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METHOD FOR GENERATING BIT MAP IMAGE DATA AND A METHOD - AND
. APPARATUS - FOR MODULATING A LASER BEAM WITH SAME -

- - - . .. -

The present invention relates to a method for generating bit
map' image data and a method and apparatus for modulating a laser

beam with same.

A laser printer is capable of printing charactérs -and
images with very high resolution by increasing the modulation
accuracy of a laser beam. For this purpose, it is necessary to
compose image data t-o be printed in the. form of a high-density

15 . bit map pa't.:tez_'n.' In order to output character data of such a
high-density bit r.nap'patte'rn,‘much time and labor are involved
in the preparation of the data,- az;d a large-capacity storage
device for "storj;ng the sSame is required. This
disadvanté.geously entails é.n incréased cost of the apparatus.

‘20 - ' To overcome such a problem, U.S. Pat. No. 4,847,641

| discloses a technique whereby character pattern data
corresponding to a Eharactér_ code outputted from a host
apparatus or the like is stored in a first-in first-out memory, -
a dot loc\ated at a position where printing is to be effected

25 and a plurality of dots surrounding that dot are sampled -from
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- the fz.rst-:.n flrst out memory, and the sampled b:.t map pattern

is compared w;th pattern data .tor compar:.son,- such as a

multlpllcz.ty of templates or matchz.ng b:Lt map data prepared in

advance. _If the sampled bit map pattern matches the pattern

‘data for compariscn, the sampled bit map pattern is replaced -
with a correction dot pattern allotted to the pattern data for
comparison, and this correction dot pattern is outputted as

print data.

According to this technique, since the bit map pattern -
data outputted from a character generator can be corrected as
necessary, it is possible to print a character pattern having
a smooth contour without increasing the storage capacity of the

character data storage means.

However, since the bit map pattern itself which is stored "

in the first-in f:.rst-—out memory is used as an object of
pattern match:.ng, the number of data for which pattern match:.ng

is to be effected incre_ases. Hence, in order to complete the

pattern matching calculation within a time period during which

one dot is printed, "a large-scale calculation circuit is

disadvantageously reqnired .

Accordingly, a primary object of the present invention is

to provide a novel method for generating bit map image data for

a laser beam printer capable of effecting high-speed

operation by reducing) -as much as possible, the number of
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data used at the time of correcting a dot to be printed. In order
to solve thlS object = , -the invention .provides a method for -
generat:.ng bit- map 1mage data accordn.ng to J.ndependent claim 1,

" which -is’ :.ntended to be understood as - a first non-limiting
' 'approach of .defining the invention in- general terms. -: Further
'advantageous features, aspects, ‘and” details of this method are

evident from the description examples and drawings.

" invention provides a - method for generating bit  map

image data, comprising the 'steps of:-ccnx}erting coded data
outputted from an external device into bit map data and storing
a portion of a plurality of lines of the bit map data in a
memory; o}ntaining horizontal contour data and vertical contour_
data by digitally differentiating the bit map data .in the
memofy in horizontal and vertical directions while reading.each
portion of one column by N lines; determining positional
relat:.onsh:.p between dot data subject to. pr:.nt:.ng and dot data
not subject to pr:.nt;.-ng on the bas:.s of the contour data- and
converting the dot data subject to printing to a dot of a
- predetemined size and ontputting the dot of the predetemined
size as print data on the basis of a. result of determination.
Consequ_entl.y, according to the invention, the bit map data
stored in the 'm.emory "is read in increments of a full single
" column by :N lines, while being stored in a shift register of
size M columns by N lines, and the bit map data is
differentiated in the vertical and horizontal directions so
that only the data representing a contour portion is outputted.
As a result, data relating to dots which clearly constitute
continuous portion.s ‘is excluded, so that the number of data to

be used for processing .in succeeding processes is reduced

-3 - This Sheet Has Been Replaced

LTI

In - accordance - with a first _aspect ~therefore, - the -



_remarkably. The data representing the contour portion is used =~ -

as data for classifying discontinuous points with -respect to

the horizontal and vertical .directions. . This data - for .

classifying discontinuous points is used for .determininér the
relationship of a focused po:.nt subject to printing. with
respect to surrounu:.ng dots, i.e., whether the focused po:.nt is
in a cont:.nuous relatlonshlp or in a discontinuous relationship
with the same. _In a case a dot subject to printing concerns a
discontinuous point, that dot is replaced by a dot of 2 smaller
size than a predetermined normal dot, or a dot is newly added
in the case of a vacant portion, depending on the form of

"discontinuity.. : : -
‘A second -object of the present invention is to provz.de a’

method and an appartus for generating the above-described b:.t-map -
image data. This object is solved by the method and apparatus for .
modulating a laser beam with enhanced bit-map data especially for
effecting printing according to independent claims 2 and 3.
Further advantageous features, aspects, and details of the
invention are evident .from the dependent claims, the description
examples and drawings. The claims are intended to be understood
as a first non-limiting approach "0f defining the invention in )
general terms. . S
The invention therefore provides a method and appartus for '
generating print data suitable for a laser printer which effects
writing on an electrostatic photoconductor as a latent image by
subjecting a laser beam to on-off modulation on the basis of data
representing a character pattern as a bit map, and in which, after
toner is electrostatically attracted to the 1latent image, the
'image is transferred to recording paper' so as to print a character
or an image. . ' _ i e e e
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In ..accordance . with a second aspect the invention -
" therefore provides an appartus for generating laser

beam bit-map image data, -compfrising: -an- image memory Zfor
stor'ing a portion of a plura-lity of lines of bit map data of a

20 serial -signa_l :Eormat_ outputted from a character generator;
| memory control means fpr sequentially extracting a portion of
one column by N lines of daté from the image memory each time
one-bit signal is outputted from the character generator;
sampling means for storing the data read from the image memory

25 while .shifting the data by each portion of M columns by N

4ai
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lJ.nes fz.rst edge detect:.ng means for dng.tally dlfferentz.atlng

_-the data’ stored -in the sampl:.ng means -in’-the dlrectlon of.

lines; second edge detect:.ng means for dlgltally

differentiating the data stored in the sampling means in the

direction of columns; first classifying means for classifying

- the relationship of connection between a .point subject to

printing and vertical dots includz:.ng the point on the basis of
edge data from the first edge detecting means; secona
classifying means for classifyin_g the relationship of
connection between the point subject to printing and horizontal
dots including the point on the basis of edge data from the
second edge detecting means; determining means for outputting
correction dot data whose size of a dot to be printed and
position within the size of a nez"maI dot have been determined

on the basis of the data from the first and second classifying

" means; and pulse-width modulating means for outputting the dot

for printing on the basis of a signal from the determining

means.

DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic side view of a laser printer to
which the present invention is applied;

Fig. 2 is a diagram showing a control unit for modulating
a laser beam of the apparatus shown in Fig. 1;

Fig. 3 is a block diagram of a control circuit of the

laser printer using a bit-map-data generating circuit in
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_ example; )
5  Fig.-s ls a schématic diagrém iliustrating an example of
a bit-map-data generating circuit;

Fig. 6 is a diagiam illustrating digital differentiation
with fespect to a horizontal direction for obtaining contour
data, and is a. diagram illustrating data prior to

10 differentiation; _

Fig. 7 is a diagram illustrating data obtained by
differentiating the data shown in Fig. 6;

Fig. 8 is a diagram explaining digital differentiation
with respect to a vertical direction for obtaining contour

15 data, and is a diagram illustrating data prior to
differentiatioﬁ;

] Fig. 9 is a diagram illustrating data obtained by
@iffergntiating the data shown in Fig. 8;

fig. 10 is a diagram iliustrating-a rising edge, aé viewed

20 from the left-hand side in the horizontal direction, obtained
by differentiating the pattern of the character “$" shown in
Fig. 4;

Fig. il is a diagram illustrating a rising edge, as viewed
from the horizontai direction{ obtained by differéntiating the-

25 pattern of the character "S" shown in Fig. 4;
This Sheet Has Been Replaced -6 -
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from the top- in the vertical direction, .obtained  by- L

différe;xti'ating the patte:rn bf- the character "$" shown in Fig.
4;
) Fig. 13 is; a di-a'gram illustr.ating'—.-a .:_Ealling edge, as
viewed from the top in the. vertical dire;:tion ; obtained by
differentiating the pattern of the character "$" shown in Fig.
4; -

Fig. 14 is a diagfam illustrating the relatiénship between
original patterns and data obtained by classifying siénals from
an edge detecting circuit by a logical circuit;

Fig. 15 is another diagram illustrating the relationship -
between original patterns and data obtained by classifying
signals from the edge détecting circuit by the logical circuit;

F_ig. 16 is still another .diagram "illustrating the
relationéhip between original patterns and data obtained by
classifying signals from the edge detecﬁing circuit by the
logical circuit; ) .

Fig. 17 is a further diagram iilustrating the relatioﬁship
between original patterns and dé_ta obtained by classifying
signals from the edge detecting circuit by {:he' logical circuit;

Fig. 18 is a further diagram illustrating the relationship
between originai patterns and data obtained by classifying
signals from the edge detecting cif:cuit by the légical circuit;

Fig. 19 is a further diagram illustrating the relationship
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between-originalﬁpattérns.and data obtained by'blassifying-“

signals. from the edge deﬁe;ting circuit by the lbgical.ci:cuit;
Fig. 20 is a diagram schematically illustrating unit dot
data outputted from a pulse—w1dth modulatlng circuit;

Fig. 21 is another diagram schematlcally'lllustratlng unlt

dot data outputted from the pulse-w;dth modulating circuit;

Fig. 22 is still another diagram schematically
illustrating unit dot data outputted from the pulse-width
modulating circuit; _
| Fig. 23 is a further diagram schematically illustrating
unit dot data outputted from the pulse-width modulating
circuit;

~Fig. 24 is a diagram illustrating an example of a sampling
window{ -' ) -

Fig. 25 is an explanatory diagram illustrating a case in
which a cor#ection is made by adding a-dot to the left side of
a horizontal rising portion in a process of correction by_
applying the bit map data on the character "$" shown in Fig. 4;

Fig. 26 is an explanatory diagram illustrating a case in

- 'which a correction is made by shaving a left side portion of a

dot in a horizontal rising portion in the process of correction
by applying the bit map data on the character "$* shown in Fig.

4;

Fig. 27 is an explanatory diagram illustrating a case in

which a correction is made by shaving a left side portion of a
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veitiéal‘ fisingi portion '1n “the -pioceSS"of' correction by

applylng the blt map data on the character s shown in Fig- 4‘.

Fig. 28 is an explanatory .diagram lllustratlng a case in
which a correction is made by adding a dot in a vacant portion.
located on tho-left-hand side of o vertical rising portion in
the process of correction by applying the bit map data on the
character "$" shown in Fig. 4; |

Fig. 29 is a diagram illustrating a result of correction
by applying the bit map data on the character "$" shown in Fig.
4; .

Fig. 30 is a timing diagram illustrating the operation in
accordance with the present invention;

Fig. 31 is a circuit diagram illustrating an example of a

memory device for storing video data outputted from a buffer;

Fig. 32 is a schematic diagram illustrating the storage

. and reading of data by simulaﬁing the operation of the memory

device shown in Fig. 31 in fhe:form of printing;

Fig. 33 is a circuit diagram illustrating an example of a
shift register consfituting the sampling window;

Fig. 34 is a circuit diagram illustrating an example of a
rising-portion edge detecting circuit constituting a part of a
first edge detector;

Fig. 35 is a circuit diagram illustrating an example of a
falling—portion'edgo detecting circuit constitutino a part of
the first edge detector; ' |
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"Pig:”36 ieia'dircuit diagram illustrating en-example of a

"; r151ng-portlon edge detectlng ClICUlt constltutlng a part of a

second edge detector,

Fig. 37 is a circuit diagram illustrating an example of a

| falling-portion edge detecting circuit constituting a peft of

the second-edge detector;

Fig. 38 is a circuit diagram illustrating an example of a
classifying circuit for classifying an original pettern on the
basis of a rising edge from the edge.detector shown in Fig. 34;

Fig. 39 is a circuit diagram illustrating an example of
another classifying circuit for classifying an original pattern
on the basis of a falling edge from the edge detector shown in
Fig. 34;

Fig. 40 is a circuit diagram illustrating an example of
another classifying dircuit for classifying an oriéinal pattern

in which a dot is.present at a focused point among outputs from

the edge detectors shown in Fig. 36 and 37;

Pig. 41 is a circuit diagram 1llustrat1ng an example of
Stlll another classifying circuit for classxfylng an original
pattern in which the focused point is a vacant portion among
the outputs from the edge detectors shown in Figs. 36 and 37;

Fig. 42 is a circuit diagram illustrating an example of a
determining circuit for outputting correction data on the basis
of outputs from the.classifying circuits shown in Figs. 58 to
41;
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Flg 43 is a c1rcu1t dlagram lllustrat;ng an example of 5.' 
pulse-wxdth.modulator for outputtlng prlﬂt data on the basis of-
data -from the’ determlnlng circuit shown in Fig. 42~ )

Fig. 44 is a diagram illustrating bit map data in a case
where the character "$" shown in Flg 4 is corrected by-
enlarglng the-sampllng window;

Fig. 45 is a block diagram illustréting an embodiment in
a case where the present invention is implemented by means of
software; )

Fig. 46 is a diagram illustrating an outline of a program
to be executed by the apparatus shown in Fig. 45; and

Fig. 47 is a diagram illustrating bit map data showing a
result of enlarging the window and performing calculation with

respect to the character “$* shown in Fig. 4 by means of

software.

Fig. 1 illustrates the'configuration of an example of a

. laser printer, in which a photoreceptor drum 1 is arranged such

that a photoconductive layer is formed on the surface of a drum
driﬁen by a motor in a direction indicated by an arrow A-in the
drawing. Before print data is written on the photoreceptor
drum 1, toner remaining on its surface is removed by means of
a rubber blade 2, and residual charge is eliminated by being
discharged by unifo;m irfadiation with light from an erase lamp

3. After cleaning, ions generated by a charge generator, e.g.,
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T a corona dlscharge unlt 4 are supplied to the phdtoreceptor

drum 1, so that ‘the photoreceptor drum 1 is charged to.a fixed .

surface potential. At -a.stage where such preparations have

.been completed, the photoreceptor drum 1 is irradiated with a

laser beam from a laser-beam generator 5 thereby allow1ng data
to be written in a selected area.

The laser beam is modulated as electric power suleJ.ed to
cause a laser diode to emit light, as shown in Fig. 2, is
turned dn and off in cenformity with data to be printed. A
laser beam 7 from the laser diode 6 is collimated by a
col.limator lens 8 and is then converged onto a scanning mirror
9. The scanning mirror 9 is a regular polygdn mirror secured

to a rotating shaft of a motor 10 and effects horizontal

.scanning- across the surface of the 'photoreceptor:drum 1 as the

laser beam is moved horizontally in the direction of reference

‘character C in the drawing as the scanning mirror 9 is rotated

by means of the motor 10 rotating in & direction indicated by
reference character B in the drawing.

While the laser beam scans the length of the photoreceptor
drum 1, the photoreceptor drum 1 also rotates in the di.rection
of arrow D, so that the entire surface of the photoreceptor
drum 1 is covered with a raster image. Since the rotating
speed of the motor 10 for driving the scanning mirror 9 and
that of the motor for driving the photoreceptor drum 1 are set

to synchronize, scanning with the laser beam per cycle is
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offset by a predetermlned lnterval e. g ' by 1/300 1nch, in- the1

-.czrcumferentlal dlrectlon "In a case where prlntlng is to be_

effected with' a required resolutlon, e.g., a resolutlon

necessary for forming correction data while the laser beam
advances by 1 inch (24:5 mm) -on the surface  of the
photoreceptor drum l,-for instance, 'in a case where printing of
dot data outputted from a character generator is effected with
a 1/300 inch dot, a correction is made with a resoluti.on
four-fold the same, and hence the laser diode 6 is adapted to
be able to be turned on and off 1200 times while the laser beam
advances one inch. As a result, it is possible to virtually
realize a resolution of 300 dots/inch in the circumferential
direction x 1200 dots/inch in the horizontal direction for the
photoreceptor drum a§ é-wholé.. -

When the writing by means of the laser beam is completed
in the above-described manner, portlons which were not
subjected-to irradiation with the laser beam still maintain a
high negative potential, while portions which were subjected to
the irradiation discharge charged particles and rise to a low
negative potential. |

In é development unit 11, on the basis of a potential
difference on the photoreceptor drum surface, toner is caused
by a toner sleeve 12 to be rubbed against only those portions
where writing has bgen effected, so as to allow the toner to be

selectively attracted by such portions, thereby converting a
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latent image.td a toner image.

' .In a - -:transfer-. unlt 13,- .the toner ' image on the

photoreceptor drum surface is transferred to recording paper.

The recording paper is conveyed at the same speed as the

._ periphéral épeed of. the ‘photoreéeptor drum 1 while being in

contact with _the phoﬁoreéeptor drum 1, and the toner on the
photoreceptor drum 1 is drawn thereto by means of an electric
field-applied through the rear surface of the recording paper
so as to adhere to' the surface of the recording paper. The
photoreceptor drum 1 further rotates as it is, and is then
subjected to the aforeméntioned cleaning process so as to
prepare for forming an ensuing electrostatic image. In a

thermal fixing unit 14, the toner image transferred to the

- recording paper is thermally fused so as to fix the toner image

is

20

25

to the recording paper. The thermal fixing unit 14, which is
arranged by iricorporating a heater 16 -in a roller 15, is

adapted to heat the toner imége on the recording paper while

applying pressure thereto so as to fuse toner particles and

allow the same to adhere to fhe recording paper througﬁ fusion.

Fig. 3 illustrates an example of a control unit for
controlling all the operations of the printing process, and
which controls the light controlling unit and the photoreceptor
drum by coi‘recting the dot pattern data in correspondence with
print data. The .control uniii:.includes a central processing

unit (CPU) 20, a RAM 21 constituting a main storage unit and an
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external storage device, a microcomputer constituted by a ROM -

22 for - storing. ‘a program  for controlling - the . various

opera.tions-, a - character- ge.nera'.tor 28 incorporating a font
storage unit in which data concerning a character set is
stored, and a buffer 23 for storing image- data to be inputted
directly as a bit map pattern and bit map data from the
character generafb_r 28. - | ‘

The central processing unit 20 receives a clock signal
supplied fr;'om a clock signal generating circﬁit 24, Coded data
outputted from an external device 25 such as a personal
computer is fetched by a bus 27 via an interface circuit 26,
processed by a printer control. command, converted to basic bit
map data for modulating the laser beam by the character
generaﬁor 28, and-then- stored in the buffer 23. As for this |
bit map data, its size and position are corrected by a
bit-map-data generatlng circuit 29 in correspondence with the
relationship between the dot subject to printing and other dots
located in the horizontal and ve'rt:'_.cal directions of that dot,
gs will be des'cribed later in detail, before the bit map data
is outputted to a laser beam modulator 17. In addition, the
central processing unit 20 controls the rotation of the
photoreceptor drum 1 by controlling the photoreceptor drum 1
via a bit shift circuit 30 and an address control circuit 31 so

as to render the rotation of the photoreceptor drum 1 suitable

for the writing of data.

This Sheet Has Been Repl

~= = |




10

15

20

25

"and the laser beam modulator 17.

The aforementioned bit-map—daté geriera_ting circuit 29 is
used to. correct thé bit map data, such as the one ‘shown in Fig.

4, outputted from the character generator 28 into a smooth

- pattern, and is connected between the character generator 28

When, f_or instance, the cl'_laracter "$" composed by a
combination of a curved line and a slanted line as shown in
Fig. 4 is outputted_ from the buffer 23, the bit-map-data
generating circuit 29 provides an output by adding a small dot
F' (Fig. 29) to a vacant portion F constituting a part of the
area indicated by within a circle denoted by reference

character E in the drawing, by shaving a dot G constituting a

stepped portlon (G" in Fig. 29), and by replacing with a small

dot R’ (Fig. 29) a dot R constltutlng a stepped portion of the
area shown within an ellipse denoted by reference character K
in the drawing. . . |

A coded signal for designating the character “$*" outputted
from an external device such as a personal computer is used for
reading from the font storage unit data for generating a bit
map pattern corresponding to that coded signal. The " coded
signal is converted to bit map data, shown in Fig. 4, by the
character generator.28, and is stored in the buffer 23.

If the bit map data outputted from the buffer 23 is
directly outputted to the la-ser beam modulator 17 without being

corrected, stepped portions attributable to positional changes
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in'the standard bit size are printed, as described before, with

the result that the prlnted pattern lacks smoothness.. That-is,:

since the buffer 23 stores patterns composed using only
stendard size dots for the purpose of reducing the required
storage capecity'as ﬁuch as-possibie, the amount of minimum
projection of a dot cannot be set to be smaller than a standard
det. For this reason, in the case of representihg a slanted
line or a curved line by means of dots, it is inevitable to
cause the dots to project or to be receesed horizontally or
vertically in units of dots. |

Fig. 5 shows an example of the bit-map-data generating
circuit denoted by reference numeral 29 in Fig. 8.

While the bit pattern data of a serial signal format

outputted from the character generator 28 is shifted one bit at

a2 time in the column direction, i.e., is being moved by each
line by means of shift registers constituted by flip-flops FF
denoted by reference numeral 40 in the drawing and adapted to
shift the data in the cplumn direction, the bit;pattern data is
stored in an image data storage unit 41 constituted-by a static
random access memory. Such storage of data is effected by an
address signal generator 42 operating with reference to a
horizontal synchronizing signal from a detector for detecting
a scan starting point of the laser beam, as well as a
write/read control unit 43.' At a'staée where data for a

plurality of lines, i.e., five lines in this example, has been
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stored iﬁ_fﬁe imeée date:storege-unif'él, the eddiess_eignel
génerator 42 aﬁd_ehe.wfi?é/read'contrel unit 43 iead'data-qn
each column with N.lines'from the image data sforage unit 41 in
synchronism with the timing of p;intiﬁg_ each dot, and
sequentialiy output the same 'ﬁo a. shift register 44 of M
columns x N lines. After the data is stored in the shift
registef 44, a succeeding sighal indicative of 'a one-bit
portion outputted in serial signal format is stored in the
image data storage unit 41. The data stored in the shift
register 44 is digitally differentiated in the horizontal and
vertical directions by a first edge deteetor 45 and a second
edge detector 46 in synchronism with the write/read timings of
the address SLgnal generator 42 and the‘wrlte/read control unit
43, thereby extracting data on a contour portlon. “

As used herein, to digitally differentiate in the
horizontal direction means that, with reference to an_example
of data in which dots continue from a third bit to a seventh
bit, as shown in Fig. 6, when viewed from the left end (the
print starting side), a signal "1" is genefated at the position
(third bit) where a dot is present following a vacant portion,
and in a.case where a vacant portion is present following a
dot, a signal "1" is generated at the position (seventh bit)
where the final qot is present, as shown in Fig. 7.

In addition, to digitally differentiate in the vertical

direction means that, with reference to an example of a pattern
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whlch contlnues from a second- blt to a s;xth blt in the Y-axis

‘dlrectlon, as shown in Fig.. 8, when v1ewed from the top, " the -

signal "1" is generated at the p051tlon (x = 2, Yy = 6) where a
dot is present follow:.ng a vacant port:.on, and in a case where
a vacant portion is present following a dot, the SLgnal it ie
generated at the position (x = 2, y = 2) where the final dot is
present, as shown in Fig. 9.

If the bit map data of the character "$" shown in Fig._ 4
is differentiated using such a method, the data concerning
horizontal rising edges is indicated by black dots in Fig. 10,
while the data concerning horizontal falling edges is indicated
by black dots in Fig. 11. Moreover, the data concerning
vertical rising edges is indicated by black dots in Fig. 12,
while the_ data concerning vertical falling edges is indicated
by black dots in Fig. 13.

_ The.rising and falling edge data obtained by horizontally
differentiating the bit map ,ciata represent the vertical
characteristic of the bit map data, while the rising and
falling edge data obtained by vertically differentiating the
bit map data represent the horizontal characteristic of the bit
map data.

If an examination is made of the correlation between the
original pattern and the data on the horizontal rising and
falling edges and the vertical rising and falling edges thus

obtained from the bit map data of the original pattern, it is
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poséib_'le to determine the relation in which the dot- subject to

‘printing is placed with respect to the surroundingdots, i.e.,

whether that dot constitutes one of a series of horizontally or

vertically contiguous dots, or constitutes a discopi:inuous

portion.

That is, the form of boundary portions of the bit-map data
from f:he buffer 23 can be ascertained if_-the data on the
horizontal rises and falls and the vertical rises and falls is
sampled by M éolumﬁs x N lines surrounding a focused point,
i.e., a position subject to printing, and if these data are
classified into a plurality of kinds of form and are determined
by using first and second classifying units 47, 48 constituted
by logical deviqes such as gate arrays. X

‘Figs. 14 to 19 .show reiatidhships between classifications
obtained by sampling original patterns by'méans of a 3 columns
x 3 lines size sampling window and by logically determining
data on edge portions obtaineé by differentiating the sampled
data on the one hand, and data from the character generator.
The patterns of a multiplicity (about 6100 kinds) of boundary
portions that can poésibly'be included in original patterns can
be classified into a wvery small number (about 150 kinds) of
groups. It should be noted that in the drawings black marks-
indicate portions where a dot is present, white marks indicate

portions where a dot is not present, and gray marks denote

portions in which a dot may either present or absent.
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‘That.iélfaé for the rising édgesiof the horizontally

'"_diffe:entiated-gata;fif tﬁese'daté are classified;by_focusing

on the patterns of én‘ﬁpper region including the focused point

and by assigning classification codes A0 - A4 to their

configurations, and by focusing on the patterns of a lower

region including the focused 'point and _by assigning
blassification.codes B0 - B4 to their configurations, and if
the original pétterns are classified on the basis of these
classification codes, patterns as shown in Figs. 14 and 15 can
be obtained.

In addition, in the case where a dot is present at the
focusing point, as for the rising and falling edge data
obtained by vertically differentiating original patterns, if
these data are classified by focusing on the patterns of a
right-hand region including the focused ppint and by assigning

classification codes EO0 .- E4 to their configurations, and by

. focusing on the patterns of a left-hahd region including the

focused point and by assigning classification codes F0 - F4 to

their configurations, and if the original patterns are
classified on the basis of these classification codes, patterns
as shown in Figs. 16 and 17 can be obtained.

Furthermore, in the case where a dot is not present at the
focused point, if the rising and falling edge data obtained by

vertically differentiating original patterns are classified by

focusing on the patterns of a right-hand region including the

- 21‘_ ) This Sheet Has Been Repia
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- focused painﬁ'and by.assiéﬁing4classificatibnncodes;GO.- G4 to "
-their:configurétions{ and by focusing -on the patterns of.a
-léft-hand region‘inciudiﬁg the foéhsediboint—énd-by aésigﬁiné.
classification codes HO - H4 to their configurations,-and if
the originai pattérns are.élaésified on the basis of théée
classificatioq codes, patterns as shown in Figs. 18 and 19 can
be obtained. |
The results thus obtained by .determining the
configurations by means of the:classifying units 47, 48, i.e.,
AO - A4, BO - B4, CO - C4, DO - D4, EO - E4, FO - F4, GO - G4,
and HO - H4, are used in determining by a determining circuit
49 to which form, i.e., to which of the groups of the patterns
‘classified in Figs. 14 to 19, the Qata of the focused point
belongs. The results CO0 - C4 and DO - C4 are uséd to classify
an original. péttern having a pattern symmetrical to the
patterns of Figs. 14 and 15. with respect to a vertical line,
i.e., an original pattern havingl falling edges as viewed
horizontally. | |
On the basis of the data from; the first and 'second
classifying units 47, 48, the determining circuit 49 determines
which of the data is to be assigned among the data shown in
Figs. 20 to 23. |
The result of determination by the determining circuit 49
is used in generatiﬁg data with varying pulse widths such as

those shown in Figs. 20 to 23 by means of a pulse-width
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mbdulaior 50.- In other words; the"datafresult of the focused

point is conveifedstq data?for'prinfing one of the fdllowing;

dot patterﬂs:'a'pattern in which, if 1/4 of the size of one
normal dot of the bit map data ocutputted from the buffer 23 is
assumed to be a unit size, tﬁe'position of the dot 6f this unit
size is offsetlby 1/4 a normal dot pitcﬁ, (60, 61, 62,-63 in
Fig. 20); a patterm ih which the position of a dot three-fold
the unit size is offset by 1/4 dot pitch, i.e., the right- or
left-hand side of the normal-size dot is shaved by 1/4 dot (64,
65 in Fig. 21); a pattern having a dot four-fold the unit size,
i.e., the normal dot (Fig. 22); a pattern having a size of 5/4
dot projecting toward the print starting side (i.e., leftward
in the drawing) by the upit size as compared with the normal
dot-(66 in Fig. 235; and a-pattern having a size of 5/4 dot
projecting rightward in the drawing by the unit size as
compared with the normal dot ;67 in Fig. 23). |

Tﬂe shift register 44 constitutes a saﬁpling window with
3 columns x 3 lines, as shown in Fig. 24(a), in which data on
the focused point is stored at a central position RO; the data
on the 1line immediately preceding the " line including the
focused ?oint is stored in Rl to R3; the data on the saﬁe line
as that of the focused point and located just before and after
the focused point is stored in R4 and R5; and the daté on the
line immediately following the line ihcluding the focused point

is stored in R6 to R8. In addition, auxiliary data for
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calcuiating'data~oh boﬁndary portions at" the time of vertical

'differentiation is stored in R9 .to R16, while agxiliary;dataf

- for calculating such data at the time of horizontal

differentiation is stored in R17 to R20. That is, data on an

(n - 2)th line is stored in the reéions-RS to R12; data on an
(n - 1)th line is stored in the regions R17, R1 to R3, R18;
data on the n-th line is stored in the regions R4, RO, R5, R21;
data on the (n + 1)th line is stored in the regions_ng, R6 to
R8, R20; and data on the (n + 2)th line is stored in the
regions R13 to R16. The data on the same column is inputted by
a portion of one column with five lines starting with the
right-hand side in the drawing, and is shifted toward the
left-hand side in the drawing by each portion of one column
with five lines. | ) '

For this reason, with respect to an example of, for
instance, the bit map pattern shown in Fig. 4, in a case where
the vacant portion F in the area- indicated by xreference
character E in the drawing has is to be printed (a focused
péint), a determination is made not at that point ﬁf time but
when a dot H constituting an adjacent rising edge is stored in
the focﬁsed point RO of the shift register 44. That is, a
determination is made at a point of time when data such as the
one shown in Fig. 25(I) is stored in the shift register 44.
Consequently, edge Qata such as the one shown in Fig. 25(II) is

6utputted from the first edge detector 45. The classifying
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- circuit’ 47feffécte-a'determinatioﬂ by'classifyihg-this-edge

data (Flg 25(II)) lnto an upper pattern 1nclud1ng the focused

point RO and a lower pattern 1nclud1ng the focused p01nt ‘RO by

means of the above-described technique, thereby'classifyipg the

former pattern_as A2 and the latter pattern as B3 (Fig. 15).

It is thereby determined that the focused point RO presently
stored in the shift register 44 is a dot falling under a group

of patterns aurrounded by a dotted-line block in Fig. 15. As

a result, it is determined that it is necessary to add a 1/4

dot to the position located'one space ahead of the focused
point RO, i.e., to the vacant portion F. Hence, a command is
given to print a dot, sﬁch as the one shown in Fig. 25(III) of
the same drawing, i.e., a dot (F%g. 23) longer along the
left-hand side by.l/é a dot ﬁhan the normal dot. It should be
noted that eince these calculated results are outputted at a

stage which will be in time for printing at least 1/4 dot ahead

" of a timing for SFarting the actual printing, the irradiation

point of the laser beam is present at the vacant portion F.
As a-reealt, as the printing-of the dot is started at a
point of time when the laser beam has passed the vacant portion
F by 3/4 a dot width, a pattern in which 1/4 of a dot is added
in the vacant portion F, as indicated by reference numeral 66,
is printed. That is, F’ shown in Fig. 29 is printed.
In addition, when G in the circle denoted by reference

character E becomes a focused point QO0, a pattern such as the
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'one'sﬁbwn in Fig. 26(I) is stored in the shift register 44,

from the' edge detector 45. The classifying circuit 47
classifies the upper pattern including the focused point Q0 as
Al and the lower patterﬁ including the focused point Q0 as B2.
As a result, the'patterns including-the focused éoint Q0 and
présently stored_in the shift register 44 are classified as Al
and B2 (patterns surrounded by a block indicated by a dashed
line in Fig. 14). The determining circuit 49 outputs a signal
for printing a dot (the dot denoted by reference numeral 65 in
Fig. 21) (Fig. 26(III)) in which the left-hand side of the

normal dot is shaved by 1/4 dot. When the laser beam has

further moved to the right-hand side by 1/4 dot after reaching

the focused point’QO upon the butputting of the calculated
result, the printing of the dot obtained by the calculated
result is commenced, thereby printing the pattern indicated as

G’ in Fig. 29. In consequence, the vacant portion F which

forms the stepped portion indicated by E in Fig. 4 is formed by

dots which consecutively become larger as viewed from the top
in the order of 1/4 dot and 3/4 dot, so fhat the vacant portion
F is converted to a smooth.pattern.

With respect to horizontally extending lines as well, the
dots are corrected through similar processing. That is, as for

the stepped portion indicated,bylthe ellipse K in Fig. 4, when

the dot R is stored in the shift register 44 as the focused
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point QO _data shown in- Fig. 27(I) -is _étpred;' so that-
T.yertiqally.gifferentiatad data (Fi§4 27(11))_from the édge_.;"

deteéto; 46 is used. The éléssifyiné circuit 48 claséifies the

right-hand pattern including the focused po;nt QO as E1 and the

.left-hand pattern lncludlng the same as F2 (the patterns

surrounded by a block indicated by a dotted line in Fig. 16).

The determining circuit 49 outputs a signal for printing a dot:

(Fig. 27(II)) in which the right-hand side of the normal dot is
shaved by 1/4 dot. The laser beam is activated until the laser
beam moves to the right-hand side by 3/4 dot after reaching the
focused point QO upon the outputting of the calculated result,
thereby printing a pattern indicated by R’ in Fig. 29.
Furthermore, when a' vacant portion L surrounded by
reference character K-becomes the focused point Q0, a pattern

as shown in Fig. 28(I) is stored in the shift register 44, and

. edge data, such as that shown in Fig. 28(IIj, is outputted from

the edge detector 46 as the vertically differentiated pattern.
The classifying circuit 48 classifies a right-hand region of
the pattern one dot below the focused point Q0 as Gl and a

left-hand region of that pattern as H2 (a block shown

surrounded by a dotted line in Fig. 18). On the basis of this

classified result, the determining circuit 49 outputs a dot

denoted by reference numeral 61 in Fig. 20, thereby printing in

“the vacant portion L the dot denoted by reference numeral L’ in

Fig. 29.
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.?heréafter; es-describea'abeve,_the eriay of dots in the"
semplihg_reg;pﬁ isrclessified on the basis of_the-horizontally
and vertically:differentiated data-ef the oeiginal pattern, and
if it is determined as a result of this claséification that the_
focused poxnt corresponds to an edge portion, an’ one ation is
conducted in which a dot smaller than the normal dot is added

in a vacant portion horizontally adjacent to the focused point,

the dot at the focused point is corrected into a small dot by

being shaved, or in a case where an edge portion is present

adjacent to.the focused point even if the focused point is a
vacant portion, a dot smaller than the normal dot is added.
Although in Fig. 29 the dots are each shown as having a
square configuration to facilitate_an understanding of the
descri;_:ition, . at fhe stage ‘where the dots are print.:ed' on
recording paper, the dots assume a smooth configuration since
the small dote are fused with each other in such a manner as to
be attracted _by the surrounding normal dots owing to the
expansion and blurring of the laser beam, electrostatic
induction of the ‘dots on the photoreceptor drum, the size of
the toner pafticles, and the like. As a result, each stepped
portion fesulting from a normal-size dot is filled with a small
dot, thereby creating a smoothly rising or falling portion.
As described above, since the arrangement provided in the
present invention is such that pertions requiring correction

are detected by using as index data the data on contour
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portions qbtaingd-by"differéntiating-tﬁe original pattern, -

'patterns_qf“abbut SlOO_kinds or -theéreabouts can be classified

into about 150 kinds or thereabouts. ‘Acéordingly, it is
possible to not only simplify the circuit configuration but
also effect a calculation by software within the time period-
for printing one dot, so-that it is possible to lmplement the
apparatus not only in hardware but also in software.

Fig. 31 illustrates an example of the image data storage
unit for storing data of the gerial signal format outputted
from the buffer 23.

Flip-flops 70, 71, 72} 73, 74 constitute a vertical shift
register 75 for sequentially shifting a video signal (VIDEO) of
the serial signal format from the buffer 23 which has been
inputted to an'input_terminai 76, in the column direction -
(i-e., in the sub—scanning direction) by means of a shift
signal (SEIFT CK) from an input terminal 83 ‘The output from
the Shlft register 75 is stored in. an image memory 78
constituted by a static random access memory or the like via a
tri-state circuit 77. The memory 78 is controlled by a
horizontal synchronizing signal (HSYNC) at the time of the
starting of laser beam scanning which is inputted from an input
terminal 79, an address generating circuit 81 which receives a
video clock (VCLK) inputted from an input terminal 80, and a
control circuit 82 for .synchronizing the horizontal

synchronizing signal (HSYNC). The memory 78 outputs a portion
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'of one column with flve llnes of data stored . thereln through

'output termlnals 84 to 88 during the flrst half of the video- .

clock, and to store the signal of one bit from the shift
register 75 during the latter half of the video -clock.

That is, with reference to the form of printind, as shown

in Fig. 32, data constituting an N-th line, an (N + 1)th line,

an (N + 2)th line, an (N + 3)th line, and an (N + 4)th line are
stored in fhe memory 78. 1In this state, data 90 on the N-th to
the (N + 4)th lines ih the first column is read in the parallel
signal format in synchronism with the video clock during the
first half of the wvideo clock, while one-bit data 91 on the
(N + 5)th line in the first column outputted from the buffer 23
is_stored during the latter half of the video clock. Aas a
result, data 92 on the N-th line in th; first column disappears
from the memory 78. Data 93 on the N-th to the (N + 4)th lines
in the second column is read in the parallél_signal format
during the first Qalf of an following video clock, while data
94 on the (N.+ 5)th line in the ‘second column is stored in the
lﬁtter half thereof. Thereafter, the above-described process
is repeated.

Fig. 33 illustrates an example of the shift register 44 .
constituting the above-described sampling window. D-type
flip-flops 100 to 103 are connected in series with the output
terminal 84 of the image meméry 78 shown in Fig. 31; D-type

flip-flops 104 to 108 are connected in series with the output
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: terminEI-SSfof the memdry 78; D—tyne flip-flops 109 to 112 are

connected in serles with the outpuc termlnal 86-. of the memory

78; D-type fllp-flons 113 to 117 are connected in series with

_ the output terminal 87 of the memory 78; and D-type flip-flops

118 co 121 are connected. in series wich.the-cutput terminal 88
of the memory 78. At the same time, a shift clock (SHIFT CK)
is supplied to the respective flip-flops.

Through such connections, the fiip-flops 101 - 103, 105 -
107, 110 -~ 112, 114 -.116, and 119 - 121 (surrounded by a
dotted-line block indicated by reference numeral 12i in the
drawing) constitute a window for detecting edges as viewed
vertically.

In addition, the flip-flops 114 - 117 (surrounded by a
block indicated by reference numeral 123) constitute 'a window
for detecting edges as viewed horizontally. The flip-flop 111
located at-the central portion of the two blocks stores data'on
the focused point. It should be noted ﬁhat although the
flip-flops 100, 118 do not contribute to edge detection, they
are provided forxr timing purposes for the shifting of data.

Hence, the data on a portion of one column with five. lines
outputted from the image memory 78 are stored simultanecusly in
the flip-flops 100, 104, 109, 113, 118 and are respectively
transferred to the flip-flops 101, 105, 110, 114, 119 in the
succeeding stages (right-hand side in the drawing) at an

ensuing read timing of the memory 78. Concurrently, data on
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the five lines in an sdcceEding column are 'stored in the-

flip-flops 100‘104 "109, 113, 118. As a result, the flip-flop .

111 for storzng the data on the focused pOlnt sequentlally
renews the data on the line subject to printing one bit at a
time each time one-bit data is outputted thereto from the
buzfer 23.

-Figs. 34 and 35 illustrate an exaﬁple of the first edge
detector 45. Fig. 34 shows an edge rising-portion edge
detecting circuit for detecting a position where a vacant
portion is changed over to a dot-present portion when seen from
the left-hand side in the horizontal direction, while Fig. 35
shows a falling-portion edge detecting circuit for detecting a
position where the dot-present portion is changed over to the
vacant portion when seen .from thé left-hand side in the
horizontal direction.

The rising-portion detecting circuit shown in Fig. 34
includes inverters 160 - 166 and AND gates 170 - 156. The
arrangement provi@ed is such that signals from the flip-flops
of the shift register shown in Fig. 33 are inputted to first
input terminals of the AND gates 170 - 176 via the inverters
160 - 166 and are inputted directly to the other terminals of
the AND gates 170 - 176.

Since the signals inputted via the inverters are signals
which are one-dot earlier than the signals that are directly

inputted, in a case where the signal of a time-wise preceding
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column i$ "0" and the signal-of an~ensuing column is "1", the-

'siénal “0" is’ inputted to a 'terminal'-138,"thi5_ signal is .

converted to a "1* by the inverter 160,';hd the signal "1" is
inputted through a terminal 137. As é resﬁLt, the signal "1"
ig outputted from ﬁhe AND géte 170, go th;t a rising signal "1°"
is outputted from an output terminal 180. |

The falling-portion detecting circuit shown in Fig. 35
includes inverters 200 - 206 and AND gates 210 - 216. The
arrangement provided is such that signals from the flip-flops
of the shift register shown in Fig. 33 are inputted directly to
the first input terminals of the AND gates 210 - 216 é;d are
inputted to the other terminals via the inverters 200 - 206.

éince the signal inputted directly to the AND gate 210 is
a signal one column earlier than the signal inputted via the
inverter 200, in a case where the signal of a time-wise
preceding celumn is "1", and the signal of a succeeding cblumn
is "0", the signal "1" is inputted to the terminal 137, the
signal "0" is inputted to a_teimipal 136, and this signal is
converted to a "1" by the inverter 200. As a result, the
signal “1" is outputted from tﬁe AND gate 210,'so-that a
falling éignal "1l" is outputted from an output terminal 220.

Figs. 36 and 37 illustrate an example of the second edge
detector 46. Fig. 36 shows an edge rising-portion detecting
circuit for detecting a position where a vaéant portion is
changed over to a dot-~present portion as viewed from.the top ih
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the vertical ‘direction, while ‘ng. 37 shows an edge

. falling“portion detecting cirbﬁif'for detecting -a position’

where the dot-present porﬁion is changed err to the vacant
portion as viewed from the top in the vertical direction.

The riéing-portion detecting circuit shown in Fig. 36
includes inverters 230‘5 238 and AND gates 240 - 248 Thé
signals from the shift register shown in Fig. 33 are inputted
to first input terminals of the AND gates 240 - 248 via the
inverters 230 - 238, and the signals from the shift reglster
are inputted directly to the other input terminals of the AND
gates 240 - 248.

Since the signals inputted via the inverters are signals

which are one line earlier than the signals that are directly

inputfed, in a case where the signal of a time-wise preceding

- line is "0", and the signal of a succeeding line is "1", the

signal "0" is inputted to a terminal 133, is converted to a "1"
bj the inverter 230 and is outputted-t; the AND gate 240, while
the signal "1°" inputted to the terminal 137 is outputted
directly to the AND gate 240. As a result, the signal "1" is
outputted from the AND gate 240, so that a rising signal "1" is
outputted from an output terminal 250.

The falling-portion detecting circuit shown in Fig. 37
includes inverters 260 - 268 and AND gates 270 - 278. The
ariangement provided is such -that the signals from the shift

register are inputted directly to first input terminals of the
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AﬁDtga?es'270 ;_273, and Fﬁé'signals.from.ﬁhe shift register
a#e inputted to the othe?-inpup.te;minalé_of'the ANp;éatés-ziO
- 278 via the inverters 260 - 268.

Since the direct;y inputted signal_is a signal one ling
earlier than the signal inputted vié the inverter 260, in a
case where the signal of a time~wise préceding liné is "1v, and-
thé signal.of'a succeeding iine is "0", the signal "1" is
inputted to the terminal 137 and is outputted directly to the
AND géte-270, while the signal "0" inputted to a terminal 142
is converted to the signal "“1" by the inverter 260 and is
outputted to the AND gate 270. As a result, the signal "1" is
outputted from the AND gate 270, so that a rising signal "1" is
outputted from an output terminal_zap.

Figs. 33 and 39 illustt;te an example of the classifying
circuit 47 for determining the kinds of the stepped portions of
lines respectively extending vértically. Fig. 38 shows a.
circuit for claésifying the rising stepped portions, while Fig.
39 shows a circuit for c;aésifying ~the falling stepped
ﬁortions.

The circuit for classifying rising portions,-shbwn in Fig.
38, has input terminals 180 - 186 (which are identified by the
same reference numerals as those of the output terminals 180 —'
186 of the horizontal rising-portion. edge detecting circuit
shown in Fig. 34 so as to correspoﬁd to the same). This

circuit, which includes inverters 290, 2391, AND gates 293 -
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301, OR gates. 303, 304, -NOR gates 305, ‘306, 308, effects the

following . determinations on the. basis of data_on a_ rising. .

pcrtion-obtained:by'ﬁbrizontally“differentiatiné the original

pattern:
IF X=0 - - THEN AMOUNT OF CORRECTION=0.
IF DO=0 AND D1=0 AND D2=0 THEN AMOUNT OF CORRECTION=0

IF D8=0 AND D=0 AND -D10=0 THEN AMOUNT OF CORRECTION=0

IF D=01 AND D2=1 THEN:AMOUNT OF CORRECTION=0

IF D8=1 AND D10=1 THEN AMOUNT OF CORRECTION=0
Thus, those patterns which do not require correction are
selected on the basis of the relationship between a focused
point and the differentiated data surrounding the same, and a
carry signal is outputted to an output terminal 310.

Then, the patterns are classified through the following

..logical.calculations:

IF D1=1 THEN A2

IF DO=1 " THEN Al
IF D2=1 R THEN A3
IF D9=1 THEN B2
IF D8=1 THEN Bl
IF D10=1 THEN B3

respective cases as a result of the classification:

to an output terminal 312 (V Al Rise) in the case of A1,

The carry signal is outputted to the following terminals in the
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‘to-an output terminal 313 (v A2 ‘Rise) in the case of A2,

.-_tp_an-outpui terminél_314 (V. A3 Rise) in;the'cgse-of:AB{
to an éﬁtput terminal.BlS (V Bl Rlse) in fhé.case of Bi,
to an output terminal 316 (V B2 Rise) in the case of B2,
and B - | | |

to an output terminal 317 (V B3 ﬁiée) in the case of B3.

It should be noted thé arrangement of the differentiated data

is defined as follows:

DO D1l D2

D8 D9 | D10

In addition, the circuit for classifying falling portioms,
shown in Fig. 39, has input terminals 220 - 226 (which are
indicated by the same reference numerals as those of the output
terminals 220 - 226 of the falllng—portlon edge detecting circuit

shown in Fig. 35 so as to correspond to the same). This circuit,

.which includes inverters 320, 321} AND gates 322 - 330, OR gates

331, 332, and NOR gates 333, 334, 335, executes classification
based on logical-calculatibns similar to those of the circuit
shown in Fig. 38.

The following determinations are made on the basis of data
on a falling portlon obtained by horizontally dlfferentlatlng the
original pattern'

IF X=0 THEN AMOUNT OF CORRECTION=0
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© ° IF D0=0 AND DI=0 AND D3=0 THEN-AMOUNT OF CORRECTION=0
 If}D8=O'ANﬁ1DQ;0.AND D10=0  -THEN AMOUNT:QF CORRECTION=0
IF DO=1 AND D2=1 - " THEN AMOUNT OF CORRECTION=0
IF D8=1 AND D10=1 THEN AMOUNT Of CORRECTION=0
Thus; those patﬁerns'which db not‘require correction are selected
on the basis of the relationship between a focused point and the
differentiated data surrounding the same, and the carry signal is
oﬁtputted to an output terminal 340.
Then, the patterns are classified through the following

logical calculations:

IF Dl=1 | THEN C2
IF DO=1 THEN C1
IF D2=1 THEN C3
IF D9=1 . - ' THEN D2
IF D8=1 THEN D1
IF D10=1 . THEN D3

The carry signal'isfoutputted to the following terminals in
the respective cases as a result of the classification:
| to an output termihal 342 (V C1 Fall) in thé case of Cc1,
to an output terminal 343 (V C2 Fall) in the case of C2,
to an output terminal 344 (V C3 Fall) in the case of C3,
to an output terminal 345 (V D1 Fall) in the case of D1,
to an output terminal 346 (V D2 Fall) in the case of D2, and

to an output terminal 347 (V D3 Fall) in the case of D3,
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It shouldfﬁe noted the arrangement of the differentiated data

is definedJeS'follewefh

DO Dl | .D2

X

D8 D9 D10

Figs. 40 and 41 illustrate an example of the classifying
circuit 48 for classifying the kinds of stepped portions of lines
respectively extending horizontally into a plurality of groups.
The circuit shown in Fig. 40 comprehensively classifies the
stepped portions of rising and falling portions in cases where a
dot is present at the focused point, while the circuit shown in
Fig. 41 comprehensively classifies the stepped portions of rising
and falling portions in cases where a vacant-poréion is present
a2t the focused point.

The classifying circuit shown in Fig; 40 is connected-tq the
output terminals shown in Figs. 36 to 39. Input terminals 250 -
- 252, 254, 256 - 258 of this circuit are identified with the same
_reference numerals as those of the output termlnals 250 - 252, 256
- 258 of the vertical rising-portion edge detecting circuit shown
in Fig. 36, those of the output terminals 280 - 282, 284, 286 -
288 of the vertical falling-portion edge detecting circuit shown
in Fig. 37, and those of the output terminals 311, 341 of the
rising edge detecting circuit and the falling edge detecting

circuit of Figs. 38 and 39 as viewed horizontally so as to
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correspond to” the same. Thls c1rcu1t includes AND aates 350 -

368, OR gates 370 - 377, NOR gate 378, and lnverters 390 - 392.

A determ;natlon is made by means of the AND gates 365 - 368

as to whether or not the dot rise SLgnal (Fig. 38) or the dot fall

- signal (Fig. 39) has been inputt ed to the Ainput term1nals 311

341. If the input signal does not represent a rising edge portion
or a falling edge portion, the output of the ~result of
classification is suspended.

Moreover, if the input signal representa a rising edge
portion, a classification is executed by conducting the following

logical calculations:

IF D5=1 AND D3=1 | THEN E4
ELSE IF D5=1 | THEN E3
ELSE IF Dd=1 . THEN E2
ELSE IF D3=1 THEN E1
ELSE - | EO

IF D8=1 AND D6=1 ' THEN F4
ELSE IF D8=1 | THEN F3
ELSE IF D7=1 THEN F2
ELSE IF D6=1 THEN F1
ELSE FO

On the other hand, if the input signal represents a falling

o

This Sheet Has Been Replaced

0 - |

L




"e&ge- pdr‘tioh,"- a. classification is executed by conductlng the

follow:.ng loglcal ca1culat10ns~ : .

IF DS=1 AND D3=1  °  THEN E6

ELSE IF D3=1 - THEN E3
ELSE IF D4=1 ... - THEN E2
ELSE IF D5=1 - _ ' THEN E1
ELSE - | 'EO

IF D8=1 AND D6=1 | THEN F4
ELSE IF D6=1 THEN F3
ELSE IF D7=1 THEN F2
ELSE IF D8=1 THEN F1

ELSE ' FO
Th_e'carry signal is outputted to the following terminals in
the respective cases as a result of the classification:
| to an oﬁtput terminal .403 (Shave E1) in the case of El,
to an output terminal 402 (Shave E2) in the case of E2,
to an output terminal 401 (S'1_1ave F1l) in the case of F1,
to an output terminal 400 (Shave Fé) in the case of F2,

It should be noted the arrangement of the differentiated data

is defined as follows:

D5 D8

D4 X D7

D3 D6
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. The c1rcu1t for ClaSSlfYLHg falllng pOIthnS, shown in Flg

41, is connected to, the output te*mlnals shown in Flgs 36 and 37

The input termlnals 250 - 252 255 256 - 258 of this circuit are

_indicated by the same reference numerals as those of the output

terminals of the vertical rising portion edge detecting circuit

shown in Fig- 36, and those of the output terminals 280 - 283, 286

' - 288 of the vertical falling-portion edge detecting circuit shown

in Fig. 37 so as to correspond to the same. This circuit includes
AND gates 410 - 428, OR gates 431 - 436, NAND gates 438, and
inverters 440 - 442.

If the input signal represents a rising edge portion, a
classification is executed by conducting the following logical
calculations:

IF D5=1AND D3=1 = THEN G4

ELSE IF D5=1 THEN G3
ELSE IF D4=1 - | THEN G2
ELSE IF D3=1 ' THEN G1
ELSE ' o GO

IF D8=1 AND D6=1  THEN H4
ELSE IF D8=1 THEN H3
ELSE IF D7=1 THEN H2
ELSE IF D6=1  THEN H1

ELSE | _ 0

Moreover, if the input signal represents a falling edge
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portion, a claésifiéatio# is executed by conducting the foilowihg:

%bgical calculatibns{: S - T . - i-: =

IF D5=1 AND D3=1 . THEN G4
ELSE IF D3=1 ~ THEN G3
ELSE IF D4=1 - | THEN G2
.ELSE IF D5=1 ' . THEN Gl
ELSE HO

IF D8=1 AND D6=1 THEN H4
ELSE IF D6=1 | THEN H3
_ELSE IF D7=1 THEN H2
ELSE IF D8=1 THEN H1

ELSE . : 0

| The carry signal“is o'utputte& to .the following terminals in
the respective cases as a result of the classification:

to an outéut terminal 433 (H G1) .in'the case of Gl,

to an output t_er:ﬁinal 432 (H G2) in the case of G2,

to an output terminal 431 (H H1) .in the case of Hl, and

to an output terminal 430 (H H2) in the case of H2.

It should be noted the arrangeﬁient of the differentiated data

is defined.as follows:

D5 D8

D4 X D7

D3 D6
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TFigsﬂ;38'ﬁo 4I'illﬁstratg'in-groups'Ehe_fbrms_of;thé;driginal

patterns.stored in the shift registers 44.

That };,_if the carry signals A0 - A4 and the carry signals
BO - B4 from the cléssifying circuit shown in Fig. 38 are
combined, it is possiblé to recognize the original pattern having
a riéing edge, shown in Figs. 14 and lS, as viewed horizontallj.

In addition, if the carry signals CO0 - C4 and the carry
signals DO - D4 from the classifying circuit shown in Fig. 39 are
combined, it is possible to recognize an original pattern having
a pattern symmetrical to the patterns shown in Figs. 14 and 15,
i.e. with respect to a vertical line, an original pattern having
falling edges as viewed horizontally.

| I1f thelcarry signals E0 - E4 and the”carry.signals FO - F4
from the classifying circuit shown in Fig. 40 are combined, it is
possible to recognize an original péttern in which the dot is
present at the focused poin£ among the edges shown in Fig. 16 and
17, as viewed vertically.

Furthermore, if the carry signals GO - G4 and the carry
signals HO - H4 from the claSsifying circuit shown in Fig. 41 are
combined, it is possible to recognize an original pattern in which
the dot is not present at the focuéed point among the edges shown
in Figs; 18 and 19, as viewed vertically.

Fig. 42 illustfates an example of the determining circuit 49

described in connection with Fig. 5. This determining circuit 49,

" The signals oq;putied ffom'the classif&ing circuits shown in-
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" upon receiving the carry signals from the classifying circaits

shown in Figs. 38 to 41, de;ermines-the size of the dot to be -

printed and a printing position thereof. The'input terminals of 
the determining circuit 49 are indicated with the same reﬁerence

numerals as those of the output termlnals shown in Figs. 38 to-41,

i.e., 312 - 317 (Fig. 38) 342 - 347 (Fig. 39), 400 -~ 403 (Fig.

40y, and 430 - 433 (Fig. 41). This circuit includes AND gates 440
- 451 and OR gates 460 - 469.

When the carry signals (Al, Bl), (Al, Bzi, or (A2, Bl) are
outputted from the classifying circuit shown in Fig. 38, this
circuit outputs through its output terminal 470 a signal for

adding a 1/4-size dot to the left-hand side of the normal dot,

~i.e., the unit dot to the left-hand side of the focused point.

Moreover, when the carry signals (A2, B3), (A3, B2), or (A3, B3)
are outputted from that classifying circuit, the determining
circuif outputs through its outéut terminal 471 a.Signal for
shaving the left-hand side of the dot at the focused poinﬁ by the
porﬁion of the_unit dqt.

When the carry signals (Cl, D1), (Cl, D2), or (C2,.D1) are
outputted from the classifying circuit shown in Fig. 39, the
determining circuit outputs through its output terminal 472 a
signal for shaving the right-hand side of the normal dot by 1/4
dot. Moreover, when the carry signals (C2, D3), (C3, D2), or.
(C3, D3) are outputted the determining circuit outputs through

its output terminal 473 a signal for adding 1/4 dot to the
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right-hand si&e'éf thé'normalidot.. _ ' _

When the-dérry_gignalé_(Ez, Fl)-aré outputtedfﬁrbm the:
classifyinq circuit shown in Fig. 40, the determining circuit-
outputs through the output terminal a signal for shaving the
left-hand side_of the normal dot at the focused point by 1/4 dot.
Moreover, when the carry signals (E1, F2) are outputted from that
classifying crrcult, the determlnlng circuit outputs through the
output terminal 472 a signal for shaving the right-hand side of
the normal dot at the focused point by 1/4 dot. _

When the carry signals (G2, Hl) are outputted from the
classifying circuit shown in Fig. 41, the determining circuit
outputs through its output terminal 474 a signal for adding 1/4
dot at a position a 3/4 dot space apart to the right from the
focused point. .Moreover, when the car:y.éignalé-(Gl, H2) are
outputted, rhe determining circuit outputs through its output
terminal 475 a signal for adding 1/4 dot at a position a 1/2 dot
space apart to the right from the focused point.

Fig. 43 illustrates an example of the pulse-width modulating
circuit 50 shown in Fig. 5. This pulse-width modulating circuit
includes a flip-flop 480 for receiving a signal from the flip-flop
111 for storing data on the focused point of the shift register
shown in Fig. 33, and for receiving a fourth clock signal L4 of
the clock signals L1, L2, L3, 14 (see Fig. 30) obtained by

shifting a single video clock by four different intervals; a

- flip-flop 481 for receiving the signal from the output terminal
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470 of the déterhining_cifcﬁit_49'and the tﬂird ¢lo¢k signal LB?

. a flip-flop 482 for receiving the signal from the output terminal '

471 of the determining circuit 49 and the third clock signal L3;

-a flip-flop 483 for receiving the siénal from the output terminal
475 of the détérmining circuit'49 and the tﬁird clock sigqal ﬁ3;
a flip-flop 484 for receiving the signal from the output terminal
474 of the'determining circuit 49 and the third clock signal L3;
a flip-flop 485 for receiving the signal from the output terminal
472 of the determining circuit 49 and the-first clock signal L1;
and a flip-flop 486 for receiving the signal from the output
terminal 473 of the determining circuit 49 and the first clock
signal Ll. The output signals from the flip-flops 480 - 486 are
syn;he51zed by the clock signals L1 - L4 lnverters 490 - 493 AND
gates 455 - 4399, OR gates 500 - 503, and NAND gates 504 - 5-5, so
'as to output to an output terminal 506 a 51gnal having a pulse
width cofrasponding to the signal from the determining circuit.

If it is assumed that data S4' is outputted from thé buffer
23, data S4 which is on the same ‘column as that of that data but
on a-precediné line is read from the image memory'during the first
half of the video clock and is stored in the shift register, and
the data S4’ being presently outpﬁtted'is.stored in the image
memory during the latter half of the video clock. Moreover, data
52 preceding by two columns is stored in the flip-flop 111 of the
shift register foxr storlng the" focused polnt and that data is

used as an object of calculation.

This Sheet Has Been Replaced

Il




10

15

20

25

Slnce data subject to prlntlng is data S1 for whlch the

‘ca1culatlon has been- completed one’ column before the data S2 for

which the calculation is being executed, even if data indicating

-a- vacant portion is stored in the focused point of the flip-flop

and no signal is present concerning the addition of a dot to the

_vacant'portion, the dot can be printed in the vacant portion by

- making use of a delay with respect to the point subject to

printing, at a time when the data representing an ensuing rising
or falling edge -is stored.

Although, as shown in Fig. 30, at a time VI a mode (shave
right) for shaving the right-hand side of the normal dot by a 1/4
dot and a mode (add left) for adding 1/4 dot the left-hand side
‘of the normal dot overlap, .and at a time VII a mode (add right)
far adding 1/4 dot to the right-hand side of the normal dot and
a mode (shave left) for shaving the left-hand side of the normal
dot by-l/4 dot overlap, but only ona mode is selected for the same
focused point so that there no conflict occurs.

The pulse signal thus outputted is outputted to the laser
beam modulator 17, thereb? causing-the laser beam to be activated
only for a time periad corresponding to the pulse width. For this
reason, individual dot data constituting the bit map data
outputted from the buffer is printed with a size suitable for
forming smooth curves or slanted lines.

Although in the above-described émbodiment data on a portion

of 3 columns x 3 columns with the focused point as a center is set
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as tﬂe_object'of &étérﬁinafibg, if aJSampling windo& of é greégef '
s;ze, -e.g., oné: For: a. portlon of 5 columns x 5. columns,_ls used'
it is bc551ble to take .into conSLderatlon the inclination from a

position §paced apart from the focused point and the degree of thg
step,'--so that it is possible to convert the image data to a
smoother battern, as shown in Fig..44.

It should be noted that the above-described specific circuits
constituting' the respective units shown in Fig. 5 are only
examples; and can be optimizéd in actual implementation by using
logical-calculation circuits such as a gate array. Moreover, it
is evident that those specific circuits can be partially replaced

by software or a dictionary structure using memory.

_ Although in the above-described embodiment a description has

" been given with reference to an example in which the calculéting'

circuitry following the shift register 44 shown in Fig. 5, i.e.,
the edge detector 45, 46, the classifying circuit 47, 48, and the

determining circuit:49; are constituted by circuit elements, in

a case where a microcomputer whose calculating speed exceeds the

actual printing speed is used, -these units can be replaced by a
ndcrbéomputer 510, -as shown in Fig. 45, so as to allow the
microcomputer 510 to effect the data processing.

Fig. 46 is a block diagram illustrating an outline of a
program configuration showing data processing to be effected by
the aforementioned microcomputer. A desciiption will be given

hereinafter with reference to an example in which the flip-flops
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-are arranged in a 7 x 7 confiduration.as shown.below..

= T -

Data Rmn stored in these flip-flops is specified by means of
the attached suffixes, réspectively indicating the column and
line. Data R33 at the central portion is set as the focused
point, i.e., the dot data to be printed next.- |

The program configuration shown in Fig. 46 is classified into
a block i for obtaining data for correcting vertical iiqes and a

block II for obtaining data for correcting horizontal lines.

The block I for obtaining data for correcting vertical lines

.inéluaes Step 530 for calculating a horizontal rising edge from

upper and lower regions 520 obtained by classifying the 7 x 7

shift register 44 with the focused point R33 as a center by 45°

lines; Step 531 for extracting AL, BL, CL, DL, EL; Step 532 for

calculating an amount of correction; Step 540 for calculating a

- horizontal falling edge; Step 541 for extracting AR, BR, CR, DR,

ER; and Step 542 for calculating an amount of correction.
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The block II for obtalnlng data for correctlng horlzontal
'11ﬁes includes Step -560 for executlng a calculatlon .0of a vertical:
- rising edge of é reglon—SSO with 3 llnes X 7 columns extracted
from the 7 x 4 shift register Qith the focused point R33 as the
5. 'center; Step 561 for extracting'AU,'éU, CuU, DU, EU, FU, GU;-Step
| 562 fcr-calculating an amount.cf addition of a dot which, in a
case where data at a position eubject to érinting is vacant, is
replenished; Step 563 for calculating an amount of shaving which,
in.a case where the data at the position subﬁect to printing is
10 a dot, reduces that dot; Step 570 for calculating a vertical
falling edge; Step 571 for extracting AD, BD, CD, DD, ED, FD, GD;
‘Step 572 for calculating an amount of addition of a dot which, in
a case where the data at the position subject to printing is
Qacaﬁt, is replenished; and Step 573 for calcﬁlating an amount of
15 shaving which, in a case where the data at the p051tlon subject
| to printing is a dot, reduces that dot. | )
The data calculated through the Steps 532, 542, 563,i572, 573
are combined in Step 580 for calculation for output determination
" and are outputted as print data. |
'éo A detailed description will now be given of the Steps

mentioned above.
Calculation of a horizontal rieing edge in Step 530:

DXL = R33 AND (NOT R23)
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- . DOL

D1L
D2L =
D3L =

DAL =

)
e}
~
-t

it

Calculation

DXR =
DOR =
DIR =

D2R =

'§22 AND

R32 AND

R42 AND
R11 AND
R21 "AND
R31 AND
R41 AND
R51 AND
R24 AND
R34 AND

"R44 AND

R15 AND
R25 AND

'R35 AND

R45 AND
R55 AND

R30 AND
R36 AND

(NOT

( NOT

(NOT
(NOT
(NOT
(NOT
(NOT
(NOT
(NOT
(NOT
(NOT
(NOT
(NOT
(NOT
(NOT

(NOT

(NOT.

(NOT

R12)

R22)
R32)

RO1)

R11) -

R21)
R31)
R41)
R14)
R24)
R34)
RO5)
R15)
R25)
R35)
R45)
R20)
R26)

of a horizontal falling edge in Step 540:

R33 AND (NOT R43)

R22 AND (NOT R32)

R32 AND

R42 AND

(NOT

(NOT

- 52 ~

R42)
R52)
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‘D3R =-RI11 AND (NOT R21)- ~ ~ =
:_DZR =_R21.AND-1N0T R31)
DSR = R31 AND (NOT Ré1)
D6R = R4l AND (NOT RS1)
DIR = RSL AND (NOT R61)
D8R = R24 AND (NOT R34)
DSR = R34 AND (NOT R44)
DIOR = R44 AND (NOT R54)
DI1R = R15 AND (NOT R25)
DI12R = R25 AND (NOT R35)
D13R = R35 AND (NOT R45)
D14R = R45 AND (NOT RS5)
D15R = R55 AND (NOT R65)
D16R = R30 AND (NOT R40)

D17R = R36 AND (NOT R46)
Extraction calculation in Step 531:

Among the differential data obtained in the above-described
manner, only predetermined differential data are extracted by
forming the following window using a differential value DXL at the

focused point R33 as a center.
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D16L

p3L | par | 5L | psL | p7L

DOL D1L D2L

- DXL

D8L | D9L | D1OL

DI11L | D12L | D13L | Dl4L | D15L

D17L

On the basis of the differential data thus extracted, the

following logical calculation: is executed to generate a

horizontal-dot-shaving effective signal:

SVL =

(NOT DXL)
OR ((NOT DOL) (NOT D1L) AND (NOT D2L))

OR ((NOT D8L) AND (D9L) AND (NOT D10L))

In addition, a vertical-line-correction presence-or-absence

signal is-

generated by execﬁting . the following logical

calculation:
SFTL2 = (NOT X) OR (NOT DXL)
OR ((NOT DOL) AND ((NOT D1L) AND (NOT D2L))
OR ((NOT D8IL) AND (NOT DSL) AND (NOT D10L))
OR (DOL AND D2L)}
OR (D4L AND D6L)
s Sheet Has Been Replaced _ 54 _
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‘OR (DSL_AND D10L)

"“OR-(D12L AND D14L)

Moreover, the following logical calculation is executed on
the basis of the aforementioned diffe_rential data so as to

5 determine AL, BL, CL, DL, EL:

ALO = DOL AND (NOT D2L)
ALl = DIL

AL2 = D2L AND (NOT DOL)

CLO = D8L AND (NOT D10L)
10 CL1 = DYL

CL2 = D10L AND (NOT D8L)

BLO = (NOT D3L) AND (NOT DAL) AND (NOT DSL) AND (NOT D6L)
AND (NOT D7L)
BL1 = D3L AND (NOT D5SL) AND (NOT D6L)
15 ' BL2 = DAL ' '
BL3 = D5L
BL4 = D6L AND (NOT DAL)
BL5 = D7L AND (NOT D3L) AND (NOT DAL) AND (NOT D5L)

-

(NOT D11L) AND (NOT D12L) AND (NOT D13L) AND (NOT D14L)

DLO

20 AND (NOT D15L)
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DL1

.. DL2-

DL3
DL4

DLS

EL1

ELOC

D11L AND (NOT D13L) AND(NOT D14L)

D12L -

D13L -

D14L AND (NOT D12L)

D15L AND (NOT D11L) AND (NOT D12L) AND (NOT D13L)

D16L OR D17L

NOT EL1

Calculation of amount of correction in Step 532:

An amount of correction in the leftward direction is

calculated by executing the following calculation:

SFTLO

{((BLO OR BL4 OR BL5 OR (ELO AND (BL2 OR BL3)))

AND (ALQO AND (CLO OR CL1l)))

OR ((DLO OR DL4 OR DL5 OR (ELO AND (DL2 OR DL3)))

OR
OR
CR
OR
OR
OR

CR

AND (CLO AND (ALO OR ALl)_))

(DL1
(BL1
(BL1
(BL2
(BL2
(BL2

(BL2

AND CLO
AND ALO
AND AL2
AND ALO
AND ALOD
AND AL2

AND ALl

AND AL1)
AND CL1)

AND DL2 AND
AND DL1 AND
AND DL2 AND
AND DL2 AND

AND DL3 AND

CLO)
CL2)
CL2)
CLO)

CL1)
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OR
OR
' OR
OR
OR

OR

In addition,

AND- ALl AND DL2 AND CLl)

_ AND ALO AND CLO)

AND (NOT BL2) AND ALl AND CLO AND DL2)
AND (NOT BL3) AND ALl AND CLO AND DL3)

AND (NOT DL2) AND ALO AND CLi AND BL2)

AND (NOT DL3) AND ALO AND CL1 AND BL3)

AND BL1 AND DL3 AND ALQ AND CL2)

AND BL3 AND DL1 AND AL2 AND CLO0)}

AND (NOT SFTL2)

an amount of correction in the rightward

direction is calculated by executing the following calculation:

SFTL1 =

{((BLO OR BL1 OR BL2 OR BL4 OR (ELO AND BL3))

AND (AL2 AND (CL1 OR CL2)))

OR ((DLO OR DL1 OR DL2 OR DL4 OR (ELO AND DL3))

OR
OR
OR
OR
OR
OR

" OR

AND (CL2 AND (ALl OR AL2)))

(DL5
(BL5
(BL4
(BLS
(BL4
(BL3

(EL1

AND CL2 AND AL1)
AND AL2 AND CL1)
AND AL2 AND DL5 AND CLO)
AND ALO AND DL4 AND CL2)
AND ALl AND DL3 AND CL1)
AND ALl AND DL4 AND CL1)
AND AL2 AND éLz)
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OR (EL1 AND (NOT DL3)-AND AL2 AND CL1)
" OR '(ELT AND (NOT BL3) AND ;ALl:A.ND_'" cL2)

OR (EL1 AND BLS AND DLO AND AL2 AND CLO)

OR (EL1 AND BLO AND DL5 AND ALO AND CL2)}

AND (NOT SFTL2)
Ektraction calculation in.Step 541:

Among the differential data obtained in the above-described
manner, differential data are extracted by forming the following
window using a differential value DXR at the focused point R33 as

the center.

D16R

D3R D4R DSR D6R D7R

DOR D1R D2R

DXR |

D8R DI9R D10R

D11R | D12R | D13R | D14R | D15R

D17R

On the basis of the differential data thus extracted,
extracted, the following logical calculation is executed to

generate a horizontal-dot-shaving effective signal:

SVR = (NOT DXR)
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~OR ((NOT DOR) AND (NOT DIR) AND (NOT. DZR))

OR -((NOT D8R) AND (NOT D9R). AND (NOT D10R)) S

Then, a vertical-line-correction present-or-absent signal is

generated by executing the following ‘logical calculation:
5 SFTR2 =_f(NOT X) OR (NOT DXR)
OR (NOT DOR) AND (NOT D1R) AND (NOT D2R)
OR (NOT DBR) AND (NOT DSR) AND (NOT D10R)
OR (DOR AND D2R)
OR (D4R AND D6R)
10 OR (D8R AND D10R)

OR (D12R AND D14R)

Further, the following logical calculation is executed on the
basis of the aforementioned differential data so as to determine

. AR, BR, CR, DR, ER:
‘15 " AR0 = DOR AND (NOT D2R)
AR1 = DIR

AR2 = D2R AND (NOT DOR)

CRO = DBR AND (NOT D1OR)

CR1 = DSR
20 CR2 = D10R AND (NOT DBR)
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- BRO

Bﬁl

BR2

5 o BR3
_BR4

BR5
DRO

10 DR1
DR2
DR3
DR4

DR5

15 ER1

ERO

(NOT D3§) AND (NOT D4R) AND. (NOT D5R)
. EWD (NoyfnsR).AND (NOT D7R)

D3R AND (NOT.D5R) AND (NOT D6R)

D4R

D5R.

D6R AND (NOT D4R)

DTR (NOT D3R) AND (NOT D4R) AND (NOT D5R)

(NOT D11R) AND (NOT D12R) AND (NOT D13R) AND (NOT D14R)
AND (NOT D15R) |

DI11R AND (NOT D13R) AND (NOT D14R)

D12R

D13R

D14R AND NOT (DR12R)

D15R AND (NOT D1lR) AND (NOT D12R) AND (NOT D13R)

D16R OR D17R.

NOT ER1

Calculation of amount of correction in Step 542:

An amount of correction in the leftward direction is

calculated by executing the following calculation:

20  SFTRO
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- {((BRO OR-BR4 OR BRS OR-(ERO AND (BR2 OR BR3)))

AND .(ARO- AND (CRO OR CRl)i)

OR ((DRO OR DR4 OR DRS OR (ERO AND (DR2 OR DR3))) AND (CRO

OR
OR
OR
OR
10 OR
OR
OR
OR
OR
15 OR
OR
OR
OR

- OR

20 In addition,

AND (AR0 OR AR1)))

(DR1
(BR1
(BR1
(BR2
(BR2
(BR2
(BR2
(BR3
(ER1
(FR1

(ER1

(ER1

(ERL
(ER1

(ER1

AND

-AND

CRO .

AND AR1)

AND

CR1)
DR2
DR1
DR2
DR2
DR3
DR2

CRO)

AND

CRO)
CR2)
CR2)
CRO)
CR1)

CR1)

(NOT BR2) AND AR1 AND CRQ AND DR2)

(NOT BR3) AND ARl AND CRO AND DR3)

(NOT DR2) AND ARO AND CR1 AND.BR2)

(NOT DR3) AND ARO AND CR1 AND BR3)

BR1 AND DR3 AND AR0O AND CR2)

BR3 AND DR1 AND AR2 AND CRO)} AND (NOT SFTR2)

an amount of correction in the rightward

direction is calculated by executing the following calculation:

SFTR1 =

{((BRO OR BR1 OR BR2 OR BR4 OR (ER0O AND BR3)) AND
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(AR2°AND (CRL OR CR2)))
'-OR.((DRO OR DR1 OR. DR2 OR DR¢ OR (ERO AND DR3))
AND (CR2 AND (ARL OR AR2))
OR (DRS AND CR2 AND ARI)
5 OR (BR5 AND AR2 AND CR1)
' OR (BR4 AND AR2 AND DR5 AND CRO)
OR (BR5 AND AR0 AND DR4 AND CR2)
OR (BR4 AND ARl AND DR3 AND CRI)
OR (BR3 AND ARl AND DR4 AND CR1)
10 OR (ER1 AND AR2 AND CR2)
OR (ER1 AND (NOT DR3) AND AR2 AND CRI)
OR (ER1 AND (NOT BR3) AND ARl AND CR2)
OR (ER1 AND BRS AND DRO AND AR2 AND CRO)

OR (ER1 AND BRO AND DRS AND ARO AND CR2)} AND (NOT SFTR2)

15 A description will now be given of the correction of

horizontal lines in block II.
Calculation of a vertical edge in Step 560:

YU = R33 AND (NOT R32)

DXU = R34 AND (NOT R33)
20 DOU = R14 AND (NOT R13)
D1U = R13 AND (NOT R12)

D2U = R12 AND (NOT R11)
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(NOT

O
o
c
]
oo
X
.b .
o

~(NOT
(NOT
' D6U = R44 AND (NOT

5 D7U = R43 AND (NOT
DBU = R42 AND (NOT

D9U = R54 AND-(NOT

D10U = R53 AND

D11U = R52 AND

10 D12U = R04 AND
D13U = RO3 AND

D14U = R02 AND

D15U = R64 AND

D16U = R63 AND

13 D17U = R62 AND

(NOT
(NOT

(NOT

(NOT

R23)

R22)

R21)

R43)

R42)

R41)

R53)
R52)
R51)
RO3)

(NOT R02)

(NOT RO1)

R63)

(NOT R62)

(NOT R61)

Extraction calculation in Step 561:

To calculate a vertical rising edge,

the following window

with differential data YU at the focused point R33 set as a center

is allotted to the differential data obtained in Step 560:

20 D14U D2U D5U DBU | D11U | D17U
D13U | DiU D4U YU D7U | D10U | D16U
pi2u | DoU | D3U DXU D6U D9U | D15U
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Then, the following calculations are executéd to obtain

AU’ BU, CU’ DU!

AUO =
AUL =
AU2 =

AU3 =

BUO =
BUl =
BUZ =

BU3 =

Cuo =
Cul =
Cu2 =

cu3 =

DUO =
DUl =
DU2 =

DU3 =

FUO =

FU, GU:

(NOT DOU) AND (NOT D1U) and (NOT D2U)
DOU AND (NOT D2U)
D1U

D2U AND (NOT DOQU)

(NOT D3U) AND (NOT D4U) AND (NOT D5U)
D3U AND (NOT D5U) '
D4U

D5U AND (NOT D3U)

(NOT D6U) AND (NOT D7U) AND (NOT DSU)
D6U AND (NOT DBU)
D7U

D8U AND (NOT D6U)

(NOT DSU) AND (NOT D10U) AND (NOT D11U)
DIU AND (NOT D11U)
D10U

D11U AND (NOT D9U)

(NOT D12U) AND (NOT D13U) AND (NOT D14U)
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. FUl

. FU2

FU3

GUO0
GUl
GU2

GU3

~.pi2v AND (NoT D14U)
- di3y- . " ;_," | R g
= D14U AND (NOT D12U)

= (NOT D15U) AND (NOT D16U) AND (NOT D17U)
= D15U AND (NOT D17U)

= D16U

= D170 AND (NOT D150U)

Calculation of amount of addition in Step 562:

The following logical calculations are executed:

ADD2U =

ADD3U =

{(AU2 AND BUl AND CUl Aﬁn DUl AND FU2)
OR ((AUO OR AU3) AND BUl AND CU2)
OR ((AUl OR AU2) AND Bﬁz_AND CUl AND DUl)
OR ((DUD OR bU3) AND AUl AND BUl AND CU2)}

AND {DXU AND (NOT 'DXD)}

{(AUl1 AND BUl AND CUl AND DU2 AND GU2)
OR (BU2 AND CUl AND (DUO OR DU3))
OR ( (DUl OR DU2) AND CU2 AND BUl AND AUl)
OR ((AUO OR AU3) AND BU2 AND CUll AND DUl)
OR (AU2 AND BULl-AND CUl AND DU2)}

AND {DXU AND (NOT DXD)}.
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" “Calculation of amount of shaving in Step 563:

To calculate an amount of a rising edge to be shaved,

the following logical calculations are executed:

H = YU AND YD -

5 Svu3 (NOT H) AND FUO AND AUl AND BUl AND CU2 AND DU2

AND YU |
SVu4 = (NO‘I‘IH) AND GUO AND DUl AND CUl AND BU2 AND AU2
AND YU
SVUl = {(BUl AND C_U2) OR (AUl AND BU2 AND CU2 AND DU2)
10 OR (BUO AND CU2 AND DU3 AND (NOT H))}
AND (NOT (SVU3 OR SVU4)) AND YU
_ SVU2 = {(BU2 AND CUl) OR (AU2 AND BU2 AND CU2 AND DUl)
OR (AU3 AND BU2 AND CUO AND (NOT H)) AND (NOT (SVU3
OR SVU4)) AND YU '
15 Calculation of a vertical rising edge. in Sfep 570:
YD = R33 AND (NOT R34)
DXD = R32 AND (NOT R33)
DOD = Rl14 AND (NOT R15)
D1D = R13 AND (NOT R14)
20 D2D = R12 AND (NOT RI3)
D3D = R24 AND (NOT R25)
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'Déb_
D5D -
D6D
D7D
5 D8D
_ D9D

D10D

D11D

D12D

10 D13D
D14D
D15D
D16D

D17D

="R23 AND. (NOT' R24)-

= R53 AND
= R52 AND

‘R22_AND'-(NOT R23)

R44 AND (NOT R45)

R43 AND (NOT R44)

R42 AND (NOT R43)

R54 AND (NOT R55)

(NOT R54)
(NOT R53)
(NOT RO5)
(NOT RO4)
(NOT RO3)

(NOT R65)

(NOT R64)

(NOT R63)

15 Extraction calculation in Step 571:

Among the differential data obtained in Step 570, the
follbwing'window is formed using a differential value YD at the
focused point R33 as a center so as to extract data on a vertical

falling édge:

20
D14D D2D D5D DXD D8D D11D D17D
D13D D1D D4D YD D7D D10D D16D
D12D DOD D3D D6D DSD D15D
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20

On thé-baéis"oflthé7differen£ial data ﬁhﬁs-extracted,

- the fol 16wing

AD1

BDO
BD3
BD2

BD1

cDo
€3
" ep2

CD1

DDO
DD3
DD2

DD1

FDO

FD3

logical “calculations .dre: executeds:

| = (NOT DOD) AND (NOT D1D) AND (NOT D2D)

= DOD AND (NOT D2D)

= D1D

= D2D AND (NOT DOD)

= (NOT D3D) AND (NOT D4D) AND (NOT DSD)
= D3D AND (NOT D5D)

= D4D

= D5D AND (NOT D3D)

= (NOT D6D) AND (NOT D7D) AND (NOT D8D)
= D6D AND (NOT D8D) |

= D7D |

= D8D AND (NOT D6D)

= (NOT D9D) AND (NOT D10D) AND (NOT D11D)
= D9D AND (NOT D11D)
= D10D

= D1l1D AND (NOT D3D)

= (NOT D12D) AND (NOT D13D) AND (NOT D14D)

= D12D AND (NOT D14D)
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"FD2 D13D

FD1 = Dl4D AND (NOT D12D)
/| GDO = (NOT D15D) AND (NOT D16D) AND (NOT D17D)
"GD3 =.D15D AND (NOT D17D)

GD2 = D16D

GD1 = D17D AND (NOT D15D)

Calculation of amount of addition in Step 572:

ADD2D =
{(AD2 AND BDl AND CD1 AND DDl AND FD2)
OR ((ADO OR AD3) AND BD1 AND CD2)
OR ((AD1 OR AD2) AND BD2 AND CD1 AND DD1)
OR ((DDO OR DD3) AND AD1 AND BD1 AND CD2)}

AND {DXD AND (NOT DXU)}

ADD3D =
{(AD1 AND ED1 AND CD1 AND DD2 AND GD2) -
OR ((BD2 AND CD1 AND (DD0O OR bDB))
OR ((DD1 OR DD2) AND CD2 AND BD1 AND AD1)
OR ((ADO OR AD3) AND BD2 AND CD1 AND DD1)
OR (AD2 AND BD1 AND CD1 AND DD2)}

AND {DXD AND (NOT DXU)}
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A --_Cfalcuiét‘.:i.on of amount of shéving in Step 573:

H = YU AND YD

SVD3 = (NOT H) AND FD0 AND ADl AND BD1 AND CD2 AND DD2
| AND YD -
5 SVD4 = (NOT H) AND GDO AND DD AND CD1 AND BD2 AND AD2
AND ¥D ' -
SVD1 = {(BD1 AND CD2) OR (AD1 AND BD2 AND CD2 AND DD2)
OR (BDO AND CD2 AND DD3 AND (NOT H))}
AND (NOT (SVD3 OR SVD4)) AND YD
10 SVD2 = {(BD2 AND CD1) OR (AD2 AND BD2 AND CD2 AND DD1)

OR (AD3 AND BD2 AND CD0O AND (NOT H)} AND
(NOT (SVD3 OR SVD4)) AND ¥D

Calculation of output determination in Step 580:

When the calculation of all-the amounts of éorrection has

15 been completed _in Steps 532, 542, 562, 563, 572, and 573, the
"following calculations are executed, the 'respec;tive data are
combined, and the result is outputted to the pulse-width modulator

50.

SVLR = SVI AND SVR AND X
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a signal foi'a¢ding‘a 1/4.q;t'to the left of the black dot: -

. AI_DDL_" _=' SFTLO ~

a signal for adding a 1/4 d_o.t to the right of the black dot:
ADDR = SFTR1 |

a signal for shaving the left end of the black dot by 1/4

dot:
SHL = SFTL1
OR {SVLR AND (NOT H) AND (SVUl OR SVU2 OR SVD1l OR SvD2)}
OR {SVLR AND H AND (SVUl OR SVD1l OR SVU2 OR SVD2)}
OR {SVLR AND (SVU4 OR SVD4)}
a signal for shaving the right end of the black dot by 1/4
dot: -

SHR = SFTRO
OR {SVLR AND (NOT H) AND (SVUl OR SVU2 OR SVD1

OR SVD2)} QR {SVLR AND (SVU3 OR SVD3)}

a signal (00001111) for shaving the left end of the .black
dot by 1/2 dot:

SHL1 = SVLR AND (SVU3 OR SVD3)
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a s;gnal (11110000) for shav1ng the rlght end of the black
dot- by 1/2 dot-“ SR - D

SLR1 ‘= SVLR_AND (svn4 OR svo4)

a signal (11111110) for shaving the right end of the black
dot by 1/8 dot: ' '

' SHR2 = SVIR AND H AND (SVUl OR SVD1l OR SVU2 OR SVD2)

a signal (00001100) for adding 1/4 dot toward the right as-

viewed from the center:

ADD2 = (NOT X) AND (ADD2U OR ADD2D)

a signal (00110000) for adding 1/4 dot toward the left as

viewed from the center:

ADD3 = (NOT X) AND (ADD3U OR ADD3D)

Since correction can be é_arried out by taking into
consideration the form of a lirkage with a dot located at a
position further spaced apart frorﬁ thelfocused point by expanding
the frame of the sampling, it is possible to generate a smoother
dot pattern as compared with the embodiment described before, as
shown in Fig. 47, thereby making it possible to improve the print
guality.

‘I‘ha_t is, if a co_mparison i_s made between Figs. 44 and Fig.

47, for instance, data 591 of a 1/2-dot portion or data 592 of
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" ‘'a 1/4-dot portion with an interval smaller than oné dot is newly

‘added “in“a vacant po;:tion -abutting.a curved line of .a region 590

in Fig. 47. As a result, slanted lines and curved portions can

be expressed as very small patterns as c_ox_ppare'd with the_ originai
bit map data. - ST -
Althoughhg_he dot patterns become smoother as the size of the
sampllng window is enlarged, a size of 7 x 7 bits or thereabouts
becomes a limit in practical use owing to such as the expansion
of the laser beam and the_ attraction characteristics of the
photoreceptor drum and toner. If a sampling window of this size
or thereabouts is used, processing by means of software is

possible, and it has been confirmed that print guality which is

visually indistinguishable from movable type can be obtained.
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1. A method for generating bit map image data, comprising
the steps of:

converting coded data outputted from an external
device intc bit map data and storing a portion of a-
plurality of lines of the bit map data in a memory;

obtaining horizontal contour data and vertical
contour data by digitally differentiating the bit map
data in said memory in horizontal and vertical
directions while reading each portion of one column
by N lines; '

determining positional relationship between dot data
subject to printing and dot data not subject to
printing on the basis of the contour data; and

converﬁing the dot data subject to printing to a dot
of a predetermined size and outputting the dot of the
predetermined size as print data on the bas;s of a
result of determination.

2. A method for modulating a laser beam for effecting
printing with enhanced bit-map image data, comprising the
steps of:

storing in an image memory a portion of a plurality
of lines of bit map data of a serial s:Lgnal format

outputted from a character generator;

sequentially extracting a portion of one column by N
lines of data from said image memory each time a one-

* (o L M s *
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bit signal- is- outputted from .said character

° 'generator; = . R T

storing in sampling means data extracted from said
-image memory while shifting the data by each portion

of M columns by N lines;

digitally differentiating the data stored in
sampling means in a line direction;

diéitally differentiating the data stored ‘in
sampling means in a column direction;

said

said

classifying the relationship of connection between a
point subject to printing and vertical dots including

said point on the basis of edge data produced

as a

result of said step of digitally differentiating the

data stored in said sampling means in a

direction;

line

classifying the relationship of connection between
the point subject to printing and horizontal dots

including said point on +the basis of edge

data

produced as a result of said step of digitally
-differentiating the data stored in said sampling

means in a column direction:

producing correction dot data whose dot size

to be.

printed and dot position within the size of a normal
dot are determined on the basis of data from said

steps of classifying; and

-

pulse-width modulating a laser beam for effecting

printing in response to said correction dot data.

A T
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- 3. An apparatus for modulatlng a laser beam Wlth enhanced o
blt-map image data, comprlslng._ ','_ e

3

an image memory (41) for storing a portion of a
5 plurality of lines of bit map data of a serial signal
format outputted from a chgracter_generator (28);i‘

memory cbntrol_ means (42, 43) for sequentially
extra'ctin'g a portion of one column by N lines of data

10 from said image memory each time a one-bit signal is
outputted from said character generator;

sampling means (44) for storing the data read from
said image memory while shifting the data by each
15 portion of M columns by N lines;

first edge detecting' means (45) <for . digitally
differentiating - the data  stored- in said sampling
means (44) in a line direction; '

second edge detecting means (46) for digitally
differentiating the data stored in said sampling
means (44) in a column direction;

25 first classifying means (47) for classifying the
relationship of connection between a point subject to
printing and vertical dots including said point on
the basis of edge data from said first edge detecting
means (45); '

30 |
second classifying means (48) for classifying the
relationship of connection between the point subject
to printing and horizontal dots including said point
on the basis of edge data from said second edge

35 detecting means (46);

ATy
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deternu.m.ng means (49) for outputt:.ng correctlon dot
- data whose size of a. dot to be pr:.nted and pos:.t:.on_-
_within the size of .a normal dot have been determined
on the basis "of the data from said first and second
classi_fying means (47, 48); and ) )
pulse-width modulating means (50) for modulating a
laser beam for effecting printing in response to said
correction data. . '

The apparatus for generating laser beam bit-map image
data according to claim 3, wherein said sampling means
comprises M by N shift registers (44) arranged in a
matrix form.

The apparatus for generating. laser beam bit-map image
data according to claim 3 or 4 wherein said classifying
means (47, 48) has a dictionary’ structure.

The apparatus for generating laser beam bit-map image
data according to one of claims 3 to 5, wherein said
determining means (49) comprises a gate array circuit.
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