coordinate data, which is converted at said conversion 

step, so that the resultant size conforms to the 

original size. 

29. · A character generating method according to 

claim 26, wherein those selected weight data for a 

character that is stored in said storage means are 

those weight data that are tbe closest to said weight 

10 data fqr a character that is to be generated. 

30. A character generating method according to 

claim 26, wherein among said weight data stored in said 

storage means, first priority is given to the selection 

15 of smaller weight data than said weight data for a 

character that is to be generated. 
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31. A character generating apparatus including 

means for converting coordinate data defining a character 

to be qenerated such that the generated character has a 

required thickness. 

32. A character generating method including the 

step of converting coordinate data defining a character 

to be generated such that the generated character has a 

required thickness. 


