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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 characters 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 to be printed in the form of a high-density bit map
pattern. In order to output character data of such a high-
density bit map pattern, much time and labor are involved in the
preparation of the data, and a large-capacity storage device for
storing the same is required. This disadvantageously entails an
increased cost of the apparatus.

To overcome such a problem, U.S. Pat. No. 4,847,641
discloses a technique whereby character ©pattern data
corresponding to a character code outputted from a host apparatus
or the like is stored in a first-in first-out memory, a dot
located at a position where printing is to be effected and a
plurality of dots surrounding that dot are sampled from
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“the first-in first-out r_nemor'y, and ‘the sampled bit map patternm

is -compared.-with:p pattern. data for. co*xoarlson,- such as a

multip-lic ity of te:nolates or mat tchtng bit map data p*enared in

_advance. ~If the sampled bit map pattern matches the pattern

‘data tar 'compariscn, the sampled bit map pattern is teplaced -

-Wl th a correction dot Datte*'n allotted to the pattern data“for

comparison.,- and this correction dot pattern is outputted as
int data. |

Ac_cording to this technigue, since the bit map pattern )
data outputtad 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 atared i
in the £first-in first-out memory is used as an object of
pattern ﬁatcﬁing, the number of data for which pattern match:x.ng
is to be effected _incre_-ases. Hence,. in order to complete the
pattern.matching calculatn.on within a t me per:.od during wh:l_ch
one dot is printed, "a large-scale calculation circuit is

disadvantageously required.

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 eff ectlng 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  this object - , -the invention provides a method for

generatlng bit- map 1mage data accordlng ‘to :Lndependent claim 1,

which -is -intended . to be understood as-a first non-limiting

'approach of .defining the J.nventlon Jin general terms. . Further

advantageous features, aspects, ‘and ~ details of this method are
evident from the description examples and drawings.

" invention provides a 'methad.'for generating bit "~ map

image data, compriaing the steps of:-conterting coéed data
outputted from an external device _.f;nto bit map data and atoring
a portion of a plurality of lines of the bit mep data in a

memory; obtaining horizontal contour data and vertical contour
data by digitally differentiating the bit map data .in the
memoty 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 subjett to ptintiag an the basis of-the contour data; and
converting the.dot data subject to printing to a dot of a
-'ptedatermined size and oﬁtputtihg the dot of the pradetermined
size as print data on the basis of a result of determination.
| Consequentlf, according to the invention, the bit map data
stored in the memory 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 wvertical 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 portions is excluded, so that the number of data to
.- I4

be used for processing . in succeeding processes is reduced
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remarkably.

The data representing'the contour portion is used

as data for classifying discontinuous points with -respect to
the horizontal and <vertical .dirsctions. . This datza - for
classifying discontinuous points is used for determining the

relationship of a <focusad point subject to printing. with

in a continuous relationship 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 a2 smaller
size than a predetermined normal dot, or a dot is newly added
in the case of a vacant portion, depénding on the iform oi
iscontinuity.. : _ . - . -

-Aisecond-objec; of the "present invention is to provide a
method and an appartué for generating the above-describéd'bit—ﬁap'
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 'of defining the invention in
general terms. '

The invention therefore provides a2 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 latent image, the

image is transferred to recording paper so as to print a character
or an image. '
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In ..accordance with a second aspect the invention -

" therefore provides an appartus for generating laser
beam bit-map image data, comprising: -an- image mnemory for

sto*lng a portion of a 'olurallx.y of lines of bit map data of a

serial signal format outputted from a character generator;

memory control means for seguentially extracting a2 portion of

one column by N lines of data from the image memory each time

one-bit signal is outputted from the character gsnerator;

sampling means for storing the data read from the image memory

wnile . shlft:.ng. the data by each portion of ¥ columns by N
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lines; f.u:st edge detectlng means for dlgltally dz.fferentlatlng

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

'llnes ; second edge detect:.ng means for : dlg:.tally
differentiating the data stored in the sampln.ng means J.n the
direction of columns;- flrst.-classzufylng mear;s for class.u.ylng

. the relationship of connection between a .point subject to
printing and vertical dots including 'Ehé point on the basis of
edge data from'_ the first edge detecting means; second
classifying means for classifyin-g the relationship of
: connec?ion 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' nr_:i-mal' dot have béen determined
on the basis of the data from the first and second classifying

- means; and pulse-width .modulating .means fof 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;

Fié. 3 is a bl_Lock diagram of a control circuit of the

laser printer using a bit-map-data generating circuit in
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‘accordance with the present invention;

 .Fig._ 4 - 1s -a dlagram 1llustrat1ng .a. bit man pat?ern

utputted f'rom a buffer show:.ng the cha'racter "$S* as an

example;

Fig.-S ls a schématic diagrém iliustrating an example of
a bit-map-data generating circuit;

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

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

Fig._B is a diagram explaining digital differentiation
with' respect to a vertical direction for obtaining contour
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
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 differentiating the.

pattern of the character "S$" shown in Fig. 4;
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Flg 12 is a dlagram lllustratlng a r:.s:Lng edge, as viewed.

from the top .in the _vert:.cal d:.rect:.on, obta.med by

dlfferentlatlng the pattern of the character "$" shown in :::Lg

4;

Fig. -13 ia a di_a'gram illustrating'_.a falling edge, as
viewed from the top in the vertical direction, obtained by
differeﬁtiating the pattern of the character "$" shown in Fig.
4. .

Fig. 1'4 is a diagi‘am illustrating the relatic;nship 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 obta:.ned by classifying
s.Lg_nals from the edge détecting circuit by the logical circuit;

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

Fig. 17 is a further diagram iilustrating the relatioaship
between original patterns and data obtained by classifying
signals from the edge detecting circuit by the logical circuit;

Fig. 1B is a further diagram illustrating the relationship
between original patterns and data obtained by classifying

signals from the edge detecting circuit by the logical circuit;

Fig. 19 is a further diagram illustrating the relationship
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betweén~origina17patterqs.and datg bbt;ined by ‘classifying’
s;gnals;frgm the edge deiepting ciréui£ by the logical.circuit;
Fig. 20 is a diagram schematically illustrating unit dot
data outnuttod from a pulse—w;d th modulating circuit;
Fig. 21 is another diagram schematlcall§'lllustraulng unlt
" dot data outputted from the pulse—width modulating circuit;
Fig. 22. is still another diagram. scheﬁatically
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 dlagram illustrating a case in
whlch a correction is made by addlng a dot to the left side of
a horlzontal 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 expianatory diagram illustrating a case in

which a correction is made by shaving a left side portion of a
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10

- verti¢al rising portion in the -process of’ correction by

applying the bit map data on the character-"$" shown in Fig. 4;

Fig. 28 is an explanatory .diagram illuétrating a case in
which a correction is made by adding a dot in a vacant portion.
located bn théfleft-hand side of é vertical Tising portion in
the process of correction by applying the bit map data on the
character "s" 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

~e

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-simulafing the operation of the memory
device shown iﬁ Fig. 31 in the: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 diagiam 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.edgé detecting circuit constitutiné a part of

the first edge detector;
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'Figf”36 is a circuit diagfam_illustrating'an example of a
-_risiﬁérpértionfeqée detecting,ciréuit constituﬁ?ng a part of .a
secoﬁd edge detectqr;‘j

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

| falling-portion'édge detecting circﬁit constitutiﬁg a péft-of
the second.edge detector;

Fig. 38 is a circﬁit diagram illustrating an example of a
classifying circuit for classifying an original péttern 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 1is g’circuit diagram illustrating an example of
another classifying circuit for classifying an oriéinal pattern
in which a dot is.preseht at a focused point among outputs from

'the edge detectors shown in Fig. 36 and 37;

Fig. 41 is a circuit diagram illustrating an example of
étill another classifying circuit for classifyiné-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. 38 td

4
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ﬁié"43 is a c1rcu1t dlagram lllustratlng an examnle of a
ﬁulse—w;dth.modulator for outnuttlng print data on the basis of-
da;a-from the determlnlng ‘circuit shown in Fig. 42; |

Fig. 44 is a diagram illustrating bit map data in a case
where the characier "$" shown in Fig. 4 is coxrrected by-
enlarglng the-samo11ng window; “

Fig. 45 is a block diagram 1llustrat1ng an emboalment in
a case where the present invention is implemented by means of
software;

Fig. 46 is a diagram illustrating an outline of a2 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 fo the character “$" shown in_Figﬂ'4_by means of

software.

:Fig. 1 illustrates the‘configuration of an example of a
. laser printer, in which a photoréceptor drum 1 is arranged such
that a photoconductive layer is formed on the surface of a drum
dri&en 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_giseheige uh&t 4;:;;é euépliedhto tﬁe phdtpreceptor '
'ferum_;,_so-iheﬁ”the phetoreeepto:_grumfl is{chafged:tq;a fixed .
surface potential. Aﬁ'a.staée where such preparations have
-been completed, the photorecepfor drum 1 is irradiated with a
laser beam from a laser~beam ‘generator 5, thereby a110w1ng data
to be wrltten in a selected area.

The laser beam is modulated.as electric power SLDDlled to
cause a laser diode to emit light, as shown in Fig. 2, is
turned on and off in cenformity with data to be printed. 2
laser beam 7 £rom the laseﬁ diode 6 is collimated by =a
coliimator lens 8 and is then converged onto a scanning mirror
9. The scanning mirror 9 is a regular polygen mirror secured
to a rotating. shaft of a motor 10 and effects horizontal
.seanniné across'the_surface of-the photoreceptof:drum 1l as tﬁe
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 a 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 direction
of arrow D, so that the entire surface of the photoreceptoxr
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 préﬁetermined‘interva1, e.g.,.bv l/300”incﬁt in‘the-

-.circumférentiai-direcfion. In a case where prlntlng is to be

neffected with  a required resolutlon, e.g., a res;lubloﬁ
necessary for forming correction data while the laser beam
advances by 1 1nch (24-5 mm) -on the surface of the
photoreceptor drum 1, 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 resolution
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 agla-wholé.'-" i

When the writing by means of the laser beam is completed

.

in the above-described manner; portions’ which were not
subjected‘to irradiation with the laser beam étill maintain a
high negative potential, while portions which were subjected to
the irradiation discharge charged particles and rise to a low
negative potential

In a 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 been effected, so as to allow the toner to be

selectively attracted by such portions, thereby converting a
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latent image to6 a toner image.

--_-.In‘ a - ;transfer . unit __13,- ._.thé toner imaf_;e_ on the

'_éhoﬁorecepto; drum surface 1.s transferred to recd-i'ding pabez:.
The recording paper is conveyed at the same speed as the
-_ periphéral é;ﬁeed of: the 'photorecepto£ drum 1 while being in
contact with _the phoforec':eptor 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 aforeme'ntioned cleaning process so as to
prepare for forming an ensuing -electrostatic image. In a
thermal f.f.xing unit 14, the ﬁbner image transferred to the
- recording paper is thermally fused so as to fix the toner image
to the recording paper. The thermal fixing unit 14, which is
arranged by incorporating a heater 16 -in a roller 15, is
adapted to heat the toner im_éLge on the recording paper while
_applyiz_w.g pressure thereto so as to fuse toner particles and
allow'the same to adhere to ﬁhe recording paper through. 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 co;*:recting the dot pattern data in correspondence with
print data. The -control unit includes a central processing
unit (CPU) 20, a RAM 21 constituting a main storage unit and an
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exférn%l:%torage dgvice,‘a.micréégmpﬁtef constituted by a ROM'
22 foz_'..- storing. ‘a program - for _cbnfrolling - the ,va:g‘j;ous :
operationé, .a ‘characterf géneraior- 28 'ihcorporating a font
storage unit in whir._:h data concerning a character set 1is
stored, and a buffer 23 for.storing imégé- data to be inputted
directly as a bit map pattern and bit map data from the
'cnaracter generator 28. ) -

The central propessing unit 20 receives a clock signal
supplied ffom 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
genérafor 28, and then stored in the buffer 23. XAs for this
bit map data, its size and position are corrected by a
bit-map-data generating circuit 29 in corregpéndence witﬁ the
relationship betweenlfhe dot subjeét to printing anﬁ other dots
located in the horizontal and vértical directions of that dot,
as will be déScribed later in detail, before the bit map data
is outputteﬁ to a laser beam modulator 17. In addition; the
central processing unit 20 controls the zrotation 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.
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17
The aforementioned bit—map—daté geﬁerqting 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

"and the lase* beam modulator 17 )

When, -ﬁor instance, the cbaracter "$" 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 circlé denoted by reference
character E in the.drawing, by shaving-a dot G constituting a
s»eoped porblon (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 1is
directly outputted to the laser beam modulator 17 without being
corrected, stepped portions attributable to positional changes
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in the stendard bit size éfé printed as described before, with
the result that the prlnted pattern .lacks smoothness That-is,=
since the buffer 23 stores'_patterns composed -using only
standard size dots for the purpose of reducing the required
storage eapecity-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 representiﬁg a slanted
line or a curved line by means of dots, it is inevitable to
cause the dots to project or to be recessed 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 genetator 28 is shifted one bit at
a time in the column direction, i.e., is being moved by each
line by meens of shift registers constituted by flip—flops FF
denoted by reference numeral 40 in the drawing and adapted to
shift the data in the column 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'stege where data for a

plurality of lines, i.e., five lines in this example, has been
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stored in fﬂe image data_storégé unit 41, the ;ddiess signél
génerator 42 aﬁd_éhe writé/read contr;l unit 43 read data on
each column with N-lines from the image data sﬁorage unit 41 in
synchronism with the +timing of printing each dot, and
sequentialiy output the same to a shift register 44 of M
columns x N lines. After the data is stored in the shift
register 44, a succeeding sigﬁal indicative of -a one-bit
portion outpﬁtted in serial signal format is stored in the
image data storage unit 41. The data storéd in the shift
register 44 is digitally differentiated in the horizontal and
vertical directions by a first edge deteétor 45 and a second
édge detector 46 in synchrbnism with the write/read timings of
the address SLgnal generator 42 and the wrlte/read control unit
43, unereby 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 foliowing 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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which 'continues from a second bit to a sixth bit in the Y-axis

'dlrectlon, as shown in .Fig... 8, when viewed from the-top, the’-

signal "1" is generated at the posxtlon (x = 2, y = 6) where a
dot is present follow1ng a vacant portlon, and in a case wne*e
a vacant portion is present follow1ng a dot, the SLgnal “1" is
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 usiﬁg such a method, the data concerning
horizontal rising edges is indicated by black dots in Fig. 10,
while the data codcerﬁing'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 eopcerﬁing vertical falling edges is indicated
by black dots in Fig. 13.

_ The.rising and falling edge data obtained by horizohtally
differentiating the bit map ,data 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 tﬁus'

obtained from the bit map data of the original pattern, it is
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possible to determine the relation in which the dot- subject to
‘printing is pléced with ‘respect to the surrounding ‘dots’, I.e.,
whether that dot constitutes one of a series of horizontally or

vertically _contiguous dots, or constitutes a discontinuous

portion.

That is, the form of boundary'portions of the bit.map data
from fhe buffer 23 can be ascertained if;the data on the
horizontal rises and falls and the vertical rises and falls is
‘sampled by M columﬂs x N lines surrbunding.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 devices such as gate arrays. i

Figs. 14 to 19 .show reiatidnships bet&een classifications
obtaiqed 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 cap.poésibly’be included in original patterns can
be classified into a very 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 dqt is not present, and gray maﬁks denote

portions in which a dot may either present or absent.
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" That is, ‘as for the rising edges of the horizontally

differentiated data, -if these ‘data are classified -by focusing.

on the éatterns of an upper region including the focused point
and by assigning classification codes A0 - A4 to their
‘configurations, and_£y'focusing'on the patterns oif a lower
region including the focused 'point and ‘by assigning
Classification.codes B0 - B4 to their configurations, and if
the original patterns are classifiéd 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 aig classified by focusing on-thé patterns of a
right-hand region including the focused ppint and by assigning
classification codes Ed.— E4 to their configurations, and by
.focusing on the p§tte£ns of a left-hand region including the
focused point and by assigning ¢lassification codes FO - F4 to
fheir 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 differentiaﬁing original patterns are classified by

focusing on the patterns of a right-hand region including the
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foeﬁsed paint'and by-assigning~classificatibn_codes GO0 - G4 to
-thelr-conzlguratlons, and by focus;ng on the patterns of 2
lef ~hand reglon including the focused pomnt “and -by a551gnlng
classification codes HO - H4 to their conflguratlons,-and if
the originai patterns'are.blaesiiied on the basis of tﬁeee
classification 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.,
A0 - 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 139, the Qata of the focused point
belongs. The results CO - C4 and D0 - C4 are used to classify
an original- pettern having a pattern symmetrical to the
patterﬁs of Figs. 14 and 15 with respect to a vertical line,
i.e., an original pattern having 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 generating data with varying pulse widths such as

those shown in Figs. 20 to 23 by means of a pulse-width
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mddulator 50. 1In other words, the data“result of the focused

poxnt is converted to data for prlntlpg one of" the ;ollow1ng-
dot patterns' a pattern 1n_wh1ch, if 1/4 of the size of one _
normal dot of the bit ‘map data outputted from the bu::er 23 is
assumed to be a unit size, the position of the dot of this unit
size is offset.by 1/4 a normal dot pitcﬁ, (60, 61, 65,-63 in
Fig. 20); a pattern ;h 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 startlng side (i.e., leftward
in the drawing) by the unit size as compared with the normal
dotj(66 in Fig. 23); and a pattern'having a siae of 5/4 dot
projecting rightward in the drawing by the unit size as
compared with the normal dot k67 in Fig. 23). |

Tda 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 line immediately preceding the 'iine including the
focused point 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 data on the
line immediately following the line ihcluding the focused point

is stored in R6 to RS. In addition, auxiliary data for
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calcufafing'data on boﬁndary portions at the time of vertical

dwfrerentlatlon is stored in R9 to R16 while auXLllary dataf
 for calculablng .such data at the tlme- of norlzontal

differentiatipn i; stored in R17 to R20. That is, data_on an’
(n - 2)th line is ;tored in thelreéions-RS to R12; data on an

(n - 1)th line is stored in the regions R17, Rl 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.RlQ, 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, thé bit map paftern shown in Fig. 4, in a case ﬁhere
the vacant portion F in the area_-indicated by referénce
character E in the drawing has is to be printed (a focused
pdint), a determination is made not at that point éf time but
when a dot H constituting an adjacent rising edge is stored in
the focused 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 data such as the one shown in Fig. 25(II) is

~outputted from the first edge detector 45. The classifying
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circuit 47- effects a’ determination byfcléssifyi@g-this-edge
data (Fig: 25(iI)).int9.an ﬁpper pattern ;hcluding_the foéu;gd :
point RO and a lower pattern incluﬁigg the focused point_RO by
means of the above-described technique, thereby classifyipg the
-iormer pattern-as A2 énd 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 éurrounded by a dotted-line block in Fig. 15. 2as
a result, it is determinea 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, such as the one shown in Fig. 2S(III) of
the same drawing, i.e., a dot (F;g. 23) longer along the
left-hand side by-l/4 a dot than the normal dot. It should be
noted that gince 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 s;arting the actual'printing, the irradiation
point of the laser beam is present at the vacant portion F.

As a-regﬁlt, 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 Q0, a pattern such as the
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:one'shbwn in ?igl 26(I) is sto;ed in the shift register 44,
-with the raault that data. shown- in Fig. 26(II) is-outputtea -
from the tedge. detector 45. The classifying citcuit 47
classifies the upper pattern 1nclud1ng the focused point Q0 as
Al and the lower pattern including the focused point Q0 as B2.
As a result, the patterns including-the focused éoint Q0 and
presently 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 reachlng
the Focused po1nt Qo0 upon the outputtlng 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 that 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 by'the ellipse X in Fig. 4, when

the dot R is stored in the shift register 44 as the focused
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point QO0, data shown in Fig. 27(I) -is _étpred,' so Fhéf-
.veitically giffergntiated daﬁg (Fig: 27(iI)) from the édge
detector 46 is used. The éléssifyiné cifcuit 48 classifiés the
right-hand pattern including the focused point Q0 as Zl1 and the
left-hand pattérn including the same as_ F2 ;(the ;pétterns
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 I, surrcunded by
-reference character K-becomes the focused p01nt Q0, & pattern
as shown in Fig. 28(I) is stored in the Shlft reglste* 44, and
. edge data, such as that shown in Fig. 28(II), is outputted from
the edge detector 46 as the vertically differentiated pattexrn.
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, és described above, the érray of dots in the’
sémplihg_regipﬂ is'classified on the basis of the'horizontally
and vertically.differentiatéd data_of the original pattern, and
if it is determined as a result of this classification that the
focused pbint corresponds to an edge portion, an'operafion is
éonducted in which a do% smaller than the normal dot is added
in a vacant portion horizéntally 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
description, . at the stage where the dots are printed on
recording paper, the dots assume a smooth configuration since
‘the small dot§ are fused with each other in such a manner as to
be attracted_by the surrounding normal dots owing to the
expansion aqd 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 resulting 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 portions requiring correction

are detected by using as index data the data on contour
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portions qbtaiheﬁ by diffeféntiating the 6riginall'pattern,
'pqtterns_qf“abbut 6100“kinds or -thersabouts can bg classified
into about 150 kinds or thereabouts. Accordingly, 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 implement the
apparatus not oniy 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 thé column di:ection-
(i.e.; in the sub—scanning direction) by means of a shift
signal (SHIFT CK) from an input terminal 83. .The output from
the shift register 75 is stored in. én image memory 78
constituted by a static random éccess'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 five lines of data .stored therein through

output -terminals. 84 to 88 during .the first half of the video .

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

That is, with reference to the form of printing, 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 memnory 78. In this state, data 90 on the N-th to
the (N + 4)th lines iﬁ 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 bufifer 23
is stored during the latter half of the video clock. As a
result, data 92 on the N-th line in th; first column disapéears
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 half of an following video clock, while data
94 on the (N.+ 5)th line in the ‘second column is stored in the
latter 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 memory 78 shown ih Fig. 31; D-type

flip-flops 104 to 108 are connected in series with the output
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term1nal 85 of the memory 78; D-type flip-flops 109 to 112 are
connected in serles with the outpuu terminal 86'OL the memory
78; D-tyﬁe.fl’p floos 113 to 117 are connected in series Wluh
_ the output terminal 87 of the memory 78; and D-type flip-flops
118 fo 121 are conne&ted-in series wieh'the—eutput 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 reierence numeral 122 in the
drawing) constitute a window for detecting edges as viewed
vertically.

In addition, the flip-flops 114 - }17 (surrounded by a
block'indicated by reference numeral 123) constitute‘a window
for detecting edges as viewed horizonfally. The flip-flop 111
located atlthe central portion of the two blocks stores data on
the focused point. It should be noted that although the
flip-flops 100, 118 do not contribute to edge detection, they
are provided for 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 simultaneously 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 succeeding column are stored in the
flip-flops 100, 104,109, 113, 118. As a result, the £1ip-flop
111 fof storing the data on the focused point sequentially
renews the data on the line subject to printing one bit at a
time each time one-bit data is outputted thereto from the
buffer 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 positi-on 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 the 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 provided 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 is "0" and the signal of an ensuing column is "1", the
'siénal “0" is’ inputted to a 'terminal‘ 138, this. signgl is
converted to a "1* by thé ihverter 160,'énd the signal "1" is
inputted through a terminal 137. As é result, the signal "i"
is outputted from fhe AND g#te 170, go théﬁ 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
arrangemenf provided is such that signals from the flip-flops
of the shift register shown in Fig. 33 are inputted direcfly to
the first input terminals of the AND gates 210 - 216 é;d are
inputted to the other terminals.via'the inverters 200 - 206.

Since 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
precediﬁg column.is "1l", and the signal of a sﬁcceeding célumn
is *“0", the signal 41" is inputted to the terminal 137,fthe
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 the AND gate 210, so that a
falling signal "1" is outputted from aﬁ output texrminal 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 wvacant portion is
changed over to a dot-present portion as viewed from the top iﬁ
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the vertical direction, while " Fig. 37 shows an edge
_ falling-portion detecting circuit for detecting a position’
where the dot-present portion is changed over 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 - 238 and AND gates 240 - 248. Thé
signals.fromlthe shift register éhowﬁ in Fig. 33 a:é inputted
to first input terminals of the AND gates 240 - 248 via the
inverters 230 - 238, and tge signals from the shift registéﬁ
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 @here the signal oé a time—wiée precedihg
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_"i"
b& the inverter 230 and is outputted to the AND gate 240, while
the signal "1" inputted to the 1terminal 137 1is 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
arrangement provided is such that the signals from the shift

register are inputted directly to first input terminals of the
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AND gates 270.: 276, and Fﬁe'signals.from-§he shift reéister
are inputtgd'té the othe?-inpup.terminalé of the AND gatés 270
- 278 via the inverters 260 - 268.

Since the directly 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 "1*, 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_289.

Figs. 39 and 39‘illustrate an example of the classifying
circuit 47 for determining the kinds of the stepped portions of
lines respectively extending vertically. Fig. 38 shows a
circuit for claésifying the rising stepped portions, while Fig.
39 shows a circuit for claésifying ~the falling stepped
?ortions.

The circuit for classifying rising portions,~sh6wn 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 correspond to the same). This

circuit, which includes inverters 290, 291, AND gates 293 -
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301, OR gates 303, 304, NOR gates 305, 306, 308, effects the
following:deteiminatioﬁs.on the, basis of data on a_iising.

pbrtion-obtained:by horizonéally"differentiating 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 D9=0 AND D10=0 THEN AMOUNT OF CORRECTION=0

AND D2=1 THEN AMOUNT OF CORRECTION=0

=
b}
)
1}
o
t

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

Then, the patteérns aﬁe classified through the following

. logical calculations:

IF Dl=1 ' . THEN A2
IF DO=1 °  THEN Al
IF D2=1 - THEN A3
IF D9=1 THEN B2
IF DB8=1 THEN Bl
IF D10=1 THEN B3

The carry signal is outputted to the following terminals in the
respective cases as a result of the classification:

to an output terminal 312 (V Al Rise) in the case of A1,
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to an output terminal 313 (V A2 ‘Rise). in the case of A2,
. to, an-output terminal 314 (V. A3 Rise) in.the'cese of .A3,

to an output terminal 315 (V Bl Rise) in the case of BI,

to an output terminal 316 (V B2 Rise) in the case of B2,

and
~to an out?ut terminal 317 (V B3 ﬁise) in the case of B3.
It should be noted the arrangement of the differentiated data

is defined as follows:

DO D1 D2

D8 DS D10

In agdition, 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 es to correspond to the same). This circuit,
which includes inverters 320, 321} ANb gates 322 - 330, OR gates
331, 332, and NOR gates 333, 334, 335, executes classification
based on logical.calculatiens similar to those of the circuit
shown in Fig. 38.

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

IF X=0 THEN AMOUNT OF CORRECTION=0
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IF D0=0 AND D1=0 AND D2=0

39

IF.D8=0 AND"D9=0 AND D10=0

IF DO=1 AND.D2=1

IF D8=1 AND D1l0=1

Thus, those patterns which do not require correction are

THEN-AMOUNT OF CORRECTION=0

‘THEN AMOUNT .OF CORRECTION=0 .

THEN AMOUNT OF CORRECTION=0

THEN AMOUNT OF CORRECTION=0

selected

on the basis of the relationship between a focused point and the

differentiated data surrounding the same, and the carry signal is

outputted to an output terminal 340.

Then,

logical
Ir
iFr
;F
IF
IF

ir

ca
D1
DO
D2
D9
D8

Dl

lculations:

=7

=1
=1
=1
=1

0=1

THEN C2
THEN Cl
THEN C3
THEN D2
THEN D1

THEN D3

the patterns are classified through the

following

The carry signal is outputted to the following terminals in

the respective cases as a result of the classification:

to an output terminal 342

to

to

to

to

an
an
an
an

an

output terminal 343
output terminal 344

output terminal 345

(V. C1 Fall)

(V C2 Fall)

(V C3 Fall)

(V D1 Fall)

in the case of Cl,

in the case of C2,

in the case of C3,

in the case of D1,

output terminal 346 (V D2 Fall) in the case of D2, and

output terminal 347 (V D3 Fall) in the case of D3,
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It should'se noted the arrangement of the differentiated data

is defined;ee'fcliowg;f

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 ris?ng
and falling portions in cases where: a vacant~por£ion is present
‘at the focused point.

The claesifying 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 terminals 250 - 252, 256
- 258 of the vertical rising-portion edge detectiﬁg 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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certeapond to the same. Tﬁis-dircuit includes AND-gates 350 -
368..6R gates 37b -“377 NOR gate 378, and inverters 390 - 392,

A determlnatlon is made by means of the AND gates 365 - 368
as to whethe* or not the dot rise 51gnal (Fig. 38) or the dot fall
s;gnal (Flg 39) has been 1nputted to the Anput term*na1s 311 |
341. If the input signal does not represent a rising edge portion
or a falliné_ edge portion, the output iof the result of
classification is suspended.

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

logical calculations:

IF D3=1 AND D3=1 : THEN E4
ELSE IF D5=1 THEN E3
ELSE IF D4=1 '  THEN E2
ELSE IF D3=1 THEN E1
ELSE - - ' £0

IF D8=1 AWND D6=1 i 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
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'edge portlon,'a classification is executed by’ conducting the

follow1ng log1cal calculatlons.

IF D5=1 AND D3=1  THEN E4
ELSE IF D3=1 THEN E3
ELSE IF Dé=1 . THEN E2
ELSE IF D5=1 THEN E1
ELSE E0

IF D8=1 AND D=1 f ‘THEN F4
ELSE IF D6=1 THEN F3
ELSE IF D7=1 THEN F2
ELSE IF D8=1 - THEN F1

ELSE : FO
Thg'carry signal is outputted to the following terﬁinals in -
the respective cases as a result of the classification:
to an oﬁtput terminal 403 (Shave El) in the case of El,
to an output terminal 402 (Shave E2) in the case of E2,
to an output terminal 401 (Shave Fl) in the case of F1,
to an output terminal 400 (Shave f2) in the Ease of F2,

It should be noted the arrangement of the differentiated data

is defined as follows:

D5 D8
D4 X D7
D3 D6

R Tris is the rapiscememn sheei
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‘The c1rcu1t for cla551fy1ng falllng portions, shown in F;g
41, is connected to the output te*mlnals shown in Fi gs 36 and 37
The input termvnals 250 - 252 255 256 - 258 of this circuit are
_indi;ated by the same rgference numerals as those of the output
terminals of- the Qerfical rising'portion eéée detecting circuit
shown in Fig- 36, and those of the output terminals 280 - 283, 286
- 288 of the vertical fdalling-portion édge detecting circuit shown
in Fig. 37 so as to correspond to the éame. This circuit includes
AND gates 410 - 428, o0R gates 431 - 436, NAND gates 438, and
inverters 440 - 442.

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

IF D5=1"AND D3=1 " - THEN G4

ELSE IF D5=1 THEN G3
ELSE IF D4=1 - | THEN G2
ELSE IF D3=1 o THEN G1
ELSE 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 classification is executed by conducting the following -

%bgical calculations: -

IF D5=1 AND D3=1

ELSE IF D3=1
ELSE IF D4=1
ELSE IF D5=1

ELSE

IF D8=1 AND Dé6=1

ELSE IF Dé6=1

1

ELSE IF D7

1

ELSE IF D8

ELSE .

THEN
THEN
THEN

THEN

THEN
THEN
THEN
THEN

0

G3
G2

Gl

H3
H2

H1

The carrj signal'is outputted to the following terminals in .

the respective cases as a result of the classification:

to an ou;put
to an output
to an output

to an output

terminal 433
terminal 432
terminal 431

terminal 430

(H G1) in
(H G2) in
(B Hl) in
(H H2) in

"the case of
the case of
the case of

the case of

Gl,
G2,
H1l, and

H2.

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 signals oqtputied from the classif&ing circuits shown in-

 Figs. 38 to 41 ‘illustrate in groups'fhe.forms_of-thé_original
patterns'stored in the shift registers 44.

That }s,_if the carry signals A0 - A4 and the carry signals
BO - B4 from the cléésifying circuit shown in Fig. 38 are
combined, it is possiblé to recognize the original pattern having
a riéing edge, shown in Figs. 14 and 15, as viewed horizontallf.

In addition, if the carry signals CO.— C4 and the carry
signals DO - D4 from the classifying circuit shown in rig. 39 are
combined, it is possible to recognize an original patfern 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 horizontaily.

If the'éarry sfgnals.EO - E4 and the"carry.signais FO - F4
from the classifying circuit shown in Fig. 40 are combined, it is
possible to recognize an original pattern 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 claésifying circuit shown in Fig. 41 are
combined, it is possible to recognize an original pattern in which
the dot is not present at the focused 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,
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ﬁpon receiving the carry‘signélé from the.classifying circuits
showﬂ iﬁ.Figs.'38:t0-4l} determines.éhe size of "the dot to be
printed aﬁd a printing position thereof. The'input-ta:minalﬁ of
the determining circuit 49 are indicated with the same reisrence
numerals as those of the output terminais shown in Figs..38 to-41
i.e., 312 - 317 (Fig. 38) 342 ;.347 (Fig. 39), 400 - 403 (Fig.
40), and 430 - 433 (Fig. 41). This circuit includes AND gates 440

- 451 and OR gates 460 - 468.

When the carry signals (A1, Bl), (Al, sz, 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.
Moreofer, when the carry signals (A2, B3), (A3, B2), or (A3, B3)
are outputted from that classifying circuit, the determining
circuif outputs through its output terminal 471 a.éignal for
shaving the left-hand side of the dot at the focused poinf by the
porfion of the unit dot.

When the carry signals (Cl, Dl1), (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), orx
(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 side of the normal dot.

When the dérry_éignalé_(EZ, Fl) are outputted'irom the
classifying 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 ?he focused point by 1/4 dot.
Moreover, when the carry signals (El, F2) are outputted from that
classifying c;rcult the determlnlng circuit outputs Lhrongh 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 outputtéd 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 p051ulon a 3/4 dot spacs apart to the right from the
focused point. Moreover, when the carry. s:l.gnals (G1, H2) are
outputted, fhe 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 determlnlng circuit 49 and the third clock signal L3
a flip- floo 482 for receiving the signal from the output terminal
-471 of the determining c1rcu1t 49 and the third clock signal L3;
a flip-flop 483 for receiving the slgnal From the output terminal
475 of the determlnlng circuit 49 and the thlrd clock signal I ;3,
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 485 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
synuhe51zed by the c1ock signals L1 - L4, 1nverters 490 - 493 AND
gates 495 - 498, OR aates 500 - 503 and NAND gates 504 - 5-5, so
as to output to an output termlnal 506 a SLgnal hav1ng a pulse

width correspondlng to the signal from the determlnlng circuit.
If it is assumed that data S4‘ is outputted from the buffer
23, data S4 which is on the same ‘column as that of that data but
on a'preceding line is read from the image memory dufing 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 ﬁhe video clock. Moreover, data
S2 preceding by two columns is stored in the flip-flop 111 of the
shift register for stbring the focused boint, and that data is

used as an object of calculation.
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Since data subject to.printing is data Sl for which thé

-calculation 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 chused point of the flip-flop
and n& signal'is present concerning the addition of a dot to the
vacant portion, the dot can be-p;inted 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)

for 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/é dot overlap, but only oné 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, therebf causing the laser beam to be activated
only for a time periéd corresponding to the pulse width. Fox 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 embodiment 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 deteminafibz_l, if a-sampling window of .a grea‘r;er
sue, e.g., one: or a. portz.on of 5 columns x 5. columns,'ls used,
it is -nossz.ble to take .into consideration the inclination from a
position spaced apart from the focused point and the degree of the

step, 'so that it is possible to convert the image data to a
smoother -pattern, as shown in Fi-g.. 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 calculating '
circuitry following the shift register 44 shown in Fig. 5, i.e.,
the edge.detector 45, 46, the cléssif_ving 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
microcomputexr 3510, .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 configuration as shown below.

RO2 | R12 | R22 332 R42 | R52 | R62

| 03 | r13 | r23 | R33 | Re3 "R53 | R63 H'

R54 | R64
R55 § R65
R56 | R66

Data Rmn storxed in uhese fllp-flops is specified by means of
the attached suffixes, respectlvely lndlcaulng 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
biock IT for obtaining data for correcting horizontal lines.

The block I for obtaining data for correcting vertical lines
-incluaes 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 obtaining data for correcting horizontal

"lines includes Step.560 for executing a calculation.of a vertical

rising edge of a region 550 with 3 lines x 7 colﬁmns extracted
from the 7 x 4 shift registef &;th the focused point R33 as the
‘center; Step 561 for extracting'AU,'éU, Cu, DU, EU, fU, GU; - Step
562 f;r-calculating an amount-bf addition of a dot which, in a
case where data at a position éubject'to printing is vacant, is
replenished; Step 563 for calculating an amount of shaving which,
iﬂ a case where the data at the position subﬁect to printing is
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 aﬁount of addition of a dot which, in
a case where the data at the position subject to printing is
Qacaﬁt, is replenished; and Stép 573 for calcilating an amount of
shaving which, in a case where the data at the position subject
to printing is a dot, reduces tﬁat dot. .. .

The data calculated through the Steps 532, 542, 563, 572, 573
are combined in Step 580 for calculation for output determination
and are outputted as print data. |

A detailed description will now be given of the Steps

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

DXL = R33 AND (NOT R23)

This i
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D7L, =
DBL =

D9L =

D10L =

D11L =
D12L =
D13L =

Dl4L

D15L =
D16L =

Dl7L =

Calculation

DXR =
DOR =
DIR =

D2R =

R15
R25

'R35

R45
RSS
R30
R36

of a horizontal falling edge

R33
R22
R32

R42

AND

AND-

AND

"AND

AND

AND

AND

AND
AND

AND

"AND

AND

AND

AND
AND

AND

AND

AND

AND
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(NOT

{(NOT

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

(NOT

(NOT.

(NOT

(NOT
(NOT
(NOT

(NOT

N

R12)
R22).
R32)
RO1)
R11) -
R21)
R31)
R41)
R14)
R24)
R34)
R0O5)
R15)
R25)
R35)
R45)
RéO)
R26)

R43)
R32)
R42)
R52)
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‘D3R =-R1l AND (NOT R21)-
:'D;R = Rzl.AND.jNOT R31)
DSR = R31 AND (NOT R413
D6R = R4l AND (NOT R51)
DIR = R51 AND (NOT R61)
D8R = R24 AND (NOT R34)
DY9R = R34 AND (NOT R44)
DI0R = R44 AND (NOT R54)
DIIR = R15 AND (NOT R25)
D12R = R25 AND (NOT R35)
D13R = R35 AND (NOT R45)
D14R = R45 AND (NOT R55)
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

" D3L | D4L | D5L D6L D7L

DOL D1L D2L

- 7 DXL

pD8L | D9L | D1OL

D11L | D12L | D13L | D14L | 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 -(DYL) AND (NOT D10L))

In addition, a vertical-line-correction presence-or-absence
signal is.- generated by executing the following logical

calculation:

SFTL2 (NOT X) OR (NOT DXL)
OR ((NOT DOL) AND ((NOT DIL) AND (NOT D2L))
OR ((NOT D8L) AND (NOT D9L) AND (NOT D10L))
OR (DOL AND D2L)

OR (DAL AND D6L)
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‘OR (DBL _AND D10L)

R - (D12L ‘AND DI4L)

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

determine AL, BL, CL, DL, EL:

ALO = DOL AND (NOT D2L)
ALl = D1L

AL2 = D2L AND (NOT DOL)

CLO = D8L AND (NOT D10L)
CL1 = D9L

CL2 = D10L AND (NOT D8L)

BLO = (NOT D3L) AND (NOT DAL) AND (NOT D5L) AND (NOT D5L)
AND (NOT D7L)

BL1 = D3L AND (NOT D5L) AND (NOT D6L)

BL2 = DAL ' '

BL3 = D5L

BL4 = D6L AND (NOT DAL)

BL5 = D7L AND (NOT D3L) AND (NOT D4L) AND (NOT D5L)

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

AND (NOT D15L)
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DL1

~ DL2-

DL3
DL4

DL5

EL1

ELO

D11L AND (NOT D13L) AND(NOT D14L)

D12L -

D13L -

D14L

D15L

D16L OR D17L

NOT EL1

AND (NOT D12L)

Calculation of amount of correction in Step 532:

An amount

of

correction in the

calculated by executing the following calculation:

SFTLO =

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

AND (ALO AND (CLO OR CL1)))

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

leftward direction is

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

OR

OR

OR

OR

CR

OR

OR

AND (CLO AND (ALO OR ALl)))

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

(BL2

AND

AND

AND

AND

AND

CLO

ALl) .

CL1)
DL2
DL1
DL2
DL2

DL3

AND CLO)
AND CL2)
AND CL2)
AND CLO)

AND CLI)

This is the replacement sheet

Date:

This Sheet Has Been Replaced’

Ll

3 0 SEP 9%




L
Wy
]

OR (ELL AND (NOT DL3)- AND AL2 AND CL1)
a p?f(EﬁI'AND (Noi BL3)-AND‘AL1:ANDfCL2)

OR (EL1 AND BL5 AND DLO AND AL2 AND CLO)

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

AND (NOT SFTL2)

Extraction calculation in Step 541:

Among the differential data obt alned 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 | D5R | D6R | D7R

DOR DI1R -D2R

DXR

D8R DSR D10OR

DI11R 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 D1R) AND (NOT D2R})

OR .((NOT D8R) AND (NOT D9R). AND (NOT D1OR))

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

generated by executing the following logical calculation:
SFTR2 = -(NOT X) OR (NOT Dxﬁ)
OR (NOT DOR) AND (NOT D1R) AND (NOT D2R)
'OR (NOT DSR) AND (NOT DSR) AND (NOT D10R)
OR (DOR AND D2R)
OR (D4R AND D6R)
OR (DSR 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:

ARO = DOR AND (NOT D2R)
ARl = DI1R

AR2 = D2R AND (NOT DOR)

CRO = DBR AND (NOT D1OR)
CR1 = DSR

CR2 = D10R AND (NOT D8R)
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DRO

ER1

ERO

(NOT D3R) AND (NOT D4R) AND (NOT D5R)
AND (NOT D6R). AND (NOT D7R)

D3R AND (NOT D5R) AND (NOT D6R)

D6R AND (NOT DA4R)

D7R (NOT D3R) AND (NOT D4R) AND (NOT DSR)

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

DI1R AND (NOT D13R) AND (NOT DI14R)

D12R

D13R

D14R AND NOT (DR1Z2R)

D15R AND (NOT D11R) 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:

SFTRO

e This is the replacement shest
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- {((BRO OR.BR4 OR BRS OR‘(ERO AND .(BR2 OR BR3)))

AND .(ARO:Z ND (CRO-OR~-CR1)))
OR ((DRO OR DR4 OR DR5 OR (ERO AND (DR2 OR DR3))) AND (CRO

_AND (ARO OR AR1)))

"OR

OR

OR

OR

OR

OR

OR

‘OR

OR
OR
OR
OR
OR

OR

- OR

In addition,

(DR1 AND
(3é1~AND
(BR1 AND
(BR2 AND
(BR2 AND
(BR2 AND
(BR2 AND
(BR3 AND
(ER1 AND
(FR1 AND
(ER1 AND
(éRl'AND
(ER1 AND
(ER1 AND

(ER1 AND

CRO

AND

AND

AND

AR1)
CR1)

DR2 AND

CRO)

DR1 AND CR2)
AR0O AND DR2 AND CR2)
AR2 AND DR2 AND CRO)
AND DR3 AND.CR1)
AR1 AND DR2 AND CR1)
ARO AND CRO)

(NOT BR2) AND AR1 AND CRO AND DR2)
(NOT BR3) AND AR1 AND CRO AND DR3)
(NOT DR2) AND ARO AND CR1 AND. BR2)

(NOT DR3) AND ARO AND CR1 AND ER3)

BR1 AND DR3 AND ARO 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:

SFTRI1

{((BRO OR BR1 OR BR2 OR BR4 OR (ER0O AND BR3)) AND

This is the replecemsnt sheet
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OR

OR

OR

OR

OR

CR

OR

OR

OR

OR

OR

A descri

(AR2'AND (CR1 OR caz)))

((DRO OR DRI OR DR2 OR DR4 OR (ERO AND DR3))

AND (CR2 AND (ARl OR AR2))

(DRS

(BR5
(éR4
(BR5
(BR4
(BR3
(ER1
(ER1
(ER1
(ER1

(ER1

AND CR2
AND AR2
AND AR2
AND ARO
AND AR1
AND AR1

AND AR2

AND (NOT DR3) AND AR2 AND CR1)

AND (NOT BR3) AND ARl AND CR2)

AND

AND

AND

AND

AR1)
CR1)
DRS AND CRO)
DR4 AND CR2)
DR3 AND CR1)
DR4 AND CR1)

CR2)

AND BR5 AND DRO AND AR2 AND CRO)

AND BRO AND DR5 AND AR0 AND CR2)} AND (NOT SFTR2)

ption will now be given oif

horizontal lines in block II.

the correction of

Calculation of a vertical edge in Step 560:

YU =

DXU = R34
DOU = R14
D1U = R13
D2U = R12

AND

AND

AND

AND

R33 AND (NOT R32)

(NOT R33)
(NOT R13)
(NOT R12)

(NOT R11)

Sheet Has Been Replaced
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D7U
D8U
DI9U
~D10U
D11lU

D12U

D15U
D16U

D17U

AND
AND

AND

(NOT

b4

_(NOT ‘R22)

(NOT R21)

(NOT

(NOT

(NOT

(NOT

(NOT
(NOT
(NOT
(NOT

(NOT

(NOT

(NOT

(NOT

R53)

R52)
R51)
RO3)
RO2)
RO1)
R63)
R62)

R61)

Extraction calculation in Step 561:

To calculate a vertical rising edge,

with diff

the following window

rential data YU at the focused point R33 set as a center

is allotted to the differential data obtained in Step 560:

D14U D2U D5U D8U D11U | D17U
D13U D1U D4U YU D7U | D10U | D16U
D12U DOU D3U DXU D6U D9U | D15U

This Sheet Has Been Replaced’
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_ Then, the following calculations are executed to obtain

AU, BU, CU, DU, FU, GU:

AUO = (NOT DOU) AND (NOT D1U) and (NOT D2U)
AULl = DOU AND (NOT D2U)
AU2 = D1U |

AU3 = D2U AND (NOT DOU)

BUO = (NOT D3U) AND (NOT DAU) AND (NOT D5U)
BU1 = D3U AND (NOT D5U) |
BU2 = D4U

BU3 = D5U AND (NOT D3U)

CUD = (NOT D6U) AND (NOT D7U) AND (NOT D8U)
CUl = D6U AND (NOT D8U)
CU2 = D7U

CU3 = DBU AND (NOT D6U)

DUO = (NOT DSU) AND (NOT D10U) AND (NOT D11U)
DUl = DU AND (NOT D11U)
DU2 = D10U

DU3 = D11U AND (NOT DIU)

FUO = (NOT D12U) AND (NOT D13U) AND (NOT D14U)

This is th
This Sheet Has Been Replaced ¢ reptacement Sheet
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-D12U AND (NOT D14U)

FUI =

FU2 = D13V

FU3 = D14U AND (NOT D12U)

GUO = (NOT D15U) AND (NOT D16U) AND (NOT D17U)
GUl = D15U AND (NOT D17Ul

GU2 = D16U

GU3 = D17U AND (NOT D15U)

Calculation of amount of addition in Step 562:

The following logical calculations are executed:
ADD2U = {(AU2 AND BUl AND CUl AND DUl AND FU2)
OR ((AUO OR AU3) AND BUl AND CU2)
OR ( (AUl OR AU2) AND BU2 AND CUl AND DUl)
OR ((DUO OR DU3) AND AUl AND BUl AND CU2)}

AND {DXU AND (NOT DXD)} .

ADD3U = {(AUl AND BUl AND CUl AND DU2 AND GU2)
OR (BU2 AND CUl AND (DUO OR DU3))
OR ( (DUl OR DUé) AND CU2 AND BUl AND AUl)
OR ((AUO OR AU3) AND BU2 AND CU1l AND DU1)
OR (AU2 AND BU1 AND CUl AND DU2)}

AND {DXU AND (NOT DXD)}

—— Tnis is the replacement shest
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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 -

(NOT H) AND FUO AND AUl AND BU1l AND CU2 AND DU2

SVU3 =
AND YU _

SVU4 = (NOT H) AND GUO AND DUl AND CU1L AND BU2 AND AU2
AND YU

SVU1 = {(BUL AND CU2) OR (AUl AND BU2 AND CU2 AND DU2)
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
Calculation of a vertical rising edge.in Step 570:

¥D = R33 AND (NOT R34)

DXD = R32 AND (NOT R33)

DOD = R14 AND (NOT R15)

D1D = R13 AND (NOT R14) This Sheet Has Be N h;;
520 = 712 A0 (n07 R23) T
D3D = R24 AND (NOT R25)
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D4D = R23 AND. (NOT R24)-

]
s )
N
38}

D5D = _AND -(NOT R23)-
DED = R44 AND (NOT R45)

. D7D AND (NOT R44)

il
.
>
e

D8D = R42 AND (NOT R43)

]
o
n
o>

D9D AND (NOT RS5)

' D10D = R53 AND (NOT R54)
D11D = R52 AND (NOT R53)
D12D = R04 AND (NOT RO5)
D13D = RO3 AND (NOT RO4)
D14D = R02 AND (NOT RO3)
D15D = R64 AND (NOT R65)
D16D = R63 AND (NOT R64)

D17D = R62 AND (NOT R63)
Extraction calculation in Step 571:

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

falling édge:

D14D D2D D5D DXD DBD D11D | D17D
D13D D1D D4D YD D7D D10D | D16D
D12D DOD D3D D6D D9D D15D
This Sheet Has Been Replaced This is the replacement sheet
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On the basis of the differential data thus extracted,

the 'fbllbwing lo-gical-'calqulations .are. ei\:ecuted.:-

b
E
i

(NOT DOD) AND (NOT D1D) AND (NOT D2D)
AD3 = DOD AND (NOT D2D) |
AD2 = D1D

AD1 = D2D AND (NOT DOD)

BD0 = (NOT D3D) AND (NOT-D4D) AND (NOT D5D)
3D3 = D3D AND (NOT D5D)
BD2 = D4D
3D1 = D5D AND (NOT D3D)
cDo = (NOT D6D) AND (NOT D7D) AND (NOT DBDj
CD3 = D6D AND (NOT D8D)

" CD2 = D7D "

CD1 = D8D AND (NOT D6D)

DD0 = (NOT DYD) AND (NOT D10D) AND (NOT D11D) -~
DD3 = DID AND (NOT D11D)
DD2 = D10D

DD1 = D11D AND (NOT DSD)

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

FD3 = D12D AND (NOT D14D)

This Sheet Has Been Replaced This is the replacement sheet
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D13§

FD2 =

FD1 = D14D'AND (NOT D12D):
. GDO = (NOT D15D) AND (NOT D16D) AND (NOT D17D)
"GD3 =.D15D AND (NOT D17D) -

GD2 = D16D

GD1 = D17D Aﬁn (NOT D15D)

Calculation of amount of addition in Step 572:

ADD2D =
{(AD2 AND BD1 AND CD1 AND DDl AND FD2)
OR ((ADD 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 BD1 AND CD1 AND DD2 AND GD2)
OR ((BD2 AND CDl AND (DDO OR bn3))
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)}

his Sheet Has Been Replaced This is the raplacement sheet
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~Calculation of amount of shaving in Step 573:

H = YU AND ¥D

SVD3 = (NOT H) AND FDO AND ADl1 AND BD1 AND CD2 AND DD2

AND ¥D

SVD4 = (NOT H) AND ébo AND DD1 AND CD1 AND BD2 AND AD2
AND YD | |

SVD1 = {(BD1 AND CD2) OR (AD1l AND BD2 AND CD2 AND DD2)
OR (BDO AND CD2 AND DD3 AND (NOT H))}
AND (NOT (SVD3 OR SVD4)) AND ¥D

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 é:orrection has
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 = SVL AND SVR AND X

This Sheet Has Been Replaced’ This is the replacement sheet
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the black dot:

Fh

a signal for adding a 1/4 dot to the left o

ADDL- SrTLO

a signal for adding a 1/4 dot to the right of the black dot:

ADDR = SFTR1

a éignal 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 (SVU1l OR SVD1 OR SVU2 OR SVD2)}
OR {SVLR AND (SVU4 OR SVD4)}
a signél for'shaving the right end qf the black.dot_by 1/4
dot:

SHR = SFTRO
OR {SVLR AND (NOT H) AND (SVUl OR SVU2 OR SVD1l

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

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

SHLl1 = SVLR AND (?VU3 OR SVD3)

N — P rg‘-hnwb i’S +"§I2 ’ﬂﬁ%f‘@fﬁﬁm shect
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a siéhal-(lillOOOO).for shaving the right end of the black

dot- by 1/2 dot-“

SVLR AND (SVU4 OR SVD4)

SLR1

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

" SHR2 = SVLR AND H AND (SVUl OR SVDl OR SVU2 OR SVD2)

ct
ta g
1]

a signal (000011005 for adding 1/4 dot toward right as -
viewed from the center:

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

left as

N

a signal (00110000) for adding 1/4 dot toward th
viewed from the centers

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

Since correction can be carried out by taking into
consideration the form of a linkage with a dot located at a
position further spaced apart from the focused 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'maging it possible to improve the print
guality.

That is, if a comparison is made between Figs. 44 and Fig.

47, for instance, data 591 of a 1/2-dot portion or data 592 of

This Sheet Has Been R ) This is the replacement sheet
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a l/4-d‘o.t 'ch_S:t;Lon with an i'ntgrvé.l smaller than oné dot is newly
:added'i?”a vacant poitiog:abuttihg.é'curved line of .a region 590
in Fig. 47. As a result, slanted lines ana curved po.v:tio'n::,' can
be expressed as very small patterns as compared with the original

bit map data.

Although the dot patterns become smoother as the size of the
sampling window is enlarged, a size of 7 x 7 bits or fhereabouts
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 quality which is

visually indistinguishable from movable type can be obtained.

s Sheet Has Been Replaced This is the reptacemant sheet
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1. A method for generating bit map image data, comprising

-CLATIMS

the steps of:

converting 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;

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

by N lines;

detérmining_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 baSlS of a
result of determination.

2. A method for medulating 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 signal 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-

Trks is ths raplacemernt shest

3 0 SEP 1396
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bit signal is outputted from .said <character

‘generator;

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 said
sampling means in a line direction;

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

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 line

direction;

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.

This Sheet Has Been Replac
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3. An_appérétus‘for modulating a laser beam with enhanced

bit-map image data, comprising:

an image memory (41) for storing a portion of a
plurality of lines of bit map data of a serial signal
format outﬁutted from a character. generator (28){f

memory control means (42, 43) for sequentially
extraéting a portion of one column by N lines of data
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
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;

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);

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

detecting means (46);

s Sheet Has Been Replaced This is the replacemernt sheet
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_deteﬁn_ining means .'(49_) for outputting cqi‘réction dot
- data whose 'size of a dot _to be printed -._aljld position .
‘within the size of .a mormal 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.

This Sheet Has Been Replaced

This is the replacement sheet

Date: 3 0 Sep 1% )



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

" ABSTRACT

Bit map data stored in an image memory (41) is read for each
column by each M lines and is stores in a-.shift register (44)
" of M Dbits by N bits. _The data in. the shift register is
differentiated in the direction of the column direction by
edge detectors (45, 46) and extracted as data representing
only a contour portion. This contour data is classified into
forms of discontinuous points with respect to the horizontal
direction and the vertical direction by classifying circuits.
As for the classified daté, the size of a dot to be printed
and a printing position are converted by a determining
circuit (49) to a pulse width and a timing at which the dot
is to be generated, and the classified data is converted to a
pulse wn.dth by a pulse-width modulatlng circuit (50) and is
outputted to a laser .beam modulating device.. As a result, a
dot smaller than a normal dot is added in a vacant portion,
or a part of a normal dot is shaved, thereby printing a

smooth pattern .

FIGURE.) 5
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