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Character Generating Apparatus

and Method of The Same

The present invention relates to a character
generafing apparatus that converts characters,_etc.,
that have been coded in vector form intb 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 ére stored in ve&tor 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
into 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 daté.
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 1M byte
25 to 3M bytes, if coordinate data were provided for each

weight, the memory capacity would be enormous.
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a ROM -or dn a hard disk, are read out and converted into a desired size
_ gy mul tiplying themby a rate of enlargement or reduction. The resul tant
lata are then converted into dot formdata top provide character data.

I'h this case, however,.if there are different weights for an identical
font style, there nmust be one set of coordFn@te data for each weight. For
a Japanese font style, where there are about 8000 characters per - font
style and where the nmenory capacity for the coordinate data required for
each font nust be 1Mbyte to 3Mbytes, if coordinate data were provided
fgr each weight, the nenory capacity would be enornous.

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 explained. |

A character generating apparatus accofding'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 stored in the storage
means, a determination means for determining a
parametef 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 refetring to the coordinate data for

two points that are adjacent to the coordinates for a

target.



JJo owercone the above shortcomng, it is an object of the present
ihvention to generate different weight data for an identical font
style from character data, 5 whi ch consist of a plurality of -outline
data for at | east one font style, so that various wei ght character
tdata for individual font styles can be predgced with a smal | nenory
capacity. ' The features of the present invention will now be 10
expl ai ned. A character generating apparatus according to the
present invention conprises: a storage neans for storing character
data that consist of coordinate data, a generation neans for
generating a char act®re pzrextinats datacfer di nghabachercgergradi®gdat a
.stored in the storage nmeans, a determ nation neans for determning a
paraneter to nERPATRCUHFCReEI1NGt tRr Bhe WPERSBRTt hpHention copgdsE of

conversi on neans for converting the coordijnate, data according to the
par anet er deteﬁﬁ?ﬂﬁPQE/Q¥ﬁ;ine 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
iO apparatus according to the present invention determines
the large character weight or the small character
weight in directions x and y, separately from the

extefior outline data and the interior outline data.
The generation means for a character generating
15 apparatus according to the present invention outputs
eithér a bit map form, an outline coo;dinate data form,
or a gray scale form according to converted outlihe
data.
The other objects and features of the presenf
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. 1 is a block diagram illustrating a first
25 system for a character generating apparatus acr;ording to a
first embodiment of the present invention;

Fig. 2 is a block diagram illustrating a second



20 ,determ nation neans; and enploys the generation neans to
glnerate a thick or thin character pattern according to coordi nate
data converted by the conversion neans. The -conver si on neans of
agcharacter generating apparatus according to the present invention
determ nes 25 coordinate data by refertisg-to the coordinate data for
two points that are adjacent to the coordinates for a target.

- 3- The coordinate data for a character generating
apparatus according to the present invention consist of exterior _
outline data and interior outline data. The determ nation neans
for a charact ersyg¥rm afong a charactgp@engrakingcerpedprtily £6COHENEr ¥ ént

i nventi on determ nes _
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 thie 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 6f the present invention;

Fig. 5 is a specific diagram showing the
configuration of an outline font after being converted
by a character generating apparatus according to an
embédiment of the present invention;

15 Fig. 6 is a diagi-am showing coordinate output data
for the converted outline font of a character
generating apparatus according to an embodiment of tﬁe
present invention;

Fig. 7 is a specific diagram showing the point

20 painted state in a character generating apparatus
according to an embodiment of the present invention;

Fig. 8 is a specific diagram showing the outline
OR points in a character generating apparatus ac_cording
to an embodiment of the presént invention;

25 . Fig. 9 is a diagram showing the conversion into a
short vector assemblage of a third Besier curve in a

dwaractergetm'aﬁmappamusaccordjngmm\enbodjmmofﬁ:epmt



.a paraneter that indicates a |arge character weight or a small
¢haracter weight, separately for the exterior outline data and the
interior outline data. The determination nmeans for a character
generating 10 apparatus according to the present invention determ nes
the large character weight or the small chapaster wei ght in
directions x and y, separately fromthe exterior outline data and
the interior outline data. The generation neans 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
scal e form accéngtengibe:converted outline dat a. The
ot her objects and features of the present 20 i nvention will be apparent
fromthe following Fig. 1Osdecid ispadofikc siaarami shRwihg ch pRiREREe a
nunber of enbodi nents of the invention by way of exaqgle onl¥
Fig. 1is a bI§@@tél&@r@mQHanﬁﬁﬁQﬁ|9EP%F#¢#%Q 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 embodiment 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 embodiment of the present invention;

Fig. 16 is a diagram of first table data for
determining a thickening parameter in a character
generating apparatus accordingtoaneﬂnﬁMmmofﬂm

25 present invention;

Fig. 17 is a specific diagram showing an exterior

outline thickening process in a character generating



25 .systemfor a character generating apparatus according to a

first enbodi nent of the present invention; . Fig. 2 is a block
diagramillustrating a second - system for a character
generating apparatus according to a second enbodi nent of the present-
f'nventi on; Fig. 3 is conprised-og Eig. 3A and Fig. 3B show ng
flowharts of a first character generating nethod for a 5 character
generating apparatus according to an enbodi nent of the present

i nventi on; Fig. 4 is a specific diagram show ng the
configuration of an outline font before being converted by a

char act er gener aPIeFRIuS pesardizauty avembediant of shegpresent 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 embodiment 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 embodimenf 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 embodiment of the present
invention; .

Figs. 23A and-  23B are diagrams showing sécond
table data for determining a thickening parameter 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



10 enbodi nrent of the present invention; Fig. 5is a specific
di agram showi ng t he configuration of an outline font after being
converted by a character. generating apparatus according to an

efbodi ment of the present invention; 15 Fig. 6.is a diagram
showi ng coordi nate output data for the converted outline font of a
character generati ng apparatus according to an enbodi nent of the
present invention; Fig. 7 is a specific diagram show ng the
poi nt 20 painted state in a character generating apparatus

according to an enbodi nent of the present invention; Fig. 8is
a specific d|agﬂ%hn&#mﬂmmggeher@u%hgnépparatusCFC@@I@%%glnt% fMmar acter
gener ating apparatus accordi ng to an enmbodi nent of the present

i nvention; 25 embodimgngy of F%eew%ﬁ%&ﬁ%nﬁ%ﬁﬁﬂﬁhQHihe conversion into a
short vector assenblage of_a third Besier curve in char act er
generatlng appar at us 0r%$nbstﬁoﬂﬂréﬁﬁGd?ﬁeﬁ%gof2§%eaﬁﬂe§éﬂt 25B

showing flowcharts for a second character generating
5 method for a character generating apparatus according
to an embodiment of the present invention;

Figs. 26A, 26B, 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 ianvention;

Fig. 27 is a diagram showing the gray scale font
conversion process for a character generating apparatus
according to an embo&iment of the preeen; invention;

Fig. 28 is a diagram showing a gray scale

1S 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 cheracter generating
method for a character 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



-5- I nvention; Fig. 10 is a specific diagram show ng
aspainted state in a character generating apparatus according to

an enbodi ment of the present invention; 5 Fig. 11 is a diagram
showi ng a bit mapped font generating process in a character
generati ng appar at us according to an gnbodi nent of the present

I nventi on; Fig. 12 is a flowhart show ng a

t hi ckeni ng/ narrowi ng procedure exanple for a character 10 generati ng
apparatus according to an enbodi nent of the present invention;

Fig. 13 is a diagram show ng preprocessing for determ ni ng an
exterior outlineresemt iintveyntoiorout | i ne In a character generating

apparatus according to an
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 tabie by employing coordinate
data in a character geneiating 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 abbaratus according to an embodiment of the
present invention; .

Fig. 36 is a diagram showing preprocessing fér
determining an exterior outline or an interior outline
for a charécter generat_ing apparatus according to an

20 embodiment of the present invention;

Fig. 37 is a diagram showing the results obtained
by the Gothic thickening process of a character
genex_‘ating 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

generating apparatus according to an embodiment of the present



15 enbodi nent of the present invention; : Fig. 14 is a

di agram showi ng the results of the M ng thi ckening process in a
character generating appar atus according to an exbodi nrent of the
py esent invention; Fig. 15 is a diagramshowi ng the results of

the 20 Got hi ¢ thickening process in a chgracter generating
appar atus according to an enbodi ent of the present invention;

Fig. 16 is a diagramof first table data for determning a

t hi ckeni ng paraneter in a character gener ati ng apparatus according
to an enbodi nent of the 25 present invention; Fig. 17 is a
speci fic di agr aghgBawipa;an exterior outline thickening process in a
character generating - 6-

Figs. 39A and 39B are diagrams showing fourth
table data for determining_a thickening parameter with
a character generating apparatus according to an

S embodiment of the present invention; °

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;

10 Fig. 41 is comprised of Fig. 41A and Fig. 41B
showing flowcharts showingla second character
generating method for a character generating apparatus
according to an embodiment of the present invention;

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

15 which shows an example 6f a gray scale font conversion
table for a charactér 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



apparatus according to an exbodi ment of _the present invention;

Fig. 18 is a diagramshow ng the correqtyyg SHEER HAS BEEN §rane size
acconpani ed with the thickening or narromﬁngR gp Procgss in a character
generating apparatus according 5 tb—an-egaﬁﬁlﬁuu_iﬂ t he present
i‘nvent i on: This Sheet Has Beh Reflked S @ flowchart0 showi ng a procedure exanpl e
for determ ning ' terior outlind%or a character
generating appar H”!H to an enbodi mrent of the present

i nvention; 10 1'g. is a schematic diagramfor explaining a
process for determ ning an interiior outline characteristic for a
character generggi §8sapRBEALUS 1t shoul’F WY Hotad! @hdat ReOGraERRintof the
present invention; Fig. 21 is a schematic diagramfor

expl aining a 1nvenpiogehayl Be ipAdHdE MY aN sysitem thadlhkisne
characteristic for a character generating apparatus according to an
enbodi ment of tprupatient ofndeticds or by an appaliagus?Zhat aosdwtwar t

showi ng a procedure exanpl e
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 eithef 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 and 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, whicﬂ 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, aﬁd transmits the data to the
CPU 1. 1In 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.



for selecting a thickening paraneter for a character 20 generati ng
appar atus according to an enbodi nent of the present I nvention
Figs. 23A and 23B are di agrans showi ng second tabl e data for
determning a thickening parameter in a character generating
apparatus according to an 25 enbodi ment 9§ the present invention;
Fig. 24 is a diagramfor explaining a bit nmap that I's enpl oyed for
preparing a gray scale font with a

character generating apparatus according to an

enbodi nent of the present invention; Fig. 25 is conprised of
Fi'g. 25A and Fi gpe2ifpheral stShagengetiosshdytsudhbras secbBhd( Chappgt er

generati ng

10

15

20

25

disk device) or an HD (hard disk device), are employed
to store progréms and data, which.are referred to, or
loaded to the RAM 3, as required during execution. A
DKC 8 is a disk controller that controls data
transmission. A PRTC 10 is a printer controller, a PRT
11l 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
configuration of é 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 prihter, or a thermal transfer
unit.

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 mémory
where a system activating program, character pattern
data, etc. are stored.

A RAM 23, which is a random access memory, is a
data'storage area with no usage limits where wvarious
programs and data are loaded énd executed for each
process.

- A PRTC 10 is a printer controller that transmits
data to a PRT 11, a printer, which in turn prints the
data.

In such a character generating apparatus, the CPU



5 met hod for a character generating apparatus accordjng to an

kL

embodi ment rmvent i on; . 11n5i Bt P6A, 26B, and 26C

are di agranms, eac resladai ch sh wridn S8%& g of dlgray scale font
conver si on This Sheef Has Begn Rep ChaTaCt%L62§ﬂ§EE+5§ - atus according 10
to an enbodi rrenj\“ \ m‘wt dinventbeorm= 1, _ Fig. 27 is a diagram

showi ng the gra conversion process for a character
generati ng apparatus according to an enbodi nent of the present

i nventi on; Fig. 28 is a diagram showing a gray scale 15
converted state for a character generating apparatus according to an
enbodi ment of t heepeesdrls, @Rosoxidimg to a parametErgthld® isddoapeissed of
Fig. 29A and Fig. 29B showi ng fl owmcharts of a third character
generating -detpwmioedf charxacitarasedghfjenser aonvgrappar arggrascdhditng 20
to an enbodi nent of the present invention; *Fig. 30is a
speci fi c di agr airssBémired time the ROM EonpndutaangfoshsafihgucPPréingte bef ore

it is converted gy a character generating apgaratus according to an
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 characﬁer 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.

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. |

20 Moreover, the CPU 1 determines a thick character
weight and a thin character weight independently, by
employing . the extracted exterior outline data and
interior oytline data, and generates a thick or thin
character pattern that has a pleasing appearance.

25 Further, the CPU 1 determines independent
character weights for an x direction and a y direction

by employing the extracted exterior and interior



epbodi ment of the present invention; 25 Fig. 31 is a specific

di-agram showi ng t he configuration of an outline font after it is
converted by a character generating apparatus according to an
egbodi ment of the - 8-

present invention; Fig. 32 is g ghagram showi ng coordi nate
out put data for the converted outline font of a character
generating apparatus according to an enbodi nent of 5 t he present

i nventi on; Fig. 33 is a specific diagramshow ng the
preparation of a painting table by enploying coordinate data in a

character gener abibyingpaaghysaadcgedetgte® 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 accordénce with a paraﬁeter that
10 indicafes a determined character weight, character data
that the CPU 1 will-éonvert is determined from a table, .
which is stored in the ROM 2, and the'coordinate values
- of the outline data, which correspond to the defermihed
character data, are transformed. 1In 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 producehfhe
most preferred thick or thin character data.
Also, the CPU 1 generates more strict tﬁick 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 ré}erriné
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



ap enmbodi nent of the present invention; 10 Fig. 34 is a diagram

showi fig a bit map font generating process for a character generating
appar at.us according to an enbodi nent of the present invention;
Feg. - 35 is a flowhart show ng a t hi ckeni ng/ narrowi ng procedure
exanple for a character 15 generating_ggﬂp[atus according to an

enbodi nent of the present invention; Fig. 36 is a

di agram showi ng preprocessing for determ ning an exterior outline or
an interior outline for a character generating apparatus according
to an 20 enbodi mrent of the present invention; Fig. 37 is a
di agram show ng s A8 taci@intEko the prdsdnte idRidiitidmi claid ng
process of a character generating apparatus according to an

enbodi nent of th@mbers (I1PF eFHBudghIEIN) Qidicdte the stdpy.oB8&he a
diagramof third table data for determ ning a thickening paraneter

‘with a charact eproceduregener ati ng apparatus according to an enbodi ment of
t he present. .
An explanation will be given that involves the use
5 of the data for ohe 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.
: Thé font style is selected from data that the
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
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. i
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 6utput, is

issued.



- Q- I nventi on; Figs. 39A and 39B are di agrans show ng
fourth’ table data for determ ning a thickening paraneter with

a character generating apparatus according to an 5 enbodi ment of the
present invention; Fig. 40 is a diagramfor explaining a bit
map t hat I's enpl oyed to prepare a g[axssgale,font with a

character generating apparatus according to an ' enbodi nent of the
present invention; 10 Fig. 41 is conprised of Fig. 41A and Fig.
41B show ng flowharts show ng a second character generati ng
met hod for a character generating apparatus according to an

embodi ment of the preggat cbB¥83ha?8: 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
5 the data fetched at step (1) are examined, and the
required amount of coordinate data ére read.

The coordinate data thét are to be read are data
that are obtained bf 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", and the maximum wvalue is
"800".

At sfép (3), a thickeﬁing 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



Figs. 42A, 42B, and 42C are diagrans, each of 15 whi ch shows an exanpl e

of a gray scale font conversion table for a character generating
apparatus according 1o an enbodi ment of the present invention

Fig. 43 is a diagram show ng the gray scal e font conver si on process
for a character generating apparatus 20_. jgaccording to an enbodi nent of
the present invention; and Fig. 44 is a diagram show ng a gray
scale converted state for a character generating apparatus
according to an enbodi ment of the present invention. 25 First
Enbodi ment One enbodi ment of the present invention will now

- 10 - 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
cooxrdinate dﬁta, which are obtained at step (3), in

10 consonance with the output size that was included as an
input parametef.
| When a requested output size is (Ax, Ay), the
coordinate values obtained 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, ¥) = (x x Ax/Mx, y x Ay/My).

All the coordinates for a single character are
calculated using the above expreséion. 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 fé?

25 actualiy preparing bit mapped data from coordinate
data. At step (7) a check is performed to determine

whether the target coordinate data are straight line



be ‘described. It should be noted that the anvention may be

enpl oyed by a system that has a pluﬁﬁn ﬁ%ﬁﬁqﬂﬁg&lc s or by an apparatus

that consists of a S|ngle deV|ce ifhe pq&ﬁ&h i on may al so be '

pr ovi ded by surl]bis heqtjlag B @ Fﬁto su em or such an -appar at us.
e

Fig. 1is a bloc snratlng the gentrol configuration of a
first system fo act er generating apparatus according to the
present invention can applled This systemnmay be either a word
processor, a work station, -a conputer system In Fig. 1, a CPU 1
is a central proccessing unlt that controls the entire system and
perfornms arithmiata oropamaid awmssa.ct Mherd RAMsZeps (& ), edtheomopndEitoar e wher e
a systemactivating program progranms relating to fl owmcharts, which

wi || be descri bdatsateare, stimaighthdrias e}aq@atmmrglme@%mw isA RAM 3,

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

following coordinate point is defined as the end point
S 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
pdint and the point where the curve end flag is placed

10 are assumed to be curve data. ?rogram control then
moves to sfep (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 iﬁ'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 ﬁainting, and an interval between “1" at an odd

20 numbered position through "1" at an even numbered
position is painted with "1". If points are placed at
more than one X coordinate for a corresponding Y
coordinate, painting will not be weil performed.

| The other plane is an outline OR plane. Asiis

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

coordinate are set to "1" in this plane because this

outline OR plane is employed to compensate for the bits



random access nenory, is a data storage area with no- usage limts, where

vari ous prograns a are | oaded and executed for each process. A KBC

4 1is a keyboard ¢ ' receives key input data froma KB

% a keyboard, and transmts the data Lo t he CPU 1. Inthe ROM2_are

- stored such data shown __in Fi "éé$l 26A, 26B, 38, 42A and 42B,
which will be described later. . . |A (?6 Is a display controller that

sends data that are to be displayed to a CRT 7, a display unit.

- 11 - Peri pheral storage devices 9, such as an FD (fl oppy

di sk device) or an HD (hard disk device), are enpl oyed to store

programs and dajhat & hsikippdedf £ reife t®aimting plane..

At step (9), a process where curve data are
transforﬁed into an assemblage of short straight lines
(short vectors) is performed.

5 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 aré curve data
(third Besier curve.points) obtained at step (3) after
coordinate transformation. These points are employed

10 to calculate pbints a, b, and ¢. 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 ¢ is at the mid
point between points C and D.

'Then, points x, y, and z are 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 ¢, and point y is
at the mid point between points x and z. Thus, tﬁe
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 spécific
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) poinés are placed in two planes
according to the short vector aséemblage that is

acquired at step (9). The method of placing points in



| caded to the RAM 3, as required during execution. A 5 DKC 8 is a disk
controller that controls data transm ssion. A PRTC 10 is a printer
controller, a PRT - 11 is a printer. device, and a systembus is a data
pat h for the above described conponents. Fig. 2is a

bl ock diagram of the control 10 : configujgtion of a second system for
whi ch a character generating apparatus according to the present

i nvention i's applicable. This systemmay be a | aser 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 apparat ushantwpeplanaes is the semeha®sttbavtpehathonas peREbkr2d s a
read only nenory where a system activating program character
pattern att atept €8)ar eThiisr pdoce88 is repetitRMAP3pewtiprheds a
random access nenory, is a data storage area with no usage limts
where various for alyprtheasboatdvestarsre | oaded and executed for each

A check is performéd at step (1l1) 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, progrém
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 been processed. When all the outline data have
been processed, program control advances to step (15).
When the proceésing 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



process. - APRTC 10 is a printer controller that transmts 25

data tb a PRT 11, a printer, which in turn prints the dat a.

In such a character generating apparatus, the CPU

-+12 - 1. executes, according to a paraneter that indicates a

determ ned character weight, a conversion _prggram that Is stored in the
ROM 2, and transforns the coordinate val ues of outline data into other
data that will be described later. The CPU 1 then generates a thick or
thin character pattern according to the outline data whose coordi nat es
have been transforned, and either a thick character or a thin character
that has a returns to step (7).

At step (15), 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 "1" through
the even numbered "1" is painted with "1",

The painting prdcess 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 (16), 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/nérrowing example proéess 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 éccording to the present
invention. The numbers (1) through (12) indicate the

25 steps of the procedure.

In the thickening/narrowing process in this

embodiment, a thickening/narrowing parameter is varied



di fferent weig ced by enpl oyi ng relativelv little character
data. * . Furt the CPU ter Eg§ﬁE§f§i BEENEH coordi nate

val ue, by referrln Bmdmma&edval pol ntg that are adjacent
to the_coordinates anddgrgggﬁgﬁfgggeLL_b | anced thick or
thin “character I fn a I'tion, the CPU 1 extracts exterior

outline data and |nter|or |he data fromoutline data, and gener at es
a thick or thin character pattern that has a pl easi ng appear ance.
Moreover, the CPU 1 determines a thick character weight and a thin
character wei ght 1 ndependently, by enploying the extracted exterior
outline data anthcdd®in@rt®Uthé NEx€et for anet DAErAtAtd athdli Lhtoridhi n
character pattern that has a pleasing appearance. Further, the CPU 1
det er m nes i ndepsngkeities chasndt €f €1 PBt Shdwmi o Rigli rect i xa tine a y
direction by enploying the extracted exterior and interior

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 interior
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/aarrowing parameter is
employed for the interior outline coordinates.
It should be noted that when the exterior outline
. point row that forme an outline is counterclockwise,
the interior outline point rows are arranged clockwise.
15 When the exterior outline point row is clockwise, thef
interior outline point rows are arranged . . .
counterclockwise; .
At stepe (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 precess, a start point and two points
that are adjacent to the start point are extracged.
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



-13- 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 nmapped font, ~outline coordinate
data, or a gray scale font, and suppbies thick or thin character
data in an appropriate data formto various output neans.

Mor eover, in accordance with a paraneter that 10 i ndi cates a determ ned
character weight, character data that the CPU 1 will convert is
determ ned froma table, which is stored in the ROM 2, and the
coordi nate val uésrmed 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 inéerior 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



gf th? outline data, which correspond to the detern ned character
data, are transforned. In accordance with 15 the outline data whose
coordi nates are transforned, a thick or thin character pattern is
gener ated, so that the character data source is utilized to produce
t he : nost preferred thick or thin chapgcter data. Al so,
the CPU 1 generates nore strict thick or 2 thin character data by
converting character data that have a character weight which is
close to a determ ned character weight. The detail ed
processi ng of the enbodi ment of the present invention will now be
expl ai ned whi | emastebei shicRened togirkatl deathanndi thErg€orgAdafdednt
The flowhart in Figs. 3A and 3B show the first character generating
met hod for a chuaiuesr ageneegquimgd 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 wvalues 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
1S5 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. 'For 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



-.14 - apparatus according to the present invention. The

ntinber's (1) through (17) indicate the steps of the procedure.

An explanation will be given that involves the use 5 of the_data for
ome font style, which is present in a system and which has a
specific weight, to generate datai}wthgracters t hat have a

di fferent weight. | nput paraneters are received at step (1).
The input parameters nay be, for exanple, a 10 character code, a font
style, weight data, and a character output size and formthat is to
be out put. The character codes are determ ned by a character

code system suahidkdrithg hnesless ndigasivd,! tHeS narrowinPd®socéss ELC
codes, or the UNI codes, by which a 15 target systemis specified in

advance. - perforhieal f orusing ethes medeaetaed radmsdadps t(G) theough
system i ncorporates in advance, such as M ng, Cothic,
(10), the thickening/narrowing process is performed for
all the coordinate point rows that constitute one
5 outline.

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.

10 Suppose that, as is shown in Fig. 17, an object.
point is B, the preceding point is A; and the foliowing.
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 triangle that is
formed with the x thickening value and the y thickening

20 value that are obtained at step (5).

When, at étep (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 controi moves to step

25 (10), where a pointer is updated to point to the next
outline point, and the thickening process is performed

again.



ot Round Gothic, or data that are added as options. A ~weight is data
for tHe I|ne thlckness 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. Thegutput formis the output data
formfor a 25 desired font, and an output request, such as an outline
coordi nate data output or a bit napped output, is I ssued.

- 15 - The coordinate data for a target character are

read at step (2). The data are stored in advance in
A check is performed at step (11) to determine

whether or not all the outlines for one character have
been procéssed. 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 outlipe point,
and the thickening process is performed again.

When the thickening process has been performed for
all the outline coordlnate points, program control goes

10 to step (12). As is shown in Fig. 18, while the
thickening process has been performed, the resultant
character frame is larger, while when the narrowing
process has been performed, the :esultant frame is
smaller.

‘15 Thus, at step (12), it is necessary for the size
of the resultant frame to be adjusfed to conform to the
size of the original character frame. The rate of '
enlargement/reduction is twice the thickening value for
the exterior outline (a2 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 coordinateé for which the thickening process is
performed are (x, y), and the coordinates after the

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



the RAM on. a hard disk, or on a floppy di sk. The font

tdie ROM in

style data and character code data of 5 the data fetched at step (1)
are exam ned, and the requi red. anmount of coordinate data are read.
The coordinate data that are to be read are data t hat are obtai ned
by extracting the characteristic poi ies -of the outline of a
character, as is shown in 10 Fig. 4. The data include attribute

i nformation, such as a straight |ine data/curve data determ nation

flag

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

coordi nate point. Al t hough an interpol ati on expression for

curve 15
the third B

t he i nterpol
advance.

a character

At step (3),

5

10

15

20

25

data emflfoydd im ¢t# st ibbds Msmt(Brarr B the second or
spline curve, or the second or the third Besi er curve,
ati 6 expivossi YAPBber FY X 2Zkhpl oyed is deternined in

The m ni rum val ue, of the cooyd nat that indicate 20

frame i s Thgs %ﬂ“?d"{]rﬂetmilrﬁuﬁe%ﬁ%@‘qi for all é%t? .
a tc%iog: %.rrlxia Oproiantp aztorv?sWi Poq: %n%c%%%racter, and the
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
for determining an exterior/interior outline for a
character generating apparatus accqrding to the present
invention. The numbers (1) through (8) represent the
steps of the procedure.

As is shown in Fig. 20, a counterclockwise angle
that is formed by connécting two of the outline
coordinate points ABCD at a specific point is defined
as a positive value; énd when the sum of the angies for
the points is 2n, these points are determined to be for
the interior outline.

When the calculafion 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,fthe
process of calculating the sum of the angles formed

with the specific pdint is performed as is indicated by

the flowchart in Fig. 19.



is perforned for the coordinate data ih consonance with t he wei ght

data included in the input paranmeters. 25 The details of this
process will be described | ater while referring to the flowchart in
Frg. 12. As the result of this process, the coordinate data are

- 16 - transformed into those farza thickened or a narrowed
outline, as is showmn in Fig. 5. After the thickening or the
narrow ng 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 enlargenent or a reduction process

Initialization is performed with the sum of the
angles equal to "“0" at step (1). Two adjacent poinfs
are extracted at step (2). At step (3), the specific
point and the two exfracted 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 theﬁ performed at step (5) to determine
whether or not one outline extraction for two po;nts
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 td be

15 calculated, program contrdl returns to step (2) tb
repeat the calculatioﬁ. A check is performed at step
(6) to determine whethér the sum of the angles is *O"
or "2rn". When the sum is "0“, program control moves to
step (7) where an external outline flag is set and thg

20 process is thereafter terminated. When the sum is
"2rn", program control moves to step (8) where an
interior outline flag is set and the process is
thereafter terminated.
Second Embodiment

25 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,



is performed for the thickened or-the narrowed coordi nate data,

whi ch are obtained at step (3), in 10 consonance with the output size
that was included as an i nput paramneter. When a
requested output size is (Ax, Ay), the coordi nat e val ues obtai ned at
step (3) are (x, y), the coordi nate ygl ues after the enlargenent or
reduction 15 process is perfornmed are (X, Y), and a stored character
franme size is (M, M), then (X Y) = (x x AXIMK, vy x Ay/ My).
Al'l the coordinates.for a single character are cal cul ated using the
above expression. The attribute 20 flags for each of the coordinate

poi nts, which athere are thbaobtedozt siedghts) thdt nen ber gmployed as

When a bit mapped output is requested at step (5), program contro
advances to steptéiilards for the s8mep$oft) stileughl{l18hisr easke theocedures
for 25 actual ly preparing bit nmapped data from coordinate dat a.
At step (7) a chetkctioper fspreamppgdat PAkrpéity 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’ﬁethod of selecting a weight as a standard.

Fig. 22 is a flowchart showing an éxample
procedure for selecting a thickening parémeter for a
character generating apparatus according to the present
inveﬁtion. The numbers (1) through (6) represent the

15 steps of the procedure.

First, it is necessary at step (1) to examine
which weights of which font styles are stored ih é
storage device. Header data that are stored in the
heéders for the font styles are referred to, and data

20 that indicaée the presence of such data are entered iﬁ
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 Gotgic

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

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



whet hep. the target coordinate data are straight |ine -17- dat a
of curve data. Wen, at step (7), the coordinate data are straight line
data, the coordinate point is  defined as the start point for a straight

| *ne, and the foll owi ng coordinate point is defined as the end point

for the straight line. Programcontrol thengagouves to step (8).

When, at step (7), the target data are curve data, the coordi nate data
for points between the coordinate poi nt and the point where the curve
end flag is placed are assuned to be curve data. Programcontrol then
noves to step (9). A process for generating a straight line is
perornmed at stepwlefrher| ort ot cesmesied Begghyl data have been stored

in a storage device, such as a ROM or a hard disk. The
table pfepared at step (1) is searched, and by
employing the requested font style and the weight data

S 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, pfogram 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 thickehing/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 througﬁ the thicke;ing

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



O-fferential Analyzer" (CDA) method is enployed to generate a straight
line. Points are pl aced 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 coordi nate because lines are scanned fromleft
to right for ‘painting, and an interval bet3feen "1" at an odd nunber ed

position through "1" at an even nunbered position is painted with "1". If
poi nts are placed at nore than one X coordinate for a corresponding Y
coordinate, painting will not be well perforned. The other plane is an

outline OR plane. As is shown in Fig. 8 all the X coordinates, for a

single Y coordidefiermime sthether 10r 5o ata fate apuedeyd . it ine OR

| ane is enployed tq conpensate for the bjts
P P ysmafier'g%an the request A 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 weighf 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 sfyle that has a weight that
will serve as the standard for the thickeniné process
is selected. Parameters in the x direction and the y
direction are set for the exterior and the interior
20 outlineé, for which the thickening process is
performed.
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
25 for the x direction and the y direction of each 6f the
extefior and the interior ocutlines are set as

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



-18- . that are skipped in the painting plane. At step

(9), a process where curve data are transforned into an assenbl age
of short straight lines - (short vectors) is perforned. 5

Frg. 9 illustrates the conversion of a third Besier curve into an
assenbl age of short vectors. In Blg- 9, points A, B, C, and D
are curve data (third Besier curve points) obtained at step (3)
after coordi nate transformati on. These points are enployed 10 to
calculate points a, b, and c. Point ais at the md poi nt between

oints A and B, point is.at the md e oints B.and C,
gnd point ¢ is %gﬁ?dthat SefﬁSFnPstPﬁeaﬁaﬁﬂ?ﬁg % ﬁag arrowing

hen, poi d al he nid
bet ween poi nt & ﬁs%%é‘ﬁszb%f%? o’ Snen Sﬁam#arﬁofﬁf Bheuden poi his b

and ¢, and pointyy LSeion anaknkh§ BideRRLBh BETUESH BRI PhS ¥xRAU:Zy ThUS,

t he
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 sét at step (5) or (6) as described abowve, 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
weighf than that of a target character are present, a
dheck may be performed to determine whether or not
larger weight font data than the weight of a target
character aré present.

20 ' In addition, data for the weight closest to the
weight of the target character may be selected and
employed to perform weight conversion.

| Third Embodiment
| Another embodiment will now be described.

25 ~ An explanation will be given of the employment for

a gray scale font of the thickening process performed

in the first and second embodiments.



peint row Aaxy is a new third Besier curve point, and t he point row
yzcD is another third Besier curve point. 20 When t hese Besi er
curve points are divided in the same nmanner but in nore detail and
satisfy a specific - determ nation rejeggnge, the division process is
halted. The third Besier curve point rows thus "~ obtained are the
assenbl age of short vectors. 25 At step (10) points are placed in
two pl anes according to the short vector assenblage that is
acquired at step (9). The nethod of placing points in

-19- the twphPlanese BitNGapplE BSnthadt whbehavpscegtf Qnaed
at step (8). This process is repetitively perforned
its dot value is either "0O" or "lf, 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 scale 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 times 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 verfically 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 embodimeht is applied to the gray

scale font, the processing is performed aé is shown in
20 the flowchart in Figs? 25A and 25B.

Figs. 25A and 25B 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 the

25 procedure.
Since the flowéhart for this processing is almost

the same as that for the bit mapped font generation or



for all the short vectors. A check is perforned at step (11) to

'aeternine 5 whet her the processing for all the coordinate data for
one outline has been conpleted. If. the processing has been
conpl eted, program control advances to step (13). I f the process- has
‘not yet been conpl eted, program contd3ol- noves 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 p0|nt . to the next coordinate data. |If the next
data are curve dat a pointer is updated tC){ﬁér¥ to a curve 15
end coor di nat e & e QM' QRQHQ%ﬂa§ﬂ1 TPM AT TSt step (7),
where a check is for o, det data are
for a straight® ﬁéﬁ? and as F g%gﬁgﬁrﬁ%f %%P%R%b%a'g%gﬁ?dlng
to the data. erforne st.e 1 erm.ne 20
whet her or not “BHF¥ ‘98 o I|ne dta r%ﬁ%§%:%§%a téﬁé tat gé Begﬁe to
processed. y%e@hélbe%@%d@ﬂdd'3%(¥HéidPQ§35cale font will now be

5 explained.

The steps that differ from those in Figs. 3A and
3B 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,lgncharacter code, a font
style, weight data, and a character ouprt size, gray
revel data, an output form, and the characteristics of
an output device.

15. The character codes are détermined by a character
code system, such as the JIS codes, the shift JIS
codes, the EUC codes, or the UNI codes, by which'a:
targef 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 hot stored.

The weight data are data for the line thicknesses



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

processi ng has not been conpl eted, program control noves to step
(14). 25 Since the data for one outline have been

processed, a pointer is.shifted to point to the head of t he next
outline at step (14), and programcontrol - 34 -

- 20 - - returns to step (7). At step (15), since the
process of placing points in the two planes for all the coordinate
dat a has been conpl eted, the plane for painting is scanned fromthe
5 | eft al ong each scanned |ine, as is shown in Fi 10, won._sand the
interval betweeREt FBeod@nfusFaied apd Fﬁﬁogﬁﬁa LverygFHéneVen eéred "1"

's painted V\’ith";i]fahdard", "thick", and "very thick" are provided.
The output size is data that indicates thg 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 benprepared. |

" 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 coordinate
data output, a bit maﬁped font output, a gray scale
font output, and a l-dot expression form. The l-dot
expression form of, for example, the gray scale font is

15 employed to indicaﬁe whether one dot is expfessed 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 display 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 requésted

25 output size is (Ax, Ay), a gray level is n, the
coordinates acqﬁired at step (3) are (x, y), the

coordinates obtained after the enlargement/reduction



The painting process is perforned for all the scanned lines. Then,
at step (16), as is shown in Fig. 10 11, the data for the painting

pl ane, obtained at step (15), and the data -for the outline OR plane,
obt ai ned at steps (8) and (10), are ORed, and the bit nmapped

data for one character is conpl eted. - 35 - 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

I's thus terninated The thi ckeni ng/ narrow ng exanpl e process at
step , in Fi 3 will_ now be descrlb d in detail, while 20
referring to th@r é'rst pieﬁfflgrd‘edl?re amdFl'%‘ £1aTaSEaY guchar t

. sh . d f h t
Gener ati ng appalkelle 456 ATy T8 e areante <& YLl CTeR “The number s
(1) through (12L,indicats Lhe £Ra erdlGRbatind b MR is in

t-he thi ckeni ng/ narrow ng process
(X, ¥) = (x x fn x AX/Mx, y X {/n x Ay/My).

5 At steps (17) and (18), a gray scale font is
prepared by employing the bif mapped font prepared at
step (16). First, at step (17), the gray scale
conversion table is selected according to the outéut
device characteristic, that is acquired as an input

10 parameter. With a mask of 4 x 4 for the 16 gray
levels, Qalues that represent the output device
characteristic are stored in advancé in the gray scale
font conversicn 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 fhe
center of a dot and lower in iés 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, ét step (18) a gray scale font is
prepared by employing the table'selected at steﬁ'(l7).

25 This processing will now be explained while referring
to Fig. 27.

Fig. 27 shows a bit mapped font that is acquired



enbodi ment, a thlckenlng/narromnng paranmeter is varied

REPLACEMENT SHEET ' 0 8 AUG
1997 - 21 - according to the exterior
outline a and the interior outlines b aggc, as is shown in Fig. 4. As

t he outline coordinate point rows are not distinguished for t he
exterior outline and for the interior outlines, the coordinate rows are
exam ned and determined to be either for the external outline or for the
interior outlines. To change the outline coordinates, an exterior
outline thickenii ngédir (0eW NY PRE av@teicab andérpnizehtal lérgthschave
outline coordinates, while an I nterior outline thickening/narrow ng

paranmeter is bagn cpﬁmbéﬁédtlhg nuleipbyinguin ibe theraramntevel n. |t
shoul d be noted that when the exterior outline

Therefore, the vertical and horlzontal lengths are
divided by {n and the {n x {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 étep (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 outpﬁt. The table in Fig. 26B
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 poinits into one byte, one dot
is compressed into four bits and stofed, and the data
are then returned to the request side. The process is

25 then terminated.

Fourth Embodiment

Since block circuits for a character generating



pqint_rOM/that'fornE an outline is counterclockw se, the interior
outline point rows are arranged cl ockw se. When the exterior outline
point row is clockw se, the interior outline point rows are arranged
count ercl ockw se. Wth respect to Fig.12, at steps (1) through (3),
preprocessing is perforned to determ ne whegher a target outline that 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. Wen the start point is AS, a point preceding
the start point (the final point of an outline) is A and a point
fol | owi ng the sapparptiat oifs thisa epbodimentr haveebepneprbtaine@gwhile
provided in a direction where an angle . .

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

be given here.

In the character generating apparatus arranged as
S 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 value, by referring to coordinate values of
two points that are adjacentlto 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



-, 22 - formed by the vectors AS and SB is divided.

<

When the exterior outline point rowis countercl ockwi se, the start
point is shifted, by a specific value, to the right when facing in
the 5 direction in which the vector is traveling. Wen the

exterior outline point rowis clockw se, the8&t-art point is shifted,
by a specific value, to the |eft when facing in the direction in

whi ch the vector is traveling. 10 Program control then
advances to step (4), where a check is perfornmed to determ ne

whet her a t-arget outline is an exterior outline orgy%%daerior
outline P IS 18y it r IRh3FAGRe R d?aﬁﬁérbr%‘brm i

obtal ed, ot ot 2R eSS Sl LS. SRR, AP pccbiagil el nec
Then, at step (%Edﬁia'ﬂgégﬁééé¥ %hé%tfﬂé%%g%ggcg determined character
weight, character data that the CPU 1 will convert is
5 determined from a table, whiéh 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 charadter_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
character generating method for a character generating
apparatus according to tﬁe_present invention. The
numbers (1) through (16) indicate the steps of the
procedure.' ]

25 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



the exterior and interior outlines are determned in consonance wth

a wei ght value. A paraneter for 20 determ ning the outline thickness

has i ndependent values in the x direction and the y direction for._

t ke exterior and interior outlines, and manages the .

t hi ckeni ng of horizontal |ines and of verti 38 7ines separately. 25
- This is because to thicken a Mng character, for exanple, as is

shown in Fig. 14, its horizontal |ines need not be thickened nuch

while its vertical |ines - 23 -

‘must be thi ckengd.g %ﬁ‘atch%‘?:%lctgftéﬂé:th%q{ ¢la¥ef Jdfif s ¥etUnt weightVdl ues are

required for the X direction an
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
defermined By a charactef 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 "very thin", "thin", "standard",
"thick", and "very thick" are provided. The output

15 size is déta 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 steb (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 the

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



di rection. 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 i ndi vi dual font styles have
to be changed. As is shown 10 in Fig.- @ -data that indicate reference
val ues 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 witing

data fromthe ROM 2 or 22, or from another 15 storage nediumto the RAM
3 or 23). Theotitifimecode @ charagf@meds dsstshaddy df §ild wéi-ght™hehd a
desired font wei ght is enployed to determ ne the thickening of the

exterior outli A@tandncidGenddiigibuna Iinfermatione such as gy §TIFIPNt and
the y directio

‘for narrow ng E@nﬁF : té’rr}%“(l\fﬂé'tnegfat%[ %ettheta%'id'éa%&oﬁ g{nglg?ymsnéi%'ca dﬁé‘%%%gt gr,
a thickening V%%%%t point/end point flag, for each coordinate point.
5 Although an interpolation expression for curve data
employed in this embodiment can be the second orlthe
third B spline curve, or the sécond.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". Offset 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. 31l.

After the thickening or the narrowing process is
performed, the coordinate points have a one to one
correspondence, and the attribute flags for each ;oint

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



(paraneter) is determ ned by ascertaining the di fference between 15

and 9 for the x conponent of "the extorioroutli-rerand the difference
between 25 and 15 25 ———for—its y conmicTHStSHEET HAS BEEN | When t he

thi ckeni ng vdhisiShebiFa t he t hi rocgss i s perfor-ned,
whi l e when th b Repiisa [ SEPIACED procgss, s P

t hi ckeni ng val !LywHw,M t he narr-ow ng process S per f or med.
During the proc ps (6) through (10), the

t hi ckeni ng/ narrowi ng process is perfornmed for all the coordinate
point rows that constitute one 5 out |l i ne. First, at step

(6), an object PEREENEBCBewith thepoyididedize fbathe@s fngiudad s%%paw)
poi nts lnput parameter.
When a requested output size is (Ax, Ay), the
coordinate values obtained at step (3) are (x, y), the
5 coordinate values after tihe enlargement or reduction
process is performed are (X, Y), and a stored character
frame éize is (Mx, My), then
(X, ¥Y) = (x x Ax/Mx, y X Ay/My).
All the coordinates for a single character are
10 calculaﬁed using the above expression. The attrib&te
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-mqpped data from
coordinate data. At step (7) a check is performed to
determine whether the target coordinate data are
straight line data or curve data.
Wheﬁ, at step (7), the coordinate data are
20 étraight line data, the coordinatelpoint is defined as
the start point for a straight line, and the following
coordinate point is defined as the end point for the
stfaiéht iine. 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



agdj acent to the object point are fetched. Finally, at step (8), the
thi ckening process is actually perfornmed. 10 Suppose that, as is
shown in Fig. 17, an object point is B, the preceding point is A
and the following . point is C. Wen the exterior outline is
countercl ockwi se, the object point is shifted2te the right relative
to a line bisecting an angle forned by 15 the vectors AB and BC. \Wen

the exterior

the left.

outline is cl ockwi se, the object point is shifted to
The range within which the point is shifted is

equi val ent to the hypotenuse of a triangle that is | formed wiith the x
t hi ckeni ng val uetandtene(§)thi dkerPagss26or goReLatingt 2aftrapghitndd st

step (5).

one outline havelPeRArfPERedsad, sfrBgf

11). Wh t here, tli | nt
gon%rol ﬁgvese{glggéﬂsfgge uﬁ?i%??eﬁﬁéFeaggtg?§9éf ?gngpda

t he next

5 .

10

15

20

25

When, at step (9%, all the, coordinate ﬁoints far
Ar cofr BRis case, 53, BRfeBetHog: ep
rocgssed, program
féﬁ to point to

8564405288 BheaBhat"e-b LEEENEE By OLRE DDA RELM OF M
entered in a coqrdinate table for painting, as is shown
in Fig. 383.

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
output area. When, as the result of the DDA method, a
plurality of x coordinates are éresent 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 donverted into the assemblage
of short straight lines (short vectors).

.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 for 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).
This process is repetitively performed for.all the
short wvectors.

A check is performed at step (11) to determine



again., , - 25 - A
check i.s perfornmed at step (11) to determne whet her or not all the
outlines for one character have been processed. \Wen the processing
hds been conpl eted, programcontrol noves to step (12). Wen 5
there are outlines that remain to be processpgd,_a poi nter is updated
to point to the next outline point, and the thickening process is
per formed agai n. When the thickening process has been perforned
for all the outline coordinate points, programcontrol goes 10
to step (12). As is shown in Fig. 18, while the t hi ckeni ng process
has been perf or whdtheke thes grhtaodssing for all the coordinate data for

one outline has been completed. If the processing has

been éompleted, 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 ﬁpdated 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 ére
placed according to the data. A check'is performed at

15 step (13) to determine whether or not all the outline
data for one character have been processed. When all
the outline data have been processed, program confrol
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 processed, 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



character franme is larger, while when the narrow ng process has been

perforned, the resultant frane is smal ler. 15 Thus, at step

(12), it is necessary for the size of the resultant frane-to be '

atjusted to conformto the . sSize of the original character frame. The

rate of enl argenent/reduction is tw gg the thickening value for

the exterior outline (a negative thickening value for 20 t he

narrow ng), which was acquired at step (5). - When the X width of
~the original character frane is Bx, the horizontal thickening val ue

of the exterior outline is Fx, the Y width is By, the verti cal

t hi ckeni ng val ueootdihatextabiler aduistepe (8 )Frndt {a0)25as iso@hdiwmties for

whi ch the thickening process is performed are (x, y), and the

coordi nates aftBigth34. Accogiddingctter thisnmeshod, hdbebedangdjissted are (X,
K& - 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 "0". the interval betWween the points of those
flags are painted with "1".
Finally, at step (16), data for one character,

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

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

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.

15 In the thickening/narrowing process in this
embodiment, a parameters for thickening/narrowing a
stroke is varied to change the coordinates for eadh.
outline point.

Fig. 35 is a flowchart showing an example

20 thickening/narrowing procedure for a character
generatihg apparatus according to the present
invention. The numberé (1) through (9) indicate the
steps of the procedure.

At step (l) a parameter for the thickness o; 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



-2 26 -

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

(X Y) = ((x + Fx) x Bx/(Bx + Fx x 2), (y +
This calculation is perforned for a

t he coordi nate point rows for one character, and the 5

t.hi ckeni ng process shown in Fig. 10 is thus term nated. . The
exterior/interior outline determning procesgs - at step (4) in Fig. 12
w Il now be explained in detail while referring to the flowhart in
Fig. 19. The flowhart in Fig. 19 is an exanple procedure 10
for determning an exterior/interior outline for a - character
generati ng apparatus according to the present i nvention. The nunbers
(1) through (8) thergséirethéon for thecputdfineheapdosasages the As
is shown in Fig. 20, a counterclockw se angle 15 _  that is formed by
connecting two othigkepingi pé horizongedr diingsecapsi Afs VRBEHCRE Fifescific
poi nt is defined

10

15

20

25

separately.

This is because to thicken a Ming character, for
examplé, 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,
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
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
the outlines in the x direction and the y direction.
When the thickening wvalue is positive, the thickening
process is performed, while when the thickening wvalue
is negative, the narrowing process is performed. For
the round Gothic étyle that employs coordinate éaté for
thickening aé standard data, to generate a very thin,
round Gothic character, a thickehing value (parameter)

is determined by ascertaining the difference between 10



as a positive value; and when the sum of the angles for t he points

I's Zrerr], these points are determned to be for the interior
outline. 20 ° When the calculation is perforned in the sane

manner as is performed in Fig. 20 and the sum of the angles is "0",
the points are determned to be for the . 46 -exterior outline. Since the
specific point is already cal cul ated at steps (1) through (3) in
Fig. 12, the 25 process of cal culating the sumof the angles forned
with the specific point is perforned as is indicated by t he
flowchart in Fig. 19. ' - 27 -

Initialization arsd p28f fonethai khdihecsiionoénd hehe difference between
iO and 25 for the y Qirection.
At step (2), offset information for each stroke is
varied in consonance with a thickening parameter. To
5 obtain the changed'offse; 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 thickening/narrowing
process is performed 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 referring 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 thickeniné 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 origint
25 When, at step (6), all the coordinate points for
one outline have been processed, program control

advances to step (8). When there are some outline



angles equal to "0" at step (1). Two adjacent points are extracted
at step (2). At step (3), the specific point and the two extracted
poi nts are connected by 5 vectors and the size of the angl e hetween
tfie vectors I's determ ned. Supposing that the specific point is X
and the two extracted points are A and B, Lh$7aggle can be

cal cul ated by the outer product expression. The result is added to
the sumof the angles at step (4). 10 A check is then perfornmed at
step (5) to determ ne whet her or not one outline extraction for two
poi nt's has been conpl eted. Wien the cal cul ati on has been

perforned for al poihesPebnbs pRoe@sadd;opibgra@ioesnt@ol movesstepstep Wien
there are data that remain to be 15 cal cul ated, program control returns

to step (2) to (7), whepeaha bbéntekculaupdated tbepbint mer theneexat step
(6) to determ ne whether the sumof the angles is "0" - or "2[err]".
When the sumis 6Qtlipeogpamtcoandolithentbsckening progess (8) peirdéoamsd
external outline flag is set and the 20 process is thereafter
term nated. Wheagahn.suf 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 proceséyis 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 forxr
the-outline (a negative thickening value for the
narrowing), which was acquired at step (l);

When the X width of the original character frame

25 is Bx, the horizontal thickening value of the éxterior

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

thickening value of the exterior outline is Fy, the



"2lerr]", program-control noves to step (8) where an i nterior
outline flag is set and the process is thereafter term nated.
Second Enbodi nent- 25 Anot her enbodi nent will now be descri bed.
Ah explanation will be given for a case where, . when a font style
with a specific weight is requested, - 48 -
- 28 - there are two or nore meigﬁts that can be enpl oyed as
standards for the sanme font style. In this case the sel ection, from
~among a plurality of font weights for the sane font style, of the
font weight that is to be 5 used to process a requested weight is

| npor t ant . coordinadke fdie hah $he aHilbkening prolowsdanid wei ght is

performed are (x, y), and the coordinates after the
character frame size has been adjusted are (X, Y),
(X, ¥) = ((x + Fx) x Bx/(Bk + Fx x 2),

5 (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 _

10 | The fifth embodiment will néw be descriSed. 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.

15 ' - In this case the selecfion, 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 Qeight
is important. Therefore,'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



deternined, the follow ng wei ght conversion process is performed in
the sdame manner as it is performed for the first enbodi nent. An
explanation will thus be given 10 only for a method of selecting a

wei ght as a standard. Fig. 22 is a flowhart show ng an exanpl e
procedure for selecting a thickening parane%gr for a character
generati ng apparatus according to the preSe - I nvention. The nunbers
(1) through (6) represent the 15 steps of the procedure.

First, it is necessary at step (1) to exam ne whi ch wei ghts of which
font styles are stored in a storage device. Header data that are
stored in the s ﬁgagﬁés QBEeEPQ ofont styles are referred to, and data
20 t hat |nd|cat% e presénce of such data are entered in a

tabl e. | pithe el%”ﬂhenbéaggﬁryna5|Qﬁengﬁ)aﬂd 8’2Bmine
weights 3 and 7 for the Mng style, weight 5 for the round Got hic

style, weight Gwhodthtkeigngs! of GhALBhCfoRd stybéyl ereasdonedghhsad and 7
for the Block style are
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 weights 4 agd 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 réquésfed font style and the weight data
it can be determined whether or not data are storéd in
a storage device. Wheﬁ the requested weight data have
been stored in a storage dévice[ 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 stored 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



pf esent . At step (2), a check is perforned to determ ne

- 29 - whet her or not requested wei ght data have been stored

in a storage device, such as a ROM or a hard di sk. The tabl e
prepared at step (1) is searched, and by - enpl oyi ng the requested
font style and the weight data 5 it caqvﬁe det erm ned whet her or not
data are stored in a storage device: en the requested wei ght data
have been stored in a storage device, program control

advances to step (3). Wien the data have not yet been st or ed,
program control noves to step (4). 10 - The process at step (3) is

performed “heniégisonance'with the output size, and a bit mapped font
is prepared. The process is then terminated.

The pfocess at step (4) is performed when the
requested weight data is not étored in a. storage

5 device. The thickening/narrowing procesé is pérformed
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.

Wwhen data for a weight that is smaller than the
requested one are stored in a storage device, pr&gram
control moves to step'(S). 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 sty}glfont having a
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

25 having a weight of 3, as there is no angular Gothic
style font having a smaller weight, program control

moves to step (6).



requested wei ght data have been stored in a storage devi ce. Since

t he thickeni ng/ narrowi ng process is not requi red, coordinate data
are read fromthe storage device. By referring to the data the 15
enlargenent/reductlon process is perfornmed in consonance with the
out put size, and a bit nmapped font I's prepared. The process is then
ter m nat ed. The process at stepS@4) is perfornmed when the
requested weight data is not stored in a storage 20 device. The

t hi ckeni ng/ narrow ng process is perforned to output a character that
has the requested wei ght. It is therefore necessary to sel ect

source data + for performng the thickenin /narromﬁng process. In
general , the result 65t§¢ﬁ§ﬁ(ﬁHno@gﬁcPﬁesFﬁﬂekégﬁﬁg eHdteddat
deteriorates |ess_than that obtained thraqu

h .
Therefore, by eWpldyPRgvVEn@s the Sqﬁﬂﬁiﬁdp%QEaFgﬁ l§§§§g%%§%h§g§%%§ﬁe?§

performed to 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 narrbwing
process is selected. Then, pérameters for the x
dire¢tion 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
6utiine are set as parameters. After the tﬁickening or
narrowing parameters have been set at step (S5) 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 allarger weight than the weight of a target

character are present. In addition, data for the



--30 - determ ne whether or not data for a weight that is
smal | ér than the requested weight are stored in a st orage devi ce.
When data for a weight that is snaller than-the 5 request ed one are
stored in a storage device, program control noves to step.(5). Wen
the data for the smal l er weight are mot —stored in a storage device,
program control goes to step (6). To output, for exanple, a
M ng style font having a 10 wei ght of 5, as the Mng style font with a
wei ght .of 3 is present in the storage device, ‘program control noves
to step (5). To output the angular CGothic style font havi ng a wei ght
of 3, as there weigbtagobestGiohithe welghtspﬁl¢hﬁoﬁ§r§§¢|ﬁ@aéagﬁﬁqeﬁ
wei ght, program control = 15 nmoves to step (6).
may be selected and employed to perform weight
conversion.
Sixth Embodiment
5 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
10 its dot value is either "0" or “"1", the bray scale font
is a multi-value font where each dot can have multiple
values, such as 0 through 3, 0 through S, 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 vertical 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



At: step (5), a font style that has a wei ght t hat will serve as the

standard for the thickening process . 1s selected. Paraneters in the x
direction-and the y direction are set for the exterior and the
idterior 20 outlines, for which the thickening process is

per f or med. To output the Mng st e font having a wei ght of

5 as the M ng style font having a wei ght of IS present, the

di fferences between wei ght 3 and weight 5 25 for the x direction and
thé y direction of each of the exterior and the interior outlines
are set as t hi ckeni ng paraneters. At step (6), a font style with

- 31 - character generating method for a character generating

apparatus according to the present invention. The
numbers (1) through (18) indicate the steps of the
procedure.

S 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 Qeneration 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.
Inpuf 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, éray
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 ie incorporated
into the system in ad&anCe, 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



a:iweight that serves as the standard for the narrow ng process is

sel ecteéd. Then, paraneters for the x direction and the y direction
of each of the exterior and interior outlines are set. 5

Té output the angular Gothic style font having a wei ght of 3, as the
angul ar Gothic style font having a . wegght of 6 is present, the

di fferences between wei ghts 3 and 6 for the x direction and the y
direction of the - - outlines are set as paraneters. 10 Af ter

t he thickening or narrow ng paraneters have been set at step (5) or
(6) as described above, the process as explained in the first

enbodi rent is mappefiefbatiedspagdialchacacter fenengtindesheedragi ght is
out put. Al though an expl anati on has been given for the 15 determ nation
of whether or noscébat fdataawet hosnsitbeed. The weight data ehet deftaa
target character are present, a check may be perforned to determ ne

whet her or not for thealjse kbighknessas QQtﬁhehﬁﬂnthétheghﬁnéftaetarget

character are present,
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 inciudes an outline coordinate data

15 outpuf, a bit mapped font output, a gray scale font
output, and a 1-dot expression form.

The l-dot expression form of, for example, fhe
gray scale font is empioyed to indicate whether one dot
is expressed by one byte, or whether two or four dots

20 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
display unit. | )

25. 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



20 ' In addition, data for the weight closest to the wei ght of

the target character nmay be sel ected and enpl oyed to perform wei ght
conver si on. Third Enbodi nent Anot her enbodi ment will now
bé described. 25 An explanation will be given of the enpl oynent

for a gray scale font of the thickenisgsg-process perforned I n
the first and second enbodi nents.

- 32- VWhile the bit mapped font is a binary font where

its dot value is either "0" or "1", the gray scale f ont Is a

mul ti-val ue font where each dot can have mul tip val ues, such as O

through 3, 0 throegHisater datenmeagh at step 2@9 When the requested

output size is (Ax, Ay), a gray level is n, the
coordiﬁates acquired at step (3) are (x, y), the
coordinates obtained after the enlargement/reduction
S 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, ¥) = (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 conversién
table, as is shown in Figs. 42A to 42C.

Fig. 42A shows an example where_the luminancg

20 characteristic of the output device is uniform; Fig.
42B 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 lowe; in

25 its center. From among these, the'fable that is most
appropriate for the luminance characteristic of the

output device is selected.



As a nethod for generating a gray scale font, general ly, when a gray
scale font with n2 gray |evels iIs to be output, as is shown in Fig.
24, the requested " output size is enlarged by n times in the vertical _
and 10 the horizontal directions at step (4) in Fig. 25A and a
bit mapped font is prepared by enploying these - resul tant output size.
A bit map is vertically and horizontally divided to formn bits, as
is shown in Fig. 24. The nunber of 15 bits 1-that are included in each
n x n square field : di vision determnes the nultiple values for one
dot of a gray scal e. When the first -enbodi ment is
applied to the gray Then, %Eaﬁéevoh&7)t?mgﬁﬁXxﬁﬁﬁﬁqu9@¢rﬁﬁf?ﬁ%@ﬂr%é i s
shown in 20 the flowhart in g . 25A and 25B.

and 25B are rovR%a?‘?%l‘PﬂnghEh%eE that igipglegtgd g%’ﬁe?‘éﬁ? n(glgrét h25A
[ vention. The LS Bingering iy ERTREIPR S THICRCETHE SERT  he
to Fig. 43.
5 Fig. 43 shows a bit mapped font that is acquired
at step (15). Thé vertical and horizontal iengths have
been prepared by multiplying fn by the gray level n.
Therefbre, the vertical and horizontal lengths are
divided by Jn 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 correspoﬁding 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 Theﬁ, at step (18), the gray scale font is stored
in consonance with the output form and data are |
returned to the request side. If thé requested output
form'is one byte for one dot, values at the grid
squares are éompressed into one byte and stored.i If
25 the requested output form is for the compression of
adjacent points into one byte, one dqt is compressed

into four bits and stored, and the data are then



2% procedure. Since the flowhart for this processing is

al nost the sane as that for the bit mapped font generation or

- 338 - for the outline coordinate output in the first

embodi ment, and as the steps al nbst correspond to those in Figs. 3A
and 3B, only procedure steps that differ dweS¥o- t he generation of
the gray scale font will now be 5 expl ai ned. The steps
that differ fromthose in Figs. 3A and 3B are steps (1) and (4), and
steps (17) and (18), whi ch are added. | nput paramneters

are fetohed at step.(Hla 309 Heqhlsr 5183.° HRL%20808075¢ LRahMe T nput
terminated.

As desdribed 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 fo another embodiment of the
present invention, a transformed cobrdinate value can
be determined by referring to coordinate values of two

15 _ points that are adjacent to the coordinates of a
targef, so that a well balanced thick ox 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 é
pleasing appearance can be produced.

Moreover, according to aﬁ 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



pajfaneters are, for exanple, 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 determ ned by a character code system such as
the JI'S codes, the shift JIS- codes, -t 158 EUC codes, or the UNI codes,
by which a target systemis specified in advance. The
font style is selected fromdata that is 20 i ncorporated into the
systemin advance, such as M ng, Got hic, or Round Gothic, or data
that are added as options. The contents of the data are

exactly the sanec§§raCter P@ﬁ§e6&t§hﬁﬁapa§ré PAELSEF BRPSFETECR iGR thR

bit 25 mapped f Leg Speci al data for generating the gray scal e
font are not stoPEB . The wei ght data are data for the |ine

thicknesses Further, according to still another embodiment of

the present invention, independent character weights

5 for an x diréction and a y direction can be determiﬁed
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.

10 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 appropfiate data form to various output means.

Moreover, according to yet another embodiment of
- the present invention, a parameter is determined by
employiﬁg the weight of a character that is to be
generated énd a difference between the weights of

20 character data that are stored, a conversion means
employs the determined parameter to convert thé
coordinate value of outline data, and a generation
means employs thé resultént 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



- ipﬁﬁ. of the font style, and the data "very thin", "thin",
"standard", "thick", and "very thick" are.provided. The out put size
i s+data that indicates the actual size of the font data that are to
be out put. The sizes in 5 the x direction and the y direction are
requested. The gray |l evel data desi-gs®t e the gray |level at which

t he gray scale font is to be prepared. The gray |evels
are set to a 4, a 16, or a 256 | evel in accordance with the
characteristics of an 10 out put device. The output formis the output
data form for a desired font, and includes an outline coordinate
data output, a bPresepiednvemtion.pmores sfriFtsdliek or thimpghagnaghsr and

a 1-dot expression form The 1-dot expression formof, for exanple,
the gray scale f 8Atta ¢an be generated by determining a parameter

according to character data that have a character
weight which is close to a determined character weight.
S 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.



Ll

15 enpl oyed toHJndlcate one do Xpr-essed_ by one byte,
or whet her two or Wee?u@{,ﬁ expresse Tﬂﬂﬁ HEET HASrEENyte. The <
chaiacterlstlcs Yice ar REH#MEDthat i ndi cate how to
determ ne a gray the pr Ay Un of—am—epti mal gray scale
font for the 20 | st ep—{4)+—by—+eferring to
the output size and the gray | evel of the gray

enl argenent/reducti on process is perfornmed for t he ﬁ“mﬁmmﬂu@ T“.Iata
read at step (2)CLAthgn the requested 25 utput size i< y$, € gray
level is n, the™ coordinates acquired at step (3) are (x, y), the
coordlnates obtai ned after the enlargenent/reduction

- 35 - 1. A character generating apparatus comprising:

a storage means for storing character data that
consist of coordinate data,

5 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 |
tO ~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 conversioa 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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proeess Is perfornmed are (X, Y), and thke—ehatacier frame size for
the stored data_jis (MK, M), the THIS GHEET ﬂmsfm_: ta enl argenent or
redéct'i on is = (x x [e”]REPL@Gé [err] x Ayl W).
5 At st@pss H)asEdaﬁjR &l v STate—-oht ": repare
enpl oyi ng the b| repar ed at - 61 - step (16) i’ﬁm’ "ﬁ"mmm
(17), the gray s version table is selected acc """
out put deV|ce st|c, that is acquired as an |nput
paranmeter. . Wth a mask of 4 x 4 for the 16 gray | evel s, values t hat
repr esent the out put device characteristic are stored in advance I n
the gray scal e 4t onf €BAYEFIREnILRBrating PQP§HBWHS|RCEP§ g t
Fig. 26A shows an_exanpl e gh e the |l um nance aracteristi.c. of the
out put devi ce i sChfitRolm wWRpgein said ?889§ﬁ5%8“aW9895nﬁP8i®R r §F1%
| um nance is hlgh int center d t r ri ra
pprtlpn BV?F edz%&°§ﬁ&m§t§n 3%3 8 i rg tE%\W.] l#mgnlgh'?e%% p‘%ﬂf
high inm the peripheral PRLLLqRndke?adRh %qu',ow al Bray scale form.
5
5. A character generating apparatus according to
claim 1, further comprising an output means for
outputting said generated character pattern.
10 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 generatingjapparatus according to
claim 7, wherein said character data in said form,
25  where said outlines are not permitted to cross eadh

other, include character data that represent an

exterior outline and character data that represent an



efipl oying the t step (19~ prbcessing wll now
be expl ained while re to Figr 52 - . Fig 27 shows a
bit mapped font that is ach|red

- 36- at step (16). The vertical and horizontal I’m"
been prepared by multiplying [err] by the gray |evel n. mﬂﬂlﬁ!y”‘
Therefore, the vertical and haorizontal |engths are - *di i

and the [err] x teterigri Quddd®fe is extracted. 5 A bit value for each
grid square is multiplied by a

ZQ'".' its Cent e om anmong-t hese, the table nost appropriate
for t he haet g, racteristic |ofHI$ IBHEENtHAS BERVCe IS
se] ected. Then, ﬁﬁjr ay scalle fonREPﬁ\CﬁQ pr epar ed by

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 cbaracter that is to be
generated and weight data fof a cha:acter 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 1, further comprising a correction means for
20 correcting a size of a character frame of said
coordinate data, which is converted by said conversion
means, so that the resultant size conforms to the

original size.

25 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



tabl e, which

Is acquired at step (17). Huct s provi des a

gray scal e TMamﬁafﬁpﬁ%@R ﬁﬂ%et det . p. 27 shows an

eXxanpl e where a gr I, M[ﬂiﬂ e SW
table in Fig. 26B H tedfor theaa-x4gr|d squa ﬂ"l m

The above descri be ﬂ] rforned for all t he Z l’u"u uu"'"""
so that the gray scale font as is shown in Fig. 28 is genéra ed

Then, at step (19), the . gray scale font is stored in consonance with

t he out put formand data are returned to the request si

I f the request edhRAHISIF ‘F%t%nﬁh%‘y't areofhgfglosest t‘ao?alga?’ﬁéghé'rt t he
grid squares are co essed into and_ st or | f
the requested oft %Qﬁrﬁ|§h?5?°€ 7t chdt lsc%%g?%s%?%%r%fgadjacent poi nt s
i nto one byte, one dot I's conpressed into four bits and stored, and
the data are then returned to the request side. The process is

15. A character generating apparatus according to
5 claim ‘11, wherein among.said weight data stored in said
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.

10 16. A character generating method comprising:
- a generation step for generating a character
pattern according to coordinate data stored in a
storage heans, for storing character data that consist
of said coordinate data,
15 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



25t hen ter ni nat ed. Fourth Eghadi Si nce bl ock

circuits for a character—generatig -
- 37 - R isfenb1 -expl ai ned while

of .t
referring to Figs. S ot 1 ae"lefxpl ' - be given
her e. ﬂﬂmﬁ J r 'gener at -ng4appar at us—arranged as 5
I's shown in Figs. U 1 executes, according to a
parameter that indicates a determ ned character wejght; on
programthat is stored ~ in the ROM 2, and transfor i,myﬂ '
val ues of outline data into other data that will bef m’m’m’
: coordinate data. €Ly g NI

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, Qherein,-at said generation step, said
10 convérted 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 ;ach

25 other.

23. A character generating method according to



10 | ater. The CPU 1 then generates hick or thin character

pattern according to the outline data nates—have heen
transforned, a n character that

h

- has a dlfferent rodu ; few Been Replaced
dat a. ”l!l“l "IF“Iﬂ Imml’ﬂ 1 deterHm6%es a transforned

coordlnate val ue yeretersing to coordlnate val ues of

that are adjacent to the coordinates of a target, and produces a

wel | bal anced thick or thin . character pattern. 20

addition, the CPU 1 determ nes independent char acter hts for an

x direction andcéa}“‘dlllﬁect”h&?eln said)rharcien atie 336 Isttr?é:etfgtla[‘ <'%md
generates a thl% t.hin character, att n that effqgtl
depicts the °rch5F§5“t é’r"tt&t’tr@sofar&c?r‘? 3:10 eover,
according to the converted outline data t he CPU 1 outputs either a
bit mapped font, outline coordi nate data, or a gray scale font, and

Supplles 24. A character generating method according to

5 claim 22, wherein said character data in said form
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.

10
25. A character generating method according to
claim 24, wherein, at said determination step, data are.
determined indepehdently for séid exterior outline and
for said interior outline.
15 |
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 fof every font style. }
25

- 28. A character generating method according to

claim 16, further comprising a correction step for



-,38 - ' thick or thin character data |n an approprlate dat a
formto various out put neans. Further, ance th a
paraneter that indicates a determ ned Jhmlgc‘?% HAS BEE ight, character
data that the CPU 1 will convert is : d8EREABERed fr¢m a table, which
Is stored in the ROM 2, and the coor B@ai € varues of the outline
data, which correspond to the determ ned character data, are
transforned. In accordance with the outline data whose coor di nat es
are transforned, a thick or thin character 10 pattern is generated, so
that the character data source s utilized to'grqguce%ihe nost
preferred thi ck SOFRaGting @ sizg P53 &hapacter fram the CPU 1

%tlname data which t{]s %ocnrb@ératth ratdastéalcp ycor?@é’r%iclaﬂg

generates nore Stri
character data OFR~

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 dat-a that are the closest to said weight

i0 data for 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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15 have a character weight which is close to a determ ned

character meigh The detailed processing of the enbodi ment of

t he i nven |1 now be explained while referring -

to the flomchart eﬂﬁ@g% 9A and 29B. 20 The f|9MGh&FP—FH—FFg&—-———
29A and 29B sho ‘thm chagracter generating meth

charact er gener par at ug TMMEDQ-{ASOBEENE pres lillm “E""Hml"l“l
The nunbers h (16) indi cag pitAtgpsSt eps

procedure. An explanat|oﬂrﬁw++—iiy1y4AuLAJmat |nvolves the use

of the data for one font style, which iségresent in a - system and

whi ch has a specific weight, to generate

- 39 - 31. A character generating apparatus including

means for converting coordinate data defining a character
to be generated 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. |

10



. dat,a for characters that have a dif

paraneters afe—+eee+¥ed—aL—SLep_(l)

| nput
paraneters may be,

RoSHEET TAg] BEEW,

for exanpl e, af | e, i ght data, and a
gharacter outpu qﬁ ﬁb forn1tnl?n?§9g% be _dut put. The character
codes are a charact 88 eode system such as the JIS
‘codes, the shift e EUC codes, or the UN codes, by

whi ch a target systen1|s speC|f|ed in advance. The font style S
selected fromdata that the 10 _§§§E§E1incorporates i n advance, such as
‘M ng, Gothic, or Round Gothic, or data that are added as options. A

wei ght is dat SHARMCTER CBHNERATING sMa'susafANn METHOMIOF THE SAMBtyl e, and the

data "very thin", "thin", “'stan ' " thigk" are
provi ded. The out 8&? lf::ged &i%é |cg‘ac¥§’tc§:etrh ente@ Ctié’a e%@%{%‘yu%lgél ze of

the font mell b o*}atchaer esdaﬂrgogte 1 gfﬂtgﬁa-g&%ﬁp%@rafﬂrﬂa I's the

out put data fol'm desire rrequest, such as

an outline CQBE)QE%%% Wi Aty %rtdarage meantd EOFARRRYLQHY put, is issued.

5 character data ‘that consist of coordinate data, a
generation meané for generating a character pattern
according to the coordinate data stored in the ;torage
-means, a determination means for determining a
parameter to make the character pattern thick or thin,

10 and a conversion means for converting the coordipate
data according to the.parameter determined by the
determination means; and employing the generation means
to generate a thick or thin character pattern according
to coordinate dafa converted by the conversioﬁ'means.

-15 The character generating method, which employs
this apparatus, requires onlf a small memory capacity
to generate character data for font styles with various

weights.

!



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 di sk, or on a-floppy di sk. The font style data and character
code data of the data fetched at step (1) are exam ned, and the 25
requi red anmount of coordinate data are read. The - . coordinate data
~that are to be read are data that are obt ai ned by extracting the
characteristic points of the 1/ 34 - 40
- outline of a character, as is showmn in Fig. 4. The dat a
I nclude attribute information, such as a straight | i ne data/curve
data determ nation flag and an outline start point/end point flag,
for each coordi nate point. f:/C; 7
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5: Al though an interpolation expression for curve data .enpl oyed in
thi s enbodi nent can be the second or the third B spline curve, or )
the second or thé third Besier curve, the interpolation expression
t0 be enployed is determ ned i n advance. 10 The m ni num

val ue of the coordinates that are used to describe a character frane
s "0", and the maxi num value is "800". O fset information fromthe
char act er origin point to standd/8kpoints in each stroke frane is

al so included. At step (3), a thickening or a 15 narrowi ng process is
performed for the coordinate data I n consonance with the weight data
I ncl uded in the i nput paraneters. 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
transforned in ose hor a thickened or a narrowed outline, as is
shown in Fig. E)/C]h After the thickening or the narrow ng process
I E_ o al.

is per urgic&,gihe coor di nat e 5@/65 ha.\?A one to one
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correspondence, and the attribute flags for each point 25 do not vary.
At step (4) an enlargenent or a reduction process is perfornmed for
t he thi ckened or the narrowed coordi nate 'data, which are obtained at
step (3), in consonance with the output size that was included
as an input paraneter. When a requested output size is (Ax, Ay), the
coordi nate val ues obtained at step (3) are (x, y), the coordinate values
after the enlargenent or reduction pr 35 is perforned are (X, Y), and a .
stored character frane size is (M, M), then (X, YY) = (X x AXIM, vy
X Ayl M) . Al'l the coordinates for a single character are calcul ated
usi ng the above expression. The attribute

FIG. 3B
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flfags for each of the coordinate points, which are obtained at step (3),
do not vary. Wien a bit mapped output is requested at step (5), program
control advances to step (7). Steps (7) through (13) are the procedures
for actually preparing bit mapped data from coordinate data. At step (7)
a check is perfornmed to deterinine whether the target coordinate data are
straight line data or curve data. Wen, at step (7), the coordinate
data are -straight line data, the coordﬁﬁaﬁe point is defined as the start
point for a straight Iine, and the followng coordinate point is defined
as the end point for the straight line. Programcontrol then noves to
step (8) Wen, at step (7), the target data are curve data, the

coordi nate data for points between the coordinate point and the point
where the curve end flag is pl re assuned to be curve data. Program
control then noves 72723? l;

b a END POINTS OF STRAIGHT LINE
O INTERMEDIATE POINTS OF CURVE




-+ 42 - to step (9). A process for generating a straight line

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

I's enployed to

generate a straight line. The coordi nate data that are acquired by
tthe DDA are 5 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 coordi nate for the x

coordi nat e

are entered for each y coordinate in th2/340 out put area. Wen, as the
result of the DDA nethod, a plurality of x coordinates are present
for a singley coordi nate, the x coordinate is set so that it is the

outernost one relative to the outline of a stroke. At
curve data are converted into the assenbl age

FIG. 6
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15 of short straight lines (short vectors). Fig. 9

il lustrates the conversion of a third .. Besier curve into an
assenblage of short vectors. Since this process has been previously
déscri bed, an expl anation of this process will not be given here.
20 At- step (10), coordinate data are entered in the
coordinate table for painting in accordance to the _ short vector
assenbl age that is acquired at step (9)6/34 The net hod of entering the
coordinate data in the table is the sane as that which was perforned
at step (8). 25 This process is repetitively perfornmed for all the
short vectors. A check is perforned at step (11) to determ ne
- 43 - .
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whet her the processing for all the coordinate data for one outline

has been conpleted. If the processing has been conpl eted, program
cqontrol advances to step (13). I f the process has not yet been
conpl eted, program 5 control noves to step (12). At step (12) a
poi nter 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 Jat3k |f the next data are curve
data, a pointer is 10 updated to point 'to a curve end coordi nate point.
Program control then returns to step (7), where a check is perforned
to determ ne whether or not the data are for a straight line or for
a curve, and points are pl aced according to the data. A check is
performed at 15 step (13) to—det-ermre—wiether—orot all the outline
data for one character have bedqn preeessed. \Wemea] | the outline .
data have been p seMrogram ﬂ:?&“”‘::}ﬁvan:es to step (15).
When t he procesﬂfﬁéﬁias _ en conpl etemc profgram control noves to
step (14). 44 oee
- eooe 'Y

o0e 'Y

0000080000000

o0 o0e

'L 'Y

ose e0o

o0 oo

00e 1Y

0000000 e

3K T

e o "3

oo oo

FIG. 17

o0 o0 o0 e
00000000000000 o eossosoos o
eoe T ® 00s00000e o
T eoo oo ¢ o -
T see o e o
T see o s e
oee ece ° o o0
eoe T o 000000008 o
0000000000000 o 000000000 o
eoe . eee oo ]
eoe T oo e o
seoe T oo o o
see eee ° o oo
eoo see o . e
9008000000000 ® 000000000 ¢
eoe ese o 000000000 o
T T o o 3
oo ' _ oo oo
OR

o0 oo

660060000000 00

0000000000000

1 '3

T T

so0 oo

eo0 eoe

0000000000000 -

0000000000600

eee T

eoe esoe

eoe '3

T oo

eoo T

0006000000000

0000000000000

eoe oo

oo oo




29 Since the data for one outline have been processed, a poi nt er

Is shifted to point to the head of the next outline at step (14),
and programcontrol returns to step (7). Since at step (15) the
points for all the coordi nate data have been placed on two pl anes,
25 painting is perforned, by a non-zero w ndi ng net hod, for the x
coordi nates that correspond to the y coordi nates and that are stored
in the painting 8/ 34 - 44-

coordinate table at steps (8) and (10), as is shown in Fig. 34.
According to this nmethod, the plane is nned fromthe left al ong
each scanned |ine. The val ue of a flfgléga %f point is

i ncremented, while
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S the value of a flag is decrenented. |If the flag val ues are not

a "0". the interval between the points of those flags are painted
with "1". : 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 term nated.
The t hi ckeni ng/ narrowi ng exanpl e process at step (3) in Fig. 29 wll
now be described in detail, while 9/3keferring to the flowhart in Fig.
35. 15 In the thickening/narrowi ng process in this
enbodi nent, a paranmeters for thickening/narrowi ng a stroke is varied
to change the coordinates for each ~ outline point. Fig.
35 is a flowhart showi ng an exanple 20_ - thickening/ narrow ng procedure
for a character gener ati ng apgzy us jﬁ rding to the present
i nvention. The nunbers (1) through (9) dic t he steps of the
procedure.

A
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PRECEDING
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B
FOLLOWING W
POINT
_ AN —

J ~ _/ -

STANDARD MING THICK MING




At step (1) a paraneter for the thickness of an 25 outline: s

determ ned in consonance with a wei ght val ue. A paraneter for
determ ning the outline t hi ckness has i ndependent values in the X
direction and - 45 - t he
y direction for the outline, and manages the t hi ckeni ng- of
hori zontal |ines and of vertical |ines separately. Thi s
i s because to thicken a M ng characteﬂpﬁ3k 5 exanple, as is shown in
Fig. 36, its horizontal I|ines need not be thickened nmuch while its
vertical lines must be thicke gr deal, and therefore
di fferent val ues are require r jhe7x direction and the y
direction. For round Gothic font style characters,
/’* N
' N r x
\ . -/ \_ J
ROUND GOTHIC THICK ROUND GOTHIC

FIG. 17




10 however, the lines in the horizontal direction are thi ckened -
as nmuch as those in the vertical direction, as is shown in Fig. 37. .
Therefore, the thickening val ues for the individual font styles have
o be changed. As is shown in Fig. 38, data that indicate 15
reference values fromthe outlines to the centers of t he hori zont al
and the vertical lines of font styles and weights are entered in
advance in a table. The di f f er elficE3bet ween a standard font wei ght
and a desired font weight is enployed to determ ne the thickening of
20 the outlines in the x direction and the y direction. When t he
t hi ckening value is positive, the thickening ‘process is perforned,
whi | e when the thickening val ue is negative, the narrow ng process
is perfornmed. For : the round Gothic style that enploys coordinate
data for 25 t hi ckening as standard data, to generate a very thin,

round Gothic character, a thickening val ue (paraneter) is determ ned
by ascertaining the difference between 10
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~ 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 paraneter
JTo 5 obtain the changed offset information, an x value and a y
val ue of the thickening paraneter are subtracted from the x
coordinate and the y coordi nate of the offset. At steps (3) through
(7), the thickening/narrow ng ﬂﬂdﬁyés is perforned for all the
coordi nate point rows 10 that consist of one stroke. First, at step
(3), an obj ect point to be processed is fetched. Then, at step

‘(4), points that are adjacent to the object point are f et ched.

FIG. 18
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At step (5), the thickening-process is actually 15 performed. Since
this process has been explained in detail while referring to Fig.
17, its explanation wll not be given here. The range w thin 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 t hi ckeni ng

val ue that -are obtained at step (1). As the coordi nate val ues that
are acquired in this process are 1348bse for a singl e stroke frane,
they are added to the of fset coordi nate val ues that are obtained at
step (2) to provide coordinates fromthe character origin. 25
When, at step (6), all the coordinate points for one outline have
been processed, program control advances to step (8). Wen there are
some outline - 47 -

FIG. 19
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points to be processed, program control noves to step (7), where a
pointer is updated to point to the next outline point, and the

t hi ckeni ng process is perforned again. A check is perforned at step
(8) to determ ne 5 whet her or not all the outlines for one character

. have ‘been processed. Wien the processing has been conpl et ed,
program control noves to step (9). VM?E there are outlines that
remain to be processed, a poi nt Y 34 updated to point ‘to the next
outline point, 10 and the thickening process is perfornmed again.

When the thickening process has been perforned for all the outline
coordi nate points, program control goes to step (9). As is shown in
Fig. 15, while the . thickening essiz been perforned, the
resultant 15 character frane isEy!Gir, e when the narrow ng
process has been perforned, the resultant frane is smal | er.

Thus, it is necessary for_the size of the.

a1
82 A
83

C D
81+02+83+84=2=x

FIG. 21
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resul tant frame to be adjusted to conformto the size 20 of the

original character frame. The rate of enl argenent /reduction is
twi ce the thickening value for the outline (a negative thickening
val ue for the narrow ng), which was acquired at step (1).

Wen the X width of the original character franme 25 is Bx, the

hori zontal thickening value of the exterjgr outline is Fx, the Y
width is By, the verti cal thicﬂgxiig'value of the exterior outline
is Fy, the - 48 -

coordi nates for which the thlckenlng process is perfornmed are (X,
y), and the coordi nates after t he character frame size has been

adjusted are (X, Y),

FIG. 22
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(X Y) = ((x + Fx) x Bx/(Bx + Fx x 2), 5 (y + Fy) x By/(By + Fy x
2)). This calculation is perforned for all the coordinate _

point rows for.one character, and the thickening process shown in
Fig. 35 is thus term nated. Fifth Enbodi mnent 10 The fifth
enbodi nent vii || now be described. An expl anation wll be given for
a case where, when a font style with a specific weight is requested,
there are two or nore wei ghts fi64dB4can be enpl oyed as standards
for the sane font style. 15 In this case the selection, from anong
a plurality of font weights for the sane font style, of the font
wei ght that is to be used to process a requested wei ght S
i nportant. Therefore, when the font style that has a standard wei ght
.1s determ ned, the follow ng weight 20 conversi on process is perforned
in the same nmanner as TS perTorﬁﬁﬂ or ftheltrr$t epbod] nent. An
explanation will thus be gjveny eplly f¢r ajnmethod (of
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sel ecting a weight as a standard. Fig.. 22 is a flowchart

show ng an exanple 25 procedure for selecting a thickening paraneter
for a character generating apparatus according to the present
iFnvention. The nunbers (1) through (6) represent the
- 49 - ' steps of the procedure. First, it is necessary
at step (1) to exam ne whi ch wei ghts of which font styles are stored
ina storage device. Header dat®W/3at are stored in the 5
headers for the font styles are referred to, and data that indicate
t he presence of such data are entered in a table. In the exanple
tables in Figs. 39A and 39B, weights 3 and 7 for the Mng style,
wei ght 5 for the
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rround Gothic style, weight 6 for the angular Gothic 10 style, and
weights 4 and 7 for the Block style are present. At step
(2), a check is perfornmed to determ ne whet her or not requested

wei ght data have been stored in.a storage device, such as a ROMor a
hard di sk. The 15 tabl e prepared at step (1) is searched, and by

enpl oyi ng the requested font style and the wei ght data it can be

det erm ned whet her or not data are st d8ef34n a storage device. \Wen
t he requested wei ght data have been stored in a storage device,
program control 20 advances to step (3). Wen the data have not yet
been stored, programcontrol noves to step (4). The process

at step (3) is perforned when the requested weight data have been
stored in a storage device. Since the t hi ckeni ng/ narr ow ng process
is not requirted, 25 coordi nate data are read fromthe storage device.
By referring to the coordinate data the enl ar genent / reducti on

process is perforned in
FIG. 24
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= 50 - consonance with the output size, and a bit mapped font

is prepared. The process is then term nated. The process at
step (4) is perforned when the requested wei ght data is not stored
in a storage 5 device. The thickening/narrow ng process is perforned
to output a character that has the requested wei ght. It is therefore
necessary to sel ect source data for .. performng the

t hi ckeni ng/ narrowi ng process. In 19/§Eheral, the result obtained

t hrough the thickening 10 process deteriorates | ess than that obtained
t hr ough t he narrow ng process. Therefore, by enploying the

table prepared at step (1), a check is perforned to

FIG. 25 -
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déterm ne whether or not data for a weight that is smal l er than the -

requested weight are stored in a 15 st orage devi ce. - \Wen
data for a weight that is snaller than the © requested one are stored
im a storage device, program control noves to step (5). Wen the
data for the’ smal l er weight are not stored in a storage device, 20
program control goes to step (6). To output, for exanple, a

M ng style font having a meight26{3§, as the Mng style font with a
wei-ght of 3 is present in the storage device, programcontrol noves
to step (5). To output the angular Gothic style font 25 havi ng a wei ght
of 3, as there is no angular Gothic style font having a smaller

wei ght, program control ' noves to step (6).

FIG. 25B
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- 51 - At step (5), a font style that has a wei ght that

w Il serve as the standard for the thickening process I s sel ected.
Paranmeters in the x direction and the y direction are set to perform
the thickening process. 5 To output the Mng style font having a

wei ght of 5, as the Mng 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 Xet3s t hi ckeni ng paraneters
At step (6), a font style with 10 a weight that serves as the standard
for the narrow ng process is selected. Then, paraneters for the x
direction and the y direction of the outline are set. To out put
t.he angular Gothic style font having a wei ght of 3, as the angul ar
Gothie style font having a 15 wei f je.y present, the differences
bet ween wei ghts 3 and 6 for tﬁ%? dirg? on and the y direction of

t he -
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qutline are set as paraneters. After the thickening or narrow ng

paraneters have been set at step (5) or (6) as descri bed above, the
process as expl-ained in the 20 fourth enbodiment is perfornmed and a
-eharacter having a desired wei ght is output. Al t hough an
expl anati on has been given for the determ nati on of whether or not
font data with smaller wei ght than that of a target character are
present, a 25 check may be -perfornm2@A3k det er mi ne whet her or not font
data for a larger weight than the weight of a target character are
present. In addition, data for the

- 52 - ' wei ght closest to the weight of the target character

may be sel ected and enpl oyed to perform wei ght

FIG. 29
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cenver si on. Si xt h Enbodi nent 5 The sixth enbodinment will
now be described. An explanation will be given of the enpl oynent
for a gray scale font of the thickening process perforned in the
fourth and fifth enbodi ments. While the bit mapped font is a

bi nary font where 10 its dot value is either "0" or "1", the gray scale
f ont is a multi-value font where each dot can have nultiple

val ues, such as 0 through 3, 0 through23/3% O through 255. As a

met hod for generating a gray scale font, general ly, 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 tines in the verti cal
and the horizontal directions at step (4) in Fig. 41, and a

bit mapped font is prepared by enploying the resultant out put size.
20 A bit map is vertically and horizontally divided to form .
n bits, as is shown in Fig. 40. The nunber of

FIG. 29B
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bists 1 that are included in each n x n square field di vi si on

determ nes the nultipleée values for one dot of a gray scale. Wen the
~ fourth enbodinent is applied to 25 the gray scale font, the processing

IS performed as is shown in the flowhart in Fig. 41.

Figs. 41A and 41B are flowharts for the fourth

- 53 - ' character generating nethod for a character generating

apparatus according to the present inv2d4n. The nunbers (1)

t hrough (18) indicate the steps of the procedure. 5 Si nce

the flowhart for this processing is al nost the sane as that for the

bit mapped font generation or
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fpr the outline coordinate output in the fourth enbodi nent, and as
~the steps al nbst correspond to those in Figs. 29A and 29B, only _
procedure steps that differ 10 due to the generation of the gray scale
f-ont will now be expl ai ned. The different steps are
steps (1) and (4), and steps (16) and (17), which are added.

| nput paraneters are fetched at step (1), and gray 15 scal e data are
added to the input paraneters. The 2§/34paranmeters are, for exanple, a
character code, a font style, weight data, and a character out put
si ze, gray | evel data, an output form and the characteristics of
an out put device. The character- codes are determ ned 20 by a character
code system such as the JIS codes, hift JI'S codes, the EUC
codes, or the UN codes, wﬁfZGEe taggz systemis specified in
advance. The font style Is selected fromdata that is incorporated
into the systemin advance, such as Mng, Gothic, or 25 Round Got hi c,
or data that are added as egpttons:

- NO. OF QUTLINES

OFFSET X TO 1ST OUTLINE
OFFSET Y TO 1ST OUTLINE
END POINT NO. OF 2ND OUTLINE.
OFFSET X TO 2ND OUTLINE
OFFSET Y TO 2ND OUTLINE

\)
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ATTRIBUTE OF 2ND POINT -
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XM COORDINATE
YM COORDINATE
ATTRIBUTE OF MTH POINT




The contents of the data are exactly the sane as the data that are
enpl oyed for generating the bit ' -

54 - mapped font. Special data for generating the gray
scale font are not stored. The wei ght data are data for the line
thlcknesses of the font style, and the data "very thin," "thin,"
"standard," "thick," and 5 "very thick" are provided. The
out put si ze S data that indicates t hep@eBlal size of the font data
that are to be output. The sizes in the x direction and the y
direction are request ed. The gray |l evel data designate the gray
| evel at which 10 the gray scale font is to be prepared. The gray
| evel s - are set to a 4, a 16, or a 256 level in accordance with
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the characteristics of an output device. The output formis .the

out put data formfor a desired font, and includes an outline
coordi nate data 15 output, a bit napped font output, a gray scale font
gut put, and a 1-dot expression form The 1-dot expression form
of, for exanple, the gray scale font is enployed to indicate whether
one dot I s expressed by one byte, or whether two or four dots 20
are expressed by one byte. ' 2T/8Lcharacteristics of the output
device are data that- indicate how to determne a gray |evel for the
preparation of an optinmal gray scale font for the display unit. 25
At step (4), by referring to the output size and the gray |evel of
the gray scale font, the ewl argenent/reducti on process is perfornmed
for the X
_ !
O b und
1
z9 5
<
—J
U
<t
§ -
P
':“ B R o T S o Sy
- = % ® 9 9 &
] ~— S O .
T oLe .
~N b~ & A4
- N ¢ %
< & < >
=) T - SEE
o % % !
I Ry ¢ 0 0 ¢ o0 co00 o g
ﬁ‘u' ;
m <« . H
~3 EE x ONMIDO-0NS NN
M =51
Ko
wna. |Z
. —
) u-
Ty
) \ :
Z -t ey | v e
tald - =t | - v—
x
|—
(o4
i < 2= 2
)
XD 1
= [N R TV vy iy PR P XN KA\ PRy RO TR U PN B E
wl L e A e R R R e A R e R e E Al En Al A
EX
= B REEEEI G S E == S
o -
S| m|m|m|m|m|mo|m|m|m|m
Hx
[a
eSO L PN P P P N N L e B B I I Y
n
x
o~ |a|o|w|vio|~ ||| NN




-z 55 - coordinate data read at step (2). Wen the requested
output size is (Ax, Ay), a gray level is n, the coordi nates acquired.
aj step (3) are (x, y), the coordi nates obtained after the

enl argenment / reducti on 5 process is perfornmed are (X, Y), and the
character ' frame size for the stored data is (M, M), the

expression for data enlargenent or reduction is (X, = (X X
[err] x AX/IMK, v x [err] x Ay/ W). 28/34 At steps (16) and (17), a
gray scale font is 10 prepared by enpl oying the bit mapped font
prepared at step (15). First, at step (16), the gray
scal e conversi on table is selected according to the output device
characteristic, that is.acquired as an input paraneter. 15 Wth a mask

of 4 x 4 for the 16 gray |evels, values
FIG. 35
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t Rat represent the output device characteristic are - stored in

advance in the gray scale font conversion table, as is shown in
Fi.gs. 42A to 42C. - Fig. 42A shows an exanpl e where the | um nance
20 characteristic of the output device is uniform Fig. 42B shows
an exanpl e where the lum nance is high in the center of a dot and '
| ower in its peripheral portion; and Fig. 42C shows an exanpl e where
the | um nance is high in the pera@fdfkal portion of a dot and | ower
in 25 its center. Fromanong these, the table that is nost '
appropriate for the |um nance characteristic of the out put device is
sel ect ed. - 56 - '
Then, at step (17) a gray scale font/C%QE;epaE§fs
A\
e - ™~

' U U C/
STANDARD MING THICK MING
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by enploying the table that is sel ected at step (16). Thi s

processing .will now be explained while referring to Fig. 43. 5
Fig. 43 shows a bit mapped font that is acquired at step (15). The
vertical and horizontal |engths have been prepared by mul tiplying
[err] by the gray |evel n. Therefore, the vertical and horizontal

- lengths are di vided by [err] ang tgz [err] x [err] grid square is
extracted. 10 A bit value for each 8( square is nultiplied by a
value entered in its corresponding gird square in the tabl e, which
I's acquired at step (16). The sum of the products prOV|des a
gray scal e - val ue fre

(o3 et—chot— 3 T WIEeY e
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F/G 3 gB x/y X y | PRESENT X y | PRESENT

WEIGHT VERY THIN 1| 5 | 5 3] 5
THIN 2 0 | 10 6 | 10
STANDARD-THIN 3 | 15 | 15 9 | 15

STANDARD 4 20 | 20 2]l2| O
STANDARD-THICK 5 | 25 | 25 ' 15 | 25
THICK 6 03] O 18 | 30

VERY THICK 7 | 35 | 35 23| O




I consonance with the output formand data are returned to the
request side. If the requested out put ~ formis one byte for one dot,
val ues at the grid squares are conpressed into one byte and stored.
l.f 25 the requested output formis for the conpression of

adj acent points into one byte, one dot is conpressed into-four bits
and stored, and the data are then :

- 57 - returned to the requedt/34de. The process is then

term nat ed. As descri bed above, according to one enbodi nent of
t he present invention, a conversion neans transforns 5 coordi nate

val ues of outline data according to a

FIG. 40

N BITS

N BITS}

= AN

FIG 424  FIG. 42B  FIG 42C

1i1(1}]1 0.8|0.8/0.8(0.8 LI|L1{L1| 1.1}
111111 0.8|1.6{1.6]0.8 1.110.710:7{ 1.1
1111411 0.8{1.6/1.6|0.8 1.1]10.7|0.7]1.1
1 {1111 0.8{0.8{0.8/0.8 L1jL1{11}1.1




determ ned character weight, and then a generation means generates a
thick or thin character pattern - - according to the-outline data whose
coordi nates have - - been transformed, so that either a thick character
er a 10 thin character that has a different weight can be

produced by enpl oying a few character data. - Further, according
to anot her enbodi nent of the present invention, a transforned

coordi nate val ue can be det er mi 32d3by referrlng to coordi nate val ues
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 enbodi nent of
the present invention, exterior outline data and 20 interior outline
data can be extracted fron1out|ine data, and a thick or -thin
character patzgr hat pl easi ng appearance can be produced.

Mor eover, acc addltlonal di ment, of t he present
invention ap—tnput—ttcky char act er fg' t 4?7)& .
ﬁiG.41A J. |

FIG. 418
START |

)
RECEIVE INPUT PARAMETER
Y (2)
s
READ COORDINATE DATA
—
(3)
THICKENING OR NARROWING s
PROCESS
Y ' (4)
’s
ENLARGEMENT OR REDUCTION
PROCESS

OUTLINE

(5) COORDINATE
OUTPUT FORM ?
_— L
» BIT MAP QUTPUT OUTLINE
__ — - 000RDINATE DATA
b 4 _
STRAIGHT CURVE
y m_ | _
)
STORE DATA IN : GENERATE A CURVE
PAINT TABLE ~—(8) T

(10)
STORE DATA IN - |
PAINT TABLE

« [




25. or an input thin character weight can be determ ned .

i ndependently, by enploying extracted exterior outline - data and
interior outline data, and a thick or thin :

~ 58 - character pattern that has a pl easi ng appearance can be

pr oduced. : Further, according to still another enbodi nent of

the present invention, independent character weights 5 for an x
direction and a y direction can be det33f3&ed by enpl oyi ng extract ed
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. 10 In addition, according to a stil

further

FIG. 41B

© |
y §
{12)
UPDATE
POINTER
, (11)
NO 1 OUTLINE
COMPLETED ?

(14)

UPDATE

POINTER -

&

ALL
QUTLINE COMPLETED

NO

(1%)
PAINTING 2

. 3

(186)
SELECT GRAY SCALE P~
CONVERSION TABLE

_ g )
MAKE GRAY SCALE FONT
!
- (18)

OUTPUT BIT MAP DATA _

® 4

END




enbodi nent of the present invention, either a bit mapped font,
outline coordinate data, or a gray scale ) font can be out put
‘gccording to the converted outline data, and thick or thin character
data can be supplied 15 in an appropriate data formto various out put
nmeans. o Mor eover, according to yet another enbodi nent of

. the present invention, a paraneter is_determ ned by enpl oyi ng the -
wei ght of a character that is to be 34/34 generated and a difference

bet ween the weights of 20 character data that are stored, a conversion
means enpl oys the determ ned paraneter to convert the

coordi nate value of outline data, and a generation means enpl oys the
resultant outline data to generate a thick or thin character
pattern, so that the character 25}:1[§htaé$ggrce is utilized to produce

t he nost preferred thick orft «ch ter data. Al so
according to one nore enbodi nent of the

B ' 1IN
P 1lolo]o 0.8/0.8{0.8{0.8
- 1lofolo ><o.s 16/1.6{0.8
1 11111 0.8|1.6/1.6/0.8
1111 0.8/0.8/0.8{0.8
d/ 08lofofo
o8lofolo
0.8/1.6]1.6/08
‘loslo.8]0.8|08
08x8+16xX2=96
9.6 x 15,/16 = 9.0
ACCORDINGLY, GRAY LEVEL =9
01010]0]0]0]0]0]0]0]0]0
0lo(10/9]/8[8[8{9[135[0]0
olof23lolojojoz4[0(0
fololiz3iojololofi2310]0
olofi23iojojololi2[3{0]0
olo129]8|8[8[9]133]0[0 -
ololiz3jololofo(23[0]0
olofi2[3lo]olo]0li2[3]0]0 .
ooliz3[0]0[0[0f13(010] T S Y
ofoliz3[olo[ofoji3(0[0] % = EL S Lot
NNEEBEBREBLRR
oJo[z[1To[ofolo]0[00]0




FT
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data can be generated by deterni ning

det er m ned
t her ef or e,
generation

character data that have a charact er REPﬂOBDt whi ¢h {s fctose—to—a—-=
character weight. 5 : Actordimg—te—t he| pij egegt |
' only a small nenory capém ty is requiregl 10??@”61}1@
of character data for font styles with . yarTousTwetrghts—
CHARACTER GENERATING SYSTEM EMPLOYING THICKENING QR
NARROWING OF CHARACTERS qé Dcss},g
.
L‘ﬂoso’-?fy

n.
L)

present I nvention, rped Sti-ct—thick or

uvl.v

é’%eﬁ%ﬁﬁtfﬂs BEEN | af cRERiJAﬁﬁlleNT SHEET

DN

The pzresent inventign rslatas to a2 characgtars

generating apparatus that convexrts charactars, atTc.,
that have beean caded in vector form into charactarss

that ars coded in dot form, and ta 2 methad that is

emoloved for effscting the described conversion.

In a coaventional agparatus

That ara stored in vactor form inta a bit map and

cuTputs characsars, coordinats cat

chavc davelaps data

a that arzs storad ...n

a ROM, ox anm a hazd disk, aza z=zad out and converted -

inty a desired size by multiplying th b4

enlargement or raduction. The resultant data a7

convertad into dot form data to provide chazacter data.

In this case, however, if thers are different

weights for an identical font stvle, there must be one

set of cooxdinate datta for each weight.

For a Jaganese

font style, where there are about 8000 characters per

fong:._ style and where the memory céga.city far the

coordinate da\ﬁ'?.-__requi_red faor each .foat must be 1M byte

~ ta 3M bytes,’ i.f_.-'c':'écrfglinate data were provided far each.

welght, the memo:y'capaéity would be enormous.




B R
- 60:- : Cl ai s 1.
i nput means for inputting weight information;
coordi.nate data for a character to be out put;
for thickening or narrowing the coordinate data read by said
based on the weight information input-bygsaid input neansj
correction neans for correcting the coordinate
by said process neans such that a
remai ns the sane after a thickening or narrow ng process
t hi ckeni ng or narrow ng process; si ze change nmreams—6+:
enl ar gi ng orbe eRFETIFed he EvoFtiwkd cBearatedr erat ednbygsasshcorrecti on
means to a size of the character to be output; and

gener ati on nEHMRNFET FEerlIg i9RP LRIePBY 2 nSYseem basednam 4he coordinate

data enlarged or reduced by said size change neans.
glurality of ddvices or By an aggarastus thac coasiscs

A character processing apparatus conprising:
read nmeans |

cf a singla deavica. The gresen:_invencicn may alsc te
gzovided By supplying.a grogram to such 2 systam oc
such an apparatus.

Fig. 1 is a block diagram illustzating the caontzel
configuration of a first sy;tem; for which a cha:acﬁe:
generating apparatus according to the presant iavantion
can be apglied. This systam may be aither a
.unrd grocassgar, .a wark station, or a comguiazn systam.
1, a C3U 1L is a cantzzal precassing unit
that cant:ois the entirs systam and gariscms aricthmetic
t=. A BOM 2 is a zead only memory where a
sysc<em activating p:cgfam, googTams
£lowcharts, which-will be described latar,
character pattazm da;a are storad. A 2AM 3, which is a
random access memary;_is a data storage assa with ao
ﬁéage limits, where varicus programs and data afrs
loaded and executad far each grocess. A XK3C ¢ is a
keyboard contzrol secticon that raceives key input data
from a K3 §, a keyboard, and transmits the data to the
C3U L. In the ROM 2 é:e ;tcted such data as are shawn

in Figs. 1§, 26A, 268, 38, 42a and 423, which «ill be

descéibed later.

A CRTC 6 is a display contraller that sends data

that are to be displayed to a CRT 7, a disglay unit.

sy op gy e———— ¢

..'.._;G_-:_‘,_.

R
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2 . An apparatus according to Claim 1, wherein said corr on_eans

corrects the thickened or narrowed coordinate data in accor \ —
where X n ﬂﬂ!\‘gEMENT SHEET

the follow ng equations: [err] :
hori zontal and verti cal coordi nates after correction, x andly a@ﬁ}
horizontal and vertical coordinates -fqr which a thickening jor| nad G897
process i-s perfornmed, Fx and Fy are horizontal and verti cal t b '

val ues, and Bx and By are horizontal and verti cal wi dt hs off an ori gi nal

character frane, respectively.
L executes, according to a parameter that indicates a

Cactermined charsacter waight, a écnversicn pgragram that
is sTored in the ROM 2, and transfaorms the coordinata
values of gutline data inta ather data that will be
described later. The C3U 1 then generaces a -thick or
thin character pattern according to the cutline data
whosa coordinates have been t-ansformed, and either a
thick cha:écter or a thin character that has a
differant weight is praoduced by'emgloying relatively.
little character data. '
Furthes, the CPU 1 datermines a transformed
cgordinate value, by réfe:ring TS cooxdinate wvalues of

. ve

two points tﬁat are adjacent to the coordinates of a
Tazgat, and produces a waell balancad thick or thin'
charactar pattarn. |

In addition, the CPU 1 extracts excerior cutlin

" data and interior outline data froh outline data, and
gggé:atas a thick or thia charactar pattern that has a
pleasing appearance. |

Moraover, the CSU 1 deﬁermines a2 thick character
weight.and a thin charactar weight iAdegendentIy, by
employing the extracted exterior outline data and
interior outline data, an& generates a thick or thia
character pattern that has a pleasing appearance.

Further, the CPU 1 determines independent

chazacter weights far an x direction and a Y direction

by emploving the extracted exterior and iaterior



3.
Treans for determ ning whether the

f.ornms- an interior _
nmeans thickens or narrows the coordinage data form

' An apparatus according to Claim1,

outline and the coordinate data formng the exterior outli

further conprising _dBLSLH¥Ha%P0ﬂ‘"“j
coordi nate data read by SRBHLA&FMENTBSH&T

outline or an exterior outliné, wherein

' ng the |i nf &5 ig0lygG 1997

di stinguishably fromeach other in response to a determ natier—rede—by
4. An apparatus acc rding to Caim

sai d determ nati on nmeans.
sai d process. neans thickens or narrows t

he coor¥=mrate—data T™h

1, wherein
the vert|ca¢3EHern¢%ﬁF%nﬂaFﬁe c¥Beai natesdapa (71 .t he lumdzddmaae dlrectlon

|ndependently of eacth ot her.
aca ace straight line daua the caoozdinate point is

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

‘cllcu:ng caordinata goint is dafined as
far the stmzight line. ?:ograﬁ contzol
stap (8).

- When, at step (7), the targetw daza
the coordinate data for points between
point and the point where the cuzve end
aze assumed to be cuzve data;

moves to step (9).

A process for generating a straight

‘perfommed at step (8§). In this case, 2

‘Differential Analyzer"” (DDA) method is
. Points are

employed to generate a straight line

the

tha end paint

then mowvas 2

ara curve éata,

the coordinats

flag is placad

Program control then

line is

“pigital

1 ' : s
placed in two planes. One plane is used for painting,

and, as is shown in Fig. 7, each peoint is placad at

only one x coordinate that corresponds to ona ¥

cgordinate because lines are scanned from left to right

for painting,'and an interval between "1
numbered position through "1" at an even

position is painted with "l". If paints

" at an odd
numberad

are a’aced atc

‘moze than one X coordinate for a correspanding ¥

coordinate, paint‘ng will not be well per

farmed.

The ather plane is an cutline OR plane. As is

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

coczdinate are set to “L" in this plane because chis

Qutliine OR plane is employed to compensate for the bics



—ngi‘Ah‘apparatus according to Caim1l, further
out putting the dot pattern data

conprisid
generated by said gener

g tRjEPLRGEMEWP"&HEEW

~6. An apparatus according to Caim5, wherein said out put, N
8 6t 199 o

conpr4 ses a printer. _
wherein said output neans conprises a gisplay. -
apparatus according to Claiml, wherein "“the coordinate | data conpri ses an
entire-outline-type outline font data. AR~ P a-at-tS

according to Caim1, -wherein

a outline font

7. An apparatus accgrd

dat a. 10 A character processing nethod

conprising the accarding to the extericr gutline a and the Lateriar

. Quilices b and ¢, as is shawn in Fig. 4.

gCint row that forms an autlins

As ths

Quiline cagrdinats point rows ace nat distinguished for

the extariar aqutline and faor- che intasigr cutlines, the

Coordinate rows ara examined and decazmined to he
eithar for the extarmnal cutline o= far the intariarx
cutlines. To change the qutline caozxdinatas, a=n

dnay e &

extariar cutline thickaning/narrowing parameter i

‘emplaoyed for the exta=ior outlize coazdinatas, while an

intarior cutline thickening/narrowing parametar is .

ennloved for tha intarigr gutline csazdinatas.
It should be rotad that when the extarigr cutlins
is countarclockwisa,

the iaterior gutline goint rows axs azTangad clockwise.

-

Whan the extarior gutline point row is cicckwisa, the

iateiior cutline goint rows aza aéranged

ccuntarclackwisa. | |

Hith respect ta Fig.12, at steps (1) through (3},

pregrncessing is performed tao datermine whather a target

ou:;ine that is ta be p:aces§e¢ at stap (4) is aa

ext :;Q: or aa iatarias outline. -
Duzring this process, a start gaiant and éwc gaoints

that aze adjacenf ta the Qtart poiat are extracted.

When cthe start paoint is AS, a2 paiant greceding the start

goiac (the final point of an autline) is A, aad a pgaint

following the start paiat is 8; a gaiac for the

ereprocessiag Ls provided in a direction where aa angle

the coordinate date conprises a stroke-type




readi ng coordinate data for a character to be REPLACEMENEé%ﬁng

the coordinate are data read by sadid reading step by thicke

narrowi'ng the coordi nate data based on the weight informaji Uoélp%”ﬁ hyo?
ha e t

said i nputing step; cdr féctTing the coordi

t hi ckened or narrowed by said processing step such that a are—stze Of
the character to be output remains the same after the Arb )

t hi ckeni ng or narromnng processi ng steps as before the t BekemrrgoT

narrow ng pr@ﬁﬁcﬁ ? th the output sizél ZhatUKH thSlgfed Mds edharging
or reducing the coor ate data corfecting step to a size of the character

to be OUtp“tznéﬂEjgarameter. generating dot pattern data based on the

When a requested output size is (Ax, Ay), the
coordinate values obtained at step (3) arxe (x, ¥), the
coordinate values after ctie enlargement or reduction
process is performed are (X, ¥), and astored character
frame.size is (Mx, My), then

(X, ¥) = (x x Ax/Mx, v x Ay/My).

All the coordinates for 2 single charactar ars
calﬁulated using the ahove expraession. The attributs
£flags for each of the coordinate points, which ars
cota-ned at stap (3)., do not vary. When 2 bit mapped

: cusgus is ragquestad at steg (5), program coatrol

- - -

advaﬁces-to step (7). Staps (7) through (13) are the
N groéadures for actual ly presgaring bit'@agged data from
;oérdinata data. At step (7) & check is performed o
determine whether the target coordidate data are
‘straight line data or curve data. |

When, at.steg (7)., the coordinate data are

straight line data, the coordinate point is defined as
the start point for a straight line, and the faollowing
cdo;ainate point is defined as the end point forithe
straight line. Program con;rol then moves to step (8).
Qhen, at step (7), the farget data a#e curve data, the
coordinate data for.goints batween the coordinate point

and the point where the curve end flag is placed are

assumed to be curve data. Program coatrol then moves



coordi nate data enlarged or reduced by said size changing 11.

A nmet hod according to Claim10, wherin said correcting stegp
t hi ckened or narrowed coordinate data in accordance wth th(EEp %@NE?‘EET

equat i ons: err] where X and Y are horizontal and vertjic co&!‘)‘%J R?% es
after correctlg rizontal and vertical coordin th8 # :

whi chi, a thick g process is perfornmed, Fx land-Ey.are
hori zont al and "fm M’Qni ng val ues, and Bx and By dre horizontal

are vertical w dths 'of ®ans i nal character frane, respecdiiyely

12. A nethod according to Caim1l0, f«6@Rer conprising determning
whet her the cordinate data read by said reading step forman interior
outline or an exterior outline, wherein said processing step thickens or

narrows the Claims
1. A character Fracessing apparatus camprising:
inpet means for ingutting waight informatior; read means

faor rea.d:.ng cagrdinate data for a chavactaer tg Be ou- sus;
precess means for thlckening or narrowing the

ceoriinate data read by said read means basad on the weight
infotmation input by said inpus means;
carrection means for carracting the cocrdinate
 data thickened ¢r nazxwrawed by said process means such that a
fraza s:.’e Of the character tz bBe gubput remains the saze
alter a thickening or narrowing procass as befors the
"ehickening or narreving process;
size change means for enlarging or reducing
the cac"dma.ta dat:a. corrected by said corzacticn mea: 2s <o a

s'.ze el the charactar t£3 be ocutput; and
generaticn means for genarating dot patterm
datz based an the caordinate data enlarged or rsduced by said

size change means.



H

coordinate data forming the interior outline and the coordinate data

forming the exterior outline distinguishably
- 64- fromeach other in response to a determ nation na
determ ni ng step. 13. A method according to C

sai d processing step thickens agarrows the coordinate

d4t § 8 nAUG 11897

REPLAGEMENT SHEET

%m 10, wherein

| direction

vertical di rlmuIHMjmuulmm)ordl nate data in the hori zoht
i ndependent | 14. A nmethod accprding to Caim

ated by said

10, further rfpr i*si g outputtlng the dot pattern data ge

2. An apparacus according ko Claizx | , wheraixn
said corvection means carrects the thickaened or narTawsd
cserdinate dama in accordanca withk the follovwiag equatisns:

X = ((x+ F) X BK]/(Bx = Fx x 2), and
¥ = ({y + 7y} = By]/{3¢ + E¥ x 1),

where X and ¢ are Rerizental and verszical
csardicates afler corTactionr, x and ¥ are horizomtal axd
vex<ical csoxdinataes for vhich 2 thickeniag eor nazwewing

Foocess is pex¥azmaed, Fx and By ave Borizomzal and varzical

thickazing values, and Bx and 3y ava harizen=al and vessical

vidaks of an original characser frame, resgectivaly.

3. an agparacus a.c-c"'”r.g £z Claim 1, furztar
c3wprising eatarzinaticz means for delazmining whather the
cogrdinate data wead by said read means form an intariar

gutlinte Qr an extesior cuzline, whersain said precess 3eans

[Bickens or marzows the cserdinate data forming tha intarier

tline and the coerdinata dacza f3maing the exs=eriaer cut 1:.
distinguiskahly zraa eac:.‘:_at.*tc: ix Tesponse t3 a2

cezarzinatliaec made by said dezarminasicn means.

4. an apgararus accarding €3 Claim 1, wherein
said process means thickans oF RANTAws tha coerdinaca data in
Cla vestical directica and the csordinate daza iz the

Borizental directian independently af each athe-.



!

15. 'A met hod accor di ng to G aim 14, wherein said outputting

en _conpri ses

outputting to a printer. 16. A nethod accordi ng
wher ei n sai onpriges outputting to a di spl

17. A nethod Tﬂlm,mm"mﬂl'ﬂ,m .f 10, wherein the coordinate

an entire-outl ont data. 18.
according to d*ai f 1D, Whex ei*n the coordi nate data conpris
outline font data.

d'miogb)rl Ses

P S*

REPEAGEMEWSHEET

a--stroke- tVDe

5. aAn apgazalus acsavding Se Claiz L,

= means 237 quiputtixg tha des

e Reans.

® .,

———
- tun ‘wag Sam

g

3aTTaTe daza

7. A=

- $3id outpuws means

4 ganerati
appazatuys acserding te Clai
coaprises a prinker,

5, wharaiz

assamatis accszding =9 Claix

cemprises 2 display.

8. Ao
‘;‘.a csexdinate data com
gens daza.,

agparates acsaexding ts Claiz L,

9. Ax aggasatme accarding =g Claix

T=e ccoTiinans darma c3xpTrisas 2 s:'.*.— Ke~3IUTe cu"'*-.a.

10, A chavactar poacassing mathed cempTisi

inpatsing vaight indarmatian;

wharelis

gTisas an antire—gutline-=yge guriin

L, wharais

s
LSNS

.
e

reading c-crd-ua.-.e data for a chkavactar €3 bae

ETSCessing tha cscxdinata data read by said

zeading step by thickening o7 masTaowing thle c:cc::'.i.

ate data

tased an the weight infszzazien inpue by said izsutzing szag;

carve

c=ing tha cscrdimase data chickarad o=

RatTaved by said procassing ster such that 2 fraze sizs o2

Exe charactar ca bBe cuisuz Terains Che same aftes the



-65- . 19. A recording nmedi um having recorded fferom=a
conputer i enentable method for processing a character WEM&UHMET
st eps of: ' tting i/velght i nformati on;

readi ng coorli ’ﬂ”ﬂ”ﬂm chara®ler to he P 36479
t he coordi nat m{ ! , Im readi ng step by thicken] ng gr&narri%?nn

the coordi nate data flas&d on the wei ght information input By sard
i nputting step; - i correcting the coordinate data thickened

or  narrowed by said processing step such that a frame size of —the
charact er ‘t-o-"cfé-"éaspar remebRinghe-soies ild adcddiGs nddidLkening or

narrow ng _proceSS| ng step as before the t hi ckeni ng or narrow ng
processi ng“sf‘é& =09 pReceoosdingt erstdss icnf repded by said correcting step
to a size of the character to _be putput; and generating dot

pattern data based on t h@*%® SEaRging sdg for ealarging or Teduciag
e csardinats data ccrTecszad by said cax rrvecting stap o 2
siza of the chavactar t3 Be cuspul; and
generating dat pattern data bhased on tha
csezdinata daza enlazged or reduced by said size cranging

82’3,

11« A matkaed e.c....::'..rq ga Clafi= }q, wr.e.a:: said

cazTecting stTep corrects zhe thickened eox pavzowed cocTiinaze
daza in accsrdance wilth tha following equatians:

X = [((x+7x) x3Bc]/(3%x - Txx 2}, and

L= ((y + 37} X257[/(S¥ + 2“.;‘ x 2},

wharas X and ¥ ava l:c*x.*:.« I and vaztical
Sseriizmatas afze- cn:':sctisn, x and ¥ aze borizemual and
‘f'""‘c:al Coerdinacas for wrich a thiskening o zasTowing
.=‘-"==¢ss is perfaormed, Fx ad Ty arze herizentmal and veztical
Sickening values, and 3x and By ara herizenmtal and wassical

vidths of an original chariclter fraze, raspectivaly.

12, A metkod accerding €3 Claim Id, fusther
csaprising detazmining whezlar the cacrdinaze daca raad By
s2id reading step Corm an interisr gutline qr ax exsariar
culline, vharzein said svacassitg ITeg thickens or nasrsws the

' c3ardiraca data forming the f.u:ar:x.c— outlizne and tle

<3ardinate data gorming €4 c:c:..:- £ oucline distin c;:x-s':.a.b!.y



coordi nate data enl arged or reduced by said size changing 20

A r.ecordi ng medi um according to Claim19, wherein said cog |
corrects the thickened or narrowed coordinate data in accprREPIACERIENT SHEET

followng = [err]
REPLACENMENT SHEET [err] where X ahdly et 10
hori zontal and verti cal _ Uaﬁ ALG 997
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-84~

frax each other in responss ta a determiraticn made by said

detamaining staep.

13. A method a.c:ér:li:'.s te Claim |3, wherein said
processing step thickens or nasrows the cogrdinate data in
the vertical direction and the coardinate data in the

berizental dizecticn independently of each othaxr.

14. A mechod aceezding to Claim }0, fuxther
cemprising outputting the dot pattern data genezataed by said

genarating step.

15, A mathod accoxding to Claiz [4, wherein said

sutputiing step comprises outpucting Lo a2 g:i;-.';a.:.

. 16, A method according to Claim |4, wherein said
'éu";?uttinq Stap comprises cutputting to a display.
)
17. A method accarding to Clain'IQ, wherein the
csordinate data comprises an entire-outlina-type outline famt

data.

18. A methed according to Claim 10, wherein the

coordinate data comprises a stroke-type cutline font data.




L)

coordi nates after correction, x and y are horizontal and vertical

~coordinates for which a thickening or narrow ng process is]p %I]J— :
. and Fy are horizontal and verti cal t hi ckeni ng val ues, and _xﬁﬁa@r e§HEET _
hori zontal and verti cal wi dt hs of an original character frane

08 rAl® 1997

réad bv said

fe)

‘respectively. cordi ng nedi um accordi ng

further conprisi Rﬁmmnu"’ ' ther _t he coordi nate data
readi ng step for um” I ne"vf Tan exterior outlipe, where€in

sai d processing St*ep % hi‘ckdénssor* narrows the coordinate da armng the

interior outline and the coordinate data formng the exterior outline

di stinguishably fromeach other in response to a determ nation nade by
said deternining stepd. A TecaTding pediym RRGEURHGTIRIALES Sbeveckng to
Caiml19, .wherein sai.d processing step thickens or narrows the coordinate

data in thEvertrcdf "r%c"t"i%%‘aﬁﬁt?% THOrRF RS L3R % FRATRARSNOr | zont al
direction éwl%%ntége osfcg%%cg‘gt her.

ingutiing weight inftcommanion;

reading czordinate data far a chavacter ta be
uspRE;

pracassing tha cogzdinate datz Tead Sy said
sading step by thickaniag or marroving the cocrdinata data
Based an the weigh= infsmaacien L&;u: by said inputting stey;

cerTecting the csardinate data tnicka:ed az
=ac=oved by said pracessing step such That a Iraze size of
Qe caa:a.c:e: T2 Be sulput :aﬁaias' the saze aftexr the
:.'-.i:ka:v..-.g' e i-.a:-:svi::q-,zraca_ssing' sTep a3 befsza tha
thickaning .or marwowing gracessing ssap;

Siza changing stTep 3T anlavying on veducing
‘-:?.'e Sexdinata datz carvecszed by sald csrrecting shez to .a
size of the characser 22 ke cuc;ut;' and |

genearaling dat pattern data based qn The
caordinate data enlarged or reduced by said siza .cha.nqi:.g

sSep.

20 A recczdiag medium acsazding te Claiz s,
wharein said cazrecting stag SITTects che thrickanad cr
~=aved cagrdinace daﬁa in acsavdance with te falloving
equations:

X=((x =~ Fx) ®xBx]/(8¢ + Fx ® 2], and



Zé A recor di ng nmedi um according to Caim19, further conprising
out putting the dot pattern data generated by said genera HEET
REPLACEMENT SHEET 24 . A recording e (ﬁ%ﬂrﬁgg@gﬁlsnm

claim23, - wherein said outputting step conprises output to a
printer. 25. A recording nedium according t ) (3 :ﬂl mé%ﬁ 1997

wherein said outputting step conprises outputting to a difsglay

T ——

T = ((y +Fy) x38y]/(By + Fy = 2),

where X and ¥ are horizental and varsical
ceordinates aftar csrrectian, x and v are horizontal and
vertical cao.rdina:tﬁs for whick a thickening or rmarrewing
PI9cass is perZarmed, Fx and Fy are horizental and warkical
thickening values, and Sx and 8y are horizantal and vertical

vidths of ax original character fraze, resgactivaly.

_ 21. A recaording medium acssrzding to Claim 9,
" fuxther comprising determining whether the cocrdinate data
read By said reading step form an interior ocutline qor an
~exterior sutline, yhezein said processing step thickens or
=Io¥s the coardinate data forming the incerior outline and
the cocrdinate daza forming the extavior outline
istinguishably from eash other in :as_:ci-.se' to 2

determination made by said determining s=es.

22. A recsrding medium according ts Claim 19,
- vherein said processing step thicKens or narzows the
coozdinate data in the vertical direction and the coardinate

data iz the haorizontal direction independently of each gther.

23. R recexzding mediuz acsarding ta Claim |9,
further comprising eutpusting the d.at pa.*-tem data generated

By said generating stap.



26. A recording nediumaccording to C aim 19, wherein the coordinate data

conprises an entire-outline-type 27. A recording nedium

according to Caim19, wherein-the coordl nate data conprises a stroke-type

outline font data. | REPLACEMENT SHEET
08 AUG 1997
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24 . A Tecarding medium according tg Cla;im 25

vharein saigd cutputting step comprises sulputiing g a
p-l:xtar.

25. a recoxding medium according tg Claim 273,

in
wherein gajqg outputting step comprises outputiing 3 2
disalay.

26
« A recording medium according to Clain |

n 4 ' |
YIardin the csordinate data comprises an enti:a—eutuna-type
oRtline font dama. |

an

27. A racording medium ae::c-di-zg €2 Claixz (q,

whexr
_ ein the coczdinata data couprisas a STTCKe-type outkling
‘3" ‘

:;o..-
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CHARACTER GENERATING SYSTEM EMPLOYING THICKENING OR
NARROWING OF CHARACTERS. '

A process and system for generating a
character pattern includes the steps of stering character
data that consist of coordinate data. generating a
character pattern according to the stored coordinate data,
determined a parameter to make the charagter pattern thick
or thin, converting the coordinate data according to the
determined parameter, and generating a thick or thin
character pattern according to the converted coordinate data
without changing the frame size of the character pattern.



CHARACTER GENERATING SYSTEM EMPLOYING THICK"NI‘IG arR
NARSQYING QF CHARACTERS

REPLACEMENT SHEET
03 AUG 1999

The present invention relates to a c:ha:acte:
generating agparatus that caaverts characters, etc.,
that have bSeenr caded in vectsr form intc characters
that are coded in dat form, -and to a method that is
emglayad for effecting the described canversica. '

In a coamticnal agparatus that develaps daka
that are storad in vecter fomm intc a Bit u:ap and
cutputs characters, coordinate date that are stoced ta
a ROM, or on a hard disk, are rsad cut and converted
into a desired size by multiplying them by a rate of
ealargement or reduction. The resultant data ave then
convertad inte dot form data to provide character data.

In this case, however, if there are diffecent
wéights for an identical font style, there must be ane

- set of coordinate data fa: each weight. For a Japanese

foat style, where thers are about 8000 characters ger
fqn.:. style and where the memory cagacity £ar the

caardinace data éaqui.:ed for each .font must be IM byte'
to IM bytes, Lf 'ccardi.naca data were provided far each

welght, the memary cagaclty would be engrmaus.



