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BIT MAP DATA GENERATION APPARATUS

The present invention relates to a bit map data generation
apparatus for generating bit map data from an outline font, and
more particularly to a technique of a half-dot protect process.
The apparatus is particularly suitable for a serial printer using
a wire dot type recording head.

" In an outline font, data indicative of a character or a figure are

stored in the form of its contour line. Since the amount of the
data is extremely smaller than that of bit map data, an outline
font 1is widely used in a printer which requires a high print

guality.

Such an outline font should be once converted into bit map data
during a printing process. Especially, in a wire dot type
recording head, ‘every other dot of dots adjoining in the row

. direction is printed in order to attain a high-speed operation.

Therefore, it is necessary to perform a half-dot protect process
in which every other bit in the row direction is thinned out.

In such a prcces's, generally, every other dot is mechanically
thinned out by a logical circuit. This arises a problem in the
case wherein an. even number af dots are continued in the row
direction. Namely, among dots constituting a character or
pattern, dots in the contour portion are thinned out as shown in
Figs. 9(A) and 9(B), with the result that the contour of the
printed character or pattern is unclear. |
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Br T 'MAP* DATA CGENERATI ON APPARATUS The present invention relates to a
bit rmap data generation apparatus for generating bit map data from an
soutline font, and nore particularly to a technique of a hal f-dot protect
process.

The invention has been conducted in view of such a problem. An
object of the invention is to provide a novel bit map data
generation apparatus which, irrespective of a half-dot protect
process, can surely presexrve dots constituting a contour portion,
thereby preventing the print quality from being degraded. This
object is solved by the apparatus of independent claim 1. Further
advantageous features, aspects and details of the invention are
evident from the depending claims, the description and the
drawings. The claims are intended to be understood as a first
non-limiting approach of defining the invention in general terms.

In a preferred embodiment the bit map data generation
apparatus of the invention comprises: means for converting
data from contour data storing means into bit map data; first
reading means for reading data preceding a current address by one
dot <from said converting means or print data which has
been processed J_'.mmediately' before; second reading means . for
reading data at .the current address from said converting means;
third reading means for reading data succeeding the current
address | by one dot from said converting means; and fourth
reading means for reading data succeeding the current address by
two dots from said converting means; first data inversion means
for outputting data  which is the inversion of said data
preceding the current address by one dot; second data
inversion means for outputting data which is the inversion
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The ‘apparatus is particularly suitable for a serial printer using a wire
dot type recording head. In an outline font, data indicative of a
*character or a figure are stored in the formof its contour line. Since
the amount of the data is extrenely smaller than that of bit nmap data, an
outline font is widely used in a printer which requires a high print
quality.

of said data succeeding the current address by two dots; first

logical product operation means for performing a logical
product operation between data from said first data inversion
means and data from said setond reading means; second logical
product operation means for performing a logical product
operation between data from said third reading means and data
from said second data inversion means; thirxd data inversion
meané for.outputting data which is the inversion of said data
from said third reading means; fourth data inversion means for
outputting data which is the inversion of data from said second
logical product operation means; third logical product
operation means for performing a logical product operation
between data from said first logical product operation means
and data from said fourth inversion means; fourth logical
product operation means for performing a logical product
operation between data from said second reading means and data
from éaid_ £hird data inversion means; and logical sum operation
means for performing a logical sum operation between data from
said third and fourth logical product operation means to
produce print data to be output onto a print head and fed back
onto said first reading means.

The first to fourth reading means obtain data of four
bits continued in the printiiig direction, at a current address,
an address preceding the current address by one bit, and
addresses succeeding the current address by one bit and two

bits. Among bits constituting a contour portion, two
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Such ah outline font should be once converted into bit map data during a
printing process. Especially, in a wre dot type recordi ng head, every
*other dot of dots adjoining in the rowdirection:is printed in order to
attain a high-speed operation. Therefore, it is necessary to performa
hal f -dot protect process in which every other bit in the rowdirection is
t hi nned out.

consecutive data "1" which precede data "1" at the forward end
of 2 series of an even number of data "1" in the printing
direction are converted into two data "0". 1In this way, a
half-dot protect process is performed, so that dot data
constituting at least right and left portions of the contour

are prevented from disappearing.

Fig. 1 is a block diagram showing an embodiment of the
invention by functions to be effected by a microcomputer;

Fig. 2 is a block diagram showing the embodiment of the
invention;

Figs. 3(A) and 3(B) are diagrams respectively showing
bit map data before the conversion performed by the apparatus,
and bit map data after the conversion;

Fig. 4 is a flowchart showing the operation of the
apparatus; -

Fig..S is a diagram showing operation processes I and
II in the apparatus;

"Fig. 6 is a diagram showing operation processes III and
IV in the apparatus; -

Fig. 7 is a diaéram showing operation processes V and

VI in the. apparatus; _

Fig. 8 is a diagram showing operation processes VII and

VIII in the apparatus; and
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In sucH a process, generally, every other dot is nechanically thinned out
by a logical circuit. This arises a problemin the case wherein an even

“nunber

of dots are continued in the row direction. Nanely, anong dots

constituting a character or pattern, dots in the contour portion are
t hi nned out as shown in Figs. 9(A) and 9(B), with the result that the
contour of the printed character or pattern is unclear.

Figs. 9(A) 'and 9(B) are diagrams respectively showing
bit map data before performing a half-dot protect process, and
bit map data after performing the half-dot protect process in

a conventional method.

The invention will be described. in detail by
illu‘stratj'.ng an embodiment shown in the figures.

Fig. 2 shows an embodiment of the invention. In Fig.
2, reference numeral 1 denotes a contour data storing device.
The contour data storing device 1 stores contour data which

represent the contour line of a character or a pattern,

‘correspondingly to a character code. The contour data consist

of a combination of X coordinate values and Y coordinate values
of reference points, i.e., starting points and end points of a
plurality of lines which represent the number of data and a
pattern,. and line type data that specify the type of line
joining the étarting point and the end point with each other,
e.g., a straight line or a parabola.

' Reference numeral 3 denotes a microcomputer "which
constitutes é bit map data generation apparatus. The
microcomputer 3 is so programmed as to output bit map data in
accordance with a character_code and attribute data in an input
buffer 2 to a prianting head 5 through a printing buffer 4.

Fig. 1 is-a block diagram showing functions to be

perfiormed by ths above-menticned microcomputer 3. In Fig. 1,

lla,ced
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reference numeral 10 denotes contour data reading means which
accesses the contour data storing device 1 based on the
character code in the input buffer 2, and outputs contour data.
Reference numeral 11 denotes bit data conversion means. In
this embodiment, a contour line is represented by bits. The
bit data conversion means 11 is so constructed that logical
operations are sequentially.performed for the bits in the main
scanhing direction, so that data "l1" are generated in the area
surrounded by the contour line.

Reference numeral 20 denotes half-dot protect process
means which is a feature. of the invention. The half-dot
protect process means 20 is so programmed as to realize the
following means: left-side data reading means 21 for reading
bit data on the left side of a current address by one bit based
on the bit data produced by the bit conversion means 11, or
print data which has been processed immediately before; current
data readihg.ﬁeans 22 for reading data at the current address;
right-side by one-dot data reading means 23 for reading data on
the right side of the current address by one bit; right-side by
two-dot data reading means 24 for reading data on thé right
side of the current address by two bits; data inversion means
25 and 26 for respectively inverting data from the left-side

data reading means 21 and the right-side by two-dot data

t

reading means 24; logical product operation means 27 fo

(1]

performing a logical prcduct operaticn between data Irom-th

data inversion means 25 and data from the current data reading

- 6 - This Sheet Has Been R,

T

————



The i nventi on has been conducted in view of such a problem An object of
the invention is to provide a novel bit nap data generation apparatus
*which, irrespective of a half-dot protect process, can surely preserve dots
constituting a contour portion, thereby preventing the print quality from
bei ng degr aded. This object is solved by the apparatus of independent
claim 1. Further advantageous features, aspects and details of the

et R A od 0T Lo 0 Lok eahoaoRsE | BLiea-RGH b
logical product operation between data from the right-side by
one-dot data reading means 23 and data from the data inversion
means 26; data inversion méans 29 for inverting data from the
right-side by one-dot data reading means 23; data inversion
means 30 for invertin§ data from the logical product operation
means 28; logical prdduct oéeration means 31. for performing a
lcgiﬁal pfoduct operation between data from the data inversion
means 30 and data from the logical product operation means 27;
logical product operation means 32 for performing a logical
product operation between data from the current data reading
means 22 and data from the data inversion means 293; and logical
sum operation means 33 for performing a logical sum operation

- between data from the logical product operation means 31 and
data from the logical product operation means 32 to output
print data onto a print head and the left-side data reading
means 21. As é result, truth values shown in Table 1 below are

given.
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non-limting approach of defining the invention in general terns. I'n
preferred enbodi nent the bit map data generation apparatus of the
*I'nvention conprises: nmeans for converting data from contour data storing
means into bit map data; first reading neans for reading data preceding a
current address by one dot fromsaid converting neans or print data which
has been processed i medi ately before; second readi hg neans for reading
data at the current address from sai dpgpyyef{ting neans;

Lefﬁ-side Data of Right-side'Right-side Judgment
data current |by one-dot|{by tow-dot
address|data data
1 ¢ e e e 0
2 ¢ s e o 0
3 L ° o ¢ ¢
4 * ¢ 0 0 0
5 o o) o e 0
6 ® 0] ¢ 0 O
7 o 0 0 L 0
8 ¢ 0 0 0 0
g 0 L ¢ L ¢
10 0 L e 0 0
11 0 ¢ 0 ] ¢
12 0 ¢ 0 0 ¢
13 .0 0 e s 0
14 0 0 ¢ 0 0
15 0 0 0 e 0
16 0 0 0 0 0
The operation result at No. 3 should properly be 0, but
is 8. However, since the process is sequentially performed

from the left, the operatiom result becomes O when the process
proceeds to No. 10. Therefore, in fact, the operation result

shown at No. 3 cananot be obtainsd.

i
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third readi ng nmeans for reading data succeeding the current address bﬂ

,one dot fromsaid converting neans; and fourth reading neans for readi'ng
data succeedi ng the current address by two dots from said converting neans;

first data inversion nmeans for out putting data which is the
i nversion of said data preceding the current addr ess by one dot;
second data inversion neans for outputting data which is the inversion

Hereinafter, the operation of the device having the
above-mentioned configuration will be described with reference
to a flowchart shown in Fig. 4.

When a printing instruction is output, the contour data
reading means 10 reads a character code stored in the input
buffer 2 and magnification data associated with the data, and
then reads out contour data corresponding to the character
- code, from the contour data storing device 1. When the ocutline
font corresponding to the character code stored in the input
buffer 2 is cqnverted into bit map data in this way, data in
the column direction at the address on the left side of the
current address by one dot are read (step A). These data are ;
inverted and then temporarily stored (step B). Logical product
operations are performed betwéen the data at the current

address and the inverted data which are temporarily stored, and

the operation result is temporarily stored as result 1 (step
C). |

Thereafter, data in the column direction at the address
on the right side of the current address by two dots are read
(step D). These data are inverted and then temporarily stored
(step E). Thereafter, data in the column direction at the
address on the right si&e of the current address by one dot are
read (step F). Logical_ product operations are performed
between the data and the inverted data obtained in step E, and

the operation result is temporarily stored as result 2 (step

G).
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-3- ' of said data succeeding the current address by two dots; first
| ogi cal product operation neans for performng a |ogical

Logical prdduct.operations are performed between data
obtained by inverting the data of =xresult 2 which are
temporarily stored and the data of result 1 obtained in step C,
and the operation result is teﬁporarily stored as result 3
(step H).

Then, data iﬁ the column direction at the address on
the right side of the current address by one dot are read (step
I).‘ These data are inverted to obtain the inversions thereof
(step J). Logical product operations are performed between the
inverted data and data in the column direction at the current
address, and the operation result is temporarily stored as
result 4 (step K).

Logical sum opefations are performed between the data
of result 3 obtained in step H and the data of result ¢
obtained in step K, and the result is output as printing data
for the current address (step L).

Wﬁén the printing bit data for the current address are
output, the a&dress from which data is to be read is shifted by
one dot in the printing direction (in this embodiment-in the
fight direction) (step M). The foregoing steps beginning with
step A are repeated, whereby the half-dot protect process is
executed on the bit map data produced by the bit conversion
means ll. In the above-described process, when data to be
currently processed is on or after the second cclumn, data
preceding the current address by one bit is directezd to print

data which has been convertad immediately zefcre.
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product operation between data fromsaid first data inversion means and
data from said second readi ng neans; second |ogical product operation
nmeans for performng a |ogical product operation between data from said
third reading neans and data from said second data inversion neans; third
data inversion

Figs. 5 to 8 show the above-mentioned operation process
steps. The figures illustrate an exemplary case where an
outline font to be printed is converted by the bit data
conversion means 11 into bit map data having a size of 4 bits
by 8 bits as shown in Fig. 3(A). In Figs. 3(A), 3(B) and 5 to
8, each of the Roman numerals I to VIII indicates a transition
of the current address.

The bit data constituting the column I in Fig. 3(A) are
all "0", so that data of "l1" are output for all the four bits
as a result of the operation process shown in I of Fig. 5 (I in
of Fig. 3(B)).

Next, the current address is shifted to the right by
one bit, so that the column IIgin Fig. 3(A) is to be processed.
Data of "1" are output for all the four bits as a result of the
operation process shown in II of Fig. 5, while reading print
data which has been produced by the operation process shown in
I of Fig.'g. This means that the bit data are convexrted into
the data pregerving the left-side contour (II in Fig. 3(B)).

The current address is further shifted to the right by
one bit, so that the column III is to be processed. The bit
data for all the four bits are converted into data of "0" as a
result of the operaticn process shown in III of Fig. 6.
Accordingly, data which have been subjected to thé half-dot
protect process are produced (III in Fig. 3(B)).

When the column IV is to be processed, the opsxration

process shown in IV of Fig. 6 is perxformed. 2ccorxding to this

11 - This Sheet Has Been Replaced
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means, for outputting data which is the inversion of said data fromsaid
third reading neans; fourth data inversion neans for outputting data which
is the inversion of data fromsaid second |ogical product operation neans;
third logical product operation neans for performng a | ogical product
operation between data fromsaid first |ogical product operation neans

process, a data set in which the second bit from the top is "0O"
and the other bits are "1" is output, while reading all the
print data which have been converted into "0" by the
calculation made immediately before. As a result, the bit in
the first row (the uppermost line in the figure) forming the
contour is output to be "1" which is the same as the original
data, thereby preserving'thg contour portion. The dot in the
secoﬁd roﬁ from the top in the figure and adjacent to the dot
of the contour portion is converted into data of "0" which is
the same as in the column III.

Then, the object to be processed is shifted to the
column V. Similarly, print data including data "0" in the
second row which has been converted by the calcuiation made
immediately before is read. As a result of the operation
process shown in V of Fig. 7, the bit in the second row which
constitutes the contour portion is output as data "1". The bit
preceding Yin.this embodiment, on the left side) by one bit
with respect £o the bit which constitutes the contour portion
in the next column VI is converted into data "0".

Thereafter, the processes shown in VI of Fig. 7°and in
VII and VIII of Fig; 8 are performed. If there are a series of
an odd number of data "1" which continues from one end (in this

embodiment, the left end), the bit data is converted into data

"0" every other column so as to thin out alternate bits. If
there ars a series of an even number of "1" data, a bit map

pattern in which two bits preceding the other end ({in %this

- 12 -
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"and data fromsaid fourth inversion means; fourth |ogical product
opefation neans for perfornmng a |logical product operation between data
-fromsaid second readi ng neans and data fromsaid third data inversion
nmeans; and | ogical sum operation neans for performng a | ogical sum
operation between data from

embodiment, the right end) are converted into "0", and the bit

at the other end portion is converted into *1" data is output.

As a result, even in a portion where an even number of
dots are continued, a half-dé% protect process can be executed
without causing dots in the contour portion to disappear. 1In
other words, an edge is constituted by four dots including data
succeeding the current address by one dot and two dots, and
daté precéding the current address by one dot, so that it is
possible to prevent dots constituting the counter portion, from
being thinned out in performing the half-dot protect process.

In the embodiment described above, the printing is
performed in the direction from the left to the right. It will
be appreciated to those skilled in the art that, in a case
where the printing is performed in the direction from the right
to the left, the sampling of bit map data for an operation
process is started at the right side, whereby the same effects
are achievedt |

As deséribed above, in this invention, the first to
fourth reading means obtain data of four columns in total: data
at éhe current address; data preceding it by one bit or print
data which has been piocessed immediated before; and data
succeeding it by one bit and two bits. Then, the half-dot
protect process is performed in such a manner that, in a series
of an even number of "1" data and among the bits constituting
the contour portion, the two "l" data preceding "1" data oif the

forward end in the printing direction are converted into "0"

- 13 - - This Sheet Has Been Replaced
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sdaid third and fourth |ogical product operation means to produce print
data to be output onto a print head and fed back onto said first reading
‘means. The first to fourth reading neans obtain data of four bits
continued in the printing direction, at a current address, an address
precedi ng the current address by one bit, and

data. Therefore, the half-dot protect process can be performed
without causing the dots which constitute the left and right
contour lines to disappear, whereby the print quality can be

prevented from being degraded.
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addr'esées succeedi ng the current address by one bit and two bits.. Armng
bits constituting a contour portion, two

CLAIMS
An apparatus for generating bit map data, comprising:
means (1) for storing contour data;

means (11) for converting data from said contour data storlng
means (1) into bit map data; and

first reading means (21) for reading one of data preceding a
current address by one dot from said converting means (ll) and

print data which has been processed immediately before;

second reading means (22) for reading data at the current
address from said converting means (11);

third reading means (23) for reading data succeeding the
current address by one dot from said converting means (11);

fourth reading means (24) for reading data succeeding the
‘current address by two dots from said converting means (11);

first data inversion means (25) for inverting data from said
first reading means (21);

second data inversion means (26) for inverting data from said
fourth reading means (24);

first logical product operation means (27) for performing a
logical product operation between data from said first data
inversion means (25) and data from said second reading means
(22);

second logical product operation means (28) for performing a
logical product operation between data from said third reading
means (23) and data from said second data inversion means
(26);

i \III\\ I
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~4--  consecutiye data’"1" which precede data "1" at the forward en
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third data inversion means (29) for inverting data from said

third reading means (23);

fourth data inversion means (30) for inverting data from said
second logical product operation means (28);

third logical product operation means (31) for performing a
logical product operation between data from said first logical
product operation means (27) and data from said fourth

inversion means (30);

fourth logical product operation means (32) for performing a
logical product operation between data from said second
reading means (22) and data from said third data inversion

means (29); and

logical sum operation means (33) for performing a logical sum
operation between data from said third (31) and fourth (32)
logical product operation means to produce print data to be
output to a print head (S5) and said first reading means (21).

2. An apparatus as claimed in claim 1, further comprising:
input buffer means (2) for storing a character code;

contour data reading means (10) for accessing sai_d contour
data storing means (1) based on the character code from said
input buffer means ' (2) to output contour data to said
converting means (11).

3. An apparatus as claimed in claim 1 or 2, wherein when data to
be processed currently is initial data, then said first
reading means (21) reads data preceding the current address by
one dot from said converting means (11), and when data to be
processed currently is not initial data, then said first
réading means (21) reads the print data output from said
logical sum operatibn means (33).
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hal f- dot protect process is performed, so that dot data constituting at
| east right and left portions of the contour are prevented from

-di sappeari ng. - Fig. 1 is a block diagram showi ng an enbodi nment
of the '

ABSTRACT

A bit map data generation apparatus generates bit map data from an
outline font allowing a technique of a half-dot protect process.
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10 denotes contour data readi ng nmeans which

accesses the contour data storing device 1 based on the
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character code in the input buffer 2, and out puts contour dat a.

Ref er ence

numeral 11 denotes bit data conversi on nmeans. In this enbodi nent, a
“contour line is represented by bits. The bit data conversionrneans—3iL is

so constructed that

bits in the main
t he area

scanning direction, so that data ' 1
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Ro4aress zves
-7- nmeans 22; |ogical product operation neans 28 for performng a
[ ogi cal product operation between data fromthe right-side by one-dot data
readl ng neans 23 and data fromthe data inversion.
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* BIT MAP DATA GENERATION APPARATUS

The present invention relatés to a bit map data generation
apparatus for generating bit map data from an outline font, and
more particularly to a technique of a half-dot protect process.
The apparatus is particularly suitable for a serial printer using
a wire dot type recording head.

In an outline font, data indicative of a character or a figure are
stored in the form of its contour line. Since the amount of the
data is extremely smaller than that of bit map data, an outline
font is widely used in a printer which requires a high print
quality. .

Such an outline font should be once converted into bit map data
during a printing process. Especially, in a wire dot type
recording head, every other dot of dots adjoining in the row
direction is printed in order to attain a high-speed operation.
Therefore, it is necessary to perform a half-dot protect process
in which every other bit in the row direction is thinned out.

In such a process, generally, every other dot is mechanically

thinned out by a logical circuit. This arises a problem in the
case wherein an even number of dots are continued in the row
direction. Namely, among dots constituting a character or

pattern, dots in the contour portion are thinned out as shown in
Figs. 9(A) and 9(B), with the result that the’ contour of the

printed character or pattern is unclear. REPL ACEMENT SHEET
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means 26; data inversion neans 29 for inverting data fromthe right-side
by one-dot data reading neans 23; data inversion neans 30 for inverting
data fromthe |ogical product operation neans 28; |ogical product
operation neans 31 for performng a |ogical product operation between data
fromthe data inversion

- 2 -

The invention has been conducted in view of such a problem. An
object of the invention is to provide a novel bit map data
generation apparatus which, irrespective of a half-dot protect
process, can surely preserve dots constituting a contour portion,
thereby preventing the print quality from being degraded. This
object is solved by the apparatus of independent claim 1. Further
advantageous features, aspects and details of the invention are
evident from the depending claims, the description and the
drawings. The claims are intended to be understood as a first
non-limiting approach of defining the invention in general terms.

In a preferred embodiment the bit map data generation
apparatus of the invention comprises: means for converting
data from contour data storing means into bit map data; first
reading means for reading data preceding a current address by one
dot from said converting means or print data which has
been processed immediately before; second reading means . for
reading data at the current address from said converting means;
third reading means for reading data succeeding the current
address by one dot from said converting means; and fourth
reading means for reading data succeeding the current address by
two dots from said converting means; first data inversion means
for outputting data which is the inversion of said data
preceding the current address by one dot; second data
inversion means for outputting data which is the inversion

REPLACEMENT SHEET e
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méans 30 and data fromthe | ogical product op x| ogi cal
product operation neans 32 for perforning a l b 1y b adqr ati on
bétmeen data fromthe current data reading neanf§ 22 and datalf dom the data
inversion means 29; and |ogical sum operation a2$3§§ pdr florm ng a
1 ogi cal sum operation between data fromthe | odu ? dpgr ati on
means 31 and . ' -3 -

of said data succeeding the current address by two dots; first
logical product operation means for performing a logical
product operation between data from said first data inversion
means and data from said sétond reading means; second logical
product operation means for performing a logical product
operation between data from said third reading means and data
from said second data inversion means; third data inversion
meané for.outputting data which is the inversion of said data
from said third reading means; fourth data inversion means for
outputting data which is the inversion of data from said second
logical product operation means; third logical product
operation means for performing a log;cal product operation
between data from said first logical product operation means
and data from said fourth inversion means; fourth logical
product operation means for performing a logical product
operation between data from said second reading means and data
from said third data inversion means; and logical sum operation
means for performing a logical sum operation between data from
said third and fourth logical product operation means to
produce print data to be output onto a print head and fed back
onto said first reading means.

| The first to fourth reading means obtain data of four
bits continued in the printing direction, at a current address,
an address preceding the current address by one bit, and
adcresses succeeding the current addrass bv ons bit and two

bits.. Among bits constituting a contour portion, two

—
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This Sheet Hag

N B



-

data fromthe |ogical product operation neans 32 to output print data onto
a print head and the left-side data reading neans 21. As a result, truth
‘val ues shown in Table 1 below are given.

-4 -

consecutive data "I".which precede data "1" at the forward end
of a series of an even number of data "1" in the printing
direction ére converted into two data "0". In this way, a
half-dot protect procéss “is performed, so that dot data
constituting at least right and left portions of the contour

are prevented from disappearing.

Fig. 1 is a block diagram showing an embodiment of the
invention by functions to be effected by a microcomputer;

Fig. 2 is a block diagram showing the embodiment of the
invention;

Figs. 3(A) and 3(B) are diagrams respectively showing
bit map data before the conversion performed by the appératus,
and bit map data after the conversion;

Fig. 4 is a flowchart showing the operation of the
apparatus; | |

Fig. 5 is a diagram showing operation processes I and
II in the apparatus;

Fig. 6 is a diagram showing operation processes III and
IV in the apparatus;

Fig. 7 is a diagram showing operation précesses V and
VI in the. apparatus;

Fig. 8 is a diagram showing operation processes VII and

VIII in the apparatus; and

- REPLACEMENT SHEET
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Table 1
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Figs. 9(A) and 9(B) are diagrams respectively showing
bit map data before performing a half-dot protect process, and
bit map data after performing the half-dot protect process in

a conventional method.

The invention wi;l be described. in detail by
illuétrating an embodiment shown in the figures.

Fig. 2 shows an embodiment of the invention. In Fig.
2, reference numeral 1 denotes a contour data storing device.
The contour data storing.device 1 stores contour data which
tepreseﬁt the contour line of a character or a pattern,
correspondingly to a character code. The contour data consist
of a combination of X coordinate values and Y coordinate values
of reference points, i.e., starting points and end points of a
plurality of lines which represent the number of data and a
pattern, and line type data that specify the type of 1line
joining the stérting point and the end point with each other,
e.g., a straight line or a parabola.

Reference numeral 3 denotes a microcomputer "which
constitutes é bit map data generation = apparatus. The
microcomputer 3 is so programmed as to output bit map data in
accordance with a2 character code and attribute data in an input
buffer 2 to a printing head 5 through a printing buffer 4.

Fig. 1 is a block diagram showing functions to be

periormed by ths above-mentioned microcomputer 3. In Fig. 1,

i
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Left-side Data of Right-side Right-side Judgnent dat.a urrent
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reference numeral 10 denotes contour data reading means which

accesses the contour data storing device 1 based on the

character code in the input buffer 2, and outputs contour data.

Reference numeral 11 denotes bit data conversion means. In

this embodiment, a contour line is represented by bits. The

bit data conversion means 11 is so constructed that logical
operations are seguentially .performed for the bits in the main

scanhing direction, so that data "1" are generated in the area

surrounded by the contour line.

Reference numeral 20 denotes half-dot protect process
means which is a feature of the invention. The half-dot
protect process means 20 is so programmed as to realize the
following means: left-side data reading means 21 for reading
bit data on the left side of a current address by one bit based
on the bit data produced by the bit conversion means 11, or
print data which has been processed immediately before; current
data reading means 22 for reading data at the current address;
right-side by one-dot data reading means 23 for reading.data on
the right side of the current address by one bit; right-side by
two-dot data reading means 24 for reading data on the ‘right
side of the current address by two bits; data inversion means
25 and 26 for respectively inverting data from the left-side

data reading means 21 and the right-side by two-dot data

th
H

reading means 24; logical product operation means 27 fo

(t
(D

th

performing a logical prcduct operaticn between data from

data inversion means 25 and data from the cuxrren:t data reading
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means 22; logical product operation means 28 for performing a
logical product operation between data from the right-side by
one-dot data reading means 23 and data from the data inversion.
means 26; data inversion méans 29 for inverting data from the
right-side by one-dot data feading means 23; data inversion
means 30 for invertiné data from the logical product operation
means 28; logical prdduct operation means 31. for performing a
logical pioduct operation between data from the data inversion
means 30 and data from the logical product operation means 27;
logicél product operation means 32 for performing a logical
product operation between data from the current data reading
means 22 énd data from the data inversion means 29; and logical
sum operation means 33 for performing a logical sum operation
. between data from the logical product operation means 31 and
data from the logical product operation means 32 to output
print data onto a print head and the left-side data reading
means 21. As a result, truth values shown in Table 1 below are

given.
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Table 1

Left-side|Data of |Right-side|Right-sideJudgment
data current|by one-dot|by tow-dot
address |data data
1 ¢ ¢ ¢ L 0
2 ¢ L ¢ o .O
3 o ° 0 ¢ 8
4 ] ' 0 0 0
5 e 0 o e 0
6 ¢ 0 0 o o
7 ¢ 0 0 ¢ 0
8 e 0 o 0 0
S o o ¢ ¢ e
10 o o o 0 o
11 0 ¢ 0 [ ] o
12 0 e 0 0 s
13 0 0 e L o
14 o 0 ¢ 0 0
15 ¢ 0 0 ¢ 0
16 0 0 0 0 0

The operation.result at No. 3 should properly be O, but
is 8. However, since the process is sequentially performed
from the left, the operation result becomes O when the process
proceeds to No. 10. Therefore, in fact, the operation result

shown at No. 3 cannot be obtainzsd.

———————
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The operation result at No. 3 should properly be O, but is [err].

However, since the process is sequentially perforned fromthe left, the
operation result becones 0 when the process proceeds to No. 10. Therefore,
in fact, the operation result

-0 -

Hereinafter, the operation of the device having the
above-mentioned configuration will be described with reference
to a flowchart shown in Fig. 4.

When a printing instruétion is output, the contour data
reading means 10 reads a character code stored in the input
buffer 2 and magnification data associated with the data, and
then reads out contour data corresponding to the character
code, from the contour data storing device 1. When the outline
font corresponding to the character code stored in the input
buffer 2 is converted into bit map data in this way, data in
the column direction at the address on the left side of the
current address by one dot are read (step A). These data are
inverted and then temporarily stored (step B). Logical product
operations are performed between the data at the current
address and the inverted data which are temporarily stored, and
the operation result is temporarily stored as result 1 (step
c).

Thereafter, data in the column direction at the address
on the right side of the current address by two dots are read
(step D). These data are inverted and then temporarily stored
(step E). Thereafter, data in the column direction at the
address on the right Si&e of the current address by one dot are
read (step F). Logical product operations are performed
between the data and the inverted data obtained in step E, and

the operation result is temporarily stored as resul: 2 (step

N —




shomn at No. 3 cannot be obtai ned. -9-

- 10 - _
Logical product operations are performed between data

obtained by inverting the data of result 2 which are
temporarily stored and the data of result 1 obtained in step C,
and the operation result is teﬁpcrarily stored as result 3
(step H).

Then, data iﬁ the column direction at the address on
the right side of the current address by one dot are read (step
I). These data are inverted to obtain the inversions thereof
(step J). Logical product operations are performed between the
inverted data and data in the column direction at the current
address, and the operation result is temporarily stored as
result 4 (step KX).

Logical sum opefations are performed between the data
of result 3 obtained in step H and the data of result 4
obtained in step K, and the result is output as printing data
for the current address (step L).

When the printing bit data for the current address are
output, the address from which data is to be read is shifted by
one dot in the printing direction (in this embodiment in the
fight direction) (step M). The foregoing steps beginning with
step A are repeated,'whereby the half-~dot protect process is
executed on the bit map data produced by the bit conversion
means 1ll. In the above-described process, when data to be
currently processed is on or after the second coclumn, data
preceding the current address by one bit is dirscted to print

data which has been converted immediately befcre.

REPL ACEMENT SHEET This Sheet Has Been
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Herei nafter, the operation of the device having the above- rrentioned

conflguratlon W Il be described with reference to_a.flowch I n
Fig. 4. When a printing instruction is ouiEE?LA@@ﬁﬁxﬁ‘rﬁmT dat a
readi ng means 10 reads a character code stored in t{he—t+nput

-1 - 2 3 0CT 1996

Figs. S5to 8 shéw the above-mentioned operation process
steps. The figures.illustrate an exemplary case where an
outline font to be printed is converted by the bit data
conversion means 11 into bit map data having a size of 4 bits
by 8 bits as shown in Fig. 3(A). 1In Figs. 3(A), 3(B) and 5 to
8, each of the Roman numerals I to VIII indicates a transition
of the current address. .

The bit data constituting the column I in Fig. 3(a) are
all "0", so that data of "1" are output for all the four bits
as a result of the operation process shown in I of Fig. 5 (I in
of Fig. 3(B)).

Nexﬁ, the current address is shifted to the right by
one bit, so that the column IIfin'Fig. 3(A) is to be prodessed.
Data of "1" are outéut for all the four bits as a result of the
operation process shown in II of Fig. 5, while reading print
data which has been produced by the operation process shown in
I of Fig. 5. This means that the bit data are converted into
the data preserving the left-side contour (II in Fig. 3(B)).

The current address is further shifted to the right by
ohé bit, so that the column III is to be processed. The bit
data for all the four bits are converted into data of "0" as a
result of the operation process shown in III of Fig. 6.
Accordingly, data which have been subjected to the half-dot
protect process are produced (III in Fig. 3(B)).

When the column IV is to be processed, the opsration

process shown iz IV of Fig. 6 is performed. 2ccording to this

————
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buffer 2 and magnification data associated wth th
out contour data corresponding to the character

data storing device 1. Wien the outline font corr
character code stored in the input buffer 2 is converte
in this way, data in the colum diiqgtLon at the

of the

T $%he
ém?%to bi t, p data

process, a data set in which the second bit from the top is "Q"
and the other bits are "“1" is output, while reading all the
print data which have been converted into "0" by . the
calculation made immediately before. As a result, the bit in
the first row (the uppermost line in the figure) forming the
contour is output to be "1” which is the same as the original
data, thereby preserving thg contour portion. The dot in the
secoﬁd roﬁ from the top in the figure and adﬂacent to the dot
of the contour portion is converted into data of "0" which is
the same as in the column III.

Then, the bbject to be processed is shifted to the
column V. Similarly, print data including data "0" in the
second row which has been converted by the calculation made
immediately before is read. As a result of the operation
process shown in V of Fig. 7, the bit in the second row which
constitutes the contour porfion is output as data "1". The bit
preceding (in this embodiment, on the left side) by one bit
with respect to the bit which constitutes the contour portion
in the next column VI is converted into data "0Q".

‘Thereafter, the processes shown in VI of Fig. 7 and in
VII and VIII of Fig. 8 are performed. If there are a Series of
an odd number of data "1" which continues from one end (in this

embodiment, the left end), the bit data is converted into data

*"0" every other column so as to thin out alternate bits. If
there are a series of an even number of "1" data, a bit map

pattern in which two bits preceding the other end {in =hais

[
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current address by one dot are read (step A). These data are inverted and
then tenporarily stored (step B). Logical product operations are perfornmed
between the data at the current address and the inverted data which are
tenporarily stored, and the operation result is tenporarily stored as
result 1 (step 13

embodiment, the right end) are converted into "0", and the bit
at the other end portion is converted into "1" data is output.

As a result, eveﬁ in a portion where an even number of
dots are continued, a half-dot protect process can be executed
without causing dots in the contour portion to disappear. 1In
other words, an edge is constituted by four dots including data
succeeding the current address by one dot and two dots, and
data‘ precéding the current address by one dét, so that it is
possible to prevent dots constituting the counter portion, from
being thinned out in performing the half-dot protect process.

In the embodiment described above, the printing is
performed in the direction from the left to the right. It will
be appreciated to those skilled in the art that, in a case
where the printing is performed in the direction from the right
to the left, the sampling of bit map data for an operation
process is started at the right side, whereby the same effects
are achieved. ‘

As described above, in this invention, the first to
fourth readiﬁg means obtain data of four columns in total: data
at -the current address; data preceding it by one bit oi'print
data which has been processed immediated before; and data
succeeding it by one bit and two bits. . Then, the half-dot
protect process is performed in such a man1'-1er that, in a2 series
of an even number of "1" data and among the bits constitutin
the contour portion, the two "l1" data preceding "1" data of the
forward end in the printgn re converted into "0

.—\\\\
* This Shee
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0. Thereafter, data in the colum direction at the address on
the right side of the current address by two dots are read (step D). These

data are inverted and then tenporarily tored (step E). Thereafter, data
in the colum direction at the address on the right side of the current

address’ by one dot are -14 -

data. Therefore, the half-dot protect Process can be performed
without causing the dots which constitute the left and right
contour lines to disappear, whereby the print quality can be

prevented from being degraded.

REPLACEMENT SHEET
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read (step F). Logi cal product operations are perfornmed between the

data and the inverted—data obtained in step E, and ﬁfqg”“ ult is
tenporarlly stored asR%%aHIt 2 (step Q. ,,am&Tqﬂﬂggﬁ

as Been
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CLAIMS
An apparatus for generating bit map data, comprising:

means (1) for storing contour data;

means (11) for converting data from said contour data storing
means (1) into bit map data; and

first reading means (21) for reading one of data preceding a
current address by one dot from said converting means (11) and
print data which has been processed immediately before;

second reading means (22) for reading data at the current
address from said converting means (11);

third reading means (23) for reading data succeeding the
current address by one dot from said converting means (11);

fourth reading means (24) for reading data succeeding the
current address by two dots from said converting means (11);

first data inversion means (25) for inverting data from said
first reading means (21);

second data inversion means (26) for inverting data from sald
fourth readlng means (24);

first logical product operation means (27) for performing a
logical product operation between data from said first data
inversion means (25) and data from said second reading means
(22);

second logical product operation means (28) for performing a
logical product operation between data from said third reading
means (23) and data from said second data inversion means
(26);

e

N
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third data inversion means (29) for inverting data from said

third reading means (23);

fourth data inversion means (30) for inverting data from said
second logical product operation means (28);

third logical product operation means (31) for performing a
logical product operation between data from said first logical
product operation means (27) and data from said fourth
inversion means (30)}

fourth logical product operation means (32) for performing a
logical product operation between data from said second
reading means (22) and data from said third data inversion
means {29); and |

- logical sum operation means (33) for performing a logical sum

operation between data from said third (31) and fourth (32)
logical product operation means to produce print data to be
output to a print head (5) and said first reading means (21).

An apparatus as claimed in claim 1, further comprising:
input buffer means (2) for storing a character code;

contour data reading means (10) for accessing said contour
data storing means (1) based on the character code from said
input buffer means ' (2) to output contour data to said
converting means (11).

An apparatus as claimed in claim 1 or 2, wherein when data to
be processed currently 4is initial data, then said first
reading means (21) reads data preceding the current address by
one dot from said converting means (11), and when data to be
processed currently is not initial data, then said £first
reading means (21) reads the print data output from said

T )




tenporarily stored and the data of result 1 obtained in step C, and the
operation result is tenporarily stored as result 3 (step H).

Then, data in the colum direction at the address on the right side of the
current address by one dot are read (step 1). These data are inverted to
obt ai n the I nversi ons thereof :

- 17-
BIT MAP DATA GENERATION APPARATUS

ABSTRACT

A bit map data generation apparatus generates bit map data from an
outline font allowing a technique of a half-dot protect process.

FIGURE 1

REPLACEMENT SHEET,
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of result 3 obtained in step Hand the data of result 4 obtained in step
K, and the result is output as printing data for the current address (step
L). When the printing bit data for the current address are output,
the address fromwhich data is to be read is shifted by one dot in the
printing direction (in this enbodinent in the

CFIG 2

- 1
/\/

CONTOUR DATA
STORING DEVICE

2 f 3 b ;
Pad y yid id
INPUT PRINTING N
BUFFER || MICROCOMPUTER ™ BUFFER
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‘ right direction) (step M. The foregoing steps beginning with step A are
-repeat ed, whereby the half-dot protect process is

- data produced by the bit conversion nmeans 11. In
process, when data to be

colum, data

executed on the bit map

t he above-described
currently processed is ofpgpy RCRRENT SHERFP"
- 3 - ol 3, RS, _. 3
230CT 9%

FIG. 4

A

READ DATA ON LEFT SIDE -OF CURRENT ADDRESS

BY ONE DOT
v

. INVERSE DATA

—

€

PERFORM LOGICAL PRODUCT OPERATION BETWEEN DATA
AT CURRENT ADDRESS AND THE INVERSED DATA AND
STORE THE RESULT AS RESULT 1 IN REGISTER

v

READ DATA ON RIGHT SIDE OF CURRENT ADDRESS BY
TWO DOTS
v

INVERSE DATA

-

READ DATA ON RIGHT SIDE OF CURRENT ADDRESS BY

ONE DOT
v

PERFORM LOGICAL PRODUCT OPERATION BETWEEN THE DATA
AND DATA OBTAINED IN STEP E AND STORE THE RESULT
AS RESULT 2 IN REGISTER

v

PERFORM LOGICAL PRODUCT OPERATION BETWEEN DATA
OBTAINED BY INVERSING DATA OF RESULT 2 AND DATA
OF RESULT 1 AND STORE THE RESULT AS RESULT 3 IN

REGISTER
v

READ DATA ON RIGHT SIDE OF CURRENT ADDRESS

BY ONE DOT
v

INVERSE DATA

v

N

PERFORM LOGICAL PRODUCT OPERATION BETWEEN THE
INVERSED DATA AND DATA AT CURRENT ADDRESS AND
'STORE THE RESULT AS RESULT 4 IN REGISTER

R

L~

PERFORM LOGICAL SUM OPERATION BETWEEN RESULTS 3
AND 4 TO OUTPUT THE RESULT AS DATA AT CURRENT
ADDRESS

v

SHIFT READ ADDRESS BY ONE DOT

-
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each of

In Figs. 3(A), 3(B).-and 5 to 8,

as shown in Fig. 3(A).
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| of Fig. 5. This means that the bit data are converted into the data

preserving the left-side contour (Il in Fig. 3(B)). The current
address is further shifted to the right by one bit, so that the colum II

is to be processed. The bit data for all the four bi :$re:§gﬁve+%ege%nto
data of "0" as a result of the operation process sh ;ﬁgﬁﬂﬂﬁﬁﬁﬂ?SHﬁﬁT 6
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BIT MAP DATA GENERATION APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to 2 bit map data gegeration
apparatus for generating bit map data which is particularly
suitable for a serial printer-using a wire dot type recording
head, from an outline font, and more particularly to a
technique of a half-dot protect process.

2. Prior Art

In an cutline font, data mdxcauve of a character or a figurs
are stored in the form of its contour line. Since the amount
ofthcdaxa:smuchsmanerthan:hatofbumapdara,an
outline font is widely used i in a printer which requires a hxgh
print quality.

Such an outline font should be once converted into bit
map data during a printing process. Especially, in a wire dot
type recording head, a high-speed operation can be attained
bypnnungonlyevezyotherdotofadjommg dots in the row
direction. Therefore, it is necessary to perform a half-dot
protect process to thin out the data in which every other bit
in the row direction is surpassed from being printed.

In such a process, generally, every other dot is mechani-'
cally thinned out by a logical circuit. This gives rise to a
. problem in the case wherein an even number of dots adjoin .
one another in the row direction. Namely, among dots
consﬁmﬁngachamcnerorpattem.dotsintheoonum
portion are thinned out as shown in FIGS. 9(A) and 9(B),’
_with the result that the contour of the pnnr.ed character or

- “pattem is unclear.

SUMMARY OF THE INVENTION
The invention has been developed in view of this prob-
lem. An object of the invention is to provide a novel bit map
data generation apparatus which, irrespective of a half-dot
protect process, can dependably preserve dots constituting a
contour portion, thereby preventing the print quality from
being degraded.

Ino:da'tosolvethcabove-mcuuoncdpmblcm.th:bxt
. map data generation apparatus of the invention compn;:a

et AT means for converting data retrieved from a contour
REPLACEMENT SHEET storing means into tir. data; first reading means for:

ru&ngwpmwdmgacmn:addrusbyonedotﬂ'om
20 AN 998 said converting meaos or print data which has beea pro-
cessed immediatedly before; second reading means for
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reading data at the current address from said converting
means; third reading means for reading data succeeding the
curreat address by one dot from said converting means; and
fourth reading means for reading data succeeding the current
‘address by two dots from said converting means; first data
inversion means for outputting data which is the inversion of
said data preceding the current address by one dot; second
data inversion means for outputting data which is the
inversion of said data succeeding the current address by two
dots; first logical product operation means for performing a
logical product operation between data from said first data
inversion means and data from said second reading means;
second logical product operation means for performing a
logical product operation between data from said third
reading means and data from said second data inversion
means; third data inversion means for outputting data which
is the inversion of said data from said third reading means;
fourth data inversion means for cutputting data which is the
inversion of data from said second logical praduct operation
means; third logical product operation means for performing
a logical product operation between data from said “first
logical product operation means and data from said fourth
inversion means; fourth logical product operation means for
performing a logical product operation between data from
said second reading means and data from said third data
inversion means; and logical sum operation means for
performing a logical sum operation between data from said
third and fourth logical product operation means to produce
print data to be output onto a print head and fed back onto
said first reading means.

 The first to fourth reading means obtain data of four
-“adjoining bits in the printing direction, at a current address,
an address preceding the curreat address by one bit, and
addresses succeeding the current address by one bit and two
bits. Among bits constituting a contour portien, two con-
secutive data “1"” which precede data “1™ at the forward end
of a series of an even number of dara “1” in the printing
direction are converted into two data “0”. In this way, a
balf-dot protect process is performed, so that dot data
consututing at least right and left portions of the comtour are
prevented from disappearing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a block diagram showing an embodiment of the
invention as functions to be effected by 2 microcomputer;

FIG. 2 is a block diagram showing the embodiment of the
invention; :



process, a data set in which the second bit fromthe top is "0" and the
other bits are "1" is output, while reading all the print data which have
been converted into "O' by the calculation nade i mediately before. As a
result, the bit in the first row (the uppernost line in the figure)

form ng the -3-

FIGS. 3(A) and 3(B) are diagrams respectively showing
bit map data before the conversion performed by the appa-
rams, and bit map data after the conversion;

FIG. 4 is a flowchart showing the operation of the
apparatus;

FIG. 5 is a diagram showing operation processes I and I
in the apparatus;

FIG. 6 is a diagram shawing operation processes III and
IV in the apparatus;

FIG. 7 is a diagram showing operation processes V and V]
in the apparatus; .

FIG. 8 is a diagram showing operation processes VII and
VII in the apparatus; and -

FIGS. 9(A) and 9(B) are diagrams respectively showing
bit map data before performing 2 half-dot protect process,
and bit map data after performing the half-dot protect
process according to a conventional method.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The invention will be described in detail by describing the
embodiment illustrated in the figures,

FIG. 2 shows an embodiment of the invention. In FIG. 2,
reference numeral 1 denotes 2 contour data storing device.
The contour data storing device 1 stores contour data which
represent the coatour line of a character or a pattern,
comrespondingly to a character code. The contour data con-
sist of a combination of X coordinate values and Y coordi-
nate values of reference points, i.e., starting points and end
points of a plurality of lines which represent the number of
data and a pattern, and line type data that specify the type of
lie joining the starting point and the end point with ecach
other, e.g., a straight line or a parabola.

Reference numeral 3 denotes a microcomputer which
constitutes a bit map data geaeration apparatus. The micro-
- computer 3 is so programmed as to output bit map data in
accordance with a character code and attribute data in an
;nput_ buffer 2 to a printing head 5 through a printing buffer

FIG. 1 is a block diagram showing functions to be
performed by the above-mentioned microcomputer 3. In
FIG. 1, reference numeral 10 denotes contour dara reading
means which accesses the contour data storing device 1 : .
based on the character code in the input buffer 2, and outputs REPLAC&MENF Q@Ef

contour data. Reference numeral 11 denotes bit data con- ' e
version means. In this embodiment, 2 contour line is repre-
seated by bits. The bit data conversion means 11 is so




contour is output to be "1 " which is the sane as the original data,

t hereby preserving the contour portion. The dot in the second row from
the top in the figure and adjacent to the dot of the contour portion is
converted into data of "O' which is _tkle_ sane as in the colum I11.

consuucfed that logical operations arc sequentially per-
formed for the bits in the main scanning direction, so that
data “1” is generated in the area surrounded by the contour
line.

Reference numeral 20 denotes half-dot protect process
means which i3 a feature of the inventon. The haif-dot
protect process means 20 is so programmed as to realize the
following means: left-side data reading means 21 for reading
bit data on the left side of a current address by one bit based
on the bit data produced by the bit conversion means 11. or
print data which has been processed immediately before;
current data reading means 22 for reading data at the current
address; right-side by oune-dot data reading means 23 for
reading data on the right side of the current address by one
bit; right-side by two-dot data reading means 24 for reading
data on the right side of the current address by two bits; data
inversion means 25 and 26 for respectively inverting data
from the left-side data reading means 21 and the right-side
by two-dot data reading means 24; logical product operation
means 27 for performing a logical product operation
between data from the data inversion means 2S and data
from the current data reading means 22; logical product
operation means 28 for performing a logical product opera-
tion between data from the right-side by one-dot data
reading means. 23 and data from the data inversion meaas
26; data inversion means 29 for inverting data from the
right-side by one-dot data reading means 23; data inversion
means 30 for inverting data from the logical product opera-
tion means 28; logical product operation means 31 for

- performing a logical product operation between data from
the data inversion means 30 and dama from the logical
product operation ‘means 27; logical product operation
means 32 for performing a logical product operation
between data from the current data reading means 22 and

~data from the data inversion means 29; and logical sum
operation means 33 for performing a logical sum operaton
between data from the logical product operation means 31
and data from the logical product operation means 32 to
output print data onto a print head and the left-side data
reading means 21. As a result, the truth values shown in
Table 1 below are produced. .

TABLE 1

Damof  Rightside  Right-side

Left-side curremt by cne-dat by two-dot

date address data data
1 o . ® @ )
2 @ - @ ® Q
.3 @ e o &
4 < ] ) o
5 ® -] L ®
é @ a ® o
7 e - -] o @




Then, the object to be processed is shifted to thi
print data including data "O'" in the second row

by the calculation made imediately before is repdf . As a

operation

process shown in V of Fig. 7, the bit
constitutes the contour portion is outp@ -as dat

| arl vy,

of the
whi ch

TABLE |-continued
Damof  Right-side  Right-side

Left-side  current By one-dat by two-dot
data address data data Judgment
8 L ° o o o
9 a a L ) L] ®
e o e L a o
11 Q 9 o L ®
2 o [ ] ° Q L ]
13 ° ° e ® o
4 o o e -] o
5 Q 0 o ] P
16 ) ° o ] Q

The operanon result at No. 3 should propezly be 0, but is-

@. However, since the process is sequentially performed
from the left, the operation result becomes O when the

process proceeds to No. 10. Therefore, in fact, the operation
result shown at No. 3 canmot be obtained.

Hereinafter, the operation of the device having the above-
mentioned configuration will. be described with reference to
the flowchart shown in FIG. 4.

Whea 2 printing instruction is output, the contour data
reading means 10 reéads a character code stored in the input

- buffer 2 and magnification data associated with the data, and

then reads out contour data corresponding to the character
code, from the contour data storing device 1. When the -
outline font corresponding to the character code stored in the:

input buffer 2 is converted into bit map data in this way, data
in the column direction at the address on the left side of the

current address by one dot are read (step A). These data are.
inverted and then temporarily stored (step B). Logical prod-

address and the inverted data which are temporarily stored,

- uct operations are performed between the data at the current -

andtheope:auonreslﬂtxsuempomﬂystotcdasresultl(step.

O.

Thereafter, data in the column direction at the address on
the right side of the cucrent address by two dots are read

(step D). These data are inverted and then temporarily stored .

(step E). Thereafter, data in the column direction at the
address on the right side of the current address by one dot are
read (sicp F). Logical product operations are performed
between the data and the inverted data obtained in step E,
gdtheopmnonxesultistempomlystomdasmmtz(s:ep

Logical product operations are performed between data
obtained by inverting the data of reésult 2 which are tempo-
tarily stored and the data of result 1 obtained in step C, and

the operation result is temporarily stored as result 3 (step H).

erted .



pfecedi ng (in this enbodinent, on the left side) by one bit wth respect
. to the bit which constitutes the contour portion in the next colum VI is

converted into data "0". Thereafter, the processes shown in VI of
Fig. 7 and in VIl and VIIl of Fig. 8 are perfornmed. |If there are a series
of -6 -

Then, dara in the column direction at the address on the
right side of the current address by one dot are read (step I).
These data are inverted to obtain the inversions thereof (step
J). Logical product operations are performed between the
inverted data and data in the column direction at the current
address, and the operation resuit is temporarily stored as
resuit 4 (step K.

Logical sum operations are performed between the data of
result 3 obtained in step H and the data of result 4 obtained
in step K, and the result is output as printing data for the
current address (step L).

When the printing bit data for the current address are
output, the address from which data is to be read is shifted.
by one dot in the printing direction (in this embodiment in
the right direction) (step M). The foregoing steps begimning
with step A are repeated, whereby the balf-dot protect
process is executed on the bit map data produced by the bit
conversion means 11. Thus, in the above-described process,;
when data to be currently processed is on or after the second:
column, data preceding the current address by one bit is:
directed to print data which has been converted immediately
before. _ :

FIGS. § to § show the above-mentioned operation process
steps. The figures illustrate an exemplary case where an
outline font to be printed is converted by the bit data
coaversion means 11 into bit map data having a size of 4 bits
by 8 bits as shown in FIG. 3(A). In FIGS. 3(A), 3(B) and S
to 8, each of the Roman numerals I to VI indicates a
trapsition of the current address.

The bit data constituting the column [ in FIG. 3(A) are all
“0", so that data “1™ are output for all four bits as a result of
the operation process shown in I of FIG. S (I in of FIG.

_-3@B). :

Next, the current address is shifted to the right by one bit,
so that the column II in FIG. 3(A) is to be processed. Data
“1” are output for all four bits as a result of the operation
process shown in II of FIG. §, while reading print data which
has been produced by the operation process shown in I of
FIG. 5. This means that the bit data are converted into the
data preserving the left-side contour (I in FIG. 3(B)).

The current address is further shifted to the right by one
bit, so that the column III is to be processed. The bit datz for
all four bits are converted into data “0” as a result of the
operation process shown in Il of FIG. 6. Accordingly, data

which have been subjected to the half-dot protact process are

produced (I in FIG. 3(B)). REPLACEMENT SHEET
When the column IV is to be processed, the operation

process shown in IV of FIG. 6 is performed. According to 20 JAN 1998

this process, a data set in which the second bit from the top




@n odd nunber of data "1" which continues from one|RERLAGEMENT SHEET
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enbodi nent, the left end), the bit data is convertpdprnto-gata

other colum so as to thin out alternate bits. |If her e sqri
an even nunber of "1" data, a bit map pattern in ph c%‘?v@‘%@g are
the other end (in this -7- -

every
es of
cedi ng

is “0” and the other bits are “1” is output, whiﬂa—m&hg-aﬂ
the print data which have been converted into “0” by the
calculadon made immediately before. As a result, the bit in
the first row (the uppermost line in the figure) forming the
contour is output to be “1” which is the same as the original
data, thereby preserving the contour portion. Tae dot in the
second row from the top in the figure and adjacent to the dot
of the contour portion is converted into data “0” which is the
same as in the column IOL

Then, the object to be processed is shifted to the column
V. Similarly, print data including data “0” in the second row
which bas been converted by the calculation made imme-

diately before is read. As a result of the operation process .

shown in V of FIG. 7, the bit in the second row which
constitutes the contour portion is output as data *“1”. The bit
preceding (in this embodiment, on the left side) by one bit
with respect to the bit which coustitutes the contour portion
in the aext column VI is converted into data “Q”.
Thereafter, the pracesses shown in VI of FIG. 7 and in VII
and VII of FIG. 8 are performed. If there is a series of an
odd number of data “1” which continues from one end (in
this embodiment, the left end), the bit data are converted into
data “0” at every other column so as to thin out alternate bits.
If there is a series of an even oumber of “1” data, a bit map
pattern is produced in which two bits preceding the otheread
(in this embodiment, the dght end) are converted into “07,:
and the bit at the other end portion is converted into “1” data.
As 2 result, even in a portion where an even number of
dots is found, a half-dot protect process can be executed.
without caunsing dots in the contour portion to disappear. In:
other words, an edge is constituted by four dots including
data succeeding the current address by one dot and two dots,

_-and data preceding the current address by one dot, so that it

is possible to prevent dots constituting the contour portion
from being thinned out in performing the half-dot protect
process. '

In the embodiment described above, printing is performed
in the direction from left to right. It will be appreciated by
those skilled in the art that, in a case where the printing is
performed in the direction from the right to the left, the
sampling of bit map data for an operation process is started
at the right side, whereby the same effects are achieved.

As described above, in this invention, the first to fourth
reading means obtain data of four columns ia towal; dat at
the current address; data preceding it by ane bit or priat data
which has been processed immediated before; and data
succeeding it by one bit and two bits. Then, the half:do:
protect process is performed in such a manner that, in a
series of an even number of “1” data and among the bits
constituting the contour portion, the two “1” data preceding



- 13 - enbodi ment, the right end) are converted into "O', and the bit
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at the other end portion is converted into "1" data is output.

a result, even in a portion where an even nunber ¢:

hal f-dot protect process can be executed w thout.
contour portion to disappear. In other words, an
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What is claimed is: '

1. An apparatus for generating bit map data, comprising:

means for storing contour data,

means for converting data retrieved from said contour
data storing means into bit map data; and

first reading means for reading data preceding a current
address by one dog;

second reading means for reading data at a current address)
from said converting means;

third reading means for reading data succeeding the
current address by one dot address from said converting
means;

fourth reading means for reading data succeceding the

current address by two dot addresses from said con-
verting means; ‘

first data inversion means for inverting data from said first
reading means;

. second data inversion means for inverting data from said

fourth reading means; :

first logical product operation means for performing a’
logical product operation between dara from said first
data inversion means and data from said second reading
meaas;

second logical product operation means for performing a
logical product operation between data from said third
reading means and data from said second data inversion
. means;

third data inversion means for inverting. data from said
third reading means;

fourth data inversion means for inverting data from said

- second logical product operation means;

third logical product operation means for performing a
logical product opemxon between data from said first:
logical product operation means and data from said’ -
fourth inversion means;

* fourth logical product operation means for performing a

logical product operation between data from said sec-
ond reading means and data from said third data
inversion means; and

logical sum operation means for performing a logical sum
operation between data from said third and said fourth
logical product operation means, to produce print data |

* c L M S * .



data preceding the current address by one dot thahd +eePOSSi bl e to
. prevent dots constituting the counter portionwmﬁ’wﬁéﬁm ned out in

perform ng the hal f-dot protect process. .I'n the enbd
descri bed above, the printing is perforned i ithe lijigcHomn

tothe right. It will

dii ment
fromthe left

- 10 -

to be output to a print head. |
2. An apparatus as claimed in claim 1, further comprising:
input buffer means for storing a character code;

contour data reading means for accessing said contour
data storing means based on the character code
retrieved from said input buffer means, to output con-
tour data to said converting means.

3. An apparatus as claimed in claim 1, wherein, whea data
to be processed currently is initial data, then said first
reading means reads data preceding the current address by
one dot from said converting means, and when data to be
processed currently is oot initial data, then said first reading

means reads the print data output from said logical sum

operation means.

‘4. An apparatus as claimed in claim 1, wherein the data
read by said first reading means is read by said first reading
means from said converting means.

S. An apparatus as claimed in claim 1, wherein the data
read by said first reading means is read by said first reading
means from a feedback loop which supplies the print data
output by said logical sum operation means to said first
reading means as the data preceding the current address by

‘one dot.

6. A method of processing binary bit map data which thins
out the bit map data according to a half-dot protect process

while preserving contours of a character defined by the bit*

map data, said method comprising the steps of: )

(a) reading bit map data defining four consecutive dots of
print data, to provide first, second, th;rdandfomhread
data, respectively;

(b) inverting the first read data, the third read data and the
fourth read data, to provide inverted first data, invened
third data and inverted fourth data, respectively;

(c) perforning a logical product operation between the
inverted first data and the second read data, to provide

a first result;

(d) performing a logical product operation between the
third read data and the inverted fourth data, to provide
a second result; "

() inverting the second result to provide an inverted
second result;

(E) performing a logical product operation betwecn the
first result and the inverted second result, to provide a
third result;

(g) performing a logical product operation between the
second read data and the inverted third data, to provide

a fourth result; , —_—

AR



be appreciated to those skilled in the art that,—n—=a—case Wwhere the
- printing is perfornmed in the direction fromthe r| t he
sanpling of bit nmap data for an operation proc “ﬂgm E J\ﬂ{the ri ght
si de, whereby the sanme effects are achieved. ed above
in this invention, the first to
. -11 -

(h) performing a logical sum operation between the third
result and the fourth result, to provide a print data
output to replace the bit map data defining a second of
the four consecutive dots; and _

® outputting the print data output to a print head as
printing data,

7. The method according to claim §, further comprising

the step of:

repeating said steps () to (1) for four additional consecu-
tive dots, whereby the four additional consecutive dots
are shifted relative to the four consecutive dots by one
dot address.

8. The method according to claim 7 wherein,

prior to performing said step of repeating said steps (a) to
(D), the print data output is supplied as the bit map data
defining a. first of the four additdonal consecutive dots.

IREPLACEMENT SHEET!
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- 14 - data. Therefore, the half-dot protect process can be
per f or med

A

READ DATA ON LEFT SIDE OF CURRENT ADDRESS

BY ONE DOT .

B :

INVERSE DATA |

C y - @
1 PERFORM LOGICAL PRODUCT QPERATION BETWEEN DATA

AT CURRENT ADDRESS AND THE INVERSED DATA AND

STORE THE RESULT AS RESULT 1 IN REGISTER

D 3 -
1 READ DATA ON RIGHT SIDE OF CURRENT ADDRESS BY
TWC DOTS .
£ 3
INVERSE DATA
F ¥ @
READ DATA ON RIGHT SIDE OF CURRENT ADDRESS BY
ONE DOT
T -
G PERFORM LOGICAL PRODUCT OPERATION BETWEEN THE DATA

AND DATA OBTAINED IN STEP £ AND STORE THE RESULT
AS RESULT 2 IN REGISTER

s .
H " PERFORM LOGICAL PRODUCT OPERATION BETWEEN DATA |
OBTAINED BY INVERSING DATA OF RESULT 2 AND DATA ®
OF RESULT 1 AND STORE THE RESULT AS RESULT 3 IN
REGISTER
s
N0 o o e SIDE OF CURRENT ADDRESS
BY ONE DOT |
J T
INVERSE DATA @
K T

¥ PERFORM LOGICAL PRODUCT OPERATION BETWEEN THE
INVERSED DATA AND DATA AT CURRENT ADDRESS AND
STORE THE RESULT AS RESULT 4 IN REGISTER

3 -
L <~ PERFORI LOGTCAL SUM OPERATION BETVEEN RESULTS )
AND 4 TO OUTPUT THE RESULT AS DATA AT CURRENT ®
y LAOORESS - |
)

SHIFT READ ADDRESS BY ONE DOT

. This Sheet Has Been Re

i



i nes

cont our

: . . t
Wi t hout causing the dots which constitute the left and righ

(@)
[
o E= s
S m _ Wo1007
& e & .
mnwm & vivQ b 1Ins3y £ 1S3y vivo
G2z 2 | INI¥d INTYd
o m N
r= L&} ]
=k 1 190004d

dRal :
5l e 1 p 1S3y viva Vivo v1va ¥ LSy

INTHHND O3SYIANI  100-380 A€

o : 3015~ IHOIY
o) < N

c ' 19000kd 5

© w1007 NOISUIANT
> £ 1InS3 I 1Ins3y Yive ¢ 1ns3y ¢ imsy
- G3SUIANT
=

>

19n00ud :

= WOI06] NOISHIANI

oy ¢ 1S3y viva viva viva ¢ LSy
o 100-3N0 A Q3SUINI  Log-OML A3 .
2 3018~ 1HoTY 30IS-~1HoTy

> 19naoyd .
3 01905 NOISY3ANT
m I 1053y viva Vivo v1vQ I LIS

1N3HHN) 03SHIANT 3018-1431

- I | y

g S O

as

o O

-
S5

(@]

b d

ms
Wo1901
bImsm g
1ioiotd 8 worsuami
vivg V1vg V1Yo
INEND  GISYINI  fog-3w0 Af
3015~ 1HoTY
190044
WOI00] & NOISHIMNI
| 1S3y VIO 2 1nsa
03SU3ANT
Voo O worsuamr
v1vg v1vg vivg
100-30 A8 G3WINT  Jog-onl A
3015-1Ho 1Y 3015-IHoTy
. 1000t
" W0I00] ¢ NOISHIMI
Vivg vivg v1vg
INGHEND  G3SUIMI  3g15-133)
I

—_—

i

n R

Tl



nmeans (1)

conpri si ng:

storing contour data;

.

CLAIMS An apparatus for generating bit nap data,

for

NS . mns

Wo1907 w1001
VIva P LWSIH € LSy vIva PLNSH € LMS
INTHd INTYd
19n00Yd 19n00Yd
1000084 &3 norsuami 100044 NOISHIANT
b 1S vivo VIV V1V0 y 10534 v1vQ vive viva
 INGWM  OISYIANI  L0g-3N0 AQ INGUHND  O3SYUSANI  10G-3NO Ag
3015-1HDIY . 3015~ 1HOTH
100004d 19000Yd
Woi00] (3 NOISIMI 100k NOISHIM
ELMSH | LIS VIYO  Z 1S3 £ 1053y | 103y VIVE 7 LIS
| O3SYIANT | Q3SUIANT
19n00Yd 190004
1000044 € NorsuzavT WOTo0y ¢3 NOISHIANI
2 153y Yivo VIO viva Z 1S3y VIvQ V1Y vivo
100-3N0 A§ - O3SYIANI  10G-OMI Ag 100-3N0 A O3SYIANI  100-ORL Ag
30Ts-IHOTH 3015-1HoTY . 3015~ 140TH 301S-1HoTd
19000Yd . . 19N00Yd
100064 2 yorsuamw WoTo0] (3 NOISHIMNI
I 1S3y V1V VIV viva | 1nS34 v1vQ v1vQ viva

SLEL L] Q3SUIANI 30IS-1431 IN3¥YND 03SU3ANT J0I8-1431

A 9 D T

20 JAN 1998

REPLACEMENT SHEET

i

|

This Sheet Has Bee




readi ng one of data

readi ng neans (21) for

first

and . . |
preceding a current address by one dot from said converting neans (11) and

neéns (11) for converting data fromsaid contour data storing neans (1)
print data which .has been processed i medi ately before;

‘into bit map dat a;

ns
w1901
ViV P LIS € 1INSTY
INTHd
19n00¥d
10no0ud NOISHUIANI
1S3y v1Va Vivo viva
INIWEND  O3SWINI  10g-3N0 Ag
3015~ IHOIY
19n00Ud .
€ 1S3y N viva Z 183y
3SHIANT
1900084 _
Toud NOISUIANI
Z 1S3y Vivo vivo ViVQ
100-3N0 A8 O3UIWI  Jog-oml Ag
3015-1HpTY 301I5- 1HDIY
10nG0Yd _
Woigo] €3 NOISHIANI
I 1S3y v1vg vivg Vivo
INGHHND  Q3SHIANT 3018-1437
A

viva

NIYd

b 1Sy

€ 1S3y

¢ 1S3y

1 sy

L Ol

s
WOI807
bIMSH € s
1o0006d Q)
VIO VIvO ¥1v0
INGN)  O3UIWT  Jog-3w0 A8
3015-LHoTY
19n00ug.
WI909 & NoOISUIANI
L Lns3y VIO 2 sy
G3SUIANT
1idotd @ worsuamr
v1y0 v1vg y1vg
100-340 A8 G3SUIMI  Log-oMl Ag
3015-1HolH 3015-1Ho1
-, 19noud
WOto0 € NoIsuImI
v1v0 yivg V1v0
INEND  3SuIMT  3015-1430
A

This Sheet Has Been

laced

ﬂ

Il

L

2 0 .'AN 1998

REPLACEMENT SHEET




o
8 SO
(7]
— O
§ ~s
— n O
— C @©
T @©
) = —
23 E o Hns | nns
SEo;e w1007 . . 91907
®-Co V1vg ¥ 1Sy ¢ 1Ins3y VivO b LINS3Y £ 1S3y
=R INTHd INTYd
CcCo>Cc
O - m +—
- O D
5 19n00Yd : 19n00Yd
Soo 1007 @@ NOISUIANI WOIo0] & NOISHIANI
2250 b 1S3 v1vg vivo v1Yg v 1MS] V1v0 m Y1vD
e ~ IN3HYMD GISYINI  100-3nD A9 . IN3HND G3SUIANI  10Q-3NO A8
50’3 3018-1Ho1Y 301S-LHOIY
C oy —~~
© © T M~
A 19n00Ud 19n00Nd
gESEC 21007 @) NOISUIANI WoI00] & NOISHIANI
(@) (7)) .
2co oo € 1053y I 1S3y viva 2 1MS3y € 1S3y I 1053y Y1vQ Z 153y
[
—To_p 03SHIANI 3SY3ANT
T O > :
Q-0 O0 mv .
= -z 19n004d 19n00Yd
=3 =z ¢ 1S3y YivQ Yivg VAL Z 1S3y y1vQ Yivo viva
N ©<o 100-3N0 AS  O3SUAANI  100-OML Ag 100-3M0 A8 Q3SWIANT  10G-OML Ag
S...8° 3015-1HoTY 3015-1HoIY 3015-LHOTY 3018-1HoTY -
—~ © . ’ i
N OO V.-
CH.C® 19n00Yd ' 19N00Yd
0 O .
58 O oo | 1S3y viva YIvo Vivo I 1S3y Yiv0 viva vive
Spcco IN3YHND O3SYINT  3015-1437 1N3YHND 3SY3ANT 3018-1437
T T To A . . IA
© +— .
52285 & O/
2590E8
O >0 w
25383
R

Has BeenRTlaced

LTI

This Sheet

REPLA

T SHEET
J

"rs'-tn-;wm.—vmmm-um A

AN

2L JAN 1998

L



: : : : : . 96
first data inversion neans (25) for inverting data fron1sa1c?%qqaﬁquéadlng

means (21); second data inversion neans (26) for inverting data from said
fourth readi ng neans (24); first logical product operation neans (27) for
perforning a | ogical product operation between data fromsaid first data

- 12 -

ABSTRACT

BIT MAP DATA GENERATION APPARATUS

Data at a current address and data preceding and succeeding
the current address data are read out by bit data conversion
~means 11 for converting data received from contour data
storing means 1 into bit map data. Left-side data reading
- means 21 reads data at the digit preceding the current
~ address by one dot from the bit map data (or from print data
which has been processed immediately before). Current data
- reading means 22 reads data at the digit of the current
address. Right-side by one-dot data reading means 23 reads
data at the digit succeeding the current address by one dot.
Right-side by two-dot data reading means 24 reads data at
the digit succeeding the current address by two dots. Using
logical product operation means 27 and 28, logical product
operations are performed between each pair of the data from
thereadmgmeanleto 24 with one of each pair being
inverted by data inversion means 25 and 26. The same
process is performed for these operation results by data
inversion means 30, and logical product operation means 31
and 32. The operation result is output to logical sum
operation means 33 as print data. Thus, when there exists a
scries of an cven number of dots continued in the row
direction up to a contour point, two dots before the contour
point are converted into blank dots (null dot data). The
foregoing is especially advantageous in high-speed pnnnng
operations.
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